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Abstract With the rapid adoption of software-based learning in classrooms, it is
increasingly important to design more intelligent educational software, a goal of the
emerging field of educational data mining. In this work, we analyze student activities
from using a learning tool for engineers, Mechanix, in order to find trends that may
be used to make the software a better tutor, combining its natural, sketch-based
input with intelligent, experience-based feedback. We see a significant correlation
between student performance and the amount of time they work on a problem before
submitting; students who attempt to “game” the system by submitting their results
too often perform worse than those who work longer (p ; 0.05). We also found
significance in the number of times a student attempted a problem before moving
on, with a strong correlation between being willing to switch among problems and
better performance (p j 0.05). Overall, we find that student trends like these could
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be paired with machine learning techniques to make more intelligent educational
tools.

1 Introduction

Analyzing the trends of student interaction in sketch-based educational software
may be the key to building tools that understand students better. As online learning
is being adopted by an increasing number of universities [13], designing software
that students can understand is important in keeping students engaged. Sketch recog-
nition in these teaching tools may help alleviate that concern by providing an experi-
ence similar to the pen-and-paper approaches that students are already comfortable
using. However, beyond helping students understand and use educational software,
there is an important opportunity that should not be overlooked — each student is in-
dividually interacting with the software at some point in the course. This one-on-one
interaction provides the chance to do more than just administer and evaluate work,
as many online learning tools are designed to do. By building the software with a
better understanding of student behavior, it can be used as a more effective tutor,
providing feedback on their progress, guidelines to help strengthen their problem-
solving skills, and recommended courses of action when they are stuck. There is a
wealth of student data available today from existing learning systems, and explor-
ing that information for trends in student behavior and interaction can yield better
approaches for developing educational software of all kinds.

There is a strong impetus behind creating better software learning tools. Man-
aging large classes at the university level can be very difficult for departments
seeking to reduce cost. This is especially true in STEM fields, where the material
may be complicated and finding qualified teachers and graders is hard and expen-
sive. In STEM courses, where drawing and sketching are necessary steps in many
classes, sketch recognition can be a good alternative to standard true-false, fill-in-
the-blank, or multiple choice software because of its capability to interpret student
input throughout a complete problem. Mechanix, a sketch-based tutor for helping
students learn about trusses and free body diagrams, was designed for engineering
students for this reason [22] [14].

While sketch recognition may be a significant step in making software that stu-
dents will comfortably use, there is still enormous potential for improving the soft-
ware. Even when they do not realize it, students follow trends of behavior in com-
pleting assignments. Whether they start each problem and work on them simultane-
ously, go through each problem quickly and ask for help frequently, or don’t even
complete half of the assignment, their patterns of activity can be monitored in soft-
ware in the same way a human tutor might. By applying some decision algorithms
to this data, educational tools could more closely mimic the intelligence of a human
helper and offer students a better experience by avoiding potential problems.
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2 Previous Work

Online learning is not new, but it continues to grow significantly as the number of In-
ternet users worldwide increases' [1]. Making software tools that interact naturally
with students is crucial in order to accommodate the diverse array of individuals
using them. As tablets and touchscreens have become more commonplace, input
technologies like sketch recognition have begun to appear more widely in educa-
tional applications. Many such applications also include some form of automated
feedback to users. For example, Sketch Worksheets is an educational tool in which
instructors can program certain facts about drawings which may be used to gener-
ate feedback [24, 12, 23]. One system helps teach users to draw through a sketch
interface by comparing how similar the input sketch is to the goal and sharing the
evaluations with the students [18]. A similar idea has been applied specifically to
drawing portraits; iCanDraw? guides students through drawing faces step-by-step
with feedback along the way [10]. Mechanix also includes an evaluation system
through which students can request updates on their progress [3].

Tracking student activity in online systems may be foremost associated with pre-
venting cheating and has been studied extensively in that area [17] [6]. In recent
years, the field of Educational Data Mining (EDM) has begun to emerge as an open
approach to examining educational data from a multitude of perspectives [15] [16].
Among those perspectives is tracking student behavior in an attempt to character-
ize their engagement and correlate learning outcomes [8]. Champaign et al. recently
used such an approach to correlate student improvement with the time spent on each
task [9]. This work uses a similar basis, but sketch recognition provides an entirely
new dynamic in that it creates a very personal connection with the student, as op-
posed to entering numbers on a keyboard or some similar means. Interpreting this
data intelligently could be more useful than just as a source for basic feedback.

3 Overview of Mechanix

Mechanix is the source of student data that was analyzed. As mentioned before, it
is a sketch-based grading and tutoring system, primarily designed for engineering
statics courses [11, 19]. It allows instructors to upload assignments and tutorials,
drawing trusses and diagrams by hand and defining equations, values, and units
through the provided interface elements. Students may then complete assignments
by hand drawing their solutions into the system [21, 20]. Mechanix provides real-
time visual feedback through color-coding and personalized instructional feedback
as requested. In the process, it aims to help them grasp the basic concepts behind
the problem [5]. Figure 1 shows a screenshot of the student interface in Mechanix

1 Miniwatts Marketing Group, Internet Growth Statistics, 2014,

http://www.internetworldstats.com/emarketing.htm
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while solving a truss-related problem, and Figure 2 shows another screenshot of the
interface while solving a free-body diagram problem.
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Fig. 1 A screenshot of the student interface in Mechanix, showing a truss with forces, labels, and
color-coding.
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Fig. 2 Another screenshot of the Mechanix student interface showing recognition of free body
diagrams and axes.

By using a touch and pen interface, Mechanix keeps the real experience of pen
and paper mode intact [4]. There is also a benefit to students when training tools
closely resemble real world scenarios. Most of the available software used in teach-
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ing statics and engineering drawing have complicated interfaces leading to a steep
learning curve. Mechanix is much more direct in its interaction, and the intuitive
user interface takes much less time to learn.

4 Data Analysis

Mechanix was used as a supplemental teaching tool during the fall 2014 semester.
Data was taken from 51 students who were enrolled in an introductory course at
the Georgia Institute of Technology, learning the fundamentals of statics and me-
chanics that would become critical to their future engineering work. The students
ranged in majors from mechanical engineering, aecrospace engineering to biomedi-
cal engineering among others and were primarily in their freshman years. Two class
assignments were given through Mechanix, as well as a tutorial that was offered
for additional credit. Hundreds of megabytes of sketching data, primarily drawings
of trusses, were gathered from these students, providing a great deal of potential
for mining. While much can be learned from the sketches themselves, a component
of sketch recognition with implications in artificial intelligence, computer security,
and personal health, this data included much more information that could reveal
the learning behavior of the students in the field of technology-based learning. Each
sketch submitted by a student is saved with a time stamp and the feedback generated
by the server for that submission, among other attributes. Mechanix’s feedback sys-
tem provides each student with personalized responses relevant to his or her work.
Some of the suggestions the feedback may provide would be to identify missing
nodes or forces and incorrect values to the students. Feedback is really helpful if
used judiciously. The data collected suggests that a fraction of users request feed-
back at every step instead of attempting the problem on its merit. This often leads to
a student dropping out in the middle of an exercise. Mechanix also informs students,
when they are correct. A lot of interesting information can be gathered through the
analysis of time and feedback alone.

It is important to note that in the sections that follow, a focus is placed on the
students’ homework completion rates. Such completion rates may seem like an ar-
bitrary measure, but Atilola et al. have already demonstrated the effectiveness of
Mechanix as a teaching tool [2]. Those results suggest that students will benefit
more by continual use of the system for their Mechanix assignments rather than
ceasing to use the software. As such, this work examines less how Mechanix can
improve students’ grades and more how their interaction with Mechanix may be
improved to encourage them to use the system more. Completion rates are used
because they are the best standalone measure of determining a student’s sustained
usage of the software.
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4.1 Time between Requests for Feedback

Because Mechanix is a feedback-based system, it is important to consider how stu-
dents are using the feedback and whether or not it is benefiting them. One means of
doing this is by examining the frequency of feedback requests against completion
of problems for each student. By using the time stamp with each repeated submis-
sion of a problem, an average time between requests for feedback was generated for
each student. Individual student behavior becomes apparent through this analysis, as
we see that some students regularly ask for feedback at short intervals while others
take more time thinking about the problem before checking. Patterns appear when
considering the group of students. The results show that students with more time
between feedback requests performed better on average than those that spent less
time. This is not particularly surprising because students that spend more time on
a problem without requesting help are more likely to think about the problem care-
fully to gain a good understanding of the concepts, which is reflected by a higher
grade. Baker et al. demonstrated similar results in [7] in which students who were
“gaming” the online learning system achieved lower learning rates than those who
were not. Figure 3 shows the average time between feedback requests in minutes
against the completion rates for the students. A trendline generated from regression
analysis is overlaid.
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Fig. 3 Average time between submissions on a minute scale plotted versus the student completion
rates.

From regression analysis, the linear prediction model fit to the data showed a
statistically-significant pattern in the data (p = 0.033 — Nonzero slope). As men-
tioned above, this model is easily understood when looking at students with little
time between feedback requests; these students are not spending enough time on
the problem before requesting feedback from the system. The more interesting re-
sult from this model is that we clearly see there is no benefit to students working
longer than 5 minutes on a problem. While working longer than 5 minutes did not
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seem to induce higher quitting rates, it obviously does not have any valuable return
for the students. One way to apply this knowledge is to add recommendations to
Mechanix. For example, by considering this metric across all the students of a given
assignment, Mechanix could determine an optimal time for students to work a prob-
lem. If they seem to be taking too long, Mechanix could recommend they check the
current status.

While it may not be very evident from the trendline, more detailed analysis of
the data does show that students’ completion rates increase significantly when they
spend even two minutes on a problem as opposed to just one minute or less. In fact,
many of the low completion rates are concentrated below one minute. The primary
difficulty encountered by those in this category seemed to be an over-reliance on
the feedback. A student might get stuck on a particular problem and check it repeat-
edly by testing different values or making slight alterations to their drawing but not
take the time to solve the underlying issue. For instance, one such student (user58)
received 14 errors (4) related to missing or incorrectly drawn forces on a diagram
within four minutes. Each error was very similar, and the student may have bene-
fited most from redrawing the problem and considering more carefully what forces
to draw. As it was, the student moved on from the problem and, after trying a couple
more assignment questions later, eventually gave up without getting any problems
correct.

This over-reliance on the auto-grading capabilities of the system can lead to frus-
tration. To counter this frustration, it is certainly recommended that students spend
more time focused on solving the problem than on the teaching tools capabilities, but
the data gathered from this experiment show that only a small amount of extra time
might benefit students significantly. In this case, even thirty more seconds of thought
before clicking the feedback button had could have a major impact on the student’s
willingness to finish the assignment. Perhaps cooldowns on Mechanix’s feedback
could be paired with recommendations to service students more effectively. They
could receive more appropriate recommendations based on their personal activity,
whether to request feedback more or attempt to move on to other problems rather
than get stuck. In essence we think that frequency of requests for feedback should be
monitored and assistance on problems should be given accordingly. Such a feature
would need to be implemented carefully so as to be a help and not a hindrance to
students.

4.2 Number of Attempts before Moving Forward

Students also encountered frustration in the form of not being able to solve a partic-
ular problem and giving up before moving forward. As it is important to spend time
thinking about a problem rather than relying on feedback, it is likewise important to
be able to move on when one is stuck. Some students do not practice this technique,
but it is often recommended by teachers. By examining repeated submissions of
the same problem before moving on without achieving a correct answer, an average



8 Polsley, Ray, Nelligan, Helms, Linsey, & Hammond

number of errors to switching was generated for each student. When compared with
the problem completion rate from before, it was found that the students who request
large amounts of feedback before moving on are less likely to finish the assignment.
These users seem to have difficulty recognizing when they are stuck and become
too frustrated to move on after spending too many attempts on a single problem. For
example, one student received 18 consecutive errors (4) with the same message and
gave up on completing the assignments before getting any questions outside of the
tutorial correct. Such persistence does not seem helpful to the student at all.

Average Errors Before Switching Vs. Completion
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Fig. 4 Average number of submissions before switching without getting correct against the student
completion rates.

Figure 4 shows the average errors to switching versus the average completion
rates. Again, a linear trendline has been added using regression analysis. We can
see a trend from this model which is interestingly the reverse of what we saw in
the previous metric. Specifically, while spending increasingly more time on a single
problem attempt before requesting feedback did not seem to harm students, how-
ever, spending more attempts on a single problem before switching does. Thus,
multiple attempts lead to frustration more easily in students than single, long at-
tempts. Unfortunately, though the trendline shows some interesting features, it is
not statistically-significant for this metric with p = 0.22 (can not reject that slope is
zero). This is mostly due to the fact that while students with more attempts before
switching generally did more poorly, there were a number of students who never
switched problems before completing them. These users added multiple zeros but
may still have achieved reasonable grades on the assignments, indicating that the
data may not be best approximated with a linear model.

To take a closer look at the impact of staying on a problem too long, the students
were split into two groups: 1) those who completed everything and 2) those who quit
without finishing. A t-test on these two groups did yield a statistically-significant
separation (p = 0.012). Students with 100% completion spent 3.6 attempts on aver-
age before switching, while those who did not finish the assignments spent 6.7 at-



Leveraging Trends in Student Interaction to Enhance Educational Software 9

tempts on average. This approach more clearly proves the trend we discussed earlier
that students are more prone to giving up after experiencing many repeated errors.

This result is particularly relevant to technology-based learning tools because
they have the capability to help users recognize when they are stuck. For example,
it may ultimately help students perform better to recommend that they move on to
another problem after five or six repeated errors. Analysis of submission history
data can help instructors detect specific concepts on which a number of students
get stuck. Instructors can later create and upload more tutorials explaining these
concepts. With real time analysis of submission data, one can implement automated
tutors that identify higher-level concepts a student is struggling with and provide
just-in-time instructional support.

4.3 Impact of Tutorials

In looking at general submission trends among all the students, another lesson may
be learned that could be useful to other web-based learning tools or courses — the
value of tutorials. Several students encountered difficulty in doing the assignments
and so returned to the tutorial before completing the assignments. Because tutorials
are so heavily relied upon, they should be thoughtfully crafted so that students can
learn how to solve any type of problem they may encounter using the software tools.
In this study, there was a noticeable jump in difficulty in the tutorial, plainly visible
in the number of submissions for each question of the tutorial, which is shown in
Figure 5. By more closely examining the feedback students were receiving, it is ap-
parent that some fundamental knowledge for using the software correctly was being
forgotten. Since success of assignments depends upon skills to use the software and
a good grasp of concepts, tutorials should be targeted towards both of them. Using
simple questions early on to reinforce the most basic concepts may be one method
to allow students to progress through problems more smoothly in the future.

Mechanix serves as a sketch based educational software for engineering statics
course. One of the primary goals of this software is to keep students engaged in
the course by helping them with automated tutoring and assignment grading. This
aspect of Mechanix can be extended to Massive Online Open Courses as well. One
of the main challenges of MOOCs is student persistence. Data shows that most
MOOCs have completion rates of less than 13%. Moreover auto graded MOOCs
have a higher completion rates than peer graded ones 2. To keep students invested
and interested in an online course, short quizzes and tutorials that are automatically
graded should be introduced between lectures. The data from Mechanix shows that
students who complete the tutorials have a much higher chance of completing the
assignments which shows that they have grasped the concepts better.

2 Jordan, K. MOOC Completion Rates, 2013, http://www.katyjordan.com/MOOCproject.html
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Fig. 5 Total number of submissions for each question in the tutorial.

5 Future Work

The best way to improve Mechanix’s interaction with students is to take cues from
data, and there are some important results. Feedback is helpful in keeping students
moving along, but it can be a hindrance. By incorporating cooldowns or more infor-
mative messages to assist students in thinking more carefully about a problem, a lot
of potentially frustrating issues may be avoided. Students benefit from being flexi-
ble. Moving on to another problem after about four failed submissions gave students
the most success in this study. Mechanix could use this result to provide recommen-
dations in certain instances where students appear to be stuck. Tutorials are also
extremely valuable. Not only should they be designed to teach students all the in-
formation they should need to know to use the software but also provide examples
of each type of problem that may be encountered. Simple problems are a good way
to reinforce software usage principles, but all types of different problems should
appear so that students are prepared. We also wish to look more closely at these
metrics in the future and compare them with data collected from more students. By
gathering more data, it may be possible to fit a better model to the existing metrics
or determine new ones that could be other avenues of software improvement.

6 Conclusion

There are vast amounts of data available from software-based educational tools, and
trends in this data should be used to inform the development of next-generation edu-
cation software. This software should be as straightforward for students as possible,
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through sketch recognition, and it should also make use of student behaviors to act
as a tutor. The results found here, though primarily targeted at Mechanix, may be
applicable to many different learning programs. Interaction based on an understand-
ing of students could lead to systems that more closely resemble human teachers,
allowing for less expensive but still very personal ways for students to learn.
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