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Abstract— The classroom experience is enhanced for both
teacher and student alike when feedback mechanisms are
in place to measure the students’ engagement. Specialized
devices such as the iClicker have been developed along
these lines, but these devices have limited range and use.
This paper describes the design and implementation of a
device that can be used within reach of the Internet or cell
tower, allowing students to interact with the instructor in the
classroom by sending simple text messages. The application
currently accommodates polls, student-supplied questions,
and a mechanism to express confusion or boredom. We
provide some early anecdotal experiences using this device,
articulate plans for the future, and describe how others can
use this technology in their own settings.
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1. Introduction
The context for the work described in this paper

began with our department’s decision to purchase 50
iClicker [1] devices for use in our department’s courses.
While many schools require or encourage (through extra
credit) each student to purchase his or her owniClicker,
we opted for a departmental basket containing 50 of these
devices. An example of such a device currently in production
and for sale is shown in Figure 1. An instructor would bring
these devices to class, distribute them randomly among the
students present, and construe the results of their use as
statistically valid random sampling of the (perhaps larger)
classroom population.

These plans did not account for the combined battery
weight of 50 such devices. With two batteries per device,
the basket ofiClickers was too heavy to carry easily
across campus. Upon hearing this, we began to consider how
students could participate in feedback such as that sought
by theiClicker, but by using technology already in their
possession. It occurred to us that all students we knew could
text using devices that connect to the cell networks. Most
students are exceptionally adept at texting, owing to the
frequency they communicate with friends and family using
texting. Many, if not most, of their devices can also connect
to the Internet.

While our initial motivation for the work we present in
this paper was to free our instructors from carrying the

Figure 1: An iClicker device. Five buttons are
provided for its user to respond to polls. From
http://www.iclicker.com.

iClickers to class, we arrived at the following arguments
in favor of our approach:

• iClickers require a base receiver for operation.
This base receiver is purchased separately from the
iClickers, and it must be brought to class and con-
nected to a computer to receive and tabulate students’
responses.

• iClickers are limited in transmission range. Due to
FCC regulations, theiClicker devices are limited
in the strength of signal they are allowed to emit. The
devices and base station work within a room, but they
cannot work for students situated remotely from the
base receiver.

• iClicker devices are very limited in the form of
response. Referring to Figure 1, a student presses one
of five buttoms to register response. In particular, these
devices lack the ability toinitiate interaction with the
instructor, to pose a question or to indicate confusion
or boredom.

While the design and implementation are described in
greater detail below, we begin with a quick description of
the features ofWUTexter. The application launches into the
two panels shown in Figure 2. The main panel (a) controls
the application and displays almost all of the information.
The other panel (b) serves to display only the text of
questions posed by the participants. This separation into
two panels is convenient in terms of how the information
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Figure 2: (a) The primaryWUTexter control panel and display. (b) Participants’ questions aredisplayed in a separate panel.



is displayed in the classroom. An instructor can choose to
place the students’ questions panel on a private display,
while still showing the results of polls on a screen seen
by the participants. The components of the display shown
in Figure 2(a) are as follows:

• The largest portion of the window is dedicated to show-
ing the results of polling. Each vertical bar indicates
by its height the fraction of participants who have
chosen that particular response. The example shown
here represents 10 participants’ responses to a multiple-
choice poll offering 5 possible responses. As shown,
responsesa, b, and c have each received two votes
apiece. Responsed earned 3 votes and responsee
earned only 1 vote.
This portion of our tool replicates the functionality
found in theiClicker. A small difference is that the
number of available choices can be configured when
the tool is launched, with the default of 5 to match the
iClicker.

• Continuing down the screen we see an example tweet
to help students model their responses:
Example response tweet: @WUcse131 a 994

The response tweet contains three pieces of informa-
tion:

– The twitter account name for the class, ap-
pended to an at-sign (@).

– The student’s desired response (a, b, etc.).
– A 3-digit secret key for thisWUTexter ses-

sion (Section 3.5). This key makes it difficult for
those not privy to the lecture to participate in the
WUTexter session. The key can be changed at
will by the instructor.

• Shown below are two sliders that control whether the
poll is enabled (open) or not (closed), and whether the
polling results are dynamically visible to the audience.

• Continuing to the right, a black box at the bottom
shows the current secret key (994 in our example) and
tabulates the number of participants in the current poll.

• Continuing to the right, a box indicates by its back-
ground color whether questions have been asked by the
students. The background remains a bright color until
the instructor clicks on the box to reset the tally to 0.
At that point, presumably the instructor has addressed
the posted questions or has chosen to ignore them.
A question is posed when a participant substitutes a
? for a poll choice such asa, in the position where
the poll choice would normally appear. As before,
the secret key must be the next token supplied on
the response. The remaining text is interpreted as the
participant’s question and is posted on the panel shown
in Figure 2(b).

• The final component to the right is a red and green
bar that reflects the participants’ view that the material

should be delivered more quickly or slowly. A student
does this by furnishing a+ sign instead of a letter in
the model response. Similarly, a- sign requests that
lecture slow down. This is described in greater detail
in Section 4.3.

• TheFile andView menus allow instructors to access
other functionality, such as resetting the key, zeroing the
tabulations, and exporting a log file of those who have
participated in the session.

While in-depth studies ofWUTexter have not been con-
ducted, we report on the tool in this paper so as to make it
available for more widespread use.

2. Related work
The use of mobile devices in the hands of students and

instructors is currently a topic of great conversation in
academia [2]. Not surprisingly, computer science courses are
among the first to adopt and adapt to such technology [3].
Tim Hickey and others [4] have considered student feedback
to affect the pace of the classroom. They have also developed
a system that allows peer-instruction during class, so that
students can field and answer other students’ questions.

3. Approach
Seeking a method by which any student, anywhere, could

participate in aniClicker-like poll, it became clear that
we would need to rely on the Internet or the cell phone
network for communication. Broadly speaking, we required
anevent channel [5] that could relay messages from students
to an application that could tabulate results, report students’
questions, and keep track of the students’ confusion or
boredom.

Many social media sites allow messaging among their
participants. However, privacy concerns typically limit such
messaging to those who have explicitly allowed such activi-
ties. Moreover, we do not need these messages to persist,
so it would help if the messages are easily deleted by
the receiver (our application).Facebook surfaced early
as a candidate, but students understandably protect their
facebook presence. Also,facebook distinguishes mes-
sages sent between friends and non-friends. We could not
require students to be friends with the class account. We
soon turned totwitter for the following reasons:

• Twitter is primarily concerned with messaging, and
other features are less prominent. Forfacebook,
messaging is not its primary mission.

• It is easy to createtwitter accounts that use the same
gmail account. Thus, a professor could have separate
accounts for each class without having to create a new
email address for each one.

• The API seemed easy to use. An application could
generate authentication keys, which can then be used
by an application to create atwitter session.
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Figure 3: Software architecture ofWUTexter.

• Twitter can useSMS, through which text messages
of very simple syntax can simulate tweets. This puts our
approach within reach of any student who has access to
the Internet or who can text, even from a very simple
phone.

• While twitter does limit any user to sending no
more than 250 messages per hour, there is no such limit
on the messages an account can receive.

Figure 3 shows the software architecture ofWUTexter
usingtwitter as an event channel. The participant reaches
twitter using either the cell tower via SMS (Short
Message Service) or over the Internet. To use SMS, the
participant simply sends a text message to a special SMS
“phone number” (40404 fortwitter). The body of the
text message is of the format described previously. If the
participant has access to the Internet, perhaps using a data
plan on a mobile device, then he or she can reachtwitter
in the usual way, by logging intotwitter via a browser
or by accessing his or hertwitter account using an
application.

Once the participant has tweeted a message, the
WUTexter box in Figure 3 picks up such messages by
listening for references to its account name. In Figure 2,
the account shown isWUcse131. The case-spelling of
the account name does not matter, but the capitalization
serves to show how the account name was chosen: WU for
Washington University and the rest of the account name is
a course at the university.

Any twitter account can be used, but it is helpful to
choose an account for a course whose name is easily remem-
bered. The tweet message must mention the account name
(recall@WUcse131), and theWUTexter application must
accesstwitter by authenticating to the same account. A
personaltwitter account could be used, but we find it
convenient to dedicate an account to a particular course. That
same account is then used each semeter regardless of who
teaches that course.

3.1 Instructor preparation
To use WUTexter, an instructor must decide on a

twitter account to be used as the target of messages sent
by the students. As described above, we establish a separate

twitter account for each course usingWUTexter. For
example, our CSE131 course has thetwitter account
wucse131. Accounts named in this way should be readily
available attwitter. Generally, the following steps are
needed to set up such an account:

1) On thetwitter home page, request an account with
a suitable name.

2) Eachtwitter account needs an email address to
which it is associated. If the instructor already has
a gmail account (say,professor@gmail.com),
then an email address of the form
professor+wucse131@gmail.com

can be used, becausegmail disregards the portion
at and after the+ sign. Thus, confirmation (and any
other desired) messages will be sent to the instructor’s
specifiedgmail account.

3) An instructor typically has no reason to see the email
messages generated bytwitter. The preferences
section of atwitter account can be visited and
email notifications can be disabled. In practice, this
results in almost no messages at all being sent to the
associated account.

4) Using the created and verifiedtwitter account, log
into dev.twitter.com. Here, you will generate an
application tied to the account.

5) Finally, generate authorization keys so that the
WUTexter application can log in under your new
account to receive tweets from students. The text of
these keys is saved in a configuration file used by
WUTexter

3.2 Student preparation
For the student side of this application, atwitter

account is needed, and the tweets of that account must be
publicly visible (such is the default for a newtwitter
account). Students may decide to use their personal or
otherwise extanttwitter accounts, or they may decide
to establish a new one specifically for use withWUTexter
or for a given course. In terms of participating inWUTexter
activity, there is no difference.

However, some instructors may elect to give credit
based on participation, in which case the association of



a twitter account with a student must become known
so that credit could be given.WUTexter can save log
files from its sessions, and the correspondence between a
twitter account name and a particular student must be
discovered at some point to award credit. In our courses, we
typically keep this correspondence secret until the end of the
semester, so that students can useWUTexter anonymously.
We find that students are more likely to pose questions if
their identity is secret. At the end of the semester, students
can tweet their student ID at the classtwitter account,
so that credit can be awarded for participation if that is the
instructor’s policy.

3.3 Twitter as an event channel
Messages related toWUTexter are sent from student to

the classroom tool viatwitter. Recalling the form of a
message, the following

@wucse131 c 377

sends a message to vote for optionc using secret key
337. The message is intended for thewucse131 twitter
account, and the at-sign is necessary in front of the account
name so thattwitter alerts the class account on behalf
of this message.

Although a large number of students may be voting at
once, each is using his or her owntwitter account.
Currently each such account holder is limited to some 250
messages per hour, which is ample to accommodate the
intended usage here.

The receiver of these messages, thewucse131 account
in the above example, cannot be held responsible for those
mentioning thewucse131 account name in a tweet. There
is thus no limit, from what we have seen, in terms of the
number of messages the account can receive.

There are two ways in which messages can be sent:
• tweeting The examples have thus far used this mech-

anism. The account is mentioned using the at-sign
notation, which causes the message to be sent to the
account as astatus update.

• direct messageTwitter allows its users to send
direct messages to each other. A student can send a
direct message to the class account, providing that the
class account isfollowing the student’s account. Thus,
once per session, our in-classroomWUTexter tool
responds to a status message byfollowing the source of
that message, thereby making sure that direct messages
are possible.

Why use direct messages instead of tweets? There are two
reasons:

• A direct message is private, and would not be displayed
in a user’stwitter feed.

• A given tweet can be sent only once. Consider a student
participating in a poll, who initially feelsa is the correct
response. If that student changes his or her mind to

b and then back toa, the last tweet to assert the
response asa is redundant and is therefore suppressed
by twitter. The last nonredundant message would
the final say for such a student, so it would appear this
student voted forb.
A direct message can be sent twice, so that mechanism
allows students to change their minds more frequently
and fluidly.

In terms of ease of use, tweets are slightly shorter than
direct messages. The improvements we have in mind for
the student-client would automatically favor direct messages
over tweets. This is discussed in Section 5.

3.4 Running the in-classroom server
There are two items necessary to run the server:

• A copy of theWUTexter jar file.
• A configuration file

The jar file contains the code as described below. The
configuration file contains the authorization keys necessary
for a twitter account to open a session withtwitter.
The server by default opens the fileconfig.txt as its
configuration file, but this can be changed when the server
is started. It is probably most convenient simply to store a
given class’s configuration file asconfig.txt.

The WUTexter server that runs in the classroom is
written entirely in Java, and uses thetwitter-4j library
to access thetwitter API. The resulting code is packaged
in a jar file so that it can be run in any classroom that
supports Java. Double-clicking the jar file icon typically
suffices to launch it. From a command line prompt, the
following also runs the server:

java -jar WUTexter.jar

With the application written in Java, we have seen no
problems at all running the server in classrooms across our
campus. The server can be run on an in-classroom computer
(Java is typically present) or on the instructor’s laptop.

3.5 Secret key
EachWUTexter session creates a 3-digit key. Messages

that are missing the key are ignored. The purpose of this key
is to ensure that only those students who are participating
in the class (locally or remotely) can send messages that are
considered by the application. While the logical basis for the
key is sound, the key requires extra work on the part of the
student, and we return to this point in Section 5.

4. WUTexter modes and experience
The WUTexter tool has been used in several classes

at Washington University, with enrollments from 30 to
over 300. In rooms with multiple projectors, it is possible to
have the display shown continuously on one screen while
lecture materials are presented on the other screen. For



rooms with a single projector, many laptops offer the ability
to show different images on the laptop and the projected
screen. In such cases,WUTexter could be running in
the instructor’s view, and dragged to the students’ view as
needed. As seen in Figure 2, there are various and concurrent
ways in whichWUTexter can be used, as described below.

4.1 Polling
In terms of its conceived design as a replacement for

iClicker, the most apparent mode of operation for
WUTexter is to offer students a mechanism for responding
to a poll. The purposes for such polls include the following:

• How prepared are students for class? Did they read the
assigned materials?

• How well are students following the lecture material
thus far? Does some material need to be covered again?

• How well can students apply what they have learned in
new settings?

Thanks to theiClicker’s widespread availability and use,
others have considered ways in which they can be used
for conducting polls [6]. The mechanism supplied here is
identical toiClicker, except that students can participate
remotely and use only their cell or smart phones to do so.
The experience so far with polling has been positive, but we
remark in Section 5 on improvements we can make client-
side that would make this and other functionality easier for
students to use.

4.2 Posing questions
Students typically have questions, and many of these

students are reluctant to ask questions in class for a variety
of reasons:

• They don’t want to interrupt the lecture.
• They don’t want to disclose their uncertainty, confusion,

or misunderstanding.
• They may believe they are the only ones who misun-

derstand, so they are reluctant to take up class time to
get an answer to their questions.

As a result of the above disincentives, many studentsdis-
connect with lecture at the point where they have a question
but feel unable to pose the question to the instructor. This
disconnection may occur because the given student’s mind
is preoccupied with the question, or it may be the case
that because of the question, the student feels (perhaps
hopelessly) lost.

While designing theWUTexter tool, we realized that we
could accommodate information well beyond that of a poll
and its responses. A channel was effectively open by which
students could ask questions anonymously. The questions
would appear on the screen, so that a professor need not
stop mid-sentence. The professor can decide whether and in
what manner to answer the question.

When deployed in a classroom, this feature seemed to earn
the most attention and praise.WUTexter can be enabled as

students are entering the class, some 10 minutes before class
officially started, and students fell into the habit of sending
in questions right away. This allows instructors to respond
to common concerns before class started. Students reported
that they really liked and appreciated the anonymity with
which they could pose questions. With students having an
essentially open forum to express themselves, it would have
been possible for them to send annoying or inappropriate
comments, but this never occurred.

4.3 Confuse-o-meter
There are occasions where a student would like lecture to

speed up or slow down, without having a particular concern
or question to pose. For such students, we offer the confuse-
o-meter, which could have the following interpretations:

• Should the lecturer speed up, keep the current tempo,
or slow down?

• Is the class generally fine, confused, or bored?

Students can send messages viaWUTexter to cause the
confuse-o-meter to deflect according to their mood. The
display in Figure 2 is a horizontal green and red bar. With
equal amounts of each color, the class is fine. As the bar
becomes more green, the lecturer should increase the pace,
and as the bar becomes more red, the lecturer should slow
down. The bar has a return-to-center behavior over time, so
that if students do not keep sending messages, it decays back
to a normal, middle setting.

While students initially found this feature intriguing, and
they played with it a bit at the beginning of the semester, it
did not prove that useful during the course.

5. Conclusions and Future Work
While we have foundWUTexter to work well in our

courses, we discuss in this section some simple changes that
would make the application easier to use.

• The form of the messages appears simple, but on most
phones the messages require changes between character
sets (letters, numerals, special symbols). The course
name contains numerals, the account must be prefaced
with an at-sign, and the main text of the message is
typically alphabetic.

• The secret key, while useful in preventing intrusion, is
a burden for students to remember and type.

We are currently addressing the above problems by devel-
oping a client-side app for the iPhone and the Android
platforms, along the following lines:

• The app would sense whether messages should be sent
via data plan (Internet) or texting (cell tower) based
on which resources are available and which method is
preferred by the user.

• The app could present the 5 buttons of theiClicker
as shown in Figure 1, a text area for asking questions,
and a+ and− button to indicate confusion or boredom.



• The app could make some commonly asked questions
available from a menu, so that typing them would be
unnecessary.
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