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Figure 1: Complex CAD models may use a master sketch to control downstream geometry. FETCH-A-SKETCH supports master
sketch navigation and dependency sensemaking through: (A) a main visualization of the master sketch, where entities
are coloured with a heatmap to represent dependency density (darker entities have more downstream dependencies), with
interactive zoom, pan, and rotate; (B) a view cube [23] for 3D orientation; (C) an interactive colour scale that serves as both a
legend and a filter, allowing designers to threshold sketch entities by dependency count; (D) a search bar to query documents
or features, highlighting all entities that drive the selected item; (E) a context menu showing a selected entity’s downstream
dependencies, with options to open related documents in a new tab or highlight other driving entities (via D’s search function);
and (F) an update button to refresh dependency data and reconstruct the visualization. Models adapted from [2].

Abstract

Computer-aided design (CAD) models are complex artifacts built
from sequences of modelling features (e.g., extrude, fillet), each
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dependent on previous features. Especially in large-scale projects,
these dependencies rapidly proliferate, making them difficult to
track, yet designers must understand these relationships to make
informed changes. We introduce FETCH-A-SKETCH, a prototype
system that surfaces and visualizes hidden dependencies in com-
plex 3D master sketches, helping designers anticipate the down-
stream impacts of changes. In a first-use study, participants reported
that FETCH-A-SKETCH enhanced their understanding of dependen-
cies, enabling them to navigate unfamiliar models and plan design
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changes effectively. Feedback also identified opportunities to extend
FETCH-A-SKETCH to support more complex products and collabora-
tive contexts, which we aim to address in future work. By making
dependencies more visible and manageable, FETCH-A-SKETCH sup-
ports long-term maintainability in large, complex design projects.
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1 Introduction

The design of physical products, from smartwatches to bicycles,
typically requires parametric computer-aided design (CAD) soft-
ware [8]. In parametric CAD, geometry is created using dependency
relationships that link CAD artifacts — like features (e.g., extrude,
fillet) or parts (e.g., wheel, frame) — and encode functional inter-
actions (e.g., a wheel that rotates around an axle) or geometric
constraints within individual components (e.g., a hole remaining
centred on a face).

Since each new feature or part builds on existing geometry,
parametric CAD models naturally form complex dependency net-
works [21]. As designs evolve, geometry is added, removed, or
modified, and dependencies are created, deleted, or rerouted. Over
time, these accumulating dependencies become difficult to track,
obscuring both the model’s construction history and its underly-
ing dependency structure. Yet, this understanding is essential for
evolving the model aligned with the designer’s intent [13].

To help manage this complexity, designers working on large
projects commonly adopt a master sketch architecture [22], in which
a centralized sketch defines geometry that downstream models are
built upon [29]. This top-down approach allows components to
be edited separately, enabling task parallelization and collabora-
tion [12]; however, master sketches can quickly become dense and
cluttered, like “a haystack” [11]. As a result, designers expend sub-
stantial time and cognitive effort to determine which parts of a
sketch are critical, which are fragile, and how changes may propa-
gate through the model [11].

In this paper, we draw on CAD dependency management lit-
erature and HCI research on history-rich traces in complex arti-
facts [27] to derive design goals for supporting CAD dependency
understanding. Building on these goals, we introduce FETCH-A-
SKETCH, an interactive visualization prototype that helps designers
perceive, navigate, and trace dependency structures embedded in
master sketches. Unlike prior graph-based approaches [7, 24, 25],
FETCH-A-SKETCH uses heatmap-style visualizations inspired by
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the concept of digital patina [41] to convey dependency density,
while interactivity allows designers to surface hidden downstream
dependencies.

We make three key contributions: (1) we elucidate design goals
for dependency-aware CAD visualization, (2) we introduce FETCH-
A-SKETCH, a prototype that provides interactive visualization of
master sketch dependencies, and (3) we present findings from a
first-use study with four experienced CAD designers, illustrating
how the system supports sensemaking in complex sketches.

2 Background & Related Work

2.1 Dependencies in Parametric CAD

Parametric CAD systems (e.g., SolidWorks,! Onshape?) are widely
used for hardware development [8]. Here, geometry is defined
through parameters and constraints, such that each modelling
feature references previously defined features (e.g., extruding a
sketched circle to form a cylinder creates a dependency between
the extrude feature and the sketch). As products grow in complex-
ity, dependencies proliferate, forming dense, intricate networks. In
their formative study of CAD dependency management, Cheng et
al. [11] found that designers primarily struggle with dependency
traceability (understanding artifact origins, histories, and interde-
pendence) and navigation (efficiently retrieving, organizing, and
making sense of cluttered dependency information).

Recognizing the importance of dependency management [37],
researchers have primarily explored graph-based representations
of dependency structures [7, 24, 25, 37], finding that supplement-
ing geometric views with dependency visualizations can improve
comprehension [24], particularly when interfaces allow users to
focus on specific, task-relevant dependency chains [31]. While ef-
fective for conveying overall structure at a glance, graph-based
approaches abstract rich 3D geometry to nodes and edges, intro-
ducing an additional representational layer that makes dependency
reasoning less intuitive [18]. This tradeoff motivates the need to ex-
plore alternative representations that better preserve the intricacies
of parametric relationships. Our work presents a novel approach
to visualizing and navigating dependencies in CAD artifacts.

Given the challenges of managing dependencies in parametric
CAD models, product development teams commonly adopt a mas-
ter sketch architecture to organize dependencies in a top-down
manner [19, 22]. As illustrated in Fig. 1, a master sketch comprises
multiple 2D sketches in the XY-, YZ-, and ZX-planes [4, 33], which
specify key dimensions and reference geometries that govern rela-
tionships for the features and parts throughout the product [29]. By
centralizing dependencies, modifications to individual entities (e.g.,
line, vertex) propagate the changes downstream in accordance with
the design intent [12]. In practice, however, maintaining and navi-
gating master sketches becomes increasingly difficult as product
complexity grows. Designers struggle to identify the downstream
dependencies of sketch entities [10], causing unintentional changes
or, conversely, conservative over-retention of outdated entities [11].
Over time, such practices lead to cluttered, difficult-to-maintain
master sketches, particularly when the intent or relevance of the
entity is no longer obvious [42].

!https://www.solidworks.com/
Zhttps://www.onshape.com/en/products/free
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Master sketches are a prevalent approach in product develop-
ment, yet existing tools offer little support for navigating, under-
standing, and maintaining them. Our work addresses this gap by
providing an intuitive, interactive means to inspect and manage
master sketch dependencies, supporting more informed design de-
cisions and long-term maintainability.

2.2 History-Rich Signals for Understanding
Complex Artifacts

Complex digital artifacts (e.g., text documents, codebases, CAD mod-
els) accrue extensive histories as they are created, edited, and reused.
HCI research has explored making digital artifacts history-rich by
embedding traces of past activity directly into the artifact [27].
Traces not only record prior actions, but also shape future activities
by helping people recall prior decisions and understand how an
artifact reached its current state, supporting the reconstruction of
mental context [40].

Hill et al. introduced the concept of computational wear [17],
in which digital artifacts (e.g., documents, spreadsheets) accumu-
late visible records of their use. Analogous to physical wear, edit
wear and read wear visually portray a document’s modification and
readership histories, which can signal the stability of document
sections [17], or the actions of collaborators [1]. Computational
wear allows users to reason about how artifacts have been used
over time, acting as proximal cues to help people find useful infor-
mation [36]. Computational wear is commonly represented with
aggregate visual encodings, such as digital patina [41], which uses
colour to convey intensity of usage data, akin to a heatmap [5, 26].
Researchers have used heatmaps to visualize common and rare
commands in applications [32], the location of feedback within doc-
uments [45], and time spent interacting with different vertices of
3D models [9]. Patina and heatmaps leverage users’ intuitive under-
standing of “hot” and “cold” zones to support rapid interpretation
of accumulated activity [32].

History-rich signals, such as traces, computational wear, and
patina, effectively reveal interaction density in digital artifacts. We
extend this concept to visualize how dependencies accumulate
in parametric CAD sketches, helping designers reason about the
stability and criticality of sketch entities, anticipate the downstream
impact of changes, and more effectively plan design changes.

3 Design Goals

We derived design goals from the literature on CAD dependency
management and master sketch architecture.

DG1: Surface dependencies of master sketch entities. Un-
derstanding the downstream dependencies of a sketch is challeng-
ing for designers [11, 21], yet it is critical for anticipating the po-
tential impact of edits before making changes [30]. The system
should make downstream dependencies of sketch entities visible
and inspectable, supporting tracing across multiple granularities,
such as high-level documents and low-level features [11].

DG2: Provide lightweight signals of accumulated depen-
dencies. Design artifacts accrue complex dependency structures
over time, but detailed logs can be difficult to interpret at a glance.
Prior work proposes visual approaches (e.g., colour-based high-
lighting) to indicate which artifacts require attention [11, 12]. The
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system should surface accumulated dependencies through light-
weight visual signals without overwhelming users, to support rapid
sensemaking.

DG3: Support selective and on-demand exploration. Be-
cause CAD models can contain thousands of dependencies [14],
tools should progressively reveal information rather than exposing
everything at once [25], enabling designers to investigate specific
dependency chains as needed [11, 31]. By supporting selective, on-
demand exploration, designers can focus on the relevant subset of
information for their immediate task.

DG4: Preserve and complement designers’ existing work-
flows. To maintain workflow continuity, the system should com-
plement and work alongside familiar native CAD features rather
than replacing or interfering with them [24].

4 FETCH-A-SKETCH

Based on our design goals, we developed FETCH-A-SKETCH, a pro-
totype system that supports the navigation and understanding
of master sketch dependencies through interactive visualization.
FETCH-A-SKETCH takes a master sketch as input, analyzes down-
stream dependencies, and reconstructs the sketch with a heatmap
to represent the number of dependencies — or dependency density —
of each entity (Fig. 1). Dependency density is operationalized as the
absolute downstream dependency count: the number of features
that reference a given sketch entity. Heatmap colours range from
the highest dependency count in the master sketch to the lowest,
providing a simple and interpretable indicator of relative impact.
By surfacing dependency information often hidden in typical CAD
platforms, FETCH-A-SKETCH provides an intuitive way to navigate
and understand complex dependency structures in master sketches.
Designers can select individual sketch entities to inspect their
downstream dependencies across multiple levels of granularity,
from high-level documents to low-level features (DG1). To help de-
signers quickly understand the distribution of dependencies across
the sketch, FETcH-A-SKETCH draws on prior HCI work on digital
patina to display “pressure points” in sketches, allowing design-
ers to rapidly identify areas of heightened dependency complexity
(DG2). To support selective, on-demand exploration, a search func-
tion allows designers to query documents or features by name
and to highlight their driving sketch entities, streamlining the
dependency-tracing process (DG3). Finally, FETCH-A-SKETCH com-
plements rather than replaces the native CAD interface (DG4),
running in a separate workspace for visualization, while leaving all
geometry creation and modification to the CAD environment.

4.1 Example User Scenario

To illustrate how FETCcH-A-SKETCH supports CAD workflows, we
describe a scenario in which Alex, a mechanical designer, is tasked
with modifying the claw of a pick-and-place robot to handle larger
objects. As a newcomer to the project, Alex uses FETCH-A-SKETCH
to understand the current design state and implement the required
changes.

Removing unused sketches. Because the claw has undergone
multiple iterations, Alex first examines the heatmap to spot low-
density sketches, noticing a few old profile sketches in the claw
subassembly that are no longer referenced downstream and can
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safely be removed (Fig. 1A,C). Deleting these unused sketches sim-
plifies the master sketch and reduces unnecessary visual clutter.

Identifying critical sketches. Next, Alex examines the heatmap
for high-density sketches — those with the most downstream de-
pendencies (Fig. 1A,C). Because changes to these sketches could
propagate widely across the entire robot, Alex treats them as “sen-
sitive” and plans to avoid editing them when possible, focusing
instead on lower-density sketches where modifications are less
likely to impact other components.

Planning and validating structural changes. To safely en-
large the claw design, Alex inspects the downstream dependencies
of the claw sketch entities using the dropdown view (Fig. 1E), to
see whether other subsystems are affected. While the claw profile
is expected to drive features within the claw subsystem, Alex is
surprised to see dependencies from the motor mount subsystem. To
investigate this, Alex uses the search function (Fig. 1D) to highlight
all entities in the master sketch that also drive the motor mount,
allowing Alex to determine whether the claw profile is intentionally
shared geometry or an accidental or legacy dependency.

To further understand how changes to the claw would impact the
motor mount, Alex opens the linked CAD documents in new tabs
for detailed examination (Fig. 1E). This allows Alex to anticipate
which constraints or features will need adjustment as the claw
geometry changes, minimizing the risk of breaking downstream
features unintentionally or unknowingly. Once edits to the claw
models are complete, Alex fetches updated dependency data, and
FETCH-A-SKETCH reconstructs the visualization (Fig. 1F), providing
a rapid, clear overview of the updated master sketch.

4.2 Implementation Details

FETCH-A-SKETCH is implemented as a web-deployable application
that processes data from the Onshape CAD platform. The backend,
built with Python Flask, retrieves geometry data via REST API calls,
and the frontend renders interactive 3D sketches using Three.js.
Further implementation details are in Appendix A.

5 User Study

To evaluate FETCH-A-SKETCH, we conducted a first-use remote
study with four designers experienced with Onshape. The goal of
a first-use study is to capture the strengths and limitations of a
system during initial exposure [16].

We employed a within-subjects design in which participants
first completed CAD dependency exploration tasks using native
Onshape features (Round 1), and then with additional support from
FETCH-A-SKETCH (Round 2). The fixed order was intentional: con-
ducting the Onshape-only condition first allowed us to observe
participants’ typical dependency sensemaking strategies using ex-
isting tools, and avoided priming them with the additional rep-
resentations introduced by FETCH-A-SKETCH. Because FETCH-A-
SKETCH exposes dependency information not otherwise available
in CAD tools, counterbalancing the order would have introduced
irreversible learning effects. Although participants gain familiarity
with the model during Round 1, we do not treat this as a confound;
our goal is not to assess or compare task performance, but to un-
derstand how access to additional dependency visualization shapes
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how designers reason about CAD dependencies. Because FETCH-A-
SKETCH is designed to supplement rather than replace native CAD
tools, providing access to both tools reflects the intended usage
context (see Appendix B for further study design details).

We asked the following research questions: RQ1: How does
FETCH-A-SKETCH support designers’ dependency sensemaking?;
RQ2: What benefits do designers perceive?; and RQ3: What chal-
lenges do designers encounter?

Participants. We recruited four designers from our professional
networks, all with at least two years of Onshape experience and
familiarity with master sketches (see Appendix C for descriptive
information).

Procedure and Tasks. The study was conducted over Zoom. To
allow participants to access FETCH-A-SKETCH remotely without in-
stallation, we hosted it on the cloud platform, Netlify. Participants
ran both Onshape and FETCH-A-SKETCH on their own computers,
and we recorded their screen and audio.

Participants worked with a moderately complex robot project
comprised of eight CAD documents, 350 features, and 492 dependen-
cies from a shared master sketch. The study consisted of two rounds
of three CAD tasks each: (A) identifying sketches with the greatest
downstream impact; (B) identifying sketches with least downstream
impact; and (C) predicting downstream effects of changes to a spe-
cific subsystem (Claw or Arm) in the master sketch. These tasks
aligned with the user scenario (Section 4.1), and CAD workflows
reported in prior work [11]. Participants were given five minutes
per task, and were asked to think aloud [43].

In Round 2, participants were introduced to FETCH-A-SKETCH,
received a brief walkthrough of its features, and had a few minutes
to explore the tool. Once comfortable with FETCH-A-SKETCH, par-
ticipants then repeated the same three tasks, with Task C focusing
on the alternate subsystem to counterbalance exposure.

Following both rounds, we conducted a post-task interview (ap-
proximately 15 minutes) to understand general task strategies, how
FETCH-A-SKETCH supported their work, and any suggestions for
improvement (questions in Appendix D). The study lasted approxi-
mately one hour, and participants received a $15 gift card.

Data Analysis. Participants’ think-aloud verbalizations and
interview responses were automatically transcribed using Zoom.
Following recommendations for early-stage systems evaluation [28,
34], we analyzed multiple complementary data sources. To under-
stand how designers approached the tasks using FETCH-A-SKETCH,
we conducted a video interaction analysis [3] of the screen record-
ings, coding participants’ actions in Onshape (e.g., opening docu-
ments) and FETCH-A-SKETCH (e.g., adjusting the slider). Post-task
semi-structured interviews elicited participants’ experiences, per-
ceived benefits, and challenges, allowing us to go beyond surface-
level usability and probe questions of utility [15]. Interview ques-
tions focused not only on FETCH-A-SKETCH ITSELF, but on which
aspects of its representations participants found valuable and worth
carrying forward in future designs. We conducted reflexive thematic
analysis [6] of the think-aloud and interview transcripts, following
an inductive coding process, and developed themes through affinity
diagramming using Dovetail qualitative data analysis software.*

Shttps://www.netlify.com/
“https://dovetail.com/
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5.1 Findings

Supporting dependency sensemaking (RQ1). Without FETcH-
A-SKETCH, participants relied on heuristics and manual tracing to
explore dependencies. To determine which sketch entities were
referenced, participants used visual inspection, flipping between
the subsystem and master sketch documents: ‘T was playing spot-
the-difference” (P3). When identifying the most and least impactful
sketches, participants drew on heuristics, such as assuming that
exterior sketches were critical since “they backbone everything” (P3),
prioritizing subsystems “positionally close” (P3) to key components,
or inferring from naming conventions: “any sketch in the master
sketch that has a corresponding document [will] have dependencies”
(P1). Another strategy was trial-and-error deletion, in which partic-
ipants removed entities to see what features would break: T rely
heavily on the delete function. It’s a very, very destructive, but very
quick way” (P3).

With FETCH-A-SKETCH, participants expressed that they explored
dependencies more efficiently and confidently. All four used the
slider (Fig. 1C) to identify sketch entities with the most and fewest
dependencies, and all clicked on specific entities to inspect those
dependencies (Fig. 1E), which sometimes revealed easily overlooked
information: “wow, so that little circle has six dependencies. I wasn’t
expecting that” (P1). Three participants (P1, P3, P4) used the search
function (Fig. 1D) to investigate a subsystem (Arm or Claw), in-
spected the driving entities, and then navigated to the relevant
document (Fig. 1E) to confirm FETCH-A-SKETCH’s output. Partic-
ipants were able to apply the same heuristics and intuition they
would normally use, but in a way that was faster, less error-prone,
and non-destructive.

Perceived benefits (RQ2). Participants reported several ben-
efits of using FETCH-A-SKETCH, particularly related to its visual
and interactive approach to dependency sensemaking. FETCH-A-
SKETCH’s visual, spatial interface made understanding dependencies
easier than traditional text-based logs, as geometric information
aligns with how designers naturally reason about CAD models:
“you already have spatial awareness of where each part is in the
sketch. With [Onshape], the dependency information is text, whereas
[Fetch-a-Sketch] is visual” (P4). P3 emphasized that simply having a
dedicated visual interface for dependency tracing is valuable, given
the lack of comparable tooling in existing CAD systems: “the fact
that there even is a UI is helpful” (P3).

Participants found the heatmap encoding intuitive and “super
quick” (P2) for identifying critical areas within a sketch. By visually
highlighting regions with many or important dependencies, the
heatmap helped designers immediately see where changes might
have the greatest impact: “visually, I love seeing the gradient of
the hot areas” (P1), allowing participants to focus on the most
consequential areas without manually tracing relationships.

Finally, participants shared that FETcH-A-SKETCH made it easier
to identify where a sketch entity was used and which features
depended on it, which are typically tedious tasks: “the processes take
an extremely long time to the point where [my colleagues and I] don’t
want to do them. Seeing what specific features are using [the entity] is
very helpful” (P3). To illustrate the practical impact of this support,
P3 described a recent debugging scenario that required several
days of engineering and review time, which could be significantly
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reduced with FETCH-A-SKETCH: ‘T, as a person who knows [our CAD]
inside and out, and a colleague took three days of engineering time
because we had to fix anything that did break. And then approximately
two days of checking time by another engineer” (P3).

Ongoing challenges (RQ3). Participants voiced challenges with
dependency sensemaking that persist even when using FETCH-A-
SkETCH. All participants noted that entity IDs were not semantically
meaningful: “apart from the people at Onshape, nobody cares about
this number” (P4), which made it hard to understand their purpose:
“because [these entities] were very similar, I don’t know what I'm
selecting” (P1). Participants suggested entity labels to reflect their
purpose or relevant subsystem: “it would be nice if the entity [ID]
was actually ‘Chain Plan™ (P3).

Participants noted that absolute dependency count is not the only
indicator of a sketch entity’s dependency density, and that other
factors also determine which entities are most critical or high-risk.
In particular, the most impactful sketch entities can be interpreted
as those that affect multiple subsystems, because changes may
propagate unpredictably. P1 explained: “if I change Claw, yes, a lot
of things are going to change, but only within Claw. So that’s not as
bad as if everything around Claw — Arm, Grabber, Drivetop, whatever
— are all going to change. It’s a controlled bomb.”

6 Discussion & Future Work

FETCH-A-SKETCH is an interactive visualization prototype intended
to support designers’ reasoning about dependency structure and
change impact in CAD master sketches. Participants valued the
system’s visual interface and intuitive workflow, finding it natural
to integrate into their existing CAD sensemaking practices. Partici-
pants also highlighted challenges that are important to consider in
future iterations. Below, we discuss implications and future work
opportunities.

In its current implementation, FETCH-A-SKETCH only provides ab-
solute dependency counts as a simple, interpretable measure. Other
metrics or operationalizations of dependency density could provide
designers with additional context, for example, by surfacing higher-
level violations of best practices [39], such as cross-subsystem de-
pendencies, or subsystem-specific sketches that would be better
placed in a separate document rather than the master sketch [10].
FETCH-A-SKETCH could be extended into a dashboard that moni-
tors multiple aspects of dependency health, to avoid architectural
debt [38], and maintain cleaner, more manageable models.

We also note collaboration implications. P3 noted the value of
FETCH-A-SKETCH for design reviews, since reviewers would be able
to quickly verify that changes were made correctly, avoiding “very
long and arduous manual checks.” Beyond design review, improved
dependency understanding benefits any collaborative context, as
dependency awareness is difficult even for the CAD model’s orig-
inal designer, and becomes even more challenging when many
contributors are involved [10], or when exploring an unfamiliar
model (e.g., during design handoffs [20]).

Finally, we acknowledge several limitations. FETCH-A-SKETCH
was evaluated using a single master sketch model, and the resulting
visualizations reflect that specific product. While the robot model
aligns well with a three-plane, box-like form, other products — those
requiring complex surface modelling [44] (e.g., cars, airplanes) —
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may not suit this approach. Additionally, dependency sensemaking
is only one aspect of CAD design work, and our participants did
not modify models in the study; instead, we focused on how vis-
ibility of dependencies supports reasoning, which is a necessary
prerequisite for making design changes. Finally, as a first-use evalu-
ation, our study captured initial perceptions rather than long-term
adoption. Future work will deploy FETcH-A-SKETCH with designers’
own models in situ to examine how such visualizations support
collaboration, maintenance, and decision-making over time.
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A Implementation Details

We chose to build FETcH-A-SKETCH to be compatible with Onshape®
data because Onshape’s API exposes unique IDs for individual
sketch entities, enabling a level of granularity unavailable in other
CAD platforms we tested (e.g., Autodesk Fusion®).

The application backend is built with the Python Flask’ frame-
work, which performs REST API® calls to retrieve geometry and
dependency data. From the master sketch document, it extracts
each sketch entity’s unique ID and geometric information (e.g.,
endpoint coordinates, arc radius). For all other documents in the
same folder, the backend examines each feature’s referenced ge-
ometry, then matches these references to master sketch entities to
identify dependencies. All extracted data — including master sketch
geometry, dependencies, and document metadata — is processed in
the backend, and the frontend user interface renders interactive 3D
sketches using Three.js.” When a user clicks “Update Dependen-
cies”, it triggers the backend to fetch new data, and the frontend
updates the visualization.

FETCH-A-SKETCH was designed under practical constraints im-
posed by the CAD platform’s API limit of 2.5K calls per year [35],

Shttps://www.onshape.com/en/products/free
®https://www.autodesk.com/ca-en/products/fusion-360/overview
"https://flask.palletsprojects.com/
8https://onshape-public.github.io/docs/api-intro/
https://threejs.org/
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as well as the API communication time cost.!® These constraints in-
formed several design decisions, including restricting dependency
search to documents within a single folder and prioritizing on-
demand queries over continuously monitoring document changes.

B Additional Details for the User Study Design

During the study, FETCH-A-SKETCH operated on a fixed snapshot
of the model’s dependency data rather than a live connection to
the Onshape API. Because API-based dependency extraction incurs
non-trivial computation time, supporting live updates during the
session would have introduced latency and disrupted the study
flow. Participants therefore did not modify the model or trigger
data refreshes; instead, they used FETCH-A-SKETCH as an interac-
tive visualization to explore and reason about existing dependency
relationships.

C User Study Participants

We conducted a user study evaluation with four experienced CAD
designers. Table 1 summarizes descriptive information of our par-
ticipants.

Table 1: Details of user study participants, including job role,
gender (W: woman; M: man), years of CAD experience, years
of Onshape experience, and subsystem order for Task C.

D Job Role Gender CAD Onshape  Task C Order
(years) (years)

P1 Design Engineer w 8 3 Claw — Arm

P2 Masters Student M 5 2 Arm — Claw

P3  Senior Manufacturing Engineer w 10 6 Claw — Arm

P4 Product Architect M 3 8 Arm — Claw

D User Study Interview Questions

In the post-task interviews, we asked participants the following
questions:

e Can you walk me through your general strategy or process
for completing the tasks today?

e What intuition or heuristics did you rely on when exploring
the model?

e How did you know you were finished with a task, or felt
confident in your answer?

e Overall, how helpful was FETCH-A-SKETCH for completing
the tasks? Which task did you find it most helpful for? Why
do you think that task benefited most?

o Were there tasks where it didn’t help, or even interfered?

o Are there other situations or workflows where you think a
tool like FETCH-A-SKETCH would be helpful?

e What did you enjoy about using FETCH-A-SKETCH? Were
there any specific features you found helpful?

e What improvements could be made to FETCH-A-SKETCH?
What features were not helpful?

e Could you see yourself using a similar tool to FETCH-A-
SKETCH in the future? How would it fit into your current
workflow?

A5 an example, retrieving API data for a moderately complex project with eight

documents, 114 parts, and 350 features took approximately 20-25 seconds. Retrieval
time increases substantially for larger projects with more documents.
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e Do you have any other final feedback or thoughts you would
like to share?
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