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Abstract. Over the past eight years at McDaniel College, students’ Predictions for various Interactive Lecture
Demonstrations (ILDs) have improved markedly. One explanation is that students have become increasingly
sophisticated in their understanding of kinematics and dynamics. Another possible explanation is that the class as a
whole is only slightly more sophisticated, and during the Discussion Phase of the ILD the correct Predication is very
successfully transmitted within groups and between groups. The purpose of this paper is to support the proposition of
this possible explanation. To begin to address this idea, I present an overview of and results from a preliminary,
computer-based simulation of classroom discussion.
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INTRODUCTION
Since 2000, I have been teaching one section of
General Physics I each Fall at McDaniel College.[1]
This course is part of a calculus-based sequence and
the only introductory physics course offered at
McDaniel. As part of my instruction, I have included
Interactive Lecture Demonstrations (ILDs), which
are materials designed to improve understanding of
physics through cycles of prediction-observationresolution.[2] I will not describe the full
implementation of ILDs, but a presentation of some
background is necessary to put this paper in context.
A Demonstration begins with the instructor
performing a simple experiment, such as rolling a
cart along a track. After witnessing a Demonstration,
students make specific Predictions on their
Prediction Sheets. For the aforementioned
experiment, students would be directed to graph the
position and velocity of the cart as functions of time.
Once students have made their Predictions, they
discuss them with their classmates sitting nearby.
(Since 2000, the structure and character of this
discussion has gone unchanged in my class.) After
this Discussion Phase, the instructor elicits
Predictions from a few students, which are drawn on
the board by the instructor. The Demonstration ends
with the instructor repeating the experiment, but at
this point the data relevant to the Predictions are
collected in real-time by a computer and projected
for the students to see. Students copy the results on
their Results Sheets. The signed Prediction Sheets are

collected at the end of class or, if part of a booklet, at
the end of the term.
Since there will be a need to distinguish between
the number or percentage of correct Predictions
before and after the Discussion Phase, I will use the
following notation: Pc(0) refers to Predictions made
prior to Discussion, while Pc(f) refers to Predictions
made after Discussion
For the first few years students’ Predictions for
the various Demonstrations were expectedly varied;
Pc(f) was relatively low. As years passed, the number
of incorrect Predictions offered at the end of the
Discussion Phase decreased (which means Pc(f)
increased), and in some cases, incorrect Predictions
were entirely absent. To confirm these trends, I
analyzed students’ Prediction Sheets for three ILDs.

ILD DATA AND ANALYSIS
I analyzed students’ Prediction Sheets for the first
three ILDs of the term: one-dimensional kinematics
and dynamics and Newton’s Third Law. I limited my
analysis to Predictions with easily categorized
responses (correct or incorrect). Graphical and “YesNo” responses fit well into this group, and these
types of responses constituted the vast majority on
these ILDs. First, I grouped all these Predictions
together (“Overall”). Later, I labeled as “Difficult”
Predictions which, in 2000, fewer than 50% of the
students answered correctly. There were roughly
seventeen Predictions Overall and roughly seven
Difficult ones. (“Roughly” because in some years

time constraints prevented completion of the entire
ILD.) Results are in Table 1. There is a clear and
markedly upward trend in Pc(f) in both cases.
Table 1. Percentages of correct ILD Predictions–Overall
and Difficult items–and statistics for the best-fit line to
the data
Year
Overall: Pc(f) % Difficult: Pc(f) %
2000
56.5
39.6
2001
66.7
45.9
2002
72.8
63.3
2003
72.1
58.5
2004
76.0
60.0
2005
83.1
73.1
2007
81.3
74.6
Best-fit line
Slope
3.4±0.7 %/year
4.9±1.0 %/year
R2
0.83
0.84

THE QUESTION
Given the observed trend in Pc(f), one may
postulate several mechanisms accounting for all or
part of this phenomenon. A simple explanation is
that students’ level of understanding became
increasingly sophisticated. Regrettably, I have no
relevant diagnostic test results to analyze. Apart from
this reasonable explanation, there is another, more
subtle, possibility. Students finalize their Predictions
only after they have discussed them with their peers.
It is conceivable that Pc(f) depends, perhaps quite
strongly, on Pc(0) as well as on the character of the
discussion. So the question becomes: To what extent
is Pc(f) influenced by Pc(0) and by the nature of the
interactions during the Discussion Phase?

MODEL OVERVIEW
To investigate this question, I endeavored to
roughly simulate the influence of Pc(0) on Pc(f), as
well as the effects of intra-group and inter-group
discussion. To do so, I developed a computer model
using Stella®.[3] This program is marketed primarily
for researchers modeling biological systems;
however, it holds no intrinsic assumptions preventing
application to sociological systems.
This preliminary article covers only a broad
overview of the model. I start with an introduction to
terminology. In the context of the model, the word
“idea” represents Px(t). Ideas are either 1 or -1,
correct or incorrect. Some may find this reductionist
approach sophomoric. However, remember, this
simulation models what students write on their
Prediction Sheets, which is considerably less
amorphous than thoughts. Next, “communication”
models real-world communication occurring during

the Discussion Phase, including talking, gesturing,
and illustrating. Finally, when communications fail
to change the ideas of the members of a group, that
group is “content,” and further communication is
deemed unwarranted.
There are three layers to this model. First, the
student; then the group, composed of three students;
and at the top, eight groups constitute the class. The
simulation begins by assigning each student an idea.
Students then communicate ideas to group members.
These communications occur one at a time (although
interruptions occur) for varying lengths of time and
intervals. By receiving ideas, students may change
their ideas. Additionally, simply communicating may
shift the communicator’s idea. After some
discussion, students within a group settle on their
ideas, and the group becomes content. At this point,
they eavesdrop on communications amoung students
in the two neighboring groups. When a student
overhears an idea from another group that shifts that
student’s idea, that new idea is communicated to the
group. This begins a new round of intra-group
communication; however, communications will
generally be fewer because the threshold for
“contentness” will be lower. Additionally, while a
group is content, or not, an individual’s idea may
spontaneously shift so that the student will want to
communicate it to the group. If this happens when
the group is content, it shakes them out of their state,
and communication renews. Like before, the
contentness threshold is lowered.
How are all these interactions mediated? As the
simulation commences, the program randomly
assigns each student an idea state: 1 or -1. I have
assigned certain probabilities to all interactions. For
example, if a student with an incorrect idea is
communicated a correct idea, there is a modestly
high probability the receiving student will change
idea states. Conversely, a student with an incorrect
idea who is communicated another incorrect idea is
unlikely to change to a correct idea. Inter-group
communication impacts students’ ideas as intragroup communication, although the probabilities of
conversion are lower. And the model incorporates
internal mechanisms for individual state shifts, which
are also dictated by probabilities.
Activities of students interacting with other
members of their group is controlled at the group
level of the model. Such activities include
determining who speaks, when, and for what time
interval, and how long it takes a group to become
content. Again, at every instance in the simulation all
of these are determined probabilistically.
To give the reader a sense of the structure of the
model, Figure 1 holds a screen capture of one group
of students in the Stella modeling environment.

A single group of three students in the Stella model

to bracket extremes of classroom interaction: no
discussion between groups versus rich inter-group
discussion. In each of these modes, I ran the model
through fifty simulations for each initial condition.
The two figures below, Figures 2a and 2b, depict the
aggregate results of the 1250 simulations generated
by the model for each mode.
Inter-group discussion: NO
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(solid line simply connects the points)
Mode for each initial condition (dashed line
simply connects the points)
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A reasonable question to consider at this point is,
“Just how does one determine said probabilities?” I
admit to not having a solid experimental basis from
which to draw the probabilities for the fourteen (not
completely independent) parameters incorporated
into the model. That said, I do have a significant
amount of exposure to the group of students in the
specific circumstances that I have attempted to
model. As such, I feel reasonably certain that the
probabilities for the various interactions and
activities lie within reason. At all times, I erred on
the side of caution, modeling probabilities
conservatively so as to avoid inflating results. All of
the parameters and their descriptions are listed in
Table 2 in the Appendix.
Although the model obviously generated
numerical results, for now I can permit myself to be
concerned with no more than general trends. At this
point, think of this investigation as more akin to a
proof-of-concept project. The intention is for this
preliminary work to support the proposition of my
question, not to provide conclusive evidence for a
particular explanation.

MODEL RESULTS
I designed the model so I could manipulate the
initial condition, Pc(0), which, when combined for
the class, ranges in integer values from zero to
twenty-four. (This corresponds to the twenty-four
students in the model). I ran the model in two modes
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Figure 2a. This graph presents results of the simulation in
which students communicated with students in their group.
Inter-group discussion: YES
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Figure 1. This screen capture displays all of the objects
that enter into the simulation of a single group of three
students. Lines entering the figure that attach to circles
represent parameter inputs outlined in the Appendix. Other
lines entering the image connect this group and the two
adjacent groups of students.
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Figure 2b. This graph presents results of the simulation in
which students communicated with their group members
and the two groups adjacent to their own group.

The above graphs require some explanation. The
diamonds represent the average value of Pc(f) for
each Pc(0). (Again there are fifty data points
contributing to the average for each initial condition.)
The straight, dashed line is the best fit line to the
averages for the first six points only. The ×’s
represent the mode value of Pc(f) for each Pc(0). For
convenience, I included additional solid and dashed
lines to connect the averages and modes,
respectively. The gray areas indicate where the
middle 67% of the data lies for each initial condition.
Again, the initial conditions are discrete; the gray
area is continuous only for ease of presentation.

MODEL ANALYSIS
AND LOOKING FOWARD
In the model, discussion generally had a positive
influence on Pc(f). Additionally, permitting students
to interact with other groups sharply increased Pc(f).
Finally, when Pc(0) is low, the effects of discussion
are greatest.
Working backwards with some information in
Table 1 is quite illuminating. Focusing on results for
“Difficult” items, Pc(f) lies somewhere between nine
and ten students (out of twenty-four) in 2000. The
average values from both simulations imply that only
about three people may have initially conceived the
correct Prediction before the Discussion Phase. In
2007, Pc(f) hovered around twenty students. Again
working backward, the model with no inter-group
discussion suggests that only about fourteen people
came up with the correct Prediction on their own.
The model with inter-group discussion (which is
more like the environment my students experienced
throughout all the ILDs over the years), suggests that
Pc(0) may be fewer than seven people. The change in
Pc(f) from 2000 to 2007 was ten or eleven, but the
change in Pc(0) may have been fewer than four!
Again, I do not want to seem willing to place
undeserved emphasis on the numerical results from
these simulations. The above examples are intended
only to help the reader understand what the model, at
this stage, predicts. Nevertheless, there is a lesson
here: small shifts in a class’s initial knowledge state
could be greatly amplified by discussion. Instructors
should avoid rushing to modify pedagogy based on
the number of correct responses held by students

after discussion. Widespread agreement may be the
result of such discussion, so jettisoning that
discussion could be detrimental. Additionally,
apparent consensus on any attractive idea (correct or
otherwise) may not truly reflect a wider range of
beliefs held by individual students.
Looking ahead, I recognize the necessity for tying
this work to the larger body of literature, as other
investigators surely have insights into modeling
complex interactions. Also there is room for field
research. Specifically, I could more closely monitor
student interactions in class, which would help me
design a richer model and focus on more appropriate
values for parameters already in the model.
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APPENDIX
Table 2. This table lists model parameters, their descriptions, and values for the simulation results shown above.
Parameter name
Value
Description
LAYER 1: STUDENT
The probability of a state change when a student…
C turns I to C
0.5
with an incorrect idea is communicated a correct idea
C turns C to I
0.005
with a correct idea is communicated a correct idea
I turns C to I
0.02
with a correct idea is communicated an incorrect idea
I turns I to C
0.005
with an incorrect idea is communicated an incorrect idea
C to I self
0.01
communicates a correct idea
I to C self
0.025
communicates an incorrect idea
C spy turns I to C
0.2
with an incorrect idea is communicated a correct idea by a student outside the group
I spy turns C to I
0.008
with a correct idea is communicated an incorrect idea by a student outside the group
random change from I to I 0.005
spontaneously shifts from one incorrect idea to another incorrect idea
LAYER 2: GROUP
Establishes the…
contentedness kernel
8
threshold for when groups initially become content
windedness kernel
5
average time interval for each communication
inactivity
4
average time interval between communications
LAYER 3: CLASS
ratio init correct
variable The probability that any student will have an initially correct idea
spy toggle
1 or 0 Activates or deactivates communication between groups

