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ABSTRACT

Clickers are also referred to as classroom response systems. They are small-

handheld electronic devices that resemble a television remote control, used

by students to respond to questions posed by instructors. Typically, questions

are provided to students using electronic on-screen presentations. Results of

students’ responses can be immediately displayed. This display of students’

responses allows instructors to gauge the level of understanding of their

students, and allows students to reflect on their knowledge of the concept

at hand. This gives instructors and students immediate feedback regarding

students’ knowledge. The use of clickers engages students to actively par-

ticipate in class sessions. Using a classroom response system makes students

accountable, and requires them to respond to questions posed during class.

This article will describe tips and techniques to assist instructors to develop

effective questions that can be used in conjunction with classroom response

systems. The development of effective questions determines the outcome

of whether or not the use of a classroom response system is a useful teaching

tool. At first impression, one might think that having students respond to

multiple-choice questions inspires a rote-learning environment. If instructors

take the time and put forth effort to fully consider the best ways to implement

clicker driven questions that target higher levels of learning, then classroom

response systems can become a very effective learning tool.
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INTRODUCTION

There are a variety of terms used to describe clickers, and a standard terminology

has yet to be determined. Other commonly used terms that describe this new

technology include classroom response system, personal response system, and

student response system. Acronyms are also commonly used (i.e., ARS, CRS,

SRS). Throughout this article “classroom response system” and “clickers”

will be used interchangeably. A pathfinder has been developed as a resource

to support this article, which can be used as an introductory guide to locate

resources relating to the use of clickers in education. The pathfinder is located

at <http://etc.buffalo.edu/clickers/resources.html>

Active learning occurs when students participate in activities such as reflect-

ing on their experience, applying knowledge, and solving problems, thereby

allowing for the construction of knowledge. Active learning is the opposite of

a passive, absorptive model of learning. Unfortunately, passive learning is a

commonly practiced method of teaching often found in college and university

settings. Gardiner (1994) reports that an average of 73 to 83% of faculty

members, from a variety of institutions, chose the lecture method as their usual

instructional strategy. Students’ interaction and participation with course content

in relation to using a classroom response system can result in a more active

learning environment providing students with meaningful learning. As shown

in Figure 1, from the book What’s the Use of Lectures? by Donald Bligh, it is

shown those students’ heart rate drops severely in the first few minutes of a
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Figure 1. Students’ heart rates in class. Excerpt from Bligh (1998).



lecture. A spike in students’ heart rate is clearly visible at the point in the class

where a student raises a question. From this scenario, the assumption can be

implied that the utilization of clicker-based question-driven instruction in

lecture-format classes may raise students’ heart rate, and therefore their activity

level in class.

The majority of lecture-format classes are commonly associated with larger class

sizes, and, therefore, often generate passive learning environments. The trend of

colleges and universities adopting larger class sizes is on the rise. According to

Wood, Linsky, and Straus (1974), class sizes are predicted to increase even more as

institutions deal with stretched financial budgets. Duncan (2006) states, “The lecture

format itself imposes limits on one’s ability to teach. Data show very clearly that the

success of even an exemplary lecture is limited by the passive role that students take

in an ordinary lecture.” With institutions moving toward larger class sizes, the use of

clickers can transform these passive learning environments into active learning

environments. Students become attentive and alert in courses that use classroom

response systems where they are required to respond to questions posed by the

instructor. Current research about classroom response systems shows that students

often become engaged in course content, and enjoy using clicker technology

(Martyn, 2007).

A main difference between traditional students’ responses to questions, such

as raising their hands, is that clickers allow students to respond anonymously. This

trait alleviates students’ fear of embarrassment in front of their peers. The cumu-

lative display of students’ responses provides comfort to students in knowing

they are sometimes not the only one that has misunderstandings. Immediate

display of the correct answer can reinforce learning and give students confidence

that they understand the topic.

HISTORY OF CLASSROOM RESPONSE

SYSTEMS

Audience voting technology has been around in various forms since the

1950s. Early response system technology emerged from military applications

during the 1950s (Sawada, 2002). Evolution of instructional technologies through

military endeavors is quite common. Early use of polling in classrooms involved

students holding up color-coded cards (or cards marked with letters such as A,

B, or C) to symbolize their response to questions. The first educational uses of

polling systems were documented at Stanford University in 1966 and Cornell

University in 1968 (Littauer, 1972).

The technology involved in implementing a classroom response system using

electronic means has only recently become truly easy to use and a viable option

to instructors. This has caused clickers to become recognized as a valuable tool

for today’s learning needs. Clicker technology has come a long way. No longer
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is it necessary to heavily invest in massive amounts of equipment and use

sophisticated software and hardware installation procedures. Many current clicker

systems work simply by plugging a small receiver into a computer’s USB port.

Nowadays, technological obstacles to using clickers are no longer a hindrance.

Learning how to use the technology to implement a classroom response system

into your teaching does not involve a large learning curve.

QUESTION DEVELOPMENT FOR DEEPER

LEVELS OF LEARNING

The goal of education is not to teach bits of information, but to create learners

who have deeper understandings and can transfer their knowledge to other

areas as necessary. First impressions of clicker usage may cause one to be

skeptical regarding its use in education. Initial reactions commonly question

why someone would want to adopt this tool for teaching unless they desire to

inspire students to memorize facts and demonstrate rote learning. Designing

and developing effective clicker questions is what makes an instructor’s use

of clickers an effective teaching tool. Creating questions that are well designed

and target higher order thinking is a task that involves effort to learn to

do well. Beatty, Gerace, Leonard, and Dufresne (2006) accurately advise that

learning to operate the technology is the easiest part of mastering clicker-based

instruction. Question development is by far the most critical and difficult aspect of

integrating clickers into your teaching repertoire. The ability to develop ques-

tions that address higher levels of learning and inspire students to think critically

about course content is a necessary skill and requires some effort to master.

The purpose of this article is to assist instructors to develop clicker questions

that draw students into deeper learning than just fact-based questions that

result in rote low-level learning. Beatty et al. (2006) states that “good” clicker

questions are different from a written test and quiz questions, and that the

numerous test banks provided by textbook publishers are often not suitable

questions for clicker usage. However, many of the principles that apply to

developing good multiple-choice questions are valid in relation to

the development of good clicker questions.

Much of the discussion within the literature associates effective question

development in general as being targeted to various cognitive levels. The most

widely adopted model of cognitive levels is Bloom’s taxonomy, described in

Table 1. When developing clicker-questions it is also useful to develop questions

that address lower cognitive levels, such as knowledge and comprehension. The

most valuable questions are those that address higher cognitive levels. It is much

easier to develop low-level questions. Instructors must work at developing

questions that target higher cognitive levels. Questions designed for use with

classroom response systems can and should go beyond basic recall and factual

based questions.
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GENERAL MULTIPLE-CHOICE ITEM-WRITING

GUIDELINES

Table 2 describes multiple-choice item-writing guidelines developed through

a review of authoritative textbook, by Haladyna, Downing, and Rodriguez

(2002). These suggestions apply generally to writing multiple-choice questions

and are equally relevant to constructing clicker-questions. The practicality of the

guidelines makes them a valuable tool for anyone involved in clicker-question

development. For detailed descriptions regarding a particular guideline see

“A Review of Multiple-Choice Item-Writing Guidelines for Classroom
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Table 1. Bloom’s Model of Cognitive Levels

Bloom’s cognitive

level Student activity Words to use in item stems

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Remembering facts, terms,

concepts, definitions,

principles

Explaining/interpreting the

meaning of material

Using a concept or principle

to solve a problem

Breaking material down into

its component parts to see

interrelationships/hierarchy

of ideas

Producing something new

or original from component

parts

Making a judgment based

on a pre-established set of

criteria

Define, list, state, identify,

label, name, who? when?

where? what?

Explain, predict, interpret,

infer, summarize, convert,

translate, give example,

account for, paraphrase

Apply, solve, show, make

use of, modify, demonstrate,

compute

Differentiate, compare/

contrast, distinguish _____

from _____, now does _____,

relate _____?, why does

_____ work?

Design, construct, develop,

formulate, imagine, create,

change, write a poem or

short story

Appraise, evaluate, justify,

judge, critique, recommend,

which would be better?

Excerpt from Bloom (1956).
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Table 2. A Revised Taxonomy of Multiple-Choice (MC)

Item-Writing Guidelines

Content concerns

1. Every item should reflect specific content and a single specific mental

behavior, as called for in test specifications (two-way grid, test blueprint).

2. Base each item on important content to learn; avoid trivial content.

3. Use novel material to test higher level learning. Paraphrase textbook

language or language used during instruction when used in a test item to

avoid testing for simple recall.*

4. Keep the content of each item independent from content of other items on

the test.

5. Avoid over specific and over general content when writing MC items.

6. Avoid opinion-based items.

7. Avoid trick items.

8. Keep vocabulary simple for the group of students being tested.

Formatting concerns

9. Use the question, completion, and best answer versions of the conventional

MC, the alternate choice, true-false (TF), multiple true-false (MTF), matching,

and the context-dependent item and item set formats, but AVOID the

complex MC (Type K) format.*

10. Format the item vertically instead of horizontally.

Style concerns

11. Edit and proof items.

12. Use correct grammar, punctuation, capitalization, and spelling.

13. Minimize the amount of reading in each item.

Writing the stem

14. Ensure that the directions in the stem are very clear.*

15. Include the central idea in the stem instead of the choices.*

16. Avoid window dressing (excessive verbiage).

17. Word the stem positively, avoid negatives such as NOT or EXCEPT. If

negative words are used, use the word cautiously and always ensure that

the word appears capitalized and boldface.*

Writing the choices

18. Develop as many effective choices as you can, but research suggests three

is adequate.

19. Make sure that only one of these choices is the right answer.*

20. Vary the location of the right answer according to the number of choices.



Assessment,” by Haladyna, Downing, and Rodriguez (2002). Analysis of the

originally developed guidelines (Haladyna & Downing, 1989) showed that a few

were identified as being cited more often within the literature. This implies that

these guidelines are relatively more important. An asterisk in Table 2 marks the

items as having a higher level of importance.

BEST PRACTICE RECOMMENDATIONS FOR

WRITING CLICKER-QUESTIONS

Table 3 shows a list of best practices for implementing clickers and is from

the article “Clickers in the Classroom: An Active Learning Approach” (Martyn,

2007). The tips were compiled from recommendations made by various authors

including Robertson (2000), Duncan (2005), and Turning Technologies (2007).

The best practices listed are specific to clicker usage and bear a strong similarity

to the general guidelines for multiple-choice item-writing.
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Table 2. (Cont’d.)

21. Place choices in logical or numerical order.

22. Keep choices independent; choices should not be overlapping.

23. Keep choices homogeneous in content and grammatical structure.

24. Keep the length of choices about equal.*

25. None-of-the-above should be used carefully.*

26. Avoid All-of-the-above.*

27. Phrase choices positively; avoid negatives such as NOT.

28. Avoid giving clues to the right answer, such as*

a. Specific determiners including always, never, completely, and absolutely.

b. Clang associations, choices identical to or resembling words in the stem.

c. Grammatical inconsistencies that clue the test-taker to the correct choice.

d. Conspicuous correct choice.

e. Pairs or triplets of options that clue the test-taker to the correct choice.

f. Blatantly absurd, ridiculous options.

29. Make all distractors plausible.*

30. Use typical errors of students to write your distractors.

31. Use humor if it is compatible with the teacher and the learning environment.

Note: Items marked by an asterisk have been identified in research conducted by

Haladyna and Downing (1989) as having a higher level of importance.

Excerpt from Haladyna, Downing, and Rodriguez (2002).



TARGETING SPECIFIC OBJECTIVES

One of the most prevalent educational principles is to target specific learning

objectives. Therefore, clicker-questions must also be matched to the learning

objectives. Beatty et al. (2006) describes a question’s pedagogic purpose as

consisting of a content goal, a process goal, and a metacognitive goal. To clarify
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Table 3. Best Practices for Implementing Clickers in the Classroom

1. Keep slides short to optimize legibility.

2. Keep the number of answer options to five.

3. Do not make the questions overly complex.

4. Keep voting straightforward—systems allow complex branching, but keep it

simple.

5. Allow sufficient time for students to answer questions. Some general

guidelines:

*Classes of fewer than 30 students: 15-20 seconds per question

*Classes of 30 to 100 students: 30 seconds per question

*Classes of more than 100 students: 1 minute per question

6. Allow time for discussion between questions.

7. Encourage active discussion with the audience.

8. Do not ask too many questions; use them for the key points.

9. Position the questions at periodic intervals throughout the presentation.

10. Include an “answer now” prompt to differentiate between lecture slides and

interactive polling slides.

11. Use a “correct answer” indicator to visually identify the appropriate anwer.

12. Include a “response grid” so that students know their responses have

registered.

13. Increase responsiveness by using a “countdown timer” that will close polling

after a set amount of time.

14. Test the system in the proposed location to identify technical issues

(lighting, signal interference, etc.).

15. On the actual day of the session, allow time to set out clickers and start

system.

16. Rehearse actual presentation to make sure it will run smoothly.

17. Provide clear instructions on how to use the clickers to the audience.

18. Do not overuse the system or it will lose its “engagement” potential.

Excerpt from Martyn (2007).



this, the question should address: the content that is being addressed; the

process goal, which is the cognitive skill being targeted; and the metacognitive goal

which gauges a student’s understanding of his or her own thinking. Duncan elaborates

on the various reasons why one might develop questions to use with clickers. Table 4

gives a list of reasons for using clickers from the article “Clickers: A New Teaching

Aid with Exceptional Promise,” written by Douglas Duncan (2006).

ASSESSING STUDENTS’ PRIOR

KNOWLEDGE

Often it is helpful for an instructor to understand what prior knowledge their

students have regarding the content of a course lecture before giving the lecture.

Instructors can poll their students using a classroom response system for this

reason. Instructors can then tailor the presentation of their course material on the

fly to match their students’ level of knowledge. This technique is difficult to

accomplish well, but it is worth the effort if an instructor is able to work in this

fashion. Pre-test and post-test data can be collected to gauge whether or not

students have learned what was intended.

STUDENT OPINIONS

Many of the multiple-choice item-writing guidelines listed previously apply

generally to a variety of questions. It should be noted that some of the guidelines

do not apply to questions used in conjunction with classroom response systems. An
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Table 4. What Clickers Can Do

a) Measure what students know before you start to teach them (preassessment)

b) Measure student attitudes

c) Find out if students have done their assigned reading

d) Get students to confront common misconceptions

e) Transform the way you do any demonstrations

f) Increase students’ retention of what you teach

g) Test student understanding (formative assessment)

h) Make some kinds of grading and assessment easier

I) Facilitate testing of conceptual understanding

j) Facilitate discussion and peer instruction

k) Increase class attendance

Excerpt from Duncan (2006).



example of one of these exceptions is that classroom response systems are very well

suited to draw out student opinions. Since students’ responses are anonymous,

clickers are helpful to get students’ opinions about controversial topics to stimulate

discussion and debate. This technique, which causes students to become engaged in

the course content, is well suited to the peer instruction model described below.

PEER INSTRUCTION

One of the most useful techniques for using clickers is to provide opportunities

for peer instruction. The general principle of the “peer instruction” method and

its successful use in education is widely recognized. Eric Mazur, a Physics

instructor at Harvard, has conducted extensive research in this area in relation to

the use of classroom response systems. This peer instruction method is described

by Mazur (2007) on his website as follows:

Lectures are interspersed with conceptual questions designed to expose

common difficulties in understanding the material. The students are given

one to two minutes to think about the question and formulate their own

answers; they then spend two to three minutes discussing their answers in

groups of three to four, attempting to reach consensus on the correct

answer. This process forces the students to think through the arguments

being developed, and enables them (as well as the instructor) to assess their

understanding of the concepts even before they leave the classroom.

A statement on Mazur’s website reads, “Nothing clarifies ideas better than

explaining them to others.” This is an often researched and commonly held belief in

educational literature. The use of clickers in a peer instructional application is an

often-used technique. Students’ initial responses to questions are recorded using

clickers. Then, after a peer-instruction session where students attempt to convince

their classmates regarding their reasoning, a second poll is taken. This is then turned

into a classroom discussion regarding which is the correct answer and about students

reasoning regarding why they selected the particular answer.

USING CLICKERS FOR ATTENDANCE

Clickers are also a convenient way to take class attendance, especially in large

class situations. When clickers are used solely to track student attendance, student

resentment sometimes results because students feel they must absorb the cost of

this new technology that’s just being used as a classroom management tool. If

clickers are used to take student attendance, it is also a good idea to use the system

for other objectives as well.

CLICKERS AND GRADING ISSUES

Instructors should be wary of using clickers for high-stakes testing during

their first experiences of using classroom response systems. It may take an

instructor a little time to work out all of the issues of smoothly running a
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classroom response system in their course (i.e., clicker registration procedures,

course policies regarding missing or lost clickers). For these reasons it may be

prudent for an instructor to not base a large portion of students’ grades on the use

of a classroom response system, at least until they are more familiar with its use.

THE PROCESS OF WRITING CLICKER-QUESTIONS

Just as writing in general is best performed as a process, writing clicker

questions should also include constant writing, revision, and review. Figure 2

visually shows the development of clicker questions using an iterative process.

It is good practice to develop a couple of questions at a time, and to slowly build

a library of questions for later reuse.
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Figure 2. Question cycle used for question-driven instruction with a

classroom response system (Beatty et al., 2006).



CONCLUSION

This article has provided numerous tips and techniques for developing

questions for use with classroom response systems. Many of the suggestions have

been gathered from the extensive research that currently exists. This document

should not be considered an exhaustive list on the subject of developing good

clicker-questions. The pathfinder created in conjunction with this article, which

is linked to in the introduction, is an excellent tool to assist instructors to locate

additional resources to help them develop questions that are suitable for their

particular needs and learning objectives. Clicker technology as it is used in

today’s classrooms is still relatively new. It is predictable that additional resources

will continually be developed. Keep an eye on the associated clicker pathfinder,

as new resources will be added as they are discovered.
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