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ABSTRACT teacher must allow enough time for the slowest students in the class

ClassQue is a classroom response system that goes beyond click!® zénswer Lhehquestlon. Medanhwhlle, there is dead time '|” ‘f’Vh'Chh
ers to allow a wide selection of classroom interactions: teacher to Students who have answered the question must wait quietly for the

individual student, teacher to all students, student to teacher andUll Emg todexpire. blem is add dbv inf 6 ,
student to student. Questions are not restricted to multiple choice, | "€ deadtime problemis addressed by Informa [5, 6], an extensi-

and multiple questions can be pending at one time. One studentble system written in Java that has students use standard computers

can anonymously comment on another student's answer. After theln place of clickers. An Informa plugin includes both a question

class, students and teachers can receive reports of the classroom i ype anddarr]l aggregate \(/jlsuallzat;]o_n forddlsplaylng solutions. I_n-
teractions. The current version of ClassQue is available for use in 10'Ma and has been used to teach introductory Java programming,

an environment in which each student is seated at a computer with an enhanced set of question types. Informa addresses the issue
' of dead time by allowing students to evaluate other student’s an-

swers. In the Informa terminology, each question has three phases:

Categor iesand SUbJ ect Descrlptors solve, evaluate, reveal. In the solve phase, a question is posed and
K.3.2 [Computers & Education]: Computer & Information Sci- students work on the solution. During the evaluate phase, students
ence Education-Somputer Science Education who have solved the problem evaluate the solutions of other stu-

dents. In the reveal phase the teacher displays solutions and dis-
cusses the results.

General Terms ClassQue, which also uses computers in place of standard click-

Management ers, provides a wide selection of question types that are applicable to
many teaching situations. ClassQue fills the dead time with student
Keywor ds reviews, allowing multiple questions to be pending, and allowing

questions with open-ended answers. After answering a question, a
student can look at and comment on other students answers to that
question, or look at reviews to his/her answers. Teachers can also

1. INTRODUCTION review or grade student answers.

Much has been written about how the traditional teacher-student An important aspect of clicker responses is the impression of
interaction through lectures has failed to keep student's atten- anonymity they give. This allows students to answer freely without
tion [4]. Producing an environment in which students are willing to fear of scorn or intimidation from classmates. Having responses
interact with the teacher and classmates can be difficult, especiallymandatory (in the sense that a lack of response can have a negative
in a large class or in a class in which the students feel unsure ofimpacton the student's grade) is also useful in encouraging students
their abilities. Clickers [1, 2, 3] have been used for several years t0 respond. In ClassQue, students do not know which students they
to allow teachers to pose questions to students and get real-time@re reviewing or which students have reviewed their answers.
response information. Responses can drive or motivate classroom During the discussion phase, teachers can display all of the an-
discussion and pique student interest. Others have used graphingWers given by the students in several formats including anonymous
calculators [9] or tablet PCs [7]. summaries and can also show reviews given to the answers.

In a typical clicker application, a teacher asks a multiple choice ~ ClassQue has support for students requesting help from the
question, usually by posting it using an overhead projector. The teacher or a remote teaching assistant without disturbing the rest
students then have a fixed amount of time to answer. When the ©f the class. It also supports group communication among students.

time expires, the teacher displays and discusses the question. The ClassQue requires the teachers and students to have a network-
connected computer capable of running a recent version of Java. It

is best used in an environment in which the teacher can display a
computer screen using an overhead projector. The ClassQue system
is available for download [8].
Permission to make digital or hard copies of all or part of this work for ~ The rest of the paper is organized as follows. Section 2 discusses
personal or classroom use is granted without fee provided that copies arethe basic ClassQue interface from the student and teacher view-
not made or distributed for profit or commercial advantage and that copies point Section 3 describes additional ClassQue features. Section 4
bear this notice and the full citation on the first page. To copy otherwise, to discusses a utility for creating questions for use by ClassQue. Sec-

republish, to post on servers or to redistribute to lists, requires prior specific . . . .
pe?mission agd/or a fee. a P P tion 5 goes into the details of the operation of ClassQue and Section

Copyright 20XX ACM X-XXXXX-XX-X/XX/XX ...$10.00.
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6 presents some conclusions. tion 3.2). Clicking on a nhame or humbered answer link shows or
hides the reviews for that answer.
2 CL ASSQU E BASICS Figur_e 4 shows a detailed view of the answers to qfreeform query.
. In this figure the answer for each student is shown in the order that

When students enter the classroom they sign in to ClassQueyhe answers were given, and the teacher has chosen to hide names of

which then displays an initial window. Figure 1 shows a student yhe stydents, with the name replaced by a number in square brackets.

window after a simple query has been issued. Figure 5 shows two views of the answers to a query with an in-

. teger answer. ThResponses by Student view shows the response

[£] €S 1013: jearter l ol - of each student. The teacher has the option of hiding the name of

the student giving the answer, so that this window can be shown to

the class for discussion. THesponses by Answer view is orga-

nized by answer. The value after the colon is the number of students

giving the answer that appears below.

How did you receive credit for C5 10037
@ Took it at here with a C or better

() Transfer credit
i) AP or CLEP test credit ~Responses by Student

i | do not have credit for 1003 Review bobama: Took it at here with a C or beiter
Review gbush: Transfer credit

Review bclinton: AP or CLEFP test credit

Review rreagan:| do not have credit for 1003

ljcarter on 10 (port -1) Version 1.003k Review ghwbush: Transfer credit
. Review jcarter: Took it at here with a C or belter

Figure 1: A student query window. total: 6 out of 6

—Responses by Answer

| £| Teacher Stats =naEn x| Review [1]: 2

Took it at here with a C or better

Windows Display StudentOptions Query Options Review [2]:2
Transfer credit
CS1013 version 1.003k Review [3]:1

prerequisite-1: Choice AP ar CLEP test credit

How did you receive credit for CS 10032 Review [4]:1
| do not have credit for 1003

Response Summary

Il 2: Took it at here with a C or better
H 2: Transfer credit

I 1: AP or CLEP test credit Figure 3: Two additional teacher views for a query with a
M 1:1do not have credit for 1003 choice answer.

total: 6 out of 6

total: 6 out of 6

Simulated Connection |£| Teacher Stats E‘Elﬂ
Windows Display Student Options Query Options
Figure 2: A teacher summary window. C51013 version 1.003k
reason-2: Free Form
ClassQue supports five basic types of quer@wice queries al- Why are you taking this course?
low students to choose one of a predetermined selection of answers.
Checkbox queries are similar, but students can choose more than ~Responses by Student
one answerlnteger queries allow students to enter a single integer Review [ Itis required for my major.
as a responsd-reeform queries allow students to make arbitrary Review [21: It should be easy to pass.
text responses ranging in size from a few words to many paragraphs Review [31:Itis required and the instructor got
and possibly pasted from another documedade queries allow very good ratings on the student evaluations.
student to type in program code as a response, displayed with a
fixed width font and preserving indentation and spacing. total: 3 out of 6
Figure 2 shows an example of a response summary for the multi-
ple choice query of Figure 1. This display, which is similar to those
of clicker systems, is one of the many possible teacher display for- Simulated Connection
mats. TheResponses by Student view of Figure 3. displays a list y

of the students who have answered the query along with the answer

given. TheResponses by Answer view gives a list by answer, with ~ Figure4: A teacher window for aquery with afreeform answer.

the count of the number of students giving that answer. The under-

lined values in the responses shown in Figure 3 are links. Clicking  Clicker technology requires students to work in lock-step with
on aReview link brings up a review window (described in Sec- the slowest members of the class. Students who answer quickly are



P =

—Responses by Student— [~Responses by Answer—l | 4| Teacher Stats = | B .
bobama: 5 answer-1: 1 Windows Display Student Options Query Options
gbush: 2 5
belinton: 2 7;"5‘”9’-2’ ; €S 1013 version 1.003k
Reverse Array-1: Code
Write a method that takes an integer array as a
total: 3 out of 3 total: 3 out of 3 parameter and reverses the elements of the array.

—Responses by Student

[
wvold reverse(int a) {
for (i=0;i<a.length;i++)
System.out.println{ala.length - i)

Figure5: Twoteacher viewsfor aquery with an integer answer.

[»

left with nothing to do until the answer time has completed.

ClassQue handles this problem in two ways. First, ClassQue
supports the use of surveys. A survey is a collection of queries that
students can answer at their own pace. The queries do not have tg
be answered in order. Some of the queries can be optional, or have
open-ended answers, allowing the faster students to answer morg
gueries or give more in-depth answers.

ClassQue also gives students something to do after they have
answered all of the pending queries. If the teacher allows it, students ]
can look at individual (anonymous) answers that other students have }
given and comment on those answers. These comments (referred t B
as student reviews) are also sent to the student that gave that answe| private int[] reversehrray(int[] a) |

}
[21:
private wold reverseRrray(int[] a) {
for {(int i=0;i<a.length;i++)
temp = al[i]:
al[i] = a[a.length - i - 1];
ala.length - 1 = 1] = temp;

Students can see these comments, again anonymously, and have t int[] b = new int[a.length]:
option of adjusting their own answers. These revised answers can for (int i=0; i < a.length; i++)
also be reviewed. b[i] = ala.length - i]:
While waiting for responses, the teacher can also review student return b;
answers. Teacher reviews are marked, so students can see that the !
reviews are authoritative. Teaching assistants can also review an- 41 -

swers. Teaching assistants do not need to be physically in the same
classroom, but can log into a ClassQue assistant console from any|
machine on the network.

The teacher can also use the wait time to decide which of the stu-|| simulated Connection
dent responses to use as a basis for classroom discussion. Durin
the discussion, the teacher can display a window similar to Fig-
ure 6 and scroll through all of the answers, asking for comments or Figure 6: A teacher window showing many solutions to the
quickly describing what is right or wrong with each answer. The same problem.
teacher can hide the names of the students to avoid embarrassing
students who have given incorrect answers. This is important for

total: 7 out of 8

encouraging student to submit answers. divided into regions. For example, in the right diagram of Figure 7,
the student in seat 1 selected two answers (red and blue) and the

3. CL ASSQUE FEATURES student in seat 26 selected three answers. In all cases, a light gray
The ClassQue system consists of a suite of Java programs. Dur_box indicates that the student is signed in but has not yet answered

ing class, students and teachers communicate with a server. Typi-the query.

cally, the server program starts automatically before each class (e.qg.,

as a cron job on a Linux system) and the server terminates after the T Seating——— | [~ Seating

class is over. While the server is up, students, teachers, and assis-

tants can sign in. The server keeps track of all queries, answers, and ]
reviews, logging them to a file on the server host. After the class is ]

4 h . 24 23] 22
over, reporting programs automatically process and email reports to g [
the teacher and the students. Teachers can also receive attendance

summaries. 12 () [l [=] o ErEE
a][4][32 a][4][32
3.1 Seating Chart Bl ][] (] (=] [4][3]

Figure 7 shows two teacher’s seating chart views. ClassQue sup- ] ) )
ports seating diagrams consisting of one or two rectangular arrays ~ Figure 7: Seating chartsfor choice and checkbox queries.
of seats. This seating chart view is useful for quickly picking out
which students have answered the current query. The left diagram .
in Figure 7 shows answers forGhoice query. The color of the 3.2 Reviews
box indicates which answer was given. Color codes correspond ClassQue allows students or teachers to comment on (review)
to the colors in Figure 2. The right diagram shows answers for a the answers given by students. A teacher can review an answer by
Checkbox query. If more than one answer is selected, the box is clicking on theReview link optionally displayed in the Responses




window shown in Figure 4. This brings up a review window con- dow near the top and the chat session below for writing a method
taining the query and the student answer along with an area for to reverse the elements of the array. The figure shows the share
commenting on the answer given. for bclinton. Other members of the share gtaush andbobama.
Teachers can also allow students to review the answers of otherMost of the writing was done blgclinton but the other two mem-
students on questions they have already answered. When a studeriiers made contributions as shown in the chat area.
requests an answer to review, ClassQue anonymously chooses a re- A teacher can join any share. As with any other member of the
sponse using a method that attempts to maximize the number ofshare, the teacher can add comments to the chat area or modify the
answers that are reviewed by students. A student can see the reeommon window. The teacher can also add or remove members of
views of his/her answers. Teacher reviews are marked, and studenthe share or submit all shares.
reviews are anonymous. After seeing a review, students can revise ClassQue allows students to create their own shares and invite
answers and resubmit. students to join that share. ClassQue allows teachers to easily divide
If a query is of type choice, checkbox, or integer, it is likely that the students into groups, either by explicit choice or by random
several students will give the same answer. In this case a review isselection and to create a share for each group. Each share has a
associated with the answer, so that once an answer is reviewed, alleader who has priority in writing to the shared window.
students who gave that answer can see the review.

Teachers can also displaorrect and Incorrect links in the [ |) Share: belinton [ESREEE
Response area to quickly mark answers as right or wrong. Invite Remove Destroy Hide Chat
Figure 8 shows a portion of the teacher’s response window in pelom Reverse Array |
which some reviews are shown. Student reviews are anonymous, Frivate vord reversehrreyiintll o)
but reviews by the teacher or assistant are marked as such so that int temp;
students can pay careful attention to these. fﬂrtfint 170; i<a.length/2; i+4) {
emp =
a[i] =

—Responses by Answer ala.length - i - 1] =

Review Again bobama:
for (i=0;i<100;i++)
sum += i;

System.cut.println{sum); ~Chat

sum needs to be initialized.

- teacher review ---

Alsc, you should declare 1 and sum.

[ History

Review bclinton: ghush:  No () in length for arrays.
int sum = 0= bobama: i should only go up to alength/2,
. o not alength.

for (int 1=0;1i<100:1i++)
sum = sum + i;
Syatem.cut.println("The sum is "+sum);

belinton: How does it look now?

ghush: Looks good to me.

bobama: OK
loock good to me.

total: 2 out of 6

Figure9: A student share window (reduced in size).

Figure8: A f her window showing revi
gure 8: A part of ateacher dow showing reviews. 3.4 Messages
A teacher can send a message to an individual student or to a
33 Shares group of students. Figure 10 shows the window that a teacher can
Shares allow groups of students to share information and com- use to send a message to students. ClassQue allows two types of
municate. Suppose the teacher asks the students to collaborate omessages, those that require a response and those that do not. The
developing a method with a given specification. Each student in the figure shows a message sent to three students, two of whom have

group will have acommon window for typing in. All students be- replied. The teacher can display the reply by hovering the mouse
longing to the share see the same contents in the common windowpointer over a student name.
and can contribute. Messages immediately appear in the student console window if

The share also has a chat area that allows students to post comthe student is signed in. Otherwise they are queued until the student
ments that other members can see. While the contents of the com=signs in, allowing the teacher to send before the class starts. | have
mon window are unattributed, the chat area shows a history of the used these messages to congratulate students who have done par-
attributed comments made by each member of the share. When theicularly well on an assignment or have put in an extra effort, and
students agree that the solution is complete, a member of the groupthese have evoked positive responses from the students. Messages
can submit the contents of the common window. This saves a per-are also useful to obtain clarifications on assignment solutions that
manent copy of the contents of the window, which the teacher can students have turned in.
later grade. Students can move the contents of the shared window,
into another program using cut and paste. 3.5 Passwords

Figure 9 shows the student view of a share with the common win-  ClassQue can be set up to require a password from the teacher.
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|£| Send Message To Students =RAsh X privileges. Theassistant password marks the user as an assistant
with restricted privileges. An assistant can sign in from one of
Message 1 the computers in the classroom and be available to offer physical

| Prev | | Hew | | Load | | Save | | Mot | assistange to stude_nts who request help or be signgd in remotely_ and
offer assistance using ClassQue messages (Section 3.4). In either
case, assistants can review student answers. Reviews given by the
click to add T R assistant are marked as such, but are still distinguished from student
reviews.
Bush, George W. Bush, George_HW p— Annotations: A teacher can add annotations to the queries. An
Carter, Jimmy Clinton, Bill replied annotation can be attached to the query (the prompt) or to an in-
Ford, Gerald Reagan, Ronald replied dividual answer of a choice or checkbox query. Annotations are
Nixon, Richard not seen by the student when the queries are asked, but can be seen
Obama, Barak by the teacher. Annotations can be used to indicate the correct an-

swer to a query, or to provide additional feedback to students in the
reports they receive.

Start Discussion: When the teacher pushes t8&rt Discussion
button, the time is logged. This marker indicates that the teacher
All has started discussion of the current query, so that answers given
after this time can be ignored by the reporting system or treated as
additional notes.

| did not receive your last assignment. Greeting: The teacher can set up a file with a message, allowing
Did you turn itin? instructors to insert instructions at the beginning of the student re-
ports. Instructions might include the assignment for the following
class or a reminder of due dates.

Simulator: The simulator is a standalone program that allows in-
structors to run the full system on a single machine. The simulator,
which includes a server, teacher windows, and student windows,
can be used for training of instructors, testing questions and verify-

Figure 10: A window for creating messages. ing the seating chart. Teachers can use the simulator to read in log
files from a previous class to recreate the state of the ClassQue sys-
tem from any point in that class. This capability allows instructors

Without passwords, anyone with a copy of the teacher program canto perform additional operations such as reviews after the class has
run as a teacher and disrupt the ClassQue system by injecting extraended or to send a student an individual message that will appear in
neous queries or sending messages to students. We ran the ClassQtlee student’s report.
system for a year without passwords and never had an problem with
this. However, the public release of ClassQue will make it easier 4. THE QU ERY CREATOR
for hackers to disrupt a class if passwords are not used. ) )

Students who sign in using the ClassQue student application do  QUeries can be generated on the fly during class, but the usual

not have to enter a password, but they are identified by their host W& iS t0 have a prepared set of queries in a file. Normally, the
machine. ClassQue can be set up to allow only students from ateacher loads this file when he/she signs into ClassQue at the start
of class. In order to allow students to start answering queries before

specified collection of IP addresses to discourage hackers from dis- he ol d bef h h . | id

rupting the system. Students who log in using the browser interface 1€ € a;s _start? and before the tﬁac Ie_zr arrives, ClassQue p;]r_ow 1€s

are required to enter a username and password. a mechanism for starting a teacher client on a remote machine in
such a way that it will wait until the server starts up and then send

the queries.
3.6 Other Features The file format used for ClassQue queries is a user-readable

Student List: The teacher can display a list showing where stu- Asc| text query file, but the structure is fairly complex, and it
dents are or should be sitting and whether they have signed intoyoyid be difficult to create one of these files manually. ClassQue
ClassQue. A teacher can also use this feature to sign students ou¢omes with @Query Creator program for creating and editing these
of ClassQue, for example, disconnecting students who post inap-files. The Query Creator is menu driven, allowing the user to cre-
propriate answers. _ _ ate a query by choosing the query type, entering the prompt, and if
Pictures: If student pictures are available, ClassQue can display appropriate, the choices for the answers. The Query Creator also
pictures of the students in a chart corresponding to where the stu-gjjows for entering annotations.

dents are sitting. This feature is useful for learning the names of the ClassQue supports queries formatted in HTML to allow for col-

StUd?”ts inthe class. ors, font changes, and even tables. The ClassQue Query Creator
Help: Teachers can activate a stud&equest Help button. Stu- provides an interactive environment for creating, editing, combin-
dents use this button to notify the teacher or an assistant that theyjng and previewing query files.

need help. This feature is useful when the class is working on a

classroom exercise. The teacher or an assistant can view a list of

students who have requested help and provide assistance. The stL5- SETTING UP CLASSQUE

dent does not have to wait for teacher attention with his/her hand Download ClassQue [8] and unzip the file. Among the files in-
raised. cluded will be jar files for the server, teacher, student, query creator
TheAssistant: ClassQue can be set up with two types of passwords and report generators as well as a user’s guide.

for the teacher. Théeacher password gives the user full teacher Each course that uses ClassQue has two port numbers dedicated

rEnter Message




to it. The ClassQue server is a Java program that can run on anythen paste them into Eclipse for debugging.

system that supports Java 6. The server hardware and operating We have also used ClassQue in modified pair programming exer-
system needs to be able to handle multiple connections in a timely cises, which | call barrier pair programming. Using traditional pair
manner. A three-year-old mid-level Linux desktop can easily handle programming in a classroom situation suffers from a number of
a couple of classes of 40 or more students simultaneously, withouttechnical difficulties: including dividing the class into pairs, mov-
noticeable delay. ing students around, making sure that a stronger student does not

A copy of the ClassQue server is started before each class, and idominate a weaker one. For short problems, the overhead of setting
uses one port to communicate with the teachers and one to commuup this environment makes it impractical to use in a 50-minute class
nicate with the students. The server terminates after running for a period.
specified length of time. For example, if a class meets MWF from  Barrier pair programming handles the logistics as follows. We
9:00 am to 9:50 am, the server might be started at 8:50 am everydesign a problem with fixed milestones and use ClassQue to ran-
MWEF by a cron job on a Linux machine. A configuration file pro- domly divide the class into groups of size 2. Each student in the
vides the port numbers for this copy of the server as well as spec- class works on the problem independently. When a student reaches
ifying how long the server runs before termination. For the above a milestone, that student may not proceed (the barrier) until the
class, the duration might be set to 70 minutes, which will allow it paired student has also reached that milestone. The student who
to run until 10:00. All communication among teachers, assistants, gets there first must help his/her partner (using the ClassQue share).
and students flows through the server. A ClassQue checkbox gquestion with the milestones as choices can

In addition to handling communication, the server logs sufficient help the teacher monitor the progress of the class.
information to recreate the ClassQue state at any time. One of the ClassQue is available [8] for download. The single zip file con-
log files generated is an XML file that logs all teacher queries and tains jar files for the server, student, teacher, query creator, and
student answers, as well as reviews and submitted shares. After theeport generators. It also includes a user’s guide.
server terminates, another cron job can start a report generator that
analyzes the XML log file and sends reports to the teacher and the7, ACKNOWLEDGMENTS
students.
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