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Summary

Study participants: Chris KelleNoah Finkelstein, Kathy Perkins, Shaun Piazza, Steve Pollock,
Chandrarurpen, and Michael Dubson.

Funding provided by: University of Colorado at Boulder (NSF DUE-CCLI 0410744 and REC
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Freedman &\Vorth Publishing).

The purpose of this report is to summarize the main results from a study to evaluate faculty prac
tices and student attitudes regarding clickers during the Spring 2007 semester at the University of
Colorado at Boulder (commonly referred to as OCl@)ption of clickers by faculty has

spread campus-wide at CU to presently 19 departments, 80 courses, and over 10,000 students.
We study common pedagogical practices among faculty and attitudes and beliefs among student
clicker-users across disciplines on campus. Data were collected via online surveys given to both
faculty and students in the Spring 2007 semesgtdditionally, we report on correlations be

tween student perceptions of clicker use and the ways in which this educational tool is used by
faculty. Areas where further work is needed is indicated appropriately
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. Introduction

Sincebeingintroducedsix yearsagoin oneintroductoryphysicscourseat the University of
Coloradoat Boulder clicker® use has spreadextensively with nearly half the undegraduate
populationusingclickersin one semester Although their useis becomingmore prevalent,it is
not known how this tool is usedby faculty at the campuslevel, nor do we understandstudent
perceptions and attitudes towards this tool.

Researclon clickersremainsa populartopic within PhysicsEducationResearcPER)and
otherscienceandeducationcommunities(For example see[1], [2], [3]; for anextensivditera-
turereview see[4].) The purpose®f the presenstudyareto identify commonfaculty pedagogi
cal practicesregardingclicker useacrossthe variety of disciplinesat oneinstitution, study stu
dent perceptiongowardsthis tool, andlook for correlationsbetweenfaculty practicesand stu
dentperceptionsWe seekto identify effective clicker usesacrossthesevarietiesof disciplines
and environmentsn which they are employed. An ultimate goal will be to correlatefaculty
practiceswith studentlearningNothershavealreadydemonstratedorrelationsbetweenstudent
attitudesandbeliefsandcontentlearninggainsin othercontexts(e.g.,see[5] and[6]). However
studying the impact of clickers on studentlearning gainsis beyondthe scopeof the present
workNit remainsa dauntingtaskto studystudentearninggainsacrossnanydisciplines. In this
report,we presenthe resultsfrom an extensivestudyof dozensof faculty andthousand®f stu
dents.

The purposeof this reportis to summarizehe majority of findings from this study Further
more,dueto the wealth of datacollectedduring this study thereare sureto be certainelements
thatarenotyetanalyzedpr datathatcouldbereanalyzedn anewlight. As aresult,futurework
still remains for this project and is noted appropriately

1We opt for the term "clickérwhereas others use "personal response system," "voting machine," and a myriad of
other terms (see Reference [4]).
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Il. Collected Data

A. Institutional Data

Foursetsof datawerecollectedfor this study Thefirst datasetcontainsthe courseghatare
usingclickersat CU during the Spring 2007 semesteand otherdemographic®f thesecourses.
Theseclicker-using courseswere found by a numberof methodswhich are worth briefly dis-
cussing if one wishes to collect these data in the future.

First, someinstructorsusingclickerschoseto usethe CU i>clicker courseregistrationpage,
in which caseone can easily seeall the faculty that registeredhis/hercoursevia this website
(http://capa.colorado.edu/cgi-bin/iClichér

Seconda list of coursesvherethe instructorrequestectlickersfor his/herstudentscan be
requestedfrom the CU Bookstore. Thesetwo methodsdescribedabove will only include
courseswhereinstructorswant to track clicker useamongstudentsand where studentsare re-
guired and/orrecommendedo purchasea clicker. However a numberof coursegmainly ad
vancedSTEMS? courseslusea setof clickersthat are not ownedby studentsandinsteadowned
by the instructor departmentpr someotheruniversity organization. Theseclickersare brought
into every classmeetingby the instructorand handedout at the beginningand collectedat the
end of the classmeeting. This methodallows studentgo useclickerswithout purchasinghem
andallows instructorsto sharethe batchof clickersamongdifferentcourses. In orderto track
thesecoursesit is bestto contacta faculty memberor instructorin eachdepartmentvho would
know of other instructors using clickers in this manner

To collectdemographiaataon any courseat CU, furtherinformationcanbe found through
CU Connect©OAcademic& Research@ection,suchas enroliment,instructor numberof lec-
ture sections, and data on associated laboratory/recitation sections.

During the Spring 2007 semesterat CU, clickerswereusedby 70 faculty in 94 lecturesec
tions, with anaverageenrolimentof 144 studentdn eachlecturesection. Althoughthis breadth
of userepresentsi tiny fractionof all faculty on campug(3%), it represents significantfraction
of the studentbody dueto the high averageenrollmentof courseausingclickers. In this semes
ter, clickerswereusedby 10,011 uniquestudentswhich included9,941undegraduatesand 70
graduatestudents. Studentausingclickersmadeup 44% of all undegraduatestudentsand 1.6%
of graduatestudents.Despitethe widespreadiseamongthe undegraduatestudentoody, thereis
still opportunityfor clicker useto expand. Only 28% of department®n campususedclickers
and only 24% of lgge lecture sections (where the enrollment is greater than 100) used clickers.

2 Note that this website may change in the future. Contact Michael Dubson for any changes:
dubson@spot.colorado.edu

3 STEM: ScienceTechnology Engineering, and Mathematics.


http://capa.colorado.edu/cgi-bin/iClicker
http://capa.colorado.edu/cgi-bin/iClicker
mailto:dubson@spot.colorado.edu
mailto:dubson@spot.colorado.edu
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Figure 1: Number of courses using clickers in Spring 2007, listed by departhimesigraph is somewhat biased

towards lager departments, since theyesfmore courses and can therefore teach more courses using clickers.
Physics diers the most number of courses that use clickers (16). Note that all courses within the School of Business
are combined (such as Management, Finance, Real Estate, etc.).

We find the majority of coursesusing clickersto be in STEM fields. The total numberof
courseghat usedclickersin STEM fields was 63, while therewere 10 in Businessg in Social
Sciencesandl in Humanities. Furthermore, othe 94 lecturesectionsusingclickers,79 of these
are using i>clickérand the remaining 15 are using H-FI'T

Humanities
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Business

STEM
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Number of Courses Using Clickers

Figure2: Numberof courseausingclickershy field. STEM (Science,Technology EngineeringandMathematics)
offers the lagest number of courses using clicker by far

4 http://www.iclicker.com

5 http://www.h-itt.com



http://www.iclicker.com
http://www.iclicker.com
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Figure 3: We seesomedepartmentshat currently useclickersin all large lecturecourse$ that they offer, suchas
Physics Astrophysicsand ChemicalEngineering. Otherlarge departmentssuchasPsychologyand Sociology use
clickersin 1 and 2 lge courses (out of 16 and 7, respectively).

Thereare 10,011 uniquestudentsvho useda clicker in at leastone courseat CU during the
Spring2007 semester Of thesestudents70% usedclickersin onecourseonly, while 29% used
clickers in 2 courses, and fewer than 1% used clickers in either 3 or 4 courses.

Number of Courses Number of Students % of Total
1 7064 71
2 2908 29
3 26 <1
4 13 <1
TOTAL: 10011 —

Table 1: Number of unique students who used clickers in multiple courses.

6 We define a Olge lecture courseO as any course where the enrollment is 100 or greater
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Class Number of Students % of Total
FRESHMEN 3111 62
SOPHOMORE 3020 57
JUNIOR 1719 36
SENIOR 1602 28
SENIOR 5TH YR 419 25
UNCLASSIFIED UNDERGRADUATE 67 N/A
DOCTORAL CANDIDATE 46 N/A
UNCLASSIFIED GRADUATE 9 N/A
MASTER'S CANDIDATE 15 N/A
UNDERGRAD CERTIFICATE 3 N/A
TOTAL: 10011 —

Table 2: Number of students using clickers by class. Freshmen make ugéiseflaction, which is due to the
number of lage-lecture courses using clickers, which also tend to be introductory courses.

B. First Faculty Clicker Survey

Facultyusingclickersweregiventwo differentonline surveys. Thefirst survey(seeAppen
dix A for the completesurvey)wasgivenat the startof termapproximately3 weeksafterthe be-
ginning of classesand 54 faculty respondedo 16 multiple-choiceandlong answerquestions.
Questionsrom this surveyprobedhow faculty plannedon using clickersin their own courses
andon their experienceindbeliefssurroundingclickers. Below is a snapshobf the resultsfrom
the data collected on this survey
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Figure 4. Question 4. Faculty self-reported their knowledge of education research on a scale of 1 (novice) to 5 (ex
pert). Note that category descriptors were only used for options 1 and 5 (novice and expert, respectively), but no
other descriptors were used to distinguish the remaining answer options.
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Figure 5: Question 5. Faculty claim to consult with Physics Professor Michael Dubson when problems with click

ers arise more than any other means of support. Note that only one person indicated that he/she did not encounter
any problems (but this was not an answer option--this faculty member chose the OOtherO option and indicated in the
space provided that he/she did not encounter any problems).
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Q6: % of class days when clickers used
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Figure 6: Question 6This graph indicates how frequently clickers are expected to be used by faculty throughout
the semesteNote that the majority of faculty expect to be using clickers 90-100% of all class meetings during the
semester

Q7: # of questions given in one
class

7-9

Figure 7: Question 7This graph indicates the number of clicker questions (on average) that a faculty member in
tends on asking during each class meeting. Note that these data are for each class-tonaetirgjaccurately
compare diferent courses, one must calculate the number of questions given per hour
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Q8: Importance of Features
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Figure 8: Question 8. Faculty self reported the importancefefeiift features of clicker systems. Simplicity of
software and robustness of the hardware were viewed as the most important features, while cost to the department
was least valued.

Q9: Clickers for testing
yes
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Figure 9: Question 9. Majority of faculty woulds consider having their students use clickers to take a midterm or
final exam in their course.



pagel2of 51

Q10: Credit for Clicker Use

extra credit

part of
grade

Figure 10: Question 10. Majority of faculty make clicker use part of studznisg® grade. Note that an option was
available to indicate that clicker use is not part of students®e grade, but no one chose this option.

Q11: Awarding Credit
Other

right only
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Figure 1.: Question 1. Slightly over half of respondents indicated that they plan on awarding more credit to stu
dents for choosing the right answand less (but some) credit for the choosing the wrong answer when answering
clicker questions in class.
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Figure 12: Question 12. Faculty self-reported average frequency of usterdifypes of clicker questions.

Conceptual questions are most frequently used, and quizzes tend to be seldom used. Note that OQuizzesQ was not
clarified to mean a question where students are specifically instructed not to speak to eadhetBéttendanceO

option was meant for instances where faculty specifically ask students to click an option to indicate that they are
present in class; howevewarding credit for any type of question is also a form of indirectly taking attendance

(since students must be present to answer a question).

Q12: Frequency of Clicker Practices

50
45 B Concept Tests
40 | O Opinions from Students

[ Feedback on Course
[ Attendance

B Quizes

Very Often Often Sometimes Seldom Never

Figure 13: Question 12This is the same data presented in Figure 12, but broken down by each answer choice.
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Figure 14: Faculty experience. Histogram of faculty experience using clickers. Note that the 010 category indicates
the number of faculty (17) who are using clickers for the first time teaching a course; thus, 020 indicates faculty who
are using clickers for the second timene percentage of faculty in bins 1 and 2 is 59% of the total, indicating that

the majority of faculty has little experience using clickers.
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Figure 15: Question 14. Coded responses to faculty mentgniéhs on the biggest advantage of using clickers.

Faculty often gave multiple responses, and the above data is the fraction of that response occurring of all responses
from faculty Note that OStudent EngagementO may imply that student understanding will increase. OAttendanceO
refers to increasing class attendance, not the ability to track attendance. OOtherO responses include such comments
as clickers empowering students and making lecture more fun.
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Figure 16: Question 15. Coded faculty responses to their initial reason for using clidkisrquestion was not

clearly stateg-faculty who fell into the OlmproveO category stated why they wanted to use clickers, and faculty who
fell into all other categories stated what influenced their decision (it is assumed that all faculty want to use clickers

to improve their course, but we were searching for what initially prompted them to use clickers for the first time).
Note that the QFacuItyO category was meant to indicate faculty convincing other faculty to use clickers, but the ORe
searchO and OPrecedentO categories could also be part of this sategoegearch is conducted by faculty and
precedents are established by faculty as well.

C. Second Faculty Survey

The secondonline survey given to faculty was conductedat the end of term, and 69 re-
sponsesverecollectedto 15 multiple-choiceandlong answerquestiongseeAppendixB for the
completesurvey). Questionsfrom this survey probedhow faculty usedclickersin their own
coursesandon their experienceandbeliefssurroundingclickers. Below is a snapshobf the data

collected on this survey
Clicker System % of Total

i>clicker 94
H-ITT 3
elnstruction 1
Other 1

Table 3: Question 3When asked what clicker system faculty were likely to use in the future, faculty overwhelm
ingly chose i>clicker



Support % of Total

Solved Problems Alone 51
Clicker Manufacturer 38
Prof. Michael Dubson 32
Other Faculty 25
No Problems Encountered 12
Departmental Clicker Guru 9
Other 6

pagel6of 51

Table 4: Question 4. Faculty were asked to indicate what sources they turned to when encountering problems with or
issues using a clicker system. Since faculty could choose more than one response, all percentages do not sum to

100%.

Roughlyhalf of all faculty claim thatthey solvedproblemsencounteredavith the clicker sys
temon their own (seeTable4). Onecouldinterpretthis asmeaningthe otherhalf eitherdid not
attemptto solve problemson their own or could not solve problemson their own. However the
Olsolvedproblemson my ownQcategorymay be misleading sincefaculty who, for example go
onlineto seekadvicefrom a usermanualfrom the manufacturecould considetthis to be solving
a problemon their own andnot seekingadvicefrom the manufacturer Also notethatonly 12%
of faculty indicated that they did not encounter any problems.

< 50%

90-100%

50 -75%

75-90%

Figure 17: Question 5. Faculty were asked for what percentage of all class days in their course did students use
clickers at least oncel'he majority of faculty (68%) indicated that they used clickers 90-100% of all class days over

the semester
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7 or

Figure 18: Question 6. Faculty were asked how many times students used clickers during lecture when clickers were
used. The majority of faculty (65%) claim to ask 3-4 clicker questions per lecture. Note that this data may be
slightly misleading since these are number of questions per lecture, and not per hour

Awarding Credit % of All Responses

Part of students! grades 86
Extra-credit 12
Not part of students! grades 4
Other 1

Table 5: Question 7. Faculty were asked if students were given credit for clicker use, and 86% of faculty indicated
that clicker use is part of studengs@des. Note that since faculty were able to choose more than one response, all
possible options do not add to 100%. Faculty were allowed to choose more than one option because of the varying
methods of awarding credit.
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Method of Awarding Credit % of all Responses

Award credit for correct answers 3
only

More credit award for right an-
swers, and some (but less) credit 62
awarded for wrong answers

Same amount of credit awarded

for either right or wrong answers 32

Other 6

Table 6: Question 8. Faculty were asked (if they did award credit) exactly how credit was awarded to students using
clickers. The majority of faculty indicated that they awarded more credit for the right answer and less (but some)
credit for wrong answers. Howeydris not known how much credit was awarded (relative to final course grade).

iilllu

CONCEPTUAL  FACTUAL RECALL OPINIONS ATTENDANCE CALCULATIONS QUIZZES
Question Type

Average Frequency, 1-5 (rarely - often)

Figure 19: Question 9. Faculty were asked to rate how often the following uses of clickers were implemented in
their course. Note that OAttendanceO was meant to designate when faculty specifically use clickers to take atten
dance, but if faculty award credit for using clickers, this can be viewed as indirectly taking attendance.
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CONCEPTUAL FACTUAL RECALL (1) FACTUAL RECALL (2) CALCULATIONS
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Figure 20: Question 10. Faculty were asked to rate how useful for their students' learning theyenent tipes i

of clicker questions. If faculty did not implement a type of question, they could indicate so. OFactual Recall (1)O
indicates Oquestions that require students to recall a fact from the text or a prior lecture,O while OFactual Recall (2)O
indicates Oquestions that require students to recall a fact that was just stated.O

Extent of Discussion % of Total

| do not allow discussion 3

Allow discussion, but do not encourage it, 6
and a small fraction of students discuss

Allow discussion, but do not encourage it, 6
and a large fraction of students discuss

Encourage discussion, and a small frac- 22
tion of students discuss

Encourage discussion, and a large frac- 63
tion of students discuss

Table 7: Question1l Faculty were asked to what extent they usually encourage student-to-student discussion about
clicker questions in class and how their students usually respond. Note that Osmall@eéhétaaitons were not
described in detail and were left to faculty to interpret.
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Faculty Practice % of Total

| stayed at the front of the classroom 30

| walked around the classroom to lis- 30
ten to students' conversations

| discussed the question with stu- 17
dents in small groups around the

classroom

| discussed the question with the en- 10

tire class while they were responding
to the question

Other 12

Table 8: Question 12Vhile students were voting on and/or discussing a typical clicker question, faculty were asked
what they usually did during this time. OOtherO responses included a variety of responses, and some-faculty indi
cated that they did all of the above to a certain degree.

Recommend Clickers % of Total

DePnitely Not Recommend 0
Not Recommend 0
Neutral 12
Recommend 28
Debnitely Recommend 61

Table 9: Question 13When faculty were asked if they recommend the use of clickers, the vast majority indicated
that they recommend their use to other instructors who teach this course in the future.

Faculty expressed comments about clickers in Question 15, which was a free response question.
Some common themes were seen, such as frustrations with the clicker system, or particular prob
lems that reoccurred throughout the seme#dditionally, three faculty members expressed

interest in accessing a database of clicker question, if such a database exists:

“It would be nice if a repository for 'good’ clicker questions on particular topics were
developed, so professors don't have to reinvent the wheel (and some people find writing
good clicker questions easier than others)”
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“Clickers also take a fair bit of time to use well - I use them for opinion questions (lots of
that in an environmental studies class) but haven't use them as much for quantitative or
conceptual questions. The conceptually detailed questions are also difficult to pose with
multiple choice answers so it would be nice to have some insights into how to do that

more effectively.”

“Designing challenging conceptual questions in multiple choice format is very difficult
and very time-consuming, and I would be grateful for opportunities to participate in
workshops or a password-protected website where professors display their best-practice
clicker questions.”

D. Student Survey

Approximatelyone month prior to the end of term, an online surveywas distributedto stu-
dentsin courseswhereclickerswere currently beingused(to seethe entire studentsurvey see
Appendix C). Of the 10,011 studentsusing clickers, 3,697 responsesvere collected.The 11
multiple-choicequestionson the surveyprobedstudentséttitudesandbeliefsaboutclickersand
askedthemto respondto how clickers are currently being usedin their courses. Of the 80
coursesusingclickers, datafrom studentswere collectedin 51 courses. The datapresentedn
this section summarize the results from the student survey

Number of Semesters % of Total

1 (Prst semester using clickers) 25
2 - 4 semesters 65
5 or more semesters 10

Table 10: Question 3. Studentsi©Or experience with clickers. 25% of students who used clickers during the Spring
2007 semester are using clickers for the first time (this figure will most likely dper lduring the Fall semester
when Freshman are taking courses for the first time).
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Figure 21: Question 6. Students were asked to rate how useful for their learning each of the following class activi
ties are in their course. Note that the OLectureO option was worded so students would be able to distinguish using
clickers from when the instructor was only speaking: OPure Lecture Presentation (only instructor talking).O

Average Enjoyment, 1-5 (dislike - like)
N

Lecture Clickers Textbook Homework

Class Activity

Figure 22: Question 7. Students were asked to rate how much they enjoyed each of the following class activities in
their course [where "enjoyed" is meant in the sense of academic or intellectual pleasure].
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Extent of Discussion % of Total

Does not allow discussion 5

Allows discussion, but does not encourage 10
it, and a small fraction of students discuss

Allows discussion, but does not encourage 14
it, and a large fraction of students discuss

Encourages discussion, and a small frac- 18
tion of students discuss

Encourages discussion, and a large frac- 52
tion of students discuss

Table 1: Question 8. Students were asked to what extent their instructor usually encourages student-to-student dis
cussion about clicker questions in class. Note that OsmallO ge@@actions were not clarified and were left to
the students to interpret.

Student Practice % of Total

Does not apply—we are usually not al- 2
lowed to talk with other students

| rarely use a clicker in this course 1

| guess the answer and do not check 2
with other students

| actively think about the question inde- 18
pendently and arrive at an answer with-
out speaking or listening to other stu-

dents

| listen to other students' answers and/or 18
reasoning

| actively participate in discussions with 59

other students around me

Table 12: Question 9. Students were asked to indicate whatsthgyy do when their instructor gives the class a
typical clicker question and they are allowed to talk with others. Students may change their practice depending on
the type of question asked, but students were asked to report what:tiy do.
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Figure 23: Question 10. Students were asked to rate how useful for their learning the following types of clicker
guestions are. OFactual Recall (1)O indicates Oquestions that require [the student] to recall a fact from the text or a

prior lecture,O while OFactual Recall (2)O indicates Oquestions that require [the student] to recall a fact that was just
stated.O

Recommending Clickers % of Total

DePbnitely Not Recommend 5
Not Recommend 7
Neutral 17
Recommend 36
DePnitely Recommend 36

Table 13: Questionll1 When asked if students would recommend that other instructors, who teach this course in the
future, use clickers, the majority of responses (72%) were positive.



page250f 51

lll. Analysis

Beforedeterminingrelationsbetweenfaculty practicesand studentperceptionsye canfirst
look at correlationsbetweerstudentsfiracticesandstudents@ews regardingelickers. For some
datacollectedon the studentsurvey wherethe surveyresponsesherentlyfollow a numerical
scale we cancalculatecorrelationdbetweersurveyitems. Thetablebelowlists correlationcoet
ficients for selected survey items.

EXPERIENCE (Q3)
ATTITUDE (Q4)
LEARN (Q5)
LECT-ENJOY (Q7)
CLICK-ENJOY (Q7)
TEXT-ENJOY (Q7)
HW-ENJOY (Q7)
RECOMMEND (Q11)

EXPERIENCE (Q3)

ATTITUDE (Q4)

LEARN (Q5)

LECT-USE (Q6)

CLICK-USE (Q6)

TEXT-USE (Q6)

HW-USE (Q6)

LECT-ENJOY (Q7)

CLICK-ENJOY (Q7)

TEXT-ENJOY (Q7)

HW-ENJOY (Q7)

RECOMMEND (Q11)

Table 14: Correlating Student ResponsEie table above lists correlation cigénts for self-reported data ob
tained from the student survegategory labels refer to téfent questions (e.g., OEXPERIENCE (Q3)O refers to
Question #3 regarding studentsSt experience with clickers). Highlighted cells require further note.

Studentséxtitudetowardsthe utility of clickersis well correlatedwith their attitudetowards
their enjoymentusing clickers (r = 0.73) and their recommendatiomf clickers(r = 0.7). Stu
dents@ttitudetowardsthe utility of clickersis not correlatedwith how manysemestershe stu
dentshaveusedclickersin the past(r = -0.03),suggestinghatasstudenthavemoreexperience
with this tool, theyarenot morelikely to havea morepositive(or negative)attitudestowardsthe
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utility of this tool. Students@ttitude toward utility is slightly correlatedwith how much stu-
dents@eel they have learned (r=0.46).

For surveyitemsthatdo not follow a numericalscale we cannotdeterminecorrelationcoef
ficients. Insteadwe candeterminewhatpercentag®f respondentsall into differentcategories
based on the ddrent answer options from two fiifent survey questions.

For example,on Question8 of the studentsurvey studentsvere askedto what extenttheir
instructorencouragesliscussion. Becausehe possibleanswerchoicesto this questiondo not
follow a numericalscale we caninsteaddeterminewvhatfraction of the studentsvho choseeach
of thefive possiblechoicesalsohavea favorableattitudetowardsthe utility of clickers (by Ofa
vorableOit is implied that studentsratedthe utility of clickers as either Ouseful©r Overyuse

ful®).
Extent of Discussion % Favorable

Does not allow discussion 34

Allows discussion, but does not encourage 40
it, and a small fraction of students discuss

Allows discussion, but does not encourage 45
it, and a large fraction of students discuss

Encourages discussion, and a small frac- 43
tion of students discuss

Encourages discussion, and a large frac- 70
tion of students discuss

Table 15: Of the students who chose each answer option on Question 8, we can see what fraction of these students
also have a favorable attitude (e.g., choosing either OusefulO or Overy usefulO) towards the utility of clickers. Note
that of the students who indicated that their instructor Oencourages discussion,ganfiactam of students dis

cuss,O 70% of these students have a favorable attitude towards the utility of clickers. Of the students who chose the
remaining three options, the percent of these students who have a favorable attitude towards the utility of clickers is
much less.

We canlook at Question9 in a similar manney comparingstudentpracticesduring the ad
ministration of clicker questions to attitudes towards the utility of clickers.



Student Practices % Favorable

other students around me

Does not apply—we are usually not allowed 28
to talk with other students

| rarely use a clicker in this course 16
| guess the answer and do not check with 17
other students

| actively think about the question inde- 51
pendently and arrive at an answer without

speaking or listening to other students

| listen to other students' answers and/or 45
reasoning

| actively participate in discussions with 64

Table 16: Of the students who chose each answer option on Question 9, we can see what fraction of these students
also have a favorable attitude (e.g., choosing either OusefulO or Overy usefulO) towards the utility of clickers. Note
that of the students who indicated that they Oactively participate in discussions with other studentsO, 64% of these
students have a favorable attitude towards the utility of clickers. Compare this to the remaining five options, where
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the percentage of these students who chose these options is much gisalleote that of the students who claim
that they rarely use a clickelr6% still have a favorable attitude towards their utilithese students do not regu
larly use this tool in class, yet they still have a positive opinion regarding this tool.

Thefinal goal of the presenwork is to studywhatimpactfaculty practicesegardingclickers
haveon studentattitudes. We beginto determinetheserelationsby correlatingfaculty useof this
tool with student perception of clickershe table below lists some of these correlations.
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LECT-ENJOY (Q7)
CLICK-ENJOY (Q7)
CONCEPT-USE (Q10)
RECALL1-USE (Q10)
RECALL2-USE (Q10)
CALCULATE-USE
% ACTIVE (Q10)
RECALL2-USE (Q10)
CALCULATE-USE (Q10)
% ACTIVE (Q10)

PERCENTAGE
(Q5)

NO. OF QUES-
TIONS (Q6)

CONCEPT-
FREQ. (Q9)

QUIZ-FREQ. (Q9)

RECALL-FREQ.
(Q9)

OPINIONS-
FREQ. (Q9)

ATTENDANCE-
FREQ. (Q9)

CALCULATE-
FREQ. (Q9)

CONCEPT-USE
(Q10)

RECALL1-USE
(Q10)

RECALL2-USE
(Q10)

CALCULATE-
USE (Q10)

RECOMMEND
(Q13)

Ed RESEARCH
(Q4)*

# OF SEMES-
TERS (Q13)*

Table 17: Correlating faculty practices with student attitudée table above lists correlation ci@énts between
faculty practices (on the vertical axis, data from post-faculty survey) with student attitudes (on the horizontal axis,
averaged for each course, data obtained from student survey). Highlighfederdsfrequire further explanation
below

*This question is from the first faculty survey
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In Table 17 above,correlationcoeficients worthy of note are highlighted. Someof these
correlationsdo not support(nor do they disagree)with commonly held beliefs abouteffective
clicker use. Forexample thereis no correlationwith the frequencyat which faculty askconcep
tual questionsand studentsview of the utility of conceptualjuestionqr = 0.12), enjoymentof
clickers(r = 0.07),andthe utility of clickers(r = 0.06). However thesenull resultsmay be ex-
pected,consideringthe fact that not all conceptually-basedlicker questionsarealsoconsidered
to promotediscussionpe at an appropriatdevel for studentspe interesting,or well worded. In
otherwords,notall conceptuatjuestionsare OeflectiveQquestions[7] Furthermoretherangeof
frequencyat which faculty askconceptuabjuestionsmay not be large enoughNtheaveragefre-
guencyat which faculty askconceptuatlicker questiondgs 3.79(on a scaleof 1 to 5, infrequent
to frequent).

The frequencyat which faculty ask clicker questionsthat are calculation-basedsuch as
Oplug-n-chugProblems)is negativelycorrelatedwith students@ttitudetowardsthe enjoyment
of lecture(r = -0.4) andpositively correlatedwith studentséttitudetowardsutility of calculation
qguestions(r = 0.43). This could possibly suggestthat asking more calculation-basedlicker
guestiongesultsin studentdisliking lecture,but also studentsbelieving that calculation-based
guestionsareusefulfor their learning. However the frequencyat which faculty askcalculation-
basedquestionsis not correlatedwith students@ttitude towardsthe utility and enjoymentof
clickers (r = 0.18 and 0.02, respectively).

Someof thesecorrelationsagreewith commonlyheld beliefsabouteffective clicker use. For
exampleaskingfactualrecall questiongnay not be an effective pedagogylikewise, the correla
tion betweerstudentsferceptiorof the utility of clickersandthe frequencyat which faculty ask
factual recall questions is r = -0.36.

Someof thesecorrelationssuggesthat further clicker useamongfaculty may improve stu
dentattitudesNthenumberof semestershat faculty haveusedclickersin the pastis positively
correlatedwith studentséxtitudetowardthe utility, the enjoymentof clickers,andthe percentof
students that claim to be active during clicker use (r = 0.52, 0.4, and 0.43, respectively).

The variousmethodsfor awardingcredit can be analyzedto determineif somemethodsof
awarding credit significantly impact studerasiudes towards clickers.
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Average Clicker Average Clicker

alzeinr Utility Enjoyment
Clicker use not part of students! grades 4.08 4.13
Clicker use part of students! grades 3.54 3.51
Clicker use is extra credit 3.67 3.58
More credit awarded for right answers, 3.49 3.44

and some (but less) credit awarded for
wrong answers

Same amount of credit awarded for either 3.71 3.70
right or wrong answers

Award credit for correct answers only 3.78 3.41

Other 3.59 3.52

Table 18: Impact of varying methods of awarding credit on student attifudetable above lists the average stu

dent attitude towards the utility and enjoyment of clickers, equally weighted by course, for varying methods of
awarding credit. It should be noted that there are only three courses that did not award any type of credit for using
clicker. Two of these three were fifent courses taught by the same instryetod the third was a graduate course.

Average Clicker  Average Clicker

Faculty Practice

Utility Enjoyment
| stayed at the front of the classroom 3.45 3.55
| discussed the question with students in
3.68 3.61

small groups around the classroom
I Walkedlaround the_ classroom to listen to 354 3.42
students' conversations
| discussed the question with the entire class

. . ) 3.71 3.63
while they were responding to the question
Other 3.78 3.68

Table 19: Impact of varying faculty practices during clicker questions on student attitude. Listed are the averaged
student responses, equally weighted by course, for courses where faculty indicated their usual practice during the
administration of a clicker question (second faculty syr@estion 12). There does not appear to be any signifi

cant diferences between fifrent faculty practices on studerastdudes of the utility and enjoyment of clickers.
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Best vs. Worst Courses

Anotherway to identify effective usesof clickersis to comparehow clickersarebeingused
in courseghatarethe Obest® courseghatare consideredhe Oworst.Orhe metric thatwe will
useto distinguishthe Obest@ndOworst©oursess students@erception®f the utility of clickers.
Below arethe 5 highestandlowestratedcoursesasmeasuredy studentséttitudetowardutility
of clickers.

Utility of Attitude of

Enjoyment of Freq. of Con- % of lectures

Course % Active

Clickers Learning Clickers ceptual Q’s using clickers
A 2.05 2.52 2.37 3.28 41.36 90 - 100
B 2.71 3.14 2.71 2.50 28.57 75-90
C 2.86 3.39 3.00 3.78 50.00 <50
D 2.94 3.13 3.25 3.46 38.46 75-90
E 3.00 3.96 3.22 4.00 55.56 50-75
Average: 2.71 3.23 291 3.41 42.79 N/A

Table 20: Lowest rated courses, as measured by student perception of the utility of clickers.

Ut!lity of Attitud_e of Enjoyment of Freq. of Con- % Active %_of Iec_tures

Clickers Learning Clickers ceptual Q’s using clickers
\Y 411 4.17 4.06 4.22 61.11 90 - 100
W 4.28 4.00 3.92 4.42 86.28 90 - 100
X 4.30 4.10 4.30 4.90 30.00 90 - 100
Y 4.33 4.53 3.93 4.07 60.00 90 - 100
y4 4.38 4.00 4.31 4.77 69.23 50-75

Average: 4.28 4.16 4.10 4.48 61.32 N/A

Table 21: Highest rated Courses, as measured by student perception of the utility of clickers.

Note that for the six categoriedisted in Tables20 and 21 above,the averagedor the five
highestratedcoursesareall greaterthanthe averagegor the five lowestratedcoursegalthough
asignificancetestshouldbe performedon this dataset). No averagés givenon the categoryO%
of lecturesusingclickers,Gut four of five of the highestratedcoursesusedclickers90 -100% of
all lecturesection,comparedwvith only oneof five for thefive lowestratedcourses.Othercate
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goriescanbe comparedo look for differenceqor similarities) betweenthe lowestand highest
rated rated courses.

It shouldbe notedthatin courseausingclickerson which studentsurveydatawascollected,
not all studentsenrolledin a courseattemptedo takethe studentsurvey Thisis to be expected,
sincerarely will 100% of the studentsvolunteertheir time to take partin a survey This raises
the question:what fraction of studentsin a courseneedto take the surveyin orderto be able
makeany reliable conclusionsaboutthe natureof clicker usein this course? Most would agree
that 90% constitutes an accurate cross-section of the class, but what about 70%? 50%?

Oneway to verify thatthe studentsvho took the surveyare an accuratecross-sectiomnf the
courseis to look at the averagdinal coursegradeof the studentsvho took the surveyandseeif
it is significantlydifferentfrom the studentavho did nottakethe survey Thefinal coursegrades
wereobtainedfor everystudentn clicker-usingcoursesvherelessthan50% of the enrolledstu
dentssuccessfullycompletedour survey The table below lists data obtainedfrom the final
course grades of these students.
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COURSE ENROLLMENT % VSlejIgVTE%OK Z-VALUE (1)* Z-VALUE (2)**
1 596 2.3 2.81 2.75
2 402 2.7 0.81 0.79
3 342 3.2 3.14 3.03
4 216 3.2 1.18 1.14
5 304 3.9 1.97 1.89
6 208 4.3 0.15 0.15
7 335 4.5 1.13 1.09
8 199 4.5 3.84 3.67
9 193 4.7 0.16 0.16
10 158 51 2.20 2.09
11 341 5.3 1.20 1.14
12 150 6 4.40 4.18
13 292 6.5 3.69 3.54
14 138 8.7 0.87 0.81
15 61 14.8 0.41 0.35
16 87 14.9 0.76 0.65
17 62 19.4 1.27 1.03
18 239 20.5 0.17 0.14
19 401 21.4 4.31 3.47
20 127 22 1.68 1.32
21 211 23.2 2.29 1.81
22 45 26.7 2.73 2.27
23 45 26.7 4.30 3.70
24 152 30.3 2.97 2.21
25 135 32.6 0.55 0.40
26 389 34.7 4.05 2.83
27 34 35.3 2.21 154
28 205 43.4 2.55 1.62
29 339 44.2 4.30 2.71

* OZ-\ALUE (1)Orefersto the z-valueobtainedfrom comparingthe averageinal coursegradeof surveytakersto
the average final course grade of non-survey takers of students enrolled within a particular course.
** OZ-VALUE (2)Crefersto the z-valueobtainedfrom comparingthe averagdinal coursegradeof surveytakersto

the average final course grade of all students enrolled within a particular course.

Table22: Statisticaldifferencebetweensurveyandnon-surveytakers. Thecoursesabovearelisted by the fraction
of studentswvho took the studentsurveywithin a particularcourse. Note that enrollmentsandthe z-valuesseemto
vary substantiallyandarenot well correlated. The z-valuewascalculatedn two differentmannergseefurther ex-
planationbelow). Boldedz-valuesare greaterthan1.96, which correspondso the level of significancefor a 95%
confidence interval (i.e., the tifence in average final course grade is statisticalfgreift).
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The z-valuewas calculatedin two different manners. One can comparethe averagefinal
coursegradeof studentsvho took the surveyto studentsvho did not takethe survey This has
the advantagef comparingtwo distinct groups,but the disadvantag¢hat asthe fraction of stu-
dentswho took the surveybecomesa substantiafraction of all studentsthe group of students
who did not take the surveybecomegathersmall and could possibly be statistically different
from the vastmajority. Despiteone®assumptiorthat, say 98% of the studentsvho takea sur
vey is an accuratecross-sectiorf the entire course,it is possiblethat this 98% will be statistt
cally different from the 2% of students who did not take the survey

Anotherway to calculatethe z-valueis to comparehe averagdinal coursegradeof students
whotook thesurveyto theaveragdinal coursegradeof all studentsn thecourse. Thisremedies
the problemdiscussedn the previousparagraphsincecomparing say 98% of the studentgo all
the studentsss likely to resultin the the two groupsbeing statistically similar. However this
methodhasthe disadvantagef comparingtwo groupsthat are not distinct. Both methodsof
calculatingthe z-valuearelistedin Table22, andfurtherwork shoulddeterminewvhich methodis
better suited for this scenario.

Note that all datapresentedn this reportis calculatedwithout excludingany databasedon
the informationpresentedn Table22. However furtherwork will determinef (or which) data
may needto be excludedfrom the datasetbasedon thefact thatfor somecoursesthefraction of
studentswho participatedin the surveydoesnot accuratelyrepresenthe entire course. Some
results presented in this report may change due to this issue.
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IV.Conclusions

This study presentself-reportedaculty pedagogicapracticesandself-reportedstudentper
ceptionsof clicker useat a large researchuniversity acrossmanydisciplines. Along with shed
ding newlight on how this tool is beingusedby faculty andits correspondingerceptiorby stu-
dents,we wish to usethesedatato study how faculty practicesimpact studentbehaviorsand
views.

Studentattitudeis stronglyimpactedby the extentto which faculty encourageindsucceedn
generatingoeerdiscussiorduring the administrationof clicker questionsStudentshavea much
more positive attitudetowardsthe utility of clickersif faculty encouragealiscussiorandareable
to geta large fraction of studentsdiscussingLikewise, studentattitudeis alsoimprovedwhen
studentsareactively participatingin discussionsvith their peers,asopposedo beingpassiveor
working independently

However somecommonly held beliefs regardingthe effective use of clickers are not sup
portedby this study For example the frequencyat which faculty askconceptually-baseques
tions (asopposedo recall or numericalcalculationquestionsdoesnot appearto havea signifi-
cant effect on students@ttitudetowardsthe utility of clickers. At leastthereappeargo be no
data that ayue against this commonly held belief.

We wish to move beyondproviding discipline-specificand/oranecdotakuggestionsegard
ing the useof clickers. Ratherwe seekto provideresearch-baseglidenceof their effective use.
At this point, we canmaketwo suggestionso faculty thataresupportedy thiswork: 1) encour
agestudentdo discusswith their peersduring clicker questionsand createan environmentthat
promotestudentdiscussionand?2) askconceptuabuestionsappropriator moststudents@vel
of knowledge.

Otherresearch-basesliggestionsnay exist, but this is a topic for futurework. Additionally,
work needgo be completedo determinghevalidity of datacollectedfrom coursesvhereonly a
small fraction of studentsparticipatedin the studentsurvey Ultimately, this work attemptsto
providegeneral(not disciplinespecific)guidelineson the effective useof clickersto the expand
ing population of novice clickarsing instructors.
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VIl.Appendix
Appendix A: First Faculty Survey

The following survey was given to faculty using clickers at CU during the Spring 2007
semester approximately 3 weeks after the beginning of classes.

The online version of this survey can be accessed at:

http://www.colorado.edu/physics/Educationlssues/podolefsky/clicker/clicker_survey.htm

Quick Clicker Survey

This brief survey will provide us with valuable information about the use of clickers at
CU and should take no longer than 5 minutes to complete.

1. What is your name?

2. What course are you teaching this semester? [If you are teaching more than one
course, please bll out this survey separately for each course. If a course has multiple
lecture sections, you only need to Pll out this survey once for that particular course.]

3. If you have used clickers prior to this semester, what clicker systems have you used
in the past? [check all that apply--If this is your Prst semester using clickers, please skip
to Question 4.]

¥ H-ITT Clicker

¥ i>clicker

¥ elnstruction

¥ Other (please specify):
¥ Other (please specify):

4. On a scale from 1 (novice) to 5 (expert), how knowledgeable do you feel you are re-
garding education research?

¥ 5 - expert
¥4
¥3
¥2
¥1 - novice

5. If you encounter problems with the clicker system, who will you turn to for support?
[check all that apply]


http://www.colorado.edu/physics/EducationIssues/podolefsky/clicker/clicker_survey.htm
http://www.colorado.edu/physics/EducationIssues/podolefsky/clicker/clicker_survey.htm
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¥ No Support

¥ Other Faculty

¥ Your Departmental Clicker Guru
¥ Physics Prof. Michael Dubson
¥ Clicker Manufacturer

¥ Other (please specify):

6. For what percentage of all class days in your course will students use clickers at least
once? (For example, 50% = 15 out of 30 class days.)

¥ <50%
¥50 - 75%
¥75-90%
¥ 90 - 100%

7. On days when clickers are used in this course, how many times do you anticipate
students will be using clickers?

¥1-3
¥4-6
¥7-9
¥ 10 or more

8. Please RANK ORDER the importance of features regarding clicker systems:

Feature Most Important Least Important

Robust Hardware

Simplicity of Hardware

Simplicity of Software

Cost of System to Department

Cost of Hardware to Student

9. Would you ever consider having your students use clickers to take a midterm or bnal
exam in this course?

¥ Yes, | would consider it
¥ No, never
¥ Possibly

10. Clicker use for this course is [check all that apply]:
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¥ not part of students' grades [Skip to Question 14]
¥ part of students' grades

¥ extra-credit

¥ Other (please specify)

11. If clicker use is part of students' grades, how do you intend on awarding credit/points
for their use? [check all that apply]

¥ award credit for correct answers

¥ more credit awarded for right answers, and some (but less) credit awarded for wrong
answers

¥ equal amount of credit awarded for right and wrong answers

¥ Other (please specify)

12. Please rate how often the following uses of clickers will be implemented in this
course:

Task Very Often Sometimes Never
Used

asking conceptual questions

giving in-class quizzes

gathering feedback on course

gathering opinions from students

taking attendance

Other (please specify)

Other (please specify)

13. In which semesters have you used clickers in a course that you taught? [check all
that apply]

¥ Fall 01
¥ Spring 02
¥ Fall 02
¥ Spring 03
¥ Fall 03
¥ Spring 04
¥ Fall 04
¥ Spring 05
¥ Fall 05
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¥ Spring 06
¥ Fall 06
¥ Spring 07

14. What is the biggest advantage of using clickers in your class? [long answer re-
sponse]

15. What initially convinced you to use clickers (whether or not this is your brst course
using clickers)? [long answer response]

16. Comments? [long answer response]
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Appendix B: Second Faculty Survey

The following survey was given to faculty using clickers at CU during the Spring 2007
semester at the end of term.

The online version of this survey can be accessed at:

http://www.colorado.edu/physics/Educationlssues/surveys/clicker/post_survey.htm

1. What is your name?

2. What course did you teach this semester that used clickers? [If you are teaching
more than one course, please Pll out this survey separately for each course. If a course
has multiple lecture sections, you only need to Pll out this survey once for that particular
course.]

3. If you plan on using clickers again in the near future, what clicker system will you
most likely use?

¥ H-ITT Clicker

¥ i>clicker

¥ elnstruction

¥ Other (please specify)

4. When you encountered problems with the clicker system over the course of this se-
mester, who did you turn to for support? [check all that apply]

¥ | encountered no problems

¥ | solved problems on my own

¥ Other Faculty

¥ Your Departmental Clicker Guru
¥ Physics Prof. Michael Dubson
¥ Clicker Manufacturer

¥ Other (please specify)

5. For what percentage of all class days in your course did students use clickers at least
once? (For example, 50% = 15 out of 30 class days.)

¥ <50%
¥50-75%
¥75-90%
¥ 90 - 100%

6. On days when clickers were used in this course, how many times did students use
clickers?


http://www.colorado.edu/physics/EducationIssues/surveys/clicker/post_survey.htm
http://www.colorado.edu/physics/EducationIssues/surveys/clicker/post_survey.htm
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¥1-2
¥3-4
¥5-6
¥ 7 or more

7. Clicker use for this course was [check all that apply]:

¥ not part of students' grades [Skip to Question 9]
¥ part of students' grades

¥ extra-credit

¥ Other (please specify)

8. If you did award credit for clicker use, how did you award credit? [check all that apply]

¥ award credit for correct answers only

¥ more credit awarded for right answers, and some (but less) credit awarded for wrong
answers

¥ same amount of credit awarded for either right or wrong answers

¥ Other (please specify)

9. Please rate how often the following uses of clickers were implemented in this course:
Task:

Task Never | Rarely | Some- | Often Very
used times Often

asking challenging conceptual
guestions, where students have
to think and apply the ideas pre-
sented

giving in-class quizzes where
students answer independently

asking factual recall questions

gathering opinions from students

taking student attendance

asking questions where students
have to plug numbers into an
equation

Other (please specify)
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10. Please rate how useful for your students' learning you view the following types of
clicker questions (if you did not use a particular type of question, please indicate so):

Completely Mostly | Somewhat | Useful Very Not used in
Useless Useless Useful Useful | this course

Challenging con-
ceptual questions,
where students
have to think and
apply the ideas pre-
sented

Questions that re-
quire students to
recall a fact from
the text or a prior
lecture

Questions that re-
quire students to
recall a fact that
was just stated

Questions where
students have to
plug numbers into
an equation

11. To what extent did you usually encourage student-to-student discussion about
clicker questions in class and how did students usually respond?

¥ | do not allow discussion

¥ Allow discussion, but do not encourage it, and a small fraction of students discuss
¥ Allow discussion, but do not encourage it, and a large fraction of students discuss
¥ Encourage discussion, and a small fraction of students discuss

¥ Encourage discussion, and a large fraction of students discuss

12. While students were voting on and/or discussing a typical clicker question, what did
you usually do during this time?

¥ | stayed at the front of the classroom
¥ | walked around the classroom to listen to students' conversations
¥ | discussed the question with students in small groups around the classroom
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¥ | discussed the question with the entire class while they were responding to the ques-
tion
¥ Other (please specify)

13. Would you recommend that other instructors, who teach this course in the future,
use clickers?

¥ Debnitely Not Recommend
¥ Not Recommend

¥ Neutral

¥ Recommend

¥ Debnitely Recommend

Why?
14. What was the biggest advantage of using clickers in your class?

15. Comments or anything else you would like to share?
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Appendix C: Student Survey

The following survey was given to students using clickers at CU during the Spring 2007
semester approximately one moth prior to the end of term.

The online version of this survey can be accessed at:

http://www.colorado.edu/physics/Educationlssues/surveys/clicker/survey.htm

1. CU login ID: [Note: This is your login name for your CU email account. For example,
do not enter "john.smith"; it will be something like "smithj." It is NOT your 9-digit numeri-
cal ID.]

2. Enter your prst and last name:
3. For how many semesters have you used clickers at CU?

¥ 1 (this is my brst semester)
¥ 2 - 4 semesters
¥ 5 or more semesters

4. Overall, how do you feel about this course?

¥ Awful course

¥ Not a good course
¥ Neutral

¥ Good course

¥ Great course

5. Regardless of how you feel about it, how much did you learn in this course?

¥ Almost nothing

¥ A small amount

¥ A reasonable amount
¥ Quite a bit

¥ A great deal

6. Please rate how useful for your learning each of the following class activities are in
this course:


http://www.colorado.edu/physics/EducationIssues/surveys/clicker/survey.htm
http://www.colorado.edu/physics/EducationIssues/surveys/clicker/survey.htm
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Completely
Useless

Mostly
Useless

Somewhat
Useful

Useful

Very Useful

Pure Lecture Presen-
tation (only instructor
talking)

Use of Clickers

Textbook or Course
Readings

Homework and/or
Course Assignments

7. Please rate how much you enjoyed each of the following class activities in this course
[where "enjoyed" is meant in the sense of academic or intellectual pleasure]:

Strongly Dislike

Dislike

Neutral

Like

Strongly
Like

Pure Lecture Presen-
tation (only instructor
talking)

Use of Clickers

Textbook or Course
Readings

Homework and/or
Course Assignments

8. To what extent does your instructor usually encourage student-to-student discussion
about clicker questions in class?

¥ Does not allow discussion
¥ Allows discussion, but does not encourage it, and a small fraction of students discuss
¥ Allows discussion, but does not encourage it, and a large fraction of students discuss

¥ Encourages discussion, and a small fraction of students discuss
¥ Encourages discussion, and a large fraction of students discuss

9. When your instructor gives your class a typical clicker question AND you are allowed
to talk with others, what do you usually do?

¥ Does not apply--we are usually not allowed to talk with other students



¥ | rarely use a clicker in this course
¥ | guess the answer and do not check with other students
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¥ | actively think about the question independently and arrive at an answer without
speaking or listening to other students
¥ | listen to other students' answers and/or reasoning

¥ | actively participate in discussions with other students around me

10. Please rate how useful for your learning the following types of clicker questions are:

Completely
Useless

Mostly
Useless

Somewhat
Useful

Useful

Very
Useful

Not used in
this course

Challenging con-
ceptual questions,
where | have to
think and apply the
ideas presented

Questions that re-
guire me to recall a
fact from the text or
a prior lecture

Questions that re-
quire me to recall a
fact that was just
stated

Questions where |
have to plug num-
bers into an equa-
tion

11. Would you recommend that other instructors, who teach this course in the future,

use clickers?

¥ Debnitely Not Recommend

¥ Not Recommend
¥ Neutral
¥ Recommend

¥ Debnitely Recommend
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Abstract. Adoption of clickers by faculty hasspreadcampus-wideat the University of Coloradoat Boulderfrom one
introductoryphysicscoursein 2001to 19 departments80 coursesandover 10,000students. We study commonpeda
gogicalpracticesamongfaculty andattitudesandbeliefsamongstudentlickerusersacrosscampusWe reportdatafrom
online surveysgiven to both faculty and studentsn the Spring 2007 semesterAdditionally, we reporton correlations
betweerstudentperception®f clicker useandthe waysin which this educationatool is usedby faculty. Thesedatasug
gestpracticesfor effective clicker usethat canserveasa guidefor faculty who integratethis educationatool into their

courses.

Keywords: Clickers, Personal Response Systems, Classroom Response Systems

PACS: 01.40.gb, 01.50.-i, 01.50.H-, 01.40.Fk

INTRODUCTION

Sincebeingintroducedsix yearsagoin oneintro-
ductoryphysicscourseat the University of Coloradoat
Boulder clicker’ use has spread extensively with
nearlyhalf the undegraduatepopulationusingclickers
in onesemester Although their useis becomingmore
prevalent,t is not known how this tool is usedby fac-
ulty at the campudevel, nor do we understangtudent
perceptions and attitudes towards this tool.

Researchon clickers remains a popular topic
within PERandotherscienceandeducationcommuni
ties. (For examplesee[1, 2, 3]; for anextensivditera-
turereview see[4].) The purposesf the presentstudy
are to identify commonfaculty pedagogicalpractices
regardingclicker useacrosghevariety of disciplinesat
one institution, study studentperceptiongowardsthis
tool, and look for correlationsbetweenfaculty prac
tices and studentperceptionsWe seekto identify ef-
fective clicker usesacrosghesevarietiesof disciplines
and environmentsin which they are employed. An
ultimategoal will beto correlatefaculty practiceswith
student learningNothers have already demonstrated
correlationsbetweenstudentattitudesand beliefs and

7We opt for the term "clickerwhereas others use "personal response system," "voting machine," and a myriad of other terms (see Reference

(4.

contentlearning gainsin other contexts(e.g., see[5]
and [6]). However studying studentlearning gainsis
beyondthe scopeof the presentork. In this piece,we
presentimited resultsfrom an extensivestudy of doz
ens of faculty and thousands of students.

When correlating faculty practiceswith student
attitudes,we find that the students@erceptionof the
utility of clickersimprovesas faculty encouragepeer
discussionand succeedn getting studentsto discuss
with eachotherin lecture. Additionally, studentsfind
conceptualquestionsslightly more useful than factual
recall or calculation-oriented questions.

INSTITUTIONAL USE OF CLICKERS

During the Spring2007 semesteat the University
of Coloradoat Bouldet clickerswere usedby 70 fac-
ulty in 94 lecturesectionswith an averageenroliment
of 144 studentsn eachlecturesection. Although this
breadthof userepresents tiny fraction of all faculty
on campus(3%), it representsa significantfraction of
the studentbody dueto the high averagesnrolimentof
coursesusingclickers. In this semesterclickerswere



usedby 10,01 unique studentswhich include 9,941
undegraduatesand 70 graduatestudents. Students
using clickers madeup 44% of all undegraduatestu

dents and 1.6% of graduatestudents. Despite the
widespreadiseamongthe undegraduatestudentbody,

there is still opportunity for clicker use to expand.
Only 28% of department®n campusareusingclickers
andonly 24% of large lecturesections(wherethe en

rollmentis greatethan100)areusingclickers. We see
some departmentsthat currently use clickers in all

large lecture coursesthat they offer, suchas Physics,
Astrophysics,and ChemicalEngineering. Otherlarge
departmentssuch as Psychologyand Sociology use
clickersin 1 and 2 large courseg(out of 16 and 7, re-

spectively).

We find the majority of coursesusing clickersto
be in STEM fields. The total numberof coursesthat
usedclickersin STEM fields was 63, while therewas
10in Businessf in SocialSciencesandl1 in Humani
ties.

Of the 94 lecture section§ using clickers, 79 of
theseare using i>clicke® and the remaining 15 are
usingH-ITT 18 Of all uniquestudentsvho usedclick-
ers, 70% usedclickersin one courseonly, while 29%
usedclickersin 2 courses,and fewer than 1% used
clickers in either 3 or 4 courses.

FACULTY PRACTICES

Faculty using clickers were given two different
online surveys. The first surveywasgiven at the start
of term approximately3 weeksafter the beginningof
classesand54 faculty respondedo 16 multiple-choice
andlong answerquestions. The secondonline survey
was given at the end of term, and 69 responsesvere
collectedto 15 multiple-choiceand long answerques
tions. To accesdoth surveys,see[4]. Questionsfrom
both surveysprobedhow faculty usedclickersin their
own coursesand on their experienceand beliefs sur
roundingclickers. Theresultspresentedn this section
were collected from both faculty surveys.Observa
tional data of classroompracticesdemonstratesome
similar trendsas seenin faculty self-reporteddatapre-
sentedherefor a subsebf physicscourseausingclick-
ers. [7]

The majority of faculty using clickershaslittle or
no experienceausingthis toolN59% of the respondents
are using clickers for the first time or haveonly one
prior semester of clicker experience.

Someslight variationdoesexistin how frequently
faculty useclickers,in termsof the averagenumberof
guestionsgiven per day and the overall percentagef
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classdayswhen clickers are usedthroughoutthe se
mester(seeTable 1 & 2). However the majority of
faculty asks3 to 4 questionsper day and useclickers
90 B 100% of class meetings over the semester

TABLE 1. Average number of questions given per clas
meeting, reported by faculty

Number of Clicker % of Courses [standard error]|*
Questions N=69
lto2 19 [5]
3to4 65 [6]
5t06 13 [4]
7 or more 3[2]

fBracketednumbersin tablesare estimatedstandarderror of
the mean.

TABLE 2. Percent of all classes days when clickers ar
used, reported by faculty
% of class days

% of Courses, N=69

< 50% 73]
50 - 75% 4[3]
75 - 90% 20 [5]
90 - 100% 68 [6]

In additionto reportsof frequencyof use,we ex-
aminehow clickersareused. Figure1 reportsthe fre-
quency of use of severalbroad categoriesof clicker
questions.

5

Average Frequency , 1-5 (rarely - often)

=

OPINIONS ATTENDANCE CALCULATIONS  QUIZZES
Question T ype

FIGURE 1. Typesof clicker questionsused, reportedby
faculty.

CONCEPTUAL

We seesomevariationin the extentto which fac-
ulty encouragediscussionamong their students,and
the extentto which studentgdo discusswith their peers
in lecture(accordingto faculty). The majority of fac-
ulty claim to encouragediscussionand claim to suc
ceedat gettinga large fraction of studentgo discussn
lecture (sedable 3).

8 Note that many courses have multiple lecture sections; henceféirerie between 80 courses and 94 lecture sections.

9 http://wwwi.iclicker.com

10 http://www h-itt.com
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TABLE 3. Extent of peediscussion, reported by facu
% of Faculty

Type of Discussion

Do not allow discussion 3[2]

Do not encourage discussion s&all 6 [3]
fraction of students discuss

Do not encourage discussion /&ge 6 [3]

fraction of students discuss

Encourage discussion, Suall fraction 22 [5]
of students discuss
Encourage discussion, &ge fraction 63 [6]

of students discuss

STUDENT PERCEPTIONS & PRAC-
TICES

Approximatelyonemonthprior to the endof term,
anonline surveywasdistributedto studentsn courses
where clickers were currently being used. To access
the studentsurvey see[4]. Of the 10,011 studentus
ing clickers, 3,697 responsesvere collected. The 11
multiple-choice questionson the survey probed stu-
dentsQittitudesand beliefs about clickers and asked
them to respondto how clickers are currently being
usedin their courses.Of the 80 courseausingclickers,
datafrom studentswere collectedin 51 courses. The
datapresentedn this sectionare a summaryof results
from the student survey B

Overall,we find studentséxperiencewith clickers
to be positive.56.4% of studentgespondinghada fa-
vorable attitude towardsthe utility of clickersin their
respectivecoursegcomparedo 22.9%that were new
tral and 20.7% that had unfavorable attitudes) and
55.3%of studentshada favorableattitudetowardsthe
enjoyment of clickers (comparedto 24.5% that were
neutral and 20.2% that had unfavorable attitudes).
Thesefavorableresultsfor clickersarenotedelsewhere
(for example, see [8]).

TABLE 4. Student discussion practices during clicke
guestions, reported by students
Student Practice

% of Students,

N=3,697
Usually not allowed to talk with othel 2[0.03]
students
Rarely use a clicker in this course 1[0.01]
Guess the answer and do not check 2[0.03]
with other students
Actively think about the question ind: 191[0.3]
pendently and arrive at an answer
without speaking or listening to oth
students
Listen to other students' answers an 18[0.2]
reasoning
Actively participate in discussions wi 59 [0.4]

other students around me
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When askedwhat they normally do during the
delivery of a clicker question,most studentsclaim to
be actively participatingin discussionsvith their peers
(seeTable 4).

The utility of differenttypesof clicker questions
was rated. Studentsfound conceptualquestionsthe
mostuseful(3.92+ 0.02,0n a scaleof 1D5,negativeto
positive),followed by factualrecall (3.51+ 0.02),and
numerical calculations (3.32 + 0.02).

CORRELATIONS BETWEEN FACULTY
PRACTICES & STUDENT ATTITUDES

Thefinal goal of the presentwork is to studywhat
impact faculty practicesregarding clickers have on
studentattitudes. We beginto determinetheserela
tions by correlatingfaculty use of this tool with stu-
dent perception of clickers.

It is commonlyarguedthatencouragingliscussion
among studentsis of greaterbenefit than passively
using clickers in lecture [2]. We find thereto be a
strong relationship between the extent of peer
discussiorin lectureand students@ttitudetowardsthe
utility of clickers.Of course studentsio not uniformly
agreewithin a singlecoursewhenaskedto whatextent
their instructorencouragesdiscussionTakingthe mode
of studentresponseto be anaccurataepresentationf
how instructorsencouragestudentdiscussionthe aver
age fraction of studentswith a favorable attitude to-
wardsthe utility of clickersis 66% in courseswhere
instructorsencourageadiscussionand get a large frac-
tion of students to do so (séable 5).

TABLE 5. Average percent of students who have fav
able attitudes towards clicker use, listed by classes w
plurality of students reported use of clickers in stated
fashion.

Type of Discussion % Favorable

Does not allow discussion 38 [5]

Does not encourage discussions8all 37 (8]
fraction of students discuss

Does not encourage discussionjagge 36 [22]
fraction of students discuss

Encourages discussion,s#all fraction 55 [8]
of students discuss

Encourages discussion, &#te fraction 66 [3]

of students discuss

Similarly, we examinehow the role of students
during a questioncorrelateswith their perceivedutility
of theclickers. We seea trendtowardstudentdinding
clickers more useful as they becomemore active in
lecture,with 64% of the studentswho claim to be ac
tively participatingin discussionhaving a favorable
attitude towards the utility of clickers (s€able 6).

We also seea strong correlationbetweenthe in-
structoKk3 experiencewith clickers(i.e., the numberof
prior semesteravhere an instructorshas taught with



clickers) and student perceptionof utility (r=0.52),
suggestinghat faculty becomebetterover time at ef-
fectively using this tool and that novice faculty may
need more assistance.

In addition to studentsfinding conceptualques
tions more useful than other types of questions,the
fraction of studentsin a coursewho claim to be ac
tively participatingis correlatedwith the averagestu
dent rating of utility of conceptualclicker questions
within a course (r=0.43), suggestingthat conceptual
guestionsare most useful when studentsdiscussthe
guestions with their peers.

TABLE 6. Percent of students from each student role
who have favorable attitudes toward the utility of click
ers.

Student Role % Favorable

Does not apply--usually not allowed t 28 [5]
talk with other students

Rarely use a clicker in this course 16 [6]

Guess the answer and do not check v 17 [4]
other students

Actively think about the question inde 51 2]
pendently and arrive at an answer
without speaking or listening to ott
students

Listen to other students' answers and 45 [2]
reasoning

Actively participate in discussions witl 64 [1]

other students around me

CONCLUSION

This studypresentself-reportedaculty pedagogi
cal practicesandstudentperception®f clicker useat a
large researchuniversity acrossmany disciplines. In
additionto sheddinghewlight on howthistool is being
used by faculty and its correspondingperceptionby
studentswe wish to usethesedatato study how fac-
ulty practices impact student behaviors and views.

Studentattitudeis stronglyimpactedby the extent
to which faculty encourageand succeedn generating
peerdiscussionduring the administrationof clicker
guestionsStudentshavea muchmore positive attitude
towardsthe utility of clickersif faculty encouragelis-
cussionandare ableto get a large fraction of students
discussingLikewise, studentattitudeis alsoimproved
when studentsare actively participatingin discussions
with their peers,asopposedo being passiveor work-
ing independently

We wish to move beyond providing discipline-
specificand/oranecdotasuggestionsvith regardto the
useof clickers. Rather we seekto provide research-
basedevidenceof their effective use. At this point, we
canmaketwo suggestionso faculty thatare supported
by this work: 1) encouragestudentsto discusswith
their peersduring clicker questionsand create envi
ronmentsthat get studentsto discuss;and 2) ask con
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ceptualquestionsappropriatefor most students@vel
of knowledge.

Otherresearch-basesluggestionexist, but this is
a topic for future work. For example,how do faculty
practicesdiffer betweenthe highestand lowest rated
coursesas measuredy studentperceptionof the util-
ity of clickers? How useful to studentsare clickers
comparedo othercourseresources?How do varying
methodsof awardingcredit for clicker use affect stu
dents@ttitudes?Futurework will seekto answerthese
questiongo provide guidelineson the effective use of
clickersto the expandingpopulationof noviceclicker
using instructors.
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