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ireless keypad systems have been in limit-

ed use for the past 10 years in the class-

room.!2 Such systems can be used to
quiz students in real time during the class, thus engag-
ing students more directly in the lecture.> Nonethe-
less, until recently widespread use of such keypad sys-
tems has been limited for several reasons. First, the
original systems were relatively expensive but perhaps
more important was the reluctance on the part of fac-
ulty to change the existing passive lecture formart.>
However, problems associated with large lecture class-
es® and the validation of the concept of “interactive
engagement” from the high-statistics study of Hake”
has changed the opinions of many. In addition the
desirability of peer learning,8 which is enhanced with
a response system, has also been accepted. At the pre-
sent time a number of commercial systems are avail-
able. The purpose of this paper is to present a com-
parison and summary of what is commercially avail-
able” and a reminder that keypads are a dramatically
effective teaching and learning tool.

Basic Types of Wireless Keypad
Systems

A keypad lecture equips all of the students with a
small, handheld electronic device that can communi-
cate with a receiver/computer positioned at the front
of the lecture room. The systems differ according to
the type of wireless system involved, RF (radio-fre-
quency) or IR (infrared), and whether the system,
keypad and receiver, is one way or two way. In a two-
way keypad system the keypad and receiver both
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transmit and receive, whereas the components in a
one-way system are limited to usually only transmit-
ting or receiving. There is an additional category of
nonkeypad wireless systems!?-1! that are all one way.
One of these systems employs flashcards.!® These sys-
tems are very inexpensive and crude, albeit useful, and
are not discussed further here. Figure 1 is a photo-
graph of keypads from three commercial systems.

The exact details of the signal processing for each sys-
tem varies and will not be discussed except in cases
where the hardware imposes limitations on the user.

Portability

Keypads are usually stored in numbered bins. At
the beginning of class, each student exchanges an ID
card for his or her numbered keypad. In principle
these wireless systems are all portable and can be hand
carried from one classroom to the other. The porta-
bility is limited if the number of keypads is larger than
about 50, in which case carts are necessary to move
the components. For large auditoriums, additional
receivers may be needed in the room to handle either
the large number of keypads or to overcome the limit-

ed range of the keypad signals or both.

Hardware Performance
Characteristics

The listing in Table I compares some of the hard-
ware properties of the principal existing commercial
systems.!? Many of the data were obtained from the
manufacturers websites, but in a few cases data were
obtained from either the manufacturer or an actual
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Fig. 1. Photograph of wireless keypads (from left),
PRS keypad, CPS keypad, and Fleetwood keypad. The
length of the pen is ~5.5 in/14 cm.

user. Prospective purchasers are encouraged to con-
tact manufacturers or their representatives for formal
specifications, additional details, and current pricing.

Software Features

Each wireless keypad system requires its own pro-
prietary software. In the case of the PRS (Personal Re-
sponse System)'4 and the CPS (Classroom Perfor-
mance System)!3 systems, the software is provided
free with purchase of the system. However, a pur-
chaser would need to be informed of the licensing re-
strictions, upgrade features, etc. In the case of the
Fleetwood!> system there are a host of commercial
software packages available from vendors other than
Fleetwood ranging in cost from $500-$1500.1 These
same vendors market the Fleetwood system under their
own names. Most keypad software comes with the
ability to tabulate student scores and format them in a
form exportable to Excel. Itis also useful for some lec-
turers to be able to weave the keypad questions into
PowerPoint. This feature is available for the above sys-
tems but sometimes at an additional cost. In general,
most software packages are written for the PC, but
Macintosh versions are also available for the CPS and
PRS systems. Some PC versions can be made to run on
Macintosh computers with a PC emulator.!”
Applications of Wireless Keypad
Systems and Limitations

Wireless keypad systems have many applications in
the lecture room. The keypad questions are by nature
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Table I.

CPS13 PRS4 Fleetwood1?
Type of
system one way one way two way
Radiation IR IR RF
Range ~30-50 ft ~30-40 ft ~100-200 ft@
(clear path) (clear path)
Cost of
receiver $250 $200 $1200
Cost of
keypad ~$60 b ~$50 ~$225
Battery life 0.5-1 yr 1yr >3 yr

3with obstructions

bhookstore arrangements available

short answer (0-10 choices), but it is possible to even
structure multiple-choice questions so that they simu-
late an essay question.!® The keypad questions can be
of a wide variety, and the questions can accommodate
a broad range of instructional philosophies and goals.
They allow an instructor to determine the following:

a) Is the student present in class?

b) Have the students read the text before class?

c) Are the students paying attention?

d) Do the students remember important facts?

e) Are the students thinking?

f) Do the students recognize and have a grasp of con-
cepts?

g) Can the student work in a group (peer learning)?

h) Can the students do numerical exercises?

i) What do the students say about the pace and the
interest of the lecture?

All the existing keypad systems can be used to
record and store attendance information. In addition,
all the systems can be used to grade and score the stu-
dents’ responses to the above types of questions. The
alternative of not grading the answers to questions
posed may reduce a student’s desire to prepare, partic-
ipate, and respond. So the grading and recording of
keypad scores is arguably an essential element in key-
pad engagement. The weight attached to the keypad
scores can vary from a negligible amount to a substan-
tial portion (0—-25%) of the term grade. During a typ-
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ical semester, some 300 responses may be recorded for
a given student.

Well-chosen multiple-choice questions that are em-
bedded in the learning process have a huge advantage
over the “high stakes” testing that currently plagues
our high schools. The technology here offers the possi-
bility of infiltrating classes with statewide derived
questions; the source would be invisible to the student.

There is a limitation to using some commercial sys-
tems in that only two-way systems can be used as a se-
rious grading tool. The reason for this is that in a two-
way system there is a reply signal sent to the student
keypad confirming that the original signal has been
received. In a one-way system the confirmation
process requires the student to receive visual signals,
namely seeing his/her keypad number appear on the
screen or recognizing a color change on the screen of
his/her keypad number. This produces complications
when the number of keypads is large or the student’s
view is obstructed. The critical factor here is that,
when keypad scores count for a substantial portion of
the term grade (15-25%), the student must be confi-
dent that the system is perfectly reliable. That re-
quires a process with a very high standard of reliability
together with the student’s perception of this extreme
reliability. Such a standard is difficult to attain with a
one-way system due to its built-in limitations. These
comments reflect our experience with students at Illi-
nois Institute of Technology, where keypads have been
used in the serious grading mode for more than six
years.!> We have found that students are as perpetu-
ally concerned with the reliability of their keypad
grades as they are concerned with quiz or examination

grades.

Keypad Responses in Anonymous Mode

It is valuable to use keypads in an anonymous
mode.!® In some systems an anonymous response
mode is built into the software. In other systems this
can be accomplished by having the students tem-
porarily trade keypads. In this anonymous mode one
can get reliable information while at the same time re-
taining the student’s privacy. For example, it is useful
for an instructor to find out how well a topic has been
understood. For this reason he/she might ask: How
would you evaluate your understanding of the topic
just presented?
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Score 7-10 — needs no further clarification
Score 5-7  — afew points need clarification
Score. 3-5 ~ — many points need clarification
Score 1-3  — can’t even ask a question because

I understand so little
Additionally, presenting questions in the anonymous
mode can serve as a useful tool in acquiring data for
research in physics education (PER).2? This would
be a new technique; research in education typically
has used personal interviews to acquire data. Thus
much prior education research has required large
manpower efforts and the associated problems of pri-
vacy and reliability.
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