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VizCrit annotations

Figure 1: We introduce VizCrit, a design feedback tool that offers feedback with three levels of actionability: textbook-based
feedback as static text, and awareness-centered and solution-centered feedback as adaptive visual annotations. To design the
interactive annotations, we observed how expert designers and instructors provide situated feedback (left), then collaboratively
co-designed a set of visual annotations (right) for four core design principles (Alignment is shown here). For each annotation,
we designed algorithms for heuristically computing the annotations to be displayed as overlays on the visual design (including
issue detection for solution-centered feedback). The user evaluation with novices explores how different actionability in
feedback influences novices’ process-related behaviors, learning of principles, perceptions of creativity, and overall outcomes.

Abstract

Visual design instructors often provide multi-modal feedback, mix-
ing annotations with text. Prior theory emphasizes the importance
of actionable feedback, where “actionability” lies on a spectrum—
from surfacing relevant design concepts to suggesting concrete
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fixes. How might creativity tools implement annotations that sup-
port such feedback, and how does the actionability of feedback
impact novices’ process-related behaviors, perceptions of creativity,
learning of design principles, and overall outcomes? We introduce
VizCrit, a system for providing computational feedback that sup-
ports the actionability spectrum, realized through algorithmic issue
detection and visual annotation generation. In a between-subjects
study (N=36), novices revised a design under one of three conditions:
textbook-based, awareness-centered, or solution-centered feedback.
We found that solution-centered feedback led to fewer design issues
and higher self-perceived creativity compared with textbook-based
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feedback, although expert ratings on creativity showed no signi -
cant di erences. We discuss the implications for Al in Creativity
Support Tools, including the potential of calibrating feedback action-
ability to help novices balance productivity with learning, growth,
and developing design awareness.
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[RQ2] How does the actionability of computational feed-
back a ect design process-related behaviors, perceptions of
creativity, learning of principles, and overall outcomes?

As tools like generative Al can now provide immediate, always-
available, and the full spectrum of design feedba2k B, these
concerns about di erent feedback styles have important implica-
tions for how to position Al within design work ows and human-Al
collaboration [L1, 38 92. Understanding the impacts of di erent
feedback actionability can help Creativity Support Tools (CSTs)
designers tailor feedback in ways that support both productivity
and creative growth [10, 55].

To answer{RQ1], we observed how visual design experts use
visual annotations as part of their critique proces23 24. We
conducted co-design interviews with design experts (N=9) who
provided critiques using di erent feedback actionability on a set of
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1 Introduction

In design education, e ective feedback is central to sca olding cre-
ative growth [6, 24, 77. Instructor- and peer-led studio critiques (or
crits ) can help students re ect, iterate, and develop disciplinary
judgment, both during the act of designing and after drafts are
complete B, 24, 79. Instructors often provide multi-modal feed-
back directly on students' work, externalized as a mix of visual
annotations B( and spoken or written commentary to highlight
principles in context. These practices do more than convey correc-
tions: they shape how novices see their work, explore alternatives,
and build evaluative judgmentZ3 4Q. To investigate the potential
for computational sca olding, we explore how multi-modal feed-
back, including visual annotations, can be integrated into a design
tool and how this impacts design learners.

Existing research characterizes high-quality feedbaclsjpsci g
justi ed, andactionableo e ectively guide learning 1, 66 71, 76.
Given recent advances in Al, feedback of all styles is becoming
readily available. We therefore exploeetionability how directly

visual design tool that delivers on-demand and principled feedback.
VizCrit provides feedback that spans the actionability spectrum:
static,textbook-basefitedback via text only, and adaptive visual
annotations that are eitheawareness-centerdédcusing on drawing
awareness to design principles, solution-centergdboth calling

out issues within a design and suggesting a concrete change. To
implement these annotations, we carefully designed algorithms to
computationally generate the expert-informed annotations, and for
the solution-centered annotations, to detect issues within a visual
design, and to propose reasonable xes.

For[RQ2], drawing on prior work in education and design, we
hypothesize a tradeo : solution-centered feedback would improve
immediate performance, con dence, and polisB? 63 75 91], but
perhaps at the cost of learning, creativity, and ownershi5[69.

In contrast, awareness-centered feedback would be harder to act on
in the moment but could sca old better re ection, transfer, and the
development of evaluative judgment], 76. We also hypothesize
that generic textbook-based feedback would leave too big of a gap
for novices to close, or to successfully transfer what they learn to ad-
dress design principle violationd P, 41]. UsingVizCrit allows us to
move beyond theoretical accounts to collect empirical data on how
feedback actionability impacts novices' design behaviors. To inves-

feedback prescribes changes because it can shape both the creative tigate these hypotheses, we conducted a between-subjects study

outcomes and the potential for learning. On one hand, instructors
typically avoid imposing speci ¢ solutions on students; they ask

with novice designers (N=36) usingizCrit to revise a awed visual
design. Participants were randomly assigned to one of three con-

students to notice issues and reason about how design choices tisns: textbook-based, awareness-centered, or solution-centered

relate to underlying concepts3 24. On the other hand, Al tools
could be designed to provide a range of feedback, with a norm
leaning towards prescriptive feedback with concrete xes that can
accelerate practice7, 74, but might reduce opportunities for

re ection [45, 66, 69, 89].

While prior work in design education has o ered hints on po-
tential tradeo s between di erent levels of feedback actionabil-
ity [23 63 71, 76, 91], we still lack solid empirical data on how
di erent choices a ect novices' learning and creativity. We explore
key questions within the context of a visual design tool:

[RQ1] How might we design visual annotations to support
di erent levels of actionability? and,

feedback, and were asked to revise a design using the feedback
provided. To understand the e ects of feedback actionability, we
measured participants' process-related behaviors (e.g., interaction
timing and frequency of the feedback requests), self- and expert-
rated creativity, design principle learning from knowledge tests,
and design outcomes (e.g., number of issues and degree of change).
We found that solution-centered participants gave signi cantly
higher ratings on self-assessed creativity than textbook-based par-
ticipants, although there were no statistically signi cant di erences
in how independent experts assessed creativity across conditions.
Our behavioral data on how participants responded to feedback
suggests that solution-centered participants may have developed a
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false sense of creativity, stemming from their trust in the system's
suggestions and feelings of progress. Inline with our hypotheses,
solution-centered participants showed better design outcomes as
measured by a statistically signi cant decrease in design issues com-
pared to textbook-based participants. Contrary to our hypotheses
that solution-centered feedback would hinder learning, there were
no signi cant di erences in the learning gains across conditions.
Our interview data suggests that solution-centered participants still
re ected on how they applied principles to their own designs.

We discuss implications for leveraging Al within CSTs and how
to strike a balance between providing immediate assistance and
helping novices in the long term to develop a critical eye and deepen
their creative expertise.

This paper makes the following contributions:

Co-design study of feedback annotations with experts:

We uncover insights from visual design experts and con-
tribute a set of visual annotations across textbook-based,
awareness- and solution-centered feedback actionability.
System design and implementation: We introduce
VizCrit, a prototype that delivers feedback as visual annota-
tions with linked text, supported by algorithms for detecting
issues and generating suggestions.

Study on feedback actionability with design novices: In

a between-subjects study (N=36), we found preliminary evi-
dence, despite our hypotheses, that solution-centered feed-
back led to fewer design issues and increased self-perceived
creativity compared with textbook-based feedback. However,
expert ratings on creativity showed no signi cant di erences,
suggesting that more actionability may in ate novices' per-
ceived creativity through feedback-driven progress.

2 Related Work

We review related literature on feedback in education as well as de-
sign, highlighting the dimensions of actionability in each domain.
We then review work exploring the potential of computational
guidance for creativity, generative Al for design feedback, and the
potential in uence of such tools on creativity and learning.

2.1 The Actionability Factor in Design
Feedback

Educational research emphasizes the centrality of feedback for
learning, yet its e ects vary with content, timing, and learner ex-
pertise [L2 22 41, 71]. Foundational work emphasizes that feedback
only improves learning if learners can close the gap between cur-
rent and desired performancd., 41, 71]. Educational researcher
Shute [7g de nes di erent feedback styles, from directive (tells
learners what to x) to facilitative (prompts learners to engage in
their own correction). In our work, we expand on this to de ne a
spectrum of actionability in feedback from the most generic, unac-
tionable (i.e. like a textbook) to awareness- and solution-centered
feedback and beyond. Studies show that while facilitative feed-
back such as principle-based comments support re ection, stu-
dents revise more e ectively when feedback includes concrete sug-
gestions p3 91]; in STEAM classrooms, directive feedback also
produced higher creative gains than opinion-only feedba@k[
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However, directive feedback reduced students' autonomy and self-
re ection on the learning process, as the main focus became xing
errors [87]. These frameworks show that while directive input
can accelerate revision, overly prescriptive feedback risks limiting
learners' engagement in re ection and transfer.

Critique structures help learners re ect and iteraté,[56 61, 72.
In line with education, work in design highlights a continuum from
comments that raise awareness of principles to those that propose
speci ¢ changes. Researchers found that design studio critique of-
ten emphasizes principle-based comments that build disciplinary
understanding without prescribing exact move23 24. Nguyen
et al. [65] similarly showed that open-ended or a ective framing of
critique can foster receptivity and preserve a sense of ownership in
student work. At the same time, studies of xation warn that pre-
scriptive examples can constrain creativity: designers often remain
anchored to given examples, highlighting how prescriptive exam-
ples can anchor design trajectories in unproductive ways [69.
Motivated by prior work, we compare the tradeo s in learning, cre-
ativity, and performance in the visual design domain, particularly
when facilitated by computational support.

2.2 Computational Guidance in Creativity
Support Tools

By embedding certain assumptions and abstractions, creative sup-
port tools hold power over how users creatéf 8g. Therefore,
they in uence not only outcomes but also creative ownership and
agency. HCI has long argued that tools should empower users, not
merely optimize productivity R0, 21, 37). The growth in Al-driven
creativity support intensi es these concerns: when systems readily
provide ready-made solutions or feedback, they can accelerate work
but risk shifting authorship away from the creator [10, 11, 38].

Considering the lens of power in CST89 provides insights
on feedback actionability and how it imposes di erent ways of
thinking. Existing tools cover a spectrum frosurfacing awareness
(which gives users power over their next move) to guidance that
proposes potential answérhere the feedback imposes power over
the user's next move). Awareness-centered tools aim to widen per-
ception and sca old re ection: e.g., adaptive conceptual prompts in
Shéwr{64, principle-oriented critics and analytic overlaySg 53,
and composition guidance for photographg]]. Other systems
0 er more speci ¢ suggestions to accelerate revision, such as inter-
active layout suggestions iDesignScap&?7] or guidance towards
achieving speci c portrait lighting styles [30].

Recently, a growing body of work investigates generative Al for
feedback in various contexts, such as Ul and web desi&fh39 42
90, 3D design [Lg, presentation slides95, and art education 96.
Most related to our workUICrit [28 generates design critiques
for Ul screenshots by collecting a dataset of critiques and using
few-shot and visual prompting techniques with LLMs. Also related,
DesignCheckgAZ provides suggestions on web design issues by
applying design heuristics-based algorithms. Most of these focus
on a few speci c feedback designs (often solution-centered) and
tend to be primarily text-based. Our research builds on this prior
work by studying the di erence in impact across the spectrum of
actionability and the potential of visual annotations for feedback.
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Since novices are still developing domain expertise and eval-
uative judgment B4, 39, they are especially susceptible to tool-
related in uence. Recent empirical work on feedback timing shows
that when and how guidance appears (in-action versus on-action)
risks novices' overreliance on the tool for creative decisio8][
These perspectives suggest that floeem of guidance matters for
both learning and creativity. Building on this literature, we use
the awareness-versus-solution distinction as an analytical lens to
examinehow guidance impacts novices' learning, creativity, and
performance in visual design. Inspired by work exploring how Al
explanations can help calibrate trust and reduce overreliarg®, [
we deliver guidance agisual annotationghat act as explanations,
aiming to make system reasoning legible (mitigating overreliance)
while preserving room for user judgment and exploration.

2.3 The Role of Annotations in Design
Communication

Annotations are a key medium for design communication: by ex-
ternalizing what matters in a layout, they help people see relations,
surface issues, and coordinate critique. Work on sketching and
external representations shows that marks on the page are not
merely records but cognitive sca olds that prompt noticing and
reasoning about alternatives8p, 84). Annotations also carry a
social interpretive function: through practices like marking and
coding, experts cultivatprofessional visigiraining novices to see
work through disciplinary criteria and to connect abstract princi-
ples to concrete choice8§. In addition to this conceptual role,
prior systems have used interactive annotations to make principles
visible in context [7, 31, 53 57, 67]. We build on this prior work by
operationalizing annotations as a form of computational feedback
that seeks to make design principles explicit while varying their ac-
tionability and studying how they impact novices' design processes
and understanding of design principles.

3 Co-Design Study on Feedback Annotations

with Instructors
How might we design visual annotations to support di erent levels
of actionability? To explore this question, we co-designed with
experts a set of annotations for design principles. For each principle,
our goal was to create a parallel pair of annotation designs: one

awareness-centered and one solution-centered. To ground these 3.3.1

Lietal.

and grouped them by principles (balance, alignment, whitespace, hi-
erarchy, unity, readability). From these, we iteratively brainstormed
a preliminary set of annotations. Balance was removed since many
annotations from our content analysis mixed it with whitespace.
For each principle, we produced two awareness-centered and two
solution-centered probes to test in parallel, to reduce bidg.[
We used these artifacts as exploratory design probes to elicit ex-
perts' annotation practices and their insights into the actionability
of feedback. The results were later synthesized into nal design
annotations for theVizCrit system.

3.2 Participants

To understand professional feedback practices and evaluate our an-
notation designs, we recruited 9 expert visual designers (6F, 3M; age:
2150, = 280) from online design communities or our personal
networks. Participants had an average of 6.4 years of experience
with visual design and feedback-giving (range 1 20+), and included
design instructors as well as professional product/UX/graphic de-
signers. We administered a pre-study screening survey to collect
portfolios or websites, and then selected participants based on their
demonstrated expertise.

3.3 Procedure

Participants were rst asked to review several novice designs and
then provide feedback: rst freeform, then awareness-centered, and
nally solution-centered. This produced parallel examples across
the spectrum and insights into design experts' feedback communi-
cation strategies. We administered the co-design study on Figma,
since it is widely used in the design community and supports both
quick, low- delity annotations (e.g., freehand drawing) and high-
delity operations (e.g., applying blur e ects). When a change was

di cult to execute quickly, the interviewer assisted by implement-
ing itin Figma based on the participants' verbal descriptions and
then con rmed its accuracy.

Each study was conducted over Zoom and lasted for approxi-
mately 1-1.5 hours. Each participant was compensated with a $60
Amazon gift card. All sessions were screen-recorded to capture
participants' actions and think-aloud protocols, which enabled us
to observe participants' strategies in real time and collect rich qual-
itative data for analysis.

InterviewAfter completing a demographics survey, partici-

designs, we relied on experts in visual design for two stages: (1) pants were asked questions about their current process of providing
collecting existing annotation examples from educational materials feedback on visual designs. This included the integration of feed-
to generate preliminary design probes and (2) conducting a co- back into their visual design process or teaching, challenges they
design study with experts where they annotated novice designs See novices encounter while applying or addressing feedback, and
with freeform, awareness-centered, and solution-centered feedback whether they used visual annotations or followed design principles
styles. All study materials can be found in Supplemental Materials. to communicate feedback.

3.3.2 Freeform Design Feedb&ekticipants were asked to cri-
tique three novice designs in Figma, each with two principle vio-
lations (hierarchy, alignment, whitespace, unity, readability). Par-

3.1 Design Probes
We rst collected annotations that instructors and experts in design

had already created around prior materials and then performed an
informal content analysis. We searched for descriptions of design
principles with examples using a range of keywords around design,

ticipants were asked to annotate or write their feedback for the
novice designs using freeform feedback practices. Researchers then
explained the spectrum of awareness-centered to solution-centered

principles, descriptions, visualizations, examples, etc. Across 43 feedback and asked the participants to annotate those same designs
articles, 10 books, and 7 videos, we extracted hundreds of examplesusing the awareness- and solution-centered feedback styles.
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Figure 2: Expert instructors' freeform feedback shown here across the actionability spectrum: (a) solution-centered, (b) calling

awareness to issues, but not providing solutions , and (c) awareness-centered.

3.3.3 Feedback on Design ProResearchers showed and ex- 3.4.2 Annotations as a Core Communication MedWisual anno-
plained our preliminary annotation designs (two awareness- tations were a central way for experts to communicate critiques,
centered and two solution-centered per principle). Each annotation further validating our visual annotation approach. While some
idea was shown on a visual design that violates exactly that same solely used comments, most participants used arrows, circles, or
principle. Participants then reviewed the designs and proposed highlights to draw attention to speci c areas, often embedding
their preferred annotations on a new canvas: either from scratch, explanations directly on the canvas. These marks were paired with
or borrowing ideas from our design probes. structured mechanisms, such as sketching guide lines (e.g., to show
a margin), displaying font sizes, or outlining alignment groups, to

3.4 Findings

help novices better visualize the underlying design parameters and
concepts. Annotations were often complemented with brief textual

We summarize key observations, participant practices, and per- clarj cations that allowed participants to connect what they saw
spectives on awareness-centered versus solution-centered feedbackfrom annotations with the reasoning behind them. As one partici-

from the co-design study. pant explained, combining annotations with text made it easier to
judge if | want that to be the case or if it's completely o b@s2).

3.4.1 Experts Fluidly Move Along the Actionability Spectixm.

perts emphasized that feedback rarely fell into purely awareness- 3.4.3 Expert Perspectives on Awareness-centered Versus Solution-

centered or solution-centered categories. Instead, they shifted styles centered Feedbacokcross principles, experts viewed awareness-
depending on context, using neutral framing to highlight design centered annotations as lighter in tone and color, mainly serving to
principles and encourage re ection, and direct suggestions when raise awareness or prompt re ection. By contrast, solution-centered
issues were concrete or time-sensitive. In their freeform feedback, annotations were associated with more explicit cues, often using
experts also fell along the spectrum (see Figure 2), with 3 giving strong colors like red and green to indicate problems and solu-
solutions (2.a), 3 identifying issues (2.b), and 2 providing a mix of tions. Several emphasized that awareness-centered designs pro-
identifying issues or surfacing ideas to consider (2.c). vided space for creative interpretation, whereas solution-centered
One participant re ected on the tension between e ciency and  ones were appreciated for e ciency in straightforward cases.
agency, noting both thatsometimes you do want direct feedback  During the initial interview (prior to researchers introducing
like when you're on a crunch and need a x right awéy1), and the concepts), E2 mentioned the di erence between what he called
that not giving this right or wrong answer is important, otherwise critique and directionwhich corresponded to our awareness- and
automated feedback could dictate creatiiBi). Many described solution-centered concepts. He clari ed, awareness-centered cri-
combining the two, beginning with neutral prompts and escalating  tiques should highlight what is happening, while solution-centered
to directed recommendations when problems persistext give goes further to tell you how to x it (E2). He noted that in prac-
neutral feedback, they might be able to identify the issue, and if it'stice, some (learners) need more critique than others. Some need a

still a problem, give directed feedbg&). lot of direction because they just get stuck...

some students don't
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Figure 3: Our design probes with a set of four annotations for each design principle (hierarchy, whitespace, alignment, unity).

Participants were asked to iterate on these probes based on their

own feedback-giving style. The examples shown here are

design annotations resulting from their iterations: experts used Figma's drawing and editing tools to annotate, adjust layouts,
and propose alternative arrangements while explaining their rationale.

need that(E2), showing how the balance between awareness- and
solution-centered feedback shifts with learner experience. While
providing critiques, he provided various ideas for the same concept
(see bottom-left of Figure 2.c), illustrating that there can be multiple
appropriate annotations for the same principles.

3.5 Insights on Annotations and Actionability

Experts con rmed that annotation styles and mechanisms needed
to be individually tailored to each design principle. Here we describe
some of the lower-level annotation design ideas from the experts,
and introduce our nal annotation designs by principles. Figure 3
shows a set of our design probes and expert proposals, and Figure 4
shows our nal set of annotation designs. Since our goal was to
embed annotations computationally into a visual design tool, we
applied a consistent visual language across di erent principles.
After rounds of iteration, we removed readability as a principle,
as visualization ideas drastically di ered from other principles and
there were various existing accessibility checkers for issues like
color contrast Bg. We also focused primarily on authoring the
text elements as they were most directly related to the principles
and most emphasized by experts' feedback designs. However, we
envision this as an extensible platform where instructors can add
custom annotations for additional principles and visual elements.
Our annotation designs (see Figure 4) use consistent language
in how elements are annotated. Other than necessary exceptions,

text elements are highlighted with lled rectangles and dotted
lines indicate guide lines in the canvas (such as for alignment or
margins). For awareness-centered annotations, text elements are
highlighted to visualize concepts relating to each design principle.
Red and green are intentionally avoided to minimize potential
misinterpretation of something as correct or incorrect due to
their preexisting associations. For solution-centered annotations,
red and green denote problematic regions and possible solutions:
red boxes indicate an issue and green arrows suggest a possible
action to x it. When there is no issue, green is used to highlight
elements related to the principle. All colors come from the Tableau
color palette B, chosen based on feedback from co-design experts,

who emphasized the importance of neutral, non-ambiguous colors.

3.5.1 HierarchyExperts visualized text parameters to show rela-
tive importance, using font-size listings and overlays that previewed
how larger titles would shift emphasis.

Awareness-centerefinnotations use color (shades of
gray to blue) to visualize levels of visual emphasis
(high, medium, low). This shows how visual attention

is distributed across the design.
Solution-centere®ed highlights ag elements with
misaligned emphasis, and green arrows suggest size
adjustments to better match the level of importance
(e.g., enlarging a title or reducing competing text).
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