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Abstract

The structure of a user interface defines the organizational layout
and manipulability of its content. While structure is essential to
perform many tasks, such as sorting data in a spreadsheet, its per-
sistent enforcement can be source of conflict when it misaligns with
users’ mental models. Despite numerous efforts toward more flexi-
ble interactions, each tool presents unique challenges and requires
situated solutions, making it difficult to establish generalizable de-
sign guidelines. This article introduces Structural Interaction, a
systematic framework that puts structure’s behavior at the center
of design considerations. We define structural states as a concept to
help designers determine which interactions benefit from structure
and which are hindered by it - and to what degree. We demon-
strate how designing interactions through this lens can support
complex workflows across educative, productive, and creative con-
texts, both in individual and collaborative settings. Finally, we make
recommendations for designing user interfaces with this model.
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1 Introduction

Traditional interface design paradigms frequently default to sin-
gular, continuously enforced structural frameworks—rigid organi-
zational schemes that govern all user interactions uniformly. Con-
sider the omnipresent grid structure in spreadsheet applications or
the linear slide progression in presentation software. While such
monolithic structures provide consistency and predictability, this
paradigm fundamentally constrains interaction possibilities and
fails to accommodate the diverse cognitive and operational require-
ments that emerge across different tasks, users, and contexts. The
enforcement of a single structural model creates friction when user
intentions diverge from the predetermined organizational logic,
forcing users to either conform to the system’s constraints or seek
external tools that better align with their mental models and work-
flow requirements.

The limitations of singular structural enforcement become par-
ticularly evident when examining complex interaction scenarios.
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Creative professionals require fluid transitions between structured
and unstructured exploration; learners benefit from scaffolding
that progressively adapts to their developing expertise; collabora-
tive teams need shared frameworks that simultaneously support
individual agency and collective coherence. These diverse require-
ments cannot be adequately addressed through binary approaches
that simply toggle structure on or off. Instead, the relationship be-
tween structure and flexibility exists along multiple continuous
dimensions, with numerous intermediate states that offer varying
degrees of constraint, guidance, and user control. Each departure
from rigid structure introduces distinct interaction possibilities and
design challenges, necessitating careful consideration of how users
navigate between different structural configurations.

This paper introduces Structural Interaction as a systematic
framework [4] that positions structural behavior as the central or-
ganizing principle for interface design. Rather than treating struc-
ture as a fixed property of interfaces, we conceptualize it as a dy-
namic, multidimensional design space that can be deliberately mod-
ulated to align with user needs and contextual requirements. Our
framework identifies ten distinct structural states—from enforced
to freeform—each characterized by specific behavioral properties
along five key dimensions: temporal persistence, spatial scope, rigid-
ity, agency, and visibility. This taxonomy emerged from an affinity
diagramming of contemporary commercial tools, revealing con-
sistent patterns in how successful interfaces mediate the tension
between structural constraint and user flexibility. Structural Inter-
action fundamentally reframes the design process by shifting the
focus from direct manipulation of domain objects [3] to interaction
through appropriate structural states. Each state represents a dis-
tinct configuration of how users engage with content, progressively
relaxing or transforming the initial interface structure to enable dif-
ferent types of activities. For instance, an "elastic" structure provides
magnetic guidance that yields to sustained user intention, while
a "negotiated" structure allows users to temporarily push against
constraints without achieving complete redefinition. These states
are not merely theoretical constructs but observable patterns imple-
mented across successful digital tools, from creative applications
that blend structured and freeform spaces to learning environments
that adapt scaffolding based on user progression.

By providing designers with a principled vocabulary and analyt-
ical framework for reasoning about structural flexibility, this work
enables more deliberate and effective design decisions. Rather than
approaching each new interface challenge as an isolated problem
requiring novel solutions, designers can leverage our framework
to identify appropriate structural configurations, understand their
implications for user interaction, and systematically evaluate trade-
offs between constraint and flexibility. We demonstrate the practical
application of this framework through analysis of four exemplar
systems across learning, productivity, creativity, and collaboration
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contexts, revealing how thoughtful structural design enables inter-
faces that are simultaneously powerful and flexible, structured and
adaptable, consistent and responsive to diverse user needs.

2 Related Work

Our research approach builds upon established theoretical frame-
works in human-computer interaction while extending contem-
porary understanding of how structural flexibility can be system-
atically designed to align with diverse user needs and contexts.
This work contributes to ongoing efforts in malleable interfaces,
instrumental interaction, and adaptive system design.

2.1 Building Digital Structures to Match the
User’s Cognitive Model

Direct Manipulation Interfaces represent a fundamental paradigm
in human-computer interaction where users interact with digital
objects through physical, spatial actions rather than through com-
mand languages or abstract syntax [27]. This paradigm leverages
users’ existing mental models of physical interaction to reduce
cognitive load and improve usability.

Norman’s foundational work demonstrated that mismatches
between user expectations and system behavior create fundamen-
tal usability barriers, establishing that effective interface design
requires explicit consideration of users’ existing cognitive struc-
tures [47]. Building on this foundation, Beaudouin-Lafon’s instru-
mental interaction model provides systematic frameworks for post-
WIMP interface design that leverage users’ existing cognitive mod-
els of tool-mediated interaction [3].

Recent empirical investigations reveal critical tensions between
structural flexibility and cognitive compatibility. Chalhoub and
Sarkar’s analysis of spreadsheet usage patterns demonstrates how
users value the freedom to structure data according to individual
cognitive models, revealing complex networks of constraints includ-
ing user expertise and collaborative requirements [15]. This work
highlights the fundamental challenge of designing systems that
are both structured enough to be functional and flexible enough to
accommodate diverse mental models.

Extending this understanding, Mackay and Beaudouin-Lafon’s
interaction substrates introduce frameworks that combine struc-
tural sophistication with interface simplicity [39]. These substrates
function as environments where users maintain control over orga-
nizational relationships while accessing sophisticated capabilities.
Similarly, Maudet et al’s investigation of graphic design workflows
identified complex "graphical substrates" that designers use based
on properties extracted from concepts, content, and context [40].
These substrates serve as flexible organizational frameworks that
adapt to creative workflows while maintaining essential structural
properties.

Complementing these substrate approaches, previous research
has focused on adaptive systems that dynamically respond to indi-
vidual cognitive patterns. Seminal work on mixed-initiative inter-
faces demonstrates how automated capabilities can be integrated
with direct manipulation while preserving user agency [25]. Ad-
vanced user modeling approaches based on cognitive load theory
systematically adapt to individual motor and visual capabilities,
showing significant improvements in task completion and user
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satisfaction [19]. Studies of cultural adaptability in user interfaces
provide empirical evidence for the benefits of culturally-aware de-
sign approaches that account for systematic variations in cognitive
models across diverse user populations [49].

Machine learning approaches to predictive modeling of user be-
havior and preferences represent promising directions for creating
digital structures that continuously evolve to match individual cog-
nitive models [20, 43, 44]. However, these approaches primarily
focus on adapting existing structural paradigms rather than funda-
mentally reconsidering how structure itself might be designed as a
flexible, multidimensional property.

Critical analyses reveal important limitations in contemporary
cognitive compatibility strategies. Norman’s examination of ges-
tural interfaces demonstrates that superficial mimicry of physical
interaction patterns often introduces rather than reduces cognitive
overhead [48]. While computational models can predict user per-
formance and automatically adapt interfaces, systematic attention
to conceptual clarity remains essential [19]. However, successful
cognitive-structural alignment requires more than surface-level
adaptation.

These limitations in contemporary cognitive compatibility ap-
proaches motivate our focus on structural interaction as a more
nuanced framework. Rather than treating structure as a binary de-
sign choice or focusing solely on adaptive algorithms, we propose
understanding structure as a multidimensional design space that
can be systematically modulated to match diverse user needs and
contextual requirements.

2.2 Malleable and Adaptive Interfaces: Toward
User-Customized Structure

We view compositional structures as the primary substrates of in-
teraction, in the sense of Instrumental Interaction, where users act
on domain objects through instruments that expose structure for
manipulation and recomposition [3]. Treating structures as sub-
strates makes the interface itself an editable medium rather than
a fixed container, which aligns with the broader agenda of mal-
leable software and end-user tailoring [33]. At the level of everyday
work, users still juggle multi-step, multi-tool workflows, and the
traditional application-centric model fragments structure across
apps and file types, producing switching costs and coordination
overhead [64]. Recent research shows how conceptual blending
can flexibly integrate example structures into work-in-progress Uls,
blurring the line between design and development [37].

Another approach emphasizes user-side malleability, arguing
that interfaces should dynamically evolve to reflect the user’s task
structure [9]. In this vision, the system generates custom Uls from
a high-level task model expressed in natural language, composes
a workspace around that model, and allows users to directly edit
the underlying structure through prompts or manipulation, which
causes the interface to reconfigure in real time. This approach treats
the task model as the central artifact and the interface as a mal-
leable projection of it, enabling highly personalized and integrated
workspaces. This vision resonates with the gulf of envisioning iden-
tified by Subramonyam et al. [53], which describes the challenge
between a user’s initial intentions and the precise natural language
prompt needed for an LLM to deliver the desired interface. Whereas
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the gulf of envisioning highlights the di culty of specifying intent Cognitive Load Theory and research on sca olding both un-
in natural language,1Q argues for freeform canvases and end-user derscore the importance of structured support for novice learners
customizable structures to support exploration and parallel com- [55 60. Cognitive Load Theory highlights the limits of working

position within uni ed workspaces, thereby reducing navigation  memory, showing how e ective instruction reduces unnecessary

costs when multiple structures must co-exist. cognitive demands while managing task complexity to support
Pattern-speci ¢ work shows how to operationalize malleability = schema constructiondg Sca olding complements this by provid-
within concrete Ul idioms.41] analyze the overview detail pattern ing temporary support that enables learners to perform tasks just

and surface three malleability dimensions: content, composition, beyond their current ability; as competence develops, these sup-
and layout. They then provide end-user controls such as Fluid ports are gradually withdrawn, shifting responsibility to the learner
Attributes that let people surface, hide, and manipulate attributes [60].
across overview and detail, including Al-assisted transformations. Even in highly structured learning contexts, it is possible to give
Together, these threads position interface structure as something learners freedom to personalize and explore without undermining
to be learned, projected, and reshaped. System-side models reducethe underlying structure 3. This way, learners can engage with
fragmentation by adapting structure to the person. User-side mal- and personalize the material while the structure remains intact,
leability empowers direct control over the substrate. Pattern-level serving as a stable sca old that supports exploration and interpre-
toolkits demonstrate concrete mechanisms that make structure tation without constraining it.
visible and editable in situ. Lu et gJ37]illustrates how blending Yet even within this formal framework, dynamic elements emerge
example structures into in-progress work can further expand this through features like playback functionality, where the static struc-
design space. This synthesis motivates our focus on interfaces that ture transforms into a temporal experiencéf. Such an approach
allow users to work with structure directly, rather than working becomes an interactive interface between structured knowledge
around it. and experiential learning. This reveals how learning environments
must manage competing cognitive demands: learners need stable
2.3 Research Gap reference points to organize their understanding, but also require
space to experiment, make mistakes, and develop personal meaning

Despite these advances, existing work lacks a systematic frame- >3 The investment of attention in learning contexts thus becomes
work for understanding when and how di erent structural behav- 3 carefyl allocation of cognitive resourcetd, similar to how edu-

iors should be applied across diverse contexts and user needs. OUr ¢a4igna| sca olding gradually shifts cognitive load from external
structural interaction model addresses this gap by providing de-  g,nn0rts to internal capabilitiesdd. Students must internalize

signers with a principled approach to reasoning about structural  gyisiing structures while simultaneously nding creative spaces
eX|b|I|ty_ as a continuous, multidimensional design space rather ,hin or beyond those structures.
than a binary choice.

3 The Role of Structure Across Domains 3.2 Productivity

Structure serves fundamentally di erent roles across interaction Structure plays a dual role in productivity. For novices, it serves
contexts. In productivity, it optimizes e ciency: in creativity, itbal- &S @ cognitive support, reducing the mental overhead of decision-
ances constraint with exibility; in learning, it sca olds knowledge ~ Making and allowing focus on executioré}. Templates, work-
acquisition; and in collaboration, it coordinates multiple actors. ©WS, and prede ned processes eliminate the need to repeatedly

These contexts often overlap yet impose distinct, sometimes con- solve organizational problems, freeing cognitive resources for the

icting, requirements. A structure optimized for productivity may ~ actual work. This aligns with cognitive load theory: by 0 oading
hinder creativity; sca olds for novices may constrain experts. The structural decisions to external frameworks, users can dedicate their

following sections examine how structure functions in each context, lImitéd working memory to the task at hand rather than meta-level

revealing that e ective structure must be carefully calibrated to ~ Planning [S6]. _ _ o
speci ¢ tasks, user expertise, and situational dynamics. However, the relationship between structure and productivity
' ' is not always linear. As expertise develops, rigid structures can be-

. come constraints rather than enablers. An expert developer might
3.1 Learning nd templates limiting when prototyping novel solutions. A sea-
Learning environments present a particularly delicate balance, es- soned writer might not prefer prescribed document structures when
pecially when considering younger learners. Children demonstrate crafting unconventional narrativesZ9. This suggests that optimal
remarkable adaptability and creative potential, yet their limited productivity requires either adaptive structuringd, systems that
attention spans and developing executive functions require care- can modulate their level of constraint based on user expertise and
fully sca olded environments with clear milestones and achievable task demands, or mechanisms enabling advanced users to bypass
goals. Research shows that novice learners have constrained work- structural constraints [42, 50].
ing memory and fewer schemas, making them especially vulnerable ~ Beyond complexity, investment of attention also represents a
to cognitive overload during an unstructured learning approach critical consideration 1g. Structure should minimize attention
[37. The challenge lies in providing enough structure to maintain ~ spent on routine decisions while maximizing attention available
focus and prevent cognitive overload, while preserving su cient  for value-generating activities]g. For novices, this means com-
openness for exploration and discovery [63]. prehensive sca olding that guides each step. For experts, it means
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minimal, optional structures that can be invoked when needed but
don't impose unnecessary cognitive switching cos8§[ How-
ever, the most productive systems should also allow users to uidly
transition between structured and unstructured modes, leveraging
templates during routine phases while seamlessly shifting to an
unconstrained exploration during problem-solving phases.

This dynamic structuring re ects a deeper principle: productive
systems must balance e ciency with exibility. Too much structure
creates friction, forcing users into suboptimal patterraq 36. Too
little structure leads to cognitive overload and decision fatigue.
The sweet spot relies not just on user expertise but by task phase,
cognitive state, and even time of day. Modern productivity tools
increasingly recognize this, o ering features like "focus modes"
that temporarily increase structure during high-demand periods
while allowing more uid interaction during exploratory phases
[36].

3.3 Creativity

Creative work operates under a fundamental tension. It must be pro-
ductive by delivering meaningful outputs aligned with design goals,
while also remaining open to exploration and invention, generat-
ing novel and valuable ideas. This contrasts with e ciency-driven
tasks, where both the process and the outcome are predetermined
[7,52].

In many traditional productivity and optimization paradigms,
drawing from project management and algorithmic scheduling,
the goal is often framed as identifying the most e cient route or
minimum-cost solution between starting and ending points (A to B)
[57, creative productivity requires what we might call a 'structured
wandering, or constrained exploration within conceptual spaces.
This idea aligns with Boden's framework of Creativity]. Com-
binational creativity relies on e ciency in accessing and linking
diverse knowledge stores, but also on the exibility to make un-
expected connections. Exploratory creativity demands systematic
navigation of conceptual spaces while remaining open to discover-
ing uncharted possibilities within them. Transformational creativity
requires both the discipline to understand existing constraints and
the exibility to move beyond them [7].

Such e ciency and exibility in creative work create unique
cognitive load challenges that distinguish it from linear, execution-
focused tasksg, 31], where productivity allows cognitive resources
to concentrate primarily on executiorf[l], creative work demands a
complex distribution of attention across multiple, simultaneous cog-
nitive operations B4. The mind must maintain active awareness
of the problem space, constraints, and goals while simultaneously
engaging in exploratory activities, testing novel combinations, nav-
igating through conceptual possibilities, and evaluating potential
pathways [7].

This exploratory work happens in parallel with continuous eval-
uative processes that assess not only whether something is new or
surprising, but also whether it holds value and relevance within
its intended context §]. The cognitive load required here involves
constantly switching between holding stable mental models and
actively disrupting them, between preserving existing knowledge
structures and deliberately seeking their transformation. This re-
veals that the structure of creativity isn't simply "unstructured
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exploration" but rather a dynamic oscillation between convergent
and divergent modes of thinking.

3.4 Collaboration

Collaboration brings together productivity, creativity, and learn-
ing, blending the demands of each domain while adding new lay-
ers of complexity L7]. In most collaborative contexts, teams can
generate numerous ideas or outputs, but without mechanisms for
convergence and coordination, individual contributions may fail to
coalesce into meaningful result§§. Once again, structure plays a
critical role here, providing shared frameworks such as templates,
work ows, or conventions that guide joint activity, reduce coor-
dination costs, and support the alignment of e ort across team
members.

This need for structure becomes particularly evident in making
collaboration succeed, where teams must coordinate across mul-
tiple roles and skill sets], 35. Research found that data science
projects require collaboration between technical team members
(data scientists and engineers) and non-technical members (domain
experts, managers, and communicators), each bringing distinct ex-
pertise to di erent phases of the work ow §5. Such exploratory
collaborative work across elds, from scienti ¢ research to design
innovation, requires structural frameworks that balance formal
methodologies with the domain knowledge and contextual under-
standing that reside within di erent team members' expertise and
situated knowledge.

The challenge lies in determining which structural elements
should be xed versus exible. In collaborative contexts, the under-
lying structure typically must remain consistent across participants
to preserve coherence and prevent con icts. Individual team mem-
bers may negotiate their personal interaction with these shared
frameworks, but the core structure should provide stable reference
points for collective work. As Muller and Weisiz5] show through
their analysis of complex organizational applications, successful
collaboration often depends on having clear structural frameworks
that all participants can rely upon.

Importantly, collaborative structure need not be fully adaptive
or malleable. While the CHA framework demonstrates how human-
Al systems can involve'dynamic shifts and exchanges of human
and Al initiative"[45, the structural foundation for collaboration
should remain relatively stable. The goal is not to allow the system
to continuously reshape itself based on user behavior, but to pro-
vide a consistent foundation that facilitates both divergence and
convergence within a team. This stability is essential for managing
what research describes as the complex collaborative practices that
span multiple work ow stages and involve stakeholders with vastly
di erent technical backgrounds [65].

Structure in collaborative contexts thus serves as the essential
medium through which collective learning, productive e ort, and
creative exploration can be coordinated e ectively. This must there-
fore be integrated as an additional constraint, requiring careful
articulation with the pre-existing challenges inherent to these con-
texts.
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4  Structure in User Interfaces

The previous section illustrates how di erent contexts (educational,
productive, creative) and settings (individual, collaborative) entail
varying degrees of structural organization. This structural variabil-
ity can manifest within a single activity depending on the speci ¢
task requirements. Establishing appropriate structural interaction
is therefore critical to optimize information retention, enhance
work ow e ciency, facilitate ideation processes, and support col-
laborative endeavors. This section presents the process that led to
the identi cation of ten structural states elicited from contemporary
digital tools.

4.1 Methodology

This investigation employed a nity diagramming 24 to system-
atically examine the diverse structural con gurations present in
contemporary commercial tools. The selection of commercial plat-
forms was strategically motivated by the objective to prioritize
generalizability and practical applicability through leveraging exist-
ing structural paradigms rather than proposing novel frameworks.
This methodological decision ensures user familiarity while capi-
talizing on established interaction patterns that users have already
internalized through prior technological engagement.

A nity diagramming was selected due to its established e ec-
tiveness in evaluating interactive system3d and its capacity to
surface emergent patterns through exploratory sensemaking. This
methodology enables the systematic discovery of latent structural
relationships that may not emerge through predetermined analyti-
cal frameworks.

The analytical framework encompassed three primary contex-
tual domains: Learning, Productivity, and Creativity. Within each
domain, we identi ed the principal categories of commercial tools
and systematically selected ve of the most widely adopted plat-
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the extent of structural in uence within the interface, progressing
from local e ects con ned to individual elements, through hybrid
implementations where scope varies contextually, to global struc-
tures that govern the entire interaction spadeigidity measures
the degree of structural enforcement and user override capability,
spanning from low rigidity where structure serves merely as sugges-
tion, through medium rigidity o ering resistance while permitting
deliberate transgression, to high rigidity where structural rules
cannot be circumventeddgencyidenti es the locus of structural
control, distributed along a spectrum from user-controlled con gu-
rations where individuals determine structural behavior, through
shared control involving negotiation between user and system, to
system-controlled structures that operate autonomously based on
predetermined logic or detected patterns. FinaWsibility charac-
terizes the perceptual presence of structural mechanisms, ranging
from hidden structures, through mixed visibility where structure
can be partly hidden and partly revealed, to visible structures. These
dimensions collectively form an analytical matrix through which
structural behaviors were systematically characterized, compared,
and sorted in Table 1.

Enforced structurdnforced structure in digital tools manifests
as immutable frameworks where users must operate within rigid,
prede ned constraints without possibility for modi cation or cir-
cumvention of fundamental organizing principles. Microsoft Excel
exempli es this paradigm through its invariable cell-grid archi-
tecture, where data must conform to row-column intersections
without alternative spatial arrangements. Learning Management
Systems such as Moodle enforce hierarchical course structures with
predetermined content organization schemas that cannot be fun-
damentally altered. Score writing applications like Sibelius and
Finale consistently impose the numerous conventions of Western
musical notation, requiring users to translate musical ideas through

forms as of 2025, ensuring representativeness and contemporary standardized and rigid symbolic systems. Email clients including

relevance. The list of commercial tools considered in this study is re-
ported in Table 2. The authors conducted independent observational
analysis of each tool's structural characteristics on sticky notes.

Subsequently, these observations were systematically organized

through iterative clustering processes, from which ve structural
dimensions were extracted and helped identify the underlying sim-
ilarities and distinctions among structural implementations. Each
emergent dimension was further strati ed into discrete levels to
enable nuanced analytical categorization.

4.2 Results

The iterative clustering process revealed ve fundamental dimen-
sions that characterize how structure manifests and behaves within
digital interfaces.

(1) Temporal persistence (momentaty varying!

(2) Spatial scope (local both! global)

(3) Rigidity (low! medium! high)

(4) Agency (uset shared system)

(5) Visibility (hidden! mixed! visible)

Temporal persistencaptures the duration of structural enforce-
ment, ranging from momentary interventions that a ect single
interactions, through varying durations, to permanent con gura-
tions that persist across entire sessioi®patial scopdelineates

permanent)

Outlook and Gmail enforce an identical email protocol structure,
dictating header-body composition and threading mechanisms.

Layered structurd.ayered structure represents a system where
multiple independent structural frameworks operate simultane-
ously on the same data, each maintaining separate activation states
while collectively mediating user interaction through selective en-
gagement. Adobe Photoshop exempli es this paradigm through its
foundational layer system, where pixel layers, adjustment layers,
vector masks, and smart objects function as autonomous structural
frameworks that users toggle, lock, or modify independently while
preserving the integrity of parallel structures. Three-dimensional
modeling environments like Autodesk Maya deploy sophisticated
layered architectures encompassing viewport grids, object snapping
systems, construction planes, and deformation constraints each
structural layer maintaining operational independence while con-
tributing to the comprehensive spatial manipulation framework.
Video editing platforms such as DaVinci Resolve orchestrate time-
line tracks, color grading nodes, audio mixing buses, and e ects
chains as discrete structural layers, enabling editors to engage spe-
ci ¢ organizational systems while temporarily suspending others.

Escapable structurBscapable structure represents a rigid orga-
nizational framework which maintains its integrity while providing
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Structural | Structural Behavior D1-Temporal D2-Spatial | D3-Rigidity | D4-Agency | D5-Visibility
State Persistence Scope

Enforced Structure is immutable and strictly en- | Permanent Global High System Visible
structure forced.

Layered Multiple immutable structures coexist = Varying Global High User Visible
structure and are selectively engaged.

Escapable | Structure is immutable but can be tem- Momentary Global High User Visible
structure porarily bypassed.

Elastic Structure temporarily relaxes but does Momentary Local Medium User Mixed
structure not deactivate.

Suspended | Structure temporarily deactivates basgd Momentary Local Medium System Hidden
structure on detected user intent.

Adaptive Structure automatically evolves with Varying Global Medium System Mixed
structure use.

Negotiated | Structure can be relaxed or deactivated Varying Local Medium Shared Mixed
structure but not rede ned.

Malleable | Structure can be rede ned. Varying Global Low Shared Mixed
structure

Optional Structure can be invoked on demand. Varying Both Low User Hidden
structure

Freeform | No structure can be invoked. Permanent Global Low User Hidden
structure

Table 1: The 10 structural states along with their associated structural behavior and dimension levels, elicited from the a nity
diagramming. Levels are color-coded from light blue to dark blue to emphasize their order along each dimension.

temporary bypass mechanisms, allowing users to brie y escape dynamic visual indicators and magnetic attraction zones that pro-
mandatory constraints before automatic reassertion. Google Docs pose optimal spatial relationships while permitting deliberate over-
manifests escapable structure through its HTML source view, per- ride through sustained manipulation. Presentation platforms like
mitting users to temporarily circumvent the WYSIWYG editor's  Google Slides also manifest elastic structure via object alignment
formatting constraints to directly manipulate underlying markup  guides that create temporary magnetic elds around symmetrical
before returning to the structured document interface. Microsoft  positions, bending spatial freedom toward organizational coherence
Excel, although enforcing structure for most functionalities, some- without enforcing absolute compliance.

times allows users to momentarily escape it. For instance, the "Paste

Special” functionality temporarily bypasses formula dependencies  syspended structurBuspended structure automatically relaxes
and cell formatting rules to insert raw values before reintegration  constraints during active user interaction and reasserts them when
into the relational matrix. Project management platforms like Asana  jnteraction pauses. Google Docs demonstrates this pattern through
implement quick-add mechanisms that bypass standard work ow jts grammar checking system that suspends error highlighting dur-
hierarchies, allowing task creation outside established project struc- ing rapid typing, then reasserts checking when typing stops to avoid
tures before automatic categorization processes restore organiza-disrupting writing ow. Similarly, Slack implements suspended
tional coherence. Presentation tools like PowerPoint and Keynote strycture through its markdown rendering, which suspends format-
provide presenter view modes that temporarily escape the linear ting during message composition and only processes formatting
slide progression, enabling non-sequential navigation during live when the user sends the message. Microsoft Word suspends its
presentations while preserving the underlying structural sequence. ayto-formatting rules during continuous text entry, then reasserts
these rules at paragraph breaks or when typing pauses. Learning
platforms like Moodle suspend answer validation in quiz interfaces
during rapid response entry, then reassert validation when the
Elastic structureElastic structure provides magnetic guidance ~USer pauses or submits, preventing premature error feedback that
through soft constraints that locally bend under sustained user disrupts problem-solving.
action while immediately restoring when interaction stops. Adobe
Premiere Pro exempli es this principle through its timeline snap- Adaptive structureAdaptive structure automatically evolves
ping mechanism, where clips magnetically align to edit points and through user interaction, progressively modifying its constraints,
markers yet permit frame-precise positioning through continued a ordances, and complexity based on detected patterns of use, ex-
cursor movement, establishing a negotiated relationship between pertise development, or pedagogical objectives. This evolutionary
structural suggestion and editorial precision. Figma's smart align- paradigm manifests distinctly in adaptive learning platforms like
ment guides demonstrate elastic structural properties by generating Smart Sparrow and ALEKS, which continuously recalibrate content
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di culty and instructional sca olding based on learner perfor- systems and ruler guides, which designers must explicitly activate
mance metrics, progressively revealing advanced concepts while to impose spatial organization onto unstructured canvases. Finally,
fading supportive structures as competence develops. Similarly, Discord provides optional structure through its role hierarchies
Google Sheets demonstrates adaptive structure through its Explore and permission systems, which servers can invoke to transform
feature, which learns from user data patterns and progressively unstructured chat spaces into formally organized communication
suggests more sophisticated formulas, visualizations, and analytical channels.

approaches based on detected usage patterns and data complexity.

Notion exhibits adaptive structural properties by progressive|y re- Freeform structurd=reeform structure denotes environments
vealing advanced database features and template suggestions basedhat provide a seemingly unstructured space, without explicit con-

on user engagement patterns, transforming from simple note-taking
to complex knowledge management as user expertise grows.

Negotiated structurdegotiated structure represents a frame-
work where users actively push against prede ned constraints
through deliberate actions, establishing unstructured zones within
rigid environment without achieving structural rede nition. This
negotiative paradigm can be seen in Airtable, where users negoti-

straints. This paradoxical category is often seen in creative tool
initialization states. Blender's empty viewport exempli es freeform
structure through in nite three-dimensional space without default
objects, grids, or units, though Cartesian coordinates remain as
irreducible substrate. Similarly, Unity's blank scene provides un-
bounded virtual space lacking predetermined assets or behaviors,
while maintaining minimal engine architecture. Note-taking appli-
cations like Apple Notes demonstrate freeform structure through

ate between spreadsheet conventions and database structures byynrestricted text entry without formatting requirements or organi-

introducing unstructured text elds, informal tagging systems, and
hybrid organizational schemas that push against the platform's
relational database structure while remaining constrained by its
fundamental grid architecture. Similarly, Notion demonstrates ne-
gotiated structure through its exible block system, where users
negotiate between structured databases and freeform content by
embedding unstructured text within database entries, creating infor-
mal linking patterns that circumvent formal relational structures,
and establishing personal organizational conventions that push
against but cannot fundamentally alter the platform's block-based
architecture.

Malleable structureMalleable structure is one in which users
exercise strong authorial control, enabling them to fundamentally
rede ne organizational principles and behavioral rules, a ecting
the entire interface. In its modern sense, true malleability also
requires that end-users be able to transform the structure with little
to no programming expertise often with the aid of Al. None of
the tools examined in this study fully exhibit this property. Game
development engines such as Unity and Unreal Engine approach
true malleability, as users can rede ne rendering pipelines, rebuild
physics systems, and design entirely new interaction paradigms.
However, these modi cations demand complex scripting. Likewise,
Microsoft Excel can approximate true malleability through VBA
programming, but only for users with substantial programming
literacy.

Optional structureOptional structure remains inactive until ex-
plicitly invoked by user action. This opt-in structure can be found
in Microsoft PowerPoint through its slide master templates and
design themes, which users can selectively apply to transform un-
structured presentations into structurally consistent documents.
Similarly, Obsidian o ers optional structure through its graph view
and linking systems, where users begin with plain markdown les
and consciously choose to invoke relational visualization and back-
linking structures. Furthermore, Trello exhibits optional structure
through its Power-Up system and automation rules, which remain
completely absent until users actively enable these structural exten-
sions, transforming simple boards into complex work ow systems.
Adobe Photoshop implements optional structure through its grid

zational hierarchies, maintaining only sequential character storage.
Adobe Photoshop's blank canvas represents freeform structure
through undi erentiated pixel space without layers, guides, or com-
positional constraints, retaining only resolution boundaries. These
examples reveal that freeform structure operates as theoretical limit
rather than achievable state, with commercial tools approaching
but never achieving complete structural absence.

5 Examining Structural Interaction in Four Use
Cases

5.1 Learning

Conventional tools for learning mathematics usually involve ei-
ther anenforcedstructure, such as rigid step-by-step tutorials and
automated grading systems, or &scapablene, as in Computer
Algebra Systems (CAS) where students can bypass the procedural
steps to reach a solution directly. On the one hand, systems that rely
solely onenforcedstructure ensure correctness and guide novice
users, but they often restrict exploration of alternative strategies.
On the other hand, systems governed by escapablstructure re-
duce the burden of notation but risk collapsing the learning process
into mere answer-checking, thus missing the practice of strategy
development. The dominance of these two structural modes leaves
a de cit: students are not adequately supported in exploring mul-
tiple solution paths, re ecting on their decisions, or comparing
approaches with peers.

Beaudouin-Lafon and Xigb] addressed this structural limitation
with a layeredstructure in MathMap, a system designed to help
high school students learn algebraic problem-solving through (1)
spatial, (2) temporal, and (3) communal exploration (see Figure 1).
MathMap makes suggestions and encourages branching by rep-
resenting each algebraic problem as a Work Tree, where nodes
correspond to expressions and edges represent transformations.
Spatial exploration supports trying parallel strategies and map-
ping problems to di erent solution paths. Temporal exploration
enables re ection on how expressions evolve, allowing students to
track sub-expressions across transformations and revisit alternative
suggestions previously presented by the system. Communal explo-
ration aggregates work trees across a class, enabling both teachers
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Figure 1: A mathematic learning system introducing a

Figure 2: A spreadsheet system reintroducing an escapable
structure. Adapted from [12].

and students to visualize common strategies, identify pitfalls, and
learn from collective problem-solving patterns. MathMap's triadic

structure illustrates the bene ts of guided correctness while foster-
ing re ective and multi-path learning.

5.2 Productivity

Cavez & Imteyaz

layered structure. Adapted from [5].

spreadsheet applications on desktop. However, their migration to
interactive surfaces reveals a critical structural limitation: unlike
their desktop counterparts, they fail to suppogsscapablstructure
due to input modality constraints and replace it with sanforced
structure. This produces signi cant usability friction and precludes
numerous essential features standard in desktop tools.

Cavez et al.17 addressed this structural de cit by reintroducing
escapablstructure through pen-based interaction design. Their
approach exploits the superior precision and expressivity of pen
input to develop interaction techniques that temporarily bypass
grid constraints, such as uid character-level selection within and
across cell boundaries (see Figure 2a), precise character insertion
and manipulation operations (see Figure 2b), and content-based row
selection replicating complex formula operations (see Figure 2c).
The interaction model maintains clear modal separation: nger
input and pen tap trigger grid-based operations, while precise pen
strokes allow users to reach the values underneath, thereby elim-
inating mode-switching requirements and interaction ambiguity.
Their empirical evaluation supports this approach, demonstrating
that di erential input modalities can e ectively restore the struc-
tural articulation inherent to desktop spreadsheet applications.

5.3 Creativity

Score writing applications such as Sibelius and Finale shift between
two primary structural statesenforcedstructure, comprising the
predetermined notation rules required to produce standardized
scores, ane@lasticstructure, implemented through magnetic snap-
ping mechanisms that guide element positioning while permitting
override through sustained manipulation. The overall interface re-
mains highly rigid and signi cantly impedes creative exploration,
compelling composers to supplement their work ow with uncon-

Conventional spreadsheet applications such as Microsoft Excel have strained media such as paper [14].

an escapablstructure, which bene ts grid-based operations but
also enables the temporary circumvention of the grid to promote

Cavez et al. I3 addressed this tension in EuterPen by intro-
ducing negotiatedstructure, enabling users to temporarily push

value editing as well as more advanced operations (see Section 3.2)against structural constraints while maintaining a strong proximity

This structural state constitutes a fundamental characteristic of

to structure. The system allows composers to create canvas spaces
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