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Abstract: This study aims to understand the decision-making process of healthy housing material
selection of boomers who were born between 1946 and 1964 in the United States within the Health
Belief Model (HBM) framework incorporating personal factors. The main constructs were three HBM
components (perceived benefits, threats, and barriers), personal domains (knowledge, health concerns,
and sensitivity to housing materials), and behavioral intention to choose healthy housing materials.
With a nationwide random sample of boomers living in their homes (N = 306), path analysis was
used to test the proposed research model. The findings indicate that behavioral intention to choose
healthy housing materials is influenced by perceived benefits and threats. Of the personal factors,
the knowledge component is directly and indirectly significantly associated with the behavioral
intention. Insignificant association of perceived barriers and other personal components (health
concerns and sensitivity) to the intention and the HBM components yield meaningful implications
and discussions. The contribution of the HBM application to this study is to provide a foundation for
understanding healthy housing material choosing behaviors for the general prevention of potential
health issue purposes rather than actual maintenance. This paper discusses the significance of breadth
and reliability of knowledge and the role of the relevant professionals to provide and communicate
this knowledge.
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1. Introduction

With the increasing attention to sustainable and healthy living altogether, indoor environmental
quality has received attention as one of the critical components that directly affect occupants’ health and
well-being. The World Health Organization [1] and the U.S. Environmental Protection Agency [2] have
cautioned that interior materials containing harmful chemical substances can cause allergies, asthma,
and cancer. For example, paints and carpets with Volatile Organic Compounds (VOCs) may raise
sensory irritation in the eyes, nose, and throat, which more commonly occurs in asthmatic patients [3].
Most pollutants influencing indoor air quality originate from inside buildings rather than outdoor
environments [4]. One recent study [5] reported that as of 2018, almost one-third of all households in the
United States expressed concerns about their home environment. They were concerned that some aspect
of their home might negatively impact their health, ranking indoor air quality as the leading concern.

Given this fact, it is assumed that consumers try to avoid using harmful interior materials and
products for their home, especially if they recognize the possible harm of the materials or if they
suspect interior air quality as a potential cause of health issues. However, this behavior might not be
limited to those who are concerned about their indoor home environment where they currently live.
The decision to choose healthy housing materials (i.e., interior materials that do not contain harmful
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toxic chemicals or that meet certain performance requirements) could be made based on the intention
to prevent possibly harmful conditions in the future. In other words, whether the motivation to choose
healthy housing materials is due to their perceived benefits or the threats of not using it is uncertain.
Which factor would be a stronger predictor for the healthy housing material selection behavior? How
much does previous knowledge of the products influence the decision making? This current study
began with these questions and explored a theoretical framework to answer them.

Various theoretical frameworks have been used to understand health-related behaviors. Among
them, the Health Belief Model (HBM) has been demonstrated to be useful with a study that showed that
individuals highly value their health, and stimuli for the health-related action are widely prevalent [6]
(p. 44). According to the HBM, health-related decision making can be based on the intention of either
prevention (preventive health behavior) or maintenance (sick-role behavior). Prevention behavior
focuses on the prevention of a medical problem or disease, whereas sick-role behavior occurs to restore
good health or prevent further disease progression after diagnosis of a medical problem [6]. These two
main motivational components in the HBM are aligned with our focus in trying to understand the
uncertain nature of healthy housing material selection, which could be more associated with either
perceived benefits or threats.

This study focuses on the boomers’ intentions and personal factors. As boomers are aging, it is
expected that they will spend more time at home than they did while they were in the workforce. This
means indoor environmental quality becomes more crucial not only to maintain boomers’ current
health but also to prevent any future indoor hazard-related symptoms. We argue that the significance
of housing material selection focusing on health value has been increasing; however, its consequences
have not been fully studied. This might be partly because this decision making occurs in limited
circumstances and healthy housing materials were recently introduced to consumers. Unlike other
health-related behaviors, such as vitamin taking or organic food consumption, healthy housing material
decision making does not occur frequently in our daily lives. It occurs when individuals consider
remodeling interiors or moving to a new place. Considering the nature of this decision making, a
specific segment of individuals who are in this situation would provide more reliable data. According
to recent remodeling research [7], boomers have led home remodeling expenditure for the past 20 years,
although younger generations are more active for home remolding projects. The study concluded
that boomers’ demand for home remodeling will increase, considering their strong desire to stay in
their current home with independence and safety. Thus, this research focuses on boomers’ intention
to adopt healthy housing materials. We also understand that the housing material selection process
involves not only consumers but also professionals, such as architects, interior designers, or contractors.
Sometimes interior designers’ intentions to choose particular interior materials can affect final material
selection [8]. However, we believe the role of consumers should not be ignored.

In this paper, we used the term healthy housing materials by clearly focusing on the physiological
health impacts of the material. Specifically, we defined healthy housing materials as interior materials
that do not contain harmful toxic chemicals or that meet certain performance requirements. Examples
of healthy housing materials include paints with low VOCs and non-toxic adhesives. However, healthy
housing materials could be considered sustainable or environmentally responsible. Although these
concepts are slightly different in focus, their strategies and principles share the value of providing
physiologically and psychologically healthy indoor environments to occupants [9]. Healthy housing
materials are not limited to personal health benefits at home but are environmentally responsible as well.

This study aims to understand healthy housing material selection behavior based on the HBM.
A basic assumption for this study is that this behavior is influenced by HBM components and
associated with an individual’s prior knowledge, health concerns, and sensitivity to a certain material.
In comparison with the interest in energy efficiency or sustainability, research about this health-focused
topic has not been fully explored yet. Thus, the significance of this study is to fill this gap by proposing
and testing the extended HBM, the which personal components (knowledge, health concerns, and
sensitivity to housing materials) of which are incorporated with the original HBM components to
understand boomers’ behavior and attitudes about healthy housing materials.
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2. Theoretical Framework

2.1. Theoretical Perspective

The HBM, originally created by psychologists in the public health research area [6], has been widely
used to understand health-related behaviors to prevent disease [10] by stopping harmful behaviors (e.g.,
quitting smoking) [11] or adopting beneficial behaviors (e.g., cancer screening) [12,13]. While the HBM
is highly relevant to environmentally-friendly behavior and healthy consumption behavior in a built
environment, very few academic research fields [14,15] have tested the HBM. The original HBM contains
four factors to predict health-related behavior: perceived benefits, threats, barriers, and susceptibility [6].
In this study, three factors (perceived benefits, threats, and barriers) were included in the research
framework. Perceived susceptibility, or expected vulnerability such as risks for illness and disease, was
excluded in the current study with two reasons. First, although it has been cautioned interior materials
containing harmful chemical substances can cause allergies, asthma, and cancer, distinct particles
that directly affect human health are yet clearly unknown [1,2]. Second, the relationship between this
perception and (behavioral) intention has been reported almost always near zero [16]. Perceived benefits
describe the positive outcomes one receives from a healthy behavior. Perceived threats pertain to potential
negative consequences as a result of not adopting the healthy behavior. Perceived barriers are the factors
such as time, effort, and price that make one unable to perform the healthy behavior.

2.2. Personal Factors

In this study, the HBM was extended. Besides the major constructs of the HBM, personal
characteristics such as psychosocial factors and knowledge could affect one’s perceived benefits, threats,
barriers, and health behaviors [17–19]. Skinner et al. [17] asserted that the HBM does not specify how
personal features interact with the HBM constructs, and this is a major gap of the model. In this study,
we included three personal factors (knowledge, health concerns, and sensitivity to housing materials)
in the extended HBM.

Knowledge has often been recognized as a significant predictor of healthy product and service
consumption [20] as well as environmentally conscious behavior [14,21]. Knowledge of health benefits
and threats is a precondition for behavioral change [22]. Several studies in health sciences have revealed
the impact of knowledge on perceived susceptibility, benefits, threats, and barriers (e.g., [23–25]).
For example, a study about osteoporosis prevention behavior evaluating the efficacy of education
found that educational programming significantly influences the involvement in healthy behavior for
osteoporosis prevention such as sun exposure and physical activity [26].

One of the personal reasons for health-related behavior in terms of health promotion and disease
prevention is related to one’s health concerns. Although little work to date has examined the relationship
between health concerns and healthy housing material choosing behavior, the literature has emphasized
the impact of health anxieties on other health promotion behaviors. One qualitative study [27] of
pregnant women over age 35 showed that age-related health concerns resulted in engaging in multiple
health promotion behaviors such as exercise and taking supplements. Several quantitative research
studies about organic food purchasing behavior revealed that the most important reason for choosing
organic food was health concerns [28–30].

Regardless of medical diagnosis by professionals, one’s subjectively estimated physical reaction (i.e.,
sensitivity) may affect an individual’s product choosing behavior. Toxic housing materials could cause
eye irritation, coughing, headache, or mental fatigue, which is called sick building syndrome [31–33].
In the same manner as health concerns, few studies exist about the relationship between sensitivity to
housing materials and healthy housing material consumption behavior. A study about sick building
syndrome in office buildings found that subjectively estimated physical health significantly contributed
to the sick building syndrome assessment [34]. Besides the building material studies, some other studies
revealed that personal physical reactions influence particular product consumption. For example, a
study about laundry detergent found that older people are more sensitive to skin irritation than younger
people, and they seek environmentally-friendly laundry detergent [35].
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2.3. Purpose of the Study

This study aims to understand the decision-making process of healthy housing material selection
of boomers within the HBM framework incorporating personal factors. To this end, a conceptual
model and related hypotheses were developed. Three personal factors (knowledge, health concerns,
and sensitivity to housing materials) were included in the proposed conceptual model to examine their
direct and indirect influence on behavioral intention to choose healthy housing materials. Figure 1
presents the proposed conceptual model.

Figure 1. Conceptual model for behavioral intention to choose healthy housing materials.

2.4. Hypotheses

2.4.1. Direct Effects of Personal Factors on HBM Components and Behavioral Intention

Hypothesis 1a (H1a): Knowledge directly affects perceived benefits.

Hypothesis 1b (H1b): Knowledge directly affects perceived threats.

Hypothesis 1c (H1c): Knowledge directly affects perceived barriers.

Hypothesis 1d (H1d): Knowledge directly affects behavioral intention.

Hypothesis 2a (H2a): Health concerns directly affect perceived benefits.

Hypothesis 2b (H2b): Health concerns directly affect perceived threats.

Hypothesis 2c (H2c): Health concerns directly affect perceived barriers.

Hypothesis 2d (H2d): Health concerns directly affect behavioral intention.

Hypothesis 3a (H3a): Sensitivity to housing materials directly affects perceived benefits.

Hypothesis 3b (H3b): Sensitivity to housing materials directly affects perceived threats.

Hypothesis 3c (H3c): Sensitivity to housing materials directly affects perceived barriers.

Hypothesis 3d (H3d): Sensitivity to housing materials directly affects behavioral intention.
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2.4.2. Indirect Effects of Personal Factors on Behavioral Intention

Hypothesis 4 (H4): Knowledge indirectly affects behavioral intention, mediated by HBM components.

Hypothesis 5 (H5): Health concerns indirectly affect behavioral intention, mediated by HBM components.

Hypothesis 6 (H6): Sensitivity to housing materials indirectly affects behavioral intention, mediated by
HBM components.

3. Materials and Method

The target population was boomers who were born between 1946 and 1964, living in homes in
the United States (N = 306). Data was collected in 2015 through an online survey with a random
sample from a large nationwide pool of an online survey company, SurveyMonkey. The Institutional
Review Board approval (IRB Protocol Number: 1311014229) was achieved before the online survey
distribution. Screening questions filtered out non-qualifying participants (e.g., those who were not
born between 1946 and 1964 or those living in rental housing or an institutional facility, such as nursing
home and an assisted living facility). The concept of healthy housing materials was presented in the
online survey screen with a sentence that “healthy housing materials are interior materials that do not
contain harmful toxic chemicals or that meet certain performance requirements” and images of healthy
interior materials certification labels such as green seal certified label and CRI green label.

The main constructs were (a) three personal domains, (b) three HBM components and (c) behavioral
intention to choose healthy housing materials. The three personal domains were knowledge, health
concerns, and sensitivity to housing materials. Knowledge was consumers’ subjectively measured
general awareness of healthy housing materials and consisted of five items modified from previous
research [14,20,21] (see Appendix A). Five knowledge items were “I have heard about healthy housing
materials,” “I have heard about sick house syndrome,” “I have seen advertisements of healthy housing
materials,” “I have read articles about healthy housing materials,” and “I have noticed that some
products currently provide healthy housing materials information.” Health concerns measured general
concern about one’s health and behavior due to health concerns and contained two items: “I am
concerned about my health” and “I try to eat healthy food.” Sensitivity to housing materials asked about
one’s sensory reaction to new housing materials [31,36]. It contained four items: “I am sensitive to
indoor air quality,” “My nose is sensitive to new housing materials,” “My eyes are sensitive to new
housing materials,” and “My throat is sensitive to new housing materials.” Each item was measured
on a 7-point Likert scale.

All HBM components and behavioral intention were measured with items referred to in previous
research [6,14,15]. Perceived benefits asked about positive perception when choosing healthy housing
materials and contained three items: “I feel I am doing something good for my body when I choose
healthy housing materials for my house,” “I feel my quality of life will be better if I choose healthy
housing materials for my house,” and “I feel I can decrease medical expenses if I choose healthy
housing materials for my house.” Perceived threats asked about the perception of negative results related
to health when one does not choose healthy housing materials and was measured using three items: “I
feel my chances of having serious health problems in the future are high if I install unhealthy housing
materials in my house,” “If I get a disease/illness because of unhealthy housing materials, it will have a
severe negative influence on my quality of life,” and “I will have higher medical expenses if I do not
make healthy housing materials choices.” Perceived barriers referred to the perception of obstacles when
choosing healthy housing materials and comprised four items: “I think healthy housing materials
are too expensive compared to other general items,” “Healthy housing materials are not available in
most building materials shops,” “Because of lack of information, it is hard to select healthy housing
materials,” and “Even though there are numerous recommendations about healthy housing materials,
it is hard to know what to believe.” Each item was measured on a 7-point Likert scale. Behavioral
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intention was assessed with three items: “When I purchase my housing materials next time, I will try
healthy housing materials,” “I will say positive things to other people about healthy housing materials,”
and “I will recommend to my family and friends healthy housing materials.”

Descriptive statistics were employed to illustrate means and standard deviations of
socio-demographic and housing characteristics, the personal factors, the HBM constructs, and behavioral
intention. Path analysis was conducted to test the proposed research model and hypothesized causal
relationships among constructs. The Statistical Package for the Social Sciences (SPSS) 20.0 and AMOS
18.0 were employed to describe and analyze data for this study. A significant level of p < 0.05 was chosen.

4. Results

4.1. Overview of Respondents

The mean age of the participants was 60.78 years old (SD = 5.56), and 54.2% were male and 45.8%
were female. Almost 70% were married. In terms of education, 35% of them had a bachelor’s degree,
26.8% had technical school/some college education, 23.2% had a master’s degree or higher, and 15%
had a high school diploma or less. Slightly more than 36% earned less than $3000 per month, 27.8%
made $4000 to $6999, 22.2% earned more than $10,000, and 13.7% made $7000 to $9999 per month
(i.e., US median income was $56,516 in 2015 [37]).

In terms of housing characteristics, 92.2% lived in a single-family detached home, and 7.8% lived
in a townhouse, condominium, or other housing. More than half of the participants lived in a city
suburb, 22.2% lived in a rural area, 21.6% lived in a small town, and 5.9% lived in a city downtown
area. In terms of housing size, 46%, of them had three bedrooms, 25.5% had four bedrooms, 17.3% had
two bedrooms, 2% had one bedroom, and 9.1% had more than five bedrooms in their house.

4.2. Descriptive Statistics, Validity and Reliability of Measurements

A total of 24 items were subjected to confirmatory factor analysis to establish construct validity.
The model fit indices (CFI (Comparative Fit Index) = 0.939; IFI (Increasing Fit Index) = 0.940; RMSEA (The
root mean square error of approximation) = 0.068) suggested an acceptable fit [38]. The t-value of each
item was significant at the 0.01 level [39], ranging from 4.82 to 35.76, which confirmed the satisfactory
level of measurement validity. The reliability value of each multi-item measure was ranged from 0.75
to 0.95. Table 1 shows scale reliabilities and correlations between constructs. Appendix A illustrates
means and standard deviations of the personal factors, the HBM constructs, and behavioral intention.

Table 1. Scale reliabilities, number of scale items, and correlations of observed variables.

KN HC SHM PB PT PBR INT

Cronbach
Alpha 0.87 0.95 0.92 0.82 0.75 0.93

# of items 5 1 4 3 4 3 3
Mean 4.19 5.51 3.71 5.33 4.46 4.52 4.78

Standard
Deviation 1.42 1.21 1.72 1.18 1.29 1.04 1.24

KN 1
HC 0.26 *** 1

SHM 0.35 *** 0.28 *** 1
PB 0.46 *** 0.40 *** 0.31 *** 1
PT 0.34 *** 0.34 *** 0.29 *** 0.57 *** 1

PBR −0.15 ** 0.03 0.14 * 0.05 0.10 1
BI 0.54 *** 0.36 *** 0.28 *** 0.72 *** 0.67 *** −0.02 1

Note. KN: Knowledge, HC: Health Concerns, SHM: Sensitivity to Housing Materials, PB: Perceived Benefits, PT:
Perceived Threats, PBR: Perceived Barriers, and INT: Behavioral Intention. * p < 0.05; ** p < 0.01, and *** p < 0.001.

The multi-item measures for each construct were summed and averaged to ensure measurement
validity and reliability. For the subsequent path model analyses, mean scores for each construct were
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used as a single variable. As Table 1 shows, constructs with the highest mean value were health
concerns (M = 5.51, SD = 1.21), perceived benefits (M = 5.33, SD = 1.18), and behavioral intention
(M = 4.78, SD = 1.24). Constructs with the lowest mean values were sensitivity to housing materials
(M = 3.71, SD = 1.72), knowledge (M = 4.19, SD = 1.42), perceived threats (M = 4.46, SD = 1.29), and
perceived barriers (M = 4.52, SD = 1.04). Among the seven measures, sensitivity to housing materials
was the only construct lower than a center value on a 7-point Likert scale.

4.3. Path Model Estimation and Results

The specified path model included three exogenous variables (knowledge, health concerns, and
sensitivity to housing materials) and one endogenous variable (behavioral intention). Three other
endogenous variables as mediators were perceived benefits, perceived threats, and perceived barriers.
The model was showed an acceptable fit (CFI = 0.995; IFI = 0.995; GFI (Goodness of Fit Indices) = 0.995;
RMSEA = 0.072) [38].

As summarized in Table 2 and illustrated in Figure 2, the path model provided support for eight of
the 12 hypothesized direct relationships (from H1a to H3d). Significant direct effects between personal
domain constructs and behavioral intention were found: from knowledge to perceived benefits (H1a),
perceived threats (H1b), perceived barriers (H1c), behavioral intention (H1d), and health concerns
to perceived benefits (H2a), perceived threats (H2b), sensitivity to housing materials to perceived
threats (H3b), and perceived barriers (H3c). However, there were no significant effects between health
concerns and perceived barriers (H2c), and health concerns and behavioral intention (H2d); and
sensitivity to housing materials and perceived benefits (H3a), and behavioral intention (H3d).

Table 2. A summary of hypothesis testing results (direct relationships).

Hypothesized Relationship Standardized Effect Size p H Testing Results

H1a KN→ PB 0.35 *** Accepted
H1b KN→ PT 0.23 *** Accepted
H1c KN→ PBR −0.23 *** Accepted
H1d KN→ INT 0.23 *** Accepted
H2a HC→ PB 0.28 *** Accepted
H2b HC→ PT 0.24 *** Accepted
H2c HC→ PBR 0.04 0.55 Rejected
H2d HC→ INT 0.02 0.52 Rejected
H3a SHM→ PB 0.10 0.05 Rejected
H3b SHM→ PT 0.14 * Accepted
H3c SHM→ PBR 0.21 ** Accepted
H3d SHM→ INT −0.04 0.34 Rejected

Note. KN: Knowledge, HC: Health Concerns, SHM: Sensitivity to Housing Materials, PB: Perceived Benefits, PT:
Perceived Threats, PBR: Perceived Barriers, and INT: Behavioral Intention. * p < 0.05; ** p < 0.01, and *** p < 0.001.

Figure 2. Modeling results.
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Table 3 shows the results of decomposition tests for total, direct, and indirect effects. According
to the bias-corrected percentile method, all the hypothesized indirect relationships were supported.
The results confirmed the significant mediating role of HBM components (perceived benefits, threats,
and barriers) in the path from personal domains (knowledge, health concerns, and sensitivity to
housing materials) to behavioral intention.

Table 3. Indirect effect testing results.

Hypothesis Path Std. Total
Effects

Std. Direct
Effects

Std. Indirect
Effects

H Testing
Results

H4 KN→ INT 0.46 ** 0.23 ** 0.24 ** Accepted
H5 HC→ INT 0.22 ** 0.02 0.20 ** Accepted
H6 SHM→ INT 0.05 −0.04 0.09 * Accepted

Note. KN: Knowledge, HC: Health Concerns, SHM: Sensitivity to Housing Materials, PB: Perceived Benefits, PT:
Perceived Threats, PBR: Perceived Barriers, and INT: Behavioral Intention. * p < 0.05 and ** p < 0.01.

5. Discussion

Findings from the analysis indicate that making decisions about healthy housing materials is
influenced by perceived benefits and threats. In the proposed model, the perceived benefits construct
is revealed to be a stronger predictor than the threats construct. One noteworthy finding from our
proposed model is the role of the knowledge component. This component is directly and indirectly
significantly associated with the behavioral intention. The direct effects of knowledge on the HBM
components have been revealed from several health science studies (e.g., [23,24]). Its direct association
from this study also supports the results from a similar study that investigated housing consumers’
knowledge and perceived benefits of green products [9]. In this study, housing consumers’ knowledge
was revealed to be related to their greater demand on purchasing such products.

In terms of the indirect relationships, knowledge is positively related to perceived benefits and
threats, but negatively associated with perceived barriers. Boomers with greater knowledge of healthy
housing materials were more likely to perceive benefits and threats of healthy housing materials.
Also, this study found that perceived benefits and threats were the two strongest factors to positively
influence the choice of healthy housing materials. The result parallels with preventive health-related
behavior research (e.g., [40]). The negative relationship between knowledge and perceived barriers
implies that individuals who have more knowledge are less likely to report their perceived barriers.
This result agrees with an experimental study about diabetic patients in which perceived barriers
were significantly reduced in an intervention group after patients attended diabetes seminars [23].
Thus, immediate interpretation from this relationship could be that some known barriers can be
removed by providing appropriate knowledge. In this research, perceived barriers included higher
costs, unavailability of the product, lack of information, and uncertainty about prevalent information.

The knowledge factor is worth our attention not only for consumers but also professionals such as
architects, interior designers and contractors. It is an external component compared to health concerns
or sensitivity to housing materials, which are innate to an individual’s health condition. The result
from this model indicates knowledge itself, which might or might not be related to the actual health
condition, would work as a strong predictor for the behavioral intention. Considering there has been
little research about the knowledge sources of healthy housing materials, further research on the
accuracy or depth of the information is recommended. Recognition of the significant role of knowledge
on behavioral intention inevitably leads to a discussion on who is currently educating consumers about
healthy housing materials. Typically, generic or technical information about a new product or service
is provided by the manufacturer. However, considering the process of choosing housing materials, the
role of home builders or interior designers should not be ignored. Although this indirect influence
on consumers has not been fully explored, one study about the interior designers’ attitudes toward
adopting sustainable flooring materials indicated that environmental beliefs are associated with the
interior designer’s attitudes but not with health beliefs [8].
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Interestingly, sensitivity to housing materials shows limited associations with the HBM components,
which have a positive relationship to perceived threats and perceived barriers but are not associated
with perceived benefits. Considering that this personal component represents current actual health
conditions and concerns, this result yields significant implications. Individuals with sensitivity to the
housing materials were more likely to be concerned about the negative effects of not using healthy
housing materials and the barriers in using them.

Meanwhile, boomers who had greater health concerns showed greater perceived benefits and
threats about healthy housing materials; perceived benefits were a stronger predictor of health concerns
than perceived threats. Individuals who have more health concerns were assumed to be more actively
seeking relevant information and more opportunity to try products that are known to be healthy. In the
same vein, we can assume that individuals who are more sensitive to housing materials are more
likely to seek solutions from healthy housing materials. Thus, to promote healthy housing materials,
targeting people who are sensitive to and/or have symptoms from housing materials containing
harmful chemicals would be a promising marketing strategy. Boomers with health concerns who
regularly exercise and eat organic foods would be the best group to target.

One of the HBM components, perceived barriers, was not a significant predictor of behavioral
intention. Meanwhile, the mean value of the behavioral intention was fairly high. These results can be
interpreted to show that behavioral intention to choose healthy housing materials can exist regardless
of perceived barriers. In other words, perceived barriers such as cost, time, and information may
be not critical factors in the choice of healthy housing materials. This relationship could cautiously
be interpreted as showing that healthy housing material choice is more likely to be optional with a
general prevention purpose. Although contradictory findings have resulted from other preventive
health-related behavior research, the weak influence of perceived barriers on healthy housing material
selection parallels the findings from preventive health-related behavior research. For example, condom
use for AIDS (Acquired Immune Deficiency Syndrome) prevention [41] shows no significant association
between perceived barriers and behavior, and barriers were reported as the weakest predictor among
the HBM perception components for exercise among adults [36] and smoking in adolescents [42].

Another possible interpretation regarding this weak relationship found in the current study would
be related to the perceived severity of the barriers. Subjectivity of the perception on the barrier could
produce varied influence. Especially if these barriers are related to financial situations, perception
would vary according to financial status associated with other demographic factors as well.

6. Implications

The significance of this study was to propose and test the extended HBM model including personal
factors, knowledge, health concerns, and sensitivity to housing materials. The analysis results indicated
the significance of the knowledge component, which was revealed as the strongest factor and both
directly and indirectly associated with behavioral intention. The model test results also indicated that
the benefits from using healthy housing materials were not strongly perceived by the individuals who
may have been sensitive to housing materials. This loose relationship could result from consumers’ lack
of accurate knowledge on the product or a product’s lower performance compared to other solutions,
such as medicine or behavioral remedies.

The significance of the knowledge component in our model can be extended to the importance of
education. Consumers can have varied perceptions of the product according to its main values and
focus developed by manufacturers or markets. For example, non-toxic floor materials can be considered
as both healthy housing materials and environmentally responsible materials. Both are true; however,
potential beneficiaries should not be excluded by only focusing on sustainable aspects that represent
more global benefits.

The results from the current study indicated similar relational results among the HBM components
and selected personal factors by implying that healthy housing material choosing behaviors seem to
be based on more general prevention purposes than actual maintenance. We believe either purpose,
prevention, or maintenance could play a significant role in improving an individual’s well-being
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through better indoor environmental quality. Although we have not had significantly accumulated
data to prove the benefits of healthy housing materials, currently available and scientifically reliable
knowledge needs to be provided to consumers.

Along with the breadth of the knowledge, the role of the agent to provide and communicate
the knowledge should be emphasized in education. As mentioned earlier, the occasion for adopting
housing materials is very rare, such as moving to a new home or home remodeling. For this situation,
professionals’ involvement in this decision is common. We do not know how much consumers rely on
the professionals’ recommendations. We also do not know how much these professionals are educated
regarding healthy housing materials. Several research studies have focused on professionals’ attitudes
toward sustainability [8,9]; however, no research focusing on the health benefits has been conducted.
We expect to see a transition of focus from global benefits to personal benefits, considering the emerging
trend of wellness in various professions, such as WELL building standards, which focus on indoor
environmental quality and individual well-being.

7. Limitations and Future Research Directions

This study provides meaningful insights into understanding boomers’ intention to choose healthy
housing materials; however, it has some limitations. First, although the sample for this study was
randomly selected by an online survey company, considering the socio-economic status (i.e., higher
income and education level) of those who can access the online survey, the results from this study cannot
be generalized to all boomers in the United States. Second, other personal factors excluded to our model,
such as an individual’s medical history or pro-environmental traits, could provide different perspectives
on the healthy housing material decision making. And finally, because we focused on developing and
testing the extended HBM model, this study did not include an analysis of the relationship between
socio-demographic variables and behavioral intention.

Our research findings and implications developed through discussion provide future research
directions. First, including another layer of external dimension, such as trust in professionals such
as architects, interior designers, or contractors, to the current model is recommended. Second, more
specific variables related to knowledge, including previous/recent experience in home renovation
and construction, sources for knowledge or cues for action, to focus on are recommended. Lastly,
investigating other demographic segments including younger generations or low-income households
would provide meaningful perspectives in developing educational strategies. A comparative path
analysis for different population groups may highlight the differences among education, income, and
generation groups.
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Appendix A

Table A1. Descriptive Statistics of personal factors, the Health Belief Model (HBM) constructs, and
behavioral intention.

Items Mean Standard Deviation

Knowledge
I have heard about healthy housing materials. 4.71 1.67
I have heard about sick house syndrome. 4.79 1.79
I have seen advertisements of healthy housing materials. 3.66 1.76
I have read articles about healthy housing materials. 3.81 1.83
I have noticed that some products currently provide healthy housing materials information. 3.99 1.66
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Table A1. Cont.

Items Mean Standard Deviation

Health Concerns
I am concerned about my health. 5.36 1.51
I try to eat healthy food. 5.68 1.46

Sensitivity to Housing Materials
I am sensitive to indoor air quality. 3.74 1.8
My nose is sensitive to new housing materials. 3.89 1.93
My eyes are sensitive to new housing materials. 3.67 1.86
My throat is sensitive to new housing materials. 3.56 1.83

Perceived Benefits
I feel I am doing something good for my body when I choose healthy housing materials for
my house. 5.47 1.24

I feel my quality of life will be better if I choose healthy housing materials for my house. 5.48 1.23
I feel I can decrease medical expenses if I choose healthy housing materials for my house. 5.05 1.37

Perceived Threats
I feel my chances of having serious health problems in the future are high if I install unhealthy
housing materials in my house. 4.21 1.52

If I get a disease/illness because of unhealthy housing materials, it will have a severe negative
influence on my quality of life. 4.99 1.41

I will have higher medical expenses if I do not make healthy housing materials choices. 4.21 1.45

Perceived Barriers
I think healthy housing materials are too expensive compared to other general items. 4.69 1.25
Healthy housing materials are not available in most building materials shops. 4.26 1.32
Because of lack of information, it is hard to select healthy housing materials. 4.57 1.5
Even though there are numerous recommendations about healthy housing materials, it is hard
to know what to believe. 4.58 1.42

Behavioral Intention
When I purchase my housing materials next time, I will try healthy housing materials. 4.89 1.22
I will say positive things to other people about healthy housing materials. 4.75 1.38
I will recommend to my family and friends healthy housing materials. 4.71 1.38

Note. 7-point Likert scale (1 = strongly disagree and 7 = strongly agree).

References

1. World Health Organization Guidelines for Air Quality. Available online: http://apps.who.int/iris/bitstream/

10665/66537/18/WHO_SDE_OEH_00.02-eng.pdf (accessed on 1 August 2019).
2. U.S. Environmental Protection Agency Indoor Air Quality. Available online: https://www.epa.gov/report-

environment/indoor-air-quality (accessed on 1 August 2019).
3. Norbäck, D.; Björnsson, E.; Janson, C.; Widström, J.; Boman, G. Asthmatic symptoms and volatile organic

compounds, formaldehyde, and carbon dioxide in dwellings. Occup. Environ. Med. 1995, 52, 388–395. [CrossRef]
[PubMed]

4. Wei, W.; Ramalho, O.; Mandin, C. Indoor air quality requirements in green building certifications. Build. Environ.
2015, 92, 10–19. [CrossRef]

5. La Jeunesse, E. Healthy Home Remodeling: Consumer Trends and Contractor Preparedness; Joint Center for
Housing Studies of Harvard University: Cambridge, MA, USA, 2019.

6. Janz, N.K.; Becker, M.H. The health belief model: A decade later. Health Educ. Q. 1984, 11, 1–47. [CrossRef]
[PubMed]

7. Joint Center for Housing Studies of Harvard University. Improving America’s Housing 2017: Demographic
Change and Remodeling Outlook; Joint Center for Housing Studies of Harvard University: Cambridge, MA,
USA, 2017.

8. Lee, E.; Allen, A.; Kim, B. Interior Design Practitioner Motivations for Specifying Sustainable Materials:
Applying the Theory of Planned Behavior to Residential Design. J. Inter. Des. 2013, 38, 1–16. [CrossRef]

9. Hayles, C.S. Environmentally sustainable interior design: A snapshot of current supply of and demand for
green, sustainable or Fair Trade products for interior design practice. Int. J. Sustain. Built Environ. 2015, 4,
100–108. [CrossRef]

http://apps.who.int/iris/bitstream/10665/66537/18/WHO_SDE_OEH_00.02-eng.pdf
http://apps.who.int/iris/bitstream/10665/66537/18/WHO_SDE_OEH_00.02-eng.pdf
https://www.epa.gov/report-environment/indoor-air-quality
https://www.epa.gov/report-environment/indoor-air-quality
http://dx.doi.org/10.1136/oem.52.6.388
http://www.ncbi.nlm.nih.gov/pubmed/7627316
http://dx.doi.org/10.1016/j.buildenv.2015.03.035
http://dx.doi.org/10.1177/109019818401100101
http://www.ncbi.nlm.nih.gov/pubmed/6392204
http://dx.doi.org/10.1111/joid.12017
http://dx.doi.org/10.1016/j.ijsbe.2015.03.006


Sustainability 2019, 11, 4869 12 of 13

10. Rosenstock, I.M. The health belief model and preventive health behavior. Health Educ. Monogr. 1974, 2,
354–386. [CrossRef]

11. Mokhtari, N.; Ghodsi, H.; Asiri, S.; Kazemnejad Leyli, E. Relationship between health belief model and
smoking in male students of Guilan University of Medical Sciences. J. Guilan Univ. Med. Sci. 2013, 22, 33–41.

12. Yarbrough, S.S.; Braden, C.J. Utility of health belief model as a guide for explaining or predicting breast
cancer screening behaviours. J. Adv. Nurs. 2001, 33, 677–688. [CrossRef] [PubMed]

13. Johnson, C.E.; Mues, K.E.; Mayne, S.L.; Kiblawi, A.N. Cervical cancer screening among immigrants and ethnic
minorities: A systematic review using the Health Belief Model. J. Low. Genit. Tract Dis. 2008, 12, 232–241.
[CrossRef] [PubMed]

14. Yoon, H.J.; Kim, Y.J. Understanding green advertising attitude and behavioral intention: An application of
the health belief model. J. Promot. Manag. 2016, 22, 49–70. [CrossRef]

15. Lindsay, J.J.; Strathman, A. Predictors of recycling behavior: An application of a modified health belief model
1. J. Appl. Soc. Psychol. 1997, 27, 1799–1823. [CrossRef]

16. Carpenter, C.J. A meta-analysis of the effectiveness of health belief model variables in predicting behavior.
Health Commun. 2010, 25, 661–669. [CrossRef] [PubMed]

17. Skinner, C.S.; Tiro, J.; Champion, V.L. The Health Belief Model. In Health Behavior and Health Education:
Theory, Research, and Practice; Glanz, K., Rimer, B.K., Viswanath, K., Eds.; John Wiley & Sons: San Francisco,
CA, USA, 2008; pp. 75–94.

18. Rosenstock, I.M. Historical origins of the health belief model. Health Educ. Monogr. 1974, 2, 328–335. [CrossRef]
19. Salloway, J.C.; Pletcher, W.R.; Collins, J.J. Sociological and social-psychological models of compliance with

prescribed regimen: In search of synthesis. Sociol. Symposium. 1978, 23, 100–121.
20. Cook, L.A. Health Belief Model and healthy consumption: Toward an integrated model. J. Food Prod. Mark.

2018, 24, 22–38. [CrossRef]
21. Hornik, J.; Cherian, J.; Madansky, M.; Narayana, C. Determinants of recycling behavior: A synthesis of

research results. J. Socioecon. 1995, 24, 105–127. [CrossRef]
22. Bandura, A. Health promotion by social cognitive means. Health Educ. Behav. 2004, 31, 143–164. [CrossRef]

[PubMed]
23. Sharifirad, G.; Entezari, M.H.; Kamran, A.; Azadbakht, L. The effectiveness of nutritional education on the

knowledge of diabetic patients using the health belief model. J. Res. Med. Sci. 2009, 14, 1–6.
24. Shojaeizadeh, D.; Hashemi, S.Z.; Moeini, B.; Poorolajal, J. The effect of educational program on increasing

cervical cancer screening behavior among women in Hamadan, Iran: Applying health belief model. J. Res.
Health Sci. 2011, 1, 20–25.

25. Hazavehei, S.; Sharifirad, G.; Mohabi, S. The effect of educational program based on health belief model on
diabetic foot care. Int. J. Diabetes Dev. Ctries. 2007, 27, 18–23. [CrossRef]

26. Mahmoodi, M.; Salehi, L. To evaluate of efficacy of education based on health belief model on knowledge,
attitude and practice among women with low socioeconomic status regarding osteoporosis prevention.
Iran. J. Epidemiol. 2011, 7, 30–37.

27. Viau, P.A.; Padula, C.A.; Eddy, B. An exploration of health concerns & health-promotion behaviors in
pregnant women over age 35. MCN Am. J. Matern. Child Nurs. 2002, 27, 328–334. [PubMed]

28. Squires, L.; Juric, B.; Bettina Cornwell, T. Level of market development and intensity of organic food consumption:
Cross-cultural study of Danish and New Zealand consumers. J. Consum. Mark. 2001, 18, 392–409. [CrossRef]

29. Hamzaoui Essoussi, L.; Zahaf, M. Decision making process of community organic food consumers: An
exploratory study. J. Consum. Mark. 2008, 25, 95–104. [CrossRef]

30. Chryssohoidis, G.M.; Krystallis, A. Organic consumers’ personal values research: Testing and validating the
list of values (LOV) scale and implementing a value-based segmentation task. Food Qual. Prefer. 2005, 16,
585–599. [CrossRef]

31. Ando, M. Indoor air and human health—Sick house syndrome and multiple chemical sensitivity. Kokuritsu
Iyakuhin Shokuhin Eisei Kenkyujo Hokoku 2002, 120, 6–38.

32. Laquatra, J.; Pillai, G.; Singh, A.; Syal, M.M. Green and Healthy Housing. J. Archit. Eng. 2008, 14, 94–97.
[CrossRef]

33. Runeson, R.; Wahlstedt, K.; Wieslander, G.; Norbäck, D. Personal and psychosocial factors and symptoms
compatible with sick building syndrome in the Swedish workforce. Indoor Air 2006, 16, 445–453. [CrossRef]

http://dx.doi.org/10.1177/109019817400200405
http://dx.doi.org/10.1046/j.1365-2648.2001.01699.x
http://www.ncbi.nlm.nih.gov/pubmed/11298205
http://dx.doi.org/10.1097/LGT.0b013e31815d8d88
http://www.ncbi.nlm.nih.gov/pubmed/18596467
http://dx.doi.org/10.1080/10496491.2015.1107006
http://dx.doi.org/10.1111/j.1559-1816.1997.tb01626.x
http://dx.doi.org/10.1080/10410236.2010.521906
http://www.ncbi.nlm.nih.gov/pubmed/21153982
http://dx.doi.org/10.1177/109019817400200403
http://dx.doi.org/10.1080/10454446.2017.1244783
http://dx.doi.org/10.1016/1053-5357(95)90032-2
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/pubmed/15090118
http://dx.doi.org/10.4103/0973-3930.34753
http://www.ncbi.nlm.nih.gov/pubmed/12439134
http://dx.doi.org/10.1108/07363760110398754
http://dx.doi.org/10.1108/07363760810858837
http://dx.doi.org/10.1016/j.foodqual.2005.01.003
http://dx.doi.org/10.1061/(ASCE)1076-0431(2008)14:4(94)
http://dx.doi.org/10.1111/j.1600-0668.2006.00438.x


Sustainability 2019, 11, 4869 13 of 13

34. Gomzi, M.; Bobic, J.; Radosevic-Vidacek, B.; Macan, J.; Varnai, V.M.; Milkovic-Kraus, S.; Kanceljak-Macan, B.
Sick building syndrome: Psychological, somatic, and environmental determinants. Arch. Environ. Occup. Health
2007, 62, 147–155. [CrossRef]

35. Jo, M.; Shin, J. Market strategy for promoting green consumption: Consumer preference and policy
implications for laundry detergent. Int. J. Consum. Stud. 2017, 41, 283–290. [CrossRef]

36. Wang, B.-L.; Takigawa, T.; Yamasaki, Y.; Sakano, N.; Wang, D.-H.; Ogino, K. Symptom definitions for SBS
(sick building syndrome) in residential dwellings. Int. J. Hyg. Environ. Health 2008, 211, 114–120. [CrossRef]
[PubMed]

37. US Census Bureau, Income and Poverty in the United States. 2015. Available online: https://www.census.
gov/library/publications/2016/demo/p60-256.html (accessed on 22 August 2019).

38. Hair, J.F.; Black, W.C.; Babin, B.J.; Anderson, R.E. Multivariate Data Analysis, 7th ed.; Pearson Prentice Hall:
Upper Saddle River, NJ, USA, 2010.

39. Fornell, C.; Larcker, D.F. Evaluating structural equation models with unobservable variables and measurement
error. J. Mark. Res. 1981, 18, 39–50. [CrossRef]

40. Shin, Y.; Yun, S.; Pender, N.J.; Jang, H. Test of the health promotion model as a causal model of commitment to
a plan for exercise among Korean adults with chronic disease. Res. Nurs. Health 2005, 28, 117–125. [CrossRef]
[PubMed]

41. Lin, P.; Simoni, J.M.; Zemon, V. The health belief model, sexual behaviors, and HIV risk among Taiwanese
immigrants. Aids Educ. Prev. 2005, 17, 469–483. [CrossRef] [PubMed]

42. Li, C.; Unger, J.B.; Schuster, D.; Rohrbach, L.A.; Howard-Pitney, B.; Norman, G. Youths’ exposure to
environmental tobacco smoke (ETS): Associations with health beliefs and social pressure. Addict. Behav.
2003, 28, 39–53. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3200/AEOH.62.3.147-155
http://dx.doi.org/10.1111/ijcs.12339
http://dx.doi.org/10.1016/j.ijheh.2007.03.004
http://www.ncbi.nlm.nih.gov/pubmed/17574916
https://www.census.gov/library/publications/2016/demo/p60-256.html
https://www.census.gov/library/publications/2016/demo/p60-256.html
http://dx.doi.org/10.1177/002224378101800104
http://dx.doi.org/10.1002/nur.20060
http://www.ncbi.nlm.nih.gov/pubmed/15779054
http://dx.doi.org/10.1521/aeap.2005.17.5.469
http://www.ncbi.nlm.nih.gov/pubmed/16255642
http://dx.doi.org/10.1016/S0306-4603(01)00215-5
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Theoretical Framework 
	Theoretical Perspective 
	Personal Factors 
	Purpose of the Study 
	Hypotheses 
	Direct Effects of Personal Factors on HBM Components and Behavioral Intention 
	Indirect Effects of Personal Factors on Behavioral Intention 


	Materials and Method 
	Results 
	Overview of Respondents 
	Descriptive Statistics, Validity and Reliability of Measurements 
	Path Model Estimation and Results 

	Discussion 
	Implications 
	Limitations and Future Research Directions 
	
	References

