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Abstract:

This study aimed to develop a scenario-based multi-criteria decision-making framework for commercial fagade design and to assess the
robustness of the final choice against changes in stakeholder value structures and evaluation algorithms. This applied study adopted a
quantitative decision-support design. Perceptual data were obtained from 309 respondents, including 187 external observers and 122 users,
while expert judgments were derived from a 16-member panel representing architecture, building operation, and urban management. Five
stakeholder groups—aobservers, users, architects, operators, and urban designers—and ten perceptual and performance criteria were
considered. Criterion weights were calculated using the Best-Worst Method (BWM), after which three people-centric, operations-centric,
and design-centric scenarios were formulated. Following the application of non-compensatory adequacy constraints, eligible alternatives
were ranked using TOPSIS and VIKOR. Decision robustness was subsequently examined through 200 sensitivity-analysis iterations.
Stakeholder disagreement was greatest for invitingness, with a weight range of 0.10, followed by legibility with a range of 0.08, whereas
safety and sustainability showed substantially greater consensus, each with a range of 0.04. Changes in scenario logic altered both criterion-
weight structures and the feasible set of design alternatives. The ranking and sensitivity analyses demonstrated that Alternative 4 was the
most robust choice under the people-centric and design-centric scenarios, achieving first-rank win shares of 0.970 and 0.945, respectively.
The consistency between TOPSIS and VIKOR outputs, together with the persistence of its leading position under repeated weight
perturbations, supported the robustness of the decision. The proposed framework demonstrates that commercial fagade evaluation should
move beyond abstract form selection toward a transparent decision rationale that preserves stakeholder heterogeneity, incorporates minimum
performance requirements, and evaluates the stability of alternatives under changing assumptions. Such an approach can support more
defensible and resilient architectural decisions.
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Extended Abstract

Introduction

Commercial facade design is no longer adequately understood as a primarily formal or aesthetic exercise. The facade
operates simultaneously as an environmental envelope, an urban interface, a perceptual medium, and an economic component
of the building life cycle. It regulates heat transfer, solar radiation, daylight, glare, and energy consumption, while also shaping
legibility, perceived safety, visual identity, invitingness, and the relationship between the building and the public realm (1, 3).
This multidimensional character is particularly pronounced in large commercial complexes, where the fagade contributes not
only to environmental performance but also to branding, market visibility, customer attraction, and users’ overall perception
of the building (4, 5). Moreover, architectural taste is not independent of socioeconomic conditions and consumer-market
mechanisms; therefore, facade preference must be understood as a context-dependent phenomenon rather than as an expression
of universally shared aesthetic values (6).

A central difficulty in facade evaluation concerns the heterogeneity of stakeholder judgments. Environmental perception
research has long emphasized that spatial legibility and the capacity to construct a coherent mental image are essential
dimensions of urban experience (7). Likewise, evaluations of building exteriors depend on such qualities as coherence,
complexity, order, and overall visual character (8). However, architects and non-architects do not necessarily evaluate these
qualities in the same manner. Empirical evidence demonstrates systematic differences between professional and lay judgments
of facade aesthetics, while more recent studies confirm that environmental perception is conditioned by professional
background, observer characteristics, and experiential context (9-11). Individual characteristics may also influence color
perception and facade preference (12), while familiarity with a commercial environment can affect the semantic interpretation
of its facade (13). Such findings challenge the assumption that heterogeneous judgments can be adequately represented by a
single averaged preference structure.

The problem becomes more complex when perceptual preferences interact with environmental and technical requirements.
Facade geometry has measurable consequences for energy consumption and visual comfort (15), while shading devices can
simultaneously alter daylight performance, solar control, and architectural expression (16). Energy efficiency and aesthetic
acceptance do not necessarily improve together, indicating that facade design inherently involves trade-offs between technical
and perceptual objectives (17). Similarly, maximizing transparency and exterior views may increase discomfort glare, requiring
adaptive strategies that balance visual openness and environmental comfort (18). Occupants’ indoor experience is therefore
shaped by the interaction of fagade configuration, spatial design, daylight, view, and comfort rather than by any single isolated
parameter (19). Visual complexity must also be controlled, as physical facade attributes influence perceived complexity and
may subsequently affect comfort and perceived safety (20, 21).

Recent methodological developments have increasingly shifted facade research from descriptive evaluation toward

structured decision support. Fuzzy approaches have been employed to identify and prioritize fagade-quality indicators (24),
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while integrated rational-intuitive models have sought to transform aesthetic judgment into a more explicit knowledge-based
decision process (25). Parametric and generative—analytic approaches likewise permit systematic exploration of facade
alternatives and their performance characteristics (22, 23). Nevertheless, the availability of measurable criteria does not resolve
the normative question of whose priorities should govern the final decision. Pairwise-comparison traditions demonstrate the
value of explicitly structuring competing priorities (26), while discrete-choice theory provides a basis for inferring preferences
when decision-makers choose among alternatives characterized by competing attributes (27). Furthermore, the validity of
perceptual evaluation depends partly on how architectural environments are represented and experienced during assessment
(28).

Accordingly, a significant research gap persists between identifying important facade criteria and establishing a robust
architectural decision. Existing studies have clarified the roles of aesthetics, perception, environmental performance,
commercial choice, and professional judgment (14, 29), yet fewer studies have examined how conflicting stakeholder priorities
can be preserved rather than mathematically neutralized, how minimum non-compensatory performance requirements can be
incorporated before ranking, and how the stability of the final choice can be tested against changes in criterion weights and
decision algorithms. Therefore, this study aimed to develop and evaluate a scenario-based multi-criteria decision-making
framework for commercial fagade design in Tehran that explicitly accommodates stakeholder heterogeneity, non-compensatory
adequacy constraints, alternative ranking logics, and the robustness of the final decision.

Methods and Materials

This applied study adopted a quantitative decision-support design and focused on large-scale commercial fagcade design in
Tehran. The primary unit of analysis was the facade design alternative, while criteria, stakeholder roles, and decision scenarios
served as supporting analytical units. The initial decision space was formed using parametrically defined facade alternatives
characterized by physical attributes such as window-to-wall ratio, shading depth, ground-floor transparency, setback, glazing
type, predominant facade material, opening rhythm, entrance legibility, and greenery. Perceptual data were obtained from 309
respondents, comprising 187 external observers and 122 users, in order to distinguish rapid judgments of the facade from more
sustained user experience. Respondents completed pairwise-choice and perceptual-evaluation tasks addressing invitingness,
legibility, perceived safety, order, and perceived sustainability. A 16-member expert panel representing architecture, building
operation, and urban management was additionally used to connect perceptual requirements with technical design parameters.

The main analytical phase considered five stakeholder roles—observer, user, architect, operator, and urban designer—and
ten perceptual and performance criteria: invitingness, legibility, safety, order, sustainability, energy, daylight, glare, life-cycle
cost, and maintenance. Criterion weights were derived through the Best—Worst Method and normalized separately for each
stakeholder group. Rather than averaging these heterogeneous priority structures, three independent decision scenarios were
formulated: people-centric, operations-centric, and design-centric. Before ranking, minimum adequacy constraints were
imposed for criteria such as energy, perceived safety, maintenance, visual order, entrance legibility, and material sustainability.
Alternatives failing to meet these thresholds were removed to prevent severe weakness in a fundamental criterion from being
offset by superior performance elsewhere. The remaining alternatives were evaluated using TOPSIS and VIKOR. Finally,
decision robustness was assessed through 200 sensitivity-analysis iterations in each relevant scenario by perturbing criterion
weights, renormalizing them, and repeating the TOPSIS ranking process.

Findings

The results demonstrated substantial heterogeneity in stakeholder priority structures. External observers assigned the

greatest weights to legibility, invitingness, and safety, whereas operators emphasized energy, maintenance, and life-cycle cost.
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Users placed considerable emphasis on legibility and sustainability, while architects and urban designers displayed
comparatively more balanced weighting structures. The greatest disagreement across stakeholder groups was observed for
invitingness, with a weight range of 0.10, followed by legibility with a range of 0.08. In contrast, safety and sustainability
showed substantially greater agreement, each with a range of 0.04. These findings indicated that stakeholder conflict was
concentrated primarily in the qualities governing the building’s relationship with the public realm rather than in basic adequacy
requirements.

Scenario formation further demonstrated that changes in value structure altered the definition of a desirable fagade. In the
people-centric scenario, legibility received the highest weight at 0.17, followed by invitingness, safety, and sustainability. In
the operations-centric scenario, energy became the dominant criterion at 0.14, while life-cycle cost and maintenance each
received a weight of 0.12. The design-centric scenario produced a more balanced distribution across perceptual and
performance requirements. Thus, scenario change represented more than a numerical redistribution of weights; it changed the
substantive logic through which facade quality was judged.

The non-compensatory filtering stage substantially altered the feasible decision space. The proportion of eliminated
alternatives increased from 30.5% in Scenario A to 36.1% in Scenario B and 47.2% in Scenario C. Importantly, stricter filtering
did not reduce human-centered quality. Across the progression from Scenario A to Scenario C, the mean invitingness score
increased from 4.42 to 4.84, legibility increased from 4.05 to 4.55, and sustainability increased from 5.02 to 5.47. Energy and
perceived safety were among the most frequently activated constraints, and safety was the only constraint that remained active
in all three scenarios. These results supported the distinction between criteria that merely contribute to comparative advantage
and criteria that function as minimum conditions of acceptability.

The ranking stage revealed both methodological sensitivity and one highly stable alternative. Alternative 4 ranked first under
all four combinations of the people-centric and design-centric scenarios with TOPSIS and VIKOR. Its TOPSIS scores were
0.707 in the people-centric scenario and 0.670 in the design-centric scenario. Other alternatives were considerably more
sensitive to the ranking method. For example, Alternative 2 ranked second under people-centric TOPSIS but fell to sixth under
VIKOR, whereas Alternative 11 rose from seventh under TOPSIS to third under VIKOR. This divergence indicated that
geometric proximity to an ideal solution did not necessarily correspond to a balanced compromise across conflicting criteria.

Sensitivity analysis strongly confirmed the robustness of Alternative 4. Under the people-centric scenario, it retained first
place in 194 of 200 iterations, corresponding to a win share of 0.970. Alternative 2 ranked first in five iterations and Alternative
3 in only one. Under the design-centric scenario, Alternative 4 remained first in 189 of 200 iterations, yielding a win share of
0.945. Alternatives 17 and 7 each obtained a win share of 0.020, while Alternative 2 achieved 0.015. Thus, although the design-
centric structure was slightly more sensitive to weight perturbation, the leading alternative remained highly stable.

Discussion and Conclusion

The findings demonstrate that commercial fagade design is fundamentally a pluralistic decision problem rather than a search
for a universally optimal form. Stakeholders evaluate the same fagcade from different functional and experiential positions, and
these positions produce genuinely different priority structures. External observers are primarily concerned with immediate
perceptual access to the building, operators with long-term environmental and economic performance, and professional
designers with the reconciliation of perceptual, formal, and technical requirements. Consequently, averaging all stakeholder
weights into a single preference vector would risk concealing precisely the conflicts that should be made explicit during
architectural decision-making.
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The scenario-based framework provided a more transparent alternative by preserving distinct decision rationalities. It also
demonstrated that non-compensatory constraints are essential when certain shortcomings are too fundamental to be offset by
strengths elsewhere. A facade with severe deficiencies in safety, energy performance, entrance legibility, durability, or
maintenance should not achieve a favorable final rank merely because it performs exceptionally well in visual attractiveness.
Filtering therefore acted not simply as a statistical reduction mechanism but as a means of defining a defensible feasible design
space.

The comparison between TOPSIS and VIKOR further showed that rankings can depend substantially on the mathematical
interpretation of superiority. Some alternatives appeared strong when evaluated according to proximity to an ideal solution but
weaker when a compromise-oriented logic was applied. The stability of Alternative 4 across both methods is therefore
analytically more important than its first-place position in any single ranking. Its subsequent dominance in sensitivity analysis
provided additional evidence that the decision was not an artifact of one fixed set of weights.

The principal contribution of the study lies in shifting the focus from selecting an ostensibly “best fagade” to establishing a
robust decision rationale. Alternative 4 should therefore not be interpreted as a fixed formal prototype for replication. Rather,
its significance lies in demonstrating that a facade configuration can maintain a favorable position despite changes in
stakeholder values, ranking algorithms, and criterion weights. The transferable outcome is thus the decision logic underlying
the alternative—its balance among legibility, invitingness, safety, environmental performance, durability, and operational
requirements—rather than its specific visual form.

In conclusion, a defensible commercial facade decision should preserve stakeholder heterogeneity, distinguish preferences
from minimum adequacy requirements, compare alternatives through more than one decision logic, and explicitly test the
robustness of the final choice. The proposed scenario-based multi-criteria framework offers such a structure and reframes
facade design from the abstract selection of form toward the establishment of a transparent, analytically robust, and adaptable
architectural decision process.
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