How to Visualize Success:
Presenting Complex Data in a Writing Strategy Tutor

Matthew E. Jacovina, Erica L. Snow, Laura K. Allen, Rod D. Roscoe, Jennifer L. Weston,
Jianmin Dai, and Danielle S. McNamara

{Matthew.Jacovina, Erica.L.Snow, LauraKAllen, Rod.Roscoe, Jennifer.Weston, Jianmin.Dai, Danielle.McNamara
@asu.edu}

Arizona State University
Tempe, AZ 85287

ABSTRACT

Intelligent tutoring systems (ITSs) have been successful at
improving students' performance across a variety of domains. To
help achieve this widespread success, researchers have identified
important behavioral and performance measures that can be used
to guide instruction and feedback. Most systems, however, do not
present these measures to the teachers who employ the systems in
classrooms. The current paper discusses visualizations that will be
displayed to teachers using the writing strategy tutor, Writing Pal.
We present visualizations for both classroom and student level
data and offer descriptions of each.
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1. INTRODUCTION

Over the past several decades, intelligent tutoring systems (ITSs)
have been successfully developed for and implemented across a
variety of domains [1]. These computer-based systems are often
designed to record every interaction, behavior, and performance
marker a student achieves while using the system. Research in
educational data mining has used these system logs to identify
what data are most predictive of overall performance and learning
[2], while research in the learning sciences has used system logs
to tailor instruction to individual students [3]. The synthesis of
this work yields more adaptive, effective systems.

The analysis of log data has helped develop complex
computational algorithms that improve adaptability within ITSs
by modeling the learner [4]. Learner models can be difficult to
understand without experience in modeling and educational
research, and as a result, researchers have developed visualization
tools to render components of these models more accessible [5].
Such tools are important because of the potential disadvantages
that may emerge when the teachers who use ITSs have little
understanding of their underpinnings. For instance, teachers may
be less likely to use a system if they do not understand a system's
feedback or what drives the feedback [6]. Moreover, if a system
does not convey appropriate and timely information about
students, the instructor may be unable to intervene [7].

Visualizations provide one means of aiding teachers in
deciphering the complexity of ITSs and making data-driven
classroom decisions [e.g., 8]. Our team is working toward
providing visualizations of student progress within the Writing
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Pal (W-Pal), a writing strategy ITS designed for high school
students. Writing Pal provides strategy instruction via lesson
videos, game-based strategy practice, and essay practice with
automated, formative feedback [9]. In this paper, we describe
visualizations we have developed and implemented as well as
those we are currently prototyping.

2. VISUALIZING DATA

Our initial goal is to provide the most relevant and understandable
data to teachers through intuitive visualizations. The following
sections describe visualizations that we are developing for W-
Pal’s teacher interface, where teachers view students’ progress.

2.1 Classroom Level Visualizations

In a recent classroom implementation of W-Pal, five ninth grade
classes with the same teacher used the system for approximately
four months. We analyzed data from 90 consenting students. For
the study, W-Pal’s teacher interface included a spreadsheet in
which teachers could track students’ progress through the system
activities (see Figure 1). However, during the study, this page did
not provide a visual summary of the progress across students.
Broadcasting the average number of activities attempted in a
classroom of students who have generally stalled in their
progression might prompt teachers to request that students not
linger on particular topics or switch their focus. Future iterations
of W-Pal will provide easily discernible bars that indicate the
overall progress of classes. In Figure 1, the darker blue bars in the
first four columns represent the percentage of activities attempted
for those modules (a black rectangle highlights this feature).
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Figure 1. Visualization of a classroom’s progress in W-Pal’s
teacher interface; dark blue bars represent progress.

An important strength of W-Pal is the automated feedback it
provides on students’ essays. The teacher interface allows teachers
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to view each student’s submitted essays along with the feedback
and score received. Currently, however, teachers do not have
access to a summary of all students’ performance. For example, if
the majority of students are struggling to properly structure their
writing in W-Pal, teachers would remain unaware until they
carefully perused students’ feedback messages. To provide
teachers with a quickly consumable summary of the feedback that
students are receiving, we are developing a visualization that
displays the percentage of feedback triggered across all essays in a
W-Pal class (see Figure 2). Using this information, teachers might
adjust their own classroom instruction or assign students to
interact with appropriate W-Pal lessons.

Percentage of feedback categories triggered by all
students' essays

Conclusion
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Introduction
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Figure 2. Visualization of the type of essay feedback students
in a classroom have received.

2.2 Student Level Visualizations

Our recent classroom study also revealed that the percentage of
time that students selected different activities related to their
persistence in the system. For example, there was a positive
correlation between the percentage of game activities that students
selected and the number of days they used the system [r(90) = .49,
p < .001]. Thus, the percentage of activities attempted (i.e.,
videos, games, and essay practice) could be indicative of how
likely students are to persist in the system. Teachers will be
presented with this information via pie charts, which are useful for
visualizing proportions of a whole [10] (see Figure 3).
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Figure 3. Visualization of the activity breakdown for an
individual student.

Similar to the activity breakdown available for each student,
teachers will be able click students' names in the essay window to
see breakdowns of essay feedback (see Figure 2 for a similar
example). If a student is struggling with writing assignments in
class, this visualization will give teachers a quick view of how W-
Pal has assessed areas of weakness.

3. CONCLUSION

In this paper, we argue for the importance of using visualizations
to communicate data from ITSs to the teachers. Specifically, we
describe classroom and student level visualizations that we are
developing for the writing strategy tutor, W-Pal. When equipped
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with these visualizations, teachers may be more likely to use a
system appropriately and to intervene when a student is not
performing optimally. Future empirical work must test these
visualizations, through techniques ranging from surveys to eye
tracking [8], to determine their effectiveness in conveying
information to teachers. As the understanding of how teachers use
such visualizations grows, systems can provide teachers with
intelligent tutors that better support classroom instruction.

4. ACKNOWLEDGMENTS

This work was supported by the Institute of Education Sciences
(IES), USDE Grant R305A120707 to ASU. Opinions, findings,
and conclusions expressed are those of the authors and do not
necessarily represent views of the IES.

5. REFERENCES

[1] Graesser, A. C., McNamara, D. S., and VanLehn, K. 2005.
Scaffolding deep comprehension strategies through Point &
Query, AutoTutor, and iISTART. Educational Psychologist,
40, (2005), 225-234.

[2] Snow, E. L., Allen, L. K., Jacovina, M. E., and McNamara,
D. S. 2015. Does agency matter?: Exploring the impact of
controlled behaviors within a game-based
environment. Computers & Education, 26, (2015), 378-392.

[3] Grigoriadou, M., Papanikolaou, K., Kornilakis, H., and
Magoulas, G. 2001. INSPIRE: An intelligent system for
personalized instruction in a remote environment. In
Proceedings of 3rd Workshop on Adaptive Hypertext and
Hypermedia (Sonthofen, Germany, July 14, 2001). Springer,
Berlin, Germany, 13-24.

[4] Desmarais, M. C. and Baker, R. S. J. D. 2012. A review of
recent advances in learner and skill modeling in intelligent
learning environments. User Modeling and User-Adapted
Interaction, 22, (2012), 9-38.

[5] Zapata-Rivera, J. D., and Greer, J. E. 2004. Interacting with
inspectable Bayesian student models. International Journal
of Artificial Intelligence in Education, 14, (2004), 127-163.

[6] Grimes, D. and Warschauer, M. 2010. Utility in a fallible
tool: A multi-site case study of automated writing evaluation.
The Journal of Technology, Learning and Assessment, 8,
(2010). Retrieved from www.jta.org.

[7] Walonoski, J. and Heffernan, N. T. 2006. Prevention of off-
task gaming behavior in intelligent tutoring systems. In
Proceedings of the Eighth International Conference on
Intelligent Tutoring Systems (Jhongli, Taiwan, June 26-30,
2006). Springer, Berlin, Germany, 722-724.

[8] Vatrapu, R., Reimann, P., Bull, S., and Johnson, M. 2013.
An eye-tracking study of notational, informational, and
emotional aspects of learning analytics representations. In
Proceedings of the Third International Conference on
Learning Analytics and Knowledge (Leuven, Belgium, April
8-12,2013). ACM, New York, NY, 125-134.

[91 Roscoe, R. D. and McNamara, D. S. 2013. Writing pal:
Feasibility of an intelligent writing strategy tutor in the high
school classroom. Journal of Educational Psychology, 105,
(2013), 1010-1025.

[10] Spence, I. 2005. No humble pie: The origins and usage of a
statistical chart. Journal of Educational and Behavioral
Statistics, 30, (2005), 353-368.

595



