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ABSTRACT

We share approaches for coordinating the use of many online educa-
tional tools within a CS2 course, including an eTextbook, automated
grading system, programming practice website, diagramming tool,
and debugger. These work with other commonly used tools such as
a response system, forum, version control system, and our learning
management system. We describe a number of approaches to deal
with the potential negative effects of adopting so many tools. To
improve student success we scaffold tool use by staging the ad-
dition of tools and by introducing individual tools in phases, we
test tool assignments before student use, and we adapt tool use
based on student feedback and performance. We streamline course
management by consulting mentors who have used the tools before,
starting small with room to grow, and choosing tools that simplify
student account and grade management across multiple tools.
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1 INTRODUCTION

With continuing advances in CS Education Research, there is an
ever-growing collection of high-quality online educational tools
available to instructors for use in their courses. In this experience
report we share our experience integrating several such tools into a
CS2 course, and describe approaches that others can use to manage
the process of adopting many such tools in an education setting. We
describe the context of our course and our experiences with using
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WebCat 1, OpenDSA2, CodeWorkout3, and Lucid Chart 4, all in con-
junction with more typical educational tools such as Canvas (our
LMS), Eclipse and iClickers. We want students to take advantage
of available tools that allow them to explore, practice, tinker, and
build professional skills. Yet we do not want to overwhelm either
the students or the instructional team. The overarching approaches
we used can be grouped into two main categories: 1) improving
instruction and student learning, and 2) streamlining course man-
agement for the instructor. To improve instruction and student
learning we use scaffolding to phase in the use of multiple tools
and for learning individual tools incrementally. We test tool-based
assignments before student use to verify clarity and correctness,
gauge difficulty, and assess the amount of time necessary to com-
plete the assignment. We also modify our use of individual tools
based on student experiences and feedback.

Our approaches to streamline course management for instruc-
tors help save time and reduce the risk of error. When integrating
multiple tools into this course we have benefited from consulting
mentors who have used a given tool before. We also start small with
room to grow in the use of more complex tools, and we prefer to
choose tools that simplify student account and grade management
across multiple tools. We will report on our specific experiences
and within that we describe some guiding principles that can be
applied generally in various instructional settings.

2 BACKGROUND

Student success has been linked to student self-efficacy, and target-
ing instruction to improve student confidence with a specific task
can improve student persistence [10]. A key objective of our CS2
course design is to improve student self-efficacy, so our approach to
integrating and using tools is done with this in mind. Four key areas
of influence impact self-efficacy: vicarious experiences, mastery ex-
periences, social persuasion, and physiological response [2]. Tools
that provide accessible practice to students can help improve their
confidence in the practice area with mastery experiences, particu-
larly when the lessons are sequenced from simple to more complex
and students are able to monitor their understanding. Tools that
provide accurate non-negative feedback can maintain students’
confidence by social persuasion. If students’ frustration with chal-
lenging concepts can be minimized while they have a satisfying
experience then the physiological response positively influences
self-efficacy [3]. In a study of CS majors, students reported that
they gained confidence by tinkering outside of class, and a personal

1web-cat.org
2opendsa.org
3codeworkout.cs.vt.edu
4www.lucidchart.com

Paper Session: Autograders SIGCSE '19, February 27–March 2, 2019, Minneapolis, MN, USA

126





Table 1: Tools used in CS2

Tool Name Purpose Introduced Integrates with

Canvas Learning Management System(LMS) week 1
Web-CAT auto-grading and feedback system week 1 Canvas
iClicker active learning response system week 2 Canvas and spreadsheets
OpenDSA eTextBook with algorithm and data structure visualization week 5 Separate Canvas Course
Lucidchart optional online collaborative diagramming tool week 5 Google Docs, pdf
Eclipse Debugger Debugger week 5 Web-CAT
CodeWorkout online coding practice and assessment week 6 Canvas

4 LESSONS LEARNED

4.1 Approaches for Student Success

Students start with varying backgrounds, so the initial weeks can be
intimidating and there can be a steeper learning curve for some stu-
dents than for others. Scaffolding tool use helps alleviate the initial
challenges. We scaffold tool use by starting with small introduc-
tory activities, including demonstrations in lecture and with videos,
and eventually expect students to use tools in context. Pro-actively
testing tools and corresponding instructions with consideration for
difficulty and approximate time required improves student success
and minimizes unanticipated frustrations. Assessing student feed-
back and performance allows us to make adaptations to tool use,
activity directions, and overall course instruction.

4.1.1 Scaffold tool use. Our approach to integrating multiple
tools is to phase them in throughout the semester, and to provide in-
struction for each when introduced. At the beginning of the course
students are trying to learn the course routines, CS concepts, and
new tools. To keep them from feeling intimidated and overwhelmed
we phase in tools over time. We make the learning curve for individ-
ual tools more gradual by exposing students to tools at increasing
levels of detail and difficulty over time. We attempt to lessen the
cognitive load on students so that they are not simultaneously try-
ing to master a new concept and a new tool. By scaffolding the
introduction of tools and the learning of specific tools we give stu-
dents the opportunity for mastery experiences that are sequenced
from simple to more complex to build their confidence.

4.1.2 Add tools to the course in stages. In Table 1 we list tools
used in the course and when they are introduced in order to ease
students into the semester. In the first week of the course students
start the routines of going to lab and submitting to Web-CAT. They
also begin weekly pre-reading assignments with quizzes on Canvas.
In the second week we expect students to use their iClickers in class,
and the forum becomes more active. After a few weeks, students
are comfortable with the overall course management and tools.
Many of them need this time to adjust to programming expectations
reinforced byWeb-CAT, which includes style and unit test coverage.
This gives them the opportunity to practice and gain confidence in
this software development setting.

After several weeks, when students are accustomed to the course,
we demonstrate the debugger. Students also have their first assign-
ments using a diagramming tool and their eTextbook. In the follow-
ing week they have on-line programming practice to help prepare
them for the upcoming testing experience.

4.1.3 Introduce specific tools with increasing levels of difficulty.

To lessen the cognitive load on students, we scaffold the assign-
ments that use the tools. This eases the students into using the tool.
We use a variety of techniques such as having a small assignment
with the specific objective of familiarizing students with the tool,
modeling use of the tool in class, and having assignments with in-
creasingly involved use of the tool. The first day that we introduce
using iClickers is a practice day, and we do not count the points so
as to ease into use and make sure the logistics are correct. These
smaller experiences set the students up for success and allow them
to get positive feedback as they build skills.

In the week when students use the Web-CAT project autograder
for the first time, we provide detailed lab instructions for doing
Web-CAT submissions. The corresponding post-lab activity is an
exploration of the Web-CAT results in order to further familiarize
students with the tool. This eases students into using Web-CAT.
Subsequent Web-CAT lab and project instructions are less detailed.

The first semester that we used the OpenDSA eTextbook, we did
not initially demonstrate it in lecture. From forum and office hours
interactions, we realized that students were getting stuck on those
questions that require problem solving, particularly about algorithm
analysis and recursion. Students actually needed help with course
skills and concepts more than tool use. When we demonstrated
OpenDSA problems in lecture, we found that students were more
comfortable after they watched us solve just a couple problems. Pro-
viding this vicarious experience for them builds their confidence in
solving these types of problem. As a result they start the homework
assignments sooner and ask fewer questions. Similarly for Code-
Workout, students can use the tool and understand the feedback
but might need help with some of the Computer Science context.
Most CodeWorkout questions require students to write member
methods for a class. This is disorienting for some students until
they see a solved example. After that, they are more comfortable
and successful solving future questions.

Many students do not begin the semester debugging their code
with a source-line debugger.We notice that students are intimidated
by the eclipse debugger until they have one-to-one coaching in
office hours, at which point they value it and become proficient
with it. In the first semester that we used the debugger, we did
introduce it in lecture and lab, but then we realized we needed a lab
dedicated solely to that topic. We have since also added more early
exposure to the debugger. By week 5 we have demonstrated using
the debugger in lecture to see the contents of a linked structure. In
the post-lab the following week, students further explore the lab
code using the debugger and are given a corresponding quiz. This
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the goals of an auto-grading system that requires student tests
and provides feedback is to promote reflection-in-action, however
student patterns of over-submitting are well documented [9] [8]. An
adjustment that we made was to configure the use of łsubmission
energyž, which is a mechanism to limit the frequency with which
students can submit to Web-CAT. This causes students to think
through the problem more thoroughly and learn more from the
assignment.

When we began updating this course we knew we wanted to
increase student engagement. Some of our faculty had formerly
experienced frustration with response systems, and others did not
want to require students to make additional purchases. By talking
with students, we discovered that because most of them also take
Physics, they already have iClickers. So our use of iClickers was
adapted to mirror how our colleagues in Physics use them. This
simplified our ramp up, and was convenient for students because it
was already a familiar tool. Paying attention to students and talking
to them allowed us to come up with this solution.

4.2 Approaches for Instructor Success

Instructor time is valuable. If instructors can spend less time on
administrative work then they have more time to spend with stu-
dents and improving curriculum. We try to streamline the use of
multiple tools in one course in order to save time and reduce errors.
We consult mentors to head off difficulties, and we start small to
ease into teaching with a new tool. We pick tools that integrate
well with each other, particularly for managing grades.

4.2.1 Consult a mentor who has used the tool before. Finding a
mentor who has used a given tool is valuable for avoiding pitfalls
and quickly resolving logistical issues. Having amentor is especially
helpful for guidance on how to handle absences, late work, and
how to accommodate students with special services needs.

When we changed the lab structure and set up all new projects
for the course, it was advantageous to have a mentor for using
Web-CAT. It made us more efficient in setting up configurations
for assignments and in writing tests. Experienced users could pro-
vide guidance not just on syntax for test messages, but various
approaches on how and when to give students feedback on failed
tests. Seeing examples of a mentor’s previous configurations helped
to accommodate late submissions with automatic point deductions.
For a tool as complicated asWeb-CAT, it is ideal to build community
and corporate knowledge from semester to semester in the form
of experienced TAs training new TAs, and having the experienced
TAs write training manuals for new TAs who will have to pick up
being tool administrators.

Having a mentor for CodeWorkout was useful for realizing what
previous content was already available. It was also important for
logistical nuisances such as knowing to use the same name for
the assignment in Canvas and CodeWorkout, and being sure to
synchronize settings and time constraints across course sections. A
mentor was also useful for demonstrating how to provide alternate
test times and extended time. The begin and end dates can be
adjusted and so can the time alloted. Having a mentor saved time
and allowed us to anticipate and resolve logistical issues.

When we decided to use iClickers, we consulted with our col-
leagues in Physics. We had a meeting to discuss their approaches

and steps for setting up iClickers across our institution. They
showed us how they installed and configured the software and
also explained their grading scheme and course guidelines. When
they described some of their management efforts with grading and
especially dealing with absences, we chose to take a simpler over-
all approach. We followed their advice to require students to only
use the iClickers to respond and not their phones. Their guidance
helped us head off logistical issues and made getting started with
iClickers run smoothly.

4.2.2 Start small with room to grow. We avoid investing signifi-
cant time and effort on a tool or corresponding assignments until
we are confident it will yield positive learning experiences for our
students. We will not really know this until we try the tool, so
we start with a small number of assignments and keep the grad-
ing value of the assignments low. It is easier to start with a tool
that provides some ready-made content, this allows you to initially
spend your efforts on integrating the tool versus creating content.
If the tool is also customizable then we improve and enhance our
approaches either throughout the semester or from semester to
semester. As discussed above, it is useful to test any ready-made
content before assigning it to students.

The first semester that we used CodeWorkout, we began with
pre-existing questions about arrays. CodeWorkout was familiar
to some students who had used it in our CS1 course the previous
semester. CodeWorkout was not familar to all the students, and it
had not been used before in the CS2 course, so we eased into it. We
created a couple of practice assignments with new data structure
content that the students did for low point homework, and then
used it in an exam. The following semester we added working an
assignment during lecture. In the future we plan to create more
CS2 content to use for active learning during lectures.

We do not make tool activities worth many points and we do not
over-promise how we will use or grade activities with the tool. For
example, there are many OpenDSA questions, but they are worth
only 2% of the students’ overall grade. However, they have great
value to the students as practice. One semester our server running
OpenDSA restarted overnight, and students who completed the as-
signment before the server crashed lost their grades, while students
who did the assignment after the crash were graded normally. So
we follow a two-level approach here. In the long term, we want to
fix the underlying problem before the next semester (or work with
the tool developers if appropriate). In the meantime, we can take
the simple route and give everyone credit for that set of questions.
This is why it is a good idea to keep the percentage of the grade
and the level of instructor effort at a minimal level until you have
confidence in the tool.

Integrating multiple tools is more manageable because we start
small and then gradually increased tool usage, which mitigates risk
and allows us to adapt and enhance how we incorporate the tools
over time.

4.2.3 Choose tools that simplify management of student accounts

and grades. As much as possible, we use tools that simplify course
administration. This reduces errors and frees up instructor time to
focus on students and instruction. We manually manage student
accounts and porting grades as needed, but in most cases our tools
are set up to communicate automatically.
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Web-CAT now allows us to port grades directly to Canvas. In
the past we would download a gradesheet from Canvas to ensure
the proper column title for the grades that we were uploading.
We learned to be sure to delete spreadsheet columns for other
assignments so as to not unintentionally overwrite them when
we upload. Keeping this spreadsheet open in Excel simultaneously
with a tools’ spreadsheet allows one sheet to reference the other
using the Excel VLOOKUP command as needed to manually port
grades.

Having the grades port directly from Web-CAT to Canvas takes
significantly less time than any manual process and greatly reduces
error in the transfer. We had formerly made errors such as porting
grades over to the wrong assignment in the LMS or having all the
student grades shifted down a row. Another key administrative ben-
efit to grades automatically porting is that late grades are handled
seamlessly. When we ported the grades manually, there would be
added administrative work and more errors for the scenario where
we ported grades for an assignment from Web-CAT to Canvas and
then one student’s grade was later changed in Web-CAT but this
was not reflected in Canvas.

OpenDSA is now fully integrated with Canvas, so students do
not need a separate account, and grades are automatically ported.
Before OpenDSA automatically ported the grades over to Canvas,
the student accounts were not necessarily the same. It is important
that the roll from your LMS and the roll from your tool share some
attribute that uniquely identifies each student. This is typically
the student ID number or the institutional email. We formerly had
grade errors because, despite instructions, some students would
use a personal email to self-enroll in OpenDSA and then there was
no shared unique key with the Canvas roll. Furthermore, some
students would enroll in OpenDSA multiple times with various
emails, so grades could be scattered across OpenDSA accounts, and
various subsets might or might not get ported to Canvas. Having
synchronized student accounts eliminates these issues and saves
instructor time.

CodeWorkout can now be launched via Canvas, and grades are
automatically ported over. However, we experienced similar issues
with CodeWorkout as we formerly did with OpenDSA if we al-
lowed students to self-enroll in CodeWorkout. Issues arose when
students created multiple accounts and used different emails for
their accounts, and additionally we had complications when stu-
dents enrolled in thewrong ormultiple sections of the course, which
then affects their assignment settings. Using student accounts di-
rectly from Canvas in CodeWorkout, and not allowing students to
self-enroll, saves time and reduces errors.

4.3 Potential Pitfalls

Integrating multiple tools into a course can positively impact stu-
dent learning and instructor routines, but there are increased op-
portunities for complications. Our approaches have helped us pro-
actively avoid many frustrations but there remain situations that
can easily be mis-managed, especially when configuring a variety
of tools independently.

One interesting example of a configuration issue and potential
pitfall is whether students can rework the problems to study for a

test. Some questions we ask ourselves are: Do the students have ac-
cess to previously worked problems? If they rework them will they
get regraded? If they rework themwill they count as late? Currently
we handle this in OpenDSA by closing assignments when they are
due and then downloading grades before reopening questions the
week before a test so students can use them for more practice.

Another interesting example of a configuration issue and poten-
tial pitfall is whether to record the grade for the last or best attempt
from a student. This is the kind of option that may go unnoticed at
first without a mentor. We find that on CodeWorkout we should
take the best attempt since they might run out of time, but on Web-
CAT we should take the last attempt since they are under less time
pressure to make thoughtful decision about their submissions.

Hurdles such as these support the case that it is advisable to
test your process with colleagues, teaching assistants, or by set-
ting up multiple accounts of your own to enable testing. Versions,
installation processes, interfaces, and security issues can change
between semesters, so it is best to re-test to avoid unexpected stu-
dent frustration. New issues can arise, but also, former issues might
be resolved with updates.

5 CONCLUSIONS AND FUTURE WORK

By maintaining focus on student success and trying to streamline
the process for instructors we have been able to integrate many
tools into one course. We improve student success by scaffolding
tool use, testing tool assignments before student use, and consci-
entiously paying attention to student feedback and behavior. We
improve the experience for instructors by consulting mentors, start-
ing small, and choosing tools that simplify course management.
These approaches can be applied across educational settings. We
reported on our experience with a large, in-person lecture. But
many of these strategies can be applied to smaller classes, labs,
and on-line courses. Our checklist in Figure 2 can be found at
http://people.cs.vt.edu/~maellis1/teaching_resources/ and adapted
to various circumstances.

Our future work includes integratingmore active learning during
lecture by expanding our use of CodeWorkout. We hope to improve
student comprehension by using new content form OpenDSA with
interactive questions for linked structures. We will also be adopting
a version of Web-CAT with enhanced student feedback. While
students benefit from scaffolding the use of the debugger, we plan
to reduce the cognitive load for the debugger lab by making it about
a programming concept that students have previously mastered.
We are currently applying these approaches for integrating multiple
tools into an updated version of our Problem Solving in CS course.
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