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Abstract: The health promotion model (HPM) was tested as a causal model of construction work-
ers’ use of hearing protection (N = 359). Theoretical and exploratory models fit well, with the the-
oretical model accounting for 36.3% of variance and the exploratory model accounting for 50.6%
of variance in hearing protection use. Value of use (benefits of using hearing protection), barri-
ers to use, and self-efficacy were significant predictors in both the theoretical and exploratory
models, but perceived health status was a predictor only in the theoretical model. In the ex-
ploratory model, where modifying factors were allowed direct relationships with use of hearing
protection, two modifying factors—noise exposure and interpersonal influences-modeling—were
significant predictors. Results of this test of the HPM are consistent with the revised HPM (Pen-
der, 1996). There were significant direct paths from modifying factors to behavior. Use of hear-
ing protection was best predicted by behavior-specific predictors, such as perceived barriers to
use of hearing protection. Results support the use of the HPM to predict use of hearing protec-
tion. © 1997 John Wiley & Sons, Inc. Res Nurs Health 20: 183-194, 1997

Keywords: health promotion model; construction workers; hearing protection; model testing;
preventing hearing loss

Hazardous noise is an important occupational
health problem becauseit leadsto hearing lossand
may lead to increased stress and other deleterious
physiological effects (Cohen & Weinstein 1980;
DeJoy 1984; Sloan, 1991; van Dijk, Souman, &
deVries 1987). More than 30 million workers are
exposed to hazardous noise on the job (National
Institute for Occupational Safety and Health,
1996). Use of hearing protection devices (HPDs),
specifically ear plugs and/or ear muffs, is known
to reduce noise exposure and prevent noise-
induced hearing loss (Sataloff & Sataloff, 1986;
Savell & Toothman, 1987). Although there is no
comprehensive data base available regarding the
extent HPDs are used by workers exposed to high

noise, in our previous study factory workers had
entirely inadequate observed and self-reported
mean usage of 54 to 62% (Lusk, Ronis, & Baer,
1995). The sample of construction workersin the
present study self-reported even lower mean usage
of 18 to 49% (Lusk, Kerr, & Kauffman, 1996).
There are, however, relatively few investigators
who have examined factors related to the low use
of hearing protection by workers.

In aprior study (Lusk, Ronis, Kerr, & Atwood,
1994) we identified severa factors influencing
factory workers' use of hearing protection. How-
ever, these factors may not apply equaly to con-
struction workers. Construction workers differ
from factory workersin several ways, particularly

Contract grant sponsor: National Institute of Occupational Safety and Health; contract grant

number: OH03136.

Correspondence to Sally L. Lusk, University of Michigan School of Nursing, Room 3182, 400

North Ingalls, Ann Arbor, Ml 48109-0482.

© 1997 John Wiley & Sons, Inc. CCC 0160-6891/97/030183-12 183



184 RESEARCH IN NURSING & HEALTH

in having the highest rates of work-related injury
andillnessinthe United States (U.S. Bureau of the
Census, 1995). They freguently work in rapidly
changing work sites with exposure to noise from
equipment and from the environment, while afac-
tory environment is more static. In addition, con-
struction workers have relatively little control
over their environment. Therefore, noise exposure
on construction sites is not as amenable to engi-
neering controls as in the manufacturing sector.
Coupled with thislack of control isthe mobility of
construction workers. Many do not consistently
work with one firm or a one location, and some
are relatively independent contractors. In the case
of the former, hearing protection needs, policies,
and availability may change rapidly for the work-
er, up to several times a day. In the case of the
worker as an independent contractor, the individ-
ual may be the one who is both deciding whether
hearing protectionisneeded and obtaining hearing
protection equipment. Thus, use of this type of
protective equipment by construction workers re-
quires taking more personal responsibility for
safety and health than may be necessary in afac-
tory setting. Although the Occupational Safety and
Health Administration mandates Hearing Conser-
vation Programs for factory workers (OSHA,
1981), it has not yet developed a standard to re-
quire Hearing Conservation Programs for con-
struction workers.

Because individual action in using hearing pro-

tection isauseful method to reduce noise exposure
(Abel, Alberti, Haythornthwaite, & Riko, 1982;
Berger, 1980) when engineering controls cannot,
the purpose of this study was to test Pender’'s
(1987) health promotion model (HPM) asa causal
model to understand the use of hearing protection
by construction workers. This model, derived
from socia learning theory, attempts to explain
individuals participation in health-promoting
behaviors and posits that cognitive—perceptual
factors influence health-promoting behavior.
Modifying factors also may operate through the
cognitive—perceptual factorsin affecting behavior.
The cognitive—perceptual factors consist of im-
portance of health, perceived control of health,
perceived self-efficacy, definition of health, per-
ceived health status, and perceived benefits of and
perceived barriers to health-promoting behaviors.
With the exception of the perceived barriers to
health promoting behaviors, al of thesefactorsare
expected to be positively related to the behavior.
Modifying factors include demographic and bio-
logic characteristics, interpersonal influences, and
situational and behavioral factors. The HPM as
tested in this study isillustrated in Figure 1.
Discussion of the conceptual underpinnings of
the HPM and research on the model is detailed in
Lusk, Ronis, Kerr, and Atwood (1994); this dis-
cussion is summarized below. Thus far, the HPM
has been tested as a causal model in four studies,
with varying results (Johnson, Ratner, Bottorff, &

Modifying Cognitive-Perceptual Factors Outcome
Fact :
actors Perceived Control
Demographic of Health
Characteristics ] -
Definition of Health
Interpersonal
Influences Perceived Health
on Use of Status —| USE
Hearing Perceived Self-efficacy in the
Protection - . —
Use of Hearing Protection
ISI';:Jatlonal || Perceived Benefits of
nifuences || Use of Hearing Protection| |
on Use of
Hearing Perceived Barriersto  |__|
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FIGURE 1. Pender’s health promotion model as used in the present study. Adapted (with permission) from Health

promotion in nursing practice (2nd ed.), by N. J. Pender, 1987, Norwalk, CT: Appleton & Lange.
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Hayduk, 1993; Lusk et a., 1994; Pender, Walker,
Frank-Stromborg, & Sechrist, 1990; Ratner, Bot-
torff, Johnson, & Hayduk, 1994).

Pender et a. (1990) found, with one exception,
that all the proposed paths in the HPM were sig-
nificant predictors of exercise performancein one
or more of their four samples; working adults, old-
er adults, cancer patients, and patients in cardiac
rehabilitation. In our earlier research (Lusk et al.,
1994), the HPM was examined in relation to the
use of hearing protection among automotive fac-
tory workers. Results were similar to those found
by Pender et al. (1990). Causal modeling of theuse
of hearing protection among 645 factory workers
resulted in an excellent fit of the HPM and ac-
counted for up to 53% of the variance in use of
hearing protection. Self-efficacy, low perceived
barriers, and benefits consistently had positive ef-
fects on use. An unexpected finding was a nega
tive relationship between perceived control of
health and use of hearing protection. This result
was contrary to the expectation that therewould be
greater use of hearing protection by those who felt
in control of their health.

Johnson et al. (1993) and Ratner et al. (1994)
used data from the National Survey of Personal
Health Practices and Consequences, from which
they selected single items to measure conceptsin
the HPM. The indirect effects of two groups of
modifying factors (demographic and biologic
characteristics) on health-promoting behavior
through three mediating cognitive—perceptual fac-
tors (perceived control of health, perceived self-
efficacy, and perceived hedlth status) were as-
sessed. Results showed that several factorsin each
of the two groups of modifying factors had direct
rather than indirect effects on health-promoting
behaviors; thus, the original version of the HPM
without direct paths from modifying factor to be-
havior was inadequate in explaining these behav-
iors.

In testing for gender differences in general
health practices, Ratner et al. (1994) used four
modifying demographic factors (age, family in-
come, marital status, and education), one modify-
ing biologica characteristic (body mass index),
and the same three cognitive—perceptual factors
used by Johnson et a. (1993). Although they
found some differences in the likelihood of en-
gaging in health-promoting behaviors by gender,
those differences did not operate through the cog-
nitive—perceptual variables as the HPM posits.
These authors found the explanatory power of the
HPM poor in both above studies and, therefore,
questioned the model’s validity.

While these two studies do not support the

HPM, their limitations should be considered. Typ-
ically, HPM concepts have been measured with
multi-item measures, rather than the primarily sin-
gle-item measures used in these two studies. Only
three of the cognitive—perceptual variables were
included, rather than the sevenin the HPM. In ad-
dition, the HPM was designed to predict specific
health behaviors, such as exercise and hearing
protection, rather than global health promoting ac-
tions.

In our prior research (Lusk et al., 1994; Lusk,
Kerr, & Baer, 1995), the HPM was helpful in ex-
amining a specific behavior, the use of hearing
protection by factory workers. The HPM was se-
lected because use of hearing protection, like
health promoting behaviors, isunder the control of
the individual and requires continuous, long-term
action. In addition, in other studies relationships
have been found between individual components
which, at that time, were unique to the HPM (such
as perceived control and self-efficacy) and protec-
tive or disease preventing behaviorsincluding use
of seat belts (Langlie, 1977) and smoking reduc-
tion (Strecher, Becker, Kirscht, Eraker, & Gra
ham-Tomasi, 1985). Further, because our present
study was focused on the same health behavior,
hearing protection, with a different worker popu-
lation, the continued use of the HPM was appro-
priate.

One cognitive—perceptual factor from the
HPM, importance of health, was not included in
this study because it has not had sufficient vari-
ance in other studies to be useful as a predictor.
This factor has not been included in the revised
model (Pender, 1996) which was published after
thisstudy was undertaken. Two modifying factors,
behavioral factors and biological characteristics,
were not used in thistest of the HPM. These com-
ponentstypically have not been used in other tests
of the HPM, making them more difficult to oper-
ationalizewith referenceto hearing protection use.
Minimizing respondent fatigue also was a factor
that required limitation to variablesthat were most
crucial.

METHOD

Sample

Midwestern carpenters, operating engineers, and
plumbers/pipefitters were recruited through trade
unions and trade group associations to participate
in the study. Trainees and apprentices, as well as
experienced workers in the three trades, were in-
cluded. Written questionnaires were compl eted by
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the participants in classroom settings as they at-
tended journeyman and refresher courses provid-
ed by their trade groups.

Subjects were recruited through contacts with
trade union locals (N = 12) in the Midwest who
arranged for data to be collected during their on-
going classes. Less than 2% of the class members
either refused to sign the consent form to partici-
pate in the study or signed the form but failed to
complete the questionnaire. A total of 359 persons
wereincluded in these analyses: 119 operating en-
gineers, 111 carpenters, and 129 plumbers and
pipefitters. As indicated in Table 1, the vast ma-
jority were male (94%) and Caucasian (87%),
with about 8% African American. The mean age
(33 years) differed by group, with the operating
engineers the oldest and the carpenters the
youngest. Nearly all the workers had at least a
high school diploma (95%), but carpenters and
plumbers/pipefitters were more likely to have had
some formal education beyond high school than
operating engineers. About 55% of thetotal group
were married, but there were differences by trade
with amuch larger proportion of the operating en-
gineers married and a smaller proportion of car-
penters married. The mean number of yearsin the
trade al so differed among the groups, with the ol d-
er operating engineers having more years than the
younger plumbers and carpenters.

As shown in Table 1, operating engineers had
the highest proportion of work time spent in high
noise, and plumbersg/pipefitters the lowest. The
percent of time that workers wore hearing protec-

tion when exposed to high noise was not entirely
consistent with exposure. The operating engineers
with the highest exposure al so had the highest use,
but plumbers/pipefitters who had the lowest expo-
sure had a higher use than carpenters. Overall,
24% of the workers never used hearing protection
when exposed to high noise, and 5.3% aways
wore hearing protection when exposed.

Measures

The concepts utilized in the study, instruments used
to measure the concepts, mean scores, and thetare-
lighility coefficientsfor the whole sample arelisted
in Table 2. All the scales had acceptable reliability
of at least .70 for this sample. The instruments had
been used with worker populations in previous
studies with acceptable reliability (Lusk, Ronis, &
Baer, 1995). Conceptual and operational definitions
of themodel components and examplesof itemsin-
cluded in the scales measuring the components fol-
low. Unless otherwiseindicated, all measureshad a
6-point Likert-type scale from strongly disagree to
strongly agree. Questionnaires were prepared in a
booklet format and typically required an average of
35 to 40 min to complete.

Noise exposure was assessed with a series of
guestions about time on the job exposed to “high
noise” over the last week, month, and 3 months.
High noise was defined as “when you have to
shout to be heard by a coworker who is 3 feet or
less away from you.”

Table 1. Demographics, Noise Exposure, and Hearing Protection Use by Trade Group
Operating Plumbers/
Engineers Carpenters Pipefitters
(n=119) (n=111) (n = 129)
M SD M SD M SD
Age* 411 10.0 27.1 6.4 30.5 8.2
Years in trade* 17.2 10.0 6.1 5.4 7.0 7.3
Proportion of time exposed to high noise* 58% 34% 43% 27% 39% 26%
Proportion of time wears HP in noise* 51% 39% 21% 31% 33% 35%
% (n = 119) % (n = 111) % (n = 129)
Female 5.9 2.7 7.8
Minority 10.1 16.2 13.2
Married* 72.3 39.6 51.2
High school plus* 30.3 46.8 65.1
Never use HP* 10.1 44.1 20.2
Always use HP* 11.8 1.8 2.3

Note. HP = hearing protection.
*p < .001.
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Table 2. HPM Concepts, Scales, and Reliabilities

HPM Component Scale Description? Range M (C]
Interpersonal influences Norms 4 itemsP 1-3 2.2 .76
Support 12 itemP-© 1-3 1.5 .85
Modeling 2 itemsP 1-3 2.4 .86
Situational factors Availability/Access to HP 9 items 1-5.4 3.1 .81
Noise exposure 3 itemsd 1-100 46.8 .94
Perceived control of health Health competency 8 items 1.4-6 3.1 .79
Definition of health Health conception—Clinical 7 items 1-6 5.0 .87
Health conception—Overall wellness 9 items 1.3-6 4.9 .87
Perceived health Self-rated health 4 itemsP 1.3-3.3 2.5 .70
Perceived self-efficacy Self-efficacy in use of HP 10 items 1.5-6 4.4 .78
Perceived benefits Benefits of HP 12 items 2.4-6 4.6 .73
Value of use of HP 6 items 1-4 2.6 .88
Perceived barriers Barriers to use of HP 12 items 1-5.6 3.0 .83

aAll items, except where noted, had a 6-point Likert scale. Pltems with 3 or 4 response categories. °Eight of the items in this scale were
used in the analyses. 9Percent of time exposed to high noise during three time periods, past week, past month, past 3 months.

Interpersonal influence, perceptions regarding
others' beliefs regarding use of HPDs, was mea-
sured using three scal es adapted for this study from
a 28-item scale devel oped by the Child/Adolescent
Health Behavior Research Center at the University
of Michigan (NolaJ. Pender, personal communica-
tion, March 16, 1993) measuring socia support for
exercise behavior: interpersona norms, interper-
sond support, and interpersonal modeling. Inter-
personal norms was measured through questions
about the respondents’ beliefs about how much oth-
ers (family members, friends, supervisor, and co-
workers) think they should wear hearing protection.
Interpersonal support was measured by a series of
guestions about encouragement or praisefrom fam-
ily, friends, coworkers, and supervisors about the
respondent’s use of hearing protection. Interper-
sonal modeling was measured through two ques-
tions about how much respondents believed others
use hearing protection when exposed to noise,
specifically their supervisor and the coworker with
whom the respondent spends the most time.

Situational factorswere measured by two scales
developed for this program of research. The first
determined perceptions of accessibility and avail-
ability of hearing protection equipment and con-
tained items such as “ear plugs are available to
pick up at my job sites.” The second scale defined
high noise levels as“when you have to shout to be
heard by a coworker who is 3 feet or less away
fromyou” and asked how often they were exposed
to thislevel of noise.

Perceived control, the extent to which the in-
dividual feels in control of his health, was mea-
sured by the Perceived Health Competence Scale
(Smith, Wallston, & Smith, 1995). An example of

anitemfromthisscaleis“|’'mgenerally ableto ac-
complish my goals with respect to my health.”

Definition of health, theindividual’s perception
of the meaning of health, wasmeasured using are-
vised form of Laffrey’s Health Conception Scale
(Laffrey, 1986). The revision process is reported
in detail elsawhere (Lusk et al., 1995); the clinical
health scale was used in its origina form and a
new “overall wellness’ subscale was created. A
sampleof anitem from the clinical health subscale
is “being free from symptoms of disease,” and
from the new overall wellness subscaleis“feeling
great—on top of the world.”

Perceived health status, the individual’s con-
ception of current health, was measured by the
health subindex of the Philadel phia Geriatric Cen-
ter Multilevel Assessment Instrument (Lawton,
Moss, Fulcomer, & Kleban, 1982). A sampleitem
from this scale, measured on a 4-point scale from
excellent to poor, is “How would you rate your
overall health at the present time?’

Perceived self-efficacy, the extent to which in-
dividuals have confidence in their ability to per-
form the activity, was measured by the Self-Effi-
cacy in Useof Hearing Protection Scale devel oped
for this program of research. An example of an
item from this scale is “| am sure | can use my
hearing protection so it works effectively.”

Perceived benefits of use of hearing protection,
beliefs regarding the positive results of the behav-
ior, were measured by two scales developed for
this program of research. The measurement of
benefits of use of hearing protection was modeled
on a benefit and barrier to exercise scale devel-
oped by Murdaugh & Hinshaw (1986). A sample
item for that scaleis “Wearing hearing protection
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protects me against hearing loss from noise expo-
sure.” The measure for the value of use of hearing
protection, modeled on Pender’sval ue of outcome
exercise scale (personal communication, Dec. 12,
1986), used a visual analogue scale to assess the
degree of importance of such items as “keep out
noise,” or “protect my hearing.”

Perceived barriers, the real or perceived impedi-
mentsto engaging in the behavior, was measured by
the Barriersto Use of Hearing Protection scale de-
veloped for this program of research, but modeled
on the Murdaugh and Hinshaw (1986) instrument.
Anexampleof aniteminthisscaleis“Hearing pro-
tection keeps mefrom hearing what | want to hear.”

The latter four scales developed by the re-
searchers and described above were reviewed by
expert panels to establish construct validity. Fur-
ther, in the analyses of data from factory workers,
the paths from each construct to its measureswere
all significant beyond the .001 level, providing
support for validity of al of the scales.

The dependent variable, use of hearing protec-
tion, was defined aswearing ear plugs or ear muffs.
It was measured by workers' self-report of the per-
cent of time (0—100%) they used hearing protection
during the past week, month, and 3 months when
they were in high noise areas. Workers aso were
queried about use in high noise areas on their most
recent job site and the previous job site. We have
found self-report to be a reliable way to measure
use of hearing protection (Lusk, Ronis, & Baer,
1995). In the study of factory workers, three indi-
cators of use were evaluated: self-report, observa
tion, and supervisor report. There were severa rea-
sons why those findings supported self-report as
the method of choice to determine use: (a) a high
correlation of self-report and observed use (r =
.89); (b) a small mean difference between self-re-
ported use and observed use (within 5% of each
other for 56% of the workers and within 10% of
each other for 71% of theworkers); (c) thehigh cost
of conducting observations; and (d) thelimited pro-
portion of the total period of time that can be ob-
served (Lusk, Ronis, & Baer, 1995). Inaddition, the
possibility of overestimation of use was deemed to
be even less afactor for construction workers than
for factory workers asthey do not yet have OSHA-
mandated nor workplace rules regarding use of
hearing protection, as do factory workers.

Data Analysis

Data were analyzed by maximum likelihood esti-
mation of structural equation modelsusingthe EQS
program (Bentler, 1989). Thecurrent analyseswere
conducted on the covariance matrix of 359 cases

with complete data on relevant variables (80% of
the subjectsin the study). Subjects excluded dueto
missing data were indistinguishable from those in
the analyses on al variables except age, t(443) =
2.96, p = .003; clinical definition of health, t(440)
= 2.16, p = .031, and wellness definition of health,
t(432) = 2.07, p = .039. The mean age for those
excluded was 36.8 yearsand for thoseincluded was
33.0 years. Subjects included had somewhat high-
er scores on both the clinical definition of hedlth
(5.0 versus 4.8 on the 6-point scale) and wellness
definition of health (4.9 vs. 4.7). These definitions
of health variableswerenot significant in the causal
models. Thus, loss of some cases due to missing
dataonly dightly changed the characteristics of the
sample. No particular variables accounted for the
missing cases, rather, the missing data were spread
evenly across the variables.

Confirmatory factor analysis (CFA) was con-
ducted to evaluate the measurement of constructs
and the strengths of correlations among them. In
the CFA and the other structural equation models,
the multipleitem scale of each predictor construct
was divided into two subscales (Marsh, Antill, &
Cunningham, 1989; Stacy, Bentler, & Flay, 1994).
These subscales were used as the measures of the
constructs, allowing measurement errors for these
constructs to be statistically estimated and sepa-
rated from assessment of their relationships with
other constructs. The remaining predictor vari-
ables (age, gender, race/ethnic group, marital sta-
tus, educational level, trade group, years in trade)
were measured by single items.

The dependent variable, frequency of use of
hearing protection, was measured by five ques-
tions regarding the percentage of time the worker
used hearing protection in two job sites and three
time periods (most recent site, sitebeforethat, dur-
ing past week, past month, past 3 months). Be-
cause the correlations among these itemswas high
(ranging from .79 to .96) it was decided to average
the five answers and to model thisvariable asif it
were measured without error (rather than as ala
tent variable with five indicators). This approach
to modeling means the relationships with use of
hearing protection are slightly underestimated by
the standardized path coefficients, however, the
relative strength of relationships is correctly rep-
resented (Bollen, 1989). In the CFA, al factors
were allowed to freely intercorrelate.

RESULTS

The confirmatory factor analysis (CFA) model was
rejected asan exact fit to the data, y2(307) = 443.6,
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p < .001. In structural equation modeling, a statis-
tically significant x2 indicates that the mode! does
not perfectly fit the data. However, because thetest
is senditive to substantively unimportant depar-
tures from normality, asignificant x2 is almost al-
waysfound unlessthe samplesizeissmall (Bentler
& Bonett, 1980). Because of this problem with x2
test, practical measures of fit, including the normed
fitindex, thenon-normedfitindex (Bentler & Bon-
net, 1980), and the comparative fit index (Bentler,
1990) have been devel oped. These can al beinter-
preted as estimates of the proportion of variancein
the covariance matrix that isexplained by the mod-
el, with the comparative fit index the most accu-
rate. Vaues of .9 and higher on the normed and
non-normed fit indexes and .95 and higher on the
comparative fit index are considered to indicate
good fit (Bentler & Bonnet, 1980; Bentler, 1990).
These practical measuresindicate a good fit of the
CFA mode (normed fit = .92, non-normed fit =
.95, comparativefit = .97). The estimated correla-
tion between benefits and barriers (—.70), al-
though low enough to indicate distinct constructs,
was high enough to cause collinearity problemsin
analyses. Therefore, the benefits of use of hearing
protection measure was eiminated and only the
conceptually similar variable, value of use, was
used to represent the HPM construct of benefit.

The revised CFA model, without the benefit
scale, fit well with x2(265) = 348.9, p < .001, and
had normed fit, non-normed fit, and comparative
fitindices of .94, .97, and .98, respectively. Every
path from a construct to its measures was statisti-
caly significant at p < .001 (smallest z= 9.3), pro-
viding support for thevalidity of the scales. Thein-
tercorrelations among the factors as estimated in
the confirmatory factor analysisare showninTable
3. Use of hearing protection was significantly cor-
related with value of use, barriersto use, self-effi-
cacy, control of health, situational factors, age,
marital status, noise exposure, trade group, norm
for use of hearing protection, modeling of use of
hearing protection and yearsin the trade.

The first path model tested was the model im-
plied by the HPM in which (&) there were direct
paths to use of hearing protection from the cogni-
tive—perceptual factors, (b) there were direct paths
to the cognitive—perceptual factors from the mod-
ifying factors, but (c) there were no direct pathsto
use of hearing protection from the modifying fac-
tors. Although, as usual, this model could be sta-
tistically rejected with x2(277) = 459.1, p < .001,
it had a good fit with normed fit, non-normed fit,
and comparative fit of .92, .93, and .96, respec-
tively. The model accounted for 36.3% of the vari-
ancein use of hearing protection.

The statistically significant (direct or indirect)
paths to use of hearing protection are shown in
Figure 2. Value of use (path coefficient = .18),
barriers (—.36), self-efficacy (.18), and perceived
health (—.22) had significant direct paths to use.
Thus, other things being equal, use of hearing pro-
tection was higher among construction workers
with higher perceived value of using hearing pro-
tection, lower perceived barriers, higher self-effi-
cacy for use of hearing protection, and lower per-
ceived health. All of these relationships were in
the expected directions except for perceived
health. There were no significant direct effects of
health competence, or clinical or overall wellness
definitions of health.

As shown in Figure 2, many of the modifying
factors (experience, age, minority status, interper-
sonal modeling, interpersonal norms, gender, mar-
ital status, and noise exposure) had indirect paths
to use of hearing protection mediated by the four
significant cognitive—perceptual factors (value of
use, barriers, self-efficacy, and perceived health).
Age had a positive indirect path to use of hearing
protection mediated by perceived value of use.
This indirect path was partially offset by a nega-
tive indirect path from experience in construction
work to use of hearing protection that alsowasme-
diated by perceived value of use—but the path
from experience was not as strong at the path from
age. Minority status had two positive indirect
paths to use, one mediated by perceived value of
use and one mediated by perceived barriersto use.

There was a positive indirect path from inter-
personal modeling (use of hearing protection by
co-workers and supervisor) to use of hearing pro-
tection mediated by perceived barriers to use. A
large modification index indicated the fit of the
path model would be substantially improved by al-
lowing a direct path from interpersonal modeling
to use of hearing protection. There was a mix of
positive and negativeindirect paths from interper-
sonal norms mediated by value of use (positive),
barriers (positive), self-efficacy (positive), and
perceived health (negative). Similarly, there were
both positive and negative indirect paths from fe-
mal e gender, mediated by self-efficacy and by per-
ceived health.

There were no statisticaly significant paths
fromthe other modifying factors: education, trade,
or social support. The hypothesized direct pathsto
use from control of health and clinical and well-
ness definitions of health were statistically non-
significant, and a large modification index sug-
gested the addition of adirect path to use from the
modifying factor of interpersonal modeling.

Exploratory analyses were conducted to deter-
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FIGURE 2. Standardized path model showing estimated paths from the theoretical model. Relationships shown are
statistically significant at p < .05. Constructs not included did not have significant direct or indirect paths to use. For
simplicity, noncausal correlations among constructs are not shown.

minewhich factors had direct pathsto use of hear-
ing protection and as a further test of the HPM.
Two steps were taken in this exploratory path
analysis: (a) a model was estimated in which all
predictors had direct paths to use and were al-
lowed to intercorrelate; and (b) paths were delet-
ed and added until all included paths were signif-
icant and the modification indices indicated no
more should be added. This step is analogous to a
stepwise regression of use on all predictors. This
model fit extremely well (normed fit = .93; non-
normed fit = .97; comparative fit = .98) (Bentler
& Bonnet, 1980; Bentler, 1990). This exploratory
model accounted for 50.6% of the variancein use
of hearing protection, substantially more than ex-
plained by the theoretical model.

Asshown in Figure 3, three of the predictorsin
the theoretical model (value of use, barriers, and
self-efficacy) and two additional ones (interper-
sonal modeling and noise exposure) had signifi-
cant direct paths to use. The modifying factor of
interpersonal modeling accounted for notably
more of the variance in use than any of the other
predictors. The other significant predictors (value
of use, barriers, self-efficacy, and noise exposure)
were all of about equal importance. In this model,

high use of hearing protection is predicted by high
perceived value of use, low perceived barriers to
use, high self-efficacy for use, frequent noise ex-
posure, and especially by high interpersonal mod-
eling of use.

Value of
Use
\
\.16>

A7
Noise /
Exposure 45
Interpersonal
Influence -
Models

FIGURE 3. Standardized path model showing estimat-
ed paths from the exploratory model. Relationships
shown are statistically significant at p < .05. Constructs
not included did not have significant direct paths to use.
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DISCUSSION

In thistest of the health promotion model, a com-
parison of the results from the testing of the theo-
retical model and the exploratory model proved
useful. In both models, three cognitive—perceptu-
a factors, benefits (value of use), barriers, and
self-efficacy, had significant direct paths to use,
with the expected signs. An additional cogni-
tive—perceptual factor, perceived health, was also
an important predictor in the theoretical model. In
the exploratory model, when modifying factors
were allowed to directly relate to use, two of these
factors (interpersonal modeling and noise expo-
sure) became important predictors. Pender’s
(1996) revision of theHPM (Figure4) includesthe
modifying factors, situational factors and demo-
graphic characteristics, as having a direct influ-
ence on behavior. Thus, findings from the ex-
ploratory model with this sample are consistent
with that aspect of the revised model. Further, the
substantial differences in the amount of variance
explained between the theoretical and exploratory
models also supports the revision of the HPM to

allow modifying factorstorelate directly to the be-
havior.

The majority of the significant predictorsin the
theoretical and the exploratory models (value of,
barriers to, self-efficacy of, and interpersonal in-
fluences on the use of hearing protection) were
those variables that were specific to the behavior
measured by the dependent variable. The only
general cognitive—perceptual variable with a sig-
nificant path was perceived health status, and only
in the theoretical model. These results also are
consistent with the revised HPM, which proposes
that it isthe behavior-specific influences that have
strong direct paths to behavior (Pender, 1996).

Consistency in tests of the HPM has now been
found in six different samples: (a) in Pender’s
(Pender et al., 1990) program of research with four
different samples, four variables (benefits, barri-
ers, self-efficacy, and perceived health status)
weretheimportant predictors; (b) inastudy of fac-
tory workers (Lusk et al., 1994) three of these
same components of the HPM wereimportant pre-
dictors (benefits, barriers, and self-efficacy), but
thefourth component was control of health (called
health competence in the present study) rather

Individual related Behavior-Specific Cognitions and Affect Behavioral

behavior Perceived

benefits
of action

Outcome

Perceived
barriers
Prior of action

Immediate competing

demands
(low control)

related »> *

and preferences

behavior Perceived
self-efficacy

(high control)

)

Activity-related
affect

Y Y

Personal
factors:;

Commitment Health
toa | promoting

biological Interpersonal
psychological influences
sociocultural (family, peers,
providers);
norms, support
models

 J

plan of action behavior

— A A A

Situational
influences;
options

aesthetics

demand characteristics 1—

FIGURE 4. Pender’s revised health promotion model. From

Health promotion in nursing practice (3rd ed., p. 67), by

N.J. Pender, 1996, Stamford, CT: Appleton & Lange. Used with permission.
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than perceived health; (c) in this current study of
construction workers in the test of the theoretical
model, the same four components of the HPM
were important predictors as in the Pender sam-
ples. Thus, considerable stability in the results of
test of the HPM has been demonstrated despitethe
contrary results of Johnson et al. (1993), and Rat-
ner et al. (1994). However, it should be noted that
for both the factory workers and the construction
workers, the measures of perceived health status
and perceived health competence, respectively,
were negatively related to the behavior.

Because both of these samples were predomi-
nantly male, hypotheses regarding gender differ-
ences in health and mortality may help to explain
these results. Men feel more mastery in their lives
(therefore feeling more in control of their health)
(Verbrugge, 1989); are less likely than women to
attend to, shareinformation about, or recall illness
or health problems (thereforereporting higher per-
ceived hedlth status) (Verbrugge, 1985); and are
lesslikely to take preventive action (Verbrugge &
Wingard, 1987). Thus, these characteristics asso-
ciated with men may explain the unexpected rela-
tionship of perceived health status with use of
hearing protection, a preventive behavior.

The HPM could be expected to predict specific
behaviors better than general health habits. Like-
wise, those components of the HPM measuring
specific behaviors are the ones that have been the
best predictors. Pender (1996) emphasizestheim-
portance of behavior-specific components of the
revised HPM and also suggests direct relation-
ships between the former modifying factors and
the specific behavior; thisis supported by thefind-
ings from this study and the previous study of fac-
tory workers (Lusk et al., 1994).

The HPM's ahility to predict behavior has been
supported. However, further tests of the HPM are
needed, especially asnot al of the components of
the HPM have been fully tested. In the current
study, interpersonal influences, which had not
been tested with factory workers, were found to be
strong predictors of hearing protection use. Two
factorsin the former HPM—biological character-
istics and behavioral factors—were not measured.
In addition, the revised HPM (Pender, 1996) in-
cludes several new components which have not
been operationalized or measured.

Inthefirst test of the HPM asacausal model for
factory workers' use of hearing protection (Lusk
et a., 1994), guarded optimism was expressed
regarding its relevance to this behavior. After
obtaining nearly identical results with an entirely
different group (construction workers), greater
confidence can be placed in this model’s ability to

predict use of hearing protection. The identified
predictors have provided the bases for an inter-
vention currently being tested for effectivenessin
increasing construction workers' use of hearing
protection.

Though the HPM is a causal model, structural
equation modeling with cross-sectional data pro-
vides no evidence about the directions of causali-
ty among variables. [See Heath et a. (1993) for
exceptions involving behavioral genetic research
designs such as twin studies.] Some alternative
models, including a model with all causal paths
reversed, would fit the dataequally well. Longitu-
dina studies and tests of theory-based interven-
tions, such asthe onewe are currently conducting,
are needed to provide evidence of the directions
and causal nature of these paths.
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