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Abstract

Since the amount of technology available in
the engineering classroom is increasing,
instructors are challenged to find unique and
positive ways to incorporate this technology into
their classrooms.  For the Department of
Engineering Fundamentals, which teaches the
core engineering mathematics and graphics
courses for the entire J.B. Speed School of
Engineering at the University of Louisville,
mathematics continues to be an area of focus for
the adoption and incorporation of technology
into the classroom. As part of its mission, the
Department of Engineering Fundamentals has
been challenged with improving retention of
first year engineering students, and is exploring
technology based approaches to improve student
learning and success in the sequence of
engineering analysis courses, Engineering
Analysis I, I, and I11.

In the Engineering Analysis | course, the
department has long observed that students who
attend class have a higher probability of
succeeding. The use of paper-based, daily, in-
class problems to help learning and attendance
has been used for many years. A small amount
of credit on weekly exams was given for
completion of in-class problems. Work on in-
class problems was not graded for accuracy since
the problem was always worked by the instructor
during class prior to the students submitting the
problem. Since 2007, all incoming freshmen
have been required to purchase a Tablet PC.
Initial efforts to incorporate Tablet PC
technology into the classroom were focused on
the use of DyKnow™ [1], including these in-
class problems. Electronic collection of students’
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digital work on the in-class problems achieved
an increase of efficiency (less time collecting
and returning papers) and also encouraged
students to embrace the use of their Tablet PC;
however, grading for accuracy was still not
possible in this scenario. Scoring via DyKnow
was an improvement over the paper in-class
problems, but was lacking the ability to check
accuracy of the students’ answers, which was a
goal of using these in-class problems.

Most recently, the department started adopting
the use of Pearson’s MyMathLab™ [2] an
online multimedia textbook with active content,
including algorithmic problem generators and
computer grading. Homework in MyMathLab
has been well received; however, using the
software for exams has been less favorably
received by students, since it can cause students
to struggle with how to interpret a question and
how to properly format solutions. This past
spring semester, MyMathLab was used to
deliver and grade a daily in-class problem in
Engineering Analysis I. Several benefits of this
approach have been observed: (a) attendance
data is collected and stored with little effort by
the professor; (b) using MyMathLab in-class
problems helps reinforce course learning
concepts with immediate correctness feedback;
(c) students receive a structured environment to
practice dealing with exam-like problems.

Student response to the MyMathLab
homework and in-class problem has been
positive. Going forward, the in-class problems
will be more tightly integrated with class notes.
Because of the initial challenges with exams and
MyMathLab, a hybrid approach will be used
until the software technology matures.
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Background

Successfully retaining first year engineering
students is a major focus for the Department of
Engineering Fundamentals. The department
was established in 2007 and is responsible for
teaching several core freshman and sophomore
courses for the engineering school. Specifically
the department teaches Introduction to
Engineering, Engineering Graphics, and

Engineering Analysis I, 1l, and IllI. The
Engineering Analysis I, 11, and Il courses are a
series of calculus based engineering

mathematics courses.

It is well documented that retention of
engineering students is related to their first year
GPA [3]. The engineering analysis courses
contribute substantially to the GPA of freshman
engineering  students, and therefore the
department has made it a priority to help
students succeed in Engineering Analysis |I.
Department faculty have long held that class
attendance is critical to success in the
Engineering Analysis courses, and in general the
importance of class attendance is regularly
supported in literature [4]. Freshman often have
a very different attitude about class attendance,
due to rumors and other circumstances. Based
on this long standing tradition in the department
to encourage class attendance, the department
uses daily in-class problems to help motivate
freshman to come to class by making a few
points on each weekly exam depend upon
completion of in-class problems. In large
enrollment courses like Engineering Analysis I,
I, and Il this reward works to combat any
student impressions that instructors neither
value nor pay attention to attendance.

Many different educational technologies that
have been developed in recent years, three that
have been embraced by the department are:
Tablet PCs, DyKnow®, and MyMathLab.
Starting in 2007, all incoming freshman at the
J.B. Speed School of Engineering were required
to purchase a Tablet PC (a DyKnow server and
licenses for students were also purchased). The
Department of Engineering Fundamentals was
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one of the first engineering departments to teach
using Tablet PCs and DyKnow together to
deliver lectures and distribute course material, a
practice that continues today. At the same time
that DyKnow and Tablet PCs were being
integrated further into the Engineering Analysis
sequence, the department was also beginning to
use MyMathLab for the homework component
of the courses. MyMathLab is a multimedia on-
line learning complement developed by Pearson,
the publisher of the text book used in
Engineering Analyiss I, 1l and 11l. MyMathLab
provides algorithmically generated problems, to
which students can enter answers (answers
range from multiple choice to reasonably
complex expressions entered by students using
an expression palette and the keyboard).
MyMathLab can score answers, and has good
but limited ability to correctly score similar or
un-simplified answers. For most problems,
MyMathLab also includes a variety of Learning
Aids such as: show me an example, help me
solve this, video tutorials, and links to the
relevant section of the ebook. Problems can be
deployed as homework, quizzes or tests, with
learning aids disabled in quizzes and tests.
MyMathLab also supports preventing access to
the quiz or exam without an instructor defined
password.

By 2006 a number of universities had begun to
experiment with tablet PCs in the classroom,
including Clemson [5], Depaw [6], the
University of Washington [7], and Virginia
Tech [8]. Many institutions also adopted
Dyknow® (or another Collaborative Learning
Software system) to facilitate an interactive
classroom. The Tablet PC, in combination with
DyKnow®, creates a platform for implementing
active learning strategies that are not possible
using more traditional classroom technology.
Methods employed for student/teacher and
student/student collaboration include: using
polling and in-class testing with feedback,
interactive  learning  networks, improving
teamwork via digital collaboration, and
developing an advanced learning laboratory and
a digital ink based computerized testing
system[9]. For example, a study by Romney
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[10], where students participated in interactive
problem solving of algebra and trigonometry
problems, showed increased attendance,
retention, and performance as compared to non-
tablet enriched courses.  Tablet PCs and
DyKnow were used by Mario Simoni [11] in
Integrated Circuit Design courses by preparing
slides, in various formats, to be used to improve
student engagement during class. Some simply
required the student to complete them while
watching the instructor (annotated note-taking),
but others required students to do some of or the
entire problem on their own and then share with
the class or submit for grading.  Student
solutions were discussed or sometimes polling
was done to both motivate discussion and test
understanding.

MyMathLab is available for content from
basic algebra to calculus 11l and beyond. Many
schools use MyMathLab to assign and score
homework problems. Often, the lecture portion
of the class remains the same, and students work
outside of class on homework as they
traditionally have; but due to the algorithmic
nature of the MyMathLab problems, each
student get a different version of the problem,
and can also work a similar version of the
problem until they get that problem correct. In
other cases, some classroom lecture time is
replaced by time spent in a computer lab where
students work in MyMathLab, but in a
supervised  setting. Fewer schools use
MyMathLab for testing, but the number is
increasing. A number of case studies are
presented in “Making the Grade, V.5: 77 Data-
driven Case Studies Illustrating How the
MyMathLab Family of Products Supports
Student Achievement” [12].

As the department has worked to incorporate
technology into the classroom, in-class
problems are one area where technological
capabilities have been applied. This paper
discusses how the authors worked to migrate
paper in-class problems to computer based in-
class problems using DyKnow® and
customized software, then transitioning from
DyKnow to MyMathLab in-class problems.
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There have been several benefits of this effort:
(@) increased efficiency of faculty effort; (b)
student benefits, and (c) paper savings. Under
the current scheme it is now possible to perform
analysis on student performance and attendance.
Initial analysis is presented in the results
section. The conclusion and future directions
section identifies potential ways to leverage and
expand the current system.

Paper in-class Problems (up to 2008)

Engineering Analysis I, 11, and 111 classes meet
five days a week. Each week there is a 75
minute exam during one of the class meetings,
and a 15 minute quiz during another. On the
remaining three days, students are given a
problem to work on paper. The problem is
typically from the current homework
assignment or similar to a problem that students
appeared to have trouble with on the most recent
exam.

Instructors traditionally worked the problem in
front of the class, initially giving students a few
minutes to work it on their own. Each student’s
work was collected, alphabetized, and separated
by section. A small number of points on each
weekly exam came from the collected work,
scaling by the number of worked in-class
problems completed by each student. This
scoring was performed when exams were
graded, and only the composite grade score was
recorded.

During a typical semester there are six regular
sections and three honors sections of
Engineering Analysis 1, with a combined
enrollment of approximately 300. For an out of
sequence or off —term semester, enrollment in
three sections of Engineering Analysis | is
approximately 200. For these levels of
enrollment, collecting and alphabetizing three
in-class problems each week represented a
substantial amount of time and effort. During
this period attendance data was not archived
separately from the exam scores, so no data is
available to determine exact attendance
percentages or examine the connection between
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attendance and measures of course performance.
Nonetheless, instructors’ observations indicate
that the approach was successful in keeping
attendance near or above 80%.

Electronic in-class Problems using
DyKnow (2008-2010)

After completing the first year using Tablet
PCs and DyKnow, there was a strong desire of
department faculty to move from collecting in-
class problems on paper to doing in-class
problems in DyKnow and collecting them
electronically. It was anticipated this change
would continue to provide a sufficient incentive
for students to attend class, while also
encouraging students to use their tablets for note
taking, and improving the efficiency of
collection and scoring of in-class work.

DyKnow has the ability to retrieve panels from
each student in a session, and this feature is
ideal for collecting an electronic in-class
problem. Figure 1 shows a sample in-class
problem, including student’s work, retrieved as
a panel in DyKnow (student answer denoted in
Figure 1).

During a class period, a single DyKnow
session is created for the class and all students
join this session. When the in-class problem is
retrieved and stored in a DyKnow notebook,
there is one panel for each student, similar to the
panel shown in Figure 1 (instructors only

worked problems that could be solved on a
single panel). Each day’s in-class problem
could then be collected electronically, and
stored in a DyKnow notebook, appropriately
named to indicate the class, section, and date.
For small classes, manual review and recording
of in-class problems collected in DyKnow
notebooks is reasonable; however, for multiple
classes, each having between 50 to 100 students,
manual review would be more time consuming
than the review of paper in-class problems.
This is not feasible due to the time it takes to
switch from panel to panel, and the fact that a
DyKnow notebook of retrieved panels cannot be
sorted by student name, is not automatically
stored in alphabetical order, and is not easily
reordered.

To overcome the hurdle of having to manually
look through each notebook and each panel to
record a grade, it was decided to develop a
software tool that could extract information
from these DyKnow notebooks of retrieved
panels.  The tool, called DyKnow Panel
eXtractor or DPX, would generate a report that
could easily and quickly be used to determine
the amount of credit each student should receive
on their exam given one or more DyKnow
notebooks  containing  retrieved  in-class
problems. The development of this software is
discussed in more detail, [13,14], and is
available at: http://code.google.com/p/dyknow-
panel-extractor/downloads/list.

In-class problem ;

in moderator ink ] [

Student’s work in
participant ink is
everything outside of the
moderator ink box

Figure 1: In-class Problem in DyKnow.
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In the fall of 2008 the Engineering Analysis |
course, which consists almost entirely of
entering freshman, required that students do in-
class problems on their tablets in DyKnow.
DPX software was first used this semester and
though the tool had some small bugs it was
effectively used for the Engineering Analysis |,
I, and Il during the 2008-2010 semesters.
Instructors were pleased with the outcome, and
were able to compute weekly attendance data
reports using DPX in just a few minutes,
realizing the efficiency goals.

Though the DPX tool needed some revisions,
the solution was very beneficial to instructors by
reducing the amount of paper processed every
semester; thus significantly reducing the time
spent collecting and recording paper in-class
problems. Prior to using the tool, based on
average enrollments, a paper in-class problem
collected 3 days a week for 14 weeks generated
almost 15,000 sheets of paper for two classes
alone (Engineering I, and II). The
environmental benefit by itself is significant, not
to mention that instructors and TA’s no longer
needed to collect, alphabetize, score and record,
all those problems. Using these tools it would
take one instructor a few seconds during class to
retrieve the in-class problem, and no more than
10-15 minutes each week to produce a report
that would be used to give credit on exams for
in-class work.

Individual weekly reports were used to add
points to each weekly exam, but cumulative
attendance data was not collected or analyzed.

In-class problems in MyMathLab for
Attendance and Practice (Spring 2012)

In the Spring Semester of 2012, the authors
taught an off-term or out of sequence
Engineering Analysis | course, with a total
enrollment of 180 students.  During this
semester MyMathLab quizzes were used for the
in-class problem instead of using DyKnow
panels. This required students to change from
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DyKnow to their web browser and log into the
MyMathLab website during class. MyMathLab
presents the in-class problem to the students
through the web browser, and they submit their
solution online. The password feature was used
to prevent unauthorized access to the daily in-
class problem, as well as deter students from
logging into the website if they were not
actually in class. Figure 2 shows an example in-
class problem, using a MyMathLab problem
displayed inside of a DyKnow panel so that the
students could see an instructor worked solution
on their Tablet PCs during class. The problems
selected for in-class problems were based on
material that had been covered the prior day or
material that had subpar performance on the
exam. Many of the problems selected were
algorithmic, so the students would not just copy
the instructor’s answer as their own.

Also, instead of counting the in-class problem
as a small percentage of the exam grade, the in-
class problem grade was a part of the total
weighted average for the course. The in-class
problems counted 5% of the overall grade in the
course, which matched the previous weight
given to the in-class problems on exams. The
5% was broken down into two subparts: (a)
attendance (4%); and (b) correctness (1%). This
was to follow the primary goal of providing an
incentive for the students to be present for class,
but it also rewarded the students who got the
problem correct.

One of the benefits of this approach is the ease
with which attendance data can be collected.
MyMathLab stores all of the results and allows
for the data to be downloaded to excel. The
major time requirement is in the selection of
appropriate problems. This attendance data
allows for some basic analysis to provide
evidence to students to support the benefits of
regular class attendance. In addition, it was
assumed that having the in-class problems as a
part of the total weighted average for the course
would increase student awareness of the
importance of class attendance.
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IcP: 0.3
Password: S\noJav\ H @

:%Se’c,(zx- 5) +C

OR
A= 3X-5

= 3
:_‘5-5 Secu‘f;anﬂal/“'
= é secu +C
= ’3LS€£L3)V§)+C’

Evaluate the integral

[ sec (3x—3) tan (3x—3) dx

[ sec (3x—5) tan (3x - 5) dx=| |

(Use C as the arbitrary constant.)

Figure 2: Example in-class Problem.

Results

The total enrollment in the three sections of
Engineering Analysis | was 186 students. Of
those, 21 students withdrew from the course and
their data were removed before analysis, leaving
165 students. There were a total of 37 days
across the semester when an in-class problem
was given. Figure 3 shows the class attendance
throughout the semester. The highest
attendance was 90.3%, in late January. The
lowest attendance, 50.91%, occurred in March

preceding the University’s spring break. The
average attendance through-out the semester
was 75.51%. Figure 3 also clearly shows a
decrease in attendance in the latter half of the
semester.

To examine the connection between class
attendance and course performance, students
were grouped into one of four categories based
on the number of classes attended.  Students
who attended nine or less classes were assigned
to category one, students who attended less than

Class Attendance

100.00%

8000% —-Mﬁ%ﬁ
60.00% V/\/\'A/

v

40.00%
20.00%

January Feburary

0.00% T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

March April

Figure 3: Class Attendance.
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20 classes but more than nine classes were
placed in category two, students who attended
20 or more classes but less than 33 classes were
assigned to category three, and students who
attended 33 or more classes were assigned to
category four. Table 1 shows these
assignments, with the number of students in
each category and the class attendance
percentage associated with each category. The
exam average of the students in each category
was then computed. These exam averages are
also shown in Table 1. Figure 4 shows the 95%
confidence intervals for the mean exam average
of each category using a pooled standard
deviation.

Discussion
While department instructors have long

encouraged students to attend class regularly
under the assumption that regularly attending

students will perform better in the course, it is
advantageous to have evidence that supports this
assumption. What constitutes “regular”
attendance can be debated, but in the analysis
presented, attending at least 90% of the lectures
was considered regular attendance. This allows
a student to miss four classes and still be
considered attending class regularly. In a 14
week semester a student could miss one class
every three to four weeks. These are students in
category four, attending between 89.19% and
100% of classes. The mean exam average of
these students was 64.32%. This average was
not as high as instructors would have hoped, but
isa “C” according to the grade scale used in this
class. More significantly, category four’s
mean exam average is significantly higher
(more than 10 points) with a relatively small
(95%) confidence interval compared to the other
mean exam averages.

Table 1: Attendance Percentages.

Category Lower | Upper Attendance Number of Exam
bound | bound percentage students average
1 0 9 0% — 27.03% 8 30.95%
2 10 19 27.03% — 74.07% 22 42.24%
3 20 32 74.07% — 89.19% 63 51.11%
4 33 37 89.19% — 100% 72 64.32%

Mean Exam Average for differant attendance levels
95% CI for the Mean

¥
t

0%-27% 27%-75%
Attendance Level

75%-89% 89%-100%

Figure 4: Mean Exam Average Based on Attendance Levels.
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There are many possible reasons for higher
exam averages besides class attendance, and this
analysis provides no further insight for these
possibilities. It could be that responsible,
hardworking, and motivated students come to
class, and do well on exams due largely to their
own efforts. Possibly students who do not
attend class regularly lack the discipline needed
to adequately prepare for exams. Certainly
instructors would like to believe that their
lectures contribute to the improved performance
on exams. There may even be other valid
explanations. While this initial data analysis
does not offer any insight into explaining why
attendance leads to better exam performance, it
clearly shows that students who attend class
regularly (above 90%) did significantly better
on exams than those who did not.

The decrease in class attendance that was
observed around the beginning of March (as
seen in Figure 3) is disturbing but not
surprising.  Part of this decline may be
attributed to students who did not withdraw
before the drop date, and either stopped
attending or stopped attending regularly. It also
may indicate a point in the course where a
number of students begin to experience fatigue
or frustration.

The use of MyMathLab for daily in-class
problems was reported by students on their mid-
semester feedback [15] exercise as an
overwhelmingly positive factor in their learning.
Students reported that the opportunity to
practice problems using MyMathLab under
simulated test conditions was a positive course
experience and helped their learning. The fact
that the students reported seeing value in these
daily exercises supports using MyMathLab in-
class problems versus a more straight-forward
attendance check.

Conclusions and Future Directions

The department has a long history of using a
few points on weekly exams to encourage
students to attend class. While this is certainly
an obvious and logical perspective, there are
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freshman who dismiss instructors’ advice and
encouragement and do not attend class
regularly. The results of this analysis are
consistent with instructors’ assumptions about
attendance.  While more data needs to be
collected from multiple semesters, the results
support continuing to encourage attendance.
This and additional data may prove useful in
convincing students of the importance of
attending class.

Future plans include on-going collection of
attendance data and exploring when and how to
present the analysis results to students. While
this study looked at using MyMathLab in-class
problems to record attendance, the mid-semester
feedback from students indicates that the
additional practice in MyMathLab had value on
its own, and the department plans to investigate
this in greater detail in the future. Part of the
motivation for encouraging and rewarding
attendance has been the belief that if the
Engineering Analysis sequence of courses can
help students develop good study habits,
including good class attendance habits, this
would persist into upper level courses when
specific rewards for attendance are not given.
The authors hope to investigate this in the future
by following a group of students throughout the
Engineering Analysis sequence of courses,
tracking their attendance, and continue tracking
their attendance in several core upper level
engineering courses.
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