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Abstract

Introduction: The PROMIS Smoking Initiative has developed six item banks for assessment
related to cigarette smoking among adult smokers (Nicotine Dependence, Coping Expectancies,
Emotional and Sensory Expectancies, Health Expectancies, Psychosocial Expectancies, and Social
Motivations).This article evaluates the psychometric performance of the banks when administered
via short form (SF), computer adaptive test (CAT), and by mode of administration (computer vs.
paper-and-pencil).

Methods: Data are from two sources: an internet sample (N = 491) of daily and nondaily smokers
who completed both SFs and CATs via the web and a community sample (N = 369) that completed
either paper-and-pencil or computer administration of the SFs at two time points. First a CAT ver-
sion of the PROMIS Smoking Assessment Toolkit was evaluated by comparing item administra-
tion rates and scores to the SF administration. Next, we considered the effect of computer versus
paper-and-pencil administration on scoring and test-retest reliability.

Results: Across the domains approximately 5.4 to 10.3 items were administered on average for
the CAT. SF and CAT item response theory-scores were correlated from 0.82 to 0.92 across the
domains. Cronbach’s alpha for the four- to eight-item SFs among daily smokers ranged from .80
to .91 and .82 to .91 for paper-and-pencil and computer administrations, respectively. Test-retest
reliability of the SFs ranged from 0.79 to 0.89 across mode of administration.

Conclusions: Results indicate that the SF and CAT and computer and paper-and-pencil administra-
tions provide highly comparable scores for daily and nondaily smokers, but preference for SF or
CAT administration may vary by smoking domain.

following an extensive qualitative process’” and were then further
psychometrically refined using modern psychometric techniques (eg,
item-factor analysis and item response theory [IRT]) to ensure that

Introduction

The Patient Reported Outcomes Measurement Information System

(PROMIS) Smoking Assessment Toolkit consists of six item the item sets were unidimensional, provided a high level of scoring

banks that assess unique smoking behavior domains: Nicotine
Dependence,! Coping Expectancies,? Positive Emotional and Sensory
Expectancies,® Health Expectancies,* Psychosocial Expectancies,’
and Social Motivations for Smoking.® The domains were identified

precision, and measured distinct content.®’ This process resulted in
the development of fixed-length short forms (SFs) ranging in length
from 4 to 8 items, and dynamic computer adaptive tests (CATs) for
daily and nondaily smokers.
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The CAT engine employed in the PROMIS Smoking Assessment
Toolkit uses an algorithm that in real-time selects and administers
the most informative item from the bank of items based on responses
to prior questions. This process provides a uniquely tailored set of
items for each participant, and commonly results in higher score reli-
ability or shorter survey administrations.

A potential limitation of the Toolkit is that the CATs and SFs
were developed based on an online sample of participants who
responded to only random subsets of the items from each domain.
Thus the SFs were not administered as a complete set, the perfor-
mance of the CATs are known only through simulations, the impact
of internet administration is unknown, and test-retest reliability has
not yet been established. To address these limitations, this article pre-
sents results from new data collections investigating: (1) the utility
of real-data CATs compared to SFs (Study 1); (2) the effect of mode
of administration (ie, paper-and-pencil or internet) on participants’
responses and SF scores (Study 2); and (3) test-retest reliability of
the SFs (Study 2).

Methods

Data Collection, Procedures, and Demographics

Eligibility criteria were the same for Studies 1 and 2: participants
were current smokers, 18 years or older, who did not have plans to
quit smoking in the next 6 months. Smokers were classified as “daily
smokers” if they had smoked on 28-30 of the past 30 days, and as
“nondaily smokers” if they smoked less than 28 of the past 30 days.

Study 1 participants (N = 491) were a subset of smokers from the
original calibration data collection'® who were recontacted through
Harris Interactive’s online panel via the internet and received points
for their participation that are redeemable for gifts. Participants
were routed from the Harris Interactive website to the PROMIS
Assessment Center website where they completed a CAT administra-
tion of each smoking domain followed by any remaining SF items
that were not administered via the CAT. The Study 1 sample had
a mean age of 48, was 53% female, 30% had completed a 4-year
college, 76 % were non-Hispanic white, and 64% of the sample had
smoked more than 10 cigarettes per day.

To assess the potential for selection bias among Study 1 partici-
pants, we also compared their demographic characteristics to the
subset of participants in the original calibration data collection
who did not participate in Study 1. Briefly, there were no signifi-
cant differences between the samples for gender, daily smoker status,
employment status, or education. There were significant differences
in age at the time of the original data collection (calibration sample
not participating in Study 1 mean age = 46 compared to 48 in Study
1;¢=3.51, P < .05) and minority status (68% of calibration sample
not participating in Study 1 were non-Hispanic white compared to
76% for Study 152 (1) = 15.7, P < .05).

Study 2 participants (N = 369) were recruited via flyers and
advertising (eg, craigslist, campus newspapers) at various commu-
nity venues in several large US cities. Participants were randomly
assigned to complete either a paper-and-pencil or internet-based
version of the survey containing SFs for all domains (N = 192,

aper
e = 177). They were paid $5 for completing a screenpirig instru-
ment and $25 for completing a survey containing the smoking
domain SFs. To assess test-retest reliability of the SFs, a subset of
participants were recontacted approximately 1 week after baseline
to complete a follow-up survey using the same mode of administra-

tion that was used in the baseline survey (N =113, N, =106).

pap internet

The Study 2 sample had a mean age of 44, was 50% female, 22%
had completed a 4-year college, 31% were non-Hispanic white, and
45% of the sample had smoked more than 10 cigarettes per day.

Measures

Study 1 participants received CAT and SF representations of the
six item banks; Study 2 participants completed SFs. The Nicotine
Dependence domain (four- and eight-item SFs) measures crav-
ing, withdrawal, and smoking temptations (Marginal reliability
(MR) = 0.81 and 0.91 for the four- and eight-item SFs, respec-
tively.! MR is an IRT approach to summarizing the precision of
scores across the latent continuum. Values range from 0 to 1 and
can be interpreted somewhat similarly to Cronbach’s coefficient
alpha.). The Coping Expectancies domain (four-item SF) assesses the
degree which smoking is used to cope with negative affect and stress
(MR = 0.852). The Emotional and Sensory Expectancies domain (six-
item SF) measures positive affective states and pleasurable sensations
due to smoking (MR = 0.86%). The Health Expectancies domain (six-
item SF) measures perceptions of the health consequences of smok-
ing (MR = 0.874). The Psychosocial Expectancies domain (six-item
SF) measures disapproval and normative values associated with
smoking, and the negative beliefs about one’s appearance when
smoking (MR = 0.85%). The Social Motivations domain (four-item
SF) measures anticipated social benefits of smoking (MR = 0.80°).
All smoking domain IRT-scores for Study 1 and 2 were transformed
onto a T-score metric with a mean of 50 and SD of 10.

Analytic Approach

Study 1: Evaluating Differences in Performance of CAT and SF
Administration

First, items were administered via CATs until either a level of score
precision equal to a reliability of 0.90 was reached, or until the maxi-
mum number of items (12) was reached. When either criterion was
satisfied all remaining SF items were administered that were not pre-
sented during the CAT. This yielded two sets of IRT scores: response
pattern expected a posteriori for the CATs'! and summed score-to-IRT
score expected a posteriori for the SFs.!? Within-subjects differences
between the CAT and SF IRT-scores were evaluated across domains
using correlations, # tests, and effect size estimates (ie, Cohen’s d). In
addition, we report average length of the CAT and the proportion of
the SF items that were administered on average via the CAT (eg, 1.0
indicates all the SF items were administered via the CAT; 0.5 indicates
that on average one-half of the SF items were administered via the
CAT). Finally, the MR of the CATs and SFs is reported.

Study 2: Evaluate the Effect of Mode of Administration on
Domain-level Scores and Score Reliability

First, reliability estimates were obtained separately for the paper-
and-pencil and internet-based administrations using test-retest
correlations and Cronbach’s alpha. Next, separate analysis of vari-
ances were evaluated for each domain that included as predictors
mode (between-subjects), daily/nondaily smoker classification, and
the interaction between both predictors. Standard effect size cal-
culations are presented for the effect of mode. Finally, we used a
Structural Equation Modeling approach to simultaneously test the
overall effect of mode of administration among the combined sam-
ple of daily and nondaily smokers.!> This joint test is operationally
equivalent to a two-group (ie, paper-and-pencil vs. internet-based
administration) Structural Equation Modeling analysis with invari-
ance constraints imposed on the group means and covariances.
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Results

Study 1

The top of Table 1 displays the differences in means between the
CAT and SF IRT-based T-scores. Using dependent samples ¢ tests,
score differences were statistically significant for five of the seven
comparisons. However, with the exception of Coping Expectancies,
effect size estimates indicate that the standardized mean differences
between the domains were small at 0.10 SDs or less, suggesting that
the CATs and SFs result in very similar scores. Consistent with this
finding, the correlations between the scoring systems were high,
ranging from 0.86-0.92.

As anticipated (based on the CAT stopping rule), the MRs of
the CATs were generally greater than 0.90, while the SF reliabili-
ties ranged from 0.80 to 0.88 (the reliability for the four-item ver-
sion of Nicotine Dependence is 0.76). For illustrative purposes
Figure 1 shows the difference between the reliability of CAT and
SF T-scores across the range of the Nicotine Dependence score.
The eight-item SF is similar in reliability to the CAT at around
+1 SD of the mean (50); however, in the tails of the distribution
the CAT provides greater reliability as a result of selecting more
targeted items that measure higher (or lower) levels of nicotine
dependence.

Table 1 also provides the CAT item administration rates in com-
parison to the SFs. The CATs administered slightly more items than
that are present on the SFs (mean CAT length across domains = 5.2
to 10.3 items). Further, the CATs on average administered from 10%
to 88% of the SF items (Table 1). Notably, Nicotine Dependence
and Coping Expectancies had the lowest proportions of SF items
administered (from 10% to 13%, respectively) and the lowest num-
ber of average items administered (5.4 and 5.2, respectively), while
Social Motivations for Smoking had the highest proportion of SF
items administered (0.88) and the highest average number of items
administered (10.3).

Study 2

Reliability

The SF test-retest reliabilities range from 0.79 to 0.87 for the paper-
and-pencil administration and 0.82-0.89 for the internet-based
administration (see bottom of Table 1). Estimates of internal consist-
ency were also similar across the domains with Cronbach’s alphas
ranging from 0.83 to 0.92 and 0.83-0.91 for the paper-and-pencil
and internet-based administrations, respectively. Reliability esti-
mates for the daily and nondaily smoker subgroups were largely
comparable across domain (available from the first author).

Effect of Mode

The effect of mode of administration on SF domain scores was first eval-
uated by smoker classification using a two-way (mode x smoker-type)
analysis of variance for each domain. Across four of the six analysis of
variances, domain scores were significantly higher at P < .05 for daily
smokers (the exceptions were Health and Psychosocial Expectancies).
The effect of mode was only significant for the eight-item Nicotine
Dependence (means = 50.6 and 48.0, for paper-and-pencil and inter-
net administration, respectively; effect size = 0.26). All other domain
comparisons resulted in effect sizes from 0.00 to 0.13. There were no
significant interactions between mode and smoker classification.

Mode of administration was next assessed in a two-group
(paper-and-pencil vs. internet administration) Structural Equation
Modeling model with equality constraints imposed on the means
and covariances of the SF domain scores for both groups. The close
model fit indicates that mode of administration does not affect the
domain means or intercorrelations (x> = 51.8, df = 27, P = .01;
RMSEA = 0.067; TLI = 0.96; CFI = 0.98),

Discussion

This article presents psychometric evidence supporting the equivalence
of SF and CAT administration options as well as paper-and-pencil

Table 1. Comparisons of CAT and Short Form Psychometric Properties Across a Community and Follow-up Sample

Nicotine Nicotine

Dependence Dependence

Positive

Emotional Social

Coping and Sensory Health Psychosocial Motivations for

(eight-item)  (four-item) Expectancies Expectancies Expectancies Expectancies Smoking
Study 1: CAT vs. SF validity
Bank length/SF length 32/8 32/4 21/4 18/6 24/6 21/6 15/4
CAT mean (SD) 47.2(10.9) 47.2(10.9) 49.9 (10.1) 50.1(9.7)  48.9(9.8) 46.8 (10.1)  50.0 (9.7)
SF mean (SD) 47.3(10.9) 48.2(10.2) 47.5(9.9) 50.1(9.2) 48.1 (8.8) 46.1 (9.1) 50.9 (9.1)
t-value (df) 0.5(485)  3.9(485)* -10.5 (486)* 0.3 (480) -4.2 (480)* -3.9(480)* 5.2 (488)*
Effect size -0.01 -0.09 0.24 0.00 0.08 0.07 -0.10
CAT and SF correlation 0.90 0.86 0.87 0.92 0.92 0.92 0.91
Study 1: CAT vs. SF reliability
CAT marginal reliability 0.922 0.922 0.93 0.91 0.92 0.91 0.89
SF marginal reliability 0.88 0.76 0.85 0.86 0.88 0.84 0.80
Mean CAT length (SF length) 5.4 (8) 5.4 (4) 52(4) 7.5 (6) 5.8(6) 7.6 (6) 10.3 (4)
Proportion of SF items administered as CAT 0.10 0.13 0.13 0.48 0.43 0.46 0.88
Study 2: SF mode and reliability
Test-retest: PP 0.87 0.82 0.85 0.79 0.80 0.81 0.81
Test-retest: Web 0.88 0.85 0.83 0.84 0.89 0.85 0.82
Cronbach’s alpha: PP 0.92 0.84 0.89 0.87 0.84 0.83 0.90
Cronbach’s alpha: Web 0.91 0.85 0.83 0.88 0.89 0.86 0.90

CAT = computer adaptive test; df = degrees of freedom; SF = short form; PP = paper and pencil administration; Web = internet-based administration.

2CAT marginal reliability for Nicotine Dependence is identical in both comparisons.

*Indicates values statistically significant at P < .01.
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Figure 1. Comparisons of the Nicotine Dependence CAT, four-item short form, and eight-item short form administrations.

and internet-based administration modes. Regarding mode of admin-
istration, the relatively minor differences between paper-and-pencil
and internet are consistent with findings from prior meta-analytic
reviews that also identified very small effect size differences between
paper-and-pencil and computerized tests.'*'®* However, we also note
that the internet mode for Nicotine Dependence resulted in a slightly
lower than expected mean score. Echoing the recommendations from
Green, Bock, Humphreys, Linn, and Reckase!” that computer-based
and paper-and-pencil administered tests are only equivalent fol-
lowing empirical evaluation, future administrations of this domain
are needed to determine if this finding reflects a true difference in
administration modes. Regarding reliability differences across mode,
there was a slight tendency for higher reliability among the internet-
based administrations of the Psychosocial and Health Expectancies
domains, suggesting that internet-based responses may be more
consistent.

Study 1 results generally support the utility of both the CAT and SF
administration options. There were some differences in CAT perfor-
mance across the domains. While the Social Motivations for Smoking
CAT scores were more reliable on average than the SF option, the
CAT also required nearly the entire bank of items, calling into ques-
tion the utility of the CAT option for this domain. In contrast, the
Nicotine Dependence and Coping Expectancies domains appear to
be well-suited for CAT administration. Both domains required only
about five items to achieve an average reliability of 0.90. The prefer-
ence for the CAT option is apparent when evaluating the tails of the
domain score distribution. For example, Figure 1 indicates that the
Nicotine Dependence CAT provides score reliabilities greater than
0.90 for T-score values from 25 to about 70. In contrast the eight-
item SF has a range limited to about 40 to 60. These results confirm
that the CAT is tailoring the administration of items to account for
participants’ true level of dependence, and suggests that researchers
interested in measuring highly dependent smokers or those who have
recently started smoking, may benefit from the CAT administration
option. Further, the difference between CAT and SF reliability is even
more apparent when considering the four-item Nicotine Dependence
SF (MR = 0.76). The relatively low MR and lack of reliability cover-
age (Figure 1) suggests that researchers administering the Nicotine
Dependence domain may benefit from using either the eight-item SF
(MR = 0.88) or CAT administration options.

The correlations between the SFs and CATs across domains,
though large (range = 0.86-0.92) were lower than expected. For
example, the pediatric PROMIS project reported CAT and SF cor-
relations from 0.93 to 0.98 across eight quality of life domains.'®
However, the modest correlations reported here are likely an artifact

of the smoking domain CATs administering items from the banks that
do not appear on the SFs. As indicated in Table 1, with the exception
of the Social Motivations domain, on average only 10% to 48% of
the SF items were administered via the CAT. By contrast 66% to 88%
of the pediatric PROMIS domain SF items were administered via the
CAT, indicating that the CATs and SFs from the pediatric PROMIS
project produce overlapping scores. The discrepancy in the propor-
tions of the SF items administered via the CAT in this application is an
artifact of how the SF items were selected and the lengths of the SFs.
The pediatric PROMIS project utilize slightly longer SFs (8-10 items)
and selected SF items in order to maximize reliability at various loca-
tions along the latent continuum'?; the PROMIS Smoking Assessment
project utilizes shorter-length SFs (4-6 items with the exception of
the longer version of Nicotine Dependence) and, in addition to ensur-
ing adequate SF reliability, emphasized content coverage and expert
opinion when selecting itmes,” which leads to SFs that are somewhat
more diverse in content than may be present via CAT administration.
It speaks to the versatility of the PROMIS Smoking Assessment item
banks that correlations between the SF and CAT are relatively high
given that they include largely different items in their administration.

In light of these findings, future studies of smoking behaviors
should consider the particular utility of CAT administration as a
means of obtaining highly precise scores with relatively few items. At
present the PROMIS Smoking Assessment Toolkit is the only smok-
ing behavior measurement system that utilizes CAT technology. The
results presented here suggest that both CAT and SF options have
strong psychometric characteristics; evidence for the utility of the
domains will emerge as they are adopted by the smoking behavior
research community.
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