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Abstract

This paper describes the employment of a Personal Response System (PRS) during a Decision
Analysis course for Management Information Systems (MIS) students. The description shows
how the carefully designed PRS-based questions, the delivery, and the follow-up discussions;
provided a context for eliciting and exercising central concepts of the course topics as well as
central skills required for MIS majors. A sample of PRS-based questions is presented along with
a description for each question of its purpose, the way it was delivered, the response rate, the re-
sponses and their frequencies, and the respective in-class discussion. Lessons from these findings
are discussed.

Keywords: Personal Response Systems, Clickers, Quantitative methods for decision analysis,
Decision Trees, Modeling

Introduction

Personal Response Systems (PRS) are technologies that enable students to instantly respond to
posed questions using a computer or some end user device. PRS is one of several terms used to
describe technologies for collecting audience responses. Some of the other terms in use are click-
ers, polling systems, electronic voting systems, and group/ audience/class response systems. A
PRS can receive participants’ responses and can provide a representation (or several) of the col-
lected data. Instructors in variety of disciplines are increasingly using PRS to increase participa-
tion, engagement and learning (See for example, Beatty & Gerace, 2009; Mareno, Bremner, &
Emerson, 2010). The use of such systems for education requires respective instructional design
regarding the choice and phrasing of the questions, the timing, the frequencies, the representation
and presentation of the collected data, further adaptation of instructional interventions according
to the collected data, and more.

In line with the assumption that the employment of a PRS should reflect the course goals (Or-
Bach, 2014), this paper focuses on the
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Personal Response System

and misconceptions. The respected analysis can then be presented for triggering reflection pro-
cesses and thus refining students’ understanding.

Courses dealing with decision analysis can have different flavors. Some courses emphasize a de-
scriptive view of human decision making behavior, while others emphasize mathematical model-
ing. Our course deals mainly with quantitative methods for decision analysis and with decision
analysis under uncertainty. The course presents also some psychological aspects of probabilistic
thinking and human decision making in order to make students aware of respective known biases.
Because the course tends to be technical and involves mathematical procedures, it seemed im-
portant to keep the focus on modeling approaches, concepts, context of use, etc. The idea was not
to have the students “sink” in the computations, but see the purpose and potential use of the dif-
ferent techniques. We tried also to utilize the course for developing and exercising problem solv-
ing skills along with some soft non-technical skills that are considered important for MIS gradu-
ates (Lavy & Yadin, 2013). This course seemed a good opportunity for developing such skills in a
context of business-like problems that have real-life flavor including uncertainty, additional re-
quired data, need for explicit explanation of the rationale for the decision, etc. The way the course
was designed seemed a good context for exercising rigor, logical and resourceful thinking; and
for exercising the generation and phrasing of convincing and understandable explanations for the
decision making process and result. These communication skills are important for MIS graduates
and are required for team work as well as for effective user-centered design. A course on decision
analysis is also a context for developing and exercising modeling skills. Modeling is an essential
capability for MIS graduates whether as part of a programming task, for modeling a business
problem or process, and for modelling additional tasks required within the development process
of an information system. The use of decision trees is also an opportunity to show and discuss
with the students the power of diagramatic representations for modeling (Bredeweg & Forbus,
2003), for decision making (Lurie & Mason, 2007), and for problem solving (Larkin & Simon,
1987; Moreno, Ozogul, & Reisslein, 2011). In our course we tried to use or add diagrammatic
representations, on top of the required use of decision trees, whenever it was appropriate. The
benefits of using diagrams in the related topics of conditional probability and posterior probabil-
ity were investigated and discussed in several studies (Beitzel & Staley, 2015; Clinton, Alibali, &
Nathan, in-press).

The following sections include a review on personal response systems for learning, a description
of the main characteristics of the Decision Analysis course, and a description of the study goals,
tools, and findings. The paper concludes with a summary and discussion section.

Personal Response Systems for Learning

Personal Response Systems have potential benefits for both teachers and students (Simpson &
Oliver, 2007). For the teachers, they provide immediate feedback about the student learning pro-
cess and allow the teacher to gauge the overall comprehension of the concepts involved in the
material. For the students, it can be effective for engagement in class activities, for promoting
interactions among students, for receiving immediate feedback, and for facilitating the active par-
ticipation of students in the learning process by discussing the different answers given to the
questions.

Even though researchers raise the questions whether it is a “teaching innovation or merely an
amusing novelty” (Lantz, 2010) and whether it is “empowering or compelling reluctant participa-
tors” (Graham, Tripp, Seawright, & Joeckel, 2007); still most research about the use of PRS in
class deal with the empowering potential. For example, studies deal with supporting critical
thinking (Molborn & Hoekstra, 2010), with promoting the acquisition of advanced reasoning
skills (DeBourge, 2008), with facilitating the development of problem-solving skills (Levesque,
2011), and with influencing metacognition (Brady, Seli & Rosenthal, 2013). This empowering
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use spans a variety of subject matters in higher education like Biology (Crossgrove & Curran,
2008), Computer Science (Fan & van Blink, 2006), Sociology (Molborn & Hoekstra, 2010) and
Information Literacy (Stagg & Lane, 2010). Some studies also examined the learning gains as
manifested in the students’ scores. Bojinova and Oigara (2011) found no significant difference in
the class mean final examination scores for students taught with clickers (treatment group) com-
pared to those taught in a traditional class setting (control group). However, the range of final
exam scores and final course grades were smaller for the class with clickers compared to the class
without clickers. Majerich, Stull, Varnum, and Ducette (2011) found that on average, students
who participated in clicker episodes achieved significantly higher scores on the cumulative final
examination compared to the other group. Regression analysis was used to control for differences
among the students and to quantify the effect of clicker use. The regression results indicated that
controlling for all of the entered variables, for every one more clicker episode the student re-
sponded to, the final grade was raised by 1.756 points. An interesting finding was that how well
the student did on these “clicker quizzes” never proved significant in the regression analyses.

Researchers attribute the success of PRS to the fact that it provides a context for active learning
and that questioning provokes deeper cognitive processing in the learner, which in turn results in
better learning (Campbell & Mayer, 2008). The immediate feedback can serve as a motivating
factor in focusing student attention and allowing opportunities for review and reflection (Gauci,
Dantas, Williams, & Kemm, 2009). Martyn (2007) mentions two important key features that dis-
tinguish the use of PRS from active learning that employs questions and discussion in class. PRS
use provides a mechanism for students to participate anonymously, and it integrates a “game ap-
proach” that has the potential to engage the students even more than traditional class discussion.
The latter fits well with the current research regarding the benefits of gamification (Dominguez Et
al., 2013).

Blasco-Arcas, Buil, Hernandez-Ortega, and Sese (2013) developed a conceptual framework,
based on quantitative analysis, to explain the positive effects and benefits of clickers in enhancing
student learning performance. They suggest that student perceptions of the interactivity with
peers and with the teacher that result from using clickers promote active collaborative learning
and engagement, which ultimately leads to enhanced learning performance.

What should be added to this framework is the elements of instructional design that address the
design of the questions along with the timing for presenting them. Any evaluation, whether form-
ative or summative, forwards a message (usually implicitly) to the students what are the main
issues of the topic on hand. The use of the PRS-based activities has the potential to focus the at-
tention of the students to the main concepts and skills. It is important to design the PRS-based
activities so that they are spread in a way that enables this focusing goal and also that the PRS is
not overused because it might lose its potential for engagement. In this paper we try to demon-
strate how the specifics of the course influenced the employment of the PRS-based learning activ-
ities to enhance the above processes for better learning.

SMS-HIT (Kohen-Vax, Ronen & Bar-Ness, 2012) is a personal response system based on mobile
devices for SMS and web response provision. The system that was designed for teaching purpos-
es enables the instructor to prepare and enact personal response activities in actual instructional
setting for any subject domain. Readymade activities are stored in a repository and could be later
on copied, modified and reused. The various types of responses along with the respective pro-
cessing and presentation, provide opportunities to adapt the activity to the instructional context as
characterized by the course, the topic (and a specific sub-topic), stage in the course, students
(number, previous knowledge and other characteristics), pedagogical strategy, and more. The
SMS-HIT system was used in our study for several types of in-class activities based on multiple
choice questions as well as questions that require open — short free text answers.
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The Decision Analysis Course — Main Characteristics

Courses on decision analysis largely differ in their content and instructional methods. The Deci-
sion Analysis course is a mandatory course during the third year in our undergraduate program of
the Management Information Systems department. Topics of the course include decision analysis
(a decision tree model and its analysis), linear optimization, and a bit on biases in human decision
making. We consider it an important course for MIS students especially because of the modeling
activities that are the main emphasis of the course. Powell (2001) advocates the importance of
teaching modeling in management science. He argues that the heart of Management Science itself
is not the impressive array of tools that have been built up over the years (optimization, simula-
tion, decision analysis, queuing, and so on) but rather the art of reasoning logically with formal
models. He calls for the teaching of basic modeling skills to business students and we believe that
it is even more important for MIS students that should employ modeling skills for even broader
range of tasks.

The course is conducted in a computer lab in order to enable in-class exercises that use Excel for
modeling activities. Excel “What if” tools and the Solver analysis tool are used for problem solv-
ing and decision making. Instructors of management science advocate the use of spreadsheets in
management science for developing models and for developing decision support systems (Rags-
dale, 2001) and also for engaging students in the learning process (McCloskey & Busson, 2013).

All the problems that the students encountered for the modeling activities were with the flavor of
real-world problems, most of them resembling problems that a business manager might encoun-
ter.

The PRS was used in most of the sessions, sometimes more than once but with an attempt not to
use it too often. The PRS questions were used to invoke further thinking and reflection for the
individual students and to trigger discussions in class regarding the responses. The resulted dis-
cussions were expected to promote understanding regarding concepts and processes as well as to
illuminate misconceptions. Questions that were designed to trigger prior knowledge, especially
with regard to probability concepts, were administered before the respective learning materials.
Other questions were administered after the students were presented with worked-out examples.
The questions included a remarkable portion of open questions where the students were expected
to generate an answer and not just choose from given alternatives. Some of the questions were
numerical, such as calculating the expected monetary value for the preferred decision, or finding
the optimal solution for a given linear programming problem. Other open-ended questions were
text-based, where students had to state the meaning or interpretation of the solution, such as a
result of sensitivity analysis. The ability to explicitly explain the solution was an important goal
of the course and of the use of the PRS. Such responses can illuminate students’ conceptions as
well as students’ ways of thinking and thus enable the instructor to produce instructional interven-
tions that will promote learning processes. The PRS-based questions were designed with the goal
to provide an optimal context for eradicating misconceptions and for reinforcing appropriate con-
ceptions, skills and problem-solving habits.

Procedure of the Study

The goal of the study was to investigate how the use of the PRS enabled the elicitation of stu-
dents’ misconception or knowledge gaps to better adjust the teaching. Better adjusting the teach-
ing means in this case enhancing the understanding of the learning materials as well as triggering
and exercising the more general skills described in the previous section.

Sixty students took the course and participated in the study. All the students did not have any pre-
vious exposure to the use of PRS in class. The specific PRS that was used in this study has a
standard web-based interface and it is very easy to use. The students are MIS students, so no
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technical problem was expected with regard to the PRS use. The students studied in two random-
ly assigned groups to fit the size of our computer labs. The two groups could have provided an
opportunity for a controlled comparison study regarding the PRS use, but this was not our goal.
We did not want to prevent one group from using a tool that might promote learning and we
wanted to explore the use of the PRS in the Decision Analysis course and extract as much as pos-
sible information for improving the immediate instructional process as well as for future im-
provements of the course.

The PRS questions included multiple choice questions as well as ones that required short free-text
responses. Several content-based types of questions were designed and were administered to the
students in class:

1.

Questions that relate to prior knowledge. These questions dealt with probability notions
that are required for decision making under uncertainty and should be applied during the
course section on decision trees. The questions were designed in order to make students
re-think about what they had learned during the Probability course, but in a qualitative
versus quantitative way. These are two examples:

a. A and B are two events on a probability space. Is it possible that the probability
of the intersection of these events will be greater than the probability of A?
(Yes/No)

b. A and B are two events on a probability space. Is it possible that the probability
of A given B will be greater than the probability of A? (Yes/No)

Questions about the contribution of the modeling tool to the process of understanding and
defining the problem. An example: “From your experience in the course, did the process
of constructing a decision tree help you to understand the given problem?” (Didn’t
help/helped a little/helped/helped a lot)

Questions requiring explanations for intermediate values in the problem solution. An ex-
ample is “what is the meaning of the value attached to the marked node in the decision
tree?”

Questions regarding the definition and phrasing of the solution to a given decision prob-
lem. These questions were designed to stress the fact that the various calculations are
conducted for aiding the decision process; they are not the goal or the solution. Some of
the expected solutions were actually a policy that involves sequential decisions to be
clearly stated in the solution. An example is an open question “what decision would you
recommend for the engineer problem?” (based on a given problem of an engineer that has
several development options with uncertain consequences and uncertain repair options)

Questions that deal with the effect of the decision framing and other known biases. An
example is a question used by Tversky and Kahenman (1983) to discuss biases in proba-
bilistic thinking (and thus in decision making). “Linda is 31 years old, single, outspoken
and very bright. She majored in philosophy. As a student, she was deeply concerned with
issues of discrimination and social justice, and also participated in anti-nuclear demon-
strations. Which of the following is more probable: a. Linda is a bank teller; b. Linda is a
bank teller and is active in a feminist movement.”

The analysis of the free text responses was conducted during the class break or after class and
was presented later in class for follow-up discussion.
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Findings of the Study

This section describes the findings of the study accompanied with some interpretations and dis-
cussion. The findings are based mainly on students’ responses to a sample of questions presented
in class and delivered by the PRS. It should be noted that the specific PRS that we used preserves
anonymity, a fact that has its advantages and also its pitfalls. The anonymity might encourage
students to respond even when they are not confident about the answer but it also limits the in-
structor’s ability to track students that even don’t try to produce an answer. So for the more com-
plex questions the answer rate was not high. The findings are mainly from the first part of the
course (about half the course), a part that dealt with modeling and particularly with the use of de-
cision trees for problem definition and for decision making.

The findings will be presented according to the categorization that was described in the previous
section. For each category we will present the findings from the representative examples (as de-
scribed in the categorization) and also present the follow-up instructional intervention. The find-
ings exhibit the students’ conceptions and misconceptions to enable better adaptation of the
course and enable further improvements. The description of the follow-up instructional interven-
tions illuminates the benefits of employing the PRS questions in class. The PRS-based questions
provide a context for enhancing understanding as well as for enhancing additional important cog-
nitive and meta-cognitive skills.

1. Questions that relate to prior knowledge. For the question regarding the intersection of
two events 47 students responded, 34 (72%) of them gave the correct answer. For the
conditional probability question 44 students responded, but only 20 (45%) of them gave
the correct answer. Students complained that they did not remember the respective for-
mulas, and this became a good opportunity to guide them in using cognitive aids such as
diagrams and such as the construction of relevant concrete examples instead of trying to
retrieve a formula. Such cognitive aids are useful also for the student’s self-evaluation of
their generated answers.

2. Questions about the contribution of the modeling tool to the process of understanding and
defining the problem. For the question about constructing the decision tree diagram, 25
students responded and the distribution of responses was as follows: 2 (8%) students
chose “Didn’t help”, 4 (16%) chose “Helped a little”, 10 (40%) chose “Helped”, 9 (36%)
chose “Helped a lot”. Even though most of the students that responded appreciated the
aid of the constructing the decision tree for understanding the problem, this was an op-
portunity to stress for all the students (including those that did not respond) again the idea
that constructing a model is an iterative process and that external representations such as
diagrams can be very helpful.

3. Questions requiring explanations for intermediate values in the problem solution. The
goal of such questions was to make students aware of the exact meaning of the values
produced by the employment of the rollback method (folding back the decision tree). The
representative example question presented a solved decision tree for a given problem
with expected monetary values attached to the nodes after employing the rollback meth-
od. The students were expected to state in their own words what the value of a specific
marked node expresses. There were 39 responses and the students’ responses showed a
great difficulty in defining the meaning of the specific value. Some just wrote the value,
others explained the type of node (decision node versus a chance node) ignoring the issue
of the value. Several students wrote “expected monetary value” without stating of what,
again avoiding the exact context of the marked node. Other answers that avoided the con-
text of the marked node addressed the overall solution (the optimal decision). This was a
good context to revise and stress the issues of precision and exact meaning on top of un-
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derstanding the mechanism of the rollback method. The precise phrasing was stressed as
promoting the student’s understanding of the decision making process, as well as ena-
bling better communication with potential clients that require the decisions.

4. Questions regarding the definition and wording of the solution to the decision problem. In
the representative example for this type of question, the expected answer was a policy
that states a sequence of decisions. Only 21 students answered this question, which might
indicate that it was difficult for the students to find the optimal decision and to express it
in their own words. Nine responses (43%) stated the expected monetary value for the op-
timal decision without mentioning what is the respective decision. Two responses (9.5%)
were values, but it was not clear how they were calculated and what they stand for. Eight
responses (38%) stated the optimal initial decision but not the ones that should follow ac-
cording to the future conditions. Two responses (9.5%) stated the optimal initial decision
with some not very successful effort to describe a policy. This again was a good context
to stress the role of the decision tree for such problems and the usefulness of the decision
tree for communicating clearly the problem and its solution to both clients and col-
leagues.

5. Questions that deal with the effect of the decision framing and other biases. These find-
ings are actually from the same course, but from the previous year because this topic was
not addressed yet during the current course. The students were required to answer based
on the “Which of the following is more probable: a. Linda is a bank teller; b. Linda is a
bank teller and is active in a feminist movement.” The total number of responses was 31;
17 students (55%) chose answer “a” and 14 students (45%) chose answer “b”. The re-
sults of this voting were presented to the students graphically via the bar diagram pro-
duced by the software. It was a good context for bringing up the respective probability
concepts and rules and confronting students with their violation of the probability con-
junction rule. This confrontation in a course that emphasizes probability calculations for
decision making encourages students’ reflection processes and adheres nicely with the
course learning goals. It served as a context to discuss how humans can be biased by the
way a problem is presented.

Conclusions

The initial goal of using a PRS in class, as reported in the literature, is to engage the students. The
design of the PRS questions as well as the context of delivering them, the follow-up activities etc.
shape the potential benefits of using a PRS in class. The examples presented in this paper were
chosen to show how the PRS use reflected the flavor of our Decision Analysis course. As stated
in the introduction of the paper, courses dealing with decision analysis can differ in emphasis and
flavor. Such courses for students with mathematical background and orientation tend to be tech-
nical and emphasize calculations, or at least this is what the students experience. In our course we
tried with the PRS use to make students aware of modeling approaches, see the purpose of the
different techniques and be able to explain explicitly the meaning of solutions they generated for
given problems. This was the reason for including open-ended questions that trigger discussions
on respective interpretations. The participation rate provides some indication of students’ en-
gagement, even though there might be students that gave some thought to the presented question
and still chose not to respond. The fact that the response rate in our study was lower for the more
difficult questions might be evidence for this behavior. The participation rate for the various
questions in our study was between 35% and 90%, which is no doubt better than what usually
happens in class when the instructor asks a question and one student says the answer out loud
while the others have only started to think about it. Because by using the PRS more students are
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already engaged with the problem details and their own way for approaching the solution, the in-
class discussions are much more productive for them and for the whole class.

The benefits of employing the PRS during the course were exploited and exhibited mainly in the
follow-up discussions and activities, as experienced by the instructor, but the actual responses
enabled this learning process. In the description of the findings in the previous section we tried to
demonstrate this. The questions, the responses and the follow-up instructional activities enabled
the practice of reflection, critical thinking, estimation, use of cognitive aids (such as visualiza-
tion), precision (in wording, not just in calculations), and communication (for appropriate expla-
nation to the clients). The fact that the questions that required generation of free text explanations
to the solution were so difficult for the students with high rate of incorrect or incomplete answers
stresses the need for practicing the communication of the problem-solving process and results.
The questions, responses and follow-up discussions were also a context for dealing explicitly with
skills of problem analysis and problem solving, and with modeling skills. Willemain (1994, 1995)
investigated expert modelers in operations research and found that these experts did not focus
narrowly on building a model but kept in mind the broad context in which the model would be
used. The experts considered issues like where useful data can be found and whether the client
could understand the model being developed and act on its results. Beside the practice of the
above mentioned important skills, the PRS-based activities were certainly a context for practicing
the course topics.

The information gathered by the PRS-based activities is instrumental for the formative evaluation
of the course as well as for the future employment of the PRS in the course.

The plan for a future study is to examine the contributions and interplay between immediate
feedback and delayed feedback. The use of PRS is often recommended because of the immediate
feedback that can be provided (Yourstone, Kraye, & Albaum, 2008). In our course we intention-
ally choose a PRS that enables also the use of short open-ended (free text) responses along with
the use of multiple choice questions. In the case of open-ended responses, to produce a meaning-
ful feedback that stimulates a relevant class discussion, there is a need for further processing of
the responses before showing the results and/or providing feedback. We tried to do this pro-
cessing during the class break in order to provide a feedback that is not immediate, but still in a
time range that the context is not forgotten. It might be interesting to investigate the tradeoffs of
immediate and delayed feedback, as well as the instructional advantages of a delayed feedback
that might stimulate further reflection.
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