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Abstract
Current classroom response systems consist of a wireless remote for each
student, who can then click their respective answers to a multiple choice
question, and the results are immediately displayed in a histogram at the
front of the classroom. The class can then discuss the results using the
most appropriate method, such as peer instruction or class-wide
discussion. We have developed an enhanced classroom response system
that is accessed through the internet rather than locally through remote
clickers. We discuss the advantages of both systems, present pedagogical
issues, and provide an illustration of an application for a Finance class.
INTRODUCTION
Anyone familiar with the television series “Who Wants to be a Millionaire”
understands the “poll the audience” lifeline. When contestants are faced with a difficult
multiple choice question for which they are uncertain about the correct answer, the
audience gives their collective opinion on the answer. The response of the audience is
displayed on a bar chart showing the relative percent of the audience that chooses the
answers A, B, C, or D, which hopefully helps the contestant choose the correct answer.
This is a simplified demonstration of a Classroom Response System (CRS).i The use of a
CRS as a pedagogical tool has mushroomed in the last 5 years. For example, courses
totaling 8,000 students per semester at the University of Massachusetts and 6,000
students per semester at the University of Colorado use a CRS (see page 4 of Duncan,
2005). Most of the published applications in the classroom relate to the Physics
discipline, with a few applications noted in Chemistry, Medicine, and Architectural
Engineering. The main appeal of a CRS is that there is a significant increase in
interaction among students and between students and the instructor within the classroom
environment. This increase in interaction has been shown to increase the degree of
student learning that takes place. We believe that the use of a CRS can provide a similar
increase in learning in the Finance discipline.
There are at least a half dozen suppliers of CRS products for educational uses,
relying on two main technologies – infrared and radio frequency student remotes. Three
systems currently used in universities are H-ITT, GTCO Calcomp (formerly EduCue),
and eInstruction. The student remote devices are similar to television or DVD remote
controls except they generally only have buttons for the letters A, B, C, D, and E in order
to answer multiple choice type questions and Yes/No buttons to answer True/False
questions. In a classroom environment, the instructor initially poses a question to the
class. The students then declare their responses by clicking the appropriate button on
their remote (referred to as clickers). A histogram summarizing the class answers is then
displayed in the front of the classroom and provides a point of discussion for the

instructor or an entry point into a further classroom activity.
The CRS implementations can encourage a much higher level of student
participation and learning, but also can be awkward to utilize and somewhat expensive to
install and maintain. We have developed an internet based application of a CRS that
provides more capabilities and can be implemented easily and inexpensively at
universities that have PC equipped classrooms with internet capabilities or in which all
the students in a class have laptops or some other device that can connect to the internet.
The purpose of this paper is to present some of the pedagogical and technical issues of
implementing an internet based CRS. The first section of this paper presents a review of
the current state of the art for existing classroom response systems. The next section
provides a comparison of the advantages and features of an internet based CRS, including
some of the technical considerations. The third section provides a review of pedagogical
issues and our experiences in the use of an internet based CRS. The final section
provides a summary.
CURRENT IMPLEMENTATIONS OF A CRS
Classroom Response Systems (CRS) have been implemented previously with
mixed results. Dr. Larry Cuban, professor emeritus at Stanford, recalls a largely
unsuccessful experiment at Stanford 30 years ago using hard-wired remote control
devices to show student responses (see Hafner, 2004). Beginning in 1985 and
commercially available from 1992 through 1999, Classtalk (a hard-wired response
system) was moderately successful at the University of Massachusetts at Amherst,
Harvard University, the University of Texas, and other institutions. The main drawback
for this system was the high cost, about $20,000 per classroom and $100 per student for
calculators to plug into the system (see Alexander, 2003). Second generation systems
with wireless student remotes were first introduced in the 1990s and are considerably less
expensive and more powerful. Frey and Wilson (2003) quote a price of $3,900 per
classroom for a portable infrared (IR) system supporting 32 students and a price of
$6,000 per classroom for a portable radio frequency (RF) system supporting 32 students.
Others indicate a somewhat lower price of $1,000 per classroom and a cost between $15
and $34 per remote control clicker for each student (see Alexander, 2003 and Woods and
Chiu, 2003). In any event, the fixed cost per classroom and per clicker is expected to
continue to decline. Some publishers also will subsidize the cost of a CRS system when
a professor commits to a particular textbook that integrates with a specific CRS system.
The two main types of CRS implementations with wireless student remotes use
either a line of sight Infrared (IR) technology, which is similar to a TV remote control, or
a Radio Frequency (RF) technology (see Burnstein and Lederman, 2001). Users of the
lower cost IR technology point out that more receivers are required in a classroom
because of signal collision difficulties; students often will need to click several times
before the system recognizes their response if several students click at the same receiver
at the same time. Design specifications for the IR technology generally suggest no more
than about 30 students per receiver. The RF technology is more efficient in this regard
but is more expensive. There can also be a potential conflict if more than one class in the
same building is using the system at the same time. This difficulty in determining which
student response belongs to which class can occur because of a longer range of operation
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for the RF remotes.
Current implementations of CRS have generally required at least two projected
screens in each classroom, while the use of three screens is more intuitive for students.
One screen shows the question for which the students are responding. A second screen
shows a grid of numbered squares, with each square relating to a particular remote
clicker. When the system receives a signal from a particular remote, the corresponding
numbered square for that remote changes to a different color. In this way, students are
aware when the system captures their response. This is particularly important with the IR
system because multiple clicks are sometimes required before a student’s response is
acknowledged. A third screen shows the histogram of responses from the students in the
classroom. This screen could be eliminated by switching out with the response grid when
the question is closed; however, it is a little easier to maintain focus on the histogram if it
is a separate screen (the resulting histogram then becomes more of the central focal point
for classroom discussion).
More recent implementations of CRS use two-way remotes with the RF
technology. With this type of system, each remote has a red LED which lights up when
the system acknowledges the student’s response. The projection of the numbered grid is
not necessary when two-way remotes are used.
The most common implementations of a CRS today are limited to multiple choice
and True/False questions. This limitation is a result of the limited number of buttons on
the remote clickers. Some of the more expensive response pads include a numeric
keyboard and some limited alpha capability. These more capable response pads will
support simple problems with numeric or short alpha answers.
Current CRS implementations also allow the instructor to download a spreadsheet
file of student responses. This file can be cross-linked with a class roll of students and
clicker numbers to record each student’s individual responses if the system is used for
taking attendance or for adding to each student’s participation grade for the course.
Some manual update of administrative information is required in this case to cover the
replacement of failed or lost clickers by the student. Also, for portable systems in which
clickers are randomly issued to students at the beginning of class, recording of individual
student data becomes significantly more difficult, and probably not feasible.
ADVANTAGES AND FEATURES OF AN INTERNET CRS
The CRS we have developed is implemented through the internet and represents a
third generation technology (as compared to hardwired remotes in the 1980s and wireless
remotes in the 1990s). With a PC, the instructor logs into the CRS at an instructor URL
on the internet, and each student logs into the CRS through a student URL. The
instructor chooses a previously uploaded question file to preload the questions into the
system. When the instructor wants to pose a question to the students, a button is pushed
on the instructor’s screen to load a new question. This allows all the students to see the
posed question on their screens. The students can then enter their answers and press a
“Submit Answer” button. Their screens immediately show the question and the answer
they have submitted. We have also set the system to respond “You have already
answered this question” if the student tries to answer the question again before the
instructor either allows the students to answer the same question again or loads a new
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question. At any point in the process, the instructor can press a “Display Graph” button
to display a dynamic histogram on the instructor’s screen, which can be projected on a
classroom screen for all students to see. As students continue to respond, the histogram
is updated dynamically until all students have answered or the instructor decides to close
the question to further answers. The instructor can then use the response graph to
facilitate classroom activities towards accomplishing the desired learning outcomes.
After reviewing the results, the instructor then chooses to either repeat the question or
load a new question. The instructor also has the capability to add a new question on the
fly by typing in the new question and supplying possible answers (e.g., for a multiple
choice question). Our internet-based system thus replicates a clicker based system and
adds more functionality. We believe there are several advantages to an internet-based
system.
First of all, there are more question types that can be utilized. For example, we
also have the capability of including questions with numeric answers, short alpha
answers, and matching problems. For the numeric answers, students are expected to
solve a problem, arrive at a numeric answer and key the number into an answer block on
their PCs. We have added the capability to accept answers as correct if they are within a
specified range (either a percent or plus or minus a given amount, using either a default
range or specifying an acceptable range by individual problem). For short answer
questions, each student enters a single or multiple word answer into an answer block.
Again, we have added the capability to accept multiple alpha answers as correct.
However, the instructor must list all the alpha answers that will be deemed as correct
(e.g., interest, interest rate, the interest, the interest rate, etc.). For both the numeric and
short answer questions, a histogram is again projected showing the number of correct
answers and incorrect answers. A nice feature we have added is to list all the answers
that are not accepted as correct by the system. This allows the instructor to validate
unanticipated correct answers and to provide discussion material in class why certain
answers were incorrect.
A significant advantage of our internet based CRS is that the student interface is
more robust, which can simplify the classroom implementation. For example, each
student has the complete question on their individual screen. This eliminates the need to
project the question on a separate screen in the classroom. Also, when each student
submits an answer, they receive an immediate feedback that their answer has been
received. Thus, there is no need for another screen projection in the classroom to indicate
the receipt of each students answer (i.e., the answer grid for IR remote CRS
implementations). Thus, the primary focus in the classroom is on the histogram of
responses, which is projected on one main screen in the classroom. As a matter of
convenience, we also repeat the question beneath the histogram so that the instructor can
easily relate the graphical results with the question format.
A third advantage of an internet-based CRS is that the system can be used in a
distance learning or on-line environment. In a closed circuit TV distance learning class,
remote students can seamlessly log into a student internet account, and be counted on an
equivalent basis to the face-to-face students. Implementation for a totally on-line class
requires a little more coordination. First, all the on-line students must log into the system
at the same time. Second, a chat room function and a white board or bulletin board
function are needed to carry on class discussion. In addition, we have included the
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capability to feed the histogram back to the on-line students at their internet location after
they have answered each question so that they are aware of the entire classroom response.
The instructor can communicate with the class via a whiteboard or bulletin board
function and students can interact with each other or with the instructor through multiple
chat room discussions. As you might guess, implementing an on-line version of CRS
takes more time and requires more skill than implementing CRS in a face to face class.
Another advantage of an internet based CRS is that collecting individual student
response data is easier. Since each student has already logged onto a student internet
account, the system recognizes and saves individual responses by student regardless of
the means used to log into the system (e.g., personal laptop, lab PC, Mac, PDA, etc.).
Thus, there is no need to interpret clicker numbers and match up to particular students.
Since the data is continuously captured by individual student, a report can be generated to
summarize an entire semester of participation for analysis or grading purposes.
Finally, an internet based CRS can also be used for an open ended brainstorming
session with free alpha response. For example, the instructor can ask students to think of
as many ways as possible to solve a particular problem. Students can then type in their
suggested methods with phrases or normal sentence answers. Each student submission
will be listed on the instructor’s screen, which can again be projected for the class to
review. The instructor can function as a facilitator in the class for evaluating the various
brainstormed solutions and guide the class to choose the strongest approach. This
provides a higher level of learning activity in the classroom.
Even though there are many advantages to an internet based CRS, there is still a
place for a clicker based CRS. A clicker based system is currently easier to use as a
portable application. For example, at a professional conference, the instructor could
bring a box of clickers, one receiver, and a laptop PC attached to a computer projection
device and demonstrate a CRS system in a seminar environment. This would be more
difficult to implement for an internet based CRS system unless all the participants had
access to the internet (e.g., laptops in a Wifi enabled area).
PEDAGOGICAL ISSUES
There are many pedagogical issues relating to the use of a CRS in an academic
setting. It would be simple enough to introduce a CRS question periodically into the
same teaching methods and styles an instructor has already developed. No doubt, this
would at least temporarily increase student awareness and interest levels if for no other
reason than something different is occurring in the classroom. However, the effect would
probably not last long when the novelty value wears off, and the learning achieved by
students probably would not change very much. Thus, the full value of a CRS
implementation would not likely be realized. A CRS can have a considerably larger
impact if used in coordination with classroom discussion. For example, a CRS can be a
catalyst to change the very nature of learning in the classroom towards an interactively
engaged environment. This is important if we expect the students who complete our
course to have the ability to identify and solve problems rather than simply memorize
parcels of knowledge; this higher learning goal requires an instructor to address the very
framework and design of the classroom environment. Changing the classroom
environment is one of the initiatives explored in the National Research Council study
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entitled, “How People Learn” (see pages 23-25 and chapter 6 of Bransford et. al., 2000).
This report identifies four integrated attributes of learning environments that are
necessary to optimize learning. A CRS address all four of these attributes. Therefore, the
pedagogical issues involved with a fully developed implementation of CRS will be
discussed in the following subsections, organized in this context (as summarized by the
authors of this paper).
1. Learner Centered. Classrooms must be centered on the knowledge, skills, and
attitudes of the learner. The focus should be on the learning of the student instead of the
teaching from the teacher. The authors of this paper believe that managing student
interaction requires different teaching styles from an instructor as compared to traditional
classroom procedures because the role of an instructor becomes less of an expert
dispensing knowledge and more of a coach guiding the activities and thinking process of
the students. This has been verified through research. For example, through the analysis
of pre/post test data, Hake (1998) shows that learning gains from an interactive
engagement teaching style (such as a CRS) doubled the learning gain in a class compared
to a traditional lecture teaching style. Horowitz (1990) shows that for adult professional
development courses, not only do student attitudes and attentiveness increase, but an
interactive teaching style increased test scores 27% compared to a traditional lecture
style.
2. Knowledge Centered. Learning must be centered more on critical thinking
skills in order to achieve a higher level of learning, not just factual memory. Developing
critical thinking skills requires carefully designed questions to create a higher level of
learning through interaction in the classroom. This is addressed in depth by Beatty et. al.
(2005). They advocate a Question Driven Instruction (QDI) approach (also called classwide discussion), which was developed at the University of Massachusetts at Amherst.
In this approach, questions do not just test recall of facts or concepts. Instead, the very
fabric of the instruction process is involved. A typical process would include posing a
question to the class, allow students to interact a few minutes to share their opinions,
argue their positions and thoughts, work out a solution, continue discussing until they are
satisfied with their answer, and then key in their responses. An instant histogram then
displays the class-wide distribution of responses. Without providing an answer, the
instructor then moderates a discussion from proponents of selected different answers.
This often results in active class discussion which the instructor can guide towards a
conclusion, sometimes follow up with a mini-lecture and eventually provide thoughtful
summarizing closure statements. Then the process is repeated again. In each case, the
questions should have a well-defined learning objective consistent with the course
learning goals. Each of these question cycles can take 10-15 minutes to complete, which
limits the number of questions that can be completed in any one class session. Notice
that the questions in this process should not be simple knowledge recall examples; rather
each question should require some sort of solution strategy, comparing or contrasting,
integrating of concepts and perhaps a check for validity after determining a solution.
Eric Mazur (Harvard University) provides a slightly different method for using a
CRS, which is often referred to as peer instruction. He uses the think, pair, share
methodology. In this case, a question is posed, each individual student thinks through the
issues in the problem and eventually enters an answer. The class-wide distribution of
results are displayed publicly. Then the instructor asks each student to discuss their
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answers with another student. After a brief period of discussion, each student votes again
on the same question. Normally, the answers begin to converge on the correct solution.
As long as there remain differences, the instructor can ask for volunteers for each
different answer to explain why they chose their answers. If there still remains a
significant divergence of opinions, the students can be asked to vote a third time. This
again opens up the possibility for the instructor to mediate discussion of the problems,
provide some closure with a summary of the positions stated, and guide the students to a
correct thinking process. Nicol and Boyle (2003) compared the two approaches, Mazur’s
peer instruction and the University of Massachusetts class-wide discussion. Their
conclusion was that students preferred the peer instruction method, which requires
individual thought first and then group discussion.
3. Assessment Centered. Classrooms should provide prompt feedback so that
both students and teacher can observe progress in learning as defined by learning goals.
A CRS provides prompt feedback showing a summary of individual answers. This public
feedback elicits a point for classroom discussion when there is any disagreement in the
responses. A CRS system also provides an ideal opportunity to collect and record inclass assessment data. Using a student’s classroom answers to track learning on each
learning goal (or learning outcome statement), an instructor can observe the process of
mastering each learning goal and maintain a record of achievements for assessment
purposes. In addition, classroom performance can be compared and related to successful
problem solving on exams.
4. Community Centered. Learning should be facilitated through student
cooperation in problem solving and argumentation. Teachers must foster a community of
student ownership of learning through guided questioning and discovery. A significant
change in an instructor’s teaching methods and styles will generally be required in order
to realize the full potential a CRS offers. There are several reasons for this opinion.
First, using a CRS increases interaction among students and between students and the
instructor. This increase in interaction can increase the intellectual engagement of
students in the learning process which in turn can increase the depth of learning (for
example, as measured by Bloom’s taxonomy in Bloom, 1956). However, this extra
classroom interaction also consumes a considerable amount of contact time. Therefore,
in order to preserve the same breadth of material covered in a course while increasing the
depth of understanding and application, new methods must be employed. For example,
as part of their study routine outside of the classroom, students may be required to rely
more on reading and studying textbook materials as opposed to in-class lectures.
Alternatively, students could listen to pre-recorded lectures outside of the classroom or
otherwise use provided multimedia resources.
AN EXAMPLE UNDERGRADUATE BUSINESS FINANCE CLASS
Most of the existing applications of a CRS at the university level are in the field
of Physics, with some applications in Medicine, Biochemistry, and Architectural
Engineering. The authors of this paper are unaware of any applications in the Finance
area. Therefore, we offer an example session from one of our undergraduate Business
Finance classes to illustrate the use of a CRS in a familiar application to instructors in
Finance.
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[Table 1 about here]
Table 1 shows a sample of four questions from a group of 10 questions pursued in
one 75 minute class session using our internet based CRS. One of the learning objectives
of the question set for that day was to circumvent the rote memorization of calculator
keystrokes to solve a problem so that a stronger conceptual understanding would result.
For example, the first question poses a problem which only provides a Present Value and
N, the number of years, and asks for a Future Value. Each student can either enter a
numerical answer for the Future Value or an alpha answer indicating the additional data
required. Note that the correct answer is that there is insufficient information to answer
this problem (i.e., the interest rate is missing). On the first pass, nearly every student in
the class recognized that an interest rate was needed to solve the problem. With very
little discussion, the class pointed out that at least three pieces of information (from
among N, i, PV, Pmt, and FV) were required to calculate one of the remaining variables.
The instructor anticipated this response and had developed a follow-up multiple choice
question, shown as Question 2 in Table 1. This question again only supplies two pieces
of information, the interest rate and N. However, this time only the calculation of the
future value factor is requested. Half the class correctly answered “C” while the other
half of the class answered “D” (not enough information). The instructor noted the two
divergent answers and asked for a volunteer to discuss their positions. One of the best
students in class immediately said that the same ratio of future value to present value
would result, so “C” was the correct answer. The instructor responded with “OK, does
anyone else have an opinion?” A second student quickly stated that he had plugged in
two different Present Values on a trial and error basis, calculated the Future Value, and
then divided the Future Value by the Present Value. Sure enough, this gave a result of
2.14 times in both cases. After these two students had spoken, the instructor commented
that the class had just heard two interesting arguments. For the next two minutes or so,
think about this problem, work out your solution, or discuss this problem with another
student. Then we will answer the question again. When the question was answered the
second time, almost the entire class chose the correct answer “C”. With a little guided
discussion from the instructor, the class then realized that this calculation was the basis
for developing the Future Value tables. Just enter 1 for the Present Value and the Future
Value is then the FV factor, given N and i. The point of following through with the
details of this illustration is to emphasize the higher level of learning taking place among
the students when they are interactively engaged in problem solving and given the benefit
of the rapid feedback through a CRS. Contrast the illustrated process with a more direct
lecture in which the instructor describes how a Future Value table of factors is created,
and the students memorize the formula for a Future Value factor. The lecture is clearly
much shorter, but the understanding of the students is more shallow. The interactive
engagement through the CRS provides a deeper level of understanding, but takes more
time to accomplish.
The last two questions in Table 1 are provided to illustrate two other learning
goals pursued during that same classroom session. The third question targets the
principle of maintaining the interest rate on the same time period basis as the payment – a
common student mistake on exams. The last question in Table 1 has a learning goal of
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developing a strategy for finding the solution. The classroom discussion for this question
focused more on setting up the problem rather than on a specific solution. Hopefully, this
illustration of sample questions provides a window into the use of a CRS in a classroom
for a Finance course.
SUMMARY
Recent advances in classroom technology have made available Classroom
Response Systems (CRS). Students with wireless remote clickers answer a multiple
choice question, and the distribution of answers in the class is immediately displayed at
the front of the class. The class answers are then discussed. We have developed an
enhanced CRS that is accessed through the internet and can be readily applied in
classrooms where students have access to the internet. Various aspects of a CRS
implementation are presented, including technical and pedagogical issues. Most of the
current applications have been in the field of Physics, Chemistry, Medicine, and
Architectural Engineering. We illustrate an application in a Finance course to show how
a CRS might be used in the classroom to achieve a higher level of student learning in the
Finance discipline.
ENDNOTES
1

These systems have also been referred to as Classroom Performance Systems
(CPS) and Audience Response Systems (APS). In this paper, we use the more common
generic name of Classroom Response Systems (CRS) to refer to systems which poll and
report student responses in the classroom.
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