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Abstract

Introduction: The PROMIS® Smoking Initiative has developed an assessment toolkit for measuring 6 domains of interest to 
cigarette smoking research: nicotine dependence, coping expectancies, emotional and sensory expectancies, health expectan-
cies, psychosocial expectancies, and social motivations for smoking. The papers in this supplement describe the methods used 
to develop these item banks, their psychometric properties, and the preliminary evidence for their validity. This commentary is 
meant to provide background information for the material in this supplement.

Methods: After discussing the use of item response theory in behavioral measurement, I will briefly review the initial developmental 
steps for the smoking assessment toolkit. Finally, I will describe the contents of this supplement and provide some closing remarks.

Results: Psychometric evidence strongly supports the utility of the toolkit of item banks, short forms (SFs), and computer 
adaptive tests (CATs). The item banks for daily smokers produce scores with reliability estimates above 0.90 for a wide range of 
each cigarette smoking domain continuum, and SF and CAT administrations also achieve high reliability (generally greater than 
0.85) using very few items (4–7 items for most banks). Performance of the banks for nondaily smokers is similar. Preliminary 
evidence supports the concurrent and the discriminant validity of the bank domains.

Conclusions: The new smoking assessment toolkit has attractive measurement features that are likely to benefit smoking 
research as researchers begin to utilize this resource. Information about the toolkit and access to the assessments is available 
at the project Web site (http://www.rand.org/health/projects/promis-smoking-initiative.html) and can also be accessed via the 
PROMIS Assessment Center (www.assessmentcenter.net).

Introduction

A major focus of recent NIH-funded research is the advance-
ment of behavioral health measurement through develop-
ment of new self-report tools based on the principles of item 
response theory (IRT). At the forefront of these efforts is the 
Patient Reported Outcomes Measurement Information System 
or PROMIS® (http://www.nihpromis.org/), an NIH Roadmap 
initiative that has set the standard for modern behavioral meas-
urement development (Cella et al., 2007). The main goals of 
PROMIS are to standardize a set of assessment tools and to 
use modern measurement theory (i.e., IRT; Edelen & Reeve, 
2007; Embretson & Reise, 2000; Jones & Thissen, 2007) and 
advances in computer technology to create and utilize item 
banks to measure patient reported outcomes (Ader, 2007; Cella 
et al., 2007; Fries, Bruce, & Cella, 2005). PROMIS was devel-
oped, in part, to increase the availability and use of a common 
set of standardized assessment tools that in the long term would 
enhance the comparability of findings across studies examin-
ing patient-reported constructs, reduce respondent burden, and 
increase measurement precision.

With funding from the National Institute on Drug Abuse 
(R01 DA026943; PI: Maria Edelen), and in partnership with 
lead researchers within and outside the PROMIS network, the 
PROMIS Smoking Initiative (Shadel, Edelen, & Tucker, 2011) 
has developed an assessment toolkit for current adult cigarette 
smokers that enables precise and efficient measurement of six 
constructs of central importance to smoking research: nico-
tine dependence, coping expectancies, emotional and sensory 
expectancies, health expectancies, psychosocial expectancies, 
and social motivations for smoking. The papers in this supple-
ment describe the methods used to develop these item banks, 
present the derivation and psychometric properties of each of 
the banks, and provide preliminary evidence for their validity.

Self-report assessment instruments are used in a vari-
ety of smoking research contexts (e.g., to examine smoking 
trends over time, identify predictors of smoking behavior, 
examine the impact of smoking on disease development and 
outcomes, evaluate the efficacy of prevention and cessation 
programs), and the use of well-chosen, psychometrically 
sound smoking assessment instruments is critical in all of these 
situations (Panter & Reeve, 2002). However, assessment of 
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smoking-related constructs is complicated by the fact that sev-
eral different items and measures exist to assess each construct 
and there is little in the way of a gold standard or consensus 
for how various aspects of smoking should be assessed. The 
PROMIS Smoking Initiative has sought to bolster smoking 
research by updating smoking assessment using IRT and item 
banking. Our use of IRT-based item banks has resulted in an 
efficient, flexible, and versatile assessment toolkit for sustained 
use in cigarette smoking research. It is hoped that the avail-
ability of a standardized toolkit for smoking assessment will 
contribute to a more integrated and coherent framework from 
which to improve understanding of smoking and cessation.

The goal of this paper is to provide background information 
that may serve as an orientation to the material in the remainder 
of this supplement. To that end, I first provide a discussion of 
the use of IRT for smoking assessment. This is followed by a 
brief review of the initial developmental steps we undertook in 
generating the smoking assessment toolkit. Finally, I describe 
the contents of the supplement and provide some closing 
remarks including information on how to access the smoking 
assessment toolkit.

IRT and IRT-Based Item Banking 
for Smoking Assessment

The application of IRT and IRT-based item banking for instru-
ment development and refinement has gained considerable 
momentum in behavioral research within the past decade (e.g., 
Edelen & Reeve, 2007; Hahn, Cella, Bode, Gershon, & Lai, 
2006; Teresi, 2006), largely because the IRT approach has sev-
eral attractive measurement features. To begin with, an essential 
characteristic of IRT models is that reliability, or measurement 
precision, is conditional on values of the measured construct. 
Precision is a function of the item parameters that can be calcu-
lated for individual items, sets of items, or entire scales. These 
parameters, estimated based on the IRT model, convey the 
strength of each item’s relationship to the measured construct 
and indicate the range along the construct score continuum 
where an item provides the most reliable responses. Because 
the item parameters are estimated with respect to a clearly 
defined scale for the underlying latent variable that is being 
measured, IRT is said to have a “built-in” linking mechanism 
(Embretson, 1996; Linn, 1992; Mislevy, 1992). This important 
feature facilitates comparability of scores that represent a com-
mon construct but are derived from different sets of items.

These and other measurement features of IRT allow for the 
development of item banks, or sets of linked items with known 
properties (i.e., estimated IRT parameters). New items can be 
added to the bank or existing items can be modified and tested 
so that the building of an item bank can be ongoing as needed. 
In effect, the IRT-based item banking framework results in a 
sustainable measurement solution in the sense that the item 
bank scores representing a particular construct have a consist-
ent interpretation even if some items are deleted or new ones 
are added to the bank over time.

The existence of banks of items makes possible the con-
struction of tests tailored to specific purposes. For example, 
in a study where the outcome of interest is meeting criteria for 
a nicotine dependence diagnosis, a tailored assessment could 
select from the nicotine dependence bank only those items that 

discriminate best at or near the diagnostic cut point (assum-
ing the cut point has been determined previously). Computer 
adaptive testing (CAT) extends this idea further and essentially 
treats all tests as tailored, but to the individual rather than to 
a point on the underlying continuum. Because the computer-
adaptive scoring approach selectively administers items based 
on known item parameters, the number of items required to 
calculate a precise score for a given individual, and thus the 
respondent burden, can be reduced substantially.

The IRT framework also offers a straightforward way to test 
for differential item functioning or DIF. An item exhibits DIF if 
two respondents who differ on the grouping variable being con-
sidered (e.g., gender) have equal levels of the construct being 
measured but do not have the same probability of endorsing 
each response category of that item (i.e., have different item 
parameters). For example, men and women with equal levels of 
depression have unequal probabilities of endorsing the crying 
symptom. Ignoring DIF can lead to misleading group differ-
ences and inaccurate bivariate associations (Holland & Wainer, 
1993); thus the ease with which problematic DIF can be eradi-
cated from IRT-based scales leads to more robust measures.

In summary, IRT-based item bank development yields a 
highly versatile set of tools. The fact that the item banks have 
known characteristics allows developers to evaluate and exclude 
items that show unacceptable levels of DIF, and enables linking 
of scores from different forms and tailoring of tests for specific 
purposes while maintaining a pre-specified degree of measure-
ment precision. This measurement flexibility also extends to 
a wide array of administration options and platforms—such 
as computer-based assessment, use of handheld devices such 
as smartphones and notepads, CAT, and tailored paper and 
pencil short forms—all of which minimize respondent bur-
den without sacrificing reliability and precision (Embretson, 
1996; Hambleton & Swaminathan, 1985; Lord, 1980; Wainer, 
2000; Wainer & Mislevy, 2000). This flexibility has the poten-
tial to directly impact smoking research, particularly in situ-
ations where there is a need to be economical regarding item 
count and respondent burden. Apart from traditional data col-
lection approaches where respondent burden is often an issue, 
the field is turning increasingly to high frequency data collec-
tion methods (e.g., ecological momentary assessment) to more 
fully capture the temporal nuances of the smoking experience 
(Shiffman, 2009). This approach is inherently burdensome, 
and researchers are often obliged to compromise measurement 
precision by assessing constructs with only a very few items. 
The ability to obtain comparable scores from a variety of short 
assessments administered across multiple platforms will do 
much to improve the status quo in this regard.

Initial Phases of Smoking 
Assessment Toolkit Development

Our formulation of the conceptual model and study design for 
the smoking assessment toolkit was influenced by the increas-
ing rates of nondaily smokers and corresponding interest in 
understanding this subgroup of smokers. To ensure that the 
assessments would be relevant for both daily and nondaily 
smokers we explicitly included sufficient numbers of both types 
of smokers in each phase of development to allow adequate 
representation. Further, our analytic procedures were designed 
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such that any substantial differences between daily and non-
daily smokers in the expression of the smoking domains could 
be identified and accommodated. Thus distinct results for daily 
and nondaily smokers are referenced throughout this supple-
ment. A recent paper by Edelen, Tucker, Shadel, and Stuckey 
(2012) describes in detail the initial phases of toolkit develop-
ment. We provide a brief overview here to orient the reader to 
the starting point for the analyses reported in this supplement.

Development of Item Pool for Field Testing

An initial pool of cigarette smoking items was selected for 
possible inclusion in the item banks using a qualitative item 
development phase (DeWalt, Rothrock, Yount, & Stone, 2007). 
This phase included a systematic literature review, which 
established a preliminary pool of 1,622 items from widely 
used measures, binning and winnowing of items to reduce 
redundancies and exclude items that were outside the intended 
scope of the banks (e.g., items about smoking during recovery 
from illicit substance use), item standardization with respect to 
response categories, time frame and person orientation, solici-
tation of feedback from daily and nondaily cigarette smokers 
via focus groups to identify any gaps in content coverage and 
cognitive interviews to ensure comprehensibility of items. This 
qualitative item development process resulted in 277 items 
representing eleven key conceptual domains relevant to current 
smokers (e.g., dependence, health concerns, positive smoking 
experiences, social influences, temptations to smoke).

Identification of Item Bank Domains

The item pool was administered to a large nationally repre-
sentative sample of daily (N = 4,201) and nondaily (N = 1,183) 
smokers (total N = 5,384). All respondents completed thirteen 
of the 277 smoking items which assessed their smoking behav-
ior and quitting history. The remaining 264 items were candi-
date items that were being considered for inclusion in one of 
the smoking item banks. These items were distributed across 
26 overlapping forms containing an average of 147 items 
(range  =  134–158); each respondent was randomly assigned 
one of the 26 forms.

We conducted a series of exploratory factor analyses (EFA) 
of the 264 items using IRTPRO’s (Cai, du Toit, & Thissen, 
2011) EFA module and data from the daily smokers. The 
goal of these analyses was to identify distinct groups of items 
representing key smoking behavior domains. At this stage of 
development, we assumed no differences between daily and 
nondaily smokers. Subsequent analyses to refine the con-
tent of the domains (described in other papers in this supple-
ment) allowed for daily/nondaily differences to emerge. After 
close examination of the EFA results, we ultimately selected 
a 19-factor model to characterize the relationships among the 
items, as this solution was judged to have the most meaning-
ful substantive content and useful factors. However, a number 
of the factors were highly correlated, which would limit their 
utility as distinct item banks. To arrive at a final set of factors 
that would later form the basis for the item banks, we merged 
a number of factors with relatively high factor intercorrelations 
(about r =  .7, for most). This process resulted in the content 
of the six item banks which at this stage were labeled smok-
ing dependence/craving (55 items), coping aspects of smok-
ing (30 items), positive consequences of smoking (40 items), 

health consequences of smoking (26 items), psychosocial con-
sequences of smoking (37 items), and social factors of smoking 
(23 items).

Contents of This Supplement

The papers in this supplement describe the final phase of item 
bank development, which involved extensive psychometric 
analyses including evaluations of local dependence (Chen 
& Thissen, 1997), estimation of exploratory multidimen-
sional IRT models (Cai, 2010), and confirmatory item bifac-
tor models (Cai, Yang, & Hansen, 2011; Gibbons & Hedeker, 
1992), testing for item bias (i.e., DIF; Edelen, Thissen, Teresi, 
Kleinman, & Ocepek-Welikson, 2006; Holland & Wainer, 
1993), performing concurrent calibrations of the item banks 
for the daily and nondaily smoker groups using a nonequiva-
lent anchor test design (Dorans, 2007), developing short form 
representations of the item banks, and simulating the proper-
ties of the CAT assessment. The papers describing the deriva-
tion of each bank provide some description of these analyses. 
However, due to their sophistication and in the interest of 
avoiding unnecessary redundancy, these methodologic steps 
are described in detail in the first report of this supplemental 
issue. This is followed by six reports describing development 
of each of the item banks in turn. Each individual bank paper 
includes a discussion of the theoretical basis for the bank’s 
content, a brief explanation of the analyses conducted to final-
ize the item bank contents, a list of the actual items in the 
bank, a description of the bank’s psychometric properties 
(including CAT performance), identification of a subset of 
items suggested for use as a short form, and a scoring transla-
tion table for the short form.

Overall, psychometric evidence strongly supports the util-
ity of the PROMIS Smoking Initiative item bank development 
process. This toolkit of item banks, short forms, and CATs pro-
vides researchers and clinicians with an array of highly reli-
able approaches to assessment of key smoking domains. The 
item banks for daily smokers contain from 12 to 27 items each 
and produce scores with reliability estimates above 0.90 for a 
wide range of each cigarette smoking domain continuum. As 
can be seen in Table 1, short form and CAT administrations 
provide additional means of achieving high reliability (gener-
ally greater than 0.85) using very few items (4–7 items for most 
banks), with nondaily banks performing similarly. In addition, 
preliminary validity evidence, reported in the final full length 
paper in this supplement, indicates that the six item banks are 
differentially associated with smoking and quitting patterns 
and are related as expected to domains of health-related qual-
ity of life. For example, nicotine dependence is most strongly 
associated with smoking quantity and time to first cigarette of 
the day; health and psychosocial expectancies are most related 
to quitting recency and interest, and coping expectancies are 
strongly associated with anxiety.

How the Banks Can be Accessed 
and Used

The item banks in the smoking assessment toolkit have 
recently been incorporated into the PROMIS item library, 
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and assessments based on these banks (e.g., suggested or 
tailored short forms, CATs) can be accessed via Assessment 
Center (www.assessmentcenter.net). The banks are also avail-
able for download from the PROMIS Smoking Initiative pro-
ject web site, hosted at http://www.rand.org/health/projects/
promis-smoking-initiative.html. This site provides background 
and psychometric information on the smoking assessment 
toolkit, access to item banks, short forms, and CAT assess-
ment (through RAND’s MMIC), links to published papers on 
the topic, summaries of ongoing analytic results, and future 
research directions.

Although we did identify some differences in domain 
expression according to daily/nondaily smoker status, as is 
clear from the results reported in the remainder of this sup-
plement the differences are not as substantial as we expected. 
For each assessment domain, we generated distinct item banks 
according to daily/nondaily smoker status. However, the major-
ity of items and item properties in the banks for a given domain 
are identical, with only a handful of items that are specific to 
either daily or nondaily smokers. This high correspondence in 
item content and properties allowed us to develop short forms 
for each domain that can be used for all smokers, regardless 
of daily/nondaily status. Thus, although researchers who wish 
to use the CAT option for assessment will need to incorporate 
the daily/nondaily distinction into their design, the domain 
short forms can be used “off the shelf,” without concern for the 
smoker status of the sample. Further, scoring tables for tailored 
short forms can be generated to be applicable across daily and 
nondaily smokers upon request.

An important feature of the IRT-based item banking 
approach is that it represents a sustainable measurement solu-
tion for any given domain of behavioral research. Not only 
are the various scores generated based on this assessment 
toolkit comparable to one another, it is also straightforward to 
relate these scores back to existing measures of similar con-
structs (i.e., legacy measures) and to incorporate new items 
and subdomains into the system without creating the problem 
of “version control.” We hope that these attractive measure-
ment features will encourage smoking researchers to utilize 
the new smoking assessment toolkit, either in part or in full, 
and either instead of or in addition to use of other existing 
smoking measures.
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