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ABSTRACT

Classroom dashboards are designed to help instructors effectively
orchestrate classrooms by providing summary statistics, activity
tracking, and other information [12]. Existing dashboards are gen-
erally specific to an LMS or platform and they generally summarize
individualwork, not group behaviors. However, CS courses typically
involve constellations of tools and mix on- and offline collaboration.
Thus, cross-platformmonitoring of individuals and teams is impor-
tant to develop a full picture of the class. In this work, we describe
our work on Concert, a data integration platform that collects data
about student activities from several sources such as Piazza, My Dig-
ital Hand, and GitHub and uses it to support classroommonitoring
through analysis and visualizations. We discuss team visualizations
that we have developed to support effective group management and
to help instructors identify teams in need of intervention.
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1 INTRODUCTION

Modern CS courses are typically blended and involve suites of online
tools including learning management systems (LMSs) such as Moo-
dle, Canvas, or Blackboard, development platforms such as GitHub,
automated build servers such as Jenkins, and online support plat-
forms such asMyDigital Hand or Piazza. Students often face difficul-
ties workingwithin and across these platforms and integratingwhat
theydoonlinewith their in-person learning [14].Tosupport students
in using these tools and to orchestrate good learning instructorsmust
monitor the students’ work [12]. Many existing LMSs include tools
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for monitoring student activities collected using heat maps (e.g. [3])
or other visualizations (e.g. [6, 9, 13, 20]). Themajority of these tools,
however, are focused on a single platform, often the course LMS, and
do not allow the instructors to observe activities across platforms.
Existing monitoring is also complicated by teamwork. Collab-

orative projects are central to many CS courses as they provide
opportunities for peer instruction and mirror professional envi-
ronments. While individual activities still make up the majority of
coursework, effective teamwork is essential to students’ success.
However, many CS students, particularly those in early courses, are
new to the concept of teamwork and struggle with the coordination,
communication, and sharing that underpin teamwork [7]. In order
to effectively manage student teams, instructors must be able to
monitor their work, identify patterns that cut across teams, and ac-
count for structured collaboration practices such as POGIL [16] that
allocate different tasks to different individuals. They must be able to
distinguish cases where work is being delegated properly from cases
of free-riding, or where the team itself is unable to communicate.
Individual student analysis is unsuitable in such cases.
Our goal in this research is to address both challenges by im-

plementing an interactive dashboard that can be used to integrate
student information across platforms, visualize student and team
activities, filter groups by instructor-defined criteria, and support
data-driven intervention. We followed a design-based process in
whichwe carry out initial focus interviewswith experienced instruc-
tors at our university. These interviews focused on the processes
used by the instructors for group work, interventions, and the cri-
teria that they use when making interventions, and preliminary
platform designs. Subsequent to these interviews we implemented a
working systembasedupon their comments.We then returned to the
instructors for subsequent interviews and evaluation of the system.
In this paper we first discuss related work and the background

we drew from it. We then describe our design interviews and the
lessons we took from them, before turning to the system itself. We
then describe our followup evaluation of the system and conclude
with general lessons for similar work. At each stage we discuss the
details of our process and lay out potential guidance.

2 RELATEDWORK

Withteamworkbecomingcentral inmanyundergraduateCScourses,
analyzing and understanding student teamwork becomes increas-
ingly important. Teamprojects canhelp students gain the experience
that helps their future in the industry [7, 11], but such projects and
the collaborative work can be new to many students, adding more
complexity into the team assignments and team interactions [7].
Instructors may help students learn teamwork by supervising and
occasionally making interventions in their team activities, but find-
ing and targeting struggling teams can be challenging for many
instructors, often because of large class sizes.
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Several instructor visualization tools have been developed and
released with the aim of helping instructors to observe and under-
stand their students’ study behaviors and analyze and orchestrate
their behaviors [22]. Many of these dashboards focus on tracking
student effort based upon their activities on a single online platform
[13, 19, 20].GitCanary is anexampleof such tools,monitoringproject
progress and contribution using activities on Git repositories [13].
Sandee andAivaloglou provide a report of the iterative development
of this tool basedon student and instructor reports andanexperimen-
tal evaluation of it during spring semester of 2020 in a class with 147
computer science students, guided by 7 teachers, working in teams
of an average of four members, and developing an Android game. At
the end of the semester they summarized teacher and student per-
ceptions of the tool using six online interviewswith the teachers and
an anonymous questionnaire for the students. The results showed
positive perceptions from both teachers and students, the tool be-
ing mainly used by teachers and students together for explaining
concepts of software quality and to promote balance and planning.
Vivian et al. also created a dashboard to extract team role distribu-
tions and emotions using term frequency in team discussions [20].
They tested this platformonPiazza data andwere able to observe sev-
eral different roles such asCommunication,Coordination,Monitoring,
and Leadership. Another popular platform is the Interactive Heat
Map Analytics Dashboard which operates on the Canvas platform
[3]. This dashboard provides a multi-level heat map of individual
student activities and performance as well as aggregate statistics.
Holstein et al. developed a similar dashboard called Luna, which

utilized interaction data from intelligent tutoring systems used in a
middle school [8]. They conducted a case studywith 5middle school
teachers and 17 classes and showed that while the teachers often
know how their students are doing, a learning dashboard based on
an ITS data can improve their knowledge of the class [21]. They ob-
served that the instructors primarily focused on information about
the most challenging areas for the students. CourseVis is another
example of graphical student monitoring tools, which works on a
web-based platform for distance courses [9]. In this platform, they
visualize social, behavioral, and cognitive activities of the students.
The research group observed that using this platform, the instructors
can identify trends in student activities and discover students who
need help quickly.
Some more recent dashboards have also incorporated different

educational data mining and machine learning methods in the visu-
alizations. Diana et al. for example, introduce a dashboard to provide
instructors with real-time analytics about their programming as-
signments in Alice platform [4]. In a follow-up work, they use the
data collected from Alice and machine learning methods to predict
students’ performance and match low-performing students with
high-performing peer-tutors [5]. While Tarmazdi et al. designed a
teamwork dashboard, which visualizes student roles Backup sup-
porter, Feedback provides, or Leadership in student teams [18]. They
use natural language processing methods to extract student roles
from their online posts on the discussion forum. This work however,
focused on the context of student discussions on the course forum
and not on their coding activities.

While these dashboards provide valuable information about differ-
ent aspects of the student activities, most are focused on individual
student activities. With the exception of Tarmazdi et al, the authors
have not considered team-specific analytics. Moreover, these dash-
boards are focused on a single platform, typically a central LMS and

do not integrate data from different platforms. While some LMSs
such as Canvas andMoodle allow external tools to be linked in, they
do not cover all tasks. CS courses typically use a collection of online
tools, such as automated build interfaces, many of which do not
support LMS integration. In 2011, Siemens et al. proposed design
of a platform for data integration and interventions [15]. They also
proposed to develop distinct educator, learner, administrator, and
researcher interfaces. However, due to lack of funding little progress
was made towards implementing the platform [10]. The Concert
platform that we develop in this work draws frommultiple existing
platforms including GitHub [1], Piazza [2], and My Digital Hand
[17] to track student actions across the course and we combine them
to visualize the team activities for the course instructors. In future,
we plan to extend the list of supported tools to include more online
platforms used in classes.

In the current design of our system, we focused on student activ-
ities on Piazza and MDH (their discussion forum posts and office
hour attendance record) as sources to understand team help-seeking
patterns. These two sources reflect on student interactions inside
teams andgeneral interactions of thewhole teamwith other teamsor
the teaching staff. We also looked into the amount of their activities
on GitHub that reflects on how often they worked and how they
divided the work among themselves.

3 METHODS

Our goal in thiswork is to implement a platform to include data from
different online sources, visualize student activities on them, and let
instructors filter students based on their desired criteria. To do this,
we scheduled two rounds of unstructured interviews with 9 instruc-
tors teaching at our university. The first round was done before the
system implementation and the second round was scheduled after.
During the first round of interviews, we asked the instructors about
their criteria for making interventions in their classes and the kinds
of interventions they make. We then shared some sketches of the
systemwith them and asked what they would like to see included
or changed in the platform implementation. During this discussion,
the instructors shared some ideas to be included in the system, some
concerns about possible challenges in implementation and decision
making based on the included data, and some discussions about
what data to include and what methods to use in the system. The
main purpose of these interviews was to understand what patterns
instructors generally look for in student activities, so that we can
identify and present those patterns to themmore easily.

In the followingsections,wefirstdiscussour interviewswith these
instructors about how they decide to make interventions in their
classes and what kinds of interventions they make. The instructors
were selected based onhaving experiencewith student teams in their
classes. They teach a variety of courses such as introduction to com-
puting, software engineering, programming concepts, senior design,
game design, and HCI in the Computer Science department. We also
talked to an instructor from the History department to gain insight
about the tools and methods used outside computer science courses.
Then, we discuss the design of the system and the features included
based on the instructors’ opinions. Finally, we share discussions
from our second interviews with instructors where they interacted
with the system and their suggestions for the future development
of the platform.
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4 WHAT INTERVENTIONS DO
INSTRUCTORSMAKE IN THEIR CLASSES?

During the first round of interviews, we asked instructors if they
ever plan interventions in their classes and what kinds of interven-
tions they make. Two of the instructors stated that when they were
concerned about student performance, they preferred to make inter-
ventions on awhole class basis, such as sending an email to thewhole
class encouraging them to be more active on Piazza or to come to
office hours. One of these instructors mentioned that they prefer to
remind students of different learning theories. For example: “Theory
says that the students who are more active on course discussion
forums end up more successful in the class”. The reason for choos-
ing top-level interventions was teaching style in one instructor’s
case and large size of classes in another. The second instructor men-
tioned that they have 60-70 teams in their class and it would be time-
consuming for them to reach out to the teams individually. There
were 6 other instructors that noted besides top-level interventions,
they sometimes reach out to students or teams individually by email,
set-upmeetings with them, or refer them to their advisors if they are
not having acceptable progress in course. Two of the instructors also
mentioned that they sometimes make changes to the future course
structure or the assignments based on the feedback they get from
students. It is important to note that some instructors planned more
thanonekindof interventions in their classes. For example, oneof the
instructors reached out to individual teams and made changes to fu-
ture courses. One of the instructors noted that theywere not making
any interventions in their class unless students reached out to them.

We then asked what information they used to decide about when
and to whom they reached out. For making top-level interventions,
the instructors often considered lowclass attendance, lowactivity on
the course forum, and lowparticipation in assignments a redflag that
oftencaused themtoreachout to thewholeclass. Formakingchanges
to the future courses, the instructors noted checking out trends on
the discussion forumandfinding common concerns in class. For indi-
vidual reach-outs, 6 instructors used student submitted forms such as
peer evaluations, time-sheets, conflict reports, and evaluation forms;
4 instructors reached out if the students did not meet the course
expectations regarding assignment submissions, project progress, or
grades; and two instructors stated that they collect different statistics
of the students and sometimes decide tomake interventions based on
thoseand theirobservations inclass.Thisdata includedasummaryof
activities by project and student for one of them, and student grades
aswell as office hour and forum interactions for the other. Both these
instructors noted that they do not have a formal process for making
interventions and that their interventions arenot alwaysdata-driven.

After the first round of the interviews, we learned that interaction
with individual teams in classes or using data-driven methods for
finding struggling students and teams is time-consuming for most
of the instructors. We also learned that the instructors considered
a variety of factors for finding at-risk teams and the factors were
even sometime different for the same instructor across different
courses. As a result, we decided to keep the filters for selecting teams
to contact and the time frames of data to include in the analysis a
variable that the instructors can adjust based on their knowledge of
their classes. We also decided to make it easy for them to check out
student projects by including a link to each team’s GitHub repos-
itory. Contacting teams was another part of the process that was
time-consuming and thus we decided to make it easier by including
email templates and the student emails for each project.

5 SYSTEMDESIGN

Ourcurrentplatform ispart of a largerongoingproject calledConcert.
The Concert platform is a general data integration and intervention
system that is designed to track students’ work in courses across
multiple platforms and to support rich models of their study habits,
progress, and learning. This data is intended to support research on
student learning, dashboards for instructor and student guidance,
and data-driven interventions. The current version of the platform
integrates data from Piazza (a discussion forum used widely in CS
department of our university), Moodle (the LMS widely used for
our courses), My Digital Hand (MDH, a ticketing system used in
some large classes for keeping student turns in office hours) [17],
and GitHub (a version control system used in some of CS courses
for managing teamwork and submissions). For the present work
we focused on data from the Software Development Fundamentals
course (CSC 216) offered atNC State University. This course includes
two multi-stage team projects in Java with intermediate milestones.
We used data from the Fall 2020 iteration of the course for our work
and we familiarized our participating faculty with the course design
and expectations before the interviews.

We initially planned to filter the teams that we considered at-risk
based on having large differences in activities with the course aver-
age and median values. However, there are many different patterns
that can be identified across student teams in the studied course and
using the data included in our system. These options will expand
further once we include more courses and more sources of data in
our system. So, it would be challenging to select some criteria and
present teams meeting those to all the instructors. Some instructors
might care about the overall progress of the project by the whole
group, while others might get concerned about unbalanced work.
Some courses might use GitHub for tracking student submissions
and somemightuseother tools. Sowedecided to leave suchdecisions
to the course instructors.

To keep the system analyses and teamflaggingmeasures dynamic,
on the first page of the interface we ask instructors to select a course
from their courses, select a time frame to filter activities by, and to
select what aspects of student activities theywould like to see. These
can be subsets of discussion forum posts, office hour attendance,
and submissions. We asked the instructors what kinds of date filters
would work best based on their opinion. Some of our suggestions
were week-by-week reports, all the activities since the start date
of the project, and all the activities since the start of the semesters.
Three of the instructors suggested that different courses might need
different kinds of time frames and it is best to keep the time frames
flexible for the users. For some courses with short project timelines,
it might be best to include all the data since the beginning of the
project. But some courses such as senior design have semester-long
projects and it might be best if the user can seemore recent activities.
Thus, we decided to leave the time frame selection on the first page
to allow the users to filter data based on their preferences.
On the next page after making these selections, we show some

overall chartsof thedistributionsof studentactivities forall the teams
in class.We asked instructors if theywould like to see total activities,
absolute difference values between members, or normalized differ-
ence by the team activity and they noted that all of them together
allow formore insightful decisions. Two instructors suggested that it
would be best to differentiate between forum initial posts and replies.
Three instructors also noted that it would be helpful to look at the
amount of work done (by lines of code or Additions in commits) and
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emails to themwould be the most time-consuming part and having
this option would save them a lot of time.

One instructor liked the filtered team stats shown in tables. They
stated that having information on one aspect of student activities
is not as helpful as having the integrated information from all the
different sources. They believed it would provide themwith lots of
information about the teams. Two instructors liked the single-team
charts, since it showed them the trend and distribution of student ac-
tivities in time. Two instructors noted that having the link to GitHub
was specifically useful, since sometimes you need to check out their
activities to make sure what the numbers mean. While numbers
can draw your attention to some teams, you still sometimes need to
investigate further.

Three instructors believed thatmost of the featureswere there and
the systemwas already providing value. While they believed some
design changes and providing more information about how to read
different charts and statistics could make the system easier to start
with or use during time, theymentioned that they got used to finding
the information easily. Three other instructors stated that the system
was helpful and it was useful to know how the students worked in
teams. One of them stated that GitHub provides the users’ pulse and
you can see what each member did, but integrating that information
with Piazza and office hours can be insightful. Two instructors stated
that they would use the system if it would provide more charts and
information at the starting page and without needing much time
from them. Also, all the instructors believed that having the option
of saving and re-using the filtersmakes the systemmore time-saving
and easy to use.

8 CONCLUSIONS AND FUTUREWORK

In this work, we conducted detailed design interviewswith 9 instruc-
tors about their courses, teamwork, and how theymake data-guided
interventions. Guided by this information we solicited their opin-
ions on our proposed dashboard design and operation.We then used
their feedback to guide our implementation of a working prototype
using integrated data from a CS2 course. This dashboard provided
the instructors with an overall view of their classes and provided
them with tools to query data about specific teams or set thresh-
olds to identify students who may need support. We then trained
the instructors on the prototype and conducted additional design
interviews to solicit their opinions on the platform.While providing
this information to the instructors does not guarantee to improve
student teamwork, it will save instructors the time they would need
to spend analyzing student online behavior.
Overall, the instructors found the platform to be useful and be-

lieved that the information shownon this dashboard could help them
to better identify and engage with struggling teams. Some of them
mentioned that they would reach out to the top teams as well, to
motivate them in keeping their good work going. The instructors
also provided uswith feedback aboutwhat other features theywould
like the system to have and what changes could make the system
easier to interact with. Some of the feedback instructors provided
was about the design of the pages and the information shown. For
example, the charts did not seem self-sufficient without explana-
tion. The axis labels and chart names were not descriptive enough
and some of the defined metrics such as difference and normalized
difference needed a more clear definition for the first-time users.
Some of the other suggestions were about the features we could

add to the system to make it more useful and time-saving. The most

asked for feature was being able to generate and use different email
templates. The instructors believed it would save themmore time
and give them more flexibility to reach out to different groups of
students, maybe just to say they are doing great. They also asked for
the option to reach out only to the student who is less or more active
in a team individually. Aside from saving and re-using filters, one
instructor asked to set up filters at the beginning of the semester and
get notifications about them regularly. Another instructor suggested
that once filters were saved and given their names, we would be
able to construct more complex filters by grouping them into logical
expressions. One other feature the instructors requested more often
was having pre-defined filters to show students above, within, and
belowmedian range of submissions so that they can find themwith-
out needing to create filters. Another request was having a landing
page with insightful information about the class, such as general
information, list of teams and howmuch activities they have done,
or some charts providing information about the class at a glance.
There were also different requests for more personal configura-

tions, such as the default time-frame setting or a landing page with
useful insights about the course. Some instructors also asked for
different kinds of visualizations and being able to switch between
them. For example, two instructors preferred to see bar charts with
a bar for each team instead of the distributions, to knowwhere each
team stands by looking at the chart. One other instructor also pre-
ferred to have the bar charts in team specific pages not stacked to
make them easier to compare, but they believed it would be best
if they could switch between stacked charts and bar charts. Some
instructors asked formorefiltering options such as getting keywords
or names of the folders to limit the Piazza posts and office hour visits
to the ones related to the team project. Another example was for the
instructors to provide a regular expression for the files to ignore in
submissions, since sometimes parts of the project code is provided
by the teaching staff and its submission by one member can make
the work distribution inaccurate. Instructors also requested for the
project deadlines and milestones to be added to the system and be
shown as options for time-frame selection and/or as overlays on the
charts to give the user more insight about student activities.
One instructor suggested showing different types of office hour

attendance with different colors on the chart. When students submit
a request on My Digital Hand platform, there are three possibilities.
They may be helped by the teaching staff present and have their
problem resolved, theymay be helped but leavewithout having their
problem solved, or they may not get to be helped due to the office
hours being busy. Showing these groups separately can help the
instructors know if they have enough office hours and if the students
are receiving the help they need.
We plan to implement different parts of these suggestions in the

next phases of development, prioritizing the ones most asked for
such asmaking the visualizations easier to follow, having predefined
filters that are easy to use, and saving and selecting different email
templates for reaching out to students more easily.

ACKNOWLEDGMENTS

This researchwas supported byNSF 1821475 “Concert: Coordinating
Educational Interactions for Student Engagement” Collin F. Lynch,
Tiffany Barnes, and Sarah Heckman (Co-PIs).

Session: Collaboration — Group Health SIGCSE ’22, March 3–5, 2022, Providence RI, USA

451



REFERENCES
[1] Github. https://github.com/. Accessed: 2021-08-11.
[2] Piazza discussion forum. https://piazza.com/. Accessed: 2021-08-11.
[3] M. Bueckle and K. Börner. Empowering instructors in learning management

systems: Interactive heat map analytics dashboard. Retrieved Nov, 2:2017, 2017.
[4] N.Diana,M. Eagle, J. Stamper, S. Grover,M. Bienkowski, and S. Basu. An instructor

dashboard for real-time analytics in interactive programming assignments.
In Proceedings of the Seventh International Learning Analytics & Knowledge
Conference, pages 272–279, 2017.

[5] N. Diana, M. Eagle, J. Stamper, S. Grover, M. Bienkowski, and S. Basu. Peer tutor
matching for introductory programming: Data-driven methods to enable new
opportunities for help. International Society of the Learning Sciences, Inc.[ISLS].,
2018.

[6] S. R. Emmons, R. P. Light, and K. Börner. Mooc visual analytics: Empowering
students, teachers, researchers, and platform developers of massively open
online courses. Journal of the Association for Information Science and Technology,
68(10):2350–2363, 2017.

[7] S. B. Feichtner and E. A. Davis. Why some groups fail: A survey of students’
experiences with learning groups. Organizational Behavior Teaching Review,
9(4):58–73, 1984.

[8] K. Holstein, F. Xhakaj, V. Aleven, and B. McLaren. Luna: a dashboard for teachers
using intelligent tutoring systems. Education, 60(1):159–171, 2010.

[9] R. Mazza and V. Dimitrova. Coursevis: A graphical student monitoring tool for
supporting instructors in web-based distance courses. International Journal of
Human-Computer Studies, 65(2):125–139, 2007.

[10] A. Muslim, M. A. Chatti, and M. Guesmi. Open learning analytics: a systematic
literature review and future perspectives. Artificial Intelligence Supported
Educational Technologies, pages 3–29, 2020.

[11] K. L. Reid and G. V. Wilson. Learning by doing: introducing version control as
a way to manage student assignments. InAcm Sigcse Bulletin, volume 37, pages
272–276. ACM, 2005.

[12] J. Roschelle, Y. Dimitriadis, and U. Hoppe. Classroom orchestration: Synthesis.
Computers & Education, 69:523–526, 2013.

[13] J. J. SandeeandE.Aivaloglou. Gitcanary:A tool for analyzing student contributions
in group programming assignments. InKoli Calling’20: Proceedings of the 20th Koli
Calling International Conference on Computing Education Research, pages 1–2, 2020.

[14] A. Sheshadri, N. Gitinabard, C. F. Lynch, T. Barnes, and S. Heckman. Predicting
student performance based on online study habits: A study of blended courses.
In Proceedings of the 11th International Conference on Educational Data Mining
(EDM) 2018, Buffalo, US, pages 411–417, 2018.

[15] G. Siemens, D. Gasevic, C. Haythornthwaite, S. Dawson, S. B. Shum, R. Ferguson,
E. Duval, K. Verbert, R. Baker, et al. Open Learning Analytics: an integrated & mod-
ularized platform. PhD thesis, Open University Press Doctoral dissertation, 2011.

[16] S. R. Simonson. POGIL: An introduction to process oriented guided inquiry learning
for those who wish to empower learners. Stylus Publishing, LLC, 2019.

[17] A. J. Smith, K. E. Boyer, J. Forbes, S. Heckman, and K. Mayer-Patel. My digital
hand: A tool for scaling up one-to-one peer teaching in support of computer
science learning. In Proceedings of the 2017 ACM SIGCSE Technical Symposium
on Computer Science Education, pages 549–554, 2017.

[18] H. Tarmazdi, R. Vivian, C. Szabo, K. Falkner, and N. Falkner. Using learning
analytics to visualise computer science teamwork. In Proceedings of the 2015 ACM
Conference on Innovation andTechnology inComputer Science Education, ITiCSE ’15,
page 165–170, New York, NY, USA, 2015. Association for Computing Machinery.

[19] K. Verbert, E. Duval, J. Klerkx, S. Govaerts, and J. L. Santos. Learning analytics
dashboard applications. American Behavioral Scientist, 57(10):1500–1509, 2013.

[20] R. Vivian, H. Tarmazdi, K. Falkner, N. Falkner, and C. Szabo. The development of
a dashboard tool for visualising online teamwork discussions. In 2015 IEEE/ACM
37th IEEE International Conference on Software Engineering, volume 2, pages
380–388. IEEE, 2015.

[21] F. Xhakaj, V. Aleven, and B. M. McLaren. Effects of a teacher dashboard for
an intelligent tutoring system on teacher knowledge, lesson planning, lessons
and student learning. In É. Lavoué, H. Drachsler, K. Verbert, J. Broisin, and
M. Pérez-Sanagustín, editors,Data Driven Approaches in Digital Education, pages
315–329, Cham, 2017. Springer International Publishing.

[22] Y. Yoo, H. Lee, I.-H. Jo, and Y. Park. Educational dashboards for smart learning:
Review of case studies. Emerging issues in smart learning, pages 145–155, 2015.

Session: Collaboration — Group Health SIGCSE ’22, March 3–5, 2022, Providence RI, USA

452


