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ABSTRACT ARTICLE HISTORY
Design processes generally try to align user requirements Received 26 February
with design solutions. Communication gaps between design- 2025

ers and users, nevertheless, may lead to mismatches between Accepted 4 November
intended user experience and eventual perception by end 2025

users. This study presents a communication-driven method KEYWORDS

for enhancing user participation in the design process and Design process, interior
formally incorporating user feedback. The method identifies design, semantics,
and resolves user experience discontinuities by eliciting and user-experience,
consolidating qualitative and quantitative user appraisals. participatory design
Building on the Semantic Discontinuity Detection method,

the method (i) integrates user feedback into an iterative

design process, and (ii) uses virtual reality simulations for

design communication to detect and resolve discontinuities.

The discontinuity results are communicated to designers, for

improving correspondence between design outcomes and

user experiences. Revised designs are evaluated for improved

alignment, indicating validation of the method. The results

show that communication-centered design effectively

reduces experience inconsistencies, increases the engage-

ment of users, and improves design outcomes.

1. Introduction

Understanding and analyzing users’ impressions and experiences in the inte-
rior design process is important to create collaboration between designers
and users for enhancing well-defined spaces. However, most post-occupancy
evaluations indicate that end-users have dissatisfactions with their living
spaces (Ghomeshia and Jusan 2012; Gifford et al. 2002; Rahanjam and Ilbeigi
2021). Gifford et al. (2002) conducted a study to compare architects’ expres-
sions and nonarchitects’ impressions toward building aesthetics, highlighting
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disagreements regarding the aesthetics of modern buildings. The study by
Siltanen, Oksman, and Ainasoja (2013) also confirms that consumers (users)
and professionals (designers) have different visual understandings of interior
design. Khalaj and Pedgley (2019) state that scholars have repeatedly empha-
sized that discrepancies are likely to arise between the intended character of
a product, as envisioned by the designer (referred to as intended product
semantics), and how users perceive or construct the same product’s character
(known as realized product semantics), drawing upon foundational studies by
Crilly, Maier, and Clarkson (2008), Hsu, Chuang, and Chang (2000).

Lack of communication or consultation during the design process can
cause mismatches between expression and impression. Eckert and Clarkson
(2011) call these kinds of misunderstandings ‘design failures’ attributable to
poor project management. They identify five categories as the origin of
design failures: structural, evaluation, interaction, management, and market-
ing. A sixth category, ‘experiential failures, can cover differences between
intended and realized user experience (UX). The user experience of a designed
outcome (for example, a product, interior, service, app, or brochure) encom-
passes both practical utility and communicative impact (Khalaj and Pedgley
2019). In its broadest sense, UX design is defined as shaping a person’s over-
all experience through direct or indirect use of a system, product, content, or
service (Norman and Nielsen 2017). UX design covers sensory perception,
emotion, thought, reaction, and behavior.

The method presented in this study was conceived to improve alignment
between the UX of a designed space and the UX intentions stated in an
interior design brief and expressed by a designer. It adapts the Semantic
Discontinuity Detection (SDD) method developed by Khalaj and Pedgley
(2019), which serves designers by identifying the severity and origin of dis-
continuities between intended expression (by designers) and evaluated
impressions (by users). Specifically, the method in this paper extends the
SDD method in three critical ways: (i) application to a new area (designed
spaces, rather than physical products), (ii) uses VR (virtual reality) representa-
tions of design proposals (rather than materialized artifacts), and (iii) placed
within a live design project with stated UX goals and a design revision/itera-
tion phase (rather than an appraisal of completed designs).

2. User-oriented design models in spatial design processes

User-centered design (UCD), participatory design (PD), and co-design are
user-oriented design models that offer various ways of integrating ‘the user’
into an iterative design process. Several points of these models were analyzed
to help define early versions of the method proposed in this paper. UCD is a
general approach adopted amongst the design professions, considering users
as passive voices that designers act upon (Botero et al. 2020; Sanders 2002;
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Sanders and Stappers 2008). PD is used more selectively according to projects
and practices, empowering users to act within a design process (Greenbaum
1998). UCD and PD were considered foundational to the current method devel-
opment. Implementing UCD and PD requires a design process involving proto-
type creation and testing, followed by gathering user impressions and feedback
to help designers reach a refined final proposal (Putnam et al. 2009). Furthermore,
there is a necessity for systematic evaluation of subjective responses when
implementing PD (Kesdi and Gunes 2025; Bossen, Dindler, and Iversen 2018).

Wilkinson and De Angeli (2014) state that traditional UCD is limited in
integrating user feedback in each stage of the design process, and hence, PD
or co-design is needed. PD in principle is deployed from the earliest stages
of design, within ideation or conceptual development, so that it effectively
and positively influences end outcomes (Greer and Lei 2012; Wilkinson and
De Angeli 2014). Co-design has become prominent as a design model to
respond to criticisms of UCD and PD. It has roots in PD since it uses user
knowledge during design (Lee et al. 2018; Smeenk, Sturm, and Eggen 2019;
Voinov et al. 2018). Moreover, the iterative cycles of UCD, including testing,
evaluation, and redesign, are a means to check that intended user experi-
ences are likely to come about in a final design (Li et al. 2022; Viudes-Carbonell
et al. 2021). Cardenas Merino, Arias Jiménez, and Burdiles Allende (2025)
emphasized communication failures between architects and users during the
design process, suggesting that PD and co-design tools could aid communi-
cations by providing more closer-to-reality prototyping tools.

3. Communicative aspects of design

By focusing attention on UX, designers must directly tackle the issue of how
a design solution communicates to its users and the messages and meanings
contained therein. In the semiotic approach to design communication (Fiske
1990), designers and users are seen as active participants in creating mean-
ing. Visual design elements are often the primary channel for conveying
meanings, with less attention given to touch, sound, or other sensory modal-
ities. In constructing the SDD method, Khalaj and Pedgley (2019) gathered
principles of designer-user communication from various sources, mostly
within product design, including from Hsu, Chuang, and Chang (2000), Hu,
Zhao, and Zhao (2013), and Khalaj and Pedgley (2014). Products and interior
designs have similar visual cues (e.g. shape, material, and color). However,
other parameters contribute to the messages conveyed within spatial set-
tings. To confidently extend the SDD method into the domain of interior
design, it was necessary to review the use of visual elements to communi-
cate meaning within designed spaces.

The fundamental principles of the semiotic school of communication,
combining the ‘signifier’ and ‘signified, can be readily applied in interior
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design. Physical forms and elements (signifiers) affect users’ attribution of
meaning and concepts (signified) (Jie 2018). Several studies adopt semiotics
in interior design cases to analyze how physical forms and elements can
impress users (Holt 2017; Kuksa and Childs 2014; Nehme, Rodriguez, and
Yoon 2020). Studies have considered various parameters including layout
(Moscoso et al. 2021; Obradovic et al. 2021; Zou and Ergan 2021), color and
material preferences (Chowdhury, Noguchi, and Doloi 2020; Ergan, Shi, and
Yu 2018; Zhang et al. 2022), and lighting conditions (Chowdhury, Noguchi,
and Doloi 2020; Ergan, Shi, and Yu 2018; Moscoso et al. 2021; Obradovic
et al. 2021). Each of these affects visual communication and influences users’
impressions.

4, Virtual spaces in user experience research

The potential of designing spaces where there is a focus on user experi-
ence is widely acknowledged (Nehme, Rodriguez, and Yoon 2020; Riener
et al. 2021; Sharif 2020), often requiring prototype user testing during the
design process. Since full-scale physical prototypes are impractical for inte-
rior design, alternative approaches, such as the use of VR, have become
essential for stimulating spatial experiences. VR has proven valuable in
architectural research, offering insights into spatial cognition, perception,
and behavior (Brade et al. 2017; Higuera-Trujillo, Lo6pez-Tarruella Maldonado,
and Llinares Millan 2017; Paes, Arantes, and lIrizarry 2017; Paes, Irizarry, and
Pujoni 2021).

VR enables the assessment of architectural variables while controlling oth-
ers, overcoming the challenges of altering real spaces (Kuliga et al. 2015). For
instance, Brade et al. (2017) found that virtual environments (VEs) communi-
cate hedonic qualities (associated with emotions and impressions) better
than real environments, which communicate pragmatic qualities (associated
with tasks and usability) better. Similarly, Higuera-Trujillo, Lopez-Tarruella
Maldonado, and Llinares Milldn (2017) showed that VR generally elicits phys-
iological responses close to real environments if the fidelity is sufficient, while
360-degree VR panoramas evoke psychological responses even closer to real-
ity. This current study leverages VR as an immersive medium for users to
experience spatial designs, offering a level realism and immersion that sur-
passes screen-based renders.

5. The method

The method presented in this paper provides designers with user feedback
on visual space impressions, helping them to understand why their designs
may fail to convey an intended expression and guiding them to make revi-
sions that reduce the gap between expression and impression. The method
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includes quantification of the gap, pinpoints discontinuities, and highlights
design elements requiring attention, ultimately providing designers with a
means to achieve the user experience goals included in a design brief.

The published SDD method (Khalaj and Pedgley 2019) comprises four
stages: assessing designers’ intended expressions, examining users’ first
impressions, and twice making reciprocal evaluations of semantic perceptions
(user vs. designer, and designer vs. user). The proposed method distributes
the SDD stages within a new three-phase process. Phase 1, ‘UX Requirements
and Design Brief; focuses on defining UX goals, drafting briefs, creating initial
designs, and extending the original SDD framework to be applicable to newly
commissioned design projects. Phase 2, ‘Interior Design SDD Method (First
Design), applies the SDD method to initial designs, while Phase 3, ‘Interior
Design SDD Method (Revised Design), evaluates iterative design outcomes
from Phase 2, checking that alignment between expression and impression
has been improved (Figure 1).

To clarify, the proposed method expands and contributes to the original
SDD method in several critical ways:

«  Defining and delivering user-derived keywords to the designer as starting
points for semantic understanding within a newly commissioned design
project (Phase 1).

« Making user experience appraisals of the first interior design concepts
presented via VR within the interior design process and asking for con-
cept revisions based on the discontinuity insights (Phase 2).

« Making user experience appraisals of revised interior design concepts
presented via VR within the interior design process and reaching a
quantified statement of discontinuities to demonstrate the gap reduc-
tion or elimination between design intent and actual user experience
(Phase 3).

s N
PHASE 1: UX Requirements
and Design Brief
Stage 1: Visual Qualities of Space

Briefing about the space typology.
Analyzing users’ semantic definitions for
a defined space: adjective pools;
selecting adjectives

*Users Spatial Demands
Stage 2: Design Brief
Design brief for designers;
applying semantic definitions

as summarized adjective pairs
in interior design

G

( Designing: First Design Outcome )—

High Possibility of Semantic Discontinuities

PHASE 2: Interior Design SDD Method
(First Design)
—» Stage 1: Intended Visual Expressions
Identifying semantic expressions that

designers aimed to communicate to target users
I~ Stage 2: Realized Visual Impressions

Identifying users’ actual semantic impressions
based on visual appraisals

Stage 3:Users’ Evaluation of Intended Visual Expressions

Investigating to what extent users could perceive
the semantic expressions intended by designers

Stage 4: Designers’ Evaluation of Realized Visual Impressions.

Investigating the opinions of original designers after
exposure to information on users’ actual impressions.

!

Designing: Revised Design Outcome

Reduced Possibility of Semantic Discontinuities

Figure 1. Phases 1-3 with integral stages for the method.

4 PHASE 3: Interior Design SDD Method
(Revised Design)
++» Stage 1: Intended Visual Expressions
Identifying product semantic expressions that
designers aimed to communicate to target users
T Stage 2: Realized Visual Impressions
Identifying users actual semantic impressions
based on visual appraisals
Stage 3:Users’ Evaluation of Intended Visual Expressions
Investigating to what extent users could perceive
the semantic expressions intended by designers
Stage 4: Statement of Discontinuities

Final statement quantifying success of transfer of design
intent, from designer’s expression to users’ impressions
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5.1. Participants

Two groups of participants were required for implementation: designers and
users. The user participants (n=45) were secured voluntarily amongst second
and third-year undergraduate design students of the Department of Interior
Architecture and Environmental Design at Baskent University (fall semester,
2023-2024). The age range of the users was 19 to 33years (M,,.=23.2), cov-
ering twenty-seven females and eighteen males. The designer participants
were three professional interior designers from Ankara, Turkey. The designers’
age range was 32 to 34years (M,,,=33), with 8 to 10years of work experience
(M,.=9). All three had previously worked on projects with similar settings
and design constraints as defined for the research.

5.2. Experimental setting and design constraints

The implementation of the method proceeded as a design research experi-
ment. Phase 1 was conducted in a studio environment, while Phases 2 and
3 used VR to communicate design concepts. In Phase 1 - Stage 1, user par-
ticipants were given a presentation to introduce key aspects of socializing
spaces. The researcher then interviewed users individually, face-to-face and
over Zoom, to understand their needs for such an environment. A thematic
analysis (TA) was made to reach a set of UX specifications (Braun and Clarke
2006). In Phase 1 - Stage 2, the UX specifications were prepared as a design
brief for designers, to be worked on for two weeks, and delivered as a first
design outcome.

The design brief was for a socializing space in a well-known office building
in the Cankaya region of Ankara city. The space was located on the second
floor of the building, with a floor area of 57m? and ceiling height of 340cm.
The space had a glass wall on the northern side, and the east and the west
sides had no openings. The entrance door was located on the south side.
There was a balcony, and a door was provided on the north side for balcony
access. Using 3DS Max, designers were permitted to change the glazing with
colored glass or to use covers. The sun’s position in 3DS Max was fixed, and
designers were prevented from changing the daylight setup. However, place-
ment of artificial lighting fixtures was permitted. The researcher pre-arranged
the 3DS Max cameras for rendering; all designers used the same camera
angles and locations to make their renders. All these 3DS Max constraints
were made to provide a reasonable level of consistency amongst the differ-
ent interior designs and their visualizations, to avoid UX effects from lighting,
camera, and rendering settings. A pool of 3DS Max models of semantically
similar office resting area furniture was provided: designers could choose fur-
niture only from this pool to avoid visual impression effects caused by using
wildly different furniture styles.
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5.3. Procedure

The Ethics Committee of L.D. Bilkent University approved the study (No:
2024_04_16_01). The study used a mixed methods approach and involved
two external participant groups (designers and users), with the first author
participating as the research manager, facilitator, and data analyst. The pro-
cedures for the user and designer groups were conducted at different
times and involved different tasks. Figure 2 describes the complex flow of
tasks undertaken by participants as well as the research instruments
deployed. The procedure is coded using Phase-Stage-Task nomenclature
(e.g. P1-S1-U1 refers to Phase 1, Stage 1, User Task 1). Users conducted six
tasks to evaluate the UX of the first design outcome, followed by three
tasks to evaluate the UX of the revised design outcome. Designers con-
ducted seven tasks in total; the researcher conducted eleven. The research-
er's tasks often took the form of preparations between the users’' and
designer’s tasks.

For task U1 users joined the interview as small groups and shared their
ideas in verbal and written explanations; in task U3, they experienced spaces

Phase 1 Phase 2 Phase 3

USERS

RESEARCHER

DESIGNER

| Make design

revsions o sole
dscontinuites
nstuments
|30 dgtatzatons
o spaces

work flow with users.
@ work flow with designers

Figure 2. Overview of the procedure, including flow of tasks carried out by users, the
designer, and the researcher, with indication of research instruments used.
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Table 1. Data collection and analysis.

Phase (P) Type of Data Collection Method Collection & Analysis Description
Stage (S) Instrument(s)
Participants
P1-S1 Qualitative -Verbal Response -Space Brief for Users The researcher explained space
-~ Measurement -Semi-Structured Interview  typology and asked for users’
m\ with Users needs; prepared themes with
. -Researcher's Semantic adjectives
\ = ¢ Analysis Table
P -Thematic Analysis
P1-S2 Qualitative -Verbal and Visual -Design Brief for Designers ~ Researcher explained
o Response Recording -3D Digitalization of the task to designers and gave
i"‘ 2 Spaces design briefs to designers
4
P2-S1 Quantitative, -Written and Verbal -Semi-Structured Interview  Designers were asked to fill
P3-S1 Qualitative Response Measurement with Designers out a questionnaire with Likert
:,r‘ -Semantic Differential Scale  scale items and open-ended
( \ -Descriptive Statistics questions
\ _/ -Semantic Network
isr_;’ Clustering
P2-S2 Qualitative -Written and Verbal -Semi-Structured Interview  The researcher created
P3-S2 Response Measurement with Users semantic network clusters with
- ‘,_j S -Content Analysis adjectives and
-Semantic Network definitions
m Clustering
P2-S3 Quantitative -Written and Verbal -Semi-Structured Interview  Users were asked to fill out a
P3-S3 Response Measurement with Users questionnaire with Likert scale
o -Semantic Differential Scale  items and open-ended
m -PANAS Mood Test questions
(P2-S3 only)
\ = -PQ Presence Test
f" (P2-S3 only)
-Descriptive Statistics
-Paired T-Test
-Semantic Network
Clustering
P2-S4 Qualitative -Verbal Measurement -Design Brief for Designers ~ Researcher gave information

*

for Iterative Process
-Semi-Structured Interview
with Designers

- Semantic Network
Clustering

to designers about users’
impressions by showing
semantic clustering analysis

with VR glasses. Designers defined their verbal and written expressions and
were interviewed by the researcher.

For the tasks in the three phases, various sets of qualitative and quantita-
tive data were generated with various data collection and analysis instru-
ments (Table 1).

6. Results

The results are presented separately through Phases 1, 2, and 3.

6.1. Results from Phase 1

In Phase 1 - Stage 1, users’ spatial demands were collected via interviews and
processed using thematic analysis to reach summaries in the form of adjectives.



THE DESIGN JOURNAL 9

@
Achromatic §
Bright 7 Comfortable a
©
]
¢ X 3
2 X £
= \ Colorfal s
e Serene Hidden &
s —_— —— S~ €
2 Relaxed . E
g \ o
o . ) ¥
£ \ ‘Wlde o
s Biophilic z
£
- Peaceful :
& Natural Cage Calm ) . \ -
K] - Inviting \ \ B
-8 — | / / \\\ \ g
o \ \ &
5 y \ 2
e [ 4 . ©
S 3 / : Attractive Spacious 2
¢ Quiet W g
W e Stable \ f ‘1.’.
g A =
© \ A e
3 \ Cheerful B
a \ £
~ Cheerless €
w a
E Serious Active £y
E Dynamic E
w
E
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Figure 3. Thematic map showing users’ needs for a socializing space.

Design B

. Design C

Figure 4. Three design solutions for socializing spaces expressing ‘calm; ‘colorful;, and
‘spacious.

Braun and Clarke (2006) six-step approach for thematic analysis was adopted.
Firstly, all data were collected and transcribed; initial codes were transferred
into the Natural Language Toolkit library in Python software, which led to
tokenizing sentences as adjectives. Thirdly, with the aid of the software, initial
themes were formed from collections of adjectives having similar meanings. In
the fourth step, themes were reviewed, with definitions and theme-naming
determined in the fifth step. Lastly, all results were reported in the sixth step.
With this analysis, users’ spatial needs for a socializing space were found to be
located under three themes: psychological aspects, physical aspects, and percep-
tual aspects. ‘Calm’ was the most used adjective for psychological aspects with
the sensation of nature; ‘colorful’ was the most used for physical aspects, and
‘spacious’ was the most used for perceptual aspects (Figure 3).

For Phase 1 - Stage 2, designers were given a design brief for the social-
izing space, integrating the themes from Stage 1. The researcher informed
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the designers about the design challenge and the need to convey the mean-
ings of ‘calm; ‘colorful, and ‘spacious’ through their solutions. Three socializing
spaces were generated, one per designer (Figure 4).

6.2. Results from Phase 2

The researcher interviewed the designers about how they embodied the
expressions within the design brief into their solutions. As well as open-ended
questions, the interview included a rating of semantic differentials, including
the three initializing adjectives (calm, colorful, spacious), using a 5-point
Likert scale. After experiencing the socializing spaces through a VR headset,
users rated their impressions on the same 5-point Likert scale, including rat-
ings for the three initializing adjectives.

To understand if users’ mood states influenced impression levels, a pre-/
post-experience Positive and Negative Affect Schedule (PANAS) test was
administered (Watson, Clark, and Tellegen 1988). The results revealed that
mood states did not have a significant effect on users’ impressions. Since
users experienced the design outcomes in a VR environment, self-reported
presence levels of users were gathered via a presence questionnaire (Paes,
Irizarry, and Pujoni 2021). The mean value for all questionnaire criteria showed
that users rated presence higher than five points (on a 7-point Likert scale).
Also, there were no significant correlations between users’ impressions of
calm, colorful, spaciousness, and presence levels.

Descriptive statistics, including mean, median, and standard deviations,
were calculated to compare relative impressions between the designs.
However, to identify semantic discontinuities, specific levels and categories
were used based on median values for ratings (Table 2). If the value for
impression (u, from user) and expression (d, from designer) is the same,
there is no discontinuity. If the values have a difference of one, there is a
minor discontinuity; if the difference is more than one, there are major dis-
continuities. Discontinuity levels were calculated for each user independently.
Then, the distribution of discontinuity levels across all users was calculated
as a percentile (percentiles for design solutions pre-iteration and post-iteration
are detailed in Table 3). Discontinuities were prevalent across all three

Table 2. Categories tied to ten levels of semantic discontinuity (Khalaj and Pedgley
2019, 55).

Semantic discontinuity category Numerical level
Continuity u=d

Minor discontinuity u=d+1 or u=d-1
Major discontinuity u=d+2 or u=d-2

u=d+3 oru=d-3
u=d+4 or u=d-4
u=d-5
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Table 3. Changes in percentiles of discontinuities before and after iterative design.
Discontinuity analysis

Adjective Category First design % Revised design %
Design A Calm Major discontinuity 96% 13%
Minor discontinuity 4% 36%
Continuity - 51%
Colorful Major discontinuity - -
Minor discontinuity 76% 33%
Continuity 24% 67%
Spacious Major discontinuity 71% 15%
Minor discontinuity 29% 36%
Continuity - 49%
Design B Calm Major discontinuity 97% 33%
Minor discontinuity 3% 56%
Continuity - 1%
Colorful Major discontinuity 100% 5%
Minor discontinuity - 33%
Continuity - 62%
Spacious Major discontinuity 97% 1%
Minor discontinuity 3% 69%
Continuity - 20%
Design C Calm Major discontinuity 61% -
Minor discontinuity 39% 40%
Continuity - 60%
Colorful Major discontinuity 40% -
Minor discontinuity 56% 59%
Continuity 4% 41%
Spacious Major discontinuity 41% 33%
Minor discontinuity 54% 18%
Continuity 5% 49%

first designs: on average (mean calculation), 4% continuity, 29% minor dis-
continuity, and 67% major discontinuity. In all cases of discontinuity, users
detected the adjectives in the design outcomes as weaker than the design-
ers intended.

After these analyses, a content analysis of the qualitative data from user
and designer interviews was conducted to understand where and why dis-
continuities occurred. Prasad’s (2008) six steps for data collection and analysis
were followed. In the first step, the research question was developed, focus-
ing on how choices of design elements underly designers’ space expressions
and users’ space impressions. Then, interview questions were constructed,
including queries about which elements were used for expression (designers)
and which elements led to impressions (users). In the third step, content
analysis categories were established for layout, usage of furniture, material
preferences, color preferences, and the amount of artificial lighting. In the
fourth step, units of analysis were finalized, and semantic network clustering
(SNCQ), a technique developed by Khalaj and Pedgley (2019) for clustering and
visualizing adjective relations, was carried out. The SNC process involved cir-
cling adjectives to indicate the number of participants mentioning the adjec-
tives, while arrows were used to convey the relationship or ‘storyline’ between
adjectives. For example, thirty-two users mentioned that they found the
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Figure 5. Example semantic network clusters establishing prevalent reasons behind users’
impressions of Design A.

layout of Design A to be divided into curvilinear forms, creating a chaotic
environment and a not calm atmosphere. The most frequently mentioned
adjectives (by six or more people) were located under clusters. Three exam-
ple semantic network clusters for Design A are shown in Figure 5.

At the fifth step, pilot testing was used to measure impressions and
expressions on three initializing adjectives. For impressions, pilot testing was
conducted with 12 users, to measure whether users’ impressions were consis-
tent with each other considering the rankings of the three adjectives. A reli-
ability analysis was conducted, with Cronbach’s Alpha measured using SPSS
software. The intraclass correlation value was measured as 0.981. This finding
showed a strong case for accepting users’ adjective measurements as a reli-
able indicator of user impressions. In the last step of the analysis, summaries
of all the semantic network clusters were combined into a master diagram.
Not all clusters were relevant to all three Designs A, B, and C. Absences show
that no designer or user raised semantic considerations relevant to the clus-
ter (see Figure 6 for first and revised designs).

The discontinuity values, semantic network clusters, and master diagrams
were presented to the designers to highlight where semantic discontinuities
had occurred and why. The designers were then invited to make iterative
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Design A Design B Design C

Before After

Figure 6. Design changes (before/after) made after receiving feedback from Phase 2.

design revisions to reduce or eliminate discontinuities. Figure 6 demonstrates
the changes in panoramic renders.

6.3. Results from Phase 3

Phase 3 involved analyzing the revised designs. Designers explained their
expressions again, and users re-experienced the designs following the same
steps as Phase 2, except that PANAS and presence tests were omitted. The
distribution of discontinuity categories for the revised designs was calculated
(Table 3). In all cases, discontinuities were reduced. As with the first designs,
all discontinuities of the revised designs had negative values, showing that
users detected the adjectives in the design outcomes as weaker than the
designers intended. There were no instances where users detected an adjec-
tive more strongly than the designers intended.

At this point, an inferential statistical analysis (paired samples t-test) was
made to understand whether the differences in semantic impression for
the first and revised designs (and, therefore, the discontinuity reduction)
were significant. All impressions increased significantly except for the
adjective ‘spacious’ for Design C. Hence, all discontinuities decreased sig-
nificantly after the design revisions, with a confidence level of 95% (p=0.05)
(Table 4).

Median impression values before and after revisions were compared with
designers’' grades for expression. Line graphs demonstrate changes in these
results (Figure 7). All revised spaces, except for Design C, conveyed a higher
correspondence to initial adjectives.

After these quantitative analyses, the qualitative data from the interviews
were analyzed using the same steps as in Phase 2. Semantic network cluster-
ing was re-conducted, and the semantic network clusters were modified to
demonstrate changes in the adjectives used (Figure 8).

In the first Design A, users considered the layout to be not calm because
of the circular forms used. After revisions, the designer eliminated the circular
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Table 4. Paired samples T-test results for all designs.

Adjective Mean STD T value df Sig. (2-tailed)

Design A Pre-calm 2.56 0.785 —17.064 44 0.0001
Post-calm 4.38 0.716

Design A Pre-colorful 4.24 0.435 -4313 44 0.0001
Post-colorful 4.67 0.477

Design A Pre-spacious 3.04 0.737 —-8.344 44 0.0001
Post-spacious 433 0.739

Design B Pre-calm 2.56 0.785 —5.406 44 0.0001
Post-calm 3.60 0.915

Design B Pre-colorful 1.56 0.586 —32.638 44 0.0001
Post-colorful 4.58 0.583

Design B Pre-spacious 2.38 1.21 —8.447 44 0.0001
Post-spacious 4.09 0.557

Design C Pre-calm 3.22 1.396 —6.304 44 0.0001
Post-calm 4.60 0.495

Design C Pre-colorful 3.91 0.973 —-3.755 44 0.001
Post-colorful 4.56 0.503

Design C Pre-spacious 4.04 0.796 —-0.607 44 0.547
Post-spacious 4.16 0.903

Weakly Dese

Sightly Descriptive

Totally Descriptive

Descriptve

Moderately Desciptve

Weakly Descriptive

Sighty Descriptive

Figure 7. Line graphs demonstrating changes in impressions.

forms and located transparent green partitions. Users’ impressions changed
to visible, calm, and spacious for the layout of the revised Design A.

For furniture usage, in design B preferred decorative paintings are pre-
ferred on the walls, but they left an impression of being crowded and not
calm on users. After feedback, the designer eliminated some of these deco-
rations; users found the furniture of the revised Design B colorful.

Before revisions, users found the material usage of Design C to be dense
and not calm. After feedback, the designer changed the hue of the green
wall as it became more saturated and the color of the floor material. These
changes gave users a spacious impression of the material usage of the
revised Design C.

7. Discussion

The method for user experience-oriented interior design presented in this
study applies user-oriented design models in new ways while including some
common points and differentiation. The intention has been to contribute to
better communication in the interior design process by drawing upon UX
models and focusing on realizing design intent through iterative design. The
method has been shown to work effectively. All three designers involved in
the study were able to significantly improve the communication of their
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Figure 8. Master diagram showing semantic network cluster summaries for Designs A, B,
and C, tied to (i) designer expression, (i) user impressions of first design, and (i) user
impressions of revised designs.

design intent after the iteration of their first designs, guided by the activities
and results of the method.

7.1. Integration of the SDD method in the interior design process

The original SDD method explored how users’ impressions of visual design
qualities differ from designers’ intended expressions, identifying semantic dis-
continuities and ways to reduce them (Khalaj and Pedgley 2019). Originally
applied to product design, its authors proposed broader applications across
design fields with larger user groups. Based on this, the current research
adapted the SDD method for iterative interior design processes, creating a
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framework to integrate it. Unlike the original SDD method, which evaluated
completed designs, this adaptation involved a live design project, beginning
with defining a design brief for a socializing area in an office setting. The
study involved 45 participants (compared to 12 in the original), increasing its
robustness.

The new method was structured across three phases. In Phase 1, qualita-
tive data from user interviews were analyzed using thematic analysis (Braun
and Clarke 2023) to identify adjectives representing users’ spatial demands.
These adjectives became UX objectives for designers. Phase 2 replicated the
four stages of the original SDD method, using Semantic Network Clustering
to visualize discontinuities and guide design iterations. The iterative process
enabled designers to adjust spaces based on user feedback. This adaptation
transitions the SDD method from a post-design critique tool to a practical
tool for live projects. It aligns with user-centered design principles (Sanders
and Stappers 2008), incorporating user input early in the design process. As
with participatory design (Greer and Lei 2012; Wilkinson and De Angeli 2014),
it emphasizes user feedback in iterative stages. Phases 1 and 2 involve
user-driven insights, while Phase 3 integrates these into design revisions, sup-
porting Vaajakallio and Mattelmaki (2014) vision of designing as rethinking,
envisioning, and making.

7.2. Contributions to communication and UX design models

Khalaj and Pedgley (2019) demonstrated that design researchers could
equip designers with tools to analyze and shape users’ experiences and
impressions in line with design intent. This research adapts their SDD
method by incorporating digital tools: Python coding replaced manual
Semantic Network Clustering (Phase 1 - Stage 1), while VR simulations
replaced physical artifacts (Phase 2 - Stage 2, Phase 3 - Stage 2). Despite
literature favoring physical artifacts for stakeholder understanding (Isa and
Liem 2021; Jensen, Elverum, and Steinert 2017; Sanders and Stappers 2014),
presence test results in the current study showed that VR simulations pro-
vide a holistic spatial understanding comparable to physical experiences of
interiors.

The method advances UX design by structuring qualitative and quantita-
tive research, improving user-designer communication, and facilitating the
creation of user impressions that align with designers’ intentions. While prior
studies highlight physical space qualities affecting impressions (Kuksa and
Childs 2014; Moscoso et al. 2021; Obradovic et al. 2021; Wu and Wang 2015;
Zhang et al. 2022), they lack a comparison between users’ impressions and
designers’ expressions. This research addresses that gap, contributing to UX
models for iterative spatial design processes.
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7.3. Potential contributions to the design industry

The proposed method has the potential to enhance research-driven professional
practices. In the design industry, research activities typically have a much shorter
duration compared to creative activities (Khalaj and Pedgley 2019). However,
larger, well-resourced design companies that serve extensive user groups could
benefit significantly from the suggested methods, as they allow for quicker
analysis of user demands and feedback, thereby expediting the design process.
This method could be applicable across all design-oriented companies.

Eckert and Clarkson (2011) highlighted that design failures often stem from
poor project management. The current method can be effectively applied at
various stages of project management; through suggested iterations, it may
help address design failures before they reach the materialization phase.
Additionally, as emphasized by Cardenas Merino et al. (2025), communication
failures between designers and users during the design process can be miti-
gated. They suggest that improved participatory design and co-design tools
(and hence methods) can improve communication between stakeholders.

A case study conducted with design professionals to test the applicability
of the method demonstrated its effectiveness for understanding and summa-
rizing a large number of user demands, based on both qualitative and quan-
titative results. Overall, the suggested method offers valuable contributions
to the design industry in these areas.

8. Conclusions

The work highlights the positive impact of improving communication
between designers and users in interior design projects by adopting the
Semantic Discontinuity Detection method. By developing the method to be
compatible with a live design project context reliant on design iterations,
gaps between design intent and user impressions were shown to be signifi-
cantly reduced. Essentially, the method provides designers with a means to
test the effectiveness of their proposals in delivering intended user experi-
ences. The findings emphasize the importance of structured semantic defini-
tions and content clarity in participatory design, ensuring outcomes align
with stakeholder satisfaction. Designers also noted that semantic discontinu-
ity maps provided direct insights into user impressions, and semantic net-
work clusters effectively summarized user feedback.

Some limitations of the research can be mentioned. The work requires a
design researcher to collect data, analyze results, and guide the iterative pro-
cess, which may be challenging in business contexts without in-house exper-
tise or consultancy investment. Additionally, constraints on design elements,
such as predefined furniture or fixed lighting in CAD models, were necessary
to maintain experimental consistency for method development across Designs
A, B, and C, but are not needed for method application.
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Future research can explore the impact of designers’ thinking and materi-
alization skills on semantic discontinuities, examine relationships between
convergent/divergent thinking and discontinuity levels, and expand the range
of descriptors for layout, furniture, color, and material preferences to accom-
modate diverse user needs. Stylistic and cultural influences on semantic dis-
continuities also warrant further investigation.
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