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Abstract

Interaction in the classroom is essential to improving student learning and using Classroom
Performance System (CPS) technology is one way to promote interactions. CPS consists of
student-operated remote controls and a receiver that records responses to multiple-choice
questions posed by the instructor. In order to promote the use of these questions and answers as
a study tool, we designed an online application web site that provides a feedback loop for the
instructor and students to examine their responses. Our site also provides data to the instructor
about individual student performance, aggregate class response to topic areas and specific
questions, and student participation and class attendance.

In the fall of 2003, we implemented CPS in ARE 346N: Building Environmental Systems, a core
class required of all Architectural Engineering majors at the University of Texas at Austin. The
instructor used CPS an average of five times per lecture, including opinion or subjective
response questions and collected figures on class attendance. Our evaluation of the data suggests
that the majority of students reported that CPS enhanced their learning. This observational study
also suggests ways in which CPS can be used to minimize instructor time on class administrative
chores and, most importantly, promote student learning of engineering material.

Introduction

Actively involving college students in lecture-based classes can be challenging, but with the use
of emerging technologies there are ways to engage students and enhance communications among
the students and between the students and instructor. One technology making headway in
providing more student-centered, interactive classrooms is called the Classroom Performance
System (CPS). This idea is not new; a hardware system called Classtalk has been in use for the
last several years. While there were successes with Classtalk, CPS provides a more developed
means of actively gathering students’ in-class responses without wired transmitters. CPS
consists of unique remotes for each student (purchased from the campus bookstore or borrowed
from the library) and a receiver for the instructor. When the instructor initiates a multiple choice
question, the students key in their answers, the results are saved in data file, and the instructor
can display a histogram of class results. Individual and aggregate data is saved for each session.
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When student anonymity is desired (i.e. for many of the opinion questions discussed in this
paper) students can trade remotes so that responses can not be traced back to individual students.

Teaching methods that promote student participation and active learning are often advocated,
however, the term “active learning” lacks a common definition in educational literature. Most
educators assume that learning is inherently active; yet research suggests that for students to be
actively learning, they need to do more than just listen. They must be dynamically engaged in
tasks and in thinking processes. As such, “it is proposed that strategies promoting active learning
be defined as instructional activities involving students in doing and thinking about what they are
doing.”' Research on undergraduate teaching advocates active student learning instead of the
inherently passive lecture-discussion environment in which faculty talk and students listen.
According to Chickering and Gamson” the best practices in undergraduate education include:

e encouraging student/faculty contact,
encouraging cooperation among students,
encouraging active learning
providing prompt feedback,
emphasizing time on tasks,
communicating high expectations,
e respecting diverse talents and ways of thinking.

Awareness of the development of students’ ability to think is a common theme in much of
today’s educational literature. Students need the ability to process and use information rather
than to just store it. One way to assess foundational thinking skills is by Bloom’s Taxonomy.’
This taxonomy, developed in 1956, has evolved into a classic work that classifies cognitive
behaviors into six categories ranging from simple to complex. The behaviors are hierarchical,
with learning at high levels dependent upon attaining prerequisite knowledge and skills. The use
of this taxonomy helps us go beyond the vagueness implied when we say we want our students
to “understand” and provides us with six major levels of thinking as listed in Table 1.

Table 1

Six Major Levels of Bloom’s Taxonomy

Level Characteristic Student Behaviors

Knowledge Remembering; memorizing; recognizing

Comprehension Interpreting; describing in one’s own words

Application Problem-solving; applying information to produce a result

Analysis Subdividing to show how something is put together; identifying motives
Synthesis Creating a unique, original product

Evaluation Making value decisions about issues; resolving controversies

While lecturing is the most common college teaching method, another common strategy is that
of asking questions. As far back as Socrates, questions have been used to guide and assess
student thinking. The mere asking of questions is not sufficient, however, for “there are many
classrooms in which teachers rarely pose questions above the ‘read-it-and-repeat-it level’
responses”™ and as such, questions do not stimulate deeper thinking for students. Accordingly, a
variety of questioning strategies is recommended and researchers suggest that questioning
strategies are essentials to the growth of critical thinking skills, creativity, and higher level of
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thinking skills.” There is extensive literature on teacher questioning® as well as articles on the art
of effective questioning. One way to become skilled as a classroom questioner is to use Bloom’s
taxonomy to gauge proficiency and target areas for growth. Using Bloom as a guide, instructors
can structure questions at each level and create questions that are meaningful and purposeful and
that foster a learning environment that promotes the process of active learning. Classroom
questions are often spontaneous and while such questions can be effective, CPS provides the
capability to plan and pre-program questions. This thoughtful consideration of questions helps
instructors tailor information to appropriate instructional levels and keep students engaged.

Specific methodologies for achieving an interactive classroom have been widely described in the
literature. Metha presented data on the value of active learning and described a method of
student response to multiple choice questions in which students held up cards with a letter
selection on them.” Students self -reported that this technique improved their learning. Although
this method gave the instructor real-time feedback on student understanding, the data was
potentially incomplete and unavailable for future analysis. In another study, this technique was
extended and formalized to provide students with quick feedback on their learning for each
class.® Dufresne e al. report on a teaching framework that utilizes a classroom communication
system to provide feedback on student learning.” As far back as 1996, a classroom
communication system called Classtalk was employed in large undergraduate physics classes in
order to facilitate the presentation of questions for small group work.'” Dufresene et al. found
Classtalk to be a useful tool not only for engaging students in active learning during the lecture
hour, but also for enhancing overall communication within the classroom.'® Lopez-Herrejon and
Schulman report on the use of CPS in a computer science programming class.'' They do not
report performance or student preference data, but instead focus on several examples where the
feedback from CPS provided real-time insight to the instructor about student learning and
influenced the content or the teaching methodology in the class. Burnstein and Lederman (2003)
described applications for wireless classroom systems and compared the costs and benefits of
three commercially available systems, including the system that we describe in this paper.'? Not
all researchers, however, have found significant benefits from CPS. In an Advanced Chemistry
class at the United States Military Academy, Blackman et al. (2002) reported that sections that
utilized CPS had higher student satisfaction, but overall preparation for class or performance was
not improved over classes that were taught with traditional lecture methods. "

Despite the many articles on CPS and other interactive classroom systems, there is relatively
little data about whether these devices improve student learning. In this paper, we present an
observational study of using CPS in a junior level Architectural Engineering class. Specifically
we present data that indicates whether student responses and performance in the class correlate
with their responses to CPS questions. We also provide data on the number of questions, the
level of questions and how questioning strategies influenced learning. Our hypotheses include:
1) Students prefer CPS-supplemented lectures over traditional lectures.

2) CPS improves classroom participation for all students, especially those who do not typically
ask questions or participate in discussions.

3) CPS allows instructors to monitor and evaluate student participation and attendance more
easily than traditional techniques.

4) CPS provides a means to pre-plan questions at appropriate and challenging levels.
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Description of CPS

CPS lets students respond to multiple choice questions using simple IR transmitters (often called
“response pads” or “remotes”). Graphical summaries of students’ responses for each question are

instantly available after each question has been answered, providing opportunities for class
review and discussion. All response data is automatically stored and available in multiple
formats for later analysis. Examples of questions used in ARE 346N appear in Figure 1.

al) How do you calculate current flow
through a neutral conductor in a 30 system?

A.1=V3EP
B.1=P/(\3E)
C.1=P/E
D.I=EP

a2) For which situation would an
absorption cycle be preferred to a vapor
compression cycle?

A. A commercial building next to a cold-
water creek

B. An office building complex that
accompanies a power generating plant

C. A single-family residence

D. None of the above

b) How much wood would a woodchuck
chuck if a woodchuck could chuck wood?
A. A lot

B. A little

C. None

D. Don’t know

¢) My learning in this class was helped
most by:

A. Readings

B. Lectures

C. In-class questions and answers

D. Homework

E. Quizzes

d) The daily usage of CPS was an incentive to
improve my attendance

A. Strongly Disagree

B. Disagree

C. Neutral

D. Agree

E. Strongly Agree

e) This class will contribute to my
professional success

A. Strongly Disagree

B. Disagree

C. Neutral

D. Agree

E. Strongly Agree

Figure 1: Examples of questions asked with CPS: al) and a2) are questions about course

material, b) is a question used at the beginning of class to evaluate tardiness, c) is an example of
student self assessment of learning preferences d) is an assessment of CPS and e) is an evaluation
of the course.

CPS consists of 1) at least one receiver (multiple receivers can be networked together for greater
reception), 2) one response pad per student, and 3) CPS software. Questions can be authored and
delivered entirely within CPS software or presented in PowerPoint while CPS manages students’
responses. Hardware setup is minimal; plug in CPS receiver to an available serial port and place
the receiver at the front of the classroom. The receiver has a wide arc of reception (roughly 180°
+ 15°), but fluorescent lighting can cause interference in some classrooms.

In addition to CPS’s in-class functionality, the Faculty Innovation Center (a student-fee
supported center within the College that promotes enhanced instruction and multimedia
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development) created an online tool that allows students and instructors to track CPS data from
multiple classes. Students can review specific questions asked in class, look up their attendance
and check their in-class performance. Instructors can analyze attendance and performance data
for the class as a whole or for individual students. elnstruction (the company the distributes CPS)
offers a similar tool for free, but the Faculty Innovation Center (FIC) wanted total control over
security, privacy and custom feature development. Thus, the FIC’s web development team
designed and built a tool from scratch.

Costs for CPS components vary from institution to institution. At The University of Texas,
students can purchase response pads for a net cost of $3 at the University bookstore. Remotes
are also available for semester-long loan at the engineering library. For every semester in which
students will use CPS, they must also purchase an enrollment code for $12.50. The same
enrollment code can be used for an unlimited number of classes each semester. The Faculty
Innovation Center also purchased a receiver for at a cost of $250.

The instructor will need to spend additional time in order to use CPS in the classroom. For this
class, the instructor spent approximately 1.5 hours per week preparing CPS questions for the
class. An additional 0.5 hours per week were spent reviewing data and interfacing with students
about the CPS technology. The required time would increase for a larger class, although some
CPS tasks could also be done by a TA or grader, rather than by the instructor. There are also
time savings associated with CPS, as student lateness and absence were monitored by the CPS
without taking any class time.

Course description

In the fall of 2003, we implemented CPS in ARE 346N, Building Environmental Systems, a core
class required of all Architectural Engineering majors. The instructor used CPS an average of
five times per lecture, including opinion or subjective response questions and questions to
ascertain class attendance and tardiness.

Table 2 lists the demographic information describing the 25 students in the class. As can be seen,
the students enrolled in the course represent a typical upper-level Engineering course at The
University of Texas at Austin. Sixteen of the students in the class were juniors, seven were
seniors, one was a graduate student and one was a continuing education student.

Table 2
Demographic information describing Students in ARE 346N (n = 25)
Gender
Male 18 (72%)
Female 7 (28%)
Ethnicity
Caucasian 17 (68%)
Asian 3 (12%)
Latino 4 (16%)
African-American 1(4%)
Average GPA (self-reported) 2.80
Average Final Grade in Course 2.96
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Results

Our first hypothesis posited that students prefer the use of CPS over traditional lectures. Table 1
lists answers to questions asked on the last day of class that evaluated the use of CPS over the
course of the semester. Table 2 lists responses to specific questions about the histograms. Three
quarters of all students agreed or strongly agreed that interactive CPS questions were a positive
addition to the class. There was a similar response about the specific use of CPS: 65% of
students felt that CPS should not be used less frequently and 83% said that CPS should be used
in the future.

Table 3
Student preferences on use of CPS in ARE 346N (n = 23)

Strongly Disagree Neutral Agree Strongly
Disagree Agree
Interactive lessons, such as those
using CPS, are better rather than
non-interactive ones. 0% 9% 17% 52% 22%
CPS should be used less
frequently. 17% 48% 22% 9% 4%
Dr. Siegel should use CPS for
this class in the future. 0% 9% 9% 57% 26%
Table 4

Student preferences on value of histogram (n = 23)
Strongly Disagree Neutral Agree Strongly
Disagree Agree

I found the histogram with the

distribution of class responses

helped spark my interest in the

subject. 4% 13% 30% 35% 4%
Seeing the histogram that

showed how the class answered

gave me confidence to speak out

in class. 4% 22% 52% 17% 4%

When asked further details about their responses to the histograms, 39% agreed or strongly
agreed that the histograms sparked their interest in the class material, while 17% disagreed or
strongly disagreed. Although we suspected that seeing the histogram would give students
confidence to ask further questions, the class was, on average, neutral on this point.

We were also interested in understanding the role of CPS in promoting learning, participation
and student generated questions. Table 3 lists three questions and responses about this subject.
The students overwhelmingly (83% agree or strongly agree) felt that answering CPS questions
helped them to understand the class material. Students were comfortable responding to CPS
questions (only one student disagreed with this statement). The use of CPS was only somewhat
successful in encouraging students to ask questions (39% agree versus 17% disagree). Follow-
up questions on how CPS motivated student questions appear in Table 4. Although 82% of
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students felt that asking questions (or other related participatory learning) were very or
somewhat important, over half of the class (52%) seldom asked questions.

Table 5
Student assessment of role of CPS in promoting questions (n = 23)

Strongly Disagree Neutral Agree Strongly

Disagree Agree

Answering questions in class

helped me better understand the

content. 0% 4% 13% 61% 22%

I was comfortable having to

respond to CPS questions. 4% 0% 22% 52% 22%

The use of CPS helped me to

ask questions in class. 0% 17% 43% 39% 0%
Table 6

Importance and frequency of student questions (n = 23)

Very Somewhat Not
Important Important Important
Participating (such as small group work or
asking questions) in this class was: 30% 52% 17%
Every Class Frequently Seldom
On the average in this class I asked
questions: 26% 22% 52%

One value of CPS is allowing the instructor to monitor attendance in the class. Two attendance-
related questions and their responses are shown in Table 5. Only one student disagreed that the
use of CPS was an incentive to improve attendance. The majority of students (95%) felt that
attendance was crucial for success in the class. A portion (5%) of the final grade in the class was
associated with student participation. Participation was partially evaluated by student attendance
and on-time arrival to the class. The CPS made it easy to evaluate these aspects of participation.

Table 7
Role of CPS in motivating attendance and value of attendance (n = 23)

Strongly Disagree Neutral Agree Strongly

Disagree Agree
The daily usage of CPS was an
incentive to improve my
attendance 4% 0% 22% 43% 30%
Attendance was crucial for
success in this class 0% 0% 4% 30% 65%

We made several other observations about the use of CPS:
1) Student grades correlated with their success at answering CPS questions.
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2) Only one student made a negative comment (“The CPS was distracting.”) about CPS on
anonymous instructor evaluations or in a verbal discussion about the cost and value of CPS.
Several students made positive comments about the CPS system.

3) Instructor evaluations improved slightly (from 3.8 to 4 out of 5) between the previous year’s
offering of the class without CPS and this offering. It is hard to attach significance to this result
because of the many confounding factors such as different class size, different textbook,
additional instructor experience, etc.

Our fourth hypothesis was that CPS would force the instructor to pre-plan questions and to plan
for questions at challenging levels. Prior to each class, the professor developed approximately
five questions to assess student opinions and understanding. The course teaching assistant and
CPS teaching assistant were provided information on how to categorize the questions according
to Bloom and subsequently they independently identified the level of each CPS question. The
instructional designer reviewed these categories in order to establish a reliable percent of
agreement for the coding of questions.

During the semester, a total of 113 questions were posed using CPS. On average, five questions
were asked during each class session. The following table identifies the percent of question types
presented during the entire system. The 13% of questions not accounted for in Table § are
opinion questions which often refer to questions that look at teaching strategies and are not
content-specific questions. In the case of opinion questions where instructor expectation could
influence student responses, students were encouraged to switch remotes so that the instructor
could not trace a response to a particular student.

Table 8
Semester Summary of Bloom Question Level Type

Knowledge Comprehension Application Analysis Synthesis Evaluation
21% 23% 16% 26% 0% 1%

It was the intent of the professor to challenge students with the questions and an effort was made
to ask questions representing the range of thinking skills. It is interesting to note, however, that
when it came to the highest order thinking skills (synthesis and evaluation) these questions were
difficult to create using CPS format. Questions that challenged students to synthesize and
discriminate and evaluate were posed during small group activities and on written assessments.
Open-ended questions are often used to generate class discussions and to get students to question
their assumptions. In this class, CPS questions were used to gauge student understanding and to
provide instructional information to the professor on how to proceed and whether or not to go
more in-depth or to re-teach.

Discussion and Conclusions

The results suggest that students were generally positive on CPS and encourage its use in ARE
346N. Although the student responses do not indicate that the histogram of results motivated
additional questions, there were several scenarios in which the results of CPS questions did
stimulate classroom discussion. An example is that questions where the majority of the class
selected an incorrect answer were often a sign to the instructor of a gap in student understanding
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and presented opportunities to discuss this material in more depth. This is consistent with the
findings of other CPS-related research.'’ Questions that most of the class answered incorrectly
were often repeated either immediately (where students had the benefit of eliminating one of the
choices) or in a different form on weekly quizzes. Students who followed the discussion in class
or went to the CPS web site tended to learn this material. Further, there were several occasions
when a student asked for clarification about a specific CPS question during the instructor’s office
hours; CPS helped these students understand what material they had not yet learned.

CPS can play a role in improving student learning. Using Chickering and Gamson?® criteria as

gauge of CPS’ role in student learning we found that:

1) The CPS did encourage student-faculty interaction when student generated questions
followed from CPS questions and when students sought clarification on CPS questions that
they did not understand in class.

2) When a large fraction of the class answered a CPS question incorrectly, students worked in
groups to find the correct answer. This encouraged student cooperation.

3) The CPS system provides prompt feedback.

4) The time actually spent in learning activities is often called “time on task” and when students
are responding to CPS questions, they are on task. Often the CPS questions give students
opportunities for reflection and investigation and the result is engaged students.

5) The histogram of CPS results generally showed the level of learning in the class and
indicated that students who were getting many answers incorrect needed to increase their
time studying class material or clarify the material with the instructor.

6) The variety of results, particularly on opinion questions about the class, showed students the
diversity of their peer’s opinions and the variety of learning desires.

One of the major benefits of CPS is that it allows the instructor to preplan questions to address
several different levels of Bloom’s Taxonomy. The process of generating and categorizing
questions for ARE346N, although time-consuming, illuminated the scarcity of questions at the
highest levels. The instructor compensated for this by designing homework assignments and
group projects to address the synthesis and evaluation levels. CPS also allows the instructor to
influence discussion in the class: there is some evidence'® that student-generated questions will
tend to be at the lowest levels without additional guidance. Fundamental to a successful
implementation of CPS is to think analytically about what purpose it serves. Given that CPS
format allows for multiple choice type responses, it may not be overly useful for open-ended
responses that are typical of the highest level of Bloom’s Taxonomy. If there can be multiple
answers or a single correct answer is not appropriate, then it seems likely that CPS would be
restrictive.

Despite the fact that we are positive on the use of CPS and will continue to use and promote it
for ARE 346N and other similar undergraduate engineering classes, we also have some
reservations about the system. Although no student indicated any problems with the costs
associated with the system, the faculty member (and the teaching assistants associated with the
course), and the FIC staff spent a considerable amount of time implementing CPS in the class.
The most time-consuming tasks were generating high-quality questions and analyzing the data
quickly enough to address student weaknesses and improve learning. Although subsequent uses
of the system will require smaller time expenditures, it does take more preparation time than
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traditional lectures. Another limitation of CPS is that it does not prepare students for non-
multiple choice exams (such as those used for ARE 346N). However, the value of motivating
students in the class and with the material, promoting active learning and participation, and
obtaining real-time data on student performance outweighs these concerns. Additionally, one
student submitted a comment on the class evaluation that indicated that the CPS remote was
distracting. Another student did not like the fact that the attendance and tardiness in the class
contributed to their participation grade (5% of the total grade). Conversely, three students
submitted comments that the CPS improved their understanding of the class material.

In the future we plan to broaden our use of CPS. We are currently using CPS in a limited way in
ARE 465 a capstone design seminar for which ARE 346N is a perquisite. By asking students
questions about the 346N material we can evaluate student retention of information and tailor the
material in 346N appropriately. Also, in future iterations of ARE 346N we plan on improved
integration of CPS software in the class to encourage more students to take advantage of a
valuable study tool. We are still finishing our evaluation of the data to determine how strong the
correlation is between student performance on CPS questions and student performance on related
quizzes and exams. We are also evaluating whether CPS technology is appropriate for students
of all learning styles. Decision makers considering adoption of this technology would also
benefit from controlled experiments comparing student learning from CPS to traditional lecture
methods.
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