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OVERVIEW 

ABSTRACT 

Little is known ubout the pr:ocesscs that umlerlic changes in smoking thal occur 

between the first use of a cigarette. subsc4ucnt regular use and eventual mldic­

iivc use. /\t present, assessments or those crilical processes arc poorly developed 

and not strongly informed by contemporary models of drug dependence. The 

preceding three papers in this special issue address explicitly how modern drug­

dependence theories describe the emergence of drug dependence and the impli­

cations ol' those theories for assessment The papers covered three domains of 

theories: negative rcin!'orrnrrwnl. positive reinforcement, and cognitive and 

social lcarnlng. Jn this p,1pcr, we summarize these reviews and extrad general 

themes and issues th al emerge across all the articles. These include: (1) the 

importance of learning processes: (2) lirnil.alions of self~rcport measures; (~)the 

view of dependence as a process and not a state; (4) the conception of depen­

dence on a continnum in contrnsl lo the conveuiional perspective of tobacco 

dependence as a natural c.1tegory; (5) the ontological st.;1tus of the dependence 

concept; (6) limil.itions or backward extrapolations from adult. assessments; (7) 

the possibility ol' multiple dimensiorn or forms or dependence; arni (8) the value 

of a transdlsciplinary approach when studying the emergence or tobacco depen­

dence. 
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Our molivalion for this special issue was both a rncogni­

lion or lhc need for assessment instruments able to cap­

ture the cmergc1H:c of tobacco dependence, as well as the 

belief that dforls to create such measures would hcnclit 

from cardul consideration of existing drug dependence 

theories. The idea that measures arc best developed 

within the context or lheorctic11.I considerations is not 

11ew in either the general assessment literature (e.g. Loev­

ingcr I ')'i7; Wiggens 197 >) or the drug-ahuse li1.eraLurc 

(e.g. Tiffany & Drobcs I 991.: Shiffman et al. 2004). Our 

posilion ls tlrnt. whether implicit or explicit, prc:rnppos1-

Wms 11hout I.lie l'undame11tal nature of the phenomenon 

bci11g measured inform 1.h!'conlcnt, l'orm,1I anti 1neasurc-

111c11l model or usscssmenls. 

Wiggens ( l 9 '13. p. 10 l) asserted that, when con­

strnd.ing assessments, 'II seems desirable to substitute 

explicit. theory for implicit theory and to sample system .. 

alically on the busis of that theory than lo sample 

l'or1uitously'. Unfortunately. most measures of drug 
dcpcndcrn:e rely (HJ implicit rather tJwn explicit proposi­

tions regarding the rwturc or dependence. lkcaw;e or this 

generally loose connection bct.wm~n concept and mea­

surnrncnt. data generated from trnditio11al ,1ppronches lo 

assessing drug dcpcruJeuce tell us little ahoul the f1111da-

1m~11lnl foulurcs of dcpcnde11cc. Such dat;i also !'ail to offer 

us much about whet.her (n- nol a particular instrument 

accurnldy represents those implicil. concepts tlrnl 

inlbrrned the insl.rurneni's development:. We believe that 

each or lbc three papers in this i:;suc provides multiple 

ideas for how and why contemporary theories ol' 
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addiction nm he nscd to generate asscs~meuts of the 
emergence of tohacco dependence, 

The authors' elforts to Lranslate theories into assess-­

rnents will nrnloubtcdly increase the scope and concep­
tual coherence of dependence measurement. However, 
this exercise can also work to the benclit of theory evalu­

ation and development Any attempt lo use a theory to 

create an instrument rapidly exposes the practical value 

and limltmfons of that theory. This task is particularly 

ini<irmative when we arc interested in the mrnrgence of 

tobacco dep;,ndcncc. M.any of the theories reviewed in 

these papers focus primarily on the end stages of drng 

dependence, and arc surprisingly silent on the question of 

how dcpendenc.c develops initinlly, However, they can be 

cxt.rapolatcd to be informative about the early phases as 

well. Furthermore, several ot_· the theories were created 

initially to capture alcohol, stimulant or opi<1te depen• 

dencc, not necessarily tobacco dependence. Finally, the 

theories seldom address directly how dependence or the 

processes posited to underlie it arc manilest in measur­

able way1>. Consequently, in many cases the authors were 

forced to speculate about how key dependence processes 
posited by a particular theory might be manifest in the 

early stages of dependence or how those processt.-s could 

be assessed in the context of tobacco-related hchaviors. T n 

essence, the theories had to be extended beyond their 

original scope. By so doing, the authors give us insights 

into the core assnmplions and conceptual expansion of 

these theories: imtights not immediately evident upon ini­

tial theory evaluation. Thux, not only will these papers 

lead to better assessments, they should also lead to better 

theories. Before discussing these topics in greater detail, 

let us summarize briclly each of the papers here, 

NEGATIVE REINFORCEMENT MODELS 

Negative reinforc<~ment models share the premise that 

tohacco dependence is controlled by a smoker's attempt 

to avoid or escape aversive states. Eissenberg (2004) 

reviews l'our types of negative reinforcement models: 

basic withdrawal, conditioned withdrawal, self­

medication and opponent process, With the exception of 

the scll~medication model, these models hypothesize 1 hat 

aversive states that motivab: continued drug use are a 

consequence ol' repeated exposure to nicotine. Over the 

course of continued nicotine use. increasingly more aver• 

sive states result when an individual cmiscs use of the 

drug, thus avoidance of such aversive states comes to 

motivate continued use, SeH~mcdication models suggest 

that aversive conditions such as depression or stress nmy 

prc-r~xist or occur independently or tobacco use, and also 

posits that smokin[t or nicotine actually provides rnliel' 

[rom aversive conditions. 
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Tn each or these m(.Jdcls, the tohaccn user l1-!ams that 
smoking reduces or prevents aversive conditions. Thus, 

escape or uvoidance learning, is fundamental to these 

conccptmiliiations. Moreover, as this learning strength­

ens with tobacco experience, dependence is }1ssumed to 

he an emergent rather than all-or-none phenomenon. 

Eisscnbcrg suggests further that, in most cases, learning 

to escape aversive conditions will precede learning to 

avoid those comlitions. This 1.cmporal distinction between 

these two forms of learning may be an important consid­

eration in churactcrizing the emergence of dependence. 

For example. a major milest{me in the dcvcl(ipmcnt of 

dependence may be the transition from smoking marked 

primarily hy escape to smoking controlled prc<lomirmntly 

by avoidance of,,ivcrsive conditions. 

According to these models, the emergence of tobacco 

dependence is a joint function of the magnitude of the 

aversive state and the strength of esrnpc and/or avoid­

ance learning. Furthermore, with the exception of self­

medication models. the patterning of initial tobacco-use 

episodes should intluence strongly the extent to which 

the user becomes dependent. For c,rnmple, basic drug­

with<lrnwal models assume that tohacco withdrawal will 

emerge only if the user is exposed lo a sufncicnt dose and 

frequency of nicotine. Without that exposure, the user 

will not experience withdrawal when he or she abstains 

from tohacco. Thus withdrawal avoidance or relief will 
not motivate use until the smoker escalates smoking to a 
point at which dependence st.arts to emerge, 

None of thc8C models ls necessarily exclusive of the 

others: the hasic dependence mechanisms specific to each 

approach may be operative to some degree in all users, or 

may be present primarily at one or more phases of the 

dependence trajectory. The conventional view of the 

motivating influence of withdrawal relier is that these 

processes are restricted lo chnmic, 'heavy' smokers. As 

Hissenherg makes clear, this view does not depict accu­

rately contemporary negative reinforcement models of 

dependence. The crucial processes presumed by the mod­

els are opcrntivc at the initial exposures to tobacco. 

Although the original incarnations of the theories 

reviewed by Eissenhcrg devoted scant attention 1o the 

early stages of dependence, each model is readily applica­

blii lo those issues. Indeed. ,ls richly detailed by Hisscn­

bcrg, negative relief models olfor a wide array of self­

report bclrnvioral and physiological variables that could 

be nscd for assessing the emergence ol' d(ipendcnce, Inter­

estingly, self-report. mcmmres, which are the most com­

mon means of indexing dependence. arc not the only. and 

perhaps not even the most informative. approach, For 

cxnmplc, we might believe that an efficient wuy to deter­

mine whelhcr or not someone smokes t:o avoid with­

drawal is to simply ask (e.g. reasons for smoking). 

However, smokl,rs wl10 have learned to effectively avoid 

.. -
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aversive rnnditions may nol experience those conditions 

or even he nwnre of the processes molival ing their smok 

ing (sec Baker ct al. 2001). making the assessment or 
dependence across multiple indices of responding all the 

more important. 

POSITIVE REINFORCEMENT MODELS 

Although the models described by Glaulier (1004) vary 

greatly in ternrn of postulated processes and lt~vels of anal­

yse~. all nssume lhaL Lhe irmnediatc cffocls of drug 

support behaviors lhat promote continued drug use. 

Applying this position to cigarclte smoking, Lhese models 

assume that nicotine functions as a primary positive rein­

forcer thal motivutcs continued smoking behnvior over 

time. 

(:lautier reviews four subtypes or positive rcinrorce­

ment models: (J) operant models describe depcmlence in 

terms of the reinforcing eflieacy or nicotine and the con" 

trol nicot.i.ne comes t:o exert over behavior: (2) economic 
models focus on the interaction hetwecn the magnitude 

of the reinforcer (nicotine dose) and the response 

requirements, or work, required lo obtain the reinforcer; 

Cl) se/f('()11trol rrwtlcls clrnrncteri;,;c tobacco dependence 

as a consisknl selection of nicotine over olher rewards. 

The choice of nicotine rather thun other rcw<irds is a 

joint funcl.ion of lhc relative magnitude or the avnilablc 

rdnforccrn and the relative delays or those rewards: and 

(4) 1,iological nwdds lbcus on changes iu functioning of 
the central nervous system to identil'y the neurophyslo~ 

logical substrates ol' the po8itively reinforcing effccls of 

nicotine. 

All the models reviewed by Chm tier share the assump­

tion that depende11ce processes arc coutimrnus in nature. 

Also, as these models do not rely on the emergence or 
withdrawal as a basis for reinforcement. reinforcement 

and dependence processes may be evident during even 

early tohaeco use. These models ofter numerous ideas lbr 

asscs,ing the emergence of tobacco dependence. These 

include measures of the distrilmtions ol' smoking and 

non-smoking activities over time, decline in the reinforc­

ing value of non-smoking reinforccrs, interactions 

between reinforccrs, tolcronec t.o the reinforcing actions 

of nicotine, decreasing voluntary control over smoking, 

increasing stability of smoking pallerns. rapidity of 

relapse following cessation or 8moklng. control or smok­

inf~ by slirnuli and environments associated wHh ciga­

rette use and priming effects or nicotine on smoking 

hchavior. 'lb assc8s these erfcct.s, it is notable that these 

models generally describe reinforcement proccs1ics with­

out reference to tlic subjective or affective manll'estations 

ol' those processes. Thus nicotine could exert powerful 

contml over behavior. even t.hough it.s effects may not be 

as euphoric. exciting or pleasurable as those produced by 
other drugs of abuse. Therefore. selt~report measures 

might be less import.ant for evaluating the emergence of 

tobacco dependence than direct. assessments or nctual 

smoking behaviors and chokes under conditions rcpre­

sentnt.ive of the 11alurnl environments and reinforcement 

conti11gcncics of the smoker. 

COGNITIVE AND SOCIAL LEARNING 
MODELS 

The models described by Brandon et al. 11004) derive 

from social learning theory, CO!\nilivc-bchavioral tradi­

tions and modern cognitive sciences. Civen the diversity 

or concepts invoked hy Lhesc models. the authors chose to 

focus on four constructs that appear repeatedly in cog11i.­

tivc and social-learning theories of drug dependence. 

These arc ex1wcta11cies, se/fe[ficw:11, CO/J/1111 and cmving. The 

authors selected major crn1Lemporary theories lo repre­

sent each or these concept~ and Lo illuslrate a variety or 
psychological processes with polential relevance to 

assessment or the emergence of tobacc.:o dependence. 

All the models described hy Bnmdon and colleagues 

assume that major features of smoking <lcpcmlence can 

be captured in processes described 111 cognitive terminol­

ogy. A theme ru1 ming throughout most or these models is 

that expectancy beliefs regarding drug effects and likeli­

hood of drug use or avoidance have a major controlling 

inlluence on the development of dependence. Expectancy 

belh!Js. not the actual outcomes, drive drug-seeking 

behavior. A persistent belief thnt cigarette smoking will 
relax yon will promote cigarcUc smoking even if the 

smoking docs not have that effect. In addition. the models 

,ill assume tlwl t·ognitivc processes critical to dependence 

develop in 11 continuous fashion. Thus, none of these 

models assumes any functional discontinuity between 

lighl. and heavy smokern. 

By am\ large, cognitive models of drug depend<:nce, 

particularly those that emphasize expectancy beliefs, 

suggest that sclr-re1}ort measures provide the best vehicle 

for uncovering lhe key processes controlling drug depen­

dence. Brandon et al. offer numerous explicit. proposals 

for constructing or relining adolesccnt-spccllic sell~rcporl. 

questionnaires. Two of the models, however, Goldman 

ctal.'s (1999) expectancy theory an<l Tiffany's (1990) 
cognitive processing theory, also cmph,rnh:e the role of 

automaticity and unconscious cognitive processes in the 

emergence of drug dependence. That is, with their 

repeated acliwition the cognitive processes supporting 

drng use become increasingly efticicnt, cntrenche<I and 

less accessible Lo verbal reports. From this perspective. 

sc!r-reporls may not be suflicient for mapping I.he cogni­

tive mechanisms responsible ror t11e development of 
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lobacco dependence. Herc, Brandon and colleagues have 

described numerous suggestions for tapping processes 

and structures not available through traditional 1,clf­
rnport methods. These include techniques such as 

implicit memory tasks. tine-grained observations of 

smoking behavior over lime, dual-processing tasks and 

assessments of memory structure. 

COMMON THEMES AND MESSAGES 

As the papers' authors note, the diverse theories pre­

sented here. although emphasizing different aspects of 

dependence. arc often compalible and even nmtually 

interdependent. Those emphasizing positive reinforce­

ment, for example, do not deny that deprivation lead,; lo 

aversive states that arc relieved by nicotine, promoting 

the process of negative reinforcement. They simply 

emphasize positive reinforcement as the more central 

component driving tobacco use and dependence. Cogni­

tive theories do not deny the fact that nicotine has impor­

tant neurobiological clTccL,; that subserve positive and 

negative reinforccment--indecd, they rely upon such 

effects in the theory. Having assumed such effects, the 

cognitive theories then use cognitive constructs to 

explain why such reinforcement leads to compelling pat­

terns of use. Thus, although the theories present compet­

ing views of dcpcmlcncc and its development, they do not 

usually present us with contradictory or irreconcilable 

accounts. 

Furthermore, despite considerable diversity of con­

cepts and assessment implications derived from the theo­

ries, several general themes appear and these haw, 
profound implications for research and theory on the 

emergence of tob<1cco dependence. 

Dcpcndenr,1.: involves learning 

Nearly all modern models of drug dependence start with 

the assumption that repetitive drug-use is learned behav­

ior. Although the particulars vary from theory to theory, 

most commonly, theoreticians invoke some form of clas­

sical (Pavlovian) conditioning, instrumental condition­

ing or cognitive-processing approach to describe how 

stimuli. responses and outcomes comhinc to generate 

escalations in drug use across time. According to nega­
tive reinforcement models (Eisscnberg 2004), smokers 

lt:arn Urnt tobacco use decreases aversive states. Similarly, 

all the models reviewed by Glautier (2004) assume that 

the immediate cffocts o[ drugs support tile acquisition 

aucl muinte11ance or smoking through learning pro­

cesses. Finally. the models described by Brandon and col­

leagues (Brandon et al. 2004) share the proposilion that 

transfor111111.io11s in the l'rcquency and extent of smoking 

, 1 2{11):\ Sni'.iely for the Stttdy ol' Ad<lirlhm 
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from initial episodes to more entrenched patterns or use 

arc proriclled and sustained by learning-based changes in 

cognitive processing. 

There arc lwo main reasons that all theories invoke 

learning processes to help cxplaiu dependence. The first is 
thal certain key phenomena of drug abuse and depen­

dence •--·notably the continued risk of relapse Jong after 

primary withdrawal has subsided and the ability of par­

ticular environmental stimuli to provoke cravil1g and 

drug USt,"--arc difficult to explain without invoking learn­

ing processes. Secondly, because learning generally is 

strengthened over lime and over repeated learning trials, 

learning processes help implicitly explain the trajectory 

from use to dependence over time and repeated exposure 

to the drug. 

The assumption that smoking behavior is learned 

behavior has implications for assessing the emergence of 

tobacco dependence. Most importantly, the learning pro­

cesses controlling dependence ·will be best captured when 

the conditions of assessment permit the expression of 

those processes. For example. the compensatory response 

theory of drug tolerance and dependence (Siegel 1975) 

posits that smokers will use cigarettes to avoid or escape 

from conditioned withdrawal syndromes th~t are trig­

gered by cues previously associated with the direct effects 

of nicotine. According to this model, assessment of depen­

dence requires testing for withdrawal effects in the pres­

ence or evocative cues as well as evaluating the extent to 

which a person seeks cigarettes when conditioned with­

drawal is lriggered. Thus. direct assessment of condi­

tioned withdrawal. requires that smokers be presented 

with cues associated presumnbly with past Instances of 

smoking. As another example, the expectancy model of 

Goldman et al, ( 1999) hypothesizes that expectancy net­

works, which arc estahlishcd and ditlcrcntiatcd through 
learning and memory proc!',i;ses, are adivated when the 

current stimulus situation confrouting the individual 

matches the informational template stored in memory. 

Consequently, expectancies are best accessed when the 

testing situation activates the drug network. In the case 

of either of these models (compensatory response or 

expectancy). lhe mechanisms responsible for dependence 

will not be directly evident unless they arc assessed in the 

context of those critical situations that evoke dependence 

processes. 

Self-report measures am limited 

Convcnlional approaches to the assessment or tobacco 

dcpcmleucc rely almost exclusively 011 sclt~rcport mea­

sum, (Colby et al . . WOOa). The papers by Eisenberg, Glau­

tier, and Bnmdon (and colleagues) make it evident that 

widespread use o[ sell~report measures in dependence 

research appears lo be driven more by considerations of 

l11Mictlm1, 'l'l (Suppl. l ). 711 ·81i 
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eonvcnicm:c than by attempl.s to capture processes 

hypothesized by contemporary models ol' dependence. 

i\lthough sell~reporl measures may provide conve­

nient information about dependcm:c, few of the depen­

dence theories reviewed in lhcsc papers indicate that 

smokers would be able to provide accurate verbal descrip­

tors or the processes that promote smoking behuvirn~ As 

one example, if smoking escalates because an individual 

learns to effectively avoid aversive co11ditions (Eisscnberg 

2004), that person may not experience withdrawal 

or other aversive conditions that. motivate smoking 

behavior. 

Consequc11l.ly, smokers successfully avoiding with­

drawal would be increasingly !e;;s inclined to notice that 

they smoke to prevent withdrawal symptoms. Similarly, 

most of the appetitive and positive-reinforcement models 

reviewed by Clauticr (2004) eschew self-report mea­

sures. These models emphasize. instead, changes over 

time in smoking behuvior and in choices related to smok­

ing, Many of the cognitive models discussed by Brandon 

ct <ii. (2004) describe core dependence processes as rela­

lively inaccessible via vcrba·[ reporl, as cognitive pro­

cesses controlling smoking behavior would be no more 

available to self-reports than those controlling any olhcr 

complex, well-rehearsed behavior. 

Dependence is a process, not a state 

Most studies of tobacco dependence adopt implicitly the 

position that dependence is a stable condition that devel­

ops following a history of regular smoking. The picture of 
tobacco dependence that surfaces rrom the models 

reviewed in this issue is considerably more dynamic than 

suggested by those traditional approaches to the assess­

ment of dependence. Some of that dynamic perspective 

arises as a natural consequence of the authors' use of 

contemporary theories lo guide assessments of change in 

tobacco dependence over use or, mther, the emfrge,we 

of depemlcncc, Emergence implies transformations in 

behavior over time and over situations. The theme 

cm braced in these reviews is I.hat dependence is u process 

lhat changes over t.ime, not merely n static end-product of 

regular smoking. f'urthermore, the concept of change 

suggests that research on the configuration of that 

change over lime and situation may be substantially 

more revealing about the nature of dependence than 

research using static. one-shot, slice-in-time. grouJHx>m­

parison (dependent versus non-dependent) designs. 

Dependence is a oonl.inuum 

In addition lo being thought of traditionally as a slate 

rather than a process, dependence is also often talked 

abonl as an all-or-none condition; either you arc a 

dependent smoker or you arc not. This categorical model 

of tobacco dependence assumes that dependence arise.~ 

when u smoker reaches a threshold level of nicotine expo­

sure suflident to trigger dependence processes. which arc 

conceptualized implicitly as qualitatively different l'rom 

'normal' funclioning. Once that threshold is reached the 

pen;on is ·depcn<lcnt on nicotine, and further exposure 

past that point will serve only to increase the severity .of 

dependence. This view is consistent with the taxonomic 

approach to dependence espoused by modern diagnostic 

systems [e.g. Diaynostic and Su1lisLical Manual (DSM) 

and l11tcrnational Cla.~si{icatfrm o/ UiS('asiis (ICD)I, well­

represented in the methodological foundal.ions of mnch 

drug abuse rt>search, and compatible with the beliefs ol' 
the general public regarding the m1ture of drug 

dependence. 

The conception of dependence adopted by most mod­
ern theories of drug addiction is :mbstanlially divergent 

from the conventional, categorical view or tobacco 

dependence. In contrast to the categorical assumption of 

drug dependence, the theories reviewed in these papers 

maiutain. cxplicltly or implicitly, that dependence varies 

on a continuum. That continuum is linked in turn to a 
continuum or trajectory of smoking behavior, with the 

basic elements of dependence processes evident even in 

the m1rly episodes of cif(arette use. Thal. is. according to 

nearly all theories, dependence is fundamentally contin­

uous and dimensional, not categorical, in nature. For 

example, in the opponent process model of Koob and col­

leagues (Koob & LeMoal .1997), repented uses of nicotine 

alter the neurobiology ol' reward thresholds such that tl1e 

cigarette-deprived individual is increasingly anhedonic: 

that is, less likely to !ind positive events rewarding. Thus, 

in this model, dependence reflects a continuous change in 

reward thresholds over repeated nicotine exposures: the 

model posil'l no discontinuity between the dependent and 

non-dependent user. 

Some theories, at first glance. appear lo support a cat­

egorical couccptualization of dependence. Most notably, 

withdrawal-basoo models propose that smokers maintain 

cigarette use to escape or avoid tobacco withdrawal (Eis­

senberg 2004). Consequently, it might be argued that the 

appearance of tobacco withdrawal following repeated use 

provides the criticc1I transition distinguishing between 

dependent and non--dependent smokers. However, as 

noted by Eissenberg. withdrawal builds incrementally 

over repeated exposure to nicotine. Thus, withdrawal is 

nol. all or none; it is a continuous phenomenon. More­

over, there is good reason to believe that the neurobiolog­

ical processes thal produce withdrawal arc activated at 

the lirst exposure to a drug (Elsscnhcrg 2004). If so, given 

suflicicnlly sensitive measurement~. withdrawal may he 
cvidcn L, to some ex ten l. in u ny smoker. rcgardk-ss of his or 
her previous smoking experience. Therefore. withdrawal 

will nol. provide a qualitative marker ol' dependence. 



I .. - -
Consistent with this conception of <lcpendencc as n 

quantitaliv<~ continuum, many measures of lohmxo 

dependence yield continuous estimates (e.g. Heatherton 

ci al. l 99 l; Shiffman et 11/. 2004). However. in practice 

many analyses dicholotnizc such measures to clussiry 

i11dividm1ls as either dcpemlent or not (l'agerstriirn & 

Sdmcidcr 1989). Moreover. the medical-psychiatric 

tradition of diagnosis conceplualizes dependence as a 
pathological condition that is either present or absent 

(Robins & Hcl½er 1986). Similar conceptions arc implicit 

in epidemiological research that estimates the prcvulence 

or dependence (Anlhony ct al. 1994 ). 

The issllc of the fundmmmtal lal:ent sLrudurc of 

tobacco dependence is particularly relevant for sLudies of 
the development of dependence and has profound impli­

cations for dependence assessment. Ruscio & Ruscio 

(2002) note that il is important Lo maLch the measure­

ment approach used to assess a construct Lo the latent 

structure of that const.rmt. ff. !i1r example, tobacrn 

dependence is a dimensional ( or continuous) construct, il 

would he statisUrnlly and conceptually disadvantai:cous 

to adopt a measureme11l model that categorizes individ­

uals as either dependent or non-dependent. On the other 

hand. if dependence is categorical, the use of a dimen­

siomil model to assess smokers (ror example, locating a 

smoker a Ion g a dimension of dependence) would increase 

measurement error and decrease the v,1lidities o( lhc 

assessmcn L 

lnterestiugly, despite lhe apparent disconneclion 

between prcdomirnmtly dimensional theories of depen­

dence and convel!tional categorical assumptions about 

lhc fundamental nature of dependence, there has been 

little discussion or programmatic research 011 this .issue in 

the literature on addiction. We believe that resolution of 

this issue is critical as a prerequisite to systernatic 

advances in our understanding of the development of 

tobacco dependence. Fortunately, there are now methods 

available to reveal the latent structure of the dependence 

construct, methods that require no a priori endorsement 

or any particular theory of tobcicco dependence. These 

methods, which were developed originally by Paul Meehl 

and colleagues (Meehl I97l, 1995, 1999; Golden & 

Meehl 1979: Meehl & Yonce l 994; Waller & Meehl 

l ')98), involve a family of taxomclric procedures foriden­

tilyi11g qualilalive boundaries I.hat demarcate lalent 

gronps or taxa. These procedures have hccn used by sev­

eral researchers to investigate the latent structure of u 

variety or psydwpathological coudilions including 

schi;,;ophrcnin, personality disorders, mood disorders, 

aHxicty disonlern, ca Ling disorders and dissociative disor­

ders (sec review by Uaslmn & Kim 2002). Not only can 

thPsc approaches help assess whether or not a given dis­

order is besl conceptualized as cit.her taxonie or dimcn­

simwl, they provide evidence as to the base rate of ,my 

# 1 .~! HM Sode1 y fol' the Slutly of t\tldirt.iott 
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identified I.axon as well as the optimal cul-point 011 vari­

ables used lo define the taxon. At prc/;<mt, these taxomcl.­

ric procedures have not been used i11 auy published 

studies of clrug dependence. However, these procedures 

have considerable potential for major advances in our 

understanding ol' the nature of tobacco rlcpendcmX!. 

Dependence consists of multiple dimensions and can take 
multiple forms 

Aside from the queslion of whether or nol dependence is 

continuous or categorical, our discussion thns for has 

conveyed the impression that tobacco dependence is 

either a unidimensional or a unicategorical phenome­

non. There arc reasons to believe thal it is not.. Mnny of 

the consultar1ts who worked with the authors as well as 

the authors themselves advised that it would be overly 

simplistic to believe that any one process or mechanism 

might account for the diversity of behaviors that co1J.Sti· 

tulc tobacco dependence. As llissenherg (2004) stated, 

'Tims, readers should keep in mind that coverage ol' these 

mechanisms in separate papers is a matter of conve­

nience, and the inclusion of these papers into one volume 

highlighls the notion that al.I ure relevant to understand­

ing drug use in general and etiology of tobacco depen­

dence specifically'. 

Within an individual, inHiation, escalation and main­

temmce of tobacco use may be conln>llcd by multiple 

motivating influences. Across individuals there may be 

several variations ol' tobacco dependence, with each dom­

inated by a particular class of motivating processes. L'or 

excimplc. some people may smoke because of' withdrawal 

relief or self-medication, whereas others may smoke 

because their behavior is cupturcd by the positively rein­

forcing effects of tobacco. Still others may smoke because 

they have formed stroug expectations I.hat smoking will 

provide positive outcomes Ltrntfar outweigh the negative 

consequences of tobacco use. Hach of I.he theories 

described in these papers in effect paints a slighlly dit'1er­
cn! portrait of dependence. and different subgroups of 

smokers may best llt each of the different portraits. Or, 

multiple processes might be operative to some extent in 

all smokers. with one or a lirniled set of those processes 

having the greatest intluencc on smoking behavior in 

given imlividuals. Allhough particular theories empha· 

size particul,ir mechanisms, many of the theories are 

mutually compatible. and seem simply t.o be 'grasping dil:, 

fcrcnl parts of the elephant'. 11. seems likely that several or 
the theoretically postulated mechanisms 1m1y contribute 

lo dependence. 

The prospect that several \)rocesscs may conlribute to 

the formation or dependence is particularly importanl 

whcu considering L11e emergence of dependence. Differ­

cut processes may he more or less active or more or less 

!lddil'Hon. <)9 \Suppl. l), 78 --Hi1 
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imporl.m1t at different stages of devclopme11L Jlor exam­

ple, expcdandes could he particularly important early in 

the process, parti<:ularly before the smoker has had much 

experience with smoking and nicotine. Positive rcinl(m:c­

mcnt may play a particularly important role during the 

cady exposures to smoking, when withdrawal is not yet 

fully developed. The role of negative rcinlc1rccment In 

smoking may grow as smokers discover its irnxlolytic 

properties or find that deprivation leads to aversive states 

thal arc relieved by smoking (e.g. Herman 1974). An 

alternative developmental model suggests thHt different 

processes or dimensions emerge in a particular fixed 

sequence. For example. it may be precisely the repeated 

use for positive reinforcement that leads to the dysregu­

lation or reward systems and thus the emergence or aver­

sive states when nicotine is removed (Koob & teMoal 

1997). Thl'SC considerations indicate that asscssmcnL~ 

targeting the initial stages ol' tobacco smoking will have 

to be multi-dimensional in scope (e.g. Shiffman et. al. in 

press), capturing a variety of processes that may be at 

play over the course of emerging dependence. 

A more complex possibility is ·that the dimensional 

structure of dependence itself may change as dependence 

develops. Aspects of dependence that initially arc only 

loosely linked may coalesce into a unilied whole, leading 

l.o a more unilicd dependence syndrome-Le. to a reduc­

tion in the dimensionality of dependell(:e. Conversely. 

dependence may become more arti<.:ulated with increas­

ing drug experience and im,Teasing dependence, as hus 

been observed for drug expectancies (Bnmdon el al. 
2004). 

Backward extrapolation rrom adult assessments is 

limited for the assessment of emergence 

The foregoing implies that early manil'estations of depen­

dence may not simply be weaker, child-sized versions of 

full-blown nr mature dependence. When devclopiug 

assessments ol' the curly stages of tobacco dependence, it 

is tempting to create instrnmcnts derived directly from 

those used for adult smokel'S. For example, the Fager­

striim 'lblcrancc Questionnaire (Fagcrstriim 1978). 

which was designed lo assess tobacco dependence in 

adult smokers, has been used in several studies with ado­

lcscellt smokers to cv.iluute dcpcndcn<:e (sec review hy 

Ct>lby et al. 2000a}. These instruments are employed with 

the assumption that the manil'eslations of dependence 
assessed in the mlull end-stage smoker ,ffc fully appli<:ablc 

to the adolescent or you11g adult in the early stages of 

smoking. The validity ol' this assumption is suspect on 

several grounds. Pirst, cxpcric1 ices or tobacco dependence 

in young ;anokcrs might bt) qualitatively different l'rom 

those of adults (Colby ft al. 2000a). This po;;sihility is par­

ticularly true when assessing adolescent smokers who 

may assign lower ( or higher) salience to cerWin aspects of 

their smoking behavior than would adults. For example. 

adults might lind that their conceutratiou at work is 

diminil;hed severely during abstinence from cigarcltes: an 

odolesccnt might also have diminished concentration 

when abstinent from cigarettes but not be concerned 

about or acutely aware of that cffoct. Secondly. mlolcs­

cenl.s might experience the same contiguration of depen­

dence effocls endorsed hy adult smokers hut use different 

specilic terms or qualiliers to express those elTcds. 

Thirdly, and most importantly, the prolilc of behaviors 

that constitulc 1mirkers of dependence may shift over the 

course of smoking, su<:h that what might he most rele­

vant tbr assessing dependence in a highly experienced 

smoker do~s not capture the essence of dependence or i1s 

precursors in less experienced smokers. That is, iustru·­

ments developed and validated on adults displaying the 

'mature' dependence syndrome, which arguably arc lim­

ited in the assessment of adult dependence, may not be 

adequate for measuring the emergence of dependence. 

lndeed, we may find that assessments designed explicitly 

to capture the early st.ages of dependence will yield 

insights that suhsWnti;illy improve our understm1ding of 

dependence in its mature forms. 

Theory and definition of dependence arc intertwined 

Many of the models described in these review papers are 

described explicitly as theories of dependence. On the 

other hand, some theoreticians assert that dmmic drug 

use, motivated by the processes dcsaibcd in their model. 

may lead to dependence, but they offer no definition or 
dependence per sr. Still other theories do not purport lo be 
theories of dcpcn dcnce per se, but simply accounts of drug 

use. explainiDg why drug use may become l'rt>.qucul and 

seem uncontrolled. rn that sense, dcpendcm:c might be 

seen as a condition somehow distinct from the motiva-· 

tional mechanisms addressed by the theory. We believe 

that all the theories described in these papers arc, in fact. 

statements about the (undamental nature of dependence. 

The theories ea<:h necessarily imply a definition of depen­

dence and. conversely, definitions of dependence 11cccs­

sarily rely on theory. Even formal diagnostic systems. 

such as DSM or ICD, which have been portrayed as purely 

descriptive and atheorctical. arc actually theories or 
dependence with usserlions about central ,md accessory 

features, necessary and suflicicnt conditio11s for dcpc11-
dence diag1Josis, expectations reganli11g prognosis and 

the categorical nature or the dependence conslnict. 

The scicnlilic and clinical value of a given theory of 

dependence rests on the extent to which it accurately 

describes behavior, provides compelling explanations for 
relationships between and among dcpcndcnc(Hcl.itcd 
behaviors. predicts future behaviors, suggesls how 
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relevant behaviors l!light he modilicd and aids in the pre­

cise assessment or behaviors. The DSM and ICD J.liagnos~ 

tic systems, because they were established to diagnose 

dcpc11dc11cc in what has been considered its fully cstab­

lii;hcd form, simply do not provid1~ a conceptual or assess 

mcnt li":lmcwork adequate for capturing t.hc emergence 

or dependence. ln contrnst. the theories ol' dependence 

described in thcs(; reviews provide some guidance for I.he 

,1sscss111cnl or smoking behavior and its motivations dur­

ing the early phases or tobacco use. 

A transdisciplinary approach i~ needed to addn-.ss 
dependence 

J\i present. the limited research on assessing the emcr­

g('.ncc of dependence has been informed largely by t.rndi 

tional diagnostic approacl1cs using sclf.-rcport. measures 

;ulaptcd from adult assessments. For rcasor1s enumerated 

here and elsewhere (Colby el. al. 20(l!)a,b). this appnwdi 

appears limited in concept. and method. 111 contrnst, the 

theories described by Eisscnbcrg, Glauticr and Brandon 

l'f al. reprcsen t a wide range of scieulilic disciplines and 

advance a multitude or methods !'or assessing 1 he cmcr-­

gcncc of dcpcmlcncc. The large number or discipli11cs and 

met.hods with potrnlial cont.ributiom; to our un(lcrslaitd­

ing of the emergence of dependence suggests that the 

greatest advances will be made hy adopting a lransdisci­

pli11ary perspective. Presumably, a complete pict.11rc of !.he 

emergence or tobacco dependence will represent an int.c­

grntion of biological, behavioral, psychological. socio­

cultural and economic perspectives on 1 he processes that 

modcrn(c trajectories of dependence. J\lt hough we realiie 

that. 110 ~inglc research project. or research program will 

meld easily all these perspcd.ivcs into a coordinated 

whole, tobacco use is far too complex to expect. that a 

research agenda guided by m1y single, isolated discipJin .. 

ar_y perspective will capture the multi.,facc1c~d uature of 

the emergence of tobacco dependence (Clayton fl al. 

2000). 

CONCLUSIONS 

The authors or the review papers contained in this issue 

were cbarged with describing the implic:.ilions of con­

temporary theories of drug dependence frir developing 
as:;()Ssmcn Is of the cmcrg(~ncc of tobacco depc11dc11cc. 

Each paper provides an excellent. summary of !.he core 

features or major rnodds uud, on that basis alone, these 

p;1pc1 s will serve lo more bring out the theoretical 

underpinnings of drug dcpeudencc rc::earch and treat~ 

nwnl.. 111 ,1ddilio11, the authors discussed the implications 

of t.lic~e theories l'or umkrstanding tobacco dcpcudcnce 

in its e1ncrg('.lll ltlrlns. Their exploration or how these 

... - 1111111 -'/'o/Jacco dcpencle11c1· and clepe11dencc I licories 8 S 

theories might co11ccpluali:r.c the Garly stages or tobacco 

use illustrates further t.hc heuristic range and, in some 

cases, limitations of the theories. Finally. the ,1uthors 

give specific sug,gcslions of how theoretically derived 

concepts ,111d methods might be used to inform the 

dcvcloprnc11t. or new assessments or the cmcrr,c11cc or 

tobacco dependence, The view or depcmlcncc emerging 

from these reviews is substantially more dynamic, multi· 

dimcnsio11al ,md m11lti-del<!rmi11ed than the convc11-

t.ional pcrspect ivc on tob,1cco dependence. The ideas gcn­

crnt.ed from these papers can provide the conccplual 

foundations liir a new generation of research on the eti­

ology of tobacco dependence, rcsc;m:h t.h,1l explicitly 

integrates modern t hcorics into the assessment of 
tobacco depenrl<:1ice. 

In I.he end, this series leads us lo consider several 

irnport,111! iss11cs racing co11ternporary researchers in 

their quest lo assess m,d understand 11icoline dqien­

dcnce. Tf dependence b continuous and grows over time. 

it is critical that our measurcmc11ts have the dynamic 

range and sensitivity lo assess key variables over the 

history of a person's smoking. We need much bct.tcr 

measures or consumption pal.terns i11 general and 

'acquisition' patterns spccilically in 'real' ti111e in order lo 

understand not. only how dcp1~11dcnce cmerr,cs, but why 

it docs so in some ,md not in others. Fur! hcnnorc, if 
dependence is mult.i,dimc11siorrnl. we need a rnuch bcU.cr 

understanding ol' what those dimensions arc and how 

lhey change over Lime and in response to consumption or 

other events, not. only imlcpcmlc11I ly but. also in int.crac-­

tion with oue another. Lastly, if dependence is continuous 

and multi-dimensional and different across dcvcloprrwn-

1.al st.ages of life and trajectories or tobacco use. then we 

need much bcller (more cl'licicnl. and effective) ways of 

capturing the complexity of the behavior and its con­

comitant effects. We believe that development of more 

articulated conceptual models of dependence and. 

accordingly, of more sophisticated and relined methods 

of assessing dependence arc cssc111.ial t.o progress in 

understanding and com hating nicotine dependence and 

tobacco use. 
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