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aBstract

introduction: Nicotine dependence is a core construct important for understanding cigarette smoking and smoking cessation 
behavior. This article describes analyses conducted to develop and evaluate item banks for assessing nicotine dependence among 
daily and nondaily smokers.

Methods: Using data from a sample of daily (N = 4,201) and nondaily (N =1,183) smokers, we conducted a series of item factor 
analyses, item response theory analyses, and differential item functioning analyses (according to gender, age, and race/ethnicity) 
to arrive at a unidimensional set of nicotine dependence items for daily and nondaily smokers. We also evaluated performance 
of short forms (SFs) and computer adaptive tests (CATs) to efficiently assess dependence.

results: A total of 32 items were included in the Nicotine Dependence item banks; 22 items are common across daily and 
nondaily smokers, 5 are unique to daily smokers, and 5 are unique to nondaily smokers. For both daily and nondaily smokers, 
the Nicotine Dependence item banks are strongly unidimensional, highly reliable (reliability = 0.97 and 0.97, respectively), and 
perform similarly across gender, age, and race/ethnicity groups. SFs common to daily and nondaily smokers consist of 8 and 
4 items (reliability = 0.91 and 0.81, respectively). Results from simulated CATs showed that dependence can be assessed with 
very good precision for most respondents using fewer than 6 items adaptively selected from the item banks.

conclusions: Nicotine dependence on cigarettes can be assessed on the basis of these item banks via one of the SFs, by using 
CATs, or through a tailored set of items selected for a specific research purpose.

intrODuctiOn

Nicotine dependence is considered one of the most important 
constructs for understanding cigarette smoking behavior and 
smoking cessation. There is no debate that the nicotine in ciga-
rettes is dependence producing (Stolerman & Jarvis, 1995). 
Dependence is a construct with neurobiological underpinnings 
with a core set of cognitive and behavioral expressions or fea-
tures (Rosenthal, Weitzman, & Benowitz, 2011). Features that 
characterize nicotine dependence (on cigarettes) include crav-
ing, withdrawal that occurs upon cessation of smoking, com-
pulsive use, and tolerance, which are features that correspond 
somewhat with the more formal diagnostic criteria (American 
Psychiatric Association, 2000). Nicotine dependence is viewed 
as a primary motivator of smoking behavior in adolescents 
(Colby, Tiffany, Shiffman, & Niaura, 2000) and adults (Shadel, 
Shiffman, Niaura, Nichter, & Abrams, 2000) and is cited as a 
prime reason that smokers of all ages have difficulty quitting 
(Hughes, 2011). For cigarette smokers, the central features of 

nicotine dependence (e.g., withdrawal, craving, tolerance) are 
the targets of many behavioral and pharmacological treatment 
approaches (Fiore et  al., 2008). For example, treatment with 
the nicotine patch is designed to reduce the withdrawal symp-
toms most smokers experience upon quitting, thereby mak-
ing cessation more attainable (Shiffman, Ferguson, Gwaltney, 
Balabanas, & Shadel, 2006).

Considering its central clinical importance, reliably and 
validly measuring nicotine dependence has been a core goal 
for cigarette smoking research for nearly 40  years. Indeed, 
there are at least eight assessments of nicotine dependence that 
have appeared in this time. However, significant issues make 
choosing from among these assessments a less than straight-
forward task. The earliest and most widely used self-report 
instrument developed to measure nicotine dependence in ciga-
rette smokers, the Fagerström Tolerance Questionnaire (FTQ; 
Fagerström, 1978), and even its modifications (see Heatherton, 
Kozlowski, Frecker, & Fagerström, 1991), have been criticized 
for lacking adequate reliability (Pomerleau, Carlton, Lutzke, 
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Flessland, & Pomerleau, 1994), for lacking construct valid-
ity because they do not represent the diversity of features 
that characterize the nicotine dependence syndrome (e.g., the 
FTQ lacks items tapping into compulsive use and craving) 
(Shiffman, Waters, & Hickcox, 2004), and for not reflecting the 
diagnostic criteria for nicotine dependence (Etter, Le Houezec, 
& Perneger, 2003). Other assessments, like the Nicotine 
Dependence Syndrome Scale (NDSS; Shiffman et  al., 2004) 
and the Wisconsin Inventory of Smoking Dependence Motives 
(WISDM; Piper et  al., 2004), were systematically developed 
as psychometrically stronger alternatives to the FTQ and were 
also designed to capture the diversity of features that character-
ize the construct of nicotine dependence for cigarette smokers. 
However, despite theoretical rigor and psychometric strengths, 
a common limitation of both the NDSS and WISDM is that they 
are relatively long assessments. Thus, widespread adoption of 
these scales may not be practical, particularly in clinical con-
texts or research settings where the time that is needed to com-
plete an assessment battery is limited. Briefer assessments exist 
(e.g., Heaviness of Smoking Index; Heatherton, Kozlowski, 
Frecker, Rickert, & Robinson, 1989), but these assessments 
lack the content coverage and breadth of the longer assess-
ments. Although there is a dearth of studies comparing differ-
ent measures of nicotine dependence for cigarette smokers, 
findings from extant comparative studies have yielded mixed 
results with some measures better at predicting some outcomes 
compared with other measures (Piper, McCarthy, & Baker, 
2006). As such, deciding how to assess nicotine dependence 
is complicated by the sheer number of measures available, and 
the fact that there is almost no empirically grounded guidance 
available as to which measure(s) one should choose. Thus, the 
decision on which measure of nicotine dependence to use is 
likely determined by the time allocated for assessment as much 
as for conceptual reasons (Niaura & Shadel, 2003).

The primary goal of the PROMIS® Smoking Initiative is 
to develop psychometrically sound item banks to measure 
nicotine dependence for cigarette smokers as well as other 
biopsychosocial constructs associated with smoking (see 
other articles in this supplement) that can be effectively and 
efficiently administered in a variety of contexts. In the initial 
phase of the PROMIS Smoking Initiative, items from existing 
measures of cigarette nicotine dependence, as well as items 
from measures of other aspects of smoking (e.g., craving, nico-
tine effects, positive and negative expectancies of smoking), 
were subjected to rigorous qualitative review and exploratory 
and confirmatory factor analyses (see Edelen, Tucker, Shadel, 
Stucky, & Cai, 2012, for details of this approach). Results from 
those analyses identified a subset of items with content repre-
sentative of the nicotine dependence construct (e.g., craving, 
withdrawal, and behavioral priority; see Shadel et al., 2000). 
The current article describes a series of analyses that were con-
ducted on this set of nicotine dependence items to arrive at a 
unidimensional “bank” of items that can serve as the basis for 
reliable assessment of cigarette nicotine dependence, function-
ing in the same way for smokers of either gender and across 
various racial/ethnic and age groups. Because nicotine depend-
ence may express itself differently in daily and in intermittent 
or nondaily cigarette smokers (Shiffman, Ferguson, Dunbar, 
& Scholl, 2012; Shiffman & Paty, 2006), these analyses were 
conducted with data from daily smokers and nondaily smokers 
separately and included a final cocalibration of all items across 
daily and nondaily smokers to link the scales of the two item 

sets. We also evaluated the performance of short forms (SFs) 
and computer adaptive tests (CATs) in order to efficiently, yet 
reliably, assess cigarette nicotine dependence. Our analysis 
plan follows closely the many procedures described by Reeve 
et  al. (2007) in their psychometric evaluation and calibra-
tion of health-related quality of life item banks for PROMIS. 
A more complete description of the analytic process used to 
develop the daily and nondaily smoker item banks for the 
PROMIS Smoking Initiative is presented by Hansen et al. in 
this supplement.

MethODs

Sample and Procedure

A national sample of smokers (N(total) = 5,384; N(daily) = 4,201; 
N(nondaily) = 1,183) was recruited by Harris Interactive through 
their online panel membership, and all assessments were com-
pleted via the Internet. All procedures were IRB approved. 
Individuals were eligible if they were 18 years or older, had 
been smoking for at least a year, had smoked in the past 
30 days, and did not have plans to quit in the next 30 days. 
Based on their response to number of days smoked in past 
30  days, those participants indicating smoking 28–30 of the 
past 30  days were classified as daily smokers; respondents 
smoking less than 28 of the past 30  days were classified as 
nondaily smokers. Sample recruitment was targeted to reflect 
the demographic composition of U.S. adult smokers in terms 
of gender, race/ethnicity, and age. The survey was fielded 
between July and September 2011 via a randomized block 
design (Reeve et al., 2007). The block design was constructed 
to minimize respondent burden while maximizing the interitem 
covariance coverage. To cross-validate the dimensionality of 
the Nicotine Dependence item bank, the daily smoker sample 
was randomly split into exploratory (N(exploratory) = 3,021) and 
confirmatory (N(confirmatory) = 1,180) subsamples.

Demographic information and the characteristics of indi-
vidual smoking behaviors for the daily and nondaily samples 
are contained in Table 1. As anticipated, differences between 
the exploratory and confirmatory daily smoker subsamples 
were minor and varied by chance; thus characteristics of the 
two daily smoker subsamples are combined in the table. The 
nondaily and daily samples differed significantly on all demo-
graphic characteristics. Compared with the daily smokers, non-
daily smokers were more likely to be male, less likely to be 
Caucasian, were slightly younger, tended to be more educated, 
were more likely to be employed and never married, and tended 
to have higher incomes. As expected, daily and nondaily smok-
ers also differed with respect to their smoking behaviors. Most 
notably, the nondaily smokers had not smoked for as long as 
the daily smokers and reported more lifetime quit attempts.

Measures

Smoking Items
A total of 277 unique smoking items were administered. These 
items were developed according to PROMIS procedures from 
extant items in the literature as well as direct feedback from 
smokers. This process, described in more detail in Edelen et al. 
(2012), employed a rigorous qualitative approach that included 
systematic literature review, binning and winnowing of items, 
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table 1. Characteristics of Daily and Nondaily Smokers

 Characteristic
Daily smokers  

(N = 4,201)
Nondaily smokers  

(N = 1,183) Difference test

Female, % 54.8 47.0 p < .0001
Race/ethnicity, % p < .0001
 Non-Hispanic White 72.2 55.2
 African American 12.1 15.5
 Hispanic 11.3 24.4
 Asian 1.8 1.0
 Other 2.6 3.9
Age, mean (SD) 46.4 (11.6) 44.1 (11.9) p < .0001
Education, % p < .0001
 <High school graduate 3.1 2.0
 High school graduate 16.5 14.1
 Some college 38.2 32.1
 AA degree 12.5 9.8
 BA/BS degree 17.5 21.9
 Graduate degree 12.3 20.2
Employment, % p < .0001
 Full time 52.9 60.6
 Part time 12.2 14.4
 Unemployed/retired/student/homemaker 34.2 24.3
 Missing 0.8 0.8
Marital status, % p < .001
 Never married 20.5 26.1
 Married or civil union 45.6 43.9
 Divorced/separated/widowed 21.8 18.7
 Living with partner 12.1 11.2
Income, % p < .0001
 <$25,000 22.5 19.4
 $20,000–$49,999 32.3 27.1
 $50,000–$99,999 33.8 34.9
 $100,000+ 11.5 18.7
Years smoked, % p < .0001
 1–10 years 11.7 29.2
 More than 10 years 88.3 70.8
Number of days smoked in past 30, % p < .0001
 1 or 2 days 0.0 15.8
 3–5 days 0.0 9.6
 6–9 days 0.0 9.6
 10–19 days 0.0 23.2
 20–27 days 0.0 41.9
 28–30 days 100.0 0.0
Average number of cigarettes per day in past 30 days, % p < .0001
 <1 per day 0.2 13.0
 1–5 8.0 48.3
 6–10 22.0 22.3
 11–20 47.3 13.5
 20+ 22.6 3.9
Number of times quit for at least 24 hr, % p < .0001
 Never 18.0 14.7
 1 time 12.3 6.2
 2–3 times 30.7 19.1
 4–5 times 19.7 12.7
 6–9 times 7.4 7.8
 10 or more times 12.0 40.1
Quitting contemplation, % p < .0001
 Not thinking about quitting 40.1 42.3
 Thinking about quitting, but no plans to quit 37.1 29.0
 Plans to quit in next 6 months 22.7 28.7

S192



nicotine & tobacco research, volume 16, supplement 3 (august 2014)

item standardization, solicitation of feedback from smokers via 
focus groups and cognitive interviews, and final item revisions. 
All respondents completed 13 of the 277 smoking items which 
assessed their smoking behavior and quitting history. The 
remaining 264 items were candidate items that were being con-
sidered 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.

Other Measures
All respondents supplied basic demographic information and 
completed one of eight PROMIS health-related quality of life 
SF measures (alcohol consumption, anger, anxiety, depression, 
fatigue, physical functioning, sleep disturbance, and global 
health; Cella et al., 2007).

Item Factor Analyses

Previous analyses of the daily smoker exploratory subsample 
identified a set of 55 items to be considered for inclusion in 
the Nicotine Dependence item bank for daily smokers (Edelen 
et al., 2012). These items were drawn from established scales 
that included the Fagerstrom Tolerance Scale (Fagerstrom, 
1978; and by extension, the Fagerstrom Test for Nicotine 
Dependence [Heatherton et  al., 1991] and Heaviness of 
Smoking Index [Heatherton et al., 1989]); the NDSS (Shiffman 
et al., 2004); the WISDM(Piper et al., 2004); the Questionnaire 
of Smoking Urges (Tiffany & Drobes, 1991); and the Cigarette 
Dependence Scale (Etter et al., 2003). In most cases, the word-
ing of items in the item bank was modified from its original 
source in order to conform to PROMIS item banking standards 
(Cella et al., 2007) or in other cases, item text was modified 
based on feedback from the cognitive interviews used to refine 
the items (see Edelen et al., 2012). Thus, the text of items in the 
Nicotine Dependence item bank may not correspond exactly to 
the text of items from the original scales; however, the concept 
represented by a PROMIS item links that item to an original 
scaled item. The same 55 items were also considered for non-
daily smokers, along with 8 items deemed to have content rele-
vant for nondaily smokers (e.g., My attitude about my smoking 
is that I can “take it or leave it” at any time).

Using the exploratory subsample of daily smok-
ers (N  =  3,021) and the full sample of nondaily smokers 
(N = 1,183), we examined the underlying factor structures of 
the 55- and 63-item sets with the software IRTPRO (Cai, du 
Toit, & Thissen, 2011). Local dependence (LD) diagnostic 
indices (Chen & Thissen, 1997) and high-dimensional explor-
atory item factor analyses (Cai, 2010) were used to identify 
clusters of related items or LD departures from unidimen-
sionality. Item bifactor models (Cai, Yang, & Hansen, 2011; 
Gibbons & Hedeker, 1992) were then specified to account for 
these LD clusters.

Examining model results for each smoker type, study team 
members evaluated items within each specific factor in order 
to select subsets of items that would collectively be more uni-
dimensional than the initial sets of 55 and 63 items. We con-
sidered each item’s loading on the nicotine dependence factor, 
the percentage of common variance accounted for by the nico-
tine dependence factor (i.e., item explained common variance 
or I-ECV; Stucky, Thissen, & Edelen, 2013) and substantive 
content. Small numbers of items were selected from each item 

cluster (or specific factor). The two resulting item subsets for 
daily and nondaily smokers were selected to more closely con-
form to the unidimensional structure assumed in the final item 
response theory (IRT) models.

After selecting items for inclusion and removal in this way, 
the dimensionality of the two resultant item sets was reeval-
uated by testing the fit of a 1-factor model using the Mplus 
software (Muthén & Muthén, 1998–2010) with WLSMV esti-
mation for categorical response items and standard model fit 
indices and criteria (root mean squared error of approximation 
[RMSEA] ≤ 0.08, Tucker–Lewis index [TLI] ≥ 0.95, compara-
tive fit index [CFI] ≥ 0.95; Browne & Cudeck, 1993; Hu & 
Bentler, 1999). For daily smokers, model fit was assessed first 
in the exploratory subsample (N = 3,021) and then confirmed 
using the validation subsample (N  =  1,180); the analysis for 
nondaily smokers used the full nondaily sample (N = 1,183).

Differential Item Functioning

After identifying and confirming two sufficiently unidimen-
sional item sets to represent nicotine dependence, the item 
sets were further evaluated for differential item functioning 
(DIF). These evaluations were conducted using the full daily 
(N  =  4,201) and nondaily (N  =  1,183) smoker samples with 
IRTPRO (Cai et al., 2011). DIF indicates a response bias for 
a particular subgroup that is not accounted for by group-level 
mean and variance differences. DIF was evaluated for signifi-
cance according to gender, race/ethnicity (White, Black, and 
Hispanic), and age (18–30, 31–50, and 51+) using established 
procedures (Edelen, Thissen, Teresi, Kleinman, & Ocepek-
Welikson, 2006; Orlando & Marshall, 2002). Items with 
significant DIF were further evaluated for “impact” by con-
sidering the weighted area between the expected score curves 
(wABC) and the expected difference in expected a posteriori 
score (dEAP), indices described in more detail in Hansen et al.  
Items with wABC values greater than 0.30 were screened for 
potential removal by evaluating graphical illustrations of the 
subgroups’ expected scores curves, along with the values of the 
wABC and dEAP indices. Items judged to have nonignorable 
DIF were removed from further consideration in their respec-
tive item banks (i.e., daily or nondaily).

Calibration of Item Banks

The Nicotine Dependence item banks for daily and nondaily 
smokers were concurrently calibrated using data from the full 
combined sample (N = 5,384, N(daily) = 4,201, N(nondaily) = 1,183). 
We estimated a two-group IRT model with groups distinguish-
ing daily and nondaily smokers. This calibration, which speci-
fied the daily smokers as the reference group, fixed the daily 
nicotine dependence mean to 0 and the standard deviation to 1, 
and estimated unique nondaily mean and standard deviation. 
Following PROMIS standards, IRT scores were subsequently 
rescaled using the T-score metric to have a mean of 50 and a 
standard deviation of 10 for daily smokers. The scale for the 
daily—nondaily group difference was set based on preidenti-
fied anchor items whose parameter estimates were constrained 
to be equal across the groups. Item parameters for nonanchor 
items were estimated separately for the two groups (see Hansen 
et al. for more details). The utility of the item banks was deter-
mined using IRT-based test information, score precision, and 
marginal reliability (MR).
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Short Form Development

Item parameters from the final calibration were used in the 
development of nicotine dependence fixed-item SFs. In order 
to simplify the administration and scoring of these forms, 
only those items with equal parameters for daily and non-
daily smokers (i.e., anchor items in the two-group cali-
bration) were considered for SF inclusion. Among all the 
possible combinations of eligible items, candidate SFs were 
identified using selection criteria related to overall content 
balance, inclusion of items favored by the study team, and 
the reliability of score estimates across a broad range of nic-
otine dependence. Following PROMIS procedures, SF scor-
ing was based on a transformation of the sum of responses 
to SF items. The use of summed scores has the particular 
advantage of allowing for the creation of translation tables 
by which researchers may convert an observed sum into an 
IRT-scaled score (Thissen, Nelson, Rosa, & McLeod, 2001). 
The performance of the SFs was evaluated using simulated 
data. For both the daily and nondaily item banks, we exam-
ined the reliability of each SF and obtained correlations of 
SF scores with scores based on the patterns of responses to 
the full sets of items.

CAT Simulation

Computerized adaptive tests utilize item selection algorithms to 
administer items that are tailored to the respondent’s estimated 
standing on the measured construct, often resulting in reduc-
tions in test length and respondent burden. We conducted CAT 
simulations using Firestar (Choi, 2009) to evaluate the utility 
of computer adaptive administration of the daily and nondaily 
smoker Nicotine Dependence item banks. These simulations 
(a) provide an indication of the average number of items from 

the Nicotine Dependence item banks that would be adminis-
tered under typical CAT conditions, (b) indicate which items 
would be most routinely selected for CAT administration, and 
(c) characterize the expected CAT-based score reliability.

results

Item Factor Analyses

Bifactor models, each with 11 specific factors, were selected 
to characterize the structure of both the 55 daily smoker items 
(using the exploratory daily smoker sample) and the 63 non-
daily smoker items. In both cases, these models were selected 
based on their interpretability, comparisons of fit indices, and 
LD chi-squares. The specific factors identified in the bifactor 
model represent the content “clusters” in the nicotine depend-
ence item sets. For illustrative purposes, Table 2 includes the 
general and specific factor loadings for items comprising the 
first three specific factors in the daily smoker solution (the full 
list of candidate items is available from the first author upon 
request). These three clusters represent content associated 
with needing to smoke upon waking in the morning, automatic 
smoking or smoking without being aware, and emotional dis-
tress at the thought of not being able to smoke.

The study team reviewed the bifactor model results for all 55 
daily smoker and 63 nondaily smoker items and selected at least 
one item per specific factor to retain for further consideration in 
the item banks. Item selection was based on the strength of the 
general factor loading and item content. For the first three spe-
cific factors in Table 2, retained items are indicated with an aster-
isk. For some specific factor item clusters, the I-ECV indicated 
a strongly unidimensional item loading on the general factor. In 
these cases, additional items per specific factor were selected.

table 2. Example Items and Loadings From the 55-Item Bifactor Model for Daily Smokers

Item stem General

Specific factors

I-ECV1 2 3

I smoke even when I am so ill that I am  
in bed most of the day.*

0.60 0.24 0.86

I smoke more frequently during the first hours 
after waking than during the rest of the day.

0.32 0.30 0.53

After I wake up I typically smoke  
my first cigarette of the day.

0.47 0.67 0.33

I find myself reaching for cigarettes  
without thinking about it.*

0.63 0.65 0.48

I light cigarettes without thinking about it. 0.56 0.71 0.39
I smoke automatically without being aware of it. 0.58 0.67 0.42
I have found a cigarette in my mouth and did not 

remember putting it there.
0.51 0.50 0.51

When I run out of cigarettes, I find it  
almost unbearable.*

0.83 0.20 0.94

The idea of not having any cigarettes  
causes me stress.*

0.81 0.35 0.84

The thought of never smoking again is 
overwhelming.*

0.66 0.40 0.73

I would go crazy if I couldn’t smoke. 0.79 0.34 0.84

Note. For illustrative purposes, only the first three specific factors are included. The full model had 11 specific factors and 1 
general nicotine dependence factor. Asterisks indicate items selected to form the preliminary Nicotine Dependence item bank for 
daily smokers.
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This process led to the selection of 33 daily smoker items 
and 34 nondaily smoker items that balanced item content and 
closely represented the nicotine dependence dimension. Next, 
1-factor models were fit to the selected item sets to confirm 
that they were sufficiently unidimensional. Relative to the 
original 55 daily smoker items (CFI  =  0.907, TLI  =  0.903, 
RMSEA = 0.060), the reduced set of 33 daily smoker items 
showed improved fit in both the exploratory and confirma-
tory subsamples (Exploratory: CFI  =  0.977, TLI  =  0.976, 
RMSEA = 0.043; Confirmatory: CFI = 0.982, TLI = 0.980, 
RMSEA = 0.040) with only a trivial reduction in reliability 
(MR went from 0.98 to 0.97). Furthermore, in the explora-
tory subsample, the test-level explained common variance 
(ECV; Reise, 2012) associated with the nicotine dependence 
(general) factor increased substantially from 0.72 to 0.86 
indicating a more strongly unidimensional model. Fit indices 
for the nondaily smokers also suggest a strongly unidimen-
sional item set (CFI = 0.987, TLI = 0.986, RMSEA = 0.038), 
with improvement in fit compared with the 63-item set 
(CFI = 0.956, TLI = 0.954, RMSEA = 0.044) and minimal 
loss in precision (MR went from 0.98 to 0.97). Similar to 
daily smoker results, the ECV associated with the nicotine 

dependence (general) factor in the nondaily sample solution 
increased from 0.81 to 0.89.

Differential Item Functioning

Next, the 33 daily and 34 nondaily smoker items underwent 
DIF testing according to gender, race/ethnicity (White, Black, 
and Hispanic), and age (18–30, 31–50, and 51+). For the daily 
smokers, across all comparisons, seven items met the wABC 
criteria for consideration of removal (i.e., wABC > 0.30), and 
six items were ultimately removed because of DIF. For the 
nondaily smokers, seven items were considered for removal, 
and all seven were ultimately removed. Information about the 
items removed due to DIF is summarized in Table 3. Notably, 
four items were identified as having DIF in both the daily and 
nondaily smoker samples.

Figure 1 illustrates two items that were removed from the 
daily smoker Nicotine Dependence item bank. The first item (“I 
am tempted to smoke when I am on the phone”) was removed 
due to differences in functioning across males and females 
(wABC = 0.47; dEAP = 0.18). The second item (“I’m hooked 
on cigarettes”) was removed due to differences across the 

table 3. Nicotine Dependence Items Removed Because of Differential Item Functioning (DIF)

Item stem
Number of comparisons 

with wABC > 0.3 DIF variable wABC dEAP

Daily smokers
 I am very much aware of when  

 I am not smoking.
1 White vs. Black 0.62 0.23

 I feel like I smoke all the time. 1 White vs. Black 0.58 0.23
 I am tempted to smoke when  

I am on the phone.
1 Female vs. male 0.47 0.18

 Compared to when I first  
 started smoking, I need to  
 smoke a lot more now.

1 White vs. Black 0.45 0.17

 If I quit smoking, I will experience  
 intense cravings for a cigarette.

1 White vs. Black 0.41 −0.19

 I’m hooked on cigarettes. 1 Age 18–30 vs. age 51+ 0.41 0.24
Nondaily smokers
 My attitude about my smoking  

 is that I can ‘take it or leave it’  
 at any time.

6 Age 18–30 vs. age 51+ 0.86 0.25
Hispanic vs. White 0.55 0.17
Age 18–30 vs. age 31–50 0.51 0.14
Age 31–50 vs. age 51+ 0.36 0.16
Hispanic vs. Black 0.34 0.12
Female vs. Male 0.33 0.02

 I am very much aware of  
 when I am not smoking.

2 White vs. Black 0.63 0.20
Hispanic vs. Black 0.41 0.14

 Compared to when I first  
 started smoking, I need to  
 smoke a lot more now.

1 Age 18–30 vs. age 51+ 0.55 −0.35

 I am tempted to smoke when  
 I am watching TV.

2 Hispanic vs. Black 0.52 0.26
White vs. Black 0.43 0.25

 I’m hooked on cigarettes. 3 Age 18–30 vs. age 51+ 0.47 0.26
Hispanic vs. White 0.36 0.20
Hispanic vs. Black 0.33 −0.18

 After eating I want a cigarette. 4 Age 18–30 vs. age 51+ 0.45 0.20
Hispanic vs. Black 0.41 0.20
Age 31–50 vs. age 51+ 0.31 0.17
Hispanic vs. White 0.30 0.03

 I am tempted to smoke when  
 I am on the phone.

2 Age 18–30 vs. age 51+ 0.40 0.19
Female vs. male 0.39 0.20
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youngest and oldest age groups (wABC = 0.41; dEAP = 0.24). 
The x-axes in Figure  1 use the standard PROMIS T-score 
scale with mean 50 and standard deviation 10. The nonoverlap-
ping curves for the two items indicate that the expected scores 
at a given level of dependence depend on the grouping variable 
(even after accounting for differences in the groups’ means and 
variances). Specifically, women provide consistently higher 
ratings than men on the “…on the phone” item, given equal 
levels of nicotine dependence. Similarly, daily smokers who 
are 51 and older provide higher ratings on the “hooked on ciga-
rettes” item than those who are 30 and younger, except at the 
highest levels of overall nicotine dependence.

Calibration of Item Banks

Using the two-group IRT model with daily smokers as the ref-
erence group, 32 total items were calibrated. Within this set, 
20 were anchor items (identical item parameters for daily and 
nondaily smokers) and 2 had unique item parameters for daily 
and nondaily smokers. In addition, there were five items per 
bank that were nonoverlapping (i.e., items that only occur for 
that particular smoker group). This process resulted in two 
Nicotine Dependence item banks (one for daily and one for 
nondaily smokers) each with a total of 27 items. As can be seen 
in Table 4, the final items tended to be strongly related to the 
underlying nicotine dependence construct (a parameters for 
items in both banks ranged from 1.41 to 3.66) and covered a 
wide range of the nicotine dependence continuum (b parame-
ters ranged from −2.33 to 2.23) that is fairly symmetric around 
the nicotine dependence mean.

Figure 2 illustrates the score reliability for the daily and 
nondaily smoker Nicotine Dependence item banks (and SFs) 
on a standard T-score scale. Full bank scores have reliability 
values greater than 0.9 from nearly three standard deviations 
below the mean to three standard deviations above the mean 
(i.e., from 20 to 80, in the T-score scale). Nondaily smokers 
had a mean value of 39.3, 1.07 standard deviations below 
the daily smoker mean of 50. In addition, the nondaily 
smoker sample had slightly more nicotine dependence vari-
ability (SD = 11.3) compared with daily smokers (SD = 10).

Nicotine Dependence SFs

Combinations of the 20 anchor items were examined, and 
4- and 8-item SFs were ultimately selected, following the 
procedures described in Hansen et al. The items comprising 
these SFs are indicated in Table  4, and the summed score 
to IRT score translation table for both SFs is contained in 
Table 5. Figure  2 shows the reduction in score reliability 
when going from the complete item banks (of 27 items each) 
to the SFs. Despite this reduction, the marginal reliabilities 
of the SF scores remain quite good (0.91 for the eight-item 
SF, 0.81 for the four-item SF). In addition, these scores cor-
relate strongly (0.90–0.96) with those obtained from the 
complete banks. The results suggest that the four- and eight-
item SFs provide efficient and reliable measures of nicotine 
dependence. The particular choice of SF may be guided by 
considerations related to respondent burden, the desired lev-
els of score precision, and the context for form administra-
tion and scoring.

Figure 1. Two example items with differential item functioning that were removed from the daily smoker Nicotine Dependence 
item bank.
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CAT Simulations

CAT simulations were conducted on the daily and nondaily 
smoker Nicotine Dependence item banks. Table  6 provides 
the results of simulations that used a standard error of 3.0 
(in the T-score metric) as the CAT stopping criterion, which 
corresponds to a reliability of slightly greater than 0.90, and 
a range of limits on the maximum number of items allowed 

to be administered (4, 6, 8, 10, and 12). To summarize these 
results, the correlation between CAT and full bank scores is 
greater than 0.95, and the average CAT will terminate with a 
standard error of 3 when about four to five items have been 
administered (or about 5 or 6 for nondaily smokers). Item 
administration rates for the 10-item CAT simulation condi-
tion are displayed in Table  4. For the daily bank, only five 

table 4.  Nicotine Dependence Item Banks for Daily and Nondaily Smokers

Item D/ND

CAT Item parameters

D ND a b1 b2 b3 b4

When I haven’t been able to smoke for a few  
hours, the craving gets intolerable. (4,8 SF)a

Both 0.01 0.14 3.13 −1.25 −0.31 0.64 1.38

I drop everything to go out and buy cigarettes. (4,8 SF)a Both 0.11 0.02 1.84 −1.23 −0.03 1.10 2.03
I smoke more before going into a situation  

where smoking is not allowed. (4,8 SF)a
Both 0.03 0.04 1.57 −1.96 −0.99 0.17 1.19

I find myself reaching for cigarettes without  
thinking about it. (4,8 SF)a

Both 0.56 0.34 1.41 −1.54 −0.48 0.80 2.16

My urges to smoke keep getting stronger if  
I don’t smoke. (8 SF)

Both 0.09 0.01 2.56 −1.46 −0.57 0.20 0.97

After not smoking for a while, I need to smoke  
in order to avoid feeling any discomfort. (8 SF)a

Both 0.01 0.10 2.33 −1.35 −0.53 0.48 1.34

When I’m really craving a cigarette, it feels like I’m in the 
grip of some unknown force that I cannot control. (8 SF)a

Both 0.02 0.00 2.27 −1.20 −0.36 0.59 1.44

I crave cigarettes at certain times of day. (8 SF) Both 0.06 0.01 1.62 −2.13 −1.11 −0.04 0.94
When I go without a cigarette for a few  

hours, I experience craving.
Both 1.00 1.00 3.66 −1.35 −0.53 0.09 0.73

I frequently crave cigarettes. Both 0.87 0.85 3.18 −1.75 −0.69 0.08 0.90
Cravings for a cigarette make it difficult for me to quit. Both 0.77 0.90 3.17 −1.76 −0.95 −0.31 0.40
My desire to smoke seems overpowering. Both 0.55 0.39 3.02 −1.19 −0.46 0.28 0.98
It is hard to ignore urges to smoke. Both 0.15 0.52 2.99 −1.86 −0.96 −0.19 0.62
When I go too long without a cigarette I feel impatient.a Both 0.15 0.19 2.82 −1.64 −0.81 0.22 1.09
When I go too long without a cigarette I get strong urges that 

are hard to get rid of.a
Both 0.14 0.20 2.81 −1.65 −0.77 0.23 1.02

I get a real gnawing hunger for a cigarette  
when l haven’t smoked in a while.a

Both 0.04 0.28 2.80 −2.03 −1.04 0.04 0.90

When I run out of cigarettes, I find it almost unbearable.a Both 0.01 0.03 2.56 −1.56 −0.67 0.21 0.93
The idea of not having any cigarettes causes me stress. Both 0.00 0.00 2.49 −1.40 −0.44 0.22 0.90
It is hard for me to go without smoking for a whole day. Both 0.03 0.17 2.41 −2.00 −1.21 −0.63 0.02
I am tempted to smoke when I realize I haven’t  

smoked for a while.a
Both 0.01 0.00 1.64 −2.33 −1.26 0.09 1.23

Smoking is a large part of my daily life. Both 0.03 0.00 1.52 −2.19 −1.04 −0.06 0.90
I smoke even when I am so ill that I am in  

bed most of the day.a
Both 0.04 0.01 1.46 −1.21 0.05 1.14 2.23

The thought of never smoking again is overwhelming. D 0.03 1.56 −0.97 −0.08 0.74 1.44
After eating I want a cigarette.a D 0.00 1.21 −4.14 −3.04 −1.49 −0.12
I am tempted to smoke when I am happy.a D 0.00 0.98 −4.02 −2.14 0.68 2.43
I smoke when I am alone.a D 0.00 0.81 −6.63 −5.01 −2.02 0.62
I am tempted to smoke when I am driving.a D 0.00 0.74 −3.37 −2.48 −1.08 0.81
I would go crazy if I couldn’t smoke. ND 0.02 2.40 −1.13 −0.13 0.59 1.28
I feel like I smoke all the time. ND 0.00 2.09 −0.78 −0.18 0.53 1.11
If I quit smoking, I will experience intense  

cravings for a cigarette.
ND 0.19 1.80 −2.30 −1.25 −0.38 0.44

My life is full of reminders to smoke. ND 0.08 1.61 −1.72 −0.59 0.41 1.31
I become more addicted the more I smoke. ND 0.04 1.53 −1.35 −0.50 0.50 1.38

Note. SF = short form. D/ND column indicates if the item parameters were identical in daily and nondaily groups (both), unique 
to the daily group (D), or unique to the nondaily group (ND). CAT column indicates the rate of item administration for the 
10-item maximum condition. Item slope and threshold parameters were obtained through calibrations of the full item banks.
aIndicates items that used the following response options: 0 = never, 1 = rarely, 2 = sometimes, 3 = often, 4 = always. All other 
items used the following response options: 0 = not at all, 1 = a little bit, 2 = somewhat, 3 = quite a bit, 4 = very much.
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items are administered at a rate of 0.5 or higher, and only 
four are administered at that high rate for the nondaily bank. 
Thus, after administration of a handful of items, the subse-
quent item selection rates are fairly similar. The items that 
are administered at high frequency tend to correspond across 
the daily and nondaily banks but do not correspond very 
closely with the four- and eight-item SFs. This is because the 
SF selection emphasized content coverage, whereas the CAT 
selection algorithm in our simulations relied exclusively on 
empirical information.

DiscussiOn

The purpose of this article was to present the development and 
refinement of two new item banks to assess nicotine depend-
ence among daily and nondaily cigarette smokers. These item 
banks were constructed as part of the PROMIS Smoking 
Initiative, a comprehensive effort designed to advance a more 
unified framework for cigarette smoking assessment. In this 
study, a core set of 32 items was calibrated for daily and 
nondaily smokers; 22 items were identical for daily and non-
daily smokers, with 5 items unique for daily smokers and 5 
items unique for nondaily smokers. For both daily and non-
daily smokers, scores from items comprising the Nicotine 
Dependence item banks are highly reliable and strongly uni-
dimensional. Our evaluations of DIF suggest that the item 
banks perform similarly for men and women, adult smokers of 
different ages, and for smokers of different racial and ethnic 
backgrounds.

Item content covers a range of conceptually relevant 
domains that represent the different expressions of cigarette 
nicotine dependence (Rosenthal et  al., 2011); for example, 
items relating to craving (“I crave cigarettes at certain times 
of the day”), withdrawal symptoms (“When I  go too long 
without a cigarette I  feel impatient”), and compulsive use 
(“I drop everything to go out and buy cigarettes”) are fea-
tured prominently in the daily and nondaily smoker item 
banks. The conceptually oriented feature of the Nicotine 
Dependence item banks is not surprising, given that many 
of the items were drawn from existing conceptually rich 
measures of cigarette nicotine dependence, like the NDSS 
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Figure 2. Score reliability for the daily and nondaily smoker Nicotine Dependence item banks.

table 5. Nicotine Dependence Summed Score to 
Scaled Score Translation Table for the 4- and 8-Item 
Short Forms

4-item Short Form 8-item Short Form

Summed 
score

Scaled 
score (T)

Standard 
error

Summed 
score

Scaled 
score (T)

Standard 
error

0 27 6.3 0 23 5.7
1 32 5.4 1 27 4.6
2 35 5.2 2 30 4.3
3 38 5.0 3 32 4.0
4 41 4.8 4 34 3.8
5 43 4.8 5 35 3.6
6 46 4.7 6 37 3.5
7 48 4.7 7 38 3.4
8 50 4.6 8 40 3.3
9 53 4.6 9 41 3.3

10 55 4.6 10 42 3.2
11 57 4.6 11 44 3.2
12 60 4.7 12 45 3.2
13 63 4.7 13 46 3.2
14 65 4.9 14 47 3.2
15 69 5.2 15 48 3.2
16 73 6.0 16 50 3.2

17 51 3.2
18 52 3.2
19 53 3.2
20 54 3.2
21 55 3.2
22 57 3.2
23 58 3.2
24 59 3.2
25 61 3.3
26 62 3.3
27 63 3.4
28 65 3.6
29 67 3.8
30 69 4.1
31 72 4.5
32 75 5.4
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(Shiffman et al., 2004) and WISDM (Piper et al., 2004), that 
were developed from a strong theoretical frame that viewed 
nicotine dependence as a syndrome composed of multi-
ple features (Shadel et  al., 2000). The PROMIS Nicotine 
Dependence item banks differ from these other scales in that 
they use a smaller, more efficient set of conceptually diverse 
items, have been specifically tested and found appropriate 
for both daily and nondaily smokers, and offer a variety of 
practical assessment options.

Indeed, although longer forms can be generated based on 
the item banks (up to 27 items each for daily and nondaily 
smokers), key features of this investigation were the develop-
ment of SFs and the simulation of CAT (computer adaptive 
testing). SFs and CAT allow for the administration of a rela-
tively small number of items in research settings where assess-
ment using the full item bank is not desired or feasible. Two 
highly reliable SFs (four and eight items) were developed, and 
the scores obtained from these forms were strongly correlated 
with assessments based on the full item banks. These SFs are 
identical for daily and nondaily smokers and in fact are shorter 
than the Fagerström Tolerance Questionnaire and its revision 
(Fagerström, 1978; Heatherton et  al., 1991). Similarly, CAT 
simulations showed that an average of fewer than six items 
could be administered with only minimal loss of information 
or reliability. Thus, the PROMIS Nicotine Dependence item 
banks present researchers and clinicians with a host of admin-
istration options—all of which are psychometrically strong. 
A key point is that the SFs are designed to balance efficiency 
and breadth of coverage of concepts relating to the (cigarette) 
nicotine dependence syndrome (see Shadel et  al., 2000). In 
contrast, the CAT optimizes test length only, often leading to 
more narrow content coverage. Thus, users who desire more 
conceptual diversity in a SF assessment of nicotine dependence 
would likely opt to use the SF versions.

The full Nicotine Dependence item banks (and conse-
quently the SFs) did not include the item “time to first ciga-
rette in the morning.” This is the first item of the Fagerström 
Tolerance Scale (and is also one of two items in the Heaviness 
of Smoking Index; Heatherton et al., 1989) and has been shown 
to be a strong, single item predictor of smoking cessation out-
comes (Baker et al., 2007). This item was included in earlier 
iterations of the Nicotine Dependence item banks (see Edelen 
et al., 2012), but it failed to reach the psychometric threshold 
of other items in the bank (as presented in this article) and was 
therefore discarded. In other words, this item is not calibrated 
with the other items in the Nicotine Dependence item bank 
and thus is not included in the bank itself. However, due to 

the interest in this item and its seeming clinical importance, 
it is available via the project Web site (http://www.rand.org/
health/projects/promis-smoking-initiative.html) as part of a 
supplementary item set reflecting smoking rates and quit-
ting history that can be administered outside of the items that 
comprise the banks. Contents of the banks themselves are also 
available for download from the project Web site as well as via 
Assessment Center.

The approach taken by the PROMIS Smoking Initiative 
to develop the Nicotine Dependence item banks is unique in 
several respects. First, unlike most nicotine dependence scale 
development efforts that have sought to fill gaps in or improve 
upon measures already in use (e.g., the NDSS was developed 
to measure nicotine dependence as a syndrome, filling a gap 
because the FTQ and FTND were not developed within a 
syndromal framework; Shiffman et  al., 2004), the PROMIS 
Smoking Initiative used these measures, and others, as con-
ceptual and empirical starting points, forming its item banks 
from items that have already been evaluated and tested (and 
supplemented with new items generated from focus groups 
of current smokers; see Edelen et  al., 2012). Second, the 
PROMIS Smoking Initiative is among the first to use contem-
porary methods in psychometrics, like IRT, to evaluate and 
refine the assessment items. These methods have only rarely 
been adopted in tobacco control research and usually on a 
more limited capacity. For example, IRT has been used in a 
more focused way to examine nicotine dependence in single 
scales (Courvoisier & Etter, 2008). An advantage of using IRT 
is that the items are calibrated on the same scale, so that the 
selection of any subset, SF, or brief administration of the items 
will result in IRT-scaled scores comparable to the results from 
this calibration sample. For example, in a study where the 
outcome of interest is meeting criteria for a nicotine depend-
ence diagnosis at a cut point along the nicotine dependence 
continuum, a subset of these items could be “handpicked” 
by the researcher that best discriminate at that cut point, thus 
avoiding the burden of having to administer the complete item 
bank. Third, the item bank is remarkable for its psychometric 
strength, as well as for its flexibility in administration options 
(e.g., SFs, CAT, computerized, or paper and pencil). Finally, 
to the extent that the definition of the construct of nicotine 
dependence evolves or changes, new items can be easily added 
to the item bank for further evaluation and testing.

Several future research directions are planned for this item 
bank and for the PROMIS Smoking Initiative more gener-
ally. The final article in this supplement presents preliminary 
validity information for the six banks including estimated 

table 6. Simulated Adaptive Tests for the Nicotine Dependence Item Banks

Daily smokers Nondaily smokers

Maximum no. of items Maximum no. of items

4 6 8 10 12 All items 4 6 8 10 12 All items

Average items 
administered

3.82 4.36 4.58 4.72 4.83 27 3.90 4.75 5.16 5.52 5.81 27

Proportion receiving 
maximum items

0.82 0.18 0.09 0.07 0.05 1 0.90 0.32 0.19 0.17 0.14 1

Marginal reliability 0.89 0.90 0.91 0.91 0.91 0.97 0.89 0.91 0.92 0.92 0.92 0.97
r (TCAT,Tfull) 0.95` 0.95 0.96 0.96 0.96 0.98 0.95 0.96 0.96 0.96 0.96 0.98
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correlations among the six item bank scores and between the 
six item banks and other PROMIS measures (e.g., alcohol 
consumption, physical functioning, and emotional distress). 
This article also characterizes differences in item bank scores 
according to select discrete demographic (e.g., gender, age, 
and ethnicity) and smoking behavior subgroups (e.g., motiva-
tion to quit, quantity of smoking). Results are compared for 
daily and nondaily item bank scores. Further data collection 
activities are underway to replicate these findings in an inde-
pendent sample, establish test–retest reliability, and evaluate 
the bank scores’ sensitivity to change over time. This work 
also includes development of scoring crosswalks from tra-
ditional smoking measures to the new item bank scores. For 
example, research will assess items from other legacy meas-
ures of cigarette nicotine dependence (e.g., NDSS, WISDM), 
allowing scores from established scales to be “crosswalked” to 
the Nicotine Dependence item banks using simultaneous IRT 
calibration. Important directions for future research include 
studying the utility of these items for predicting treatment out-
come and response to different smoking cessation treatments 
as well as examining the relationship between these items 
and indices of nicotine dependence such as withdrawal and 
cotinine levels. These latter steps are particularly important in 
order to provide additional evidence for the validity and clini-
cal utility of these item banks.
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