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Abstract— This paper describes results from a project in an
undergraduate engineering physics course that coupled
classroom use of interactive computer simulations with the
collection of real-time formative assessment using pen-enabled
mobile technology. Interactive simulations (free or textbook-
based) are widely used across the undergraduate engineering
curriculum to help actively engaged students increase their
understanding of abstract concepts or phenomena which are not
directly or easily observable. However, there are indications in
the literature that we do not yet know the pedagogical best
practices associated with their use to maximize learning. This
project couples student use of interactive simulations with the
gathering of real-time formative assessment via pen-enabled
mobile technology (in this case, Tablet PCs). The research
question addressed in this paper is: are learning gains achieved
with this coupled model greater for certain types of learners in
the undergraduate engineering classroom? To answer this, we
correlate learning gains with various learning styles, as identified
using the Index of Learning Styles (ILS) developed by Felder and
Soloman. These insights will be useful for others who use
interactive computer simulations in their instruction and other
adopters of this pedagogical model; the insights may have
broader implications about modification of instruction to address
various learning styles.
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1. INTRODUCTION

Explorations of new pedagogical models have many facets
and produce rich insights into how engineering education can
be enhanced and invigorated. In a two-semester study, we
have been investigating the effectiveness of coupling two
paradigms based on active learning strategies and constructivist
learning theory: using computer simulations and gathering real-
time formative assessment. To accomplish this, each student
used a single, pen-enabled mobile device. Elsewhere, we
describe emerging evidence of the effectiveness of this
coupling in undergraduate engineering physics [1] and
chemical engineering [2] courses.

However, the intriguing tangential question we consider
here is: are the learning gains achieved when this model is
implemented greater for engineering students of particular
learning styles? It could be hypothesized, for example, that this
learning activity, based on a visually-rich experience and
hands-on manipulation of variables, is more clearly aligned
with some learning style preferences and therefore might be
more successful for certain students (e.g., visual, sensing, and
active learners) than others.

II.  BRIEF DESCRIPTION OF THE COUPLED MODEL

The coupling of interactive simulations with real-time
formative assessment will hereafter be referred to as “the
Coupled Model.” In this case, the coupling was implemented
using one Tablet PC per student, but other types of
increasingly available and increasingly affordable pen-enabled
mobile devices could accomplish this as well. Thus the
coupled model is economically feasible using devices provided
by the institution or the students themselves.

Many engineering educators use interactive simulations
(ak.a. “sims,” “applets,” etc.) to help actively engaged students
better understand abstract concepts or phenomena which are
not directly or easily observable. There are abundant free,
high-quality, web-based simulations available online, even for
advanced engineering topics, and others are available in
association with engineering textbooks. However, as we
examine pedagogical best practices for implementing the use of
these to enhance learning, shortcomings have been identified
with teacher manipulation of the simulations [3], with
independent student exploration of the simulations [4], and
with more precise (“cookbook™) direction of student
exploration [5]. It seems that students need skillful guidance
from the instructor as they use interactive simulations to
discover insights, and careful monitoring as they draw
conclusions about new principles and abstract concepts they
investigate.



Both of these needs can be met by gathering real-time
formative assessment. This cornerstone of constructivist
learning is most effective when students respond to open-
format (vs. multiple choice) questions, as higher levels of
thinking can better be probed and richer insights into student
thinking can be achieved. The questions asked for this
assessment provide a vehicle for actively engaging students
with the course content in the context of the interactive
simulation, optimizing use of class time, and increasing student
metacognition. Perhaps most importantly in the Coupled
Model, these questions can guide learning through timely
scaffolded questioning and feedback, helping students to attain
a more mature understanding of difficult concepts.

Previously, gathering real-time formative assessment to
open-format questions on a time scale that made it meaningful
was a daunting task [6]. Socrates did it successfully with a
small group of students, but most contemporary engineering
instructors do not have that luxury. However, we have
developed and maintain InkSurvey. This free, web-based
software allows students equipped with pen-enabled mobile
technology to use digital ink to respond with words, diagrams,
graphs, equations, proofs, etc. to open-format questions posed
by the instructor. The instructor, receiving these responses
instantaneously, has unprecedented real-time insight into
student thinking and can reinforce correct understandings and
modify misconceptions on the most immediate of time scales.
There is other software, both free and commercially available,
that will facilitate this, but we chose InkSurvey since it is
designed specifically for this purpose and has been used
successfully in classes with enrollments exceeding 60 students.
An additional feature of this use of technology is that a single
device in the hands of the student can be used for both the
interactive simulation and the construction of the response; this
adds to its pedagogical appeal [7].

III. LEARNING STYLES

Over the past few decades, the study of human learning
styles has emerged as a well-established field within the
discipline of cognitive psychology. Although many different
assessments of student learning styles have been used
effectively in investigating how engineering concepts and skills
are learned [e.g., 8-10], we utilize the widely accepted [11]
Index of Learning Styles (ILS) developed by Felder and
Soloman [12, 13]. This instrument’s roots are in engineering
education and it is available for free online [14]. This
inventory and the awareness of various student learning styles
that it stimulated impacted engineering education. Indeed, by
2000, leaders in engineering education considered identifying
and teaching for various learning styles to be of great
importance in improving the classroom environment in
undergraduate engineering classes [15].

Based on responses to 44 items in the ILS questionnaire
(each one forcing the students to choose between two
alternatives), every student’s learning style can be placed
somewhere along each of four continua. These reflect the
preferred way the student perceives information (sensory vs.
intuitive learning style), how sensory information is most
effectively perceived (visual vs. verbal learning style), how the

student processes information (active vs. reflective learning
style), and how the student progresses toward understanding
(sequential vs. global learning style).

Previous studies indicate that certain learning activities are
more effective for engineering students with particular learning
styles. For example, when a process control course in electrical
engineering was redesigned to introduce active, collaborative
learning and to increase student exposure to real-life problems,
including the use of advanced computer simulations,
researchers found significantly greater learning gains were
achieved by students with “active” and “global” learning styles
[16].

IV. PROCEDURE

The goal of the course targeted for this study, “Advanced
Physics Laboratory 1,” is to introduce students to the process of
modeling in engineering and science. This is illustrated
predominately using wave phenomena but also requires
coverage of fundamental statistical content. The latter is
introduced in the first three weeks of the course via a one week
laboratory exercise along with reading, and homework
assignments from the text [17]. Much of the content delivery in
class is associated with computer simulations coupled with
real-time formative assessment (Coupled Model).

The students enrolled in the two sections are engineering
physics juniors having 3 semesters each of physics and
calculus, along with courses in differential equations, linear
algebra, thermodynamics, analog electronics, and a summer
session in vacuum systems, optics, machine shop, computer
interfacing, and electronics.

The research presented here is focused on how student
understanding of content, using the Coupled Model, is
influenced by learning style. For measuring learning gains, a
pre-test at the beginning of the semester and a summative
evaluation at the end of the semester were administered, thus
determining learning of content presented via the coupled
model.

Simulations involving phasors in circuits, Fourier analysis,
and diffraction, along with two others in statistics, were used.
The procedure for measuring learning in the phasor circuits
simulation is illustrated next. Details for the others will appear
in another publication.

Learning objective: to understand how phasors are used in
applying Kirchhoff’s voltage law to a circuit by summing time-
varying sinusoidal voltages of the same frequency across the
circuit elements.

Pre-test Question: “How are phasors used in circuit
analysis?”

Students were asked to play before class with the
simulation found here:

http://vnatsci.ltu.edu/s_schneider/physlets/main/phasorl.shtml .

Post-play InkSurvey question used in class: “What does this
simulation illustrate?”




Scaffolding /nkSurvey question used in class: “What did

you observe in the circuit simulation relative to your
understanding of the phasors?”

Summative assessment question: “Explain how phasors
are used in the analysis of circuits.”

Student responses were then evaluated based on their
demonstration of understanding that Kirchhoff's law is
satisfied at each instant of time, using the rubric in Table I.

TABLE L SCORING RUBRIC FOR PHASOR CIRCUITS SIMULATION
Unsatisfactory Satisfactory Excellent
No discussion Discusses Relates
of this Kirchhoff’s law | Kirchhoff’s law
relationship in a static phasor via a phasor
diagram diagram for
different times
Score=0 Score=1
core Score=2
V. RESULTS

A. Student Misconceptions Revealed by InkSurvey

As noted above, all students were asked to run the
simulation and to explain (via InkSurvey) what they learned
from the interactive simulation relative to their understanding
of circuits. Typically, students did not notice that at each
point in time on the animation, the voltage across the source
equals the sum of the voltages across the inductor and
resistor. The instructor, reading the earliest submissions on
InkSurvey, appropriately coaxed them to think about
Kirchhoff’s law and how that relates to the simulation.

TABLE IL

Students revised scaffolding /nkSurvey submissions as
necessary.

B. Analysis of data

All assessments were identically scaled with an
appropriate rubric. Next, learning gains were calculated as
average normalized gains, specifically the difference
between summative and pre-test assessments divided by the
difference between a perfect score and the pre-test
assessment. The class average learning gain for each
simulation is presented in Table II. Data from students who
did not attend the coupled model class session were removed
from this analysis. The p values for paired two tailed t-test
results with unequal variance, all less than 0.001, showed
significant learning gains which were most likely not due to
chance. The same conclusion (every p < 0.001) was reached
using the Kolmogorov-Smirnov test.

To determine the effect of learning styles (dependent
variable) on learning gains (independent variable) achieved
using the coupled model, we measured learning styles using
the ILS learning style inventory [14]. These styles are
categorized in complementary pairs. A score is given for
each element of the pair. For example, the instrument
measures active and reflective styles (ACT-REF) each on a
scale of 0-11. The other measures are sensing and intuitive
(SEN-INT), visual and verbal (VIS-VRB), and sequential
and global (SEQ-GLO) learning styles. Figure 1 shows the
learning styles distribution for the class, offered in two
sections, with a total of 41 students.

A negative scale is introduced here to more easily graph
the results. Data indicating a score on the first characteristic
in the learning pair is shown as negative with a more
negative value indicating a stronger learning style for the
first member of the pair while the positive axis records the
other aspect of  the learning style pair.

LEARNING GAINS AND CORRELATION COEFFICIENTS FOR LEARNING STYLES AND LEARNING GAINS ACHIEVED, FOR FIVE SIMULATIONS.

LEARNING GAIN FOR EACH SIMULATION IS CLASS AVERAGE (SEE TEXT). TABLE SUMMARIZES PEARSON R VALUE AND ACCEPTABLE RANGE FOR 95% CONFIDENCE.

Simulation N | Ave.gain | ACT-REF SEN-INT VIS-VRB SEQ-GLO

1. Circuits 41 63% 0.02 0.02 -0.04 -0.12
95% confidence range | -0.28 to 0.32 -0.28 to 0.32 -0.34 to 0.26 -0.41 to 0.19

2. Fourier [41 ] 67% 0.03 -0.004 -0.06 -0.05
95% confidence range | -0.27 to 0.33 -0.30 to 0.30 -0.35 to 0.25 -0.35 to 0.25

3. Diffraction [30 [ 60% 0.03 0.01 0.10 -0.15
95% confidence range | -0.32 to 0.37 -0.34 to 0.36 -0.26 to 0.43 -0.47 to 0.21

4.Std DevMean |40 | 75% 0.25 0.04 14 -0.11
95% confidence range | -0.06 to 0.51 -0.27 t0 0.34 -0.17 to 0.43 -0.40 to 0.20

5. Least Squares | 33 | 61% -0.13 -0.28 0.03 0.06
95% confidence range | -0.44 to 0.21 -0.56 to 0.06 -0.30 to 0.36 -0.28 to 0.39
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Figure 1. Learning Styles vs. Number of Students

For example, in the VIS-VRB pair, “visual” is the first term
so a score further along the negative axis indicates more of a
visual learning style, while further along the positive axis
indicates more of a verbal style.

The independent variable, learning gain, was then
correlated using a Pearson r value with each dependent variable
corresponding to a particular ILS learning style and shown in
Table II. The significance of each correlation coefficient is
reported in Table II as a range within which the population
correlation coefficient lies with 95% confidence [18].

Reliability and construct validity of the ILS learning styles
measurement has been documented [11, 19, 20]. To test
reliability of the learning gains measurement in this study, nine
assessments (both pre-test and summative evaluations) were
measured by four different raters. The inter-rater reliability was
calculated based on the work of Ebel [21] using web-based
software [22]. The resulting nine reliability estimates were then
averaged to yield a value 0.82 with a standard deviation 0.12.
The reliability estimate ranges between zero and one with the
larger value indicating more reliability between raters.

C. Discussion

Although the original hypothesis at the root of this study
was that the coupling of interactive computer simulations and
real-time formative assessment would better meet the learning
styles of some students than others, this is not supported by the
learning gains data. As shown in Table II, this coupling
resulted in significant learning gains for all categories of
student learning styles; there is no statistically significant
correlation between student learning style and the effectiveness
of this pedagogical method in producing learning gains in this
population of engineering physics students.

It is interesting to note that the three simulations on which
students achieved the greatest learning gains (circuits, Fourier,
and standard deviation mean) were also the three simulations
with the greatest number of students present in class. We do
not know the reasons for diminished attendance on certain

dates, but speculate that the student population present on any
given day is not entirely random. This may account for the
observed differences in learning gains achieved; however, the
data suggest it is not a function of student learning styles.

The distribution of the learning styles of the engineering
physics students included in this study did not closely mirror
that previously reported in the literature for electrical [16, 23],
chemical [24], bioengineering and mechanical [25], general
[26] engineering undergraduate students, and others. Although
all of these groups shared a preponderance of visual and
sequential learning styles, the engineering physics students in
this study had a greater population of students with reflective
and intuitive learning styles than those consistently reported
elsewhere for groups of engineering undergraduates.
Nevertheless, even though the experimental group may not
precisely reflect the learning styles of other known populations
of engineering students, they represent a broad distribution of
learning styles, as appropriate for this study.

It is greatly encouraging that this pedagogical model
(coupling interactive computer simulations and real-time
formative assessment) is not preferentially advantageous to any
particular learning style, but rather is broadly effective across
all learning styles.

VI. CONCLUSIONS

When interactive computer simulations were coupled with
real-time formative assessment collected with [nkSurvey,
students achieved large and statistically significant learning
gains on all five examples. These learning gains, however, are
shown to have low correlation with student learning styles. The
sample population used in this study has been measured to
contain a broad distribution of learning styles. The reliability of
the instrument to measure student learning styles has been
documented, and the inter-rater reliability on measurement of
student learning gains is very strong. We therefore interpret the
low correlation between learning gains and learning style to
indicate that the Coupled Model is effective in enhancing
learning, independent of student learning style, in an
engineering classroom.
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