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Establishment of psychometrically sound measures is critical to the development of effective
interventions. The current study examined the psychometric properties, including factorial
invariance, of a six item Temptations to Try Smoking Scale on a sample of middle school
students. The sample of 6th grade students (N = 3527) was from 20 Rhode Island middle schools
and was 52% male and 84% white. The Temptations to Try Smoking Scale consisted of two
correlated subscales: Positive Social and Curiosity/Stress. Structural equation modeling was
implemented to evaluate the factorial invariance across four different subgroups defined by gender
(male/female), race (white/black), ethnicity (Hispanic/Non-Hispanic), and school size (<200/>200
6th graders). A model is factorially invariant when the measurement model is the same in each of
the subgroups. Three levels of invariance were examined in sequential order: 1) Configural
Invariance (unconstrained nonzero factor loadings); 2) Pattern Identity Invariance (equal factor
loadings); and 3) Strong Factorial Invariance (equal factor loadings and measurement errors).
Strong Factorial Invariance provided a good fit to the model across gender (CFI = .96), race (CFI
= .96), ethnicity (CFI = .94), and school size (CFI = .97). Coefficient Alphas for the two subscales,
Positive Social and Curiosity/Stress, were .87 and .86, respectively. These findings provide
empirical support for the construct validity of the Temptations to Try Smoking Scale in middle
school students.
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Given the increase in smoking prevalence that occurs throughout middle school years, there
is a pressing need to develop and evaluate interventions aimed at the prevention of smoking
among adolescents. The Transtheoretical Model of Behavior Change (TTM) is a
multidimensional model that has been used extensively to develop effective, populationbased interventions for a wide range of behaviors (Prochaska & Velicer, 1997; Velicer et al.,
2000). The TTM is based on the integration of four core constructs: stages of change,
processes of change, decisional balance, and situational temptations. The situational
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temptation construct, adapted from Bandura’s self-efficacy theory (Bandura, 1977, 1982)
and models of relapse prevention (Shiffman, 1986), reflects the intensity of urges to engage
in a specific behavior when in difficult situations (Velicer, DiClemente, Rossi, & Prochaska,
1990). The original measure was developed using the sequential method of measure
development (Jackson, 1970, 1971). (For a description of the development of the measure,
items, and psychometric properties, see Velicer et al., 1990 and the website
http://www.uri.edu/research/cprc.) A variation of the situational temptation measure, a sixitem Temptation to Try Smoking Scale (TTSS), has been adapted for smoking prevention in
adolescent populations and is currently being administered as part of a computer-tailored
intervention based on the TTM.
To be an effective component of an intervention, the TTSS must be psychometrically sound.
Factorial invariance is an important part of establishing psychometric properties of a
measure. A measurement model is factorially invariant when the structural model is the
same across different subgroups of a population. Different levels of factorial invariance are
often tested using a sequential process, in which increasingly constrained models assess the
equivalence of a measure across subgroups. The current study examined the psychometric
properties, including factorial invariance, of the TTSS.

Method
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Participants
Participants were 3527 sixth grade students from 20 Rhode Island middle schools involved
in a TTM based intervention project. The average age of participants was 11.4 (SD = .68).
The sample was 52% male and 84% white.
Temptations to Try Smoking Scale
The six-item Temptations to Try Smoking Scale consisted of two correlated subscales:
Positive Social Situations and Curiosity about Smoking/Stress. The measurement model for
the scale, including the six items, is presented in Figure 1. The scale employs a 5 point
Likert-type response scale, where a response of “1” indicates “Not at all tempted” and a
response of “5” indicates “Extremely tempted”. The scale was developed for middle school
students using the sequential method of scale development (Jackson, 1971).
Analysis
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Structural equation modeling (SEM) was implemented using EQS (Bentler, 2007) to
evaluate factorial invariance across four different subgroups defined by gender (male/
female), race (white/black), ethnicity (Hispanic/Non-Hispanic), and school size (<200/>200
6th graders). Non-responders were deleted. Table 1 presents sample sizes associated with
each category for all four subgroups.
For each subgroup, three levels of invariance (Configural, Pattern Identity, and Strong) were
examined in sequential order. Configural Invariance, the first and weakest form of
invariance assessed, is an unconstrained model for non-zero loadings and assumes the same
number of factors and same items are associated with each factor across groups (Babbin et
al., 2011; Harrington et al., 2011; Meredith, 1993; Ward, Velicer, Rossi, Fava, & Prochaska,
2004). The second level of invariance, Pattern Identity Invariance, requires equal factor
loadings. The third and highest level, Strong Factorial Invariance, requires equal factor
loadings and error variances.
Each level of invariance was assessed using the following fit indices: Comparative Fit Index
(CFI), Normed Fit Index (NFI), Nonnormed Fit Index (NNFI) and Root Mean Square Error
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of Approximation (RMSEA). For CFI, NFI, and NNFI, a value ranging from 0 to 1 indicates
how well the model fits the data, with larger values indicating a better fit. Values greater
than .90 indicate good fit and values greater than .95 indicate very good fit (Kline, 2011;
Bentler, 1992). For RMSEA, smaller values indicate better fit, with values less than .10
indicating good fit and values less than .05 indicating very good fit (Kline, 2011, Browne &
Cudeck, 1993). In addition, the difference in CFI (ΔCFI) between a model and the next level
of invariance was calculated to determine whether a null hypothesis of invariance should be
rejected. A value of −0.01 or less indicates measurement invariance (Cheung & Rensvold,
2002).

Results
Gender
Sample size was adequate for comparing male (N = 1814) and female (N = 1702)
subgroups. The highest level of invariance, Strong Factorial Invariance, produced a good
model fit for gender (CFI = .961; NFI = .959; NNFI = .946; RMSE = .121; see Table 2).
Race
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Sample size was adequate for comparing white (N = 2330) and black (N = 95) subgroups.
Strong Factorial Invariance produced a good model fit for race (CFI = .961; NFI: =.958;
NNFI = .946; RMSEA: =.104; see Table 2).
Ethnicity
Sample size was adequate for comparing Hispanic (N = 473) and non-Hispanic (N = 2974)
subgroups. Strong Factorial Invariance produced a good model fit for ethnicity (CFI = .941;
NFI = .939; NNFI = .918; RMSEA = .140; see Table 2).
School size
Sample size was adequate for small schools (N = 1234) and large schools (N = 2293).
Strong Factorial Invariance produced a good model fit for school size (CFI = .972; NFI = .
970; NNFI = .961; RMSEA = .095; see Table 2).
Scale structure and reliabilities
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Given that Strong Factorial Invariance held for each of the four cross-sample comparisons,
the structure is reported only for the total sample (see Figure 1). The path coefficients
ranged from .77 to .86 between the items and the first order factors indicating that all factor
leading were very high. The correlation between the two first order factors was .93
indicating that there is substantial overlap. In the total sample, Coefficient Alpha for Positive
Social and for Curiosity/Stress were .87 and .86, respectively.

Discussion
The six-item Temptations to Try Smoking Scale demonstrated a high level of factorial
invariance across the subgroups examined in this study. While the RMSEA values for three
of the strong factorial invariance models (gender, race, and ethnicity) were greater than .10,
this was the only fit index examined that indicated a less than adequate fit for the models
tested. The strong factorial invariance models for each of the subgroups examined returned
fit indices of CFI, NFI, and NNFI around .95. The CFI, NFI, and NNFI fit indices for the
four strong factorial invariance models were all above .90, which indicates acceptable fit of
the model. The ΔCFI for three of the strong factorial invariance models (gender, race, and
school size) was less than −0.01, indicating measurement invariance. These findings provide
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empirical support for the construct validity of the six-item Temptations to Try Smoking
Scale for use with middle school students.
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The Coefficient Alphas for the Positive Social and Curiosity/Stress subscales were good (.87
and .86, respectively). This finding provides support for the reliability of this short (three
items per subscale) Temptations to Try Smoking Scale. When used as part of an
intervention, this scale helps to keep participant burden low (i.e., few questions to respond
to) while maintaining good reliability.
A major limitation of this study concerns the racial breakdown used for the invariance
testing. Only white and black subgroups were used because sample sizes associated with
other races were not sufficient to include in the analysis. Future research in this area would
benefit from more diverse samples.
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•

Measurement models should be equivalent across the different subgroups of a
target population.

•

Temptations to Try Smoking Scale is a 6-item correlated model with 2
subscales: Positive Social Situations and Curiosity about Smoking/Stress.

•

Measure is part of a tailored prevention intervention for middle school students.

•

The strongest level of invariance, Strong Factorial Invariance, was a good fit for
the model across all of the subgroups: gender, race, ethnicity, and school size.

•

Coefficient alpha was .87 for Positive Social Situations, and .86 for Curiosity
about Smoking/Stress.
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Figure 1.

Measurement Model for the Temptations to Try Smoking Scale
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Table 1

Sample Size by Category for Each Subgroup
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Subgroup

Category

Gender

Male

1814

Female

1702

White

2330

Black

95

Racea

Ethnicity

School Sizeb

N

Hispanic

473

Non-Hispanic

2974

Small

1234

Large

2293

a

does not include participants who selected more than one race or “other”

b

50% of schools were in the small category
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.963
.959

Strong Factorial Invariance

.966
.958

Pattern Identity Invariance

Strong Factorial Invariance

.968
.939

Pattern Identity Invariance

Strong Factorial Invariance

.972
.972
.970

Configural Invariance

Pattern Identity Invariance

Strong Factorial Invariance

School

.969

Configural Invariance

Ethnicity

.968

Configural Invariance

Race

.965

Pattern Identity Invariance

NFI

Configural Invariance

Gender

Model

.961

.959

.950

.918

.953

.945

.946

.953

.943

.946

.946

.936

NNFI

.972

.973

.973

.941

.969

.971

.961

.969

.969

.961

.964

.966

CFI

.112

−.003

.104

−.008

.140

−.028

.106
.095

.000
−.001

.117

.109

−.002

.118

.104

.000

.114

.121

.131

RMSEA

−.002

Δ CFI

Goodness-of–Fit Statistics for Three Invariance Models
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