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Abstract. Cloud-based Computer-Aided Design (CAD) tools are changing the way
design happens in industrial and educational settings. These tools enable a
streamlined collaborative process, unlocking the potential for technical and
teamwork integrated teaching and learning. Further, cloud-based CAD can enable
distant teamwork in which information and ideas are shared in real time among
team members and between students and instructors. In team projects, it is
important not only to fairly assess the outcomes, but also to reduce the likelihood
of unequal contributions among team members. In this paper, we re-examine a
cloud-CAD data set from a team design exercise to describe how the analytics from
CAD tool Onshape can deliver a metric of team member contribution by expanding
on a published analytics framework, namely the Multi-User CAD - Collaborative
Learning Framework (MUCAD-CLF). We identify a trend of individual dominance,
where one team member does a majority of the CAD work, and we then analyze
the CAD actions that this dominant individual takes, looking for gatekeeping
behaviour. We discuss implications of this solo-dominance phenomenon and
propose future work towards improved contribution equity on collaborative CAD
teams.

Keywords: Collaboration, collaborative learning, contribution, teamwork, equity,
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1 INTRODUCTION

The need for collaboration with Computer-Aided Design (CAD) tools is rising in many contexts,
from industry to education. In industrial practice, work is increasingly happening on distributed,

Computer-Aided Design & Applications, 20(3), 2023, 574-583
© 2023 CAD Solutions, LLC, http://www.cad-journal.net



http://www.cad-journal.net/
http://orcid.org/%5bORCID%5d
http://orcid.org/%5bORCID%5d
mailto:olechowski@mie.utoronto.ca
mailto:yuanzhe.deng@mail.utoronto.ca
mailto:liz.damaren@mail.utoronto.ca
mailto:ttrigor@technion.ac.il
mailto:ouzirosen@gmail.com
mailto:mamueller@ptc.com
mailto:olechowski@mie.utoronto.ca

575

global teams; even before COVID-19, 16% of the American workforce worked remotely at least
part of the time [1]. Collaboration requires the contribution of many, and can be a key driver for
innovation [22]. In post-secondary studies, teamwork and collaborative design are now widely
recognized as critical attributes of graduating engineers [14]. Yet traditional CAD, which is on-
premise, licensed by seat, and hardware dependent, has long been a solitary activity, with not-
yet-seamless collaboration.

The rise in collaborative need is matched by a transformation of CAD software with the
emergence of cloud-based collaborative CAD, or multi-user CAD [8], [20], [24]. These new
platforms make it possible to collaborate with other designers in real-time, in a multi-tenant
environment, where changes are synchronously updated to the model. For example, Onshape’s
multi-tenant cloud architecture means that, rather than storing copies of the document in a cloud
database, all changes to the document are recorded to the database. This enables real-time
collaboration on CAD models (like Google Docs), and also allows the export of an “audit trail” of
any users’ actions over time for more detailed analyses. Cloud-CAD lowers access barriers to use,
since the most up-to-date version of the software is automatically shared with all members of a
team, and all users have access on their own machines.

In this paper, we will re-examine a cloud-CAD data set from a team design exercise to
investigate how the analytics from Onshape can deliver a metric of team member contribution. We
achieve this by expanding on a published analytics framework, namely the Multi-User CAD -
Collaborative Learning Framework (MUCAD-CLF) [6]. We will identify a trend of individual
dominance, where one team member does a majority of the CAD work, and we will then analyze
the CAD actions that this dominant individual takes, looking for gatekeeping behaviour. We discuss
implications of this solo-dominance phenomenon and propose future work towards improved
contribution equity on collaborative CAD teams.

2 BACKGROUND

2.1 The Need for Collaborative CAD

The incidence of distributed design teams is increasing; these teams need different supports than
those working in traditional co-located environments [4]. In the context of CAD, there have long
been discussions of how team collaboration could be more effective [15], [17], but only now does
there exist the cloud-based design technology and learning management infrastructure to support
this reality in the professional setting.

Anticipating this workforce shift towards collaboration, engineering programs are increasingly
focusing on teamwork skills as a targeted learning outcome [19]. In particular, studies have shown
that in practice, “engineers’ technical work is inseparably intertwined with team-player
collaboration” [19]. This points to design with CAD as a powerful tool for the integrated skill-
building of both technical design and teamwork.

2.2 Challenges of Teamwork in Education

As the shift toward more team projects and assignments is underway, there is an accompanying
challenge related to fair assessment of team members' contributions. Not only is it challenging to
assign individual grades based on a team-output [10], [18], but one must also be conscious of
team dynamic issues, often fueled by unequal contributions. Studies show that there exist
students who do not contribute and “free ride,” and more generally the phenomenon of “social
loafing” whereby individuals working alone put out more effort than when working with others [2],
[10], [12].

One effective treatment for social loafing is formative evaluation; Harkins and Jackson showed
that social loafing decreases when participants feel their contributions are individually identifiable
and comparable with outputs of their teammates [13]. To further tackle team disfunction,
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contribution information could be used for team-debriefing, which is a proven intervention to
improve team effectiveness [16].

Finally, though little addressed in the literature, an individual team member’s over-contribution
can lead to a monopoly on the learning opportunities of the team. In an analysis of peer evaluation
data, Sridharan et al. found that students themselves are willing to penalize over-contributors,
those who “'hog’ or do not equally share their workload (or if they are overenthusiastic,
demonstrate controlling behaviors or do more than their share of the work)” [23].

The approach proposed in this work addresses the need for assessable opportunities for
integrated technical-teamwork, and learning-by-design; we demonstrate a framework to individual
contributions to a collaborative CAD project, identifying trends that will be important for educators
to address in order to provide equal access to and assessment of learning opportunities in their
courses.

3 DATA COLLECTION AND ANALYSIS

In order to demonstrate the problem and our analytical approach, we re-examine data collected
from a design project assigned in a 13-week course, previously published in [5]. The course
“Methods of teaching engineering mechanics” is a mandatory part of the teacher education
program at the Technion Faculty of Education in Science and Technology, training students who
major in mechanical engineering education to teach high school students. A group of nine students
participated in the course and completed the design project in groups of three. The group
consisted of one female and eight males, with age ranged between 27 to 50, and more
demographic details were reported in [5].

The design assignment was to teach students 3D modeling and 3D printing by tasking them to
design a walking mechanism for a robot using the Jansen’s four-bar linkage leg mechanism.
Students needed to collaboratively analyze the mechanism, find optimal configuration of the
mechanism, design the mechanism in CAD, and eventually fabricate the mechanism through 3D
printing. A sample of this design sequence, from the initial analysis to the final prototype, is shown
in Figure 1. For the purpose of this study, only data on design activities performed in CAD are
analyzed.

All students were asked to design in Onshape, a web-based multi-user CAD platform.
Onshape’s cloud-native architecture enables real-time collaboration through a browser or mobile
app by storing all changes made to a document along with a timestamp and the user who made
the change. In any Onshape Edu Enterprise, users with sufficient permissions can access this full
list of changes (called the audit trail) through the Analytics portal. From the audit trail dashboard
in the Analytics portal, educators can filter the results to get all changes made by certain users
over a specified period of time. The resulting audit trail data can be downloaded to a computer, as
was done here for this analysis.

a) b) C)
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Figure 1: The design activity, a Jansen’s leg structure a) structure and motion profile b) CAD
model and c) printed prototype. Image from [5].
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3.1 Analytical Approach

The multi-user CAD - collaborative learning framework (MUCAD-CLF) aims to study collaborative
learning activities in a MUCAD environment by first classifying user actions in two classification
frameworks. Through grouping and comparing different action types in the framework, special
characteristics of different users and teams can be identified. The framework groups the actions in
two different ways: by design space and by action type. These two distinct lenses allow for
different comparisons to be made based on different theoretically-motivated metrics. With 22,270
data entries (10140, 8855, and 3275 entries from each of the three teams) collected from
Onshape Analytics, data were analyzed through self-built Python scripts, open-sourced in [7].

The Design Space Classification separates all Constructive Actions, actions that make visible
changes to the CAD document, from other Organizing Actions, such as Browsing and version
control. Under Constructive Actions, actions are further classified under Part Studio and Assembly,
the two most-commonly used design spaces in Onshape. A typical design process first starts with
creating a sketch in a Part Studio, then the sketch is converted to 3D structures through different
3D Features available in Part Studios. After the detailed structures of parts are prepared in Part
Studios, they are then inserted in an Assembly, where various Mating tools are available for
assembling. Meanwhile, users navigate the Assembly through different Visualizing actions.

Design Constructive Actions Organizing Actions
Space Part Studio Assembly
Action Sketchin 3D Mating Visualizin Browsin Other
Type g Features g g Organizing
Name
Summary  Add/ Add/edit a Add/delete Drag Create/ Create/merge
of Sample modify a Part Studio a part from parts/ delete/ version/
Actions sketch feature Part Studio workspace rename a branch
tab
Copy/past  * Delete a Insert/edit/ Call Open/ *x
a sketch sketch/ delete an animate close a Undo/redo/
Part Studio Assembly actions tab cancel an
feature feature operation

* Deleting a sketch is classified under 3D Features-related actions because a sketch is considered to be a Part Studio
feature in Onshape Analytics once it is created.

** Undo/redo/cancel operations are included under Other Organizing actions because they are recorded unlinked from
design spaces.

Table 1: Design Space Classification [6].

The Action Type Classification groups actions under six command types of a generic CAD design
process [11]. The classification consists of Creating actions, a group of Revising actions (Editing,
Deleting, and Reversing), Viewing actions, and Other actions that do not fit in other command
types.

Beyond simple comparisons that can be made between counts of actions, this classification
method also enables us to quantify the iterativeness of a design process by introducing the
creation/revision (C/R) ratio [25]. The C/R ratio divides the number of creating actions by the
number of revising actions counted in a design process, where a lower ratio indicates a more
iterative design process, previously proposed as being indicative of good engineering design
practices.
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Action Revision

Type Creating . . . Viewing Other

Name Editing Deleting Reversing
Add a sketch/ Edit a Delete a Redo/ Open/ Create/
Part Studio sketch/ sketch/ Part undo/ close a delete/
feature/ Part Studio cancel an tab rename a

i#?::ﬁ;lye Assembly Studio feature/ operation call tab

Actions feature feature/ Assembly animate Create/
Add a part from Assembly  feature actions merge
Part Studio in feature Delete a part version/
Assembly in Assembly branch

Table 2: Action Type Classification [6].

4 RESULTS

Analyzing data collected from the design project, each student is randomly assigned a code in their
team. For example, student 2 in team 3 is coded with code 3-2. An overview of the usage data of
all participants in this design project is summarized in Table 3. With results presented in Table 3,
the trend of one team member (students 1-1, 2-2, and 3-3) dominating the design contribution is
evident. The dominance is prominent across all metrics, whether measured by time, number of
documents creates, part features added, sketches modified, or total action contribution.

Student Logged Share of team  Number of Part Number of Share of team
in time time spent on  documents  feature sketch actions
[h:m:s] documents created added modifications contributed
[%] [%]
1-1 42:46:54 84% 7 143 191 95%
1-2 01:23:21 10% 1 0 0 3%
1-3 03:07:39 6% 0 11 4 2%
2-1 02:41:28 4% 0 2 5 89%
2-2 31:25:33 86% 9 236 197 7%
2-3 05:34:47 10% 3 10 20 4%
3-1 05:37:56 30% 10 7 0 67%
3-2 03:53:38 15% 0 0 0 18%
3-3 12:49:14 55% 20 91 83 15%

Table 3: Participant usage data based on high-level software platform analytics. Reproduced from
[5], with new column “Share of team actions contributed.”

Comparing students’ design processes with the two classification methods in the MUCAD-CLF,
several common behaviours are observed for most students while some specific observations only
exist for the dominant user in the team. Using the Design Space Classification, most students,
despite percentage contribution to the team, spent a relatively larger amount of actions in
Sketching rather than 3D Features in Part Studios, as shown in Figure 2. In Assemblies, however,
the dominant user of each team was the only one who performed Mating actions. With actions
analyzed with the Action Type Classification, the distribution of actions can be visualized in Figure
3. Besides Viewing actions, Reversing actions also take up a large proportion of students’ design
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process. However, the dominant users are observed to be the only one who performed Deleting
actions as they worked. In general, all users tended to commit a very large proportion of actions in
Browsing (or Viewing) activities.

BN Sketching 3D Features Mating Visualizing Erowsing B Other Organizing

Student 1 a1 242 794 1281
-
£
8 'Student 2 5 0 36 30
-
'Student 3 5 7
fStudent 2 357 643 1169
~
g Student 3 10 5 20 102
9}
-
(Student 1 Ba
'Student 3 53 20 51 313
o
IS
$ Student 1 19
[l
'Student 2 12 1} s
I T T T T
0% 20% 40% B0% BO%:

Figure 2: Distribution of actions in Design Space Classification.

The creation/revision ratios of the participants are presented and compared in Figure 4. No trends
that are common to all three participating teams could be identified. Specifically, CAD behaviors
with a similar degree of iteration were observed for each member of Team 1, despite the
significant difference in percentage contribution of CAD actions on the team. On the other hand,
while the dominant user in Team 2 (Student 2) exhibited a C/R ratio that is higher than all other
team members, the dominant user in Team 3 (Student 3) exhibited a lower-than-average C/R
ratio.

5 DISCUSSION AND IMPLICATIONS

This case study presents initial evidence to suggest that even when the CAD tool is accessible and
collaboration is facilitated, contributions to CAD design tend to be unequal. Not only do we find
that there is one team member who dominates the design, but this team member is also the only
designer who contributes mates and performs deletions in the model. These two actions are highly
linked to the sense of ownership of the design, representing definitive and important decisions,
and learners may think that only the one who’s dominating contributions has “earned” the right to
do these two things. Further, data records show that Student 1 from Team 1 was the only
participant that left a substantial number of comments on the CAD document; this Student was
the dominant contributor of the team. These observed tendencies have important implications for
CAD stakeholders in industry and academia.
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From an educator’'s perspective, we typically expect that the team’s collective outputs are
indicative of a collective contribution, and therefore reflective of learning by each team member.
What our study points to is the possibility that when engineering design projects rely on CAD, the
contribution, and therefore learning, is likely to be unbalanced. Educators should be aware of this
reality.

In industry, the undetected sole-contributor, or “owner” of a CAD model presents a problem of
non-generalized knowledge. Organizations invest a great deal in information technology systems,
and lessons learned meetings, in order to transfer knowledge more broadly. In this way, the
success of the project, team, or business ultimately is not dependent on one employee, who may
leave their role. On the flipside, it may be possible that the psychological ownership [3]
experienced by the main contributor could lead to deeper dedication to improving the model, and
ultimately, a better product.

To address these problems, a promising opportunity exists to further exploit the type of
analytics of this paper. These analytics can be observed in real-time, and either shared as
feedback to the team, or used to initiate interventions by the teaching team.

Our findings suggest that Cloud-CAD platform developers could integrate analytics in their
platforms, thus providing easy-access to team contribution statistics on shared CAD files. In
addition, it could be effective to develop software functionality to monitor contributions, and nudge
team members based on inequalities - sending messages to both over- and under-contributors.

Meanwhile, the fact that no clear trends could be concluded from the creation/revision ratio
analysis may indicate differences in CAD styles of the dominant users. Although these users all led
their design team with a significantly large amount of CAD actions, the dominance did not seem to
directly correlate to the level of iteration of their design processes. For future research, increasing
the sample size of this experiment will be beneficial to observe more dominant users. At the same
time, it will also be interesting to examine the iterativeness of these dominant users at different
stages of the design process to better understand their CAD and collaboration behaviors in the
design process.

Placing a strong emphasis on the novel use of backend analytics should not undermine the
importance of traditional behavioral data collection methods. For example, while the dominant
contributor was making the highest number of edits on the CAD document, it does not necessarily
mean that other members of the team were not involved in the design process in other ways.
Other means of contribution, such as verbal commenting, brainstorming, and initiating
constructive discussions, could also be valuable to the team, but could not be captured by the
analytics data. A participant quote from the post-course commentaries, originally published in [5],
reflected this reality:

"The workload was not equally divided between team members. The team member that had

CAD experience took the lead and was responsible for most of the design tasks, while others

contribute ideas and did sketches or other small design tasks.”

This quote does not only describe team involvement that was not captured by our learning
analytics, but it also confirms our findings about the dominant CAD contributor. This only
emphasizes the need for the further development of a learning strategy for meaningful
contributions for all team members.

While our focus has been on the potential benefits of cloud-CAD learning analytics — improving
student learning and support - it is important to consider the potential ethical issues of such
analytics. Recent work has discussed this issue in depth [9], [21]. For example, data cannot fully
capture the social complexity of student lives and group work; data can entrench inequalities. With
this in mind, we expect important future work to investigate the prevalence of over- and under-
contribution more broadly, by collecting additional team CAD data. We further anticipate that
individual team member factors such as gender or race may play an exacerbating role on the
inequality of contribution, and should be examined in greater depth. Ultimately, we expect to see
new development of interventions and thoughtful training to increase the equality of contributions
on design teams using CAD.
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6 CONCLUSIONS

Motivated by the capacity of modern cloud-CAD tools to facilitate CAD-based collaborative design
learning opportunities, we investigated the potential for analytics to inform the assessment of such
work. We analyzed data from a previously published study of nine designers working in teams of
three with a cloud-CAD tool. We uncovered a pattern whereby on each team, one team member
dominated the contribution to the model. Next, we showed that there are some CAD actions, mates
in assemblies and deleting entities, which only this dominant team member performed. We aim to
bring attention to the unequal contributions to the projects, and anticipate future work will explore
these trends at a larger scale. Our findings motivate important awareness for instructors, as well as
promising features for CAD software platform developers
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