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Abstract
Advances in wireless technologies have allowed users to communicate ubiquitously anywhere and
anytime and made it possible for users to access and exchange information through wireless hand-held
devices such as cell-phones, tablets and laptops. Especially, if we consider our university campuses,
802.11 WiFi infrastructure is everywhere and most students use laptops and diversity of cell-phones for
their personal and school work to connect to various resources via WiFi. In this report, we are exploring
the premise of cell-phones as educational tools for undergraduate students in our educational
institution, and creation of effective mobile learning communities through the usage of cell-phones.
Through one year investigation, we wanted to answer three major questions: (1) how would a mobile
phone be used as an educational tool in and out of classroom, (2) how would an educational unit deploy
phones and educational services to all undergraduate students semester after semester, and (3) is the
WiFi communication infrastructure at the educational institution ready for massive phone deployment
in and out of classroom. Through combination of discussions with undergraduate students,
implementation of educational projects by students and for students, deployment of phones in selected
classes, and measurements of WiFi infrastructure performance during phone usage in classrooms, we
present the complexity of the issues when answering the questions and the difficulties to consider when
it comes to mobile learning communities on a university campus.
Keywords: mobile learning communities, educational applications on mobile phones, WiFi infrastructure
for mobile applications, mobile phone user analysis, mobile learning on campuses

1. Introduction
We are seeing a ubiquitous deployment of mobile technologies such as cell-phones, tablets and laptops
in our everyday lives. Especially, on our university campuses students use mobile technologies for their
personal usage and access to various resources such as information about local events, restaurants,
access to class websites, and sharing of local experiences with each other.
In this report we explore mobile learning community (MLC) at the University of Illinois at UrbanaChampaign (UIUC) campus, consisting of undergraduate students, WiFi-based infrastructure over which
the students communicate, and our educational institution that provides education to students, (as
shown in Figure 1). This mobile learning community (MLC) already uses WiFi 802.11 infrastructure
everywhere on the UIUC campus to access educational servers and services via laptops and tablets. We
want to explore the following question(s): if we imagine that all undergraduate students of the MLC
would get a mobile phone as an educational tool from the educational institution, would the
university campus, its infrastructure, services, and people be ready for this step?
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Figure 1: Mobile Learning Communities
We have conducted one year study (August 2009 – August 2010) to find answer(s) to the above
question(s). We have started to ask the questions within a smaller scale in our Department of Computer
Science at the University of Illinois, Urbana-Champaign. Through the support of several industrial grants,
and an infrastructure planning grant from National Science Foundation we explored to answer three
major challenges embedded in the above question(s): (1) how would we use mobile phone as an
educational tool in and out of classrooms, (2) how would we deploy the phones and educational
services to all students, and (3) is our departmental infrastructure ready for large scale of phone
deployments in and out of classroom?
Through multiple facets of investigation, including questionnaires to users, projects in selected classes,
deployment of large scale phones in classes, and WiFi/software measurements and evaluation, we will
describe the complexity of the answers to the above the challenges. We will show that there are still
many problems that MLC groups still face. Furthermore, we will present lessons learned towards the
next steps of effective mobile learning. In Section 2, we describe the methodology to explore answers
to our three challenges. In Section 3, we elaborate on the ‘potential usage’ of mobile phones as
educational tools in educational environment, coming from our students at UIUC and from students at
Technical University (TU) Darmstadt. In Section 4, we present educational projects that students from
the distributed systems class, cs425, designed and developed during Fall 2009, as an effort to build
educational services for students by students. In Section 5, we present the development of Slice
software on the Android phone that provides pen-writing interface and capabilities. In Section 6, we
describe the educational toolkit software, called mi-clicker, that has been developed in cs425 class and
further hardened by a group of undergraduate students in Spring 2010. The goal was a major
deployment of phones and mi-clicker application in another undergraduate class, cs241. Section 7
presents the deployment efforts in cs241 class. Section 8 and 9 provide student evaluation of the
deployment efforts in cs241 as well as WiFi infrastructure measurements during the deployment efforts
in cs241 class. Section 10 discusses related work in this area. We conclude our answers to the three
challenges in Section 11 with further lessons learned and next steps.

2. Methodology of Investigation
To understand mobile learning communities and finding out how cell-phones hold as educational tools
in our undergraduate classrooms, we have considered a mixture of approaches to find answers to the
three challenges/questions: (Question 1) what should be the educational tools on our phones, (Question
2) how would we deploy phones and services to all undergraduate students, and (Question 3) is our
departmental infrastructure ready for MLC.
Methodology to answer Question 1: To explore the answer to the first question, we have gone to the
potential users, our students and asked them via questionnaires what educational tools they would like
to have in and out of classroom if each of them would have a phone and used it, e.g., in classroom.
The second approach was to fold the answer into projects within the distributed systems class, cs425, in
Fall 2009. The students in this class received each an Android Google phone and were asked to build in
groups an educational tool on the phones that they wished would have as undergraduate students. So
the challenge was to build educational services for the students by the students.
The third approach was to actually deploy phones on a larger scale in an undergraduate class, the cs241
in Spring 2010, install some of the educational services from the class cs425 on the phones and have
students use the phones and educational tools through part of the Spring 2010 semester.
The forth approach was to get ‘exit’ feedback from students who used the phones and educational
services in the undergraduate class.
Methodology to answer Question 2: To understand the process of deployment of phones as
educational tools, and educational services, we have experimented with two major classes, the cs 425
class in Fall 2009 where we have deployed phones as development tools to each student in the class,
and the cs241 in Spring 2010 where we have deployed phones on a voluntary basis as educational usage
tools to as many students as wanted to participate.
Methodology to answer Question 3: One of the most important issues was to investigate performance
of phones as educational tools when clustered in a large classroom, such as 1404 Siebel center, which
seats up to 200 students. We have conducted two types of measurements: (a) large scale in the
classroom during the Spring Break, and (b) small scale in test labs throughout the semesters.

3. Potential Users – ‘Entry’ Questionnaire
Mobile phones have been used for personal usage and are ubiquitous in their usage anywhere and
anytime. However, as students enter the age of mobile learning communities, we wanted to ask
students how they would envision using phones as educational tools inside and outside of classroom.
We have prepared an anonymous questionnaire and distributed the questionnaires within two
undergraduate classes: (1) the “Systems Programming Class”, cs241 class in Fall 2009 (taught by Prof.
Marco Caccamo), and (2) the “Introduction to Communication Networks”, Comm I class in Summer 2010

(taught by Prof. Ralf Steinmetz). We have received 40 responses from the cs241 class and 29 responses
from the Comm I class.
The questions have been grouped in three categories: (a) what kind of potential educational usage of
phones do the students see inside and outside of classrooms, (b) what kind of potential usage of
phones do the students see with respect to better communication with instructor and teaching
assistants, and (c) what kind of potential usage of phones do the students see in group projects and
communication with classmates in general. The summary of most frequent responses is in Table 1. The
detailed questionnaire is attached in Appendix 1.

3.1.

Responses from Illinois cs241 Class

The cs241 class in Fall 2009 had undergraduate sophomore and junior students who had some exposure
to wireless technology in classrooms prior to the cs241 class, such as usage of i-clicker in the Physics
classes, and online access to web-based material, quizzes through the web, and usage of webtechnology by the instructors. Hence, the students had a very rich set of responses and it was very
obvious that they thought carefully about extensions of some of the online educational tools that they
have seen before.
The most frequent answers to the first category of questions (educational tools for in/out of classroom)
were: (1) advanced quiz application (similar but better i-clicker application) from the phone, (2)
notifications about due dates, exams and tests, (3) access to class material on the phone such as access
to slides, home page of a class, and (4) access to Wikipedia and dictionary of basic concepts during
lectures.
The most frequent answers to the second category of questions (communication tools with instructors
and teaching assistants) were: (1) chat application with teaching assistant and instructor during and
after lecture. Especially, students saw needs to ask teaching assistants questions during lectures and get
quick clarification. The students also would like to give feedback to instructors and let them know if the
lecture is going too fast or too slow. (2) phone client software for newsgroups, email, instant
messaging, ssh, text editor, gcc to communicate with instructors, teaching assistant and others more
efficiently.
The most frequent answers to the third category of questions (group communication tools) were: (1)
group notification capabilities about joint meetings, (2) group chat, (3) group access to SVN tools and
notification of updates, and (4) group meeting schedules.

3.2.

Responses from TU Darmstadt Comm I Class

The students in Comm I class consisted mostly of sophomore and junior students and they have been
exposed to online educational technologies such as wiki, video recordings of their lectures, homework
submission system and others. Hence, we have again seen impact of their prior knowledge and
suggestions of existing improvements and new features when using phones in educational process.

However, as it will be clear from the answers, since these students have not been exposed to i-clicker
technology in their prior classes, this application does not appear among the answers.
The most frequent answers to the first category of questions (educational tools for in/out of classroom)
were: (1) access to class material such as slides, home pages, and video recordings, (2) access to
Wikipedia, (3) live streaming of lectures and podcasting.
The most frequent answers to the second category of questions (communication with instructors and
teaching assistants) were: (1) chat with teaching assistant and instructor in order to ask questions for
quick feedback and vote to give feedback to instructor about quality and speed of the lecture, (2)
applets and animations clarifying lecture material, (3) translation services among different languages,
(4) update-feeds that announce new uploads of exercises and lectures.
The most frequent answers to the third category of questions (group communication) were: (1) group
access to SVN (version control of group project software), (2) group scheduling service like doodle.com,
and (3) group archiving capabilities.
As we can see, students from both classes have many overlapping application ideas, such as having tools
to access class material from phones, have chat capabilities with teaching assistants and instructors,
especially during lectures to ask quick questions, but there are also differences based on the prior
experience (e.g., the knowledge about i-clicker) and diverse knowledge of English by German and other
foreign students (the Comm I class is being taught in English) as the suggested translating service
indicates.
Summary of responses from Illinois
Advanced quiz application (advanced i-clicker)
Notification about due dates, exams, tests
Access to class material (slides, home page)
Access to Wikipedia and dictionary during lectures
Chat with teaching assistant and instructor to ask
questions, get quick clarification, give feedback to
instructor about going too fast/slow
Need phone clients for newsgroup, email, instant
messaging, ssh, text editor, gcc
Group notification
Group chat
Group SVN access and notification of software
updates
Group meeting schedule

Summary of responses from TU Darmstadt
Access to class material (slides, home pages, video
recordings)
Access to Wikipedia during lectures
Live streaming of lectures and podcasting on
phones
Chat with teaching assistant and instructor (vote
to give feedback about quality/speed of lecture,
ask questions with quick feedback)
Provide applets and animations clarifying lecture
material
Translating services among different languages
Update-feeds that announce new uploads of
exercises and lectures
Group SVN access
Group scheduling service
Group archiving capabilities

Table 1: Summary of Responses from “Potential Users” of Phones as Educational Tools at Illinois and TU
Darmstadt

4. CS 425 Projects
In Fall 2009, we have purchased 40+ G1 Android phones through the Vodafone equipment grant that
was available for educational purposes. The goal was to deploy the phones in a class which would
develop educational tools for undergraduate students.
The reason we have decided on the purchase of Google phones was three-folded:
(1) the phones are WiFi-phones and do not need any data or voice services from any
telecommunication service provider to start working, i.e., the students can use the phones and
communicate with each other and with educational services of the department via the 802.11 wireless
infrastructure; (Note: this requirement was very important to us since we are not allowed to pay for any
student phone-data/voice services if we give students phones for educational purposes. This means that
we needed phones that can be started/bootstrapped directly via WiFi – infrastructure provided by the
educational institution. )
(2) Android has a simple and powerful SDK with detailed online documentation and tutorials. Due to
open-source origin, there is a thriving developer community with many available third-party libraries. In
addition, the development environment for Google phones is the generally well-known Eclipse tool
which runs on any Linux, Windows, or MAC OS computing platforms
(3) importantly, there was no licensing, distribution or development fee. There was no charge to
download and use programming tools, which becomes problematic in a large classroom for some
commercial products. There was no charge to publish educational applications in Google Market. This
fact eased the application installation and increased our project visibility.
(4) the programming language of Google phone application is a version of Java, hence the startup time
of developing applications on phones was very fast since our introductory courses teach Java and
students are familiar with the syntax and development environment.
We have selected the Distributed Systems class, cs425, taught by Prof. Klara Nahrstedt, and teaching
assistant Ying Huang. The student population of cs425 class consisted of senior undergraduate students
and first year graduate students. The class content was tested on a set of machine problems that
exposed students to distributed system concepts. In Fall 2009, the students in groups of 2-3 worked on
three machine problems that led to building educational tools for mobile phones such as G1 Android
phones. The machine problems have been developed in the student programming laboratory, residing in
the basement of the Siebel Center. The first two machine problems have been developed using the
general development tool, called Eclipse. The last machine problem has been using the G1 Android
phones. The machine problems entailed the following parts:
-

In the first machine problem (MP1), the students created a simple chat service where two
phones would exchange simple 140 bytes messages and allow a user to open one-to-one chat

-

-

sessions with multiple users using the 802.11 wireless departmental infrastructure. To achieve
this functionality, the students learned about distributed algorithms, services and protocols to
achieve peer-to-peer membership, registration and discovery protocols, monitoring algorithms
of consistent states, handling of peer failures and search capabilities for peers.
In the second machine problem (MP2), the students created a distributed file service where
phones/users were able to locate files from each other and download/upload files among each
other in a peer-to-peer manner. The students learned further distributed concepts of
consistency management among distributed files and failure handling not only due to file
transmission failures but also due to mobility of peers.
The third machine problem (MP3) was open. The main goal was to use any of the distributed
services and protocols from MP1 and MP2 and develop an educational tool that younger
undergraduate students would like to use. We asked the cs425 student to think of educational
services they would have liked to have when they were freshmen, sophomore or junior
students. This assignment was to develop educational applications by the students and for the
student. Also, we encourage students to develop features utilizing uniqueness of phones, such
as GPS, WiFi signals, accelerometers. This encouragement diverted the students far away from
traditional machine problems design based on desktops and laptops. Students showed great
passion on designing novel distributed applications. The last MP3 was also announced as an
open project that would be demonstrated on the phones and judged by a group of faculty and
researcher from Qualcomm, Dave Craig (Alumnus of ECE UIUC). Qualcomm was very interested
in the outcome of the educational tools and offered Kindle devices to the members of the
winning team (team with the best educational application on G1 phones).

It is important to stress that most of the final cs425 MP3 educational applications have considered the
phones as clients and a central web server assisted in maintaining peer membership list, database of
group members, quiz questions, notifications and other state information. Non-state data and messages
are exchanged among phones in peer-to-peer fashion. All networking between phone clients and clientserver has been conducted via WiFi 802.11 networking as shown in Figure 2. In the next subsections, we
will describe three of the many application services that the cs425 class built in the MP3 assignment. It is
also important to mention that the staff of cs425 class provided feedback to cs425 students from the
cs241 Fall 2009 questionnaire, i.e., the answers that cs241 students indicated and are shown in Table 1,
but the cs425 students were also encouraged to think about new applications.

Students
Instructor

Figure 2: Main Architectural Design of Many of the Educational Services in CS 425.

4.1.

G-Clicker Educational Application

The winning educational application was the G-Clicker educational application, a major extension to the
i-clicker software for phones. The G-clicker tool has several services bundled together as follows: (1)
announcement capability to allow instructor to announce dates for machine problems, exams and any
other updates, (2) exchange of course material, especially the ppt slides and pdf files, (3) quiz taking
within the classroom, (4) getting attention in a big class via phone gesture recognition, and (5) voice
recording to leave voice message for a teaching assistant. Figure 3 shows the user interface on the
phones for G-clicker. The phone gesture recognition is especially an interesting feature, where using
phone accelerometer, student shakes the phone during the lecture (if he/she has a question), which
causes creation of a message sent to the instructor’s computer, and the instructor sees that somebody
has a question. The instructor can pause and ask if there are any questions. This might be especially
useful in large classrooms where the instructor might not see in the back of the classroom if anybody
raised a hand and has a question.

Figure 3: G-Clicker User Interfaces for (left) file exchange, and (right) quiz services.

4.2.

WhereAmI Educational Application

Second educational service in the cs425 class competition was the ‘WhereAmI’ service to help the
freshmen students. The goal was to give freshmen students a mobile phone application that allows
them to orient themselves in the Siebel Center. The application represents an augmented reality where
video from the phone is overlayed with tags indicating if students are in the launch room, in the student
lab, or in what classroom, and what direction other rooms of interest are. This application provided outof-classroom virtual tour guide, based on existing indoor navigation algorithms (the students stored the
RSSI map of the Siebel Center and used it) to locate rooms and people such as teaching assistants (and
their offices). They also stored schematic graphical maps of individual floors to assist in student
navigation. Figure 4 shows the user interfaces of this educational service.

Figure 4: ‘WhereAmI’ User Interfaces showing (left) the basement floor with location of the virtual tour
guide holder (red dot) and the rooms floor plan, (center) the menu capability to highlight, for example,
locations of labs only, or public areas only, and (right) video of the student lab tagged with directions to
other rooms (e.g., restroom, coffee-shop).

4.3.

CalTalk Educational Application

Figure 5: ‘CalTalk’ Group Management System with User Interfaces showing (left) chat capabilities,
(center) calendar entries, and (right) personal management of calendar, friends and events.
The ‘CalTalk’ educational application was ranked third in the cs425 class competition and the goal of
this application service was to help students with group projects and group management. The CalTalk
included the following services: (a) multi-phone calendar collaboration, (b) a personal calendar view, (c)
provision to add and delete events that impacted group members, (d) management system based on
the ‘friend’ concept, and (e) group chat system. Figure 5 illustrates the phone user interfaces to access
the group management system. This application provided extensive services for out-of-classroom
cooperation among students. Especially, the introduction of the concept ‘friend’ from the other social
networks tools has been welcome since it was acknowledged that even within group of students
working on a joined MP, subgroup of friends might exist and talk about other issues.

4.4. Lessons Learned and Recommendations from cs425 MPs
Throughout the designing and executing process of three MPs, we made the following observations,
regarding NAT, battery, debugging and pressure on wireless infrastructure.
First, unlike lab machines, phones communicate by internal IP address, which restricts the scope of peerto-peer communication within a subnet. Coupled with firewall configuration in different APs on campus
environment, the experiments could be only carried out when all the phones were associated with the
same AP. Also the server should either own a public IP or be associated with the same AP as phones.
Second, battery was a big concern. During demo, phones died quickly and needed to be continuously
charged. Students focused more on functionality design and ignored other resource issues, energy
consumption in particular. We did not expect them to address those issues in the distributed system
class.
Third, peer-to-peer debugging was troublesome in Android, if peers listened to incoming traffic at a
random port. This was due to the tedious port forwarding setup step, at the time when MPs were
designed. It is recommended that students test networking and computation components separately
before proceeding to the system-wide testing.
Finally, during demo, we needed to limit the WiFi activities from non-demo devices. With wireless
infrastructure optimized for laptop access, phone encountered numerous WiFi association and
communication problems, when the whole class was coding and testing in the same lab, waiting for
their turn to demo. This situation gained us knowledge about whether students deal with all kinds of
network exceptions nicely. However, sometimes it was difficult for us to tell whether it was network
problem or implementation problem. It even slowed down our demo schedule, since we needed to wait
for phones to get associated and live again. In the future, instructors and TA who will use Android
phones in classes, they should control the number of extra students in the lab, besides the students who
show the demo.

5. Android Phone Efforts for Writing Capabilities
One affordance of the Android phones which we want to explore further is writing. The writing
capabilities of these phones are crude, but still potentially useful. Writing is a much richer
communication modality than typing or button-clicking; this is particularly true when it comes to
technical material, which often involves mathematical formulas that are not easily typed, or drawings
that cannot be typed at all.
To explore the potential of writing on the phones, Prof. Sam Kamin (kamin@illinois.edu) and his
research assistant Wade Fagen have ported the Slice system to Android.
This system
(slice.cs.illinois.edu) has been in development for use on Tablet PCs for several years, and has been used
in a variety of experiments as shown in Figure 6. Slice is a system which combines an underlying core,
originally written in C#, with a powerful extension layer, originally using Python. Entire applications can
be written at the scripting level. One application in current use is a lecture application, which allows the

instructor to “untether” her tablet from the projection system; an enhancement we are experimenting
with gives students tablets and allows the instructor to see what they are writing. Another, entirely
different application – but still implemented solely in the script layer – is a code review application, in
which students can discuss code by each writing on a Tablet PC as the code author explains what they
are reading; this has been successfully tested in our Programming Studio course and we plan to extend it
to all sections of that course.
The Android phones had neither a satisfactory C# nor Python implementation, so the porting effort was
quite significant. We have rewritten the core of Slice in Java, and have implemented a new scripting
language from scratch, so that we would have perfect compatibility between the Android and Tablet PC
platforms.
With this port, we are able to script applications that will run across Tablet PCs, Windows-based
workstations, and Android phones, the only differences being those required by the differing form
factors. We believe this will greatly simplify the process of developing applications for classrooms based
on a variety of devices. In addition to the Android phones, we hope to obtain Android-based tablets for
our experiments.

Figure 6: Slice Implementation on Tablet PC
Our first experiments, planned for the Spring 2011 semester, will use the phones as advanced “clicker”
devices – like mi-clicker, but with the inclusion of writing. The students will be able to respond to short
answer, rather than just multiple-choice, questions. Rather than viewing a histogram of the results, the
teacher will be able to review all responses on a large display (the “dashboard”). (We note that short
answer questions are potentially far more valuable to a teacher than multiple-choice; that latter can
only confirm what a teacher suspects, while the former can actually show the teacher something
unexpected.)

6. mi-clicker – Students for Students Efforts
One major result of the cs425 class was that several undergraduate students wanted to continue with
refining some of the educational tools and wanted to see the actual deployment of the educational
tools. We all understand that usually class projects work during the actual demonstration but do not
scale to an actual deployment in a real class. Hence, with the group of enthusiastic CS and ECE graduate

and undergraduate students, and under guidance of Professors Nahrstedt and Angrave, we have picked
few services from the cs425 class projects and started to ‘harden’ them towards a real deployment
experiments in Spring 2010. Out of this effort, the software ‘mi-clicker’ (Mobile Illinois Clicker), was
created.

6.1.

mi-clicker Functions and Architecture

Based on the popularity of the enhanced i-clicker in the cs241 survey and also due to the winning GClicker educational application in cs425, we have decided to continue the work on ‘clicker-like’ set of
educational tools (tool-kit for inside of the classroom) and deploy/test them in a classroom. mi-clicker
includes the following functions: (a) ‘take quiz’ function, (b) ‘get course announcements’ (MPs,
homework, exams) function, (c) ‘text message with teaching assistant and/or instructor’, and (d) ‘ask
question via audio’ to teaching assistant and/or instructor.
The mi-clicker basic service architecture is web-based and client-server based, where the clients are
phones and laptops. The clients on the phones will have interfaces used by students, the client on the
laptop will have interface for the teaching assistant/instructor as shown in Figure 2.
The server architecture is a web server with (1) extensive database (mySQL) keeping information about
the class students that are registered in the particular class, quiz questions, quiz results, files and any
other information related to mi-clicker content, (2) PHP interface between the secure database and the
core services and management interface, (3) management interface that serves the instructor/teaching
assistant to enter quiz questions, announcements, see students answers, get text messages, questions,
and provide text for answers, and (4) core services that are responsible for distribution of quizzes,
announcements to students, receive answers, receive text/audio questions and store them safely in the
database via PHP interface. It is important to stress that the functional part storing student database has
been stored on the secure departmental server during the experiment, described in Section 7 and 8. The
students and instructor had to authenticate to get access to the server and receive announcements,
conduct quizzes and leave text/audio messages for instructors/teaching assistants.

6.2.

mi-clicker User Interfaces

The educational tool mi-clicker has two major interfaces: (a) the instructor side and (b) the student side.
Instructor side course website includes capabilities to create announcements, import class enrollments,
submit quizzes, check for answers, and check for voice mails and text messages. With respect to quizzes,
the anticipation is that the instructor gives impromptu quizzes in the class to see if the class is following
the material. Hence, the capability is built in to create a summary of answers for the instructor to see
what portion of class understands the particular material. Figure 7 shows an example of the instructor
course website.

Figure 7: mi-clicker Instructor Side Interface showing (left) Quiz Management, and (right) Quiz Summary.
At the student side, the student interface allows the student to authenticate and then access four
different services, the quiz service, the announcement service, the text messaging service and the voice
service as Figure 8 shows.

Figure 8: mi-clicker Student Side Interfaces with (left) Authentication, and (right) Four Services
The quiz service presents the currently running quiz with questions and options, as well as information if
the quiz was submitted (see Figure 9-left). The announcement service shows short announcements as
well as information if announcements are new, read, and at what time they appeared (see Figure 9center). The text messaging service allows the students to send short questions to the teaching assistant
during the lecture (see Figure 9-right1). The voice recorder allows recording of voice question, replay,
and sending it to instructor or deleting the recording (see Figure 9-right2).

Figure 9: mi-clicker Student Side Interfaces of (left) Quiz, (center) Announcements, (right1) Text
Messaging and (right2) Voice Recording.

6.3.

mi-clicker Technical Details

The mi-clicker services have been implemented using Java on Android G2 phones which we have
purchased via the NSF CNS IT grant and tested out of the classroom deployment (prior to actual class
deployment) as described in Section 9 as well as in classroom deployment as described in Section 7 and
8. The ‘hardening’ and testing of the HTTP protocols between clients and server, the authentication
service, the instructor and student functions and their interfaces has occurred between January-March
2010. The deployment in the classroom followed then between April-May 2010. We have selected the
“Systems Programming Class”, cs241 class in Spring 2010 (co-taught by Prof. Kravets and Prof. Godfrey)
for the deployment of 80 G2 and 40 G1 phones.
As Figure 2 shows, mi-clicker application suite consists of server side and client side. We will describe
few technical details of the application architecture.
mi-clicker Server Side technical details: The server side consists of a SQL database and PHP files. The
User Interface that is used by instructors is designed using HTML CSS templates. The SQL database is
used to store the authentication information of users, text messages, announcements, quiz and audio
files. The token and password that is used for authentication is stored in its encrypted (md5) form in the
database. The function performed by the PHP files was that of retrieval of information from the
database and sending it to the client. In the case of instructor’s web interface, the PHP files not only
retrieved and stored information it also displayed statistics using a histogram. The server returns the
information in the XML format which is then read by the client using the Document Builder class of the
Android platform.
Initially all requests sent to the server were going over non-persistent HTTP connections and there were
delays experienced by the user. The code was modified over the summer 2010 to have all requests go
over persistent HTTP connections, reducing the setting and tearing down of a HTTP connection each

time a request was made. The server configuration information was checked to ensure that sufficient
number of multiple clients can use the mi-clicker application simultaneously.
Mi-clicker’s database was designed for extensibility for the whole department. Hence, multiple classes
and multiple enrollments for a student are supported. Nevertheless, mi-clicker has strict access control.
Only students registered in the cs241 class were able to access the class-specific information and publish
class –specific content (voice recording and quiz answer).
mi-clicker Client Side technical details: All activities started by clicking on one of the icons on the screen
after the user was authenticated and the class was chosen. A lot of thoughts went into organizing
information on phone’s small screen, like how to label the already read announcement, how questions
should be laid out for both quick browse and examination, and whether the quiz is answered correctly.
Built over less powerful phones, in comparison to laptops, we packed all necessary data together for
batch communication and cached data on phones during WiFi blackout to avoid data loss. Minimizing
the keyboard input in touch screen devices was another concern. We saved users’ states in phones to
avoid multiple password inputs when users accidentally exited the application. For security, we had
preliminary user id, password and token-based authentication.
The announcement was implemented as the only activity which used the Background service provided
by the Android Operating System. When the user was in the announcement activity, the reminder
service which was a thread continually queried the server and updated the announcement list. Hence
the user had the latest announcements when he/she signed into the application.
The Quiz application retrieved the Quiz list and Quiz file in the XML format which it parsed using the
Document Builder class. The Quiz application allowed user to save her answers and submit at a later
date. The latest answer was the one stored in the database. The auto-submit feature had a thread
running simultaneously which submitted answers as they were selected. The users were not only able
to submit their answers they were also able to view the correct answers once they were released by the
instructor. The application highlighted the correct answer in green and the incorrect one in red. Threads
were used to draw the features on the screen and also simultaneously listen to button click events after.
The Audio and Text Message applications were dialogs and not activities. The recorded text message
and audio were sent without the additional overhead of creating separate activities for them.
The Http requests were performed using the HttpClient class which allowed for persistent HTTP requests
from client to server. The originally used class HttpURLConnection allowed only for non-persistent
connections with every request a new connection had to be set up and tear down. With this new
modification we were able to achieve multiple requests with a single HTTP connection and hence reduce
the latency of user requests to the server. We saw a definite performance improvement with this
modification.

7. CS 241 Class Deployment
The above sections 3, 4, 5 and 6 showed some answers to the Question 1: how would we (students)
want to use phones as educational tools (what kind of educational services do we want on mobile
phones). The actual deployment of mobile phones G1/G2 in the cs241 class, Spring 2010, provided
answers to the Question 2: how would we (department, staff) deploy phones and educational services
on a larger scale, as well as opened up new questions.
Our goal was to deploy the G1/G2 phones to approximately 100 students of the cs241 class, which took
place in the classroom 1404 SC. The participation of the students was voluntary since we wanted to test
the robustness of the mi-clicker services on larger scale of students, test the WiFi infrastructure in large
classroom 1404 SC, test response of a different group of students to the needs of educational tools on
phones, and see the complexity of deploying large scale mobile devices.
We had to face the following issues: (a) logistics to distribute, manage and collect G1/G2 phones
to/from the students, (b) distribution, setup, configuration, management of updates, usage of mi-clicker
educational software, (c) student assistance via help-desk support infrastructure, (e) participation of
students.

7.1.

Logistics

The first step to the distribution of phones was to create a lease form since mobile phones were
considered educational devices leased to the students by the department for a specific period of time of
their educational process. The prior approaches we have seen in other educational institutions were to
create a mobile phone lab, with phones hard-wired to desks, for software development, but not for
individual mobile usage. However, since we wanted to explore the mobile usage of phones in
educational environments, we wanted the students to carry the phones with them all the time, and use
them in and out of classroom. Hence, we have developed processes to lease and return a phone for the
semester duration. The lease form is attached in Appendix 2.
Further logistic issue to be solved was short term replacement of phones. Our process clearly specified
when a phone could have been replaced (e.g., hardware faulty – we had memory damage as well as USB
plugs faults). The phones were also replaced without charge in case of theft with a proper police report.
Otherwise, in case of missing phones, students had to replace them on their own or be charged in the
amount of the phone cost.
One important issue was discussed and that is the long term replacement of phones. As we all see,
phone hardware is changing almost every 6 months and so the question came up: if we consider phones
as educational platform and the educational institution should provide the educational platform (since
students pay tuition), can educational institution replace phones every 6-12 months? Where should the
funding come from? Within our one year experiment we have seen three generations of Android
phones. In August 2009, we have purchased G1 Google phones with Android 1.5 platform, in January
2010 we have purchased G2 Google phones with Android 1.6 and in March-April 2010 time frame
Google was distributing Motorola DROID phones with Android 2.0 for educational purposes. So within

the short time we had to adjust mi-clicker software to three hardware and OS platforms and these
platforms have been supported by short term grants from NSF and industrial sponsors (Vodafone,
Qualcomm and Google). However, at this point, it is not clear that the short term grants are the answer
towards a long term deployment of mobile phones in classrooms by the educational institutions.
One answer to the long term phone replacement issue could be to build universal educational
applications that would run on any mobile platform and so students can actually use their own phones
to download the applets and use them in and out of classrooms. However, under the current diversity of
mobile platforms, in terms of hardware, network infrastructure, software, programming languages and
their interfaces, it is not clear this solution happens soon.

7.2.

Software Distribution, Configuration, Setup, Management, and Usage

We have setup the mi-clicker server on the departmental server with a secure database that held the
names of the cs241 students. The authentication service was setup in such a manner that each student
and instructor/teaching assistant had to register through the main MLC mi-clicker website and the
system would email the user his/her password. With respect to the mi-clicker application software on
the phones, we have used Google Android Market (applet store) and informed students on the miclicker website how to download the phone applet. The students could find the instructions at
http://mlc.web.cs.illinois.edu/download_page.php . The interface on the Android phone after students
downloaded and installed mi-clicker application, i.e., a new icon “MLClick3r” (older name for our miclicker software) appeared in the slider.
The mi-clicker website also had information how to connect to our WPA wireless protocol
infrastructure, usage instructions for instructors, and student service explanation of the buttons on the
phone, and help instructions of error messages.
Based on the students’ feedback, we believe that using Google Android Market for phone distribution
worked out very well and it also gave us visibility to other users. Students were able to locate mi-clicker
app for installation easily and they were notified whenever a new software version became available.
However, the important aspect of using Google Android Market was the security of the access to the
departmental server and student information, i.e., that other non-Illinois and non-cs241 users, if they
downloaded mi-clicker applets on mobile phones, did not get any access through any security hole to
our department server(s) and services/information. We have been debugging especially this particular
functionality.

7.3.

Help-Desk Infrastructure

As with any other software distribution and new deployment, we have setup educational and system
support infrastructure for students in case questions occur during the usage of the phones and miclicker application. We have setup a “frequently asked questions” page on the mi-clicker website, the
undergraduate students who developed the mi-clicker software early Spring 2010, setup and rotated
office hours every week to assist cs241 students if they had problems with installation, downloading,
operating the phones and the mi-clicker application. Last, but not least, we have established a mailing

list where cs241 students could email any questions regarding the phones and mi-clicker software
usage, bug reports, and comments on performance. The undergraduate developers and testers
themselves used wiki to collect bug reports and planned for new updates.
We believe that if mobile phones are going to be deployed as educational tools in the department,
similar help-desk infrastructure will need to be setup to assist for smooth usage of educational tools.

7.4.

Students Participation

In the cs241, Spring 2010, we made the student participation voluntary due to the questions about the
robustness of the mi-clicker software, accessibility of WiFi infrastructure to many students at the same
time and number of phones for the class (we did not have phones for each student of the class). The
participation of students was time limited between April 1 and May 15, 2010, i.e., during the second half
of cs241 in Spring 2010.
However, in the long term, if phones should serve as stable educational tools, it will be important to
differentiate (a) between compulsory and voluntary student participation, (b) between short-term persemester usage and long-term four years usage of student phone, and (c) between private, public and
closed per-class services available to students.

7.5.

Deployment Process and Lessons Learned

We have deployed approximately 40 G1 and G2 free phones in cs241 class. The students used the
phones in class and also for their own personal usage. The G1/G2 phones allowed them to include their
own SIM card and so many of them put their own SIM cards into the phones and used their own data
and voice service. (Note: As a department we are not allowed to pay for data or voice service from
governmental funds, hence all our educational services were running over WiFi infrastructure. However,
when students used their personal SIM cards, they could access any other services, e.g., Instant
Messaging, email, and other services available on Android phones through Verizon service provider).
We have encountered several issues as we deployed phones in the class cs241. In order to advocate
phone apps in classroom, phone devices must have essential GUI (Graphical User Interface) support for
enterprise WiFi configuration in the future. We expected that students could configure secure campus
WiFi access without any trouble and such configuration effort would be one-time task or at least an
infrequent task. In Android 1.5 (G1 phones), there was no GUI support for WPA enterprise configuration.
Students had to either fall back to web-based authentication over unsecured WiFi, or hack the OS kernel
to modify WiFi configuration file. Both approaches were cumbersome. The first approach required
repeated manual authentication activities using keyboard before each class. The second required from
the students proficiency in Linux command line. Luckily, when we actually deployed phones, Android 1.6
was released with GUI support for enterprise WiFi. We then upgraded all of our G1 phones to Android
1.6.
The students used the mi-clicker phone few times in class for quizzes and announcements. The text
messaging was used more often between the students and the teaching assistant. The voice messaging

was not used. The students used the phones extensively for their personal usage outside of the
classroom. As we will discuss in Sections 8 and 9, many difficulties occurred using mi-clicker software as
well as phones within the classroom. The challenges and difficulties can be summarized as follows: (a)
difficulty with the wireless infrastructure inside of the classroom when large number of students aim to
access resources at the same time, (b) issues with the authentication service, (c) unclear understanding
from the instructor and students sides how to include usage of phones into the lecture and educational
process, and (d) difficult interfaces to use. The user concerns were extracted from the “Exit”
Questionnaire that we asked students of cs241 to fill out when they returned phones. We discuss the
results in the Section 8. The infrastructure and resource concerns were extracted from controlled
experiments and phone measurements we have conducted in the cs241 classroom and results are
reported in Section 9.

8. Students Feedback – ‘Exit’ Questionnaire
At the end of the cs241/Spring 2010 semester, we have asked students who agreed to participate in the
Android/mi-clicker experiment to fill out the “Exit” questionnaire when they return the phones. 19
students responded to our “exit” questions. This ‘exit’ information helped us in several dimensions to
answer the major Question 1: what should be the educational services on phones, and Question 3: is our
departmental infrastructure (staff, instructors, WiFi infrastructure) ready for large scale
phone/educational service deployment. We have asked students questions in three categories: (a) what
were students’ experience with the mi-clicker software, (b) what kind of problems did students
experienced with the phone and software, (c) what kind of future usage of phones/software do the
students envision in an educational environment.
The most frequent answers for the first category (experience with mi-clicker) were: (1) class did not use
mi-clicker often enough, (2) texting with teaching assistant was useful, (3) quiz when used was very
useful, and (4) mi-clicker did not integrate well with the classroom environment and the cs241 teaching
style.
The most frequent answers for the second category (problems with mi-clicker and phones) were:
(1) login and password issues - students got assigned password and could not change it (and passwords
were hard to remember); Furthermore, the password was not cached in the phone, so on every
authentication request, students needed to enter the password again.
(2) authentication issues - it took very long time to get authenticated and even once one got
authenticated, due to short in-activity, wireless connections were lost and new re-authentication was
needed. This problem proved to be especially problematic in case of quizzes when students at the same
time need to authenticate, receive the quiz from the instructor/server and submit answers within a
certain time interval.
(3) device power issues – the G1/G2 devices (especially G1 devices) have very short device life-time. In
addition, mi-clicker application was heavy on power usage (no power-optimization in the code), hence
often within 1-2 hours phones were out of power. Since the 1404 SC classroom did not have any power-

jacks available to students, re-charging of phones was not possible. Hence, if the students did not come
with fully charged phones to the classroom, they may have not be able to take the quiz.
(4) WiFi availability issues – the wireless infrastructure availability proved to be unstable and access was
not always possible. Again for critical educational applications such as taking quizzes inside of classroom
this will be a major requirement to stabilize the WiFi infrastructure inside the classroom and make
access to all phones, laptops and other mobile devices anywhere in the classroom and anytime.
(5) slow access to web-server – when students submitted quiz answers or requested a list of
announcements or aimed in any other way to communicate with the web-server, the access was very
slow which again does not present viable solution for time-critical educational applications such as
quizzes, messaging, and other educational tasks.
The most frequent answers to the third category of questions (future potential phone usage) were:
(1) teach Android programming in various classes – students responded that they see usage of
phones in the educational environment as very important and asked to have opportunities to
learn program these phones in classes such as operating systems (CS 423), embedded systems
(cs431), or new courses on application development.
(2) provide simple and stable applications in large classes – students would like to see
applications such as quizzes, voting, access to class material, and notifications in large classes
such as PHYS 211, 212, CS 241, and others.
(3) need to access general tools – students would like to have access to email, newsgroups, webbrowser, ssh and other general tools outside of classroom.
One student especially commented that “I believe that programming experience on a mobile
platform is something all CS students should know. “

9. Evaluation of Infrastructure and Software
With the number of G1/G2 phones we had available during Spring 2010, and DROID phones in Summer
2010, we have conducted small scale and large scale experiments to evaluate the performance of the
software mi-clicker and the wireless infrastructure. We wanted to answer the Question 3: is our
departmental infrastructure ready for large scale deployment of phones in and out of classroom.
In this section we will investigate the readiness of our communication infrastructure and consider two
major aspects: (a) what are the HTTP request quality measurements under the WPA Enterprise
networks (since our mi-clicker application tool-kit is web-based and concerns have been expressed
about the slow access to the web-server), and (b) what are the WiFi conditions in the classroom 1404
SC (since most of the student concerns included WiFi availability in the 1404 SC classroom). The first
aspect will be measured with respect to the success ratio of HTTP requests to the web-server, RTT
(Round-Trip-Time) and available bandwidth. The second aspect will be measured under different scale
of phones, different topologies, different WiFi authentication protocols, different power provision, with
heterogeneous devices, and with goals of finding dead spots.

9.1.

Large Scale Android Phone Experiments in Spring 2010

Experimental Environment: We have conducted large-scale Android phone experiment during the
Spring Break of 2010 in the Siebel Center, room 1404 which has 200 seats. The reason for the time
frame was that the classroom was available to us through the whole week and so we could conduct
multiple and diverse experiments. The numbers of phones in the experiments were 80+ G2 phones and
40+ G1 phones. We have conducted two types experiments: (1) large scale experiments with phones
only (Pure Large Scale), and (2) large scale experiments with mixture of phones and laptops (Mixture
Large Scale). In the first experiment type we have included 120+ phones and in the second experiment
type we have included 20 or 80 G2 phones plus several laptops.
Scenarios: We have considered four scenarios of the phones and laptops.
First scenario represented the ‘Pure Large Scale’ experimental setup with random placement of 80+ G2
and 40+ G1 phones over WPA2 infrastructure within the 1404 SC room area with anticipated access
points (Note: We have anticipated four access points (APs) in the scenarios and measurements, but as it
turned out after our measurements, there were only two APs available) as shown in Figure 10-left.
Phones were randomly assigned either TTLS or PEAP for WPA2 enterprise authentication. The
experiment in this scenario lasted 1 hour with phone being continuously charged.
Second scenario belonged to the ‘Mixture Large Scale’ experimental setup with random placement of
phones within the 1404 SC room as shown in Figure 10-right. Phones were randomly assigned either
TTLS or PEAP for WPA2 enterprise authentication. The experiment in this scenario lasted 1 hour with
phone being continuously charged.

Figure 10: Pure Large Scale Experiment with (left) random placement and Mixture Large Scale with
random placement (right).
Third scenario belonged to the ‘Pure Large Scale’ experimental setup (Figure 10-left) with random
placement of 20 G2 phones at the last few rows in the classroom without power plug. Phones used
UIUCnet unencrypted WiFi communication. The experiments lasted 1 hour.
The fourth scenario was similar to the second one and belonged to the ‘Mixture Large Scale’
experimental setup (see Figure 10-right), except that phones used browser-based authentication and
messages were not encrypted over UIUCnet. The experiments lasted 1 hour .

9.1.1. HTTP Request Quality Results
To measure the WiFi and HTTP performance, we have prepared a testing script, running on each phone
in 1404 SC classroom using above specified scenarios.
Experiment Description: In this experiment we were running test scripts between Android phones and a
simple web-server (NO mi-clicker software) to stress-test the HTTP protocols and the access to the webserver over WPA enterprise network. We have tested the same HTTP test-scripts in the 1404 SC
classroom as well as at home, and we tested the HTTP requests on phones and on laptops.
Sketch of testing script: We have generated a random http request, selected from two categories; and
repeated until the end of testing period.
(a) To a MLC server with probability 0.6: operations are packed in a session containing the following
steps;
(1) Authenticate users by username, password, retrieving a token for future communication in
this session; pause 1-3 seconds
(2) 10-15 steps randomly selected from following operations, with 2-5 seconds pause between
successive steps ([x] means with probability x)
a. Get the list of all enrolled class [0.15]
b. Get the list of quizzes for a class [0.15]
c. Get questions of a quiz and upload answers [ 0.2]
d. Upload text messages [0.2]
e. Upload voice message [0.1]
f. Get announcement for a class [0.2]
(3) Log out.
(b) To popular websites with probability 0.4: randomly selected from amazon.com, CNN.com,
times.com, bing.com, with approximately 100,000 bytes/page
Overall Results Summary: The experimental results showed a long RTT delay for a single HTTP request.
At Siebel Center, the RTT delay was 4-8 seconds for a phone HTTP request versus less than 1 second in a
home environment. At Siebel Center, the RTT delay was 4-8 seconds for a phone HTTP request to the
web-server versus less than 1 second for a laptop. Hence, the RTT delays clearly indicated that the HTTP
request delays were unacceptable for interactive applications such as mi-clicker and changes need to be
considered.
Another metric we have measured and that was the failure ratio of HTTP requests to the web-server.
Our results showed that HTTP requests on phones showed very high failure ratio up to 37-64%, which
was again not acceptable for interactive applications such as quizzes in mi-clicker. Table 2 summarizes
the results.

Metrics/Results
Siebel Center/Phones
Home/Phones
Siebel Center/Laptop
RTT (Round Trip Time) 4-8 Seconds
< 1 second
< 1 second
of single HTTP request
Failure Ratio of HTTP 37-64%
requests
Table 2: Results of HTTP Requests to Web-Server over WPA Enterprise Network

9.1.2. Detailed WiFi-Related Results
Based on our overall Spring 2010 measurements, we have concluded that (a) WiFi stability was low in
the 1404 SC classroom, and WiFi (re-) association/handoff was a big issue; (b) G1 phones performed
worse in terms of WiFi connectivity than G2 phones. Hence, after this finding, we have done most of
the WiFi experiments with 80+ G2 phones; (c) WPA Enterprise networks had longer delays than
UIUCnet due to authentication, encryption, decryption overheads in the range of 0.2-0.6 seconds.
UIUCnet does not have encryption; (d) SC 1404 classroom had insufficient deployment of access points
(APs). The anticipation and information from the system administration was to have four APs for the SC
1404 classroom, but after our measurements, we found only two APs served this large classroom. We
have found dead spots in the middle of the classroom (very low SNR signal), and with large number of
phones, we experienced congestion which increased the end-to-end delay dramatically, with RTT up to
4-6 seconds per HTTP request.
Below we present in detail our measurements of the WiFi-related infrastructure results.
Experiment 1: In this experiment we had deployed maximum number of phones 80+ G2 phones and 40+
G1 phones in SC 1404 classroom with random phone placement and using WPA2 enterprise network for
1hour. We have also done random assignment for TTLS (Tunneled Transport Layer Security)/PEAP
(Protected Extensive Authentication Protocol). All phones have been connected to power plug (we have
brought into the classroom power extension courts to connect all phones to power jacks which is not
available during regular classroom times.). The Scenario 1 setting was as shown in Figure 10 (left).
Under this experimental setup, we had 26 hosts respond with the HTTP request. The failure ratio was
around 64% and delays to access the web-server were approximately 4.5 seconds to a regular website
and 6 seconds to the MLC mi-clicker website. Results are shown in Table 3.
In this experiment, even though 120 phones were deployed, only 26 phones reported their results back
to the database during 1 hour period. This was due to the fact that we had to manually start the MiClicker applications in every phone, ensuring WiFi is connected when the app starts. The manual starting
process for all the phones took more than half an hour.

TTLS

PEAP

Fail Ratio

0.6527

0.6349

Delay (web) in seconds

4.4940

4.5240

Delay (mlc) in seconds

5.8872

6.1212

Table 3: Experimental Results under Scenario 1/Experiment 1.
Experiment 2: In this experiment we have removed the G1 phones due to their low WiFi performance,
and considered 80+ G2 phones with laptop interference (Scenario 2). We have considered random
placement of phones and laptops were adjacent to phones with streaming video to stress the
interference effect. We have used the WPA2 enterprise network for 1 hour. We have employed random
assignment for TTLS/PEAP.
Under this experimental setup, we had 52 nodes respond, the failure ratio of HTTP requests was
approximately 50% and the delay to a regular website was approximately 4.1 seconds and to the MLC
mi-clicker web-server approximately 5.47 seconds. Results are shown in Table 4.
TTLS

PEAP

Fail Ratio

0.4524

0.5667

Delay (web) in seconds

4.1727

4.0887

Delay (mlc) in seconds

5.4338

5.5254

Table 4: Experimental Results under Scenario 2/Experiment 2.
Experiment 3: The HTTP request times to web-servers have been large in Experiment 1 and 2, and hence
we wanted to test how a HTTP request will perform under UIUCnet network. Hence, we have deployed
20 G2 phones with random placement of phones according to Scenario 3 (Figure 10-left). We have
tested the phones under UIUCnet for 1 hour and the phones have been without power plug. In this case,
on average 9 hosts responded out of 20, hence we achieved failure ratio of 0.3748 with delays of 1.8724
seconds HTTP request to a regular website and 2.3630 seconds HTTP request to the MLC mi-clicker
website.
Experiment 4: We have altered the Experiment 3 with adding more phones and laptops according to the
Scenario 4 (Figure 10-right). We have experimented with 80+ G2 phones, random placement of phones
and placed adjacent to them laptops for interference. The HTTP requests were running over UIUCnet

networks for 1 hour. At this point, on average 40 hosts responded, yielding failure ratio of 0.4843 and
delays of 3.5941 seconds for regular website and 5.3375 seconds for MLC mi-clicker website.

9.1.3. Possible Reasons for Long Delays
As we have discussed above, having 4-8 seconds access to the MLC web server is unacceptable for the v
interactive educational applications such as mi-clicker. Hence, we have analyzed some of the possible
reasons for the long delays to take next steps for future generations of MLC educational tools.
We have found several problems with the software and the phone themselves (without laptops):
-

-

-

mi-clicker implementation – mi-clicker used non-persistent HTTP connections have been used,
contributing on every HTTP request to additional delays due to re-association of connections.
Login and password – mi-clicker used fixed assigned passwords which were difficult to
remember and users were not able to change the passwords. Also, passwords could not be
cached, so on every loss of WiFi and/or server connection, password had to be retyped, causing
additional delays.
Authentication process – as experiments showed, using WPA2 enterprise networks
infrastructure induced additional authentication and security overheads. Phones were equipped
with small memory and less powerful CPU, thus adding visible delay overhead in end-to-end
delay.
Congestion – as experiments showed, we had only two access points available, hence
congestion and bandwidth availability represented difficulties when deploying 100+ phones.
Wrong setup of phones – when we were running test scripts, phone screens timed out which
caused shut down of the WiFi connection and then again WiFi re-association.

In addition as we added laptops into the mixture (Scenario 2 and 4), which is an expected setup in a
classroom since students will bring with them not only phones but also their laptops, we saw additional
problems:
-

-

Laptop interference – since laptops were placed adjacent to phones, laptops transmitted with
larger power than cell-phones, preempting the cell-phone transmission for several rounds,
causing phones additional delays with HTTP requests. This is a problem that represents one
aspect of the well-known hidden terminal problem.
AP preferred treatment of laptops – access points gave better chance to laptops to decode
laptops’ packets than phones’ packets when they sent packets simultaneously.
Phones reactions to interference - when phones saw packet drop, their protocol backed off,
causing unfairness in the access to the wireless channel between phone and laptop.

Another cause of the large web access delay may have been that the phones’ wifi interfaces adopted
PSM (Power Save Mode) instead of CAM (Constantly Awake Mode). The 802.11 standard supports
multiple modes of operation, with different power consumption for each mode. When CAM is adopted,
the WiFi device stays awake, ready to send and receive packets all the time, hence consumes most
energy. On the other hand, when PSM (Power Save Mode) is adopted, the WiFi device goes to sleep, i.e.

it stops receiving packets when it has no packet to transmit, and wakes up periodically for beacons. If
the beacon indicates there are packets for it buffering at the AP (access point), the wifi device sends a
separate PS-POLL message to receive each buffered packet. The 802.11 Access Point (AP) supports PSM
by 1) buffering incoming packets for WiFi clients in PSM, 2) indicating the presence of buffered packets
via fields in beacon messages, and 3) delivering the buffered packets after the client notifies the AP it’s
ready to receive one or more packets.
While the static PSM approach allows the device to save power by only waking up when packets are
outstanding at the AP, it introduce extra latency involved in receiving packets via PS-POLL and such
delay has been found to be high for interactive applications such as web browsing [KrBa2002]. The APs
in the WLANs of UIUC set default beacon interval value to be 100ms, therefore each packet delivered to
the phone from the AP has extra delay caused by buffering at the AP which is up to 100ms. Since HTTP
connection takes several rounds of handshake to build, the phones may take 400-500ms to build a HTTP
connection. In order to mitigate this problem, many WiFi devices today also implement a technique
known as adaptive PSM, where the device switches between PSM and CAM based on some heuristics.
According to our observation, the G1, G2, and droid phones that we used in the experiments all adopted
adaptive PSM, and the switch between PSM and CAM was triggered by reception of a threshold number
(denoted as TH) of packets or lack of network activity for a pre-defined duration. The device notified the
AP of its transitioning to PSM or CAM by sending NULL data frames with the power management bit (in
the MAC header) set to 1 or 0, respectively. However, we found out that the default value of TH on the
G1, G2, and droid phones was too large, so that the traffic flow of our python program was not large
enough to trigger the phone operating at CAM mode. Therefore in our experiments, the phones still
encountered large delays caused by PSM, while the laptops which always operate at CAM mode worked
better.
We reset the TH on the droid phones to a smaller value and observed significant delay decrease, while
at the same time, the power consumption also increased. However, we found out that this solution did
not work on the G1/G2 phones’ WiFi interfaces. When we reset the TH to a G1/G2 phone smaller value,
although the phone actually operated at CAM mode when the traffic flow was large (we observed so
using a WiFi sniffer), it set the power management bit (in the MAC header) to 1 (indicating PSM mode)
in EVERY single packet it sent out. Therefore, the AP assumed that it operated at PSM mode and
buffered all packets. We suspect that the discrepancy between the power management bit value and
the actual operation mod was a bug in the NIC driver of G1/G2 phones.
Sometimes the software tools we used to build our program could cause the delay. For example, our
test program was running using ASE, when we upgraded ASE to a newer version, the HTTP request delay
decreased by 40ms.
Besides problems with the phone software mi-clicker implementation, phone configuration, laptop
interference, we anticipate that the delays we saw with HTTP requests between phones and webservers might be also due to using the Meru network devices:

-

-

Centralized Scheduling - The Meru networks use centralized packet scheduling algorithms over
the whole WLAN. Hence, this can influence the airtime fairness, seamless handoff, and overall
scheduling time (Note: We do not have any solid proof that Meru scheduling algorithm
introduces the extra delay. We only implicitly observed that sometimes the AP stopped serving
our devices (both laptops and cell-phones) for over 500 ms or even 1 second. Since all those
devices were not moving during the measurements, we could only suspect that the APs were
waiting for new instructions about the transmission schedule.)
Laptop Access Times – We have done laptop measurements in the Siebel Center (in
promiscuous mode) and it happened frequently that our laptop received 0 packets from the
access point for over 2 seconds. This is again very undesirable if we consider interactive learning
applications in classrooms. We suspect that the Meru AP stopped serving clients when it
processed handoff or other scheduling, and this processing time could be as long as several
seconds.

9.2.

Small Scale Phone Experiments in Summer 2010

In Summer 2010, we have taken the feedback from Spring 2010 and made several changes to the miclicker software to speed up the RTT of HTTP requests to the MLC web-server. We have experimented
with small number of DROID phones.
Changes: We have introduced persistent HTTP connections within mi-clicker in order to improve the
network performance and reduce delays. The original design had each HTTP request open a connection
and tear it down. This introduced delays in the user’s interaction with the mi-clicker application. The
networking code was modified during summer to convert all the non-persistent requests to persistent
HTTP requests. Further optimization like disabling Nagle’s algorithm at the cost of lower bandwidth was
done by enabling the TCP_NODELAY option in the HttpClient class of the Android OS.
Experimental Description: Three DROID phones were used in 3 different locations in the Siebel Center
building. The locations were where students would most likely be present during the course of the
semester. The classroom, coffee shop and the computer lab were used to test small scale usage of the
mi-clicker application. The mi-clicker experiment was only tested over the Wi-Fi infrastructure since the
aim was to find the connection which provides the minimum delay for the user requests. Both the nonpersistent HTTP connection and persistent HTTP connection were tested in all three locations with
queries being made for 15 minutes. The time was chosen to be the maximum amount of time that a
user would use the phone in class to take a quiz, check announcements and ask a question. Since we
were looking into persistent connections, we had to make sure the connection stayed open for a
sufficiently long amount of time so that re-authentication could be avoided. The server specified that
the timeout was 5 minutes for all client requests. The maximum users that could connect to the server
was 150.
Some preliminary measurement results of the above experimental setup are shown in Table 5.

Table 5: Experimental Results of mi-clicker HTTP requests using DROID Phones
The results clearly show improvement of the access time when compared individual operations between
non-persistent and persistent http connections. Further measurements are and will be going on in Fall
2010 and Spring 2011 in a larger scale experiment to compare the results between the implementation
in Spring 2010 and Summer 2010. The mi-clicker software will be also further improved by adding
additional features and optimizing it for a more user friendly experience.

10. Related Work
Advances in wireless technologies have allowed users to communicate ubiquitously anywhere and
anytime and made it possible for users to access and exchange information through wireless handheld
devices such as cell phones, PDAs, tablets, and other wireless devices [LyYo2002]. We are seeing an
explosion of wireless communities and applications (e.g., Buddy Finder, Proximity Dating, and Cab
Ordering) as wireless infrastructures and deployments in wireless digital cities and wireless local
communities emerge pervasively. For example, in Helsinki, Finland, people discuss, plan, and manage
local events with cell phones through the Helsinki Virtual Village [Helsinki2008]. On the other hand,
wireless local communities are fixed to a specific area, e.g., a shopping center or tourist park [Sun2007],
to share their local experiences with each other.
It is important to stress that these wireless communities are very different from traditional Internetbased online communities, in which people are connected with one another but neither know each
other in person nor necessarily care where they are at any specific moment. More specifically, although
people in different places are connected through Internet-based communities, information exchange
alone is not likely to lead to a sense of social interaction close to what happens in the real-world
communities [SpPa2004]. In real-world communities, social interactions occur in physical and social
contexts that are shared by those involved. However, most contextual cues are filtered out in text-based
communication through the Internet. That is why face-to-face communication has usually been found to
be more effective than computer-mediated communications at fostering community [Whittaker 2003].
In contrast, in wireless communities, people are much more closely bound to each other, through a
sense of sharing a common physical and/or social context. In such communities, for example, it is
possible for members to access the contextual cues directly or with the help of information
technologies. For mediated communications, research has found that joint attention and social linkage
are necessary conditions for effective information exchange [ClMar1981; NaWhi2002]. As a result, a
sense of sharing the same physical and/or social context helps to bind people more closely in wireless
communities, leading to “contextual communality.”

The realization of mobile learning communities will also depend on prior work in the space of (1) active
participation of members [WhiIsaO1997], (2) the design and development of advanced mobile
application services for wireless communities/users that will facilitate the sharing of contextual cues, (3)
assurance of stable underlying software and hardware infrastructure (i.e., reliability, robustness, privacy,
and security of services in the mobile educational environments), and (4) assurance of social trust from
the various users.

11. Final Conclusions and Lessons Learned
Over the one year, we have explored various dimensions of mobile learning communities in our
department at the University of Illinois with some feedback from students at TU Darmstadt. The basic
hypothesis is that our universities will have students who carry phones (not only laptops) and they will
create mobile learning communities during their time at our campuses. So we need to think about if we
as formal educational institutions are ready for these mobile learning communities. The one year study
aimed to answer the three questions: (1) what kind of educational tools are appropriate for mobile
phones within mobile learning communities, (2) how do we deploy the software/hardware phones in
large scale classes, and (3) is our infrastructure ready for this large scale deployment. The answers to all
of the questions are complex and include large number of considerations before we respond with the
final answer “Yes, we are ready for phone-based mobile learning communities”. As we showed, some
aspects of the MLC educational process can be mastered within short time period such as establishing
logistics of the phone deployment, but some aspects of the MLC educational process will take several
iterations to provide stable MLC environment for our students and instructors. So at this point, our
answer is “We are not quite yet there.”
For our own efforts the next steps will be to:
(a) continue with efficient mi-clicker protocol implementation, enhancements with functions for usage
outside of classrooms and usage inside of classroom with smaller discussion groups, and continued
deployment in classes;
(b) implement other/new educational applications for phones as student surveys suggested,
(c) continue with detailed analysis of our communication infrastructure by keeping track of statistics for
each client such as TCP dumps, RSSI, SNR at the PHY layer, and retry indicator at the MAC layer,
(d) investigate Meru WiFi network infrastructure via Meru software logs of AP association, reassociation and hand-off.
Besides the various software improvement efforts, we plan to continue working with CITES campus
infrastructure group to improve WiFi (Meru network) infrastructure in and out of classrooms, to
introduce more AP nodes around large classrooms, to tune some control parameters of the AP so that
the scheduling overhead won’t affect the performance the clients even when the number of clients is
large, and to consider more power plugs in classrooms. Besides improvements of our communication
and computing infrastructure, we need to enhance on teaching mobile phone programming and
introduce for example teaching Android programming in various of our undergraduate classes. With this

effort, we will increase the interest of our students and instructors in mobile platforms as educational
tools and increase the number of applets built for our own department.
In summary, we believe that the deployment of phones as educational tools in and out of classrooms
should continue. As we experiment with phones and other mobile devices, and increase the number of
students who can program new educational and other useful applications, the mobile learning
community at Illinois becomes stronger, giving strong advantage to our students in their future.
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Appendix 1
Questionnaire for Students in Class ‘CS 241’ Fall 2009
In Spring semester 2010 we would like to engage in an experiment to use mobile cell-phones such as
Android/G-Phones in an undergraduate class for educational purposes. The goal of this questionnaire is
to find out what educational applications would YOU (students) prefer to have on your cellular phone
that would help you in your educational process. The questionnaire is anonymous (please, DO NOT put
your name/UID/email on the sheet of paper). The questionnaire is voluntary.
1. What usage of a cell-phone do you see inside/outside of a classroom that would help you
understand better the material presented by the instructor?
2. What educational applications would you envision on your cell-phone to help you communicate
with the teaching assistant of your class?
3. What applications would you like to have on your cell-phone to help you communicate with
classmates, TAs, instructor outside of the classroom?
4. What educational applications would you like to have on your cell-phone to help you access
class-related information inside and outside of classroom?
5. In some classes you may do projects with other members of your class. What applications
would be useful to you in conducting projects with your classmates?
6. Are there any other educational applications that you wish you had on a mobile phone?

Appendix 2
EQUIPMENT LOAN TO EMPLOYEES AND STUDENTS
Authorization for Temporary Off-Campus Use
of University Equipment

Loaning Department:

Computer Science

Chart/Organization Code: 1-434

Check one:

Borrower Name (Last, First):

Faculty

Campus Address:
Campus Phone:
Permanent Address:
Permanent Phone:
Off-campus location/address of loaned equipment

N/A

Loan Term (may not be greater than one year): From

______
to

_____

(Loaning department may request return of equipment before the end of loan term if needed.)
Purpose of Loan:
.

Special Conditions:
Borrower is responsible for all voice, data, text message and any other charges not directly related to the CS class or
project. Borrower is financially responsible for the equipment and all accessories based on University policy referenced
below.
Equipment Data:
Description

Property Control Number

Serial Number

1.
2.
3.

______

4.

______

Signatures:

Borrower**
Approval from Loaning Unit (see instructions)

**I accept responsibility for reasonable care and security of all University property that is in my custody off campus
in pursuit of my official duties. Liability assessment, if any, will be based on "Section 12.1 – Custodianship of
Property" in Business and Financial Policies and Procedures.

Date Returned

This form may be photocopied.

Received by

Phone #

Appendix 3
Mobile Learning Communities (MLC) Project, Spring 2010
‘Exit’ Questionnaire about the Usage of Google Phones in cs241 Class
The MLC team would appreciate if you fill out the questionnaire so that we can improve the phone usage/wireless
services for the next generation of students. As you know, this MLC project was an experiment, funded by the
National Science Foundation. Please, email the filled out questionnaire to klara@illinois.edu. All questionnaires will
stay anonymous, i.e., all information about the sender will be strictly removed in the final processing of the
questionnaire answers to the National Science Foundation according to the privacy guidelines of the University of
Illinois.

1. Have you used the leased Google phone during the period of March 30- May 14? (yes/no)
2. If you used the Google Android phone answer the following questions with respect to usage of
the Mi-Clicker services in class (quiz, event notification, text/audio messaging):
a. Have you used the phone for quizzes? (yes/no)
b. Have you used the phone for text messaging? (yes/no)
c. Have you used the phone for notification of events? (yes/no)
d. What was your experience with the Google Android interface/performance of the Mi-Clicker
services? (Please, provide a constructive feedback so that we can improve on these services
for the next generation of students.)
e. Did you rely on any of the Mi-Clicker services (e.g., text-messaging or event notification)?
Explain.
f. What were the problems you saw (perceived) when using the Google Android phone inside
the 1404 classroom that hindered you to use efficiently the Mi-Clicker services (e.g.,
authentication issues, power issues, login issues, user interface, ….)?
3. If you used the Google Android phone outside of the classroom, please, respond to the
following questions:
a. What other Google Android applications/services over WiFi networks did you use on the
phone?
b. Did you put your telephone SIM card into the Google Android phone and used it for
telephone service? (yes/no)
c. Did you program your own services on the Google Android phone? If yes, what kind of
services/applications did you program?
d. Did you attend the Google Android phone programming workshop this semester? (yes/no)
e. f you attended the programming workshop, did you find it useful and should the workshop
be offered more regularly during the next semesters? Explain.
4. Future potentials of the Google Android phone platform:
a. Would you like to see more classes that use the Google Android platform in their classes? If
yes, explain what classes you would like to see them in and for what purposes.
b. What other in-classroom educational services on Google phones would you like see to be
used by students, instructors and TAs?

c. What other outside-of-classroom services on Google phones would you like to see?
Any further suggestions what worked or did not work with respect to the Google Android Phones and
you would wish that should be solve

