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ABSTRACT
Objective: Risk perceptions are key constructs in some theories of
health behavior. A tripartite model of risk perception, the TRIRISK
model, was developed to assess deliberative, affective, and
experiential components of risk perception. The current paper
attempts to replicate the factor structure of the TRIRISK measure
for cancer and extend the structure to respiratory illness.
Methods and Measures: Participants 18 or older were recruited
using an address-based sample in New York State to participate
in a Web-based survey. We employed the TRIRISK questionnaire
with respect to cancer and respiratory illness. Confirmatory Factor
Analyses were conducted in Mplus to validate the TRIRISK model
in our sample. TRIRISK model fit across demographic and
behavioral groups was tested using multiple-group models.
Results:Of the 704 people included in the analysis, the mean age of
participants was 46.9, the majority reported being female (58.5%),
and most were White (81.7%). For cancer and respiratory illness,
items loaded on the respective constructs as expected. Overall,
the TRIRISK model framework fits well across differing subgroups,
suggesting that this is a valid model of risk perception to use in a
general population sample.
Conclusion: These results provide further evidence that the TRIRISK
model is a good model to use for risk perceptions in tobacco
control research. The TRIRISK model can be used to communicate
risk to encourage positive health behaviors among most
sociodemographic groups.
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Introduction

Risk perceptions are key constructs in theories of health behavior wherein individuals
make choices by weighing out the risks of consequences with benefits of the action
(Ferrer & Klein, 2015). Theory-guided health behavior change interventions and
health communications often target risk perceptions with the ultimate goal of changing
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health behaviors (Ferrer & Klein, 2015). Risk perception has been found to be a multi-
dimensional construct, and while this dimensional structure may be similar across
hazards, dimensions of risk could be held at different levels of importance (Wilson
et al., 2019). Thus, a multidimensional measure of risk perception may be able to
better predict self-protective behavior and decision-making (Wilson et al., 2019). Study-
ing risk perception models can help to advance our understanding of risk perception and
how it can be used to influence and target individuals.

Traditionally, risk perception measures focused primarily on cognitive evaluation of risk,
thoughmore recentmodels of risk perception and decision-making have focused on 1) delib-
erative and 2) affective or experiential components (Ferrer &Klein, 2015). These evolve from
dual-systems theories of decisionmaking, which distinguish deliberative from heuristic pro-
cesses (Chaiken & Trope, 1999; Gerrard et al., 2008; Portnoy et al., 2014; Slovic et al., 2004).
Deliberative risk perceptions are systematic, logical, and rule-based (Ferrer & Klein, 2015),
whereas affective risk perceptions refer to the emotional response associated with risk.
Worry or anxiety about a threat is considered to be an affective response (Ferrer & Klein,
2015). Experiential risk perceptions refer to heuristics (rapid judgments)made by integrating
deliberative and affective information (Ferrer & Klein, 2015). Ferrer et al. found that the cor-
relation between the deliberative and experiential factors was high, but discriminant validity
was not necessarily in question, based on these correlations and the worsemodel fit when the
latent factors were collapsed into one factor. The TRIRISK model (Ferrer et al., 2016) was
developed to assess all three components simultaneously.

Two studies by Ferrer et al (Ferrer et al., 2016) assessed the TRIRISK model across per-
ceptions of risk for cancer, heart disease, and diabetes. Factor analytic tests of the tripartite
risk perception structure were done using confirmatory factor analyses. Deliberative,
affective, and experiential risk perceptions were assessed by 18 questions (Table 3)
derived largely from previously published and validated scales (Ferrer et al., 2016). The tri-
partite factor structure had a significantly better fit than either dual-construct or single-con-
struct models, and correlations among deliberative, affective, and experiential risk
perceptions supported the discriminant validity of these components. The TRIRISK
model also showed acceptable concurrent (participants with a diagnosis of cancer
showed higher deliberative, affective, and experiential risk perceptions and exhibited
more differentiated risk perceptions compared to participants with no such diagnosis), pre-
dictive (deliberative, affective, and experiential risk perceptions each significantly and inde-
pendently predicted intention to protect oneself against cancer), and discriminant
(differential interactions observed between the need for affect and the deliberative,
affective, and experiential components of risk) validity (Ferrer et al., 2016). Finally, with
respect to predicting health behaviors, affective perceptions were the strongest overall pre-
dictor, though there were complex interactions among components (Ferrer et al., 2018).

Despite these advances in measurement, the TRIRISK model has not seen widespread
adoption, at least as measured by citations in Scopus (75 total since 2016). The measure
had also only been examined for three chronic conditions. There are inconsistencies in
the literature regarding how smokers perceive their risk, with research concluding over
and underestimations. These inconsistencies may stem from the variations in how risk
perceptions are measured. Limitations of current measures include that there has been
a failure of studies to re-administer previously published multi-item measures and that
the measures that are published are not uniform, are not consistent with
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recommendations, and have not been studied on susceptible populations (Kaufman et al.,
2020a; Kaufman et al., 2020b; O’Brien et al., 2019). In this paper, we examine the psycho-
metric properties of this model to provide further evidence for researchers to use, par-
ticularly in the area of tobacco control.

To our knowledge, this is one the first studies (besides the original Ferrer et al. paper)
that examined the psychometric properties of this measure and extend it to a smoking-
related disease. A recent UK study assessed the replicability of the TRIRISK model by
CFA, explored the factor structure of risk perception in the UK sample by exploratory
factor analysis (EFA), and assessed the associations of EFA-based factors with intentions
to change behavior and subsequent behavior change (Riedinger et al., 2022). They
confirmed that risk perception is a multidimensional construct and identified self-reflec-
tive risk perception as a new distinct component with predictive validity for intention
(Riedinger et al., 2022). As part of a statewide survey conducted in New York to
examine the impact of flavored tobacco regulations, the TRIRISK measure was included
to characterize perceptions of risk around cancer and respiratory illness. The goals of the
current paper were to 1) replicate the factor structure of the TRIRISKmeasure for cancer;
2) extend and verify the structure to respiratory illness; and 3) test whether the overall

Table 3. Standardized factor loadings of final models.

CANCER
RESPIRATORY

ILLNESS

Item
Number Coefficient

p-
value Coefficient

p-
value

Deliberative alpha = 0.73 alpha = 0.76
2 How likely is it that you will get ___ at some point in the

future?
0.84 0.00 0.94 0.00

1 On a scale from 0 to 100%, how would you rate the
probability that you will develop ___ in the future?

0.75 0.00 0.87 0.00

3 The way I look after my health means that my odds of getting
___ in the future are:

0.83 0.00 0.88 0.00

4 When I think carefully about my lifestyle, it does seem
possible that I could get ___.

0.60 0.00 0.65 0.00

5 If I look at myself as if I was a doctor, I realize that my behavior
puts me at risk of getting ___.

0.49 0.00 0.66 0.00

10 How do you think your chance of developing __ in the future
compares to the average person of your gender and age?

0.62 0.00 0.71 0.00

Affective alpha = 0.97 alpha = 0.98
11 How worried are you about developing ___ in the future? 0.90 0.00 0.97 0.00
12 How fearful are you about developing ___ in the future? 0.95 0.00 0.97 0.00
13 How nervous are you about developing ___ in your lifetime? 0.95 0.00 0.97 0.00
14 When you think about ___ for a moment, to what extent do

you feel fearful?
0.85 0.00 0.92 0.00

15 When you think about ___ for a moment, to what extent do
you feel worried?

0.88 0.00 0.92 0.00

16 When you think about ___ for a moment, to what extent do
you feel anxious?

0.83 0.00 0.90 0.00

Experiential alpha = 0.56 alpha = 0.61
17 How concerned are you about developing __ in your lifetime? 0.91 0.00 0.93 0.00
18 How easy is it for you to imagine yourself developing __

future?
0.78 0.00 0.90 0.00

6 I feel very vulnerable to ___. 0.62 0.00 0.78 0.00
7 I am confident that I will not get ___. [reverse scored] 0.54 0.00 0.60 0.00
8 I would be lying if I said ‘There is no chance of me getting

___.’
0.34 0.00 0.34 0.00

9 My first reaction when I hear of someone getting ___ is ‘that
could be me someday.’

0.53 0.00 0.71 0.00
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model is robust to tobacco use status, a key and widely known risk factor for both cancer
and respiratory illness.

Materials and methods

Participants

Participants could be included in the study if they were residents of New York, 18 or
older, who agreed to participate in the study. The survey was developed and conducted
between July and October 2020. Address-based sampling was used to recruit survey par-
ticipants. An invitation letter was sent by mail to these addresses asking the adult in the
household with the next birthday to participate via a Web-based survey. Participants
were sent a $20 Amazon gift code via email upon completion as compensation. The
survey response rate was 3.2%. A total of 946 participants completed the survey; 704 par-
ticipants are included in these analyses (based on complete responses to the measures of
interest). The study protocol was approved by the Roswell Park Institutional Review
Board (I-567719).

Measures

TRIRISK questionnaire
We administered the TRIRISK questionnaire with respect to cancer as outlined by Ferrer
et al. (2016). This questionnaire also addressed the perceived risk of ‘respiratory illness,’
similar to prior extensions to heart disease and diabetes (Ferrer et al., 2016). We did not
define ‘respiratory illness’ a priori as a specific condition, such as chronic obstructive pul-
monary disease or asthma. Therefore, results should be interpreted relative to this general
condition. Response options and scoring were performed as described in prior work
(Ferrer et al., 2016).

Smoking status
Participants provided information on cigarette smoking status. Smoking status groups
were derived and included current cigarette users (participants who reported ‘everyday’
or ‘someday’ use of cigarettes), former cigarette users (participants who reported ‘ever
use’, but not current use of cigarettes), and never cigarette users (participants who
reported never using cigarettes).

Demographic characteristics
Participants also provided information on demographic characteristics. Demographic
variables used in this analysis were dichotomized so that we could compare distributions
with the Ferrer et al. paper (Ferrer et al., 2016) and so that they could be used in multiple
group model analyses. They were dichotomized as follows: sex (male/female), race/eth-
nicity (White/Other), education (less than college/more than college), and age split by the
median (less than or equal to 46/greater than 46).

Analysis

The goal of the study was to 1) replicate the results of the Ferrer et al. paper (i.e. validate
the TRIRISK model for cancer in our sample and compare the TRIRISK model to other
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single and dual models); 2) explore the TRIRISK model for respiratory illness; and 3)
compare the model fit across different groups (demographic factors and tobacco use).

Frequencies, T-tests, and non-parametric χ2 tests in SPSS (IBM, Armonk, NY) were
used to compare the demographic and behavioral profile of participants in the current
study to that of the participants in the Ferrer et al. sample.

In order to validate the TRIRISK model in our sample, Cronbach’s alpha tests for each
putative latent TRIRISK factor in each disease model were performed in SPSS. We also
assessed internal consistency, followed by Confirmatory Factor Analyses (CFA) using
Mplus version 8.6 (Muthen &Muthen). The first model run directly reproduced the orig-
inal TRIRISK model (Ferrer et al., 2016), for both respiratory illness and cancer items,
respectively. Similar to the Ferrer et al. paper, we used nested χ2 tests to evaluate the
unmodified TRIRISK model against a single-factor model and two dual-factor models
where affective and experiential risk perceptions were consolidated into a single factor,
and deliberative and experiential risk perceptions were consolidated. Model fit was eval-
uated using multiple fit indices. Comparative fit index (CFI) > .95 (or a root mean square
error of approximation, RMSEA, < .06) and a standardized root mean square residual
(SRMR) < .08 were indicative of good fit to the data (Hu & Bentler, 1999). Modification
indices were used iteratively to improve model fit as needed (final models). Finally, in
order to compare the TRIRISK model fit across demographic and behavioral groups,
multiple group model tests comparing participants who reported being male/female,
being White or other, having a college degree or more, or being a current, former, or
never smoker were conducted. Nested χ2 tests were used to compare a model with
factor loadings constrained to be equal across groups compared to a model without
equality constraints.

Results

Descriptive statistics

Table 1 shows a breakdown of participants in this study. The mean age of participants
was 46.9, the majority reported being female (58.5%), most had a college degree or
more (66.9%), and most were White (81.7%). The mean age of our participants was sig-
nificantly higher compared to the study population in studies 1 and 2 in the Ferrer et al.
paper (p < 0.0001). The reported percentages of males in our population were signifi-
cantly lower compared to the study population in studies 1 and 2 in the Ferrer et al.
paper (p < 0.0001). The percentage of our participants in both education groups were sig-
nificantly different from the study population in studies 1 and 2 in the Ferrer et al. paper
(p < 0.0001). Regarding race, the percentage of participants in our sample who were
White was significantly higher than the frequencies found in studies 1 and 2 in Ferrer
et al. paper (p < 0.0001).

Comparing the TRIRISK model to other model structures

For both cancer and respiratory illness, the single factor models and the two dual factor
structures led to a significant decrement in model fit when compared to the respective
unmodified TRIRISK models. Table 2 below shows the model fit of each of these
models and the results of the nested Chi square tests.
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Final models

Cancer
The fit indices of the final and original cancer model can be seen in Table 2. The
original TRIRISK model did not include any error covariances (just the factor struc-
ture with factor covariances). Overall, the original model did not provide a good fit
to the data, and accordingly, we modified the model by adding eight error covari-
ances (see Supplemental Table 1 for the specific covariances). Error covariances do
not substantially change the factor structure thus the TRIRISK model was retained.
A good model fit is indicated based on the 2-index fit criteria and a nested chi
square test demonstrated that the final model had significantly better fit in compari-
son to the original model. The loadings of indicators for each latent factor of the
final models are listed in Table 3.

Respiratory illness
The model fit indices of the final and original respiratory illness model can be seen in
Table 2. Similar to the cancer model, the original TRIRISK model did not include any
error covariances (just the factor structure and factor covariances). Overall, the original
model did not provide a good fit to the data, and accordingly, we modified the model by
adding five error covariances (see supplemental Table 1 for the specific covariances).
Error covariances do not substantially change factor structure thus the TRIRISK
model was retained. A good model fit is indicated based on the 2-index fit criteria and
a nested chi square test demonstrated that the final model had significantly better fit
in comparison to the original model. The loadings for indicators for each latent factor
of the final models are listed in Table 3.

Table 3 shows the standardized factor loadings for final cancer and respiratory illness
models along with the Cronbach’s alpha for each latent TRIRISK factor. The alpha values
for the latent factors if items were deleted can be seen in supplemental Table 2. All

Table 1. Demographic breakdown of sample used in this study and comparison of this study
population to that of the Ferrer et al. paper (Ferrer et al., 2016).

N (%) Ferrer et al. cancer study 1 p-value Ferrer et al. cancer study 2 p-value

Total 704 458 473
Mean age (SD) 46.93 (16.90) 33.46 (10.07) <0.0001 32.80 (10.90) <0.0001
Age range 18–100 18–75 18–67
Age – –
Less than 46 358 (51%)
46 and Greater 346(49%)

Sex <0.0001 <0.0001
Male 278 (40%) 55% 57%
Female 412 (59%) 45% 43%

Education <0.0001 <0.0001
Less than college 233 (33%) 64% 65%
College or more 471 (67%) 36% 35%

Race <0.0001 <0.0001
White 575 (82%) 67% 62%
Other 129 (18%) 33% 38%

Smoking status – –
Current 65 (9%)
Former 174 (25%)
Never 464 (66%)
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Table 2. Model fit indices for final TRIRISK models, original TRIRISK models, one factor models, and two factor models.
CANCER RESPIRATORY ILLNESS

χ2 df p CFI RMSEA (95% CI) SRMR χ2 df p CFI RMSEA (95% CI) SRMR

Final model 694.22 124 0.00 0.95 0.08 (0.08, 0.09) 0.05 795.95 127 0.00 0.96 0.09 (0.08, 0.09) 0.04
Original TRIRISK 1857.92 132 0.00 0.85 0.14 (0.13, 0.14) 0.07 1625.99 132 0.00 0.91 0.13 (0.12, 0.13) 0.04
One factor 3128.93 135 0.00 0.74 0.18 (0.17, 0.18) 0.11 2762.86 135 0.00 0.84 0.17 (0.16, 0.17) 0.70
Two factor 1 2280.80 134 0.00 0.82 0.15 (0.15, 0.16) 0.08 1968.80 134 0.00 0.89 0.14 (0.13, 0.15) 0.05
Two factor 2 2141.32 134 0.00 0.83 0.15 (0.14,0.15) 0.09 1942.63 134 0.00 0.89 0.14 (0.13, 0.14) 0.06
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loadings were statistically significant, and with the exception of item number 8, they were
all substantial (>.50), suggestive of a strong factor model.

Testing Final TRIRISK models across groups

The modified versions of the TRIRISK model (with established reasonable fit) for both
cancer and respiratory illness were used to run multiple group models for sex, race, edu-
cation, and smoking status.

Cancer
Regarding the factor loadings of the final TRIRISK cancer model across the demographic
and behavioral subgroups, χ2 nested model tests indicated that constraining the factor
loadings for sex, education, and smoking status led to a significant decrement in
model fit (Table 4). These results suggest statistically significant differences in the mag-
nitude of the factor loadings across these groups. To consider if these differences in mag-
nitude had practical implications for the interpretation of the factors, we inspected the
ranges of the factor loadings in the unconstrained model across subgroups. There
were some discrepancies. Specifically, for sex, male and female ranges for the deliberative
construct were 0.57-0.86 and 0.42-0.83; ranges for the affective construct were 0.80-0.97
and 0.84-0.97; and ranges for the experiential construct were 0.21-0.87 and 0.42-0.93. The
standardized factor loading that was not substantial among the male group was for item
8. Examining the unconstrained model, this item was substantial for females but was not
substantial for males. These results suggest that the factor loadings for the TRIRISK
model across these groups may be different. For education, less than college and
college plus respective ranges for the deliberative construct were 0.48-0.85 and 0.50-
0.82; ranges for the affective construct were 0.76-0.93 and 0.86-0.97; and ranges for
the experiential construct were 0.41-0.89 and 0.31-0.92. The standardized factor
loading that was not substantial among the college plus group (<0.35) was for item
8. Examining the unconstrained model, this item was substantial for the less than
college group but was not substantial for the college plus group. These results suggest
that the factor loadings for the TRIRISK model across these groups may be different.
Overall, the basic factor structure of the TRIRISK model was similar across sex and edu-
cation, with item 8 loading a bit differently across the groups. For smoking status,
respective current, former, and never ranges for the deliberative construct were −0.11-
0.91, 0.57-0.89, and 0.51-0.82; ranges for the affective construct were 0.84-0.98, 0.83-
0.95, and 0.80-0.96; and ranges for the experiential construct were 0.40-0.88, 0.38-0.94,
and 0.33-0.91. For the deliberative construct, the standardized factor loading for item
5 was not substantial (<0.35) for current smokers but was for former and never
smokers. For the experiential construct, item 8 was substantial for current and former
smokers, but was not for never smokers. Overall, the factor structure for the TRIRISK
model was similar, but some items (5 and 8) loaded differently. The nested test for
race suggested no decrement in model fit, suggesting the magnitude of the factor load-
ings was similar across racial groups.

Regarding the factor structure of the final TRIRISK cancer model, examination of the
constrained sexmodel revealed a total χ2 = 947.65, where males contributed 389.37 to the
χ2 while females contributed 558.28 (Table 4). Therefore, the model seemed to be fitting
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worse for females. After freeing error covariances in the female group, the model fit
appeared to fit similarly in each group (total χ2 = 796.44, male χ2 = 386.04, female χ2
= 410.40). Examination of the constrained race model revealed a total χ2 = 1018.96,
where White individuals contributed 594.80 to the χ2 while other race individuals con-
tributed 424.16 (Table 4). Therefore, the model seemed to be fitting worse forWhite indi-
viduals. After freeing error covariances in this group, the model appeared to be fitting
similarly in each group (total χ2 = 855.81, White χ2 = 431.94, other χ2 = 423.88). Exam-
ination of the constrained education model revealed a total χ2 = 953.85, where those with
less than college contributed 368.19 to the χ2 while those with college or more contrib-
uted 585.66 (Table 4). Therefore, the model seemed to be fitting worse for individuals
with a college or more education. After freeing error covariances in this group, the
model appeared to be fitting similarly in each group (total χ2 = 764.78, less than
college χ2 = 369.09, college plus χ2 = 395.69). Examination of the constrained smoking
status model revealed a total χ2 = 1314.09, where current smokers contributed 332.258
to the χ2, former smokers contributed 390.51, and never smokers contributed 591.32
(Table 4). Therefore, the model seemed to be fitting worse for never smokers. After

Table 4. Comparing TRIRISK model fit across demographic and behavioral groups.
CANCER RESPIRATORY ILLNESS

Unconstrained
Model

Constrained
Model

Modified
Constrained

Model
Unconstrained

Model
Constrained

Model

Modified
Constrained

Model

Sex
Chi square 907.10 947.65 796.44 991.64 1013.12 930.28
DF 263 278 268 269 284 281
Male
contribution

365.44 389.37 386.04 449.91 463.01 460.94

Female
contribution

541.67 558.28 410.40 541.73 550.11 469.34

Race
Chi square 994.13 1018.96 855.81 1017.04 1047.40 793.39
DF 263 278 269 269 284 274
White
contribution

589.92 594.80 431.94 654.94 659.07 405.00

Other
contribution

404.21 424.16 423.88 362.10 388.33 388.40

Education
Chi square 922.66 953.85 764.78 1089.41 1115.09 791.97
DF 263 278 267 269 284 273
Less than
college
contribution

346.42 368.19 369.09 375.34 392.17 391.88

College or
more
contribution

576.23 585.66 395.69 714.07 722.91 400.09

Smoking
status

Chi square 1233.86 1314.09 1184.89 1244.03 1321.70 1079.83
DF 402 432 424 411 441 430
Current
contribution

288.03 332.26 333.80 300.11 360.51 352.97

Former
contribution

362.82 390.51 394.46 347.39 358.83 360.96

Never
contribution

583.00 591.32 456.63 596.54 602.36 365.90
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freeing error covariances in this group, the model appeared to be fitting similarly in each
group (total χ2 = 1184.89, current χ2 = 333.80, former χ2 = 394.458, never = 456.63).
Overall, the factor structure of the final TRIRISK cancer model appears to fit across
the subgroups of interest.

Respiratory illness
Regarding the factor loadings of the final TRIRISK respiratory illness model across the
demographic and behavioral subgroups, χ2 nested model tests indicated that constrain-
ing the factor loadings for race, education, and smoking status led to a significant decre-
ment in model fit (Table 4). These results suggest that the magnitude of the factor
loadings are statistically significantly different across these groups. To consider the prac-
tical implications of these differences between the factor loadings across subgroups, we
further inspected the ranges of the factor loadings in the unconstrained model across
subgroups. For race, respective ranges for White and Other individuals for the delibera-
tive construct were 0.67-0.94 and 0.52-0.95; ranges for the affective construct were 0.91-
0.98 and 0.88-0.97; and ranges for the experiential construct were 0.33-0.92 and 0.32-
0.94. All of the factor loadings were substantial and large, with the exception of item
8. However, this exception is true for both subgroups, thus suggesting that that there
are no practical differences in standardized factor loadings between racial groups. For
education, less than college and college plus respective ranges for the deliberative con-
struct were 0.65-0.94 and 0.62-0.95; ranges for the affective construct were 0.89-0.98
and 0.91-0.97; and ranges for the experiential construct were 0.51-0.93 and 0.24-0.92.
All of the factor loadings were substantial and large, except for one discrepancy. The
standardized factor loading for item 8 for the college plus group was not substantial,
but it was substantial for the less than college group. Overall, the basic factor structure
of the TRIRISK model was similar across race and education, with item 8 loading a bit
differently across education groups. For smoking status, respective current, former,
and never ranges for the deliberative construct were 0.27-0.96, 0.57-0.95, and 0.64-
0.93; ranges for the affective construct were 0.90-0.97, 0.91-0.99, and 0.90-0.98; and
ranges for the experiential construct were 0.42-0.97, 0.38-0.90, and 0.32-0.92. All of
the factor loadings were substantial and large, except for two discrepancies. The standar-
dized factor loading for item 5 was not substantial for current smokers but was for former
and never smokers. Also, the standardized factor loading for item 8 was not substantial
for never smokers but was for current and former smokers. Overall, the factor structure
for the TRIRISK model was similar, but some items (5 and 8) loaded differently. The
nested test for sex suggested no decrement in model fit, suggesting the magnitude of
the factor loadings was similar across racial groups.

Regarding the factor structure of the final TRIRISK respiratory illness model, exam-
ination of the constrained sex model revealed a total χ2 = 1013.12, where males contrib-
uted 463.01 to the χ2 while females contributed 550.11 (Table 4). Therefore, the model
seemed to be fitting worse for females. After freeing error covariances in the female
group, the model fit appeared to be fitting similarly in each group (total χ2 = 930.28,
male χ2 = 460.94, female χ2 = 469.34). Examination of the constrained race model
revealed a total χ2 = 1047.40, where White individuals contributed 659.07 to the χ2
while other race individuals contributed 388.33 (Table 4). Therefore, the model
seemed to be fitting worse for White individuals. After freeing error covariances in
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this group, the model appeared to be fitting similarly in each group (total χ2 = 793.39,
White χ2 = 405.00, other χ2 = 388.40). Examination of the constrained education
model revealed a total χ2 = 1115.09, where those with less than college contributed
392.17 to the χ2 while those with college or more contributed 722.91 (Table 4). Therefore,
the model seemed to be fitting worse for individuals with a college or more education.
After freeing error covariances in this group, the model appeared to be fitting similarly
in each group (total χ2 = 791.97, less than college χ2 = 391.88, college plus χ2 = 400.09).
Examination of the constrained smoking status model revealed a total χ2 = 1314.09,
where current smokers contributed 360.51 to the χ2, former smokers 358.83 contributed,
and never smokers contributed 602.36 (Table 4). Therefore, the model seems to be fitting
worse for never smokers. After freeing error covariances in this group, the model
appeared to be fitting similarly in each group (total χ2 = 1079.83, current χ2 = 352.97,
former χ2 = 360.96, never = 365.90). Overall, the factor structure of the final TRIRISK
respiratory illness model appears to fit across the subgroups of interest.

Discussion

The present study utilized a TRIRISK framework from previous literature (Ferrer et al.,
2016) for two different diseases. Broadly, the TRIRISK structure was replicated for cancer
and extended adequately to respiratory illness, thereby providing evidence for future use
of this model, particularly in tobacco control research The original model did not provide
a good fit to the data, and accordingly, we used post hoc modifications by freeing error
covariances to improve model fit. Specifically, these modifications did not substantially
change the factor structure. Thus, within our population, the TRIRISK model was
retained and the 3 distinct risk perception constructs are supported. For cancer and res-
piratory illness, items loaded on the respective constructs as expected and the internal
reliability among deliberative, affective, and experiential components suggested good
convergent validity. We also extended this work to examine factorial invariance. In
this sample, the TRIRISK model fit for cancer and respiratory illness risk perceptions
and was invariant for sex, race, education, and smoking status. The fact that the
TRIRISK model framework fits well across differing subgroups suggests that this is a
valid model of risk perception to use in a general population sample. Of particular inter-
est is the fact that the TRIRISKmodel fits well across smoking status groups. Smoking is a
known high-risk factor for both cancer and respiratory illnesses (Centers for Disease
Control and Prevention, 2020). These results provide further evidence that the
TRIRISK model is a useful model for risk perceptions in tobacco control research.

Regarding the standardized factor loadings across different subgroups of interest,
there were few discrepancies in magnitude. The few discrepancies could be explained
by interindividual differences in item response. For example, people who currently
smoke and formerly smoked may perceive their risk differently compared to people
who have never smoked. Ferrer et al. found that firsthand experience with a disease
leads to both more differentiated and higher perceptions of deliberative, affective, and
experiential risk (Ferrer et al., 2016).

Compared to the Ferrer and colleagues’ paper, there was some indication that internal
reliability in this sample was lower (Cronbach’s alpha values ranged from 0.56–0.97). The
latent factor correlations found here (deliberative-affective 0.70; deliberative-experiential
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0.81; affective-experiential 0.95) were higher than those reported by Ferrer and colleagues
(Ferrer et al., 2016), which may indicate lower discriminant validity. However, model fit
worsened significantly when the constructs were collapsed (single and dual models led to
a significant decrement in model fit compared to the TRIRISK model), suggesting they
are distinct. The only model modifications made were freeing some error covariances
(a somewhat different approach than the Ferrer et al. studies, but theoretically justifiable
(McDonald & Ho, 2002)). Overall, the TRIRISK pattern seems to hold in both of these
diseases, and our analysis supports risk perception as a multidimensional construct.

There are many strengths to our study, including a relatively large sample size drawn
from the general population. In addition to replicating the TRIRISK model in cancer, it
was extended to another disease, respiratory illness, providing additional conceptual vali-
dation of the framework. Lastly, our data collection methods included random address
sampling and mail-based invitations, which helps in widening the population sampling
frame. We also addressed a key limitation mentioned in the Ferrer et al. paper – their
relatively low indices of goodness-of-fit, which limited their interpretation of the
findings. In our sample, we obtained good model fit based on a 2-index criteria (Hu &
Bentler, 1999) by freeing error covariances.

The limitations of our study include that the data collection occurred during the
COVID-19 pandemic. This may have impacted how individuals responded to risk per-
ception questions around respiratory illness. Furthermore, our questions did not
include ‘don’t know’ response options, as in the Ferrer et al. study, which may have
been meaningful and could have affected our results. Although the data were correla-
tional, this approach is appropriate because we were attempting to validate and
explore the model in specific diseases. Furthermore, changing risk perceptions has
been causally linked to behavior change in previous research (Ferrer et al., 2016).
Another weakness of this study, as in the Ferrer et al. study, was that the test-retest
reliability was not examined and would be beneficial with regards to the accuracy of
the TRIRISK scales. Finally, although we found that fit for the tripartite model was sig-
nificantly better than the fit for the single or dual-factor models, we used unmodified ver-
sions of each, and therefore no error covariances were allowed, regardless of their
modification index. However, since the unmodified models demonstrated worse fit
then the modified models, the results suggest that the TRIRISK model would be better
even after modifying the models based on a certain criterion.

Overall, our sample somewhat provides additional empirical evidence in support of
the TRIRISK model, replicating the factor structure for cancer risk perceptions. Our
sample also extends the TRIRISK model to respiratory illness risk perceptions. Future
research could look in further detail at the differences between the three factors in vali-
dated diseases and can examine individual characteristics (e.g. disease knowledge,
numeracy, health motivation, socioeconomic status (Ferrer et al., 2016)) to understand
these differences. Because some of the standardized factor loadings were close to or
over 0.90, some items may be redundant, suggesting that the measure could be stream-
lined. Future studies guided by item response theory could assess whether items could be
consolidated to construct a briefer measure. Although our intention was to replicate the
TRIRISK model as specified by Ferrer et al, alternative structures are possible. For
example, a bifactor model could be used to specify an overall risk perception factor,
and then three orthogonal domain specific risk perception factors. Extending the
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TRIRISK model to other diseases that may not share specific domains of risk perception
may require an EFA approach to determine the appropriate factor structure. We did not
test the predictive validity of the TRIRISK model for respiratory illness. Future studies
should adopt a prospective design to elucidate the appropriate pathway direction to
examine whether or not the TRIRISK model predicts engagement in health behaviors,
such as screening and smoking cessation.

Identifying and validating risk perception models are pivotal for informing policies
and educational campaigns to demonstrate how health promotion practitioners and
medical professionals should design risk communications and decision aids (Ferrer
et al., 2016). The appropriate combination of deliberative, affective, and experiential
risk perceptions for a specific population could be found for a particular disease and sub-
sequently targeted using tailored messaging. Elaborating the TRIRISK model is an
important step to understanding and improving risk communication, as well as encoura-
ging positive health behaviors in populations.

Acknowledgments

The content is solely the responsibility of the authors and does not necessarily represent the official
views of the NIH or the FDA.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by National Cancer Institute: [grant no U54CA228110].

Data availability statement

The data that support the findings of this study are available on request from the corresponding
author. The data are not publicly available due to privacy or ethical restrictions.

References

Centers for Disease Control and Prevention. (2020). Smoking & Tobacco use: Health effects;
https://www.cdc.gov/tobacco/basic_information/health_effects/index.htm.

Chaiken, S., & Trope, Y. (1999). Dual-process theories in social psychology. Guilford Press.
Ferrer, R., & Klein, W. M. (2015). Risk perceptions and health behavior. Current Opinion in

Psychology, 5, 85–89. https://doi.org/10.1016/j.copsyc.2015.03.012
Ferrer, R. A., Klein, W. M. P., Avishai, A., Jones, K., Villegas, M., & Sheeran, P. (2018). When does

risk perception predict protection motivation for health threats? A person-by-situation analysis.
PLoS One, 13(3), e0191994–e0191994. https://doi.org/10.1371/journal.pone.0191994

Ferrer, R. A., Klein, W. M. P., Persoskie, A., Avishai-Yitshak, A., & Sheeran, P. (2016). The tripar-
tite model of risk perception (TRIRISK): Distinguishing deliberative, affective, and experiential
components of perceived risk. Annals of Behavioral Medicine, 50(5), 653–663. https://doi.org/
10.1007/s12160-016-9790-z

1122 D. DIAZ ET AL.

https://www.cdc.gov/tobacco/basic_information/health_effects/index.htm
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1371/journal.pone.0191994
https://doi.org/10.1007/s12160-016-9790-z
https://doi.org/10.1007/s12160-016-9790-z


Gerrard, M., Gibbons, F., Houlihan, A., Stock, M., & Pomery, E. (2008). A dual-process approach
to health risk decision making: The prototype willingness model. Developmental Review, 28(1),
29–61. https://doi.org/10.1016/j.dr.2007.10.001

Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling: A
Multidisciplinary Journal, 6(1), 1–55. https://doi.org/10.1080/10705519909540118

Kaufman, A. R., Persoskie, A., Twesten, J., & Bromberg, J. (2020a). A review of risk perception
measurement in tobacco control research. Tobacco Control, 29(Suppl 1), s50. http://doi.org/
10.1136/tobaccocontrol-2017-054005.

Kaufman, A. R., Twesten, J. E., Suls, J., McCaul, K. D., Ostroff, J. S., Ferrer, R. A., Brewer, N. T.,
Cameron, L. D., Halpern-Felsher, B., Hay, J. L., & Park, E. R. (2020b). Measuring cigarette
smoking risk perceptions. Nicotine & Tobacco Research : Official Journal of the Society for
Research on Nicotine and Tobacco, 22(11), 1937–1945. https://doi.org/10.1093/ntr/ntz213

McDonald, R., & Ho, M.-H. (2002). Principles and practice in reporting structural equation ana-
lyses. Psychological Methods, 7(1), 64–82. https://doi.org/10.1037/1082-989X.7.1.64

O’Brien, E. K., Persoskie, A., & Tam, J. (2019). Multi-item measures of tobacco health perceptions:
A review. American Journal of Health Behavior, 43(2), 266–278. https://doi.org/10.5993/AJHB.
43.2.4

Portnoy, D. B., Ferrer, R. A., Bergman, H. E., & Klein, W. M. (2014). Changing deliberative and
affective responses to health risk: A meta-analysis. Health Psychology Review, 8(3), 296–318.
https://doi.org/10.1080/17437199.2013.798829

Riedinger, C., Campbell, J., Klein, W. M. P., Ferrer, R. A., & Usher-Smith, J. A. (2022). Analysis of
the components of cancer risk perception and links with intention and behaviour: A UK-based
study. PloS One, 17(1), e0262197. https://doi.org/10.1371/journal.pone.0262197

Slovic, P., Finucane, M. L., Peters, E., & MacGregor, D. G. (2004). Risk as analysis and risk as feel-
ings: Some thoughts about affect, reason, risk, and rationality. Risk Analysis, 24(2), 311–322.
https://doi.org/10.1111/j.0272-4332.2004.00433.x

Wilson, R. S., Zwickle, A., & Walpole, H. (2019). Developing a broadly applicable measure of risk
perception. Risk Analysis, 39(4), 777–791. https://doi.org/10.1111/risa.13207

HEALTH PSYCHOLOGY AND BEHAVIORAL MEDICINE 1123

https://doi.org/10.1016/j.dr.2007.10.001
https://doi.org/10.1080/10705519909540118
http://doi.org/10.1136/tobaccocontrol-2017-054005
http://doi.org/10.1136/tobaccocontrol-2017-054005
https://doi.org/10.1093/ntr/ntz213
https://doi.org/10.1037/1082-989X.7.1.64
https://doi.org/10.5993/AJHB.43.2.4
https://doi.org/10.5993/AJHB.43.2.4
https://doi.org/10.1080/17437199.2013.798829
https://doi.org/10.1371/journal.pone.0262197
https://doi.org/10.1111/j.0272-4332.2004.00433.x
https://doi.org/10.1111/risa.13207

	Abstract
	Introduction
	Materials and methods
	Participants
	Measures
	TRIRISK questionnaire
	Smoking status
	Demographic characteristics

	Analysis

	Results
	Descriptive statistics
	Comparing the TRIRISK model to other model structures
	Final models
	Cancer
	Respiratory illness

	Testing Final TRIRISK models across groups
	Cancer
	Respiratory illness


	Discussion
	Acknowledgments
	Disclosure statement
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


