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Abstract

Architectural design studios increasingly emphasize sustainable, people-centered outdoor
space, yet students often treat vegetation as ornament rather than as a spatial and environ-
mental device, rarely translating spatial analysis into explicit design decisions. This study
examines how intermediate-level architecture students translate space-syntax indicators—
choice/betweenness, local integration and visual integration—into strategic vegetation
decisions for paths, pause areas, visual filters and comfort in a minimal sustainable shelter.
Using an exploratory mixed-methods design, fourteen anonymized student sheets from a
design-studio examination at Universidad Técnica Particular de Loja (Ecuador), located
in Pucará Park, were assessed with a five-criterion analytic rubric (scored out of 1.00),
complemented by content analysis coding nine vegetation functions. The mean score was
0.84 (SD = 0.06), with high internal consistency (Cronbach’s α = 0.93). Achievement differed
across criteria (Friedman test, p = 0.014): graphic clarity was highest (87.1%) and the read-
ing of spatial analysis—especially operationalizing choice/betweenness—lowest (82.5%).
Spatial-analysis and vegetation-function scores were positively associated (Spearman’s
ρ = 0.61). Coupling space syntax with strategic vegetation offers a replicable, evidence-
based pedagogical model, while indicating that operationalizing configurational indicators
requires more explicit instructional scaffolding.

Keywords: configurational analysis; visibility analysis; nature-based solutions; analytic
rubric; architecture education; landscape design education; outdoor thermal comfort;
constructive alignment

1. Introduction
Contemporary architectural practice is expected to produce environments that are

at once sustainable and people-centered, attending not only to the building envelope but
also to the immediate outdoor space through which people move, pause and dwell. In ar-
chitectural education, however, the open space surrounding a building can be treated as
a residual category, and vegetation added at the end of the process as a decorative layer
rather than designed as a spatial and environmental device. Emphases differ markedly
across schools, curricula and national contexts, and no single account holds universally;
nonetheless, this concern recurs widely enough in the studio literature to warrant sys-
tematic attention. This tendency contrasts with a growing body of evidence showing that
the configuration of outdoor space and the strategic arrangement of vegetation jointly
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shape pedestrian movement, the emergence of lingering, stationary activity, microclimatic
comfort and the perceived quality of public space [1–3].

A persistent challenge in the intermediate-level design studio is therefore epistemic
rather than merely technical: in many settings, students are able to generate site analysis
yet struggle to convert that analysis into justifiable design decisions. Spatial diagrams, flow
arrows and integration maps are produced, yet the link between what the analysis reveals
and where a tree, hedge or vegetated cover is ultimately placed often remains implicit. The
result is a recurrent gap between representation and decision-making that undermines the
pedagogical promise of evidence-based design.

Evidence-based design (EBD) responds to this gap by proposing that design decisions
should be grounded in credible information about how environments behave and how
people use them [4,5]. Within the studio, EBD reframes site analysis: from an illustrative
ritual it becomes an instrument that actively constrains and justifies form. Among the
analytical frameworks compatible with this stance, space syntax offers a particularly trans-
ferable vocabulary. Developed from the configurational theory of architecture [6,7], space
syntax quantifies how the arrangement of spaces relates to movement and co-presence.
The measure of choice (betweenness) estimates the likelihood that a route segment lies on
the shortest paths between all origin–destination pairs and has been empirically associ-
ated with observed pedestrian movement [7,8]. Complementary measures such as local
integration, connectivity and visual integration, together with isovist analysis [9,10], allow
students to reason about accessibility, co-visibility and the latent structure of a site.

Vegetation, in turn, is increasingly understood through the lens of nature-based so-
lutions and green infrastructure as an active agent of environmental and spatial perfor-
mance rather than as ornamental [11,12]. Trees and plant masses provide shade and mod-
ify the radiant environment [13,14], mitigate urban heat [15,16] and—when deliberately
placed—organize paths, define edges, filter views and support resting places. Coupling a
configurational reading of the site with the strategic deployment of vegetation thus offers a
coherent route for teaching people-centered, climate-sensitive outdoor design.

Despite the maturity of each individual field, there is little pedagogical research that
explicitly examines how students operationalize space-syntax indicators into vegetation
decisions, and how such reasoning can be assessed in a structured, replicable way. Most
studio accounts remain anecdotal, describing an exercise without systematically analyzing
student performance or proposing a transferable instrument. This study addresses that gap
by treating a single, well-bounded studio exercise as a methodological case for evidence-
based sustainable design education.

Accordingly, the study pursues the following objective: to evaluate how intermediate-
level architectural design students translate space-syntax indicators into strategic vegetation
decisions to organize pedestrian paths, pause areas, visual filters and environmental
comfort in a minimal sustainable shelter project, and to derive a replicable pedagogical
model from the resulting patterns.

The study is guided by three research questions:
RQ1. How do intermediate-level architecture students interpret and represent space-syntax

indicators—particularly choice/betweenness, local integration and visual integration—when
reading the site of an urban park?

RQ2. How do students translate those indicators into strategic vegetation decisions to
organize paths, pauses, visual filters and environmental comfort?

RQ3. Which rubric dimensions reveal the greatest strengths and weaknesses, and what do
these patterns imply for teaching evidence-based sustainable design in intermediate studios?

The contribution is explicitly methodological and pedagogical. Rather than evaluating
student drawings as such, the study proposes and tests a replicable procedure—an analytic
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rubric coupled with content-analysis coding—to make visible the reasoning by which
spatial evidence becomes a landscape decision. By situating learning in public space and in
the relationship among paths, pauses and vegetation, the study aligns with the agenda of
socially sustainable urban and architectural design, understanding the education of future
architects as a lever for producing more livable, inclusive and people-centered outdoor
environments. The exploratory nature of the design, the small sample and the single-site
context are acknowledged throughout, and claims are framed cautiously.

The remainder of the manuscript is organized as follows. Section 2 reviews the litera-
ture on space syntax and evidence-based design, strategic vegetation and people-centered
outdoor comfort, sustainable studio pedagogy, and the gap between representation and
design decision-making. Section 3 details the materials and methods, including the research
design, educational context, case-study site, design brief, sample, assessment rubric, and
the quantitative and qualitative analysis procedures. Section 4 reports the results, from the
descriptive analysis of rubric scores to the recurrent vegetation strategies and performance
patterns. Section 5 discusses the findings, derives a four-phase didactic protocol for the
studio (Section 5.1) and outlines a validation agenda and future work (Section 5.2). Section 6
presents the conclusions, returning explicitly to the three research questions.

2. Literature Review
2.1. Space Syntax and Evidence-Based Architectural Design

Space syntax offers a configurational account of how spatial arrangement relates to
social and behavioral outcomes [6,7,17]. Its central proposition—the theory of natural
movement—holds that the configuration of the grid is itself a primary generator of move-
ment patterns, in part independently of land use [8,18]. Two families of measures are espe-
cially relevant to outdoor, pedestrian design. Integration captures the relative accessibility
of a space within the system, whereas choice (betweenness) captures its through-movement
potential, identifying the segments most likely to channel flows between many origins and
destinations. Visibility-based analysis—visibility graph analysis and isovists—extends this
logic to perceived and co-visible space [9,10], which has a direct bearing on the placement of
visual filters and screens. Introductory and applied treatments have made these techniques
increasingly accessible for studio use [19]. Recent research continues to consolidate the field,
with systematic reviews of how configurational measures relate to spatial experience [20]
and reflections on the relationship between space syntax and design itself [21]; applications
increasingly integrate agent-based and spatial-cognition approaches [22] and combine
syntactic analysis with field observation in parks and public spaces [23].

When framed within an evidence-based design stance, these measures become more
than descriptive maps. EBD holds that design decisions should be informed by the best
available evidence on environment–behavior relationships [4,5,24]. In the studio, space
syntax can provide part of that evidence base, offering a defensible rationale for where
movement concentrates, where pause activity is likely and where co-visibility structures ex-
perience. The pedagogical value lies precisely in the transition from a represented indicator
to a justified intervention. The explicit framing of space syntax as analytical, evidence-
based design has been advanced in recent configurational and morphological work [25],
and evidence-based design approaches have shown specific promise in built-environment
professional education [26].

2.2. Strategic Vegetation, Landscape and People-Centered Outdoor Comfort

Research on outdoor environments consistently shows that vegetation performs spa-
tial, perceptual and microclimatic roles simultaneously. From a microclimatic perspective,
planting modifies radiant exchange, air temperature and the mean radiant temperature that
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governs outdoor thermal comfort [13,14,27]. Systematic and empirical evidence indicates
that urban greening can reduce local temperatures and improve comfort [3,15,16]; recent
studies quantify how vegetation cover and plant traits shape outdoor thermal comfort in
tropical settings [28] and how street-tree shade modifies perceived comfort at the pedestrian
scale [29], although effects are highly context-dependent and mediated by psychological
adaptation and expectation [30,31]. From a spatial perspective, plant masses define edges,
frame and filter views, channel or slow movement and create the thresholds between public
and more intimate zones that support pausing and rest [1,2]. Cross-cultural observation
of pedestrian behavior further underscores how the configuration and quality of public
spaces shape pausing, social use and the sense of publicness [32,33].

The contemporary framework of nature-based solutions and green infrastructure rein-
forces this multifunctional reading, positioning vegetation as an instrument for delivering
ecological, social and climatic co-benefits in urban contexts [11,12,34]. For design education,
this body of work supports a decisive shift: vegetation ceases to be the final cosmetic
gesture and becomes a primary design variable, deployed strategically in dialog with the
spatial structure of the site.

2.3. Sustainable Architectural Design Education and Studio Pedagogy

The design studio remains the epistemic core of architectural education, characterized
by learning by doing, iterative critique and reflection-in-action [35,36]. Experiential learning
theory frames the studio as a cycle of concrete experience, reflective observation, abstract
conceptualization and active experimentation [37,38], while subsequent literature has
interrogated and extended the Schönian model to address its limits and the demands of
contemporary practice [39,40]. Embedding sustainability in this pedagogy requires more
than adding technical content; it requires assessment and feedback structures that make
sustainable reasoning explicit and learnable [41,42], including emerging regenerative and
digital teaching frameworks [43].

Constructive alignment offers a useful principle here: intended learning outcomes,
learning activities and assessment should reinforce one another [44]. An analytic rubric that
names the very competences the studio seeks to develop—spatial reading, coherent siting,
functional vegetation, graphic communication and design justification—operationalizes
this alignment and makes student reasoning assessable in a transparent, repeatable way.

2.4. From Representation to Design Decision-Making

A recurrent concern in design-cognition research is the gap between analysis and
synthesis: students and novice designers frequently produce site analysis that remains inert
and exerts little traceable influence on subsequent decisions [45]. The challenge is to convert
indicators into design moves whose rationale can be reconstructed. This concern resonates
directly with space-syntax pedagogy, where representing a configurational indicator and
using it to drive a spatial decision are distinct competences [21,46]. Framing the studio
exercise as the translation of space-syntax indicators into vegetation decisions makes that
translation the explicit object of both teaching and assessment. The present study builds
on this premise and uses a mixed-methods approach to examine where the translation
succeeds, where it breaks down and what that implies for teaching.

3. Materials and Methods
3.1. Research Design

This study adopts an exploratory, convergent mixed-methods design [47] in which
a quantitative strand (rubric scoring) and a qualitative strand (content-analysis coding of
the sheets) are analyzed separately and then integrated through triangulation. The unit
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of analysis is the individual student sheet produced for a single studio examination. The
design is deliberately framed as a methodological and pedagogical case rather than a
generalizable experiment; its purpose is to test a replicable instrument and characterize
reasoning patterns. The overall workflow is summarized in Figure 1.

Figure 1. Research design workflow, integrating the quantitative (rubric) and qualitative (content
analysis) strands. Arrows indicate the sequence of the methodological workflow and the integration
of the quantitative and qualitative components.

3.2. Educational Context

The exercise was carried out in Architectural Design Studio V, Section D, of the
Architecture program at Universidad Técnica Particular de Loja (UTPL), Ecuador. Studio V
is an intermediate-level course in which students consolidate the integration of site analysis,
environmental reasoning and architectural form. The exercise corresponded to the first-
term examination (Week 8), entitled “First-term examination V2: paths, pauses and strategic
vegetation,” and was carried out individually under examination conditions.

3.3. Case Study: Pucará Park, Loja

The site was Pucará Park, an urban park in the city of Loja, located in the southern
Andean highlands of Ecuador at an altitude of approximately 2060 m above sea level.
The city has a temperate mountain climate with moderate diurnal temperature ranges
and significant solar exposure, conditions under which shade, wind protection and the
control of solar gain are relevant design concerns [48]. As a public park crossed by multiple
pedestrian routes and bounded by the surrounding urban fabric, the site offered a legible
configurational structure—primary and secondary paths, access points and potential pause
areas—well suited to a space-syntax reading. Figure 2 situates the park within the urban
fabric of Loja and shows its general setting; its network of pedestrian routes, access points
and potential pause areas made it suitable for the exercise.
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Figure 2. Study site: Pucará Park, Loja, Ecuador. (a) Aerial view locating the park within the urban
fabric of Loja, showing its hillside setting and surrounding street network; (b) representative ground-
level view of the park overlooking the city. The park’s network of pedestrian routes, access points
and pause areas provided the configurational structure that students read during the exercise. Aerial
base imagery: Google Earth Pro (version 7.3; Google LLC, Mountain View, CA, USA; © Google);
ground-level photograph provided by the authors.

3.4. Design Brief

Each student was required to site a minimal sustainable shelter (a small, low-impact
architectural module) within Pucará Park and, on the basis of a spatial reading of the site,

https://doi.org/10.3390/su18136697

https://doi.org/10.3390/su18136697


Sustainability 2026, 18, 6697 7 of 19

develop a strategic vegetation proposal. Vegetation was not to be used as decoration but as
a design strategy linked to the structure of the place, pedestrian flows, views and solar orien-
tation. Specifically, vegetation was expected to organize paths, create pause areas, establish
filters between public space and the module, control views and improve environmental
comfort, thereby linking planting, accessibility, shade and pedestrian experience.

The primary analytical indicator was choice/betweenness, understood as a means
of identifying routes most likely to carry through-pedestrian movement. Students could
complement it with local integration, visual integration, connectivity, isovists, the reading
of pauses, a hierarchy of paths, primary and secondary accesses, and transition, waiting or
resting zones. The deliverable was a single analytical–design sheet synthesizing the site
reading, the module siting and the vegetation strategy with a brief written justification.

3.5. Sample

The corpus comprised fourteen student sheets (N = 14), corresponding to all students
who sat the examination in the section. All sheets were anonymized before analysis and
are referenced by neutral identifiers (S01–S14); no personally identifiable information
is reported. Given the census nature of the sample within a single section, the results
characterize this cohort and do not claim statistical generalization.

3.6. Assessment Rubric

The sheets were assessed with an analytic rubric scored out of a maximum of 1.00 point,
comprising five weighted criteria summarized in Table 1. The criteria were designed in
constructive alignment with the intended learning outcomes of the exercise, covering
spatial reading, coherence of siting with paths and pauses, functional use of vegetation,
graphic communication and the quality of the design justification. The vegetation criterion
received the highest weight (0.25), reflecting the central learning objective of the exercise.
The weighting was derived from the principle of constructive alignment [44], whereby
assessment weight should mirror the relative emphasis of the intended learning outcomes
rather than being distributed uniformly. Because the exercise was explicitly designed to
teach the strategic, functional use of vegetation, the vegetation-function criterion was
assigned the single highest weight (0.25); the two criteria that capture the configurational
reasoning the exercise sought to build—spatial analysis and the coherence between siting,
paths and pauses—were each weighted at 0.20, as was graphic communication, the medium
through which that reasoning is made legible and assessable; design justification, treated as
a synthesizing competence layered on the preceding four, received 0.15. The weights were
therefore set deductively from the learning objectives rather than from external industry
standards, which do not prescribe weightings for this type of formative studio assessment.
We acknowledge that this allocation reflects an instructor judgment; accordingly, a planned
line of future work is to calibrate the weights empirically, for example through a Delphi-
type consultation with studio instructors and a student-perception survey, and to test the
sensitivity of the achievement ranking to alternative weighting schemes.

3.7. Quantitative Analysis

For each criterion and for the total score, descriptive statistics were computed: mean,
standard deviation (SD), minimum, maximum and median. To allow comparison across cri-
teria with different maxima, achievement was expressed as a percentage of each criterion’s
maximum score. The internal consistency of the rubric was assessed with Cronbach’s alpha.
Because each student was scored on all five criteria (repeated measures), differences in
proportional achievement across criteria were tested with the Friedman test, accompanied
by Kendall’s W as an effect size and by pairwise comparisons using the Wilcoxon signed-
rank test. The association between spatial-analysis and vegetation-function scores was
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estimated with Spearman’s correlation coefficient, with a 95% confidence interval obtained
by bootstrap resampling (5000 replicates). Given the small sample size (N = 14), results are
interpreted cautiously as exploratory and non-confirmatory. Analyses were performed in R
(version 4.6.1; R Foundation for Statistical Computing, Vienna, Austria) (packages psych
2.6.5, stats 4.6.1, rstatix 0.7.3 and boot 1.3-32).

Table 1. Structure of the analytic rubric and assessment criteria.

Criterion Description Max. Score Weight (%)

Spatial analysis Reading of the spatial analysis, especially paths,
choice/betweenness and local integration 0.20 20%

Siting, paths and pauses Coherence between module siting, pedestrian paths
and pause areas 0.20 20%

Vegetation function Functional use of vegetation as guide, shade, filter,
edge, transition or environmental protection 0.25 25%

Graphic clarity Graphic clarity of the sheet: diagrams, symbology,
legend, visual hierarchy and organization 0.20 20%

Design justification Brief, clear design justification, consistent with the
spatial and environmental analysis 0.15 15%

Total 1.00 100%

3.8. Qualitative Coding

A directed (deductive–inductive) content analysis of the sheets was conducted [49,50].
A provisional scheme of vegetation functions was defined a priori from the brief and
the literature—shade provision, visual filtering, path guidance, spatial edge or bound-
ary, public–private transition, support for pauses, wind protection, thermal comfort and
landscape integration—and refined inductively during coding. Each function corresponds
to a documented role of vegetation in the cited literature, grouped into three families.
The microclimatic functions—shade provision, wind protection and thermal comfort—
derive from research on how planting modifies radiant exchange, air movement and the
mean radiant temperature governing outdoor comfort [13,14,27], including evidence from
tropical and high-altitude settings [28,48]. The spatial-organizational functions—path guid-
ance, spatial edge or boundary, public–private transition and support for pauses—derive
from people-centered public-space research in which plant masses channel movement,
define edges, frame thresholds and sustain stationary activity [1,2]. The perceptual and
ecological functions—visual filtering and landscape integration—derive, respectively, from
visibility-based accounts of co-visible space [9,10] and from the green-infrastructure and
nature-based-solutions framing of vegetation as a multifunctional urban asset [11,12,34].
This mapping made the coding categories traceable to specific evidence rather than ad hoc,
while the inductive pass allowed any function not anticipated by the scheme to be added;
in practice, no additional category was required. Each sheet was coded for the presence of
each function, and recurrent patterns, combinations and weaknesses were identified follow-
ing an iterative thematic logic [51]. Coding focused on whether a function was explicitly
argued and spatially located, rather than merely mentioned.

3.9. Ethical Considerations

The study used academic work generated as part of ordinary teaching. All sheets were
anonymized before analysis and no grades associated with student identities are reported.
The analysis presents only aggregate statistics and anonymized identifiers, consistent with
institutional norms for the secondary educational use of student work.
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3.10. Limitations

Several limitations should be acknowledged. The sample is small and drawn from a
single section, site and examination, which restricts generalization. Grading was performed
by the course instructor, introducing a potential single-rater bias; inter-rater reliability
was not assessed, and the qualitative coding was carried out by a single analyst. Finally,
the study assesses representations of intended design behavior on examination sheets,
not actually realized environmental performance. This last point is a deliberate scope
decision rather than an oversight: the object of study is the pedagogical reasoning by which
spatial evidence is translated into a design decision, not the in situ environmental efficacy
of the resulting proposals. The rubric and coding therefore appraise the soundness and
traceability of that reasoning, which can be assessed from the analytical–design sheet, and
not the measured microclimatic outcome, which would require a different research design.
Coupling the present instrument with microclimatic simulation (for example, ENVI-met
(ENVI-met GmbH, Essen, Germany) or comparable tools) or with field measurement
is identified as a priority extension in Section 5.2, so that represented decisions can be
connected to predicted or realized environmental performance. These limitations frame
the findings as exploratory and hypothesis-generating.

4. Results
4.1. Descriptive Analysis of Rubric Scores

The cohort achieved a mean total score of 0.84 out of 1.00 (SD = 0.06; median = 0.86;
range 0.73–0.92), indicating generally solid performance with moderate dispersion. The
rubric showed high internal consistency (Cronbach’s α = 0.93), supporting its use as a
coherent instrument for appraising design reasoning. Descriptive statistics for each criterion
are reported in Table 2, expressed both in raw points and as a percentage of the criterion
maximum, to allow comparison across differently weighted criteria.

Table 2. Descriptive statistics of student performance by rubric criterion (N = 14), ordered by
achievement percentage.

Criterion Max Mean SD Min–Max % Ach.

Graphic clarity 0.20 0.174 0.011 0.16–0.19 87.1%
Vegetation function 0.25 0.211 0.015 0.18–0.23 84.3%

Siting, paths and pauses 0.20 0.169 0.011 0.15–0.18 84.3%
Design justification 0.15 0.126 0.013 0.10–0.14 83.8%

Spatial analysis 0.20 0.165 0.012 0.14–0.18 82.5%
Total 1.00 0.844 0.057 0.73–0.92 84.4%

4.2. Criterion Ranking and Interpretation

Ranked by achievement percentage, graphic clarity was the strongest dimension
(87.1%), followed by vegetation function and siting/paths/pauses (both 84.3%), design jus-
tification (83.8%) and, finally, spatial analysis (82.5%). The ranking is visualized in Figure 3.
Two readings of this pattern are warranted. In proportional terms, the criterion students
executed most successfully was the communicative quality of the sheet, whereas the read-
ing of spatial analysis—and within it the operational use of choice/betweenness—was
comparatively the weakest. At the same time, the vegetation-function criterion, which
carried the highest weight and represented the central learning objective, was achieved at a
solid 84.3%, suggesting that most students approached vegetation as a functional device
rather than ornament.
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Figure 3. Mean achievement by rubric criterion, expressed as a percentage of each criterion’s
maximum (error bars: ±1 SD). The dashed line marks the overall mean (84.4%).

The relatively small standard deviations across criteria (0.011–0.015 points) indicate a
cohort performing within a narrow band, with no criterion showing marked polarization.
Nonetheless, the differences in proportional achievement across the five criteria were
statistically significant (Friedman test, χ2(4) = 12.54; p = 0.014; Kendall’s W = 0.22), and the
pairwise comparison between the strongest and weakest criteria—graphic clarity versus
spatial analysis—was significant (Wilcoxon test, p = 0.005). The greatest proportional
dispersion occurred in the design-justification criterion, where some sheets offered concise,
well-grounded arguments while others provided minimal text.

4.3. Relationship Between Spatial Reading and Vegetation Function

An exploratory analysis examined whether a stronger spatial reading was associated
with more functional vegetation. Spatial-analysis and vegetation-function scores showed a
moderate, positive Spearman correlation (ρ = 0.61; p = 0.021; 95% bootstrap CI [0.02, 0.96]).
Within this cohort, students who read the site more competently tended to deploy veg-
etation more functionally. The width of the confidence interval—whose lower bound
approaches zero—requires the association to be interpreted as suggestive and exploratory
rather than conclusive; nonetheless, it is consistent with the study’s central premise that
spatial evidence and landscape decision-making are pedagogically linked.

4.4. Recurrent Vegetation Strategies

The content analysis identified nine vegetation functions across the sheets; their
frequency is shown in Figure 4. Shade provision, path guidance and landscape integration
appeared in every sheet (14/14), followed by wind protection and thermal comfort (both
13/14) and visual filtering and public–private transition (both 12/14). This indicates that
students readily mobilized vegetation to modulate solar exposure, accompany paths and
regulate microclimate. By contrast, support for pauses (8/14) and, above all, the definition
of spatial edges or boundaries (3/14) were the least-coded functions, suggesting that
vegetation was used more fluently as an environmental device than as a means to structure
and delimit outdoor space.
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Figure 4. Frequency of strategic vegetation functions coded across the fourteen student sheets (N = 14),
ordered from most to least frequent.

4.5. Performance Patterns

From the integrated reading of scores and codes, three performance patterns emerged.
High-performing sheets explicitly linked spatial analysis to design decisions: paths and
accesses identified through choice/integration were used directly to place vegetation that
guided movement, framed views and created shaded pause areas, accompanied by a
concise justification. Medium-performing sheets showed competent vegetation strategies
and clear graphics but presented the spatial analysis and the vegetation proposal as parallel
layers, leaving the causal link between them partly implicit. Lower-performing sheets
correctly represented the indicators but did not translate them into specific decisions:
choice/betweenness appeared as a diagram without governing the placement of either the
module or the planting. This gradient corresponds directly to the spatial-analysis criterion
as the principal discriminating dimension. Overall, the choice/betweenness indicator was
represented in all sheets and operationalized—that is, explicitly used to decide vegetation
placement—in 12 of the 14 (85.7%); nonetheless, the depth of that operationalization was
uneven, consistent with spatial analysis obtaining the lowest proportional achievement
in the rubric.

Three recurrent error types illustrate where the analysis–decision translation broke
down and clarify the evidence–design logic that students did or did not enact. The first
was the decorative map: a sheet displayed a correct choice/betweenness map but placed
vegetation for compositional or symmetry reasons unrelated to the through-movement
structure the map revealed, so the analysis functioned as illustration rather than as a
constraint on the decision. The second was the unread indicator: integration or choice was
computed and represented, but the written justification reverted to generic appeals (for
example, “to provide shade” or “to improve the image of the park”) without referring
back to the configurational reading, severing the evidence–design link at the moment of
justification. The third was the under-used visual layer: visual integration and isovists,
where present, were treated as a separate aesthetic concern rather than as a basis for

https://doi.org/10.3390/su18136697

https://doi.org/10.3390/su18136697


Sustainability 2026, 18, 6697 12 of 19

siting filters and screens, even though co-visibility is precisely the indicator that should
govern such decisions. Visual integration was in fact the least exploited configurational
measure: although several sheets represented it, only a minority used it to justify a specific
screening or framing decision, and it rarely guided the placement of the module relative
to the most exposed sightlines. This indicates that students more readily mobilized the
metric, movement-based indicators (choice, integration) than the visibility-based ones
(visual integration, isovists), and that co-visibility remained an underdeveloped part of
their configurational vocabulary—a concrete, teachable gap rather than a diffuse weakness.

5. Discussion
The findings offer preliminary evidence that coupling space syntax with a strategic-

vegetation brief can shift student reasoning from ornamental planting toward vegetation
as a spatial and environmental device. The solid achievement on the vegetation-function
criterion (84.3%), together with the prominence of shade, path guidance and microcli-
matic regulation (wind and thermal comfort) in the coding, suggests that most students
conceptualized planting as performing work on the site rather than decorating it. This is
consistent with the multifunctional understanding of vegetation advanced in the green-
infrastructure and nature-based-solutions literature [11,12,16] and with the spatial role of
planting emphasized in people-centered public-space research [1,2].

At the same time, the weakest dimension was the reading of spatial analysis and,
specifically, the operationalization of choice/betweenness. Several factors plausibly ex-
plain this difficulty. Choice is a relational, system-wide measure whose meaning is less
intuitive than integration or simple connectivity; translating a through-movement poten-
tial into a discrete decision about where to place a tree or a screen requires an inferential
step that novice designers find demanding [45]. Moreover, the indicator is easy to repre-
sent but hard to justify: a sheet may convincingly show a choice map yet leave implicit
how that map governs the design. This is precisely the gap between representation and
decision that the study set out to examine, and it manifested most acutely in the lowest
performance pattern.

The two least-coded functions—defining spatial edges (3/14) and supporting pauses
(8/14)—deserve separate attention, because they expose a deeper feature of novice design
thinking rather than a simple omission. Both functions require treating vegetation as
an element that structures and bounds space, that is, as an active shaper of the spatial
configuration itself; by contrast, the functions students mobilized most fluently—shade,
wind protection, thermal comfort—treat vegetation as an environmental modifier applied to
an already-given space. The pattern therefore suggests that students more readily conceived
of planting as something that is performed on the site rather than as something that is part of
the site composition. Defining an edge demands a prior decision about where the boundary
between public flow and a more sheltered, slower zone should lie—a configurational
judgment that the under-developed reading of choice/betweenness left without a basis—so
the weakness in edges and pauses is not independent of the weakness in spatial analysis but
a downstream consequence of it. Supporting pauses compounds the difficulty: a pause area
must be argued from co-presence and reduced through-movement, exactly the relational
reasoning that students found hardest. In short, the surface symptom (low use of vegetation
to bound and to host stationary activity) and the root cause (a thin operationalization of
configurational structure) are two expressions of the same gap, which is why the proposed
protocol targets them jointly rather than separately.

The moderate, positive correlation between spatial reading and vegetation function
(Spearman’s ρ = 0.61) reinforces this interpretation. Although exploratory, based on a
small sample and with a wide confidence interval, it indicates that the quality of spatial
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reading and the quality of vegetation reasoning tend to move together, supporting the ped-
agogical hypothesis that strengthening configurational literacy can strengthen landscape
decision-making. The interpretive nuance revealed by the percentage analysis—graphic
clarity significantly exceeding the analytical and conceptual criteria—also carries a familiar
warning in studio assessment: communicative polish can outpace analytical depth, and
assessment instruments should be designed so that graphic competence does not mask
weaknesses in reasoning [44].

Three implications for studio teaching follow. First, the operationalization of config-
urational indicators should be explicitly scaffolded—for example, by requiring students
to annotate each important planting decision with the specific indicator that motivates it,
thereby making the translation visible and assessable. Second, because vegetation reason-
ing and spatial reading are linked, environmental and configurational content should be
taught in an integrated rather than sequential manner. Third, the analytic rubric itself func-
tions as a pedagogical instrument: by naming the competences and weighting the central
objective, it aligns outcomes, activities and assessment and offers students a transparent
map of what evidence-based design entails.

In relation to previous literature, the study’s contribution lies in making the analysis–
decision translation an explicit, assessable object within a sustainable design studio, com-
bining a configurational evidence base [7,18] with an environmental one [3,13] under
a single replicable procedure, in line with calls to treat space syntax as evidence-based
design [25] and to incorporate evidence-based approaches into built-environment educa-
tion [26]. Where much studio literature reports exercises anecdotally, the present approach
offers a transferable instrument and a mixed-methods reading that other educators can
adopt and adapt to different sites and climates. Nonetheless, the results should be read
as exploratory: the small, single-section sample, the single-rater grading and the focus on
represented rather than realized performance temper the strength of any inference.

This contribution can be situated within the recent body of socially sustainable design
research that employs configurational analysis. Work in this domain has, for instance, mod-
eled how spatial affordances and user agency jointly shape behavior in informal learning
spaces through structural equation modeling [52], and traced how intermediate, in-between
spaces sustain everyday social interaction in housing settlements through morphological
and syntactic analysis [53]. Such studies center on the built environment and on the be-
havior of its end users. The present study is complementary rather than overlapping: it
relocates space syntax from the analysis of existing space to the formation of those who will
design it, treating the translation of configurational indicators into design decisions as a
measurable, teachable competence. In doing so, it extends the socially sustainable design
agenda upstream into architectural education, on the premise that better-trained designers
are themselves a lever for more livable, people-centered public space.

5.1. Proposal: A Didactic Protocol for the Design Studio

The two identified weaknesses—the superficial operationalization of choice/betweenness
and the limited use of vegetation to structure space (defining edges and supporting
pauses)—are not isolated faults of the cohort but manifestations of the gap between repre-
sentation and decision. Building on them, and without having yet been tested in this study,
a four-phase didactic sequence for the design studio is proposed, aimed at making that
translation explicit and assessable (Figure 5). Its core device is the mandatory annotation
“spatial indicator → design decision”: every design decision represented on the sheet must
be tagged with the configurational indicator that motivates it.
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Figure 5. Proposed four-phase didactic protocol for the design studio, articulated by the “indicator
→ decision” annotation (exploratory proposal, to be validated). The “indicator → decision” arrow
represents the translation of a space-syntax indicator into a design decision.

The four phases are as follows: (1) guided configurational reading, in which the indi-
cator is introduced and interpreted on the real site (for example, with DepthmapX (version
0.8.0; Space Syntax Laboratory, The Bartlett, University College London (UCL), London,
UK)), with an annotated map as deliverable; (2) spatial inference, in which the student for-
mulates hypotheses of the form “if indicator X shows Y, then the space requires Z,” building
the explicit bridge between analysis and decision [45]; (3) annotated vegetation decision,
in which each plant mass or element is linked to its motivating indicator and, where the
student’s own configurational reading warrants it, the student is prompted—rather than
obliged—to consider realizing at least one spatial edge and one pause area through vege-
tation (this is an optional design prompt directed at the functions found least developed
in the present cohort, to be invoked only when the site and the analysis justify it, so that
the device makes the edge-and-pause possibility salient without imposing a fixed solution
or constraining the student’s creative judgment); and (4) rubric-aligned critique, in which
instructor and peer review use the five criteria as formative feedback, so that the rubric op-
erates as a learning tool and not only as a grading device [44]. As a cross-cutting principle,
spatial and environmental content is taught in an integrated, non-sequential manner.

The rationale for each phase follows directly from the difficulties observed in the
cohort. Phase 1 is justified because the operationalization gap begins with an insecure
reading of the indicators: grounding interpretation on the real site, with an annotated map
as a tangible deliverable, gives the subsequent decisions an evidentiary anchor. Phase 2
targets the inferential step that students found most demanding: by requiring an explicit
conditional hypothesis linking an indicator to a spatial requirement, it externalizes the
reasoning that otherwise remains implicit and converts analysis into a premise for decision.
Phase 3 is the point at which evidence becomes form; its core requirement is therefore
the annotation tying each element to its motivating indicator, which is what makes the
translation visible and assessable. The edge-and-pause element of Phase 3 is deliberately
framed as an optional, site-contingent prompt rather than a mandate, precisely to avoid
prescribing an outcome that may not suit every site or that could curtail the student’s own
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spatial proposal; its purpose is to widen the repertoire students consider, not to narrow
it. Phase 4 closes the loop by using the same rubric for formative critique, aligning the
criteria students are taught with those against which they are judged. Because the protocol
is articulated by the indicator-to-decision annotation rather than by any particular planting
solution, it is intended to discipline the justification of design moves while leaving the
design moves themselves open.

This proposal is presented as an evidence-derived pedagogical hypothesis, not a
validated method. Its effectiveness should be tested in subsequent studies through pre–post
or comparison-group designs, evaluating whether explicit annotation measurably reduces
the gap between representation and decision.

5.2. Validation Agenda and Future Work

The study’s contributions fall into three levels that, in turn, define the future agenda.
Methodologically, the study contributes a replicable instrument—a five-criterion analytic
rubric coupled with function coding—whose internal consistency proved high (Cronbach’s
α = 0.93) and which makes the translation of spatial evidence into landscape decision
measurable. Empirically, it precisely locates the learning gap: it is not environmental but
spatial–structural, concentrated in the operationalization of choice/betweenness and in
the use of vegetation to define edges and support pauses. Projectively, it derives from
these findings the four-phase didactic protocol (Section 5.1). The outstanding step is to test
whether that protocol effectively narrows the gap.

To that end, a quasi-experimental validation design with a non-equivalent comparison
group is proposed in which the outcome variable is not raw grades—sensitive to the
difficulty of each brief—but translation competence, operationalized as the proportion of
design decisions carrying an explicit “indicator → decision” annotation, complemented
by an appraisal of the depth of that operationalization. The design should maintain a
stable, thematically neutral rubric core (the criteria of analysis reading, analysis–decision
coherence and justification), pre-register the hypothesis before grading, and incorporate a
second coder with reporting of inter-rater agreement (for example, the kappa coefficient),
thereby addressing one of the principal limitations of the present work. Such an evaluation
design is consistent with recent comparative models that align studio assessment with
educational objectives and professional-readiness standards [54].

The feasibility of this agenda is supported by the fact that the workflow is operable
within the regular timeframes of a studio: a single cohort can produce deliverables at differ-
ent moments of the academic term, offering a baseline for comparison without disrupting
teaching dynamics. Moreover, the method is transferable beyond the vegetation theme:
the “indicator → decision” device applies equally to bioclimatic indicators (orientation,
ventilation, solar exposure, zoning) in a sustainable-housing brief, which would allow the
protocol’s robustness to be tested in a different content area. Implementing this agenda
will require the corresponding extension of institutional ethics approval.

6. Conclusions
This study examined how intermediate-level architecture students translate space-

syntax indicators into strategic vegetation decisions within a minimal sustainable shelter ex-
ercise, using an exploratory mixed-methods design applied to fourteen anonymized sheets.
The cohort performed generally well (mean = 0.84), with a highly internally consistent
rubric (α = 0.93); it approached vegetation predominantly as a functional device—through
shade, path guidance and landscape integration—and showed a positive, exploratory
association between spatial reading and vegetation reasoning (ρ = 0.61). The principal
weakness lay in operationalizing choice/betweenness into specific design decisions and in
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using vegetation to structure space (defining edges and supporting pauses), confirming a
persistent gap between representation and decision.

Returning to the three research questions, the findings answer each in turn. Regard-
ing RQ1 (how students interpret and represent space-syntax indicators), students repre-
sented configurational indicators competently overall, but unevenly: movement-based
measures (choice/betweenness, local integration) were read more securely than visibility-
based ones (visual integration, isovists), and spatial analysis was the lowest-achieving
rubric criterion (82.5%), identifying the reading of configurational structure—especially
choice/betweenness—as the binding constraint. Regarding RQ2 (how students translate
those indicators into strategic vegetation decisions), most students did move from orna-
ment to function—vegetation function reached 84.3% and choice/betweenness governed
planting in 12 of 14 sheets—yet the translation was strong for environmental functions
(shade, wind, thermal comfort) and weak for the spatial-structuring functions (defining
edges, 3/14, and supporting pauses, 8/14), so the indicator-to-decision step succeeded for
modifying space but faltered for composing it. Regarding RQ3 (which dimensions reveal
the greatest strengths and weaknesses, and what this implies for teaching), graphic clarity
was strongest (87.1%) and spatial analysis weakest (87.1% vs. 82.5%, Wilcoxon p = 0.005),
a pattern warning that communicative polish can outpace analytical depth and implying
that teaching should explicitly scaffold the operationalization of configurational indicators
and integrate spatial with environmental reasoning—the implications embodied in the
proposed protocol.

The main contributions are methodological and pedagogical, producing a replicable
model—an aligned analytic rubric combined with content-analysis coding of vegetation
functions—for making visible and assessable the reasoning by which spatial evidence
becomes a landscape decision. The approach supports an evidence-based, people-centered
and climate-sensitive design education, and offers educators a transparent instrument for
fostering sustainable design reasoning in intermediate studios. From the observed patterns,
a four-phase didactic protocol for the studio is further derived (Section 5.1), articulated by the
“indicator → decision” annotation, whose testing constitutes a priority line of future work.

For implementation, the protocol reduces to four core moves: (1) read the configu-
rational indicators on the real site and deliver an annotated map; (2) state explicit “if
indicator → then spatial requirement” hypotheses; (3) annotate every design element
with its motivating indicator, treating the edge-and-pause repertoire as an optional, site-
contingent prompt; and (4) use the same five-criterion rubric for formative critique. The
sequence can be adjusted to the time available. In a short module (one to two weeks),
phases 1–2 can be condensed into a single guided session on a pre-supplied indicator map,
phase 3 limited to the annotation requirement on two or three key decisions, and phase 4
run as a brief rubric-based peer review. In a full-term studio, each phase can be developed
iteratively across several weeks, the configurational reading extended to multiple indica-
tors and isovists, and phase 4 repeated at successive desk-crits so that the rubric guides
revision rather than only final grading. In all variants the non-negotiable element is the
indicator-to-decision annotation, which is what carries the learning; the depth of analysis
and the number of iterations scale with the available time.

The pedagogical implications are concrete: scaffold the operationalization of configu-
rational indicators, integrate spatial and environmental content, and use the rubric to align
outcomes with assessment. The study’s limitations—a small single-section sample, grading
and coding by a single analyst (without inter-rater reliability) and a focus on represented
behavior—define the future-work agenda. Subsequent studies should expand the sample
across sections, sites and climates; establish inter-rater reliability; incorporate measured or
simulated microclimatic outcomes to connect represented decisions with environmental
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performance; and test whether explicit operationalization scaffolds measurably reduce the
gap between analysis and decision.

Beyond the immediate case, these findings speak to current directions in sustainable
built-environment education and in the teaching of landscape and outdoor space. Recent
systematic evidence likewise positions configurational, space-syntax analysis as a route
to more sociable, socially sustainable public space [55]. Accreditation frameworks and
disciplinary agendas increasingly ask schools to embed sustainability not as add-on content
but as a reasoning competence, and to make that reasoning explicit, assessable and aligned
with practice [41–43]. The professional turn toward evidence-based and performance-
oriented design, and the mainstreaming of nature-based solutions and green infrastructure
in urban practice [11,12,34,56,57], place a premium on designers who can justify why a
given landscape or planting move follows from site evidence rather than from convention.
The instrument and protocol proposed here address precisely that demand: by making
the “indicator → decision” translation the explicit object of teaching and assessment, they
connect studio learning to the way the contemporary profession is expected to argue and
document sustainable outdoor design, and they are transferable—beyond vegetation—to
bioclimatic and other performance indicators in sustainable-design briefs. In this sense
the study’s value is not only pedagogical but also a small contribution to closing the gap
between how sustainable design is taught and how it is practiced.
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design studio pedagogy: Linking educational objectives and professional readiness in architectural higher education. Architecture
2026, 6, 7. [CrossRef]

55. Askarizad, R.; Lamíquiz Daudén, P.J.; Garau, C. The application of space syntax to enhance sociability in public urban spaces: A
systematic review. ISPRS Int. J. Geo-Inf. 2024, 13, 227. [CrossRef]

56. Zarei, M.; Shahab, S. Nature-based solutions in urban green infrastructure: A systematic review of success factors and implemen-
tation challenges. Land 2025, 14, 818. [CrossRef]

57. Lopes, H.S.; Vidal, D.G.; Cherif, N.; Silva, L.; Remoaldo, P.C. Green infrastructure and its influence on urban heat island, heat risk,
and air pollution: A case study of Porto (Portugal). J. Environ. Manag. 2025, 376, 124446. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18136697

https://doi.org/10.1111/jade.12364
https://doi.org/10.11120/jebe.2008.03020063
https://doi.org/10.3390/su17094170
https://doi.org/10.3390/su17115004
https://doi.org/10.3390/su162411237
https://doi.org/10.3390/buildings12050520
https://doi.org/10.1177/1049732305276687
https://www.ncbi.nlm.nih.gov/pubmed/16204405
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.3390/su18104620
https://doi.org/10.3390/su18041892
https://doi.org/10.3390/architecture6010007
https://doi.org/10.3390/ijgi13070227
https://doi.org/10.3390/land14040818
https://doi.org/10.1016/j.jenvman.2025.124446
https://doi.org/10.3390/su18136697

	Introduction 
	Literature Review 
	Space Syntax and Evidence-Based Architectural Design 
	Strategic Vegetation, Landscape and People-Centered Outdoor Comfort 
	Sustainable Architectural Design Education and Studio Pedagogy 
	From Representation to Design Decision-Making 

	Materials and Methods 
	Research Design 
	Educational Context 
	Case Study: Pucará Park, Loja 
	Design Brief 
	Sample 
	Assessment Rubric 
	Quantitative Analysis 
	Qualitative Coding 
	Ethical Considerations 
	Limitations 

	Results 
	Descriptive Analysis of Rubric Scores 
	Criterion Ranking and Interpretation 
	Relationship Between Spatial Reading and Vegetation Function 
	Recurrent Vegetation Strategies 
	Performance Patterns 

	Discussion 
	Proposal: A Didactic Protocol for the Design Studio 
	Validation Agenda and Future Work 

	Conclusions 
	References

