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Abstract 20 

Background: Wildfire risk perception is a relevant component of household prepared- 21 

ness and protective behavior. However, brief and specific measures of this construct 22 

with psychometric evidence beyond the contexts in which they were originally devel- 23 

oped remain scarce, particularly in Latin America. This study adapted and evaluated the 24 

psychometric properties of the Chilean version of the Householder Bushfire Risk Per- 25 

ception Scale (HBRPS-4). 26 

Methods: A cross-sectional instrumental study was conducted with a probability sam- 27 

ple of 1,600 adults living in six municipalities in south-central Chile exposed to mode- 28 

rate to very high wildfire risk. The adaptation process included linguistic and contextual 29 

review, cognitive interviews, and pilot testing. Dimensionality, item functioning, 30 

measurement precision, measurement invariance, and differential item functioning 31 

(DIF) by sex and area of residence were examined using complementary factor-analytic, 32 

network, and item response theory approaches. 33 

Results: Findings supported an essentially unidimensional structure and adequate relia- 34 

bility (marginal reliability = 0.85; empirical reliability = 0.90). Item response theory 35 

analyses showed generally adequate discrimination and provided evidence on the preci- 36 

sion of the scale across the latent trait continuum, with greater information across the 37 

central range of the latent trait and lower precision toward its upper end. Measurement 38 

invariance analyses supported score comparability by sex and, with greater caution, by 39 
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area of residence. Although statistically significant DIF was detected for some items, its 40 

magnitude was small and did not reach practical relevance. 41 

Conclusions: The Chilean HBRPS-4 showed favorable psychometric evidence suppor- 42 

ting the interpretation of its scores as a brief measure of household wildfire risk percep- 43 

tion. The scale appears suitable for population-based research and group-level analyses 44 

in adults living in wildfire-prone settings. Further research should examine evidence ba- 45 

sed on relations with other variables, temporal stability, and cross-cultural comparabi- 46 

lity. 47 

Keywords: Risk perception; wildfires; psychometrics; item response theory; 48 

measurement invariance; Chile. 49 

 50 

Background 51 

Wildfire risk perception and protective behavior 52 

Wildfires represent a growing risk, especially in areas where climatic and territorial 53 

conditions converge with high human exposure (1, 2). In addition to their ecological and 54 

economic effects, these events can generate psychosocial consequences, including im- 55 

pacts on health, livelihoods, and community organization (3, 4). In this context, un- 56 

derstanding how people interpret risk is relevant to explaining their preparedness and 57 

protective responses. 58 

Risk perception refers to the subjective evaluation of the probability of a threat occu- 59 

rring and the severity of its potential consequences (3, 5). In the case of wildfires, it has 60 
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been linked to prior experiences, proximity to vegetation fuels, and residence in rural 61 

areas (6–8). Higher levels of perceived risk have also been associated with a greater wi- 62 

llingness to adopt preparedness and mitigation measures (7, 8). However, this relations- 63 

hip is not always consistent, and some of this variability may be due to differences in 64 

the conceptualization and measurement of the construct (3, 9). 65 

 66 

Challenges in measuring wildfire risk perception 67 

Although risk perception occupies a relevant place in wildfire research, its measurement 68 

presents conceptual and psychometric limitations. Available measures vary in scope, 69 

time horizon, and components assessed, including the likelihood of occurrence, expec- 70 

ted consequences, and the concern associated with the event. Hall et al. (3) documented 71 

a wide heterogeneity in the indicators used, with frequent use of single questions or ad 72 

hoc measures and little consensus on the conceptualization and measurement of the 73 

construct. 74 

Structured instruments have been developed to assess different psychological responses 75 

to wildfires and other disasters, including the Bushfire Psychological Preparedness 76 

Scale (BPSS) (10), the Disaster Risk Perception Scale (11), and the Disaster Adaptation 77 

and Resilience Scale (DARS) (12). However, these instruments assess different cons- 78 

tructs, such as psychological preparedness, general disaster risk perception, adaptation, 79 
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and resilience. Therefore, they are not specifically designed to provide a brief measure 80 

of household wildfire risk perception.  81 

This conceptual and methodological heterogeneity hinders comparisons between studies 82 

and the accumulation of evidence on the relationship between risk perception, prepared- 83 

ness, mitigation, and wildfire protective behaviors (7, 13). Furthermore, the use of 84 

measures with limited coverage of the construct or insufficient psychometric evidence 85 

can contribute to divergent results and affect the estimation of these relationships (13). 86 

This gap is particularly relevant in Latin America, where evidence on brief and specific 87 

measures of wildfire risk perception remains scarce.  88 

 89 

The Householder Bushfire Risk Perception Scale (HBRPS-4) 90 

To address the limitations in measuring perceived bushfire risk, Hall et al. (3) developed 91 

the Householder Bushfire Risk Perception Scale (HBRPS-4), a brief measure designed 92 

to assess perceived bushfire risk to the household. Its development began with a review 93 

of 26 studies, which identified 60 items corresponding to four domains: overall risk, 94 

probability, consequences, and concern. Through successive stages of selection and ex- 95 

pert evaluation, this set was first reduced to 16 items and then to eight (HBRPS-8). Af- 96 

ter evaluation with 375 Australian residents, the final four-item version (HBRPS-4) was 97 

obtained (3). 98 
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The HBRPS-4 showed a unidimensional structure, high internal consistency (α = .93), 99 

evidence of convergent and discriminant validity, and high temporal stability at six 100 

weeks (r = .95) (3). Based on these results, Hall et al. (3) conceptualized household 101 

wildfire risk perception as a fuzzy concept, in which probability, consequences, and 102 

concern are closely related without constituting clearly differentiated dimensions. This 103 

conceptualization is consistent with a global interpretation of the scale scores. 104 

In addition to its brevity, the HBRPS-4 is distinguished by specifically assessing house- 105 

hold wildfire risk, differentiating it from related constructs such as psychological prepa- 106 

redness and protective behaviors (10). This distinction is relevant because risk percep- 107 

tion can vary depending on the type of threat, prior experiences, and the territorial and 108 

sociocultural conditions in which it is configured (9, 13). 109 

However, the evidence obtained from the Australian population does not allow us to as- 110 

sume that the HBRPS-4 will have the same psychometric properties in other sociocultu- 111 

ral contexts. Its application in new populations requires examining the internal structure, 112 

the functioning of the items, the precision of the scores, and their comparability between 113 

relevant groups. 114 

 115 

Wildfires in the Chilean context 116 

In central Chile, wildfires have been associated with extreme weather events, changes in 117 

land use, and the expansion of inhabited areas into flammable zones (14, 15). In recent 118 
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decades, the country has experienced increasingly widespread and severe fires, with im- 119 

pacts on ecosystems, infrastructure, and human safety (16). During the 2024–2025 120 

season, 6,243 wildfires were recorded, affecting more than 95,000 hectares (17). 121 

In the south-central region, these dynamics converge with the expansion of forest plan- 122 

tations and residential development in traditionally rural areas, favoring the formation of 123 

urban-rural interfaces. In these areas, the proximity of homes, infrastructure, and com- 124 

bustible vegetation increases exposure to fire and can facilitate its spread (18–20). In 125 

Ñuble and Biobío, where the study was conducted, these conditions coexist with rural 126 

and peri-urban communities and accessibility limitations, creating distinct territorial 127 

scenarios in the context of wildfire risk (21, 22). 128 

These territorial conditions and prior fire experiences are relevant to risk perception, in- 129 

fluencing how people interpret the likelihood and potential consequences of the threat. 130 

Studies conducted in Ñuble and Biobío have documented persistent fear, a perception of 131 

isolation, emotional distress, and a decreased sense of security in wildfire-affected com- 132 

munities (19, 23). In this context, evaluating the HBRPS-4 in the population of south- 133 

central Chile allows examination of its functioning in a scenario characterized by recu- 134 

rrent exposure and territorial heterogeneity. 135 

The present study 136 

Based on the available evidence for the HBRPS-4 and the need to examine its functio- 137 

ning in contexts other than the one in which it was developed, this study aimed to adapt 138 
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the scale to the Chilean context and evaluate its psychometric properties in adults resi- 139 

ding in south-central Chile. 140 

Specifically, the study aimed to: a) examine item comprehension and the adequacy of 141 

response categories during the adaptation process; b) evaluate the scale's internal struc- 142 

ture and degree of unidimensionality; c) examine item functioning and score accuracy 143 

along the trait continuum; and d) evaluate score comparability by sex and area of resi- 144 

dence using measurement invariance analysis and differential item functioning (DIF). 145 

Considering the unidimensional structure and high internal consistency reported by Hall 146 

et al. (3), the study expected to find evidence consistent with an essentially unidimen- 147 

sional structure and adequate levels of reliability. Furthermore, the study expanded upon 148 

the original psychometric assessment by incorporating analyses of item functioning,  149 

measurement precision across the latent trait continuum, and comparability between 150 

groups. Taken together, these analyses allow for a more comprehensive examination of 151 

the conditions underpinning the interpretation of HBRPS-4 scores in the Chilean popu- 152 

lation. 153 

 154 

Methods 155 

Study design and participants 156 

A cross-sectional instrumental study was conducted to evaluate the psychometric pro- 157 

perties of the Chilean version of the HBRPS-4. The study was carried out in six 158 
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municipalities in south-central Chile: Florida, Hualqui, and Santa Juana in the Biobío 159 

Region, and Ninhue, Portezuelo, and Ránquil in the Ñuble Region. The municipalities 160 

were selected based on the Forest Plantation Fire Risk Index from the Climate Risk 161 

Atlas for Chile (ARCLIM), with levels ranging from moderate to very high (24) (Figure 162 

1). 163 

 164 

Figure 1. Study area and fire risk index levels of the municipalities included in the Chi- 165 

lean validation of the HBRPS-4. 166 

 167 

Note. Prepared by the authors based on the Climate Risk Atlas for Chile (ARCLIM) 168 

(24) and the census cartography of the 2017 Population and Housing Census of the Na- 169 

tional Institute of Statistics of Chile (INE). 170 
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A three-stage probability sampling design was used. The sampling frame was con- 171 

structed from cartographic information from the 2017 Population and Housing Census, 172 

supplemented by digital registration of the selected localities. In the first stage, localities 173 

were randomly selected within the urban and rural areas of each municipality; in the 174 

second, dwellings were selected within each locality; and in the third, one resident aged 175 

18 years or older was selected from each household using the Kish grid. 176 

The analytical sample consisted of 1,600 adults: 300 residents of Florida, 250 of Hual- 177 

qui, 250 of Santa Juana, 250 of Ninhue, 250 of Portezuelo, and 300 of Ránquil. Data 178 

were collected through computer-assisted personal interviewing (CAPI) conducted in 179 

participants’ homes. The survey was conducted between March 6 and April 23, 2026, 180 

with a final response rate of 94%. 181 

The sociodemographic characteristics of the sample are presented in Table 1. No data 182 

were missing for any of the four items of the HBRPS-4. 183 

The study was conducted in accordance with applicable national and international ethi- 184 

cal standards and was approved by the Scientific Ethics Committee of the Universidad 185 

del Bío-Bío (Scientific Ethics Report No. A009/2025, April 22, 2025), in accordance 186 

with Chilean Law No. 20,120 and its implementing regulations. All participants pro- 187 

vided written informed consent before participating in the study. 188 

 189 

 190 
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Table 1. Sociodemographic characteristics of the analytical sample (N = 1600). 

Variable Category n % 

Sex Male 523 32.7 

 Female 1077 67.3 

Region Biobío 800 50.0 

 Ñuble 800 50.0 

Area of Residence Urban 1000 62.5 

 Rural 600 37.5 

Socioeconomic level C1–C2 37 2.3 

 C3 1061 66.3 

 D–E 502 31.4 
Note: The area of residence was classified according to the urban-rural definition of the 
National Institute of Statistics of Chile. Socioeconomic level was estimated using the 
ESOMAR classification adapted for Chile. 

 191 

Instrument adaptation and evidence based on response processes 192 

The adaptation of the HBRPS-4 followed recommendations for the contextual adapta- 193 

tion of instruments and the collection of evidence based on response processes (25, 26). 194 

Initially, the research team reviewed the items, considering their conceptual equiva- 195 

lence, semantic clarity, cultural relevance, and appropriateness for the target population 196 

among adults residing in areas exposed to wildfires. 197 

Subsequently, cognitive interviews were conducted with 12 community leaders from the 198 

Ñuble region, selected for their knowledge of the local context and ensuring balanced 199 

representation by sex, between October 13 and 15, 2025. Think-aloud and verbal pro- 200 

bing techniques (27) were used to examine the comprehension and interpretation of the 201 

items, the response process, and the appropriateness of the response categories. 202 
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The cognitive interviews identified difficulties in distinguishing between some of the 203 

extreme response categories of the original seven-option format. Consequently, the for- 204 

mat was reduced to five ordinal categories, without modifying the content of the four 205 

items. 206 

The revised version was subsequently evaluated through a pilot study conducted in the 207 

municipality of Ninhue between November 27 and 30, 2025. Sixty adults aged 18 years 208 

or older participated and were selected using a probability sampling design. The pilot 209 

assessed the feasibility of application, the instructions, the support materials, the admi- 210 

nistration protocol, and response times. The questionnaire was administered via com- 211 

puter-assisted personal interviewing (CAPI), with an average duration of 27 minutes 212 

and a response rate of 92%. No difficulties in comprehension or response were identi- 213 

fied in the four items of the HBRPS-4. 214 

Based on these stages, the version used in the main study was established, with four 215 

items and five ordinal response categories. 216 

 217 

Instrument: Chilean version of the HBRPS-4 218 

The HBRPS-4 is a four-item scale developed by Hall et al. (3) to assess household wild- 219 

fire risk perception. The Chilean version retained the four items of the original instru- 220 

ment and used five ordinal response categories, established during the adaptation pro- 221 

cess described above. 222 
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Responses were coded from 1 to 5, with higher scores indicating higher perceived wild- 223 

fire risk to the household. The wording of the items, the content assessed, and the res- 224 

ponse categories used in the study are presented in Table 2. 225 

 226 

Table 2. Items and response categories of the Chilean version of the HBRPS-4 

Code Item 
Evaluated 

Content 
Response categories 

RP1 

What do you think will be the level of 
wildfire risk to your home in the upco-
ming fire season (hot season)? 

Perceived risk 
level for the 
household 

1 = Insignificant; 2 = Minor; 3 
= Moderate; 4 = Major; 5 = Ca-
tastrophic 

RP2 

What do you think is the likelihood 
that your home will be threatened by a 
forest fire? 

Perceived pos-
sibility of 
threat 

1 = Insignificant; 2 = Minor; 3 
= Moderate; 4 = Major; 5 = Ca-
tastrophic 

RP3 

If there were a forest fire near your 
home, how dangerous could it be to 
you and your household members? 

Perceived dan-
ger 

1 = Not dangerous at all; 2 = 
Low danger; 3 = Moderately 
dangerous; 4 = Mostly dange-
rous; 5 = Very dangerous 

RP4 
How often do you think about the 
threat of a forest fire to your home? 

Frequency of 
thinking about 
the threat 

1 = Never; 2 = Almost never; 3 
= Occasionally; 4 = Almost 
every day; 5 = Every day 

Note: The items correspond to the formulation used in the study. Response categories were coded from 
1 to 5, with higher scores indicating a greater perception of the risk of wildfires in the home. 
 

 

Analytical strategy 227 

The analyses were performed in R, version 4.4.1 (28). Initially, the distribution of res- 228 

ponses for each item was examined using category plots created with the ggstats pa- 229 

ckage (29). Due to the ordinal nature of the responses, associations between items were 230 

estimated using polychoric correlations (30). 231 

Dimensionality was examined using complementary procedures. First, a parallel 232 

analysis was performed on the polychoric correlation matrix using the psych package 233 

(31). Subsequently, exploratory graph analysis (EGA) was conducted using the 234 

walktrap algorithm on a regularized network with the graphical least absolute shrinkage 235 
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and selection operator (glasso) (32). The combination of factorial and network approa- 236 

ches allowed for the examination of dimensionality from complementary analytical 237 

perspectives (33). As further evidence of essential unidimensionality, a bifactor model 238 

with two group factors was estimated using the Schmid-Leiman transformation on the 239 

polychoric correlation matrix. From this model, the explained common variance (ECV), 240 

the percentage of uncontaminated correlations (PUC), hierarchical omega (ωH), and to- 241 

tal omega (ωT) were obtained. A unidimensional confirmatory factor model for ordered 242 

categorical variables was also estimated using weighted least squares mean and variance 243 

adjusted (WLSMV), from which standardized factor loadings and their confidence in- 244 

tervals were obtained. The construct replicability index (34) was calculated using the 245 

IRTools package (35). Due to the small number of items, the indices derived from the 246 

bifactor model were interpreted only as supplementary evidence of the predominance of 247 

a general factor. 248 

Following the dimensionality assessment, the items were calibrated using item response 249 

theory (IRT) with the mirt package (36). A graded response model (GRM) (37), appro- 250 

priate for items with ordinal categories, was fitted. Discrimination parameters (a) and 251 

thresholds (b) were estimated using marginal maximum likelihood, along with their 252 

standard errors derived from the information matrix. 253 

Overall GRM fit was assessed using the limited-information M₂ statistic, together with 254 

RMSEA, CFI, TLI, and SRMSR. CFI and TLI values ≥ 0.95 and SRMSR values ≤ 0.08 255 
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were considered indicative of a good fit (38). Since RMSEA and TLI can exhibit unfa- 256 

vorable behavior in models with few degrees of freedom, these indices were interpreted 257 

in conjunction with the other fit indicators. 258 

Given the sensitivity of chi-square statistics to sample size, item fit was evaluated using 259 

the generalized S-X² statistic for polytomous items, together with its associated RMSEA 260 

and inspection of the item characteristic curves. Local independence was assessed using 261 

Yen's Q₃ residuals (40), following the relative criterion proposed by Christensen et al. 262 

(41).  263 

At the scale level, measurement precision was assessed using marginal reliability, em- 264 

pirical reliability, conditional reliability, and the test information function across the la- 265 

tent trait continuum. As a sensitivity analysis, the GRM was re-estimated excluding the 266 

item with the lowest discrimination, and the marginal reliability and test information 267 

function were compared with those obtained in the main four-item model. 268 

Finally, group comparability was examined through measurement invariance and DIF 269 

analyses by sex and area of residence. Invariance was assessed using multigroup con- 270 

firmatory factor analysis with WLSMV, theta parameterization, and category identifica- 271 

tion according to the procedure of Wu and Estabrook (42), using the lavaan (43) and 272 

semTools (44) packages. Configural, threshold, metric, scalar, and strict models were 273 

evaluated sequentially. Invariance was considered supported when the changes between 274 

nested models met the criteria |ΔCFI| ≤ 0.010 and |ΔRMSEA| ≤ 0.015 (45). 275 
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Due to empty or sparsely populated cells in some subgroups, categories 1 and 2 were 276 

collapsed before the multigroup analyses. Category 1 had no responses in the rural area 277 

for RP2 or RP3 and only one response among men for RP2. Therefore, invariance was 278 

assessed on a four-category representation, not on the five categories used in the GRM. 279 

Differential item functioning (DIF) was assessed using ordinal logistic regression with 280 

the lordif package (46), using sex and area of residence as grouping variables. DIF de- 281 

tection was based on the chi-square statistic, and its magnitude was assessed by the 282 

change in McFadden's pseudo-R². DIF was considered practically relevant when 283 

Δpseudo-R² ≥ 0.02 (47). 284 

 285 

Results 286 

Distribution of responses 287 

The distribution of responses to the HBRPS-4 items is shown in Figure 2. For items 288 

RP1–RP3, between 59.6% and 66.3% of responses were concentrated in the two highest 289 

response categories. In contrast, RP4 showed a different pattern, with a higher concen- 290 

tration in the middle category (53.5%) and a low frequency of responses in the highest 291 

category (3.8%). All response categories were used, with no empty categories observed. 292 
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 293 

Figure 2.  Distribution of response categories for HBRPS-4 items. Percentages corres- 294 

pond to the relative frequency of responses in each category. Higher values indicate 295 

higher perceived wildfire risk. 296 

 297 

Evidence based on internal structure 298 

Parallel analysis supported the retention of one factor, and exploratory graph analysis 299 

identified a single community comprising all four HBRPS-4 items (Figure 3). Comple- 300 

mentary indices supported an essentially unidimensional structure: ECV = 0.80, PUC = 301 

0.67, ωH = 0.76, ωT = 0.88, and H = 0.95. The unidimensional model estimated with 302 

WLSMV achieved adequate incremental indices, χ²(2) = 70.86, p < 0.001, CFI = 0.996, 303 

TLI = 0.988, and SRMR = 0.035; RMSEA was high (0.147, 90% CI [0.119, 0.177]), 304 

which was interpreted cautiously given the small number of degrees of freedom. Stan- 305 

dardized factor loadings were high for RP1 (λ = 0.867, 95% CI [0.852, 0.882]), RP2 (λ 306 

= 0.966, 95% CI [0.955, 0.978]), and RP3 (λ = 0.786, 95% CI [0.766, 0.807]), while 307 

RP4 had the lowest (λ = 0.381, 95% CI [0.339, 0.423]). The upper bound of the interval 308 
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for RP2 did not reach unity, so the solution did not include improper estimates. Overall, 309 

these results supported the subsequent fitting of a one-dimensional GRM. 310 

 311 

 312 

Figure 3. Structure estimated using exploratory graph analysis of the HBRPS-4. Nodes 313 

represent items and edges represent their regularized partial associations. The commu- 314 

nity estimated using EGA included all four items. 315 

 316 

 317 

Item functioning 318 

The overall fit of the graded response model is summarized in Table 3. Fit indices were 319 

M₂(2) = 54.07, p < 0.001, CFI = 0.981, TLI = 0.943, SRMSR = 0.042, and RMSEA = 320 

0.128, 90% CI [0.100, 0.158]. The TLI fell slightly below the prespecified criterion and 321 

the RMSEA exceeded the conventional threshold; given the very small number of de- 322 

grees of freedom, these indices were interpreted alongside the CFI and SRMSR, which 323 

met the prespecified criteria. RP2 showed the highest discrimination parameter (a = 324 
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16.192), followed by RP1 (a = 3.330) and RP3 (a = 2.343), while RP4 showed the 325 

lowest value (a = 0.705), indicating a lower capacity to discriminate between different 326 

levels of the latent trait. However, the RP2 estimate was markedly imprecise: its stan- 327 

dard error reached 5.528, with a coefficient of variation of 34.1% and a 95% confidence 328 

interval between 5.36 and 27.03, compared to coefficients of variation of 4.4%, 4.5%, 329 

and 8.2% for RP1, RP3, and RP4. Therefore, the point estimate for RP2 indicates very 330 

high discrimination but substantial estimation uncertainty and should not be directly 331 

compared with those of the other items. The thresholds were ordered across the four 332 

items; in RP4, the extremes were located outside the practical range of the latent trait (b₁ 333 

= −6.234 and b₄ = 4.898), indicating that transitions involving the extreme response cat- 334 

egories occurred at very low or very high levels of the latent trait. 335 

 336 

Table 3. Parameters of the graded response model for HBRPS-4 items. 
Item a SE (a) b1 b2 b3 b4 

RP1 (P1.1) 3.330 0.146 -2.886 -1.314 -0.299 1.090 
RP2 (P1.2) 16.192 5.528 -2.778 -1.190 -0.213 1.103 
RP3 (P1.3) 2.343 0.106 -3.024 -1.687 -0.482 0.864 
RP4 (P1.4) 0.705 0.058 -6.234 -2.552 1.300 4.898 

Note. a = discrimination parameter; SE (a) = standard error of the discrimination pa-
rameter; b₁ to b₄ = thresholds of the response categories. The parameters were estima-
ted using marginal maximum likelihood. The standard error of RP2 implies a coeffi-
cient of variation of 34.1%, so its discrimination parameter should be interpreted as 
an imprecise estimate. 

 

The item characteristic curves showed greater separation between the response probabi- 337 

lities of the categories in RP2 and greater overlap in RP4 (Figure 4). The RMSEA va- 338 

lues derived from the S-X² statistic ranged from 0.041 to 0.086 (Table 4). No evidence 339 
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of local dependence was observed. The Q₃ residuals of the six pairs ranged from −0.571 340 

(RP1 and RP2) to 0.139 (RP3 and RP4), with a mean of −0.183, close to the expected 341 

value of −0.333 for a four-item scale, and the relative criterion of Christensen et al. (41) 342 

placed the cutoff point at Q₃* = 0.322, which no pair exceeded. 343 

Table 4. Individual fit of the HBRPS-4 items 

Item S-X2 df RMSEA p 

RP1 (P1.1) 166.097 13 0.086 < 0.001 
RP2 (P1.2) 32.769 8 0.044 < 0.001 
RP3 (P1.3) 54.965 15 0.041 < 0.001 
RP4 (P1.4) 118.729 23 0.051 < 0.001 

Note. df = degrees of freedom. Individual fit was assessed using the S-X² statistic and 
its associated RMSEA; the chi-square statistic was significant for all four items, an 
expected result with N = 1,600, so the interpretation relied on the RMSEA. Local in-
dependence was assessed using the Q₃ residuals of the six pairs of items, which ran-
ged from −0.571 to 0.139, with a relative cutoff point of Q₃* = 0.322 that no pair ex-
ceeded (41). 

 344 

Figure 4. Characteristic curves of the items of the Chilean version of the HBRPS-4. 345 

The curves represent the probability of selecting each response category as a function of 346 

the level of the latent trait, θ. Each line corresponds to a response category of the item. 347 

 348 

 349 
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Measurement precision 350 

The HBRPS-4 showed a marginal reliability of 0.850 and an empirical reliability of 351 

0.900 (Table 5). Conditional reliability exceeded 0.80 in 71.6% of the interval between 352 

θ = −3.17 and θ = 1.43. Conditional reliability showed a multimodal pattern, with peaks 353 

up to 0.986 and intermediate lows of 0.737, 0.811, and 0.758, indicating that measure- 354 

ment precision was not uniform across this range. The test information function indica- 355 

ted greater measurement precision across the central range of the latent trait, approxima- 356 

tely between θ = −2 and θ = 2, reaching its maximum around θ = 0 and decreasing to- 357 

ward the upper end of the continuum (Figure 5). 358 

 359 

Table 5. Measurement precision of the Chilean version of the Householder Bushfire 
Risk Perception Scale (HBRPS-4). 

Measurement Total Males Females Urban Rural 

Marginal reliability 0.850 — — — — 

Empirical reliability 0.900 0.896 0.905 0.882 0.899 
Note: Marginal reliability applies to the total sample. Empirical reliability was estima-
ted using the graded response model for the total sample and by subgroup. Higher val-
ues indicate greater average precision of the latent trait estimates.  
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 360 

Figure 5. Item and test information functions and standard error of measurement of the 361 

HBRPS-4. 362 

 363 

As a sensitivity analysis, the effect of excluding RP4 was examined. Compared with the 364 

four-item model, excluding RP4 resulted in lower marginal reliability and reduced test 365 

information at all three examined levels of θ, with the largest difference at θ = 0 (Table 366 

6).  367 

 368 

Table 6. Sensitivity analysis after the exclusion of item RP4 in the Chilean version of 
the Householder Bushfire Risk Perception Scale (HBRPS-4). 

Model Marginal reliability I(θ = −2) I(θ = 0) I(θ = 2) 
With RP4 (4 items) 0.850 2.899 11.631 0.959 
Without RP4 (3 items) 0.834 2.757 8.261 0.823 

Note. I(θ) = test information at the indicated level of the latent trait. Marginal reliability 
and test information are compared at θ = −2, θ = 0 and θ = 2 for the full model and the 
model without RP4. 

 369 

 370 
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Measurement invariance and differential item functioning 371 

The multigroup measurement invariance analyses supported strict invariance of the 372 

HBRPS-4 across sex (Table 7). Changes in the fit indices between the configural, thres- 373 

hold, metric, scalar, and strict models remained within the established criteria. It should 374 

be noted that the configural model exhibited a high RMSEA (0.152), attributable to the 375 

small number of degrees of freedom; therefore, the sequence was interpreted based on 376 

incremental changes in the CFI and RMSEA (45) rather than absolute indices.   377 

 378 

Table 7. Multigroup factorial invariance of the Chilean version of the Householder 
Bushfire Risk Perception Scale (HBRPS-4) according to sex. 

Model CFI TLI RMSEA SRMR ΔCFI ΔRMSEA ΔSRMR 

Configural 0.995 0.986 0.152 0.039 - - - 
Thresholds 0.997 0.995 0.088 0.039 0.002 -0.064 0.000 
Metric 0.997 0.997 0.074 0.044 0.000 -0.014 0.005 
Scalar 0.996 0.997 0.073 0.043 -0.001 -0.001 -0.001 
Strict 0.995 0.997 0.071 0.049 -0.001 -0.002 0.006 

Note. The fit indices for the configural, threshold, metric, scalar, and strict models are presented. 
ΔCFI, ΔRMSEA, and ΔSRMR correspond to the changes in fit indices between nested models. Inva-
riance was assessed using the criteria |ΔCFI| ≤ 0.010 and |ΔRMSEA| ≤ 0.015 (45); ΔSRMR is reported 
for descriptive purposes. 

 

For area of residence, the results were also compatible with strict invariance (Table 8), 379 

with maximum changes of ΔCFI = −0.008 and ΔRMSEA = 0.011. However, ΔSRMR 380 

reached 0.038 at the metric step and 0.031 at the strict step, and the configural model 381 

showed an RMSEA of 0.217. Thus, measurement invariance by area of residence was 382 

supported according to Chen’s incremental criteria (45), but not under a joint criterion 383 

incorporating ΔSRMR, and should therefore be interpreted with caution. 384 

 385 
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Table 8. Multigroup factorial invariance of the Chilean version of the Householder 
Bushfire Risk Perception Scale (HBRPS-4) according to area of residence. 

Model CFI TLI RMSEA SRMR ΔCFI ΔRMSEA ΔSRMR 

Configural 0.991 0.974 0.217 0.043 - - - 
Thresholds 0.990 0.984 0.169 0.043 -0.001 -0.048 0.000 
Metric 0.984 0.982 0.179 0.081 -0.006 0.010 0.038 
Scalar 0.983 0.985 0.164 0.081 -0.001 -0.015 0.000 
Strict 0.975 0.983 0.175 0.112 -0.008 0.011 0.031 

Note. The fit indices for the configural, threshold, metric, scalar, and strict models are presented. ΔCFI, 
ΔRMSEA, and ΔSRMR correspond to the changes in fit indices between nested models. Invariance 
was assessed using the criteria |ΔCFI| ≤ 0.010 and |ΔRMSEA| ≤ 0.015 (45); ΔSRMR is reported for 
descriptive purposes. 

 

DIF analyses detected statistically significant effects for RP4 by sex (p < 0.001) and for 386 

RP3 and RP4 by area of residence (p < 0.001 in both cases) (Table 9). However, none 387 

of these effects reached the prespecified threshold for practical relevance, as McFad- 388 

den’s pseudo-R² values were below 0.02 in all cases. 389 

 390 

Table 9. Differential Item Functioning (DIF) Analysis of the Chilean version of the 
Householder Bushfire Risk Perception Scale (HBRPS-4). 

Item Group 
Uniform 

Δpseudo-R² 

Non-uniform 

Δpseudo-R² 

Total 

Δpseudo-R² 
p (χ²) Statistical DIF 

RP1 Sex 0.0001 0.0004 0.0005 0.396 No 
RP2 Sex 0.0000 0.0000 0.0000 1.000 No 
RP3 Sex 0.0000 0.0001 0.0001 0.853 No 
RP4 Sex 0.0032 0.0016 0.0048 < 0.001 Yes 
RP1 Area of Residence 0.0001 0.0000 0.0001 0.742 No 
RP2 Area of Residence 0.0000 0.0000 0.0000 1.000 No 
RP3 Area of Residence 0.0039 0.0067 0.0106 < 0.001 Yes 
RP4 Area of Residence 0.0018 0.0125 0.0143 < 0.001 Yes 

Note. Differential item functioning (DIF) was assessed using ordinal logistic regression. The p (χ²) co-
lumn reports the p-value of the likelihood ratio test comparing the model without DIF to the model with 
uniform and non-uniform DIF, and the DIF statistic column summarizes the result. The magnitude of DIF 
was estimated by the change in McFadden's pseudo-R² (Δpseudo-R²). DIF was considered to have practi-
cal relevance when Δpseudo-R² ≥ 0.02 (47). No item met this criterion, either by sex or by area of resi-
dence. 
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Discussion 391 

The findings provide favorable evidence for interpreting the scores of the Chilean version 392 

of the Householder Bushfire Risk Perception Scale (HBRPS-4) as a brief measure of 393 

household wildfire risk perception. Taken together, the results support its use among 394 

adults living in wildfire-prone areas of south-central Chile. The study expands upon the 395 

original psychometric evaluation by incorporating evidence on item functioning through 396 

item response theory, measurement precision across the latent trait continuum, and 397 

comparability of the measure by sex and area of residence. 398 

The adaptation process showed that retaining the original items does not guarantee that 399 

the response format will function equivalently in a new context. Cognitive interviews 400 

identified difficulties between some extreme categories of the original seven-option for- 401 

mat, which justified its reduction to five ordinal categories. This adjustment was made 402 

without modifying the content of the four items and did not generate comprehension or 403 

response difficulties during the pilot study. In this regard, the incorporation of cognitive 404 

interviews and pilot tests provided relevant evidence based on response processes and 405 

was consistent with recommendations for the adaptation and evaluation of psychometric 406 

instruments (25–27). 407 

The essentially unidimensional structure observed in the Chilean sample is consistent 408 

with the solution reported for the original version of the HBRPS-4 (3). In the present 409 

study, parallel analysis, exploratory graph analysis, and complementary indicators con- 410 

verged on the identification of a predominant general factor, supporting the interpreta- 411 

tion of a global score for household wildfire risk perception. The convergence between 412 
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factorial and network approaches strengthens this interpretation by reducing dependence 413 

on a single analytical technique (32, 33). 414 

This unidimensionality does not imply that the four items are interchangeable or that 415 

they represent exactly the same content. Rather, it indicates that the perceived level of 416 

risk to the home, the likelihood of a threat, the danger of a nearby fire, and the fre- 417 

quency of thinking about that threat all contribute to a common overall dimension. This 418 

interpretation is consistent with Hall et al.'s original conceptualization (3) of a fuzzy 419 

concept, in which related components are integrated without constituting clearly differ- 420 

entiated dimensions. 421 

However, the structural similarity between the Chilean and Australian versions does not 422 

imply cross-cultural equivalence. Risk perception can vary according to norms, values, 423 

prior experiences, and sociocultural characteristics, so comparability between countries 424 

must be assessed directly through cross-cultural designs and measurement invariance 425 

analyses (48, 49). Consequently, these results should be interpreted as evidence of struc- 426 

tural similarity with the solution reported in the original study, and not as proof of 427 

equivalence between cultural contexts.  428 

Although the HBRPS-4 showed an essentially unidimensional structure, the items dif- 429 

fered in their relationship to the latent trait and in their discriminative capacity. RP2 pre- 430 

sented the highest factor loading and the highest discrimination parameter, while RP4 431 

showed the lowest values in both indicators. These differences do not contradict 432 
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essential unidimensionality, but rather reflect differences in the strength of the items’ re- 433 

lationships with and discrimination along the same latent dimension (50).  434 

RP2 showed a particularly high discrimination parameter, although its estimation was 435 

markedly imprecise. The large standard error and wide confidence interval indicate that 436 

the point estimate should be interpreted with caution and should not be directly com- 437 

pared with those of the other items. RP2 and RP1 assess closely related content—likeli- 438 

hood of threat and level of risk to the household—and share the same response catego- 439 

ries, characteristics that could contribute to the observed pattern. This explanation is 440 

tentative and requires examination in future applications. Furthermore, the local depend- 441 

ence analyses showed no evidence of relevant residual dependence between the two 442 

items.  443 

RP4 showed a different pattern, characterized by lower discrimination, greater overlap 444 

between categories, and extreme thresholds. The frequency with which a person thinks 445 

about the threat of a wildfire does not necessarily correspond to a direct estimate of the 446 

likelihood of the threat or the danger posed by the event. In this sense, RP4 could incor- 447 

porate a component of cognitive salience of the threat, potentially sensitive to prior ex- 448 

perience, perceived proximity, and available information (9, 13). Likewise, the literature 449 

shows that wildfire risk perception can be shaped by territorial experiences, meanings 450 

attributed to the landscape, and memories associated with fire (51, 52). Since these 451 
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factors were not directly assessed in the present study, this interpretation should be con- 452 

sidered hypothetical. 453 

Despite its lower discrimination and the presence of extreme thresholds, the results do 454 

not necessarily support the removal of RP4. The sensitivity analysis showed that its ex- 455 

clusion slightly reduced marginal reliability and decreased test information at different 456 

levels of the latent trait. In this sense, RP4 provides additional information for measure- 457 

ment, although less efficiently than the other items. Considering that it also assesses dis- 458 

tinct content—the frequency of thinking about the threat—its retention is reasonable in 459 

the Chilean version of the HBRPS-4. However, its functioning should continue to be ex- 460 

amined in future applications, particularly in samples with different levels of exposure 461 

to and experience with wildfires. 462 

Regarding measurement precision, the HBRPS-4 showed adequate levels of marginal 463 

and empirical reliability. However, measurement precision was not uniform across the 464 

latent trait continuum, as expected in IRT-based measurement, where precision depends 465 

on the amount of information provided at different levels of the latent trait (53). Test in- 466 

formation was concentrated mainly across the central range of the latent trait and de- 467 

creased toward its upper end. 468 

This pattern of measurement precision has implications for the potential uses of the 469 

scale. Its four-item format facilitates brief administration and its incorporation into pop- 470 

ulation studies or protocols that simultaneously assess multiple constructs. However, 471 
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lower measurement precision in some regions of the latent trait continuum requires cau- 472 

tion when precise individual-level estimates are needed. Consequently, the HBRPS-4 473 

appears particularly suitable for research and group-level analyses, while its use for in- 474 

dividual decision-making would require additional evidence. 475 

The invariance analyses provided favorable evidence across sex. Changes in CFI and 476 

RMSEA remained within the established criteria across the evaluated levels of invari- 477 

ance, while the DIF detected for RP4 was of small magnitude and did not reach the es- 478 

tablished criterion for practical relevance. Overall, no practically meaningful differential 479 

item functioning was observed that would compromise score comparability between 480 

men and women (45, 49). 481 

Evidence of invariance by area of residence was less consistent. Although changes in 482 

CFI and RMSEA remained within the established incremental criteria, some absolute fit 483 

indices and changes in SRMR showed a less favorable pattern. Similarly, DIF analyses 484 

identified statistically significant effects for RP3 and RP4, although neither reached the 485 

established criterion for practical relevance. Overall, the results provide favorable evi- 486 

dence of comparability based on the incremental criteria, but comparability by area of 487 

residence should be interpreted with caution given the less consistent pattern observed 488 

for other fit indices. 489 

It should also be considered that the invariance analyses were performed after collaps- 490 

ing the two lowest response categories due to empty or sparsely populated cells in some 491 
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subgroups. Consequently, the evidence obtained corresponds to a four-category repre- 492 

sentation and does not directly apply to the five-category format used in the graded re- 493 

sponse model. This limits the scope of conclusions regarding group comparability and 494 

should be examined in new samples that allow the full category structure to be evalu- 495 

ated without collapsing categories. 496 

The practical utility of the HBRPS-4 should be interpreted considering that risk percep- 497 

tion constitutes a relevant, but not sufficient, component of preparedness for wildfires, 498 

which also depends on broader psychological, social, and contextual processes (54).  499 

Its usefulness lies, rather, in its integration into broader assessments that incorporate 500 

other psychological, social, and contextual variables related to preparedness and protec- 501 

tive behavior. In this sense, the scale can contribute to identifying profiles or groups 502 

with different levels of perceived risk and to examining their relationship with other rel- 503 

evant variables, without purporting to provide a comprehensive assessment of prepared- 504 

ness or protective behavior. 505 

From this perspective, the HBRPS-4 can be integrated into broader models that jointly 506 

examine risk perception, psychological preparedness, coping, and community resilience 507 

(55). These constructs are conceptually related but not equivalent, and their joint assess- 508 

ment can contribute to a more comprehensive understanding of the psychological and 509 

community processes involved in wildfire risk. In this framework, the HBRPS-4 510 
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provides a specific measure of household wildfire risk perception, without purporting to 511 

provide a comprehensive measure of these broader constructs. 512 

This study has several limitations. First, although the probability sampling design 513 

strengthens the representativeness of the sample in the selected territories, the study was 514 

conducted in six municipalities in south-central Chile, which limits the generalizability 515 

of the findings to other geographic and sociocultural contexts. Second, the cross-sec- 516 

tional design does not allow the temporal stability of the scores to be assessed. Third, 517 

although the study incorporated evidence based on response processes, internal struc- 518 

ture, item functioning, measurement precision, and group comparability, other sources 519 

of validity evidence, particularly those based on relationships with external variables, 520 

should be examined in future studies. 521 

In addition, the reduction from seven to five response categories was based on evidence 522 

obtained from cognitive interviews and the pilot study conducted in the Chilean context. 523 

Although this adaptation improved the distinguishability of the response categories, it 524 

implies that the Chilean version does not reproduce the original response format ex- 525 

actly. Future studies should therefore examine whether the five-category structure per- 526 

forms similarly in other populations and cultural contexts. 527 

The measurement invariance results should also be interpreted considering that the two 528 

lowest response categories had to be collapsed because of empty or sparsely populated 529 

cells in some subgroups. Therefore, the invariance analyses were based on a four- 530 
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category representation rather than the five-category format used in the main psycho- 531 

metric analyses. Future studies with larger and more heterogeneous samples should 532 

evaluate measurement invariance while retaining the complete response-category struc- 533 

ture. 534 

Despite these limitations, the convergence of evidence based on response processes, in- 535 

ternal structure, item functioning, measurement precision, and group comparability pro- 536 

vides favorable support for the Chilean version of the HBRPS-4. The results indicate 537 

that the scale can be used as a brief measure of household wildfire risk perception in 538 

population-based and group-level research, while further evidence is needed to support 539 

its use for individual-level assessment and in other cultural contexts. 540 

 541 

Conclusions 542 

The Chilean version of the HBRPS-4 showed favorable psychometric evidence support- 543 

ing its use as a brief measure of household wildfire risk perception among adults living 544 

in south-central Chile. Evidence based on response processes, internal structure, item 545 

functioning, and measurement precision supported an essentially unidimensional inter- 546 

pretation of the scale and adequate reliability, with greater measurement precision 547 

across the central range of the latent trait and lower precision toward its upper end. 548 

The results also provided favorable evidence of score comparability across sex and, 549 

with greater caution, across areas of residence. Although statistically significant DIF 550 
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was detected for some items, none of these effects reached the established criterion for 551 

practical relevance. These findings support the use of the HBRPS-4 as a brief measure 552 

for population-based and group-level research on household wildfire risk perception.  553 

Further research should examine additional sources of validity evidence, the temporal 554 

stability of scores, and the performance of the scale in other sociocultural and wildfire- 555 

risk contexts. Cross-cultural studies are also needed to determine whether the HBRPS-4 556 

retains comparable measurement properties across different cultural settings. 557 
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