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Abstract 

Urban visual pollution is often assessed as a perceptual or descriptive problem, while few 

studies trace community evidence through prioritisation to field implementation. This study 

developed and applied a mixed-methods assessment-to-implementation framework in Al-

Muwayh City, Saudi Arabia. A literature-informed Arabic questionnaire translated six visual-

pollution domains into 14 operational intervention domains and 64 Likert statements, alongside 

an exactly-five intervention question and three open-ended questions. Of 208 submissions, 

eight underage records and 40 adult exact straight-liners were excluded from the primary 

analysis, yielding 160 quality-screened adults. Internal consistency remained extremely high 

(Cronbach's alpha = 0.994; one-factor omega approximately 0.994), indicating substantial item 

redundancy. Parallel analysis retained one dominant general factor. Domain differences were 

statistically significant, Friedman chi-square (13) = 65.38, p < 0.001, but small in magnitude 

(Kendall's W = 0.031). Greenery (M = 3.514), visual coordination and local identity (M = 

3.470), roads and street edges (M = 3.459), sidewalks (M = 3.411), visible waste (M = 3.402), 

and city entrances (M = 3.401) formed an overlapping high-priority cluster. Among 94 quality-

screened adults who selected exactly five actions, improvement of the principal city entrances 

ranked first (66.0%), followed by increased greenery (47.9%), public-waste removal (46.8%), 

and construction-waste removal (45.7%). qualitative screening also emphasized roads, 

entrances, and greenery, but requires independent second-coder validation. Integrated evidence 

informed cleanup, infrastructure, landscaping, and entrance-identity interventions documented 

photographically. Photographs confirm physical implementation, not perceptual effectiveness; 

post-intervention surveys and repeated field audits remain necessary. 

Keywords: Visual pollution; community-based assessment; urban design interventions; 

evidence-to-action planning; mixed-methods research; Saudi Arabia. 

1. Introduction 

Urban environmental quality is increasingly understood as extending beyond conventionally 

measured forms of pollution to include how people perceive, interpret, and experience the built 

environment. Cities are not only systems of buildings, infrastructure, and services; they are 

also continuously experienced visual landscapes whose spatial organisation influences 

comfort, orientation, behaviour, safety, and attachment to place. Within this broader 

understanding, visual pollution has emerged as an important but comparatively underdeveloped 

dimension of urban environmental degradation. 

Visual pollution can be defined as the accumulation, absence, deterioration, or spatial 

arrangement of visible elements that disrupts visual coherence, reduces environmental 

legibility, generates perceptual overload, or weakens the aesthetic and functional quality of 

urban space (Nawaz and Wakil, 2022; Borowiak et al., 2024). It should therefore not be 
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reduced to a single unattractive object. Rather, it is a cumulative and relational condition 

produced through interactions among roads, sidewalks, buildings, vegetation, signs, lighting, 

waste, street furniture, and other visible components. Recent streetscape research shows that 

perceived attractiveness, calmness, safety, and disorder depend on the proportions, continuity, 

hierarchy, and coordination of these elements rather than on their isolated presence (Ogawa et 

al., 2024). Human- and computer-based assessments similarly indicate that visual complexity 

is shaped by the density, diversity, and overlap of streetscape features within the observer’s 

field of view (Florio et al., 2024). 

The literature identifies six recurrent domains of urban visual pollution: streetscape 

composition and greenery; signage and outdoor advertising; building façades and architectural 

appearance; lighting and the night-time environment; visible waste, litter, and construction and 

demolition debris; and urban furniture and small-scale street elements. These domains are 

analytically distinguishable but perceptually interdependent. A degraded urban corridor may 

simultaneously contain poor paving, façade inconsistency, informal signage, insufficient 

planting, exposed waste, and inadequate lighting, producing a combined effect greater than that 

of any one condition considered separately. 

The significance of visual quality extends beyond aesthetic preference. Urban greenery, visual 

openness, and coherent spatial organisation can support environmental satisfaction, 

psychological restoration, and perceived quality of life (de Souza et al., 2024; García-Martín 

et al., 2025). In hot outdoor environments, vegetation and shading may also improve combined 

visual and thermal comfort (Dong et al., 2025). Coherent materials, colours, façades, gateways, 

and public-space elements can strengthen place identity and communicate care and continuity, 

whereas fragmented interventions and deteriorated edges may weaken the recognisability of 

the city (Rezafar, 2023; Albrektsen, 2025). 

Visual order is also related to functional performance and safety. Streetscape characteristics 

have been associated with traffic-risk patterns, while poorly positioned or visually dominant 

roadside advertisements can compete with regulatory signs and other safety-critical 

information (Yue, 2025; Yang et al., 2024; Sheykhfard et al., 2024). Eye-tracking studies 

further demonstrate that dense and competing visual stimuli influence driver attention and 

observation behaviour (Madleňák et al., 2024). Lighting requires a similar balance: 

insufficient illumination may reduce visibility and perceived security, whereas excessive or 

poorly directed lighting may create glare, discomfort, and light pollution (Pothukuchi, 2021; 

Liu et al., 2022). 

Maintenance-related conditions are equally important. Construction and demolition waste can 

generate persistent roadside and vacant-land degradation and may signal weak environmental 

control (Seror and Portnov, 2018; Luu et al., 2021). Façades can either mitigate or intensify 

visual degradation depending on their physical condition, materials, attachments, and 

relationship with the street (Prieto and Pastén, 2024), while urban furniture contributes 

positively only when its form, placement, and maintenance are coordinated with pedestrian 

movement and the surrounding public realm (Grabiec et al., 2022). Managing visual pollution 

therefore involves environmental quality, public safety, pedestrian experience, maintenance 

efficiency, local identity, and institutional coordination rather than superficial beautification 

alone. 

Despite growing interest in urban visual quality, three important gaps remain. First, many 

studies examine isolated concerns—such as signage, lighting, façades, greenery, or waste—

without assessing their cumulative interaction within the same urban environment. Second, 
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assessment methods remain fragmented across perception surveys, field audits, geographic 

information systems, street-view imagery, eye tracking, virtual environments, and computer 

vision (Farahani et al., 2023; Parmar and Jana, 2024). Although technological approaches 

can improve spatial coverage and consistency, they cannot replace context-specific knowledge 

of community priorities. Third, relatively few studies establish a traceable pathway from 

literature-based factor identification to local instrument development, community priority 

setting, spatially targeted intervention, and documented implementation. Participatory research 

has emphasised the value of community-informed mitigation (Churcher et al., 2024), while 

research in Saudi Arabia demonstrates the importance of context-sensitive visual assessment 

(Alharbi and Rangel-Buitrago, 2022). Nevertheless, integrated evidence-to-action 

applications remain limited, particularly in smaller cities. 

Al-Muwayh City provides a suitable case for addressing these gaps. Its urban environment 

includes principal streets, residential neighbourhoods, commercial frontages, highway service 

roads, city entrances, vacant plots, and public-service areas. Within these settings, visual 

quality may be affected by construction debris, scattered waste, damaged containers, 

abandoned vehicles, informal posters, deteriorated sidewalks, weak road edges, inconsistent 

façades, inadequate planting, commercial signage, lighting deficiencies, and limited 

coordination of local identity elements. City entrances are especially important because they 

function as composite visual sequences involving approach roads, walls, paving, vegetation, 

lighting, signage, colours, local symbols, and the transition into the urban fabric. Professional 

observation alone, however, cannot determine which problems city users consider most urgent 

or which interventions they regard as most valuable. 

Accordingly, this study adopted an applied assessment-to-implementation approach. Six 

literature-derived domains were translated into fourteen locally relevant assessment 

dimensions and evaluated through community ratings, intervention selections, open-ended 

responses, and place-based references. Quantitative and qualitative findings were integrated to 

identify priority problems, actions, and indicative intervention locations. Following the 

analysis, selected priorities were implemented in Al-Muwayh City and documented using 

before-and-after field photographs. 

The study addresses three research questions, (1) Which visual-improvement dimensions, 

interventions, and locations receive the highest community priority in Al-Muwayh City, (2) 

How do quantitative ratings, intervention selections, and qualitative place-based responses 

complement one another in identifying priority actions, (3) How can the resulting community 

evidence be translated into spatially targeted and photographically documented urban 

interventions.  By linking literature-derived evidence, locally adapted community assessment, 

spatial prioritisation, and field implementation, the study contributes an evidence-based 

framework for moving from the diagnosis of visual degradation to coordinated and observable 

urban improvement. Its principal contribution lies not only in identifying community priorities, 

but also in demonstrating how these priorities can inform practical action in a smaller-city 

context. 

2. Materials and Methods 

2.1. Study Design and Study Area 

This study employed an applied mixed-methods case-study design to assess visual-

improvement needs and translate community-derived evidence into implemented urban 

interventions in Al-Muwayh City. The design integrated quantitative perception assessment, 

intervention selection, qualitative responses, spatially referenced community knowledge, and 
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photographic documentation. This combination enabled the study to move beyond the 

identification of visual problems toward the prioritisation, implementation, and documentation 

of corrective urban actions. 

Al-Muwayh City was selected because its urban structure includes several contrasting 

environments within a relatively compact settlement. The study covered principal streets, 

residential neighbourhoods, commercial frontages, city entrances and approach corridors, 

highway service roads, public-service areas, and vacant or peripheral land. These environments 

contain interacting visual elements related to road condition, sidewalks, building façades, 

planting, lighting, signage, waste-management infrastructure, abandoned objects, and local-

identity features. Particular attention was given to the city entrances and highway-facing 

corridors because they function as composite visual sequences linking roads, walls, paving, 

vegetation, lighting, signs, and symbolic urban elements. The regional location of Al-Muwayh 

City and the principal urban environments included in the study are presented in Figure 1. 

 

Figure 1. Regional location of Al-Muwayh City and the principal urban 

environments, corridors, entrances, and documented intervention locations included 

in the study. 

The research followed a sequential assessment-to-implementation process. First, six visual-

pollution domains identified through the literature review were adapted into fourteen locally 

relevant assessment dimensions. An Arabic-language questionnaire was then administered to 

residents and other adult city users familiar with Al-Muwayh. The resulting quantitative 

ratings, intervention selections, open-ended responses, and place-based references were 

analysed jointly to identify priority dimensions, actions, and indicative locations for field 

verification. Based on this integrated analysis, selected interventions were implemented and 

documented using before-and-after field photographs. The complete progression from 

literature synthesis and local instrument adaptation to community assessment, integrated 

analysis, field implementation, and documentation is summarised in Figure 2. 
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Figure 2. Conceptual and methodological framework of the study, showing the 

progression from literature-derived visual-pollution domains to local assessment, 

integrated analysis, field intervention, and photographic documentation in Al-Muwayh 

City. 

 

2.2. Instrument Development and Data Collection 

A focused narrative review of 23 relevant sources informed the conceptual scope of the 

instrument. Cross-cutting evidence addressed definitions, urban visual-quality assessment, 

perception, identity, and assessment methods (Nawaz and Wakil, 2022; Borowiak et al., 2024; 

Ogawa et al., 2024; Florio et al., 2024; Farahani et al., 2023; Parmar and Jana, 2024; Alharbi 

and Rangel-Buitrago, 2022; Rezafar, 2023; Albrektsen, 2025). The six domain groups were 

then informed by studies of streetscape composition and greenery (de Souza et al., 2024; 

García-Martín et al., 2025; Dong et al., 2025); signage and traffic-related visual distraction 

(Churcher et al., 2024; Madleňák et al., 2024; Sheykhfard et al., 2024; Yang et al., 2024; Yue, 

2025); building façades (Prieto and Pastén, 2024); public lighting (Pothukuchi, 2021; Liu et 

al., 2022); visible waste and construction debris (Seror and Portnov, 2018; Luu et al., 2021); 

and urban furniture (Grabiec et al., 2022). 

The assessment instrument was developed through a literature-informed and context-sensitive 

process. Six recurrent visual-pollution domains provided the conceptual foundation: 

streetscape composition and greenery; signage and outdoor advertising; building façades; 

public lighting and the night-time environment; waste and construction and demolition debris; 
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and urban furniture and small-scale street elements. These domains were translated into 14 

locally actionable dimensions based on their observability in Al-Muwayh, relevance to 

perceived visual quality, association with feasible municipal or design responses, and 

conceptual traceability to the reviewed literature. The detailed mapping between the six 

literature-derived domains and the fourteen locally adapted dimensions is presented in 

Supplementary Table S1. 

The initial item pool comprised 98 Likert-scale statements. Semantically overlapping, 

repetitive, or weakly differentiated items were removed or consolidated to reduce respondent 

burden while preserving coverage of all fourteen dimensions. This refinement produced a final 

instrument containing 64 statements. The complete item-reduction procedure, item distribution 

across dimensions, and item-to-dimension coding structure are reported in Supplementary 

Tables S2 and S3. The retained items assessed both the perceived visual effect of existing 

urban conditions and the perceived need for corrective intervention. 

The Arabic-language questionnaire consisted of four components. The first collected 

participant characteristics, including age, relationship with Al-Muwayh, duration of residence 

or regular city use, and the urban environment most frequently used. The second included the 

64 assessment statements, rated on a five-point scale from 1, indicating no perceived effect or 

intervention need, to 5, indicating a very high perceived effect or intervention need. The third 

presented sixteen predefined urban-improvement actions and instructed participants to select 

the five actions they considered most urgent. The fourth contained three open-ended questions 

addressing the location most in need of improvement, the principal source of visual 

degradation, and suggested urban-improvement actions. 

The target population included residents, employees, business owners, visitors, and road users 

familiar with Al-Muwayh City. Because no complete sampling frame was available, a non-

probability voluntary-response strategy was adopted. The web-based questionnaire was 

administered between 7 and 26 June 2026 and yielded 208 completed responses. No missing 

or out-of-range values were identified in the 64 core statements; therefore, no statistical 

imputation was required. The complete instrument-development procedure, literature-based 

domain synthesis, full Arabic questionnaire, and English translation prepared for publication 

are provided in the Supplementary Material. The English version is presented for transparency 

and international accessibility and was not used as a separate data-collection instrument. 

2.3. Quantitative, Qualitative, and Spatial Analysis 

Data analysis was conducted using Python 3.13. The raw survey file was preserved unchanged 

and a separate analysis-ready dataset was created. Screening covered age eligibility, 

completeness, response-range validity, full-record duplication, within-respondent variability, 

and compliance with the intervention-selection instruction. Eight respondents reporting an age 

below 18 years were excluded before substantive analysis, yielding 200 eligible adults. Exact 

straight-lining was defined as selection of the same response category across all 64 quantitative 

items, corresponding to zero within-respondent variance. Forty adult records met this criterion 

and were excluded from the primary analysis, producing a quality-screened sample of 160. A 

stricter threshold of within-person SD <= 0.25 produced a sensitivity sample of 141 adults but 

was not used as the primary exclusion rule because low variability may represent a genuinely 

consistent opinion. All decisions were retained as respondent-level quality flags with explicit 

exclusion reasons. 
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Participant characteristics were summarised using frequencies and percentages. Item- and 

domain-level responses were described using means, standard deviations, medians, 

interquartile ranges, response distributions, the proportion with a domain score of at least 4, 

and nonparametric bootstrap 95% confidence intervals based on 2,000 resamples. Means were 

reported alongside distributional statistics because each domain contained multiple related 

ordinal items. 

For participant i, the score for dimension d was calculated as the arithmetic mean of the retained 

items assigned to that dimension: 

𝐷𝑖𝑑 =
1

𝑘𝑑
∑ 𝑥𝑖𝑗𝑑

𝑘𝑑

𝑗=1

 (1) 

where 𝐷𝑖𝑑 is the score of participants i for dimension d, 𝑥𝑖𝑗𝑑 is the response to item j within 

dimension d, and 𝑘𝑑 is the number of retained items within the dimension. An overall visual-

improvement assessment score was calculated as the participant’s mean across all 64 

statements. Higher scores represented a greater perceived visual effect, a stronger perceived 

need for intervention, or both. 

Internal consistency was evaluated using Cronbach's alpha, standardised alpha, approximate 

one-factor McDonald's omega, corrected item-total correlations, alpha if item deleted, and 

mean inter-item correlations. Structural diagnostics included the Kaiser-Meyer-Olkin measure, 

Bartlett's test of sphericity, correlation-matrix eigenvalues, inter-domain correlations, and a 

500-permutation parallel analysis. These procedures were interpreted diagnostically: very high 

coefficients were treated as potential evidence of item redundancy, and the theoretically defined 

groups were not assumed to be independent latent constructs. 

Differences among the fourteen repeated domain scores were assessed using Friedman's test, 

with Kendall's W as the effect-size measure. Where appropriate, pairwise Wilcoxon signed-

rank tests were evaluated using Holm correction. Robustness was examined by comparing 

domain estimates and Spearman rank correlations across the eligible-adult sample (n=200), the 

primary quality-screened sample (n=160), and the stricter low-variance sensitivity sample 

(n=141). 

𝐼𝑖𝑚 = {
1  𝑖𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 𝑖 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 𝑚
0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                            

 (2) 

The selection percentage for intervention m was calculated as: 

𝑃𝑚 =
1

𝑁
∑ 𝐼𝑖𝑚

𝑁

𝑖=1
× 100 (3) 

Because the questionnaire instructed respondents to select exactly five actions but did not 

technically enforce this limit, the primary intervention analysis was restricted to quality-

screened adults who selected exactly five options (n=94). Selection frequencies and 

percentages were calculated using this valid subset, preventing participants who selected many 

options from contributing disproportionate weight. 

The three open-ended questions were subjected to a structured deductive-inductive content-

analysis procedure. The fourteen intervention domains informed the initial codebook, while 

additional codes captured locally specific problems, locations, maintenance concerns, and 
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proposals. Arabic spelling variants were standardised and a response could receive more than 

one theme.  

Place references in the open-ended responses were standardised descriptively. Because 

participants supplied narrative names for streets, entrances, corridors, and service areas rather 

than geographic coordinates, the mapped locations were interpreted as approximate planning 

references, not geocoded observations or statistically validated hotspots. 

Finally, dimension scores, intervention selections, qualitative themes, and spatial 

concentrations were interpreted jointly. They were not merged into a single weighted numerical 

index because each evidence stream represented a different aspect of community need. 

Convergence across the four sources was used to identify immediate actions, strategically 

important interventions, and the locations in which implementation was most strongly 

supported. 

2.4. Translation into Field Interventions 

The field interventions were selected through the integrated interpretation of dimension scores, 

intervention rankings, open-ended responses, and frequently mentioned locations. Actions 

supported by multiple evidence sources and feasible for implementation at identifiable sites 

were prioritised. Following completion of the analysis, selected interventions were 

implemented in Al-Muwayh City, including waste and construction-debris removal, treatment 

of waste-container surroundings, removal of abandoned vehicles and informal posters, 

rehabilitation of road edges and pedestrian areas, landscape enhancement, and improvement of 

city entrances and visual-identity elements. 

Before-and-after photographs were taken from comparable viewpoints to document the 

original conditions and the completed physical improvements. These photographs were used 

as evidence of field implementation and visible environmental change, but not as evidence of 

changes in community perception, which would require a separate post-intervention 

assessment. 

Participation was voluntary, and the questionnaire introduction informed respondents that their 

anonymous responses would be used for research concerning improvement of Al-Muwayh's 

urban visual environment. No names, contact details, identification numbers, exact addresses, 

or other directly identifying information were collected. Eight records reporting an age below 

18 years were identified during eligibility screening and excluded before all substantive 

analyses. 

3. Results 

3.1. Participant Characteristics and Response Quality 

A total of 208 questionnaire responses were received. Eight underage records were excluded 

before substantive analysis, leaving 200 eligible adults. Forty adult records exhibited exact 

straight-lining across all 64 quantitative items and were excluded from the primary analysis. 

The resulting primary analytical sample comprised 160 respondents. No quantitative item 

values were missing, no out-of-range responses were found, and no fully duplicated records 

were detected. 

The primary sample remained strongly familiar with Al-Muwayh City. Residents accounted 

for 119 participants (74.4%), and 118 (73.8%) had lived in or regularly used the city for more 

than ten years. Participants aged 31-45 years comprised 100 respondents (62.5%), while 

principal streets were the most frequently used environment for 65 (40.6%). These 
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characteristics support local familiarity but do not establish statistical representativeness of all 

city users. 

Across the complete dataset, 41 records (19.7%) exhibited exact straight-lining, including 40 

eligible adults. Removing the adult straight-liners reduced the primary sample to 160. A stricter 

low-variance rule produced a sensitivity sample of 141. The rank order of the fourteen domains 

was identical between the eligible-adult and primary samples (Spearman rho = 1.000) and 

nearly identical under the stricter rule (rho = 0.996), demonstrating that cleaning changed score 

levels but not the substantive priority pattern. 

Only 118 of the 208 submissions selected exactly five interventions. After eligibility and 

quality screening, 94 respondents both entered the primary sample and followed the exactly-

five instruction. This valid subset was used for the primary intervention ranking. Detailed 

screening and compliance flags are reported in the Supplementary Material. 

Table 1. Participant characteristics and response-quality indicators 

Indicator Result 

Initial responses received 208 

Under-18 responses excluded 8 

Eligible-adult sample 200 

Adult exact straight-liners excluded 40 

Primary quality-screened sample 160 

Residents of Al-Muwayh City 119 (74.4%) 

Residence or regular city use >10 years 118 (73.8%) 

Participants aged 31-45 years 100 (62.5%) 

Principal streets as most-used environment 65 (40.6%) 

Exactly-five selections in primary sample 94 (58.8%) 

Rank sensitivity rho = 1.000; strict rho = 0.996 

 

3.2. Reliability and Dimensionality Diagnostics 

In the primary sample, the 64-item instrument produced Cronbach's alpha = 0.994, standardised 

alpha = 0.994, and approximate one-factor McDonald's omega = 0.994. The mean inter-item 

correlation was 0.716. Although these values indicate highly consistent responding, their 

magnitude is better interpreted as evidence of extensive semantic overlap and a strong general 

response tendency than as exceptional proof of multidimensional validity. 

The Pearson-based Kaiser-Meyer-Olkin measure was 0.966, and Bartlett's test was significant, 

chi-square(2016) = 16,577.33, p < 0.001. The first eigenvalue was 46.34 and accounted for 

72.4% of item variance. In the 500-permutation parallel analysis, only the first observed 

eigenvalue exceeded its 95th-percentile random benchmark; the second observed eigenvalue 

(2.31) was below the corresponding random benchmark (2.49). 

Inter-domain correlations were also high (median = 0.828; range = 0.629-0.922). Accordingly, 

the fourteen groups were retained as literature- and content-defined intervention domains 
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nested within a broad perceived need for urban visual improvement, not as fourteen empirically 

independent latent constructs. Detailed reliability and structural diagnostics are provided in the 

Supplementary Material. 

3.3. Dimension-Level Results 

The overall 64-item visual-improvement assessment score in the primary sample was 3.333 

(bootstrap 95% CI: 3.146-3.516). Domain scores differed statistically, Friedman chi-square(13) 

= 65.38, p < 0.001, but Kendall's W = 0.031 indicated a very small effect. Nineteen of 91 Holm-

adjusted pairwise comparisons were significant, primarily contrasting the highest-scoring 

domains with general perception, commercial signs, or building facades. 

As shown in Figure 3, greenery and planting beds had the highest mean (M=3.514, 95% CI: 

3.316-3.705), followed by visual coordination and local identity (M=3.470, 95% CI: 3.259-

3.677) and roads, street edges, and markings (M=3.459, 95% CI: 3.256-3.651). Sidewalks 

(M=3.411), visible waste (M=3.402), and city entrances (M=3.401) followed closely. Their 

substantially overlapping confidence intervals indicate a high-priority cluster rather than a 

sharply separated league table. 

Commercial signs (M=3.178), building facades (M=3.200), informal posters and stickers 

(M=3.234), and overall urban-scene perception (M=3.127) occupied the lower end of the 

relative ordering. These results should not be interpreted as evidence that those issues are 

unimportant; the narrow score range and small Kendall's W show that the practical differences 

among many domains were modest. 

Sensitivity analysis confirmed the stability of the domain ordering. Spearman's rho was 1.000 

between the eligible-adult (n=200) and primary (n=160) rankings and 0.996 between the 

eligible-adult and strict low-variance (n=141) rankings. Thus, response-quality screening 

affected absolute means and reliability estimates but did not materially alter the relative priority 

pattern. 

 

Figure 3. Mean scores and bootstrap 95% confidence intervals for the fourteen 

visual-improvement intervention domains in the primary quality-screened sample 

(n=160). 
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3.4. Community Intervention Priorities 

Community priorities were assessed using the 94 quality-screened adults who selected exactly 

five interventions. As shown in Figure 4, improvement of the general appearance of the 

principal city entrances ranked first, selected by 62 respondents (66.0%). 

Increasing greenery and green spaces followed with 45 selections (47.9%), removal of public 

waste and litter with 44 (46.8%), and removal of construction and demolition waste with 43 

(45.7%). Rehabilitation of sidewalks and pedestrian paths ranked fifth with 36 selections 

(38.3%). The results combine a highly visible gateway intervention with environmental 

cleanup, landscape expansion, and pedestrian-infrastructure rehabilitation. 

The next priority tier included public and aesthetic lighting (34.0%), overall visual identity 

(31.9%), waste-container locations and appearance (31.9%), and entrance enhancement using 

symbols and aesthetic elements (28.7%). Regulation of commercial signs and advertisements 

received the lowest direct selection rate (5.3%). 

Because the online form did not enforce the exactly-five instruction, responses containing 

fewer or more than five selections were not included in the primary frequency denominator. 

This instrument-design limitation should be considered when interpreting direct selection rates. 

 

Figure 4. Community intervention priorities among quality-screened adults who 

followed the exactly-five instruction (n=94). 

3.5. Preliminary Qualitative Themes and Indicative Locations 

The open-ended fields were screened using a reproducible keyword-assisted thematic 

procedure within the primary sample (n=160).  

Roads, paving, and street edges were the leading preliminary theme in reported locations (69 

respondents; 43.1%) and perceived causes (55; 34.4%). Entrance and highway-frontage 
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locations were identified by 39 respondents (24.4%), while facade-related causes appeared in 

19 responses (11.9%) and entrance-related causes in 15 (9.4%). 

Road, paving, and street-edge rehabilitation also dominated the preliminary proposal coding 

(61 respondents; 38.1%), followed by greenery and landscaping (27; 16.9%), entrance and 

highway-frontage improvement (14; 8.8%), and waste and cleanliness measures (11; 6.9%). 

These findings broadly complement the quantitative priority cluster but remain subject to 

codebook refinement and independent recoding. 

Nonresponse affected 23.8% of location answers, 24.4% of main-cause answers, and 27.5% of 

proposals; a further 19-21% were classified as other or unclear in the preliminary screen. Figure 

5 should therefore be read as an indicative planning map derived from narrative references and 

field interpretation, not as a validated GIS hotspot analysis. 

 

Figure 5. Indicative participant-referenced locations and recurrent visual-

improvement concerns in Al-Muwayh City. Locations are based on narrative place 

references and field interpretation and should not be interpreted as geocoded or 

statistically validated hotspots. 

3.5.Implemented Urban-Improvement Actions 

The final intervention programme was derived through the combined interpretation of 

dimension-level scores, community priority selections, open-ended responses, and recurrent 

location clusters. Actions supported by more than one evidence stream and considered feasible 

at identifiable sites were prioritised for field implementation. The completed interventions were 

organised into three complementary groups. 
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The first group comprised immediate cleanup and maintenance actions. These included the 

removal of general waste and construction or demolition debris, cleaning of waste-container 

surroundings, removal of abandoned vehicles, and elimination of informal posters from public 

elements. These actions addressed recurrent concerns associated with neglected sites, vacant 

land, road edges, and visually exposed public areas. 

The second group focused on streetscape and infrastructure improvement. Selected road edges, 

paved areas, sidewalks, and pedestrian environments were rehabilitated or reorganised, 

particularly in locations repeatedly identified through the qualitative and spatial analyses. The 

third group addressed city entrances, landscaping, and visual identity through entrance 

enhancement, planting and tree-bed maintenance, landscape treatment, and the improvement 

of selected identity-related urban elements. 

As illustrated in Figure 6, the photographic pairs document a selection of implemented actions 

across these intervention groups, showing the conditions observed before implementation and 

the visible physical changes following completion. The photographs therefore provide 

evidence that the interventions were implemented and that site-level environmental conditions 

changed. A more focused example is presented in Figure 7, which highlights the transformation 

of the principal city entrance as a flagship intervention. This example is particularly important 

because entrance enhancement emerged as one of the strongest priorities in the community-

based assessment and was also reinforced by the qualitative and spatial results. The entrance 

project combined gateway identity treatment, landscape improvement, and associated corridor 

enhancement, thereby representing the clearest integration of environmental improvement and 

place identity. 

These photographic records should not, however, be interpreted as evidence of improved public 

perception or satisfaction, because no post-intervention community survey was conducted. The 

complete links between evidence sources, implemented actions, locations, and photographic 

records are provided in Supplementary Table S9. 

 

Figure 6. Selected before-and-after photographic documentation of implemented urban-

improvement actions in Al-Muwayh City: (a) construction and demolition debris removal; 

(b) general-waste hotspot cleanup; (c) abandoned-vehicle removal; (d) waste-container 

replacement and site treatment; (e) informal-poster removal; (f) roadside and pedestrian-

edge rehabilitation; (g) principal entrance enhancement; (h) secondary entrance and 
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corridor improvement; and (i) entrance planting and landscape enhancement. The 

photographs document completed physical actions and visible site-level changes but do not 

independently demonstrate changes in community perception or long-term intervention 

effectiveness. 

 

Figure 7. Focused photographic documentation of the principal entrance transformation 

and associated corridor enhancement in Al-Muwayh City. 

4. Discussion 

4.1. Interpretation of the Principal Findings 

This study demonstrates that visual pollution in Al-Muwayh City is not perceived as a single 

isolated problem, but as a cumulative condition produced by the interaction of streetscape 

deficiencies, environmental neglect, infrastructure deterioration, limited greenery, and weak 

visual coordination. The relatively narrow range of scores across the fourteen operational 

dimensions supports this interpretation. Although some dimensions ranked higher than others, 

the findings indicate a broad need for coordinated improvement rather than reliance on one 

stand-alone beautification project. This is consistent with the growing view that urban visual 

quality is shaped by the combined condition of roads, public spaces, façades, signage, 

vegetation, waste management, lighting, and small-scale urban elements (Nawaz and Wakil, 

2022; Borowiak et al., 2024). 

Trees and planting beds received the highest dimension-level assessment, while visual 

coordination, local identity, road conditions, and pedestrian environments also appeared 

prominently. These results suggest that participants associated visual improvement not only 

with the removal of unattractive elements, but also with the addition and maintenance of 

positive environmental features. Green infrastructure may therefore serve both an aesthetic and 

a spatial-organisational function by reducing visual dryness, improving continuity between 

built and open areas, and strengthening the perceived quality of entrances and streets (Florio 

et al., 2024; Dong et al., 2025). 



International Journal of Applied Mathematics 

Volume 39 No. 1s, 2026 

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version 

Received: Aug 13 2025   2548 

However, the exactly-five results placed improvement of the principal city entrances above all 

other interventions. This finding reflects the symbolic and strategic importance of arrival 

environments. Entrances are highly visible spaces that shape first impressions, communicate 

local identity, and concentrate several urban components within a limited area, including roads, 

lighting, landscaping, paving, signage, and gateway structures. The prominence of entrance 

improvement was complemented by preliminary narrative references to entrances and highway 

frontage. 

Road and asphalt deterioration emerged as the most recurrent problem in the qualitative 

responses. This indicates that residents did not separate visual quality from functional urban 

performance. Damaged roads, incomplete paving, deteriorated edges, and discontinuous 

sidewalks were understood simultaneously as infrastructure defects and sources of visual 

disorder. The integrated interpretation of these findings is summarised in Table 3. 

Table 3. Integrated evidence-to-action synthesis for visual-improvement planning in Al-

Muwayh City 

Evidence 

stream 
Principal finding 

Planning 

interpretation 

Implemented or 

recommended 

response 

Dimension-

level 

assessment 

Greenery, visual identity, 

roads, sidewalks, visible 

waste, and entrances 

formed an overlapping 

high-priority cluster. 

Visual-improvement 

needs are 

multidimensional and 

extend across the city 

Coordinated 

landscape, 

streetscape, 

maintenance, and 

identity programmes 

Exactly-five 

intervention 

priorities 

Principal city entrances 

ranked first 

Entrances represent 

highly visible and 

symbolically 

important intervention 

sites 

Principal entrance 

and associated 

corridor 

enhancement 

Open-ended 

problem 

responses 

Road, asphalt, and 

street-edge deterioration 

was the most recurrent 

concern 

Functional 

infrastructure 

deterioration 

contributes directly to 

perceived visual 

disorder 

Road-edge, paving, 

sidewalk, and 

pedestrian-route 

rehabilitation 

Preliminary 

open-ended 

proposals 

Road rehabilitation, 

greenery, cleaning, 

maintenance, and 

entrance improvement 

dominated 

recommendations 

Participants favoured 

practical and 

maintainable actions 

rather than isolated 

decorative treatments 

Phased packages 

combining cleanup, 

infrastructure repair, 

landscaping, and 

monitoring 

Indicative place 

references 

Narrative references 

emphasised roads, 

entrances/highway 

frontage, and other 

recurrent locations. 

Place references guide 

field verification but 

do not constitute 

validated GIS 

hotspots. 

Targeted 

interventions at 

entrances, service 

roads, residential 
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streets, and exposed 

peripheral locations 

Photographic 

documentation 

Multiple physical 

interventions were 

completed and recorded 

Implementation can 

be verified visually, 

but perceptual 

effectiveness remains 

unmeasured 

Repeat field audits, 

maintenance 

monitoring, and 

post-intervention 

community 

assessment 

4.2. Convergence and Complementarity of Evidence 

The four evidence streams did not produce identical rankings, but their differences are 

analytically useful rather than contradictory. Dimension-level ratings measured the perceived 

importance and intervention need associated with broad components of the urban environment. 

By contrast, the exact-five question required participants to select a limited number of actions, 

thereby revealing priorities under an implicit resource constraint. Open-ended responses 

explained why certain issues were considered important, while location-based responses 

identified where intervention should be concentrated. 

For example, trees and planting beds received the highest dimension mean, whereas city 

entrances ranked first in the forced intervention selection. This difference suggests that 

greenery was viewed as a widespread city-level need, while entrance improvement was 

perceived as a more visible, focused, and immediately actionable project. Similarly, road-

related dimensions were among the highest-rated, but the qualitative responses provided 

greater detail about potholes, deteriorated asphalt, unfinished edges, and damaged pedestrian 

areas. The qualitative findings therefore clarified the specific physical conditions underlying 

the numerical assessments. 

The stability of the domain ordering across the eligible-adult, primary, and strict sensitivity 

samples strengthens confidence in the relative priority pattern. The intervention analysis, 

however, was intentionally restricted to the 94 quality-screened adults who followed the 

exactly-five instruction; results from noncompliant selection patterns were not treated as 

equivalent evidence. 

The place references added an indicative spatial layer, but they were narrative and non-

geocoded. They are useful for directing field verification toward entrances, service roads, 

corridors, and residential streets, yet they should not be described as statistically validated 

hotspots until independent coding and coordinate-based verification are completed. 

Accordingly, the contribution of the mixed-methods approach lies in the complementarity of 

the evidence: quantitative scores established the breadth of perceived need, forced selections 

clarified relative priorities, qualitative responses explained underlying concerns, and spatial 

references directed those priorities towards implementable locations. 

4.3. Evidence-to-Action Translation and Planning Implications 

The study translated the combined evidence into three complementary intervention levels. The 

first level consisted of immediate cleanup and maintenance actions, including waste and debris 

removal, treatment of waste-container surroundings, removal of abandoned vehicles, and 

elimination of informal posters. These actions generally require limited design development 

and can produce rapid and visible improvements. However, their effects may be temporary 

without regular inspection, enforcement, and recurring municipal maintenance. 
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The second level focused on streetscape and infrastructure rehabilitation. Road edges, 

sidewalks, paved areas, pedestrian routes, and exposed frontages require more than superficial 

visual treatment because their physical condition affects movement, accessibility, safety, and 

spatial order. The prominence of road-related concerns indicates that visual-improvement 

programmes should be integrated with engineering and public-works planning. Road 

resurfacing should therefore be coordinated with edge treatment, markings, drainage, 

sidewalks, lighting, and landscape elements rather than implemented as an isolated technical 

activity. 

The third level addressed entrances, landscape, and visual identity. These interventions require 

greater design coordination but offer the strongest potential for improving arrival experience 

and place recognition. As shown in Figure 6, the implemented programme included actions 

across cleanup, container treatment, poster removal, streetscape rehabilitation, landscaping, 

and entrance enhancement. Figure 7 presents the principal entrance transformation as the 

flagship implementation example. This intervention is particularly significant because it 

responded simultaneously to the highest forced priority, recurrent qualitative concerns about 

entrances, and the spatial concentration of responses around arrival corridors. 

The principal entrance project combined gateway construction, landscape and paving 

treatment, associated corridor improvement, lighting, and visual-identity elements. Its value 

therefore lies not only in the gateway structure itself but in the coordinated treatment of the 

surrounding environment. This supports the evidence-to-action logic presented in Table 3, in 

which interventions supported by multiple evidence streams received stronger implementation 

justification. 

For municipal planning, the findings support a phased sequence: (1) immediate cleanup and 

repair, (2) priority-corridor rehabilitation, (3) entrance and public-realm enhancement , (4) 

landscape and identity consolidation, and (5) continuous monitoring. 

This sequence balances early visible outcomes with longer-term structural improvement. It also 

reduces the risk of investing in decorative elements before resolving waste, road, sidewalk, and 

maintenance deficiencies. This planning framework was developed specifically for Al-

Muwayh City; its applicability to other cities requires independent testing and adaptation to 

their local urban, institutional, and community contexts. 

4.4. Study Limitations and Future Monitoring 

Several limitations should guide interpretation of the findings. First, the questionnaire was 

distributed electronically using a non-probability sampling approach. The final sample 

therefore reflects the views of participating adults and should not be treated as statistically 

representative of every resident or city user. The sample was also dominated by residents and 

long-term users, which strengthened local familiarity but may have underrepresented visitors 

and occasional road users. 

Second, the study was cross-sectional and relied on self-reported perceptions. Exact straight-

lining affected 40 eligible-adult records and was handled through exclusion from the primary 

analysis plus sensitivity checks; rapid-completion screening was impossible because response-

duration data were unavailable. The extremely high reliability coefficients and inter-domain 

correlations indicate extensive item redundancy. The fourteen groups should therefore be 

interpreted as related operational planning domains within a broad general assessment, not as 

independent psychological constructs. 
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Third, the online form did not technically enforce selection of exactly five interventions, 

leaving 94 quality-screened respondents for the primary priority analysis. Spatial locations 

were derived from participant descriptions and represent approximate planning references 

rather than geocoded or surveyed hotspots. 

Finally, before-and-after photographs verify physical implementation and visible site-level 

change but do not establish long-term effectiveness, maintenance quality, or improved 

community perception. Some photographic pairs also differed in viewpoint, lighting 

conditions, or time of day. Future evaluation should combine georeferenced repeat 

photography, structured field audits, maintenance indicators, and a post-intervention 

questionnaire. Repeated measurement of the fourteen dimensions would allow assessment of 

whether perceived intervention need decreases after implementation, while monitoring road 

condition, waste recurrence, planting survival, lighting functionality, and gateway maintenance 

would provide a more objective basis for evaluating programme sustainability. 

5. Conclusion 

This study developed and applied an evidence-based approach for identifying, prioritising, and 

translating visual-improvement needs into implementable urban actions in Al-Muwayh City. 

By integrating a literature-informed questionnaire with quantitative assessment, intervention 

prioritisation, open-ended responses, approximate spatial clustering, and photographic 

documentation, the study moved beyond descriptive diagnosis towards an applied assessment-

to-implementation framework. 

The findings showed that visual pollution in Al-Muwayh cannot be addressed through isolated 

beautification measures. Greenery, visual coordination and local identity, roads and street 

edges, sidewalks, visible waste, and city entrances formed an overlapping high-priority cluster. 

Domain differences were statistically detectable but small, so the evidence supports priority 

tiers rather than a precise ranking. Among quality-screened adults who followed the exactly-

five instruction, improvement of the principal city entrances ranked first, while preliminary 

open-ended coding emphasised roads, entrances, and greenery. These qualitative and place-

based findings require independent validation before stronger thematic or hotspot claims are 

made. 

The study’s principal applied contribution lies in the translation of this combined evidence into 

three intervention levels: immediate cleanup and maintenance, streetscape and infrastructure 

rehabilitation, and entrance, landscape, and visual-identity enhancement. Several actions were 

subsequently implemented and documented, including debris and waste removal, abandoned-

vehicle removal, waste-container treatment, poster removal, roadside and pedestrian-edge 

rehabilitation, landscaping, and entrance enhancement. The principal entrance transformation 

represented the strongest flagship example because it combined gateway identity, paving, 

landscape treatment, lighting, and corridor improvement within a single coordinated 

intervention. 

The photographic records confirm that the selected physical actions were completed and that 

visible site-level conditions changed. Nevertheless, they do not establish improved public 

perception, satisfaction, or long-term effectiveness. Future evaluation should therefore include 

a post-intervention community survey, repeated georeferenced photography, structured field 

audits, and maintenance indicators. Overall, the study demonstrates that community evidence 

can provide a practical basis for prioritising limited municipal resources and developing 

phased, location-specific, and maintainable urban-improvement programmes in Al-Muwayh 
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City. The transferability of this approach to other urban contexts requires independent 

validation and adaptation to local conditions. 

References 

1. Albrektsen, K. (2025). Transcending traditional values: Affective atmospheres and 

fragments reshape urban aesthetics for sustainable city planning. Cities, 165, 106170. 

https://doi.org/10.1016/j.cities.2025.106170 

2. Alharbi, O. A., & Rangel-Buitrago, N. (2022). Scenery evaluation as a tool for the 

determination of visual pollution in coastal environments: The Rabigh coastline, 

Kingdom of Saudi Arabia as a study case. Marine Pollution Bulletin, 181, 113861. 

https://doi.org/10.1016/j.marpolbul.2022.113861 

3. Borowiak, K., Budka, A., Lisiak-Zielińska, M., Robaszkiewicz, K., Cakaj, A., & Agaj, 

T. (2024). Urban visual pollution: Comparison of two ways of evaluation—A case 

study from Europe. Scientific Reports, 14(1), 6138. https://doi.org/10.1038/s41598-

024-56403-9 

4. Churcher, E. W., Awinzeligo, M. H., Duut, N. G., Wemegah, R., Adongo, S. A., & 

Ajene, M. (2024). Mitigation strategies of visual pollution on highways in the 

Bolgatanga Municipal, Ghana. African Journal of Applied Research, 10(2), 203–226. 

https://doi.org/10.26437/ajar.v10i2.802 

5. de Souza, S. A. S., Borne, I., Cruz, R. S., da Silveira, J. A. R., de Oliveira, J. X. A., & 

de Lima, L. E. O. (2024). Systematic review of the contribution of green spaces to the 

promotion of quality of life using the ProKnow-C method. Revista de Gestão Social e 

Ambiental, 18(12), e010020. https://doi.org/10.24857/rgsa.v18n12-136 

6. Dong, W., Dai, D., Liu, M., Wang, Y., Li, S., & Shen, P. (2025). Combined effects of 

the visual–thermal environment on restorative benefits in hot outdoor public spaces: 

A case study in Shenzhen, China. Building and Environment, 272, 112690. 

https://doi.org/10.1016/j.buildenv.2025.112690 

7. Farahani, M., Razavi-Termeh, S. V., Sadeghi-Niaraki, A., & Choi, S.-M. (2023). A 

hybridization of spatial modeling and deep learning for people’s visual perception of 

urban landscapes. Sustainability, 15(13), 10403. https://doi.org/10.3390/su151310403 

8. Florio, P., Leduc, T., Sutter, Y., & Brémond, R. (2024). Visual complexity of urban 

streetscapes: Human vs. computer vision. Machine Vision and Applications, 35(1), 7. 

https://doi.org/10.1007/s00138-023-01484-1 

9. García-Martín, M., Kolecka, N., Hunziker, M., Graz, L., Dopico, J., Schäffer, B., 

Wunderli, J. M., & Tobias, S. (2025). The role of greenness and road traffic noise for 

psychological restoration in everyday environments: A participatory mapping 

approach. Landscape and Urban Planning, 259, 105339. 

https://doi.org/10.1016/j.landurbplan.2025.105339 

10. Grabiec, A. M., Łacka, A., & Wiza, W. (2022). Material, functional, and aesthetic 

solutions for urban furniture in public spaces. Sustainability, 14(23), 16211. 

https://doi.org/10.3390/su142316211 

11. Liu, M., Zhang, B., Luo, T., Liu, Y., Portnov, B. A., Trop, T., Jiao, W., Liu, H., Li, Y., 

& Liu, Q. (2022). Evaluating street lighting quality in residential areas by combining 

remote sensing tools and a survey on pedestrians’ perceptions of safety and visual 

comfort. Remote Sensing, 14(4), 826. https://doi.org/10.3390/rs14040826 

12. Luu, N. C., Nguyen, L. H., Tran, T. V. N., Isobe, Y., Kawasaki, M., & Kawamoto, K. 

(2021). Construction and demolition waste illegal dumping: Environmental, social 



International Journal of Applied Mathematics 

Volume 39 No. 1s, 2026 

ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version 

Received: Aug 13 2025   2553 

and economic impacts assessment for a growing city. Japanese Geotechnical Society 

Special Publication, 9(4), 148–155. https://doi.org/10.3208/jgssp.v09.cpeg133 

13. Madleňák, R., Madleňáková, L., Majerčáková, M., & Chinoracký, R. (2024). Eye 

tracking study of visual pollution in the city of Žilina. Acta Polytechnica Hungarica, 

21(7), 49–66. https://doi.org/10.12700/APH.21.7.2024.7.4 

14. Nawaz, R., & Wakil, K. (2022). Visual pollution: A new addition to the pollution 

forms. In Visual Pollution (pp. 1–23). Emerald Publishing Limited. 

https://doi.org/10.1108/978-1-80382-041-520221001 

15. Ogawa, Y., Oki, T., Zhao, C., Sekimoto, Y., & Shimizu, C. (2024). Evaluating the 

subjective perceptions of streetscapes using street-view images. Landscape and Urban 

Planning, 247, 105073. https://doi.org/10.1016/j.landurbplan.2024.105073 

16. Parmar, V., & Jana, A. (2024). A review of tools and techniques for audio-visual 

assessment of urbanscape. Discover Cities, 1(1), 29. https://doi.org/10.1007/s44327-

024-00036-0 

17. Pothukuchi, K. (2021). City light or star bright: A review of urban light pollution, 

impacts, and planning implications. Journal of Planning Literature, 36(2), 155–169. 

https://doi.org/10.1177/0885412220986421 

18. Prieto, A., & Pastén, M. (2024). What is your building doing for the city? Systematic 

literature review on the potential of façade design for the mitigation of urban 

environmental problems. Sustainability, 16(17), 7855. 

https://doi.org/10.3390/su16177855 

19. Rezafar, A. (2023). The effect of politics on the formation of urban aesthetics: The 

case of Iran. Cities, 132, 104095. https://doi.org/10.1016/j.cities.2022.104095 

20. Seror, N., & Portnov, B. A. (2018). Identifying areas under potential risk of illegal 

construction and demolition waste dumping using GIS tools. Waste Management, 75, 

22–29. https://doi.org/10.1016/j.wasman.2018.01.027 

21. Sheykhfard, A., Azmoodeh, M., Kutela, B., Das, S., & Fountas, G. (2024). From self-

reports to observations: Unraveling digital billboard influence on drivers. 

Transportation Research Part F: Traffic Psychology and Behaviour, 103, 201–216. 

https://doi.org/10.1016/j.trf.2024.04.010 

22. Yang, Y., Liu, X., Easa, S. M., Huang, L., & Zheng, X. (2024). Impact of roadside 

advertisements near traffic signs on driving safety. Transportation Research Part F: 

Traffic Psychology and Behaviour, 100, 254–272. 

https://doi.org/10.1016/j.trf.2023.10.028 

23. Yue, H. (2025). Investigating streetscape environmental characteristics associated 

with road traffic crashes using street view imagery and computer vision. Accident 

Analysis & Prevention, 210, 107851. https://doi.org/10.1016/j.aap.2024.107851 

 

 


