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Michael Bugeja in an article “Classroom Clickers and the Cost of Technology” states that
clickers at Iowa State have been pushed by commercial interests in way that subverts rather
than enhances education, a complaint that deserves to be taken seriously by universities.
But Bugeja then goes on to imply that clickers (a) were introduced into education by
manufacturers, thus ignoring their academic pedigree, and (b) are nearly useless in
education, ignoring the evidence for their effectiveness. Perhaps the most dramatic such
evidence has been provided by Eric Mazur, who increased the class average normalized
learning gain <g> on a standardized test of conceptual understanding of Newtonian
mechanics by a factor of about two when he switched from traditional passive-student
lectures to clicker-assisted “Peer Instruction.” In addition, clickers: (a) have contributed to
the spread of the PI approach by providing a relatively easy and attractive bridge from
traditional passive-student lectures to greater interactivity, (b) allow instructors to obtain
real-time student feedback in histogram form thus “making students' thinking visible and
promoting critical listening, evaluation, and argumentation in the class,” (c) archive student
responses so as to improve questions and contribute to education research. From a broader
perspective, clickers may contribute to the spread of “interactive engagement” methods
shown to be relative effective in introductory physics instruction - i.e., methods designed to
promote conceptual understanding through the active engagement of students in heads-on
(always) and hands-on (usually) activities that yield immediate feedback through
discussion with peers and/or instructors.

I. Bugeja’s Clicker Complaint
Michael Bugeja (2008a), director of the Greenlee School of Journalism and Communication at
Iowa State University, in a recent Chronicle of Higher Education article titled “Classroom
Clickers and the Cost of Technology,” exposed a dark side of clicker usage. Bugeja wrote:
Last spring I received an e-mail message from my university's Center for Excellence in Learning and
Teaching that read like an advertisement: “If you are thinking of ordering personal response system
units, or clickers, for your class next fall, be sure to attend the upcoming CELT session, Using
TurningPoint Clickers to Engage Students in the Classroom.” . . . . . . . In this case. . . . the center
was helping a company by providing workshops and promotion for a device resembling a television
remote control.

Bugeja stated that at Iowa State commercial vendors whose goal is profit, not pedagogy, have
bypassed the standard competitive bidding process and pitched clickers directly to professors,
relying on IT departments to assume costs and on centers of teaching excellence to provide
training in workshops and promotion in posters, e-mail blasts, and new-product releases. Similar
problems have arisen at the University of Missouri [Gunderson & Wilson (2004)].
_________________________________________
* The reference is Hake, R.R. 2008. “The Case for Classroom Clickers – A Response to Bugeja,“ ref. 56
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Bugeja has emphasized a negative aspect to the commercialization of clickers that should
concern universities. However, Bugega’s history of clickers ignores their academic pedigree, and
his implication that clickers are next to useless ignores the extensive evidence for their
effectiveness.
II. The History of Classroom Clickers
Bugeja states that clickers were developed in Hollywood to test audience response to their
products, then commercialized by businesses to gauge audience response to presentations, then
introduced by manufacturers into education.
But my reading of the history of classroom clickers is somewhat different. As far as I know, the
late physicist H. Richard Crane was the inventor of classroom clickers and it was he, not
“manufacturers,” who first introduced clickers to education. In awarding Crane the Oersted
Medal in recognition of his notable contributions to the teaching of physics – see Jossem (2007)
and Crane (1977) -, Janet Guernsey (1977) wrote:
In spite of his responsibilities of service and leadership on many committees Dick Crane has found
the time to indulge his gift for invention. At one time he devised an electronic instant grader by
which students in a large class could answer questions put to them by an instructor “yes,” “no,” or
“abstain,” by pushing the appropriate button on their chairs. . . . [Crane (1961)]. . . . . This device
was not long in pointing out that the questions asked by some instructors were of poor quality,
indeed, and it was promptly dubbed the “instructor rater.”

In his historical review, clicker pioneer Louis Abrahamson (2006) cites the early classroom
clicker implementation by physicist Ralph Littauer, first at Stanford in 1966 and then at Cornell
about 1968 [Littauer (1972)], but overlooks Crane (1961) at Michigan.
III. Evidence for Educational Effectiveness of Clickers
Bugeja wrote:
. . . . I am still wary of clickers, and I asked professors in my unit if they were using them. Jay
Newell, who teaches advertising, consulted with his student advisory committee about using clickers
in his large class. The students were against clickers, he observed: “One said that she and her friends
would slow down lectures by inputting incorrect answers to poll questions. Another said that it was
not unusual to have one student bring multiple clickers as a favor to friends in classes in which
clicker responses were used to award credit.”

Bugeja also quotes clicker naysayer, Ira David Socol <http://tinyurl.com/6p2blm> of Michigan
State, as follows:
The idea of wasting money on a device no more sophisticated pedagogically than raising your hand
drives me nuts, whether it is students' money or the university's. Cellphones can perform the same
tasks as clickers with more interactivity and less inefficiency.

On his blog post “Who's Behind the Curtain?” Socal (2008) elaborates his anti-clicker stance,
calling clickers “coercive technology” and “instant anachronisms.”
If the above denigration of the educational effectiveness of clickers by Bugeja, Socal, and
Newell’s Student Advisory Committee (NSAC) is valid, then one wonders why clickers are
relatively popular. Abrahamson (2006) wrote:
Today, at almost every university in the USA, somewhere a faculty member in at least one
discipline is using a response system in their teaching. This is a phenomenon that has mushroomed to
its present stage, mainly within the past three years, from a mere handful of pioneering educators a
decade ago.
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One can get some idea of the popularity of response systems in education by googling first
“collaborative learning” (as a calibration) and then the bold italicized alternate terms for clickers
below (with the quotes “.....” but without the square brackets [......]) to obtain the following “hit
list” (all hit numbers are prefaced by Google with the word “about”) in descending order of hits
as of 9 Dec 2008):
“Collaborative Learning” ................................. 1,030,000
Clickers...................................................................787,000
[Clickers education] ............................................ 643,000
“Audience Response Systems”............................. 104,000
[“Audience Response Systems” Education]..........72,700
“Group Decision Support Systems”........................ 33,900
[“Group Decision Support Systems” Education]...10,400
“Personal Response Systems” ............................... 22,300
[“Personal Response Systems” Education].......... 14,100
“Classroom Response Systems” ............................10,900
“Classroom Communication Systems” ................ 1,620
“Group Process Support Systems” .........................
246
[“Group Process Support Systems” Education]........ 102

If clickers were as educationally marginal as Bugeja, Socal, and the NSAC suggest, then one
might expect many of the above hits to carry negative appraisals [as for the “Ford Edsel” (59,700
Google Hits)], but quick scans of the first few non-commercial hits in each of the above black
italicized categories show primarily positive commentary. In addition, “Google Trends”
<http://google.com/trends> can be used to examine search frequencies. For example, if one types
in [“collaborative learning”, clickers] (with the quotes “.........” but without the square brackets
[.....]), for the United States and for the year 2008, then the bar graphs show that “clickers” are
far more searched for than “collaborative learning” - by about factors of two in Georgia to four
in clicker-crazed California.
How is it that so many faculty, including respected academics such as physicists Eric Mazur
(1997) and Nobelist Leon Lederman [Burnstein & Lederman (2001, 2003, 207)]; biologists
Gordon Uno (1985) and William Wood (2004); chemist Arthur Ellis [Ellis et al. (2000)]; and
cognitive scientists Bransford et al. (2000a,b) and Jeremy Roschelle & Roy Pea (2002) do not
seem to share the insights of Bugeja, Socal, and the NSAC regarding the futility of clicker
usage?
Could it be that clickers, if properly used, could actually provide a cost-effective way of
enhancing student learning?
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Responding to Bugeja, clicker expert Derek Bruff (2008a), assistant director of the Vanderbilt
Center for Teaching, rose to the defense of clickers in his blog post “The Costs and Benefits of
Clickers.” Bruff wrote:
I agree with some of Bugeja's (2008a) takeaways from his institution's experiences with clicker
vendors. He argues that students should be involved in decisions about instructional technology, that
chief information officers should be consulted by departments making such decisions, that faculty
adopting technologies should be aware of not-so-obvious costs of using these technologies, and that
administrators should be prudent when conducting cost-benefit analyses of new instructional
technologies.
Those are all very sensible points. However, I see some problems in the ways Bugeja uses clickers
as an example in support of these points. The fundamental weakness of the essay is that Bugeja
seems to be doing a cost-benefit analysis on clickers without paying much attention to the benefits
portion of that analysis. As well-referenced as the cost portion of his analysis is. . . . . .[Bugeja
(2008c)]. . . ., he fails to consider any of the research looking into the impact of teaching with
clickers on student learning. . . . [My italics.]

Perhaps the most dramatic example of the effective use of clickers; is provided by Eric Mazur
and his group at Harvard, who use clickers in a pedagogical method called “Peer Instruction” see e.g., Mazur (1997), Crouch & Mazur (2001), Lorenzo et al. (2006), Rosenberg et al. (2006),
Crouch et al. (2007), and Lasry et al. (submitted)
In sharp contrast to most educational research on the effectiveness of clickers [for reviews see
e.g., Bruff (2008b), Caldwell (2007), Hake (2007a), Banks (2006)], the relative effectiveness of
“Peer Instruction” (PI) in enhancing student learning has been convincingly demonstrated by
pre-post testing using valid and consistently reliable tests of conceptual understanding such as
the Force Concept Inventory (FCI) [Hestenes et al. (1992)], developed through arduous
qualitative and quantitative research by disciplinary experts, see e.g., the landmark work of
Halloun & Hestenes (1985a,b).
Table 1 of Crouch & Mazur (2001) shows the following progression in the class average
normalized pre-to-postest gain <g> where <g> = (%post - %pre) /(100% - %pre) = (actual gain)
/ (maximum possible gain) on the FCI [the rationale for - and history of - the half-century-old
“normalized gain” is discussed by Hake (2008b)]:
1991 - Using the traditional passive-student lecture method Mazur's class achieved <g> = 0.25,
about average for the 14 traditional passive student lecture courses surveyed in Hake (1998a,b).
1992 - After switching to PI, Mazur's class achieved <g> = 0.49, about average for the 48
“interactive engagement” courses surveyed in Hake (1998a,b).
1997 - After further experience and augmentations from “Just In Time Teaching” [Novak et al.
(1999)] and the McDermott Group's “Tutorials” [McDermott et al. (1998)], Mazur's class achieved
<g> = 0.74, exceeding the highest <g> = 0.69 in the courses surveyed in Hake (1998a,b).

That PI is also relatively effective at institutions less selective than Harvard has been shown by
Fagen et al. (2002) and by Lasry et al. (2008).
The rigorously demonstrated effectiveness of clicker-assisted PI relative to traditional pedagogy
by the Harvard group for a wide range of institutions, teachers, and student populations would
seem to call into question the dour appraisals of educational clicker usage by Bugeja (2008a),
Socal (2008), and the NSAC.
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In addition, positive contributions of clicker-assisted pedagogy to student learning have also
been reported by:
a. Other physicists, e.g.: Dufresne et al. (1996), Mestre et al. (1997), Massen et al. (1998),
Reay et al. (2005, 2008)], Beatty et al. (2006), Burnstein & Lederman (2001, 2003, 2007);
see also Bruff's physics-astronomy bibliography at <http://tinyurl.com/5ndzvt>.
b. Educators in many other disciplines, see, e.g.: the reviews by Banks (2006); Caldwell
(2007); and Bruff (2007, 2008b, 2009). Bruff's (2008b) bibliography lists clicker references
for the following disciplines: Biological Sciences, Business and Management, Chemistry,
Communications, Computer Science, Earth Sciences, Economics, Engineering, English,
Law, Library Science & Information Literacy, Mathematics & Statistics, Medical
Professions (Non-Nursing), Nursing, Philosophy, Physics & Astronomy, Political Science,
& Psychology.
c. Cognitive Scientists, see, e.g., “Theorizing the Networked Classroom” [Penuel et al.
(2004)]; “Classroom response and communication systems: Research review and theory”
[Roschelle et al. (2004)]; “A walk on the WILD side: How wireless handhelds may change
computer-supported collaborative learning” [Roschelle & Pea (2002), WILD = Wireless
Internet Learning Devices]; How people learn: brain, mind, experience, and school
[Bransford et al. (2000a)] and “When computer technologies meet the learning sciences:
Issues and opportunities” [Bransford et al. (2000b)].
Bransford et al. (2000a, page 182), in discussing the early clicker system Classtalk [Abrahamson
(1998, 1999, 2006), Better Education (2008)] wrote [my insert at “. . . . [insert]. . . . .”:
[Classtalk is] an interactive learning environment in the lectures: students work collaboratively on
conceptual questions, and the histogram of students' answers is used as a visual springboard for
classwide discussions when students defend the reasoning they used to arrive at their answers. This
technology makes students' thinking visible and promotes critical listening, evaluation, and
argumentation in the class. The teacher is a coach, providing scaffolding where needed, tailoring
“mini-lectures” to clear up points of confusion, or, if things are going well, simply moderating the
discussion and allowing students to figure out things and reach consensus on their own. The
technology is also a natural mechanism to support formative assessment. . . .[in the sense used by
Black & Wiliam (1998) and Shavelson (2008) as assessment done “on the fly” by teachers so as to
immediately adapt their teaching to meet student needs - as in the method of the historical Socrates
[Hake (2007b)] - and not in the sense of the “Joint Committee on Standards for Educational
Evaluation” [JCSEE (1994)] as assessment to improve a course as it is being developed]. . . . ,
providing both the teacher and students with feedback on how well the class is grasping the concepts
under study. The approach accommodates a wider variety of learning styles than is possible by
lectures and helps to foster a community of learners focused on common objectives and goals.

Thus clickers may allow a cost-effective Socratic approach [Hake (1992, 2008a), Abrahamson
(1998, 1999)] to instruction in large-enrollment “lecture” sections, but this advantage has been
generally deemphasized in the literature, possibly because of the gross misunderstanding of the
Socratic Method by many academics (Hake 2007b).
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IV. Clickers vs Flashcards
Returning to Socal's claim that cellphones can replace clickers, a less expensive alternative to
clickers is low-tech flashcards as used by Meltzer & Manivannan (1996, 2002). Nathaniel Lasry
(2008), in “Clickers or Flashcards: Is There Really a Difference?” directly compared the
difference in student learning for clicker vs flashcard usage by measuring pre-to-post test gains
on the FCI in courses he taught using Mazur's (1997) “Peer Instruction” method. Lasry
concluded (my italics, my insert at “. . . .[insert]. . . .”):
Clickers are usually used in the classroom to enhance teaching and learning. From a teaching
perspective, clickers have a number of very practical advantages: they allow instructors to get precise
real-time feedback and store students' responses to Concep-Tests. Furthermore, using clickers draws
attention to Peer Instruction (PI) and requires instructors to shift their focus toward conceptual
instruction. From a learning perspective, using PI with clickers does not provide any . . . .
[statistically]. . . significant learning advantage over low-tech flashcards. PI is an approach that
engages students and challenges them to commit to a point of view that they can defend. The
pedagogy is not the technology by itself.

The only other comparison of clickers and flashcard of which I'm aware is that of Stowell &
Nelson (2007). According to Bruff's (2008b) discussion of that paper:
The clicker group appeared to answer in-class questions more honestly than the response card and
hand-raising groups. This was the authors' conclusion after noting that the percent of questions
answered correctly using clickers more closely mirrored the percent of questions answered correctly
on the post-lecture quiz. (There was a 22% drop in accuracy from during-lecture to post-lecture for
clickers versus a 38% drop for hand-raising and 40% drop for response cards.)

However, since Stowell & Nelson - like most education researchers :-( - failed to measure
student learning gains from start to finish of the course, their comparison of clickers to flashcards
complements rather than conflicts with Lasry's conclusions that student learning gains are about
the same for those two methods as used in “Peer Instruction.”
The flashcard/clicker equivalence in promoting student learning seems to be yet another case
where it's the pedagogy rather than the technology that's important. Steve Ehrmann, director of
the Flashlight Program <http://www.tltgroup.org/flashlightP.htm> [in the commentary section
following Groveman's (2008) charge that clickers were “edtechtainment - pedagogy by
gimmickry”] put it well:
The clickers don't “cause” the learning, any more than the paper in a physics textbook or the
blackboard behind the faculty member “cause” learning. But like them, clickers are a powerful tool
in the proper circumstances and in the right hands.
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V. What Causes Higher Order Learning?
What does cause higher-order learning? My survey [Hake (1998a,b; 2002)] of 62 introductory
physics courses in high schools, colleges, and universities indicated about a two-standard
deviation superiority of average normalized gains <g> on the Force Concept Inventory [Hestenes
et al. (1992)] of “interactive engagement” methods over traditional passive-student lecture
methods. This result and confirmatory results shown in about 25 other physics-education
research papers as listed in Hake (2008a) strongly suggests that the key to relatively effective
introductory physics education (and probably the enhancement of students' understanding of
difficult concept in other subjects):
(a) IS primarily – “interactive engagement,” i.e., promotion of conceptual understanding
through the active engagement of students in heads-on (always) and hands-on (usually)
activities that yield immediate feedback through discussion with peers and/or instructors;
and
(b) IS NOT primarily the e.g., technology involved; nature of the institution; student or peer
evaluation ratings of the instructors; grade level or scientific reasoning ability of the students
[although this can be a factor as shown by Coletta & Phillips (2005) and Coletta et al.
(2007a,b)]; or the - particular type of "interactive engagement" - e.g., (a) the “Peer
Instruction” of the Mazur group; (b) the collaborative peer instruction of Johnson, Johnson,
& Smith; Slavin; and Heller, Keith, & Anderson; (c) the “Modeling” method of Halloun &
Hestenes; (d) the “Active Learning Problem Sets or Overview Case Studies of Van
Heuvelen, or (e) the Socratic Dialogue Inducing Laboratories of Hake - for references to the
above methods see Hake (2002).
BUT WAIT! Judging from their articles I suspect that Socal (2008) and Groveman (2008) would
object that higher-level learning cannot be measured by multiple-choice tests such as the Force
Concept Inventory. But psychometricians Wilson & Bertenthal (2005) think differently. They
wrote (p. 94):
Performance assessment is an approach that offers great potential for assessing complex
thinking and learning abilities, but multiple choice items also have their strengths. For
example, although many people recognize that multiple-choice items are an efficient and
effective way of determining how well students have acquired basic content knowledge,
many do not recognize that they can also be used to measure complex cognitive processes.
For example, the Force Concept Inventory . . . [Hestenes, Wells, & Swackhamer (1992)] . . .
is an assessment that uses multiple-choice items to tap into higher-level cognitive processes.

The superiority of "interactive engagement" methods in promoting conceptual understanding
and higher-order learning is probably related to the “enhanced synapse addition and
modification” induced by those methods. Cognitive scientists Bransford et al. (2000a, page 118)
state:
“. . . synapse addition and modification are lifelong processes, driven by experience. In essence, the
quality of information to which one is exposed and the amount of information one acquires is
reflected throughout life in the structure of the brain. This process is probably not the only way that
information is stored in the brain, but it is a very important way that provides insight into how people
learn.”

See also “Can Neuroscience Benefit Classroom Instruction?” [Hake (2006)] and “Are Concepts
Instantiated in Brain Synapses?” Hake (2007d)]
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VI. Lessons Relevant to Bugeja's Essay
Bugeja takes the moral of his essay to be (my italics):
Institutions have much to learn from students about the cost and effectiveness of technology. Chief
information officers need to be consulted before departments invest in expensive for-profit consumer
technologies. Professors need to realize that technology comes at a price, even when advertised as
“free.” Finally, administrators need to double their efforts at cost containment, demanding
assessment before investment, especially in schemes that bypass mandated accountability standards.
Otherwise business as usual will continue to disenfranchise our students, who will hold their debtridden futures in their clicking hands.

In my opinion, other important lessons relevant to Bugeja's essay are:
1. Pedagogy is not the technology itself [consistent with Hake (1998a,b) and Lasry 2008)];
2. Administrators should demand assessment before investment [consistent with Bugeja
(2008a)], but [contrary to Bugeja] should NOT rely on the opinions of students to assess the
cognitive (as opposed to the affective) impact of instructional methods. Instead
administrators should encourage a bottom up reform of the effectiveness of higher education
by standing aside and encouraging faculty to gauge the extent of student learning in their
courses by means of formative pre/post testing with valid and consistently reliable tests
devised by disciplinary experts [Hake (2005; 2008b,c)].
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