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Abstract

Melanoma is the deadliest form of skin canc&lthoughmelanomas amenable to visual
identification by those who might suffer from the disease, no consensus exists on a single
strategy for promoting early detectiofo datetheappication of behavioral principles has been
all but absent from the literature attempting to address this i3eeconceptually systematic
knowledgebase on learning and behavior offered by behavior analysis has the potential to
contributesubstantiallfoward developing strategies for early detection of melanoma.
particular, generalization is a ubiquitous behavioral process with an extensive literature from
which to draw.As such, the purpose of the current series of studiesimpboy a usenspired
translational approach txplore strategies for promoting early detection by capitalizing on
behavior analytic research regarding the processes of generalization and discrir(iiegtion
peak shift) Thepurpose of the experiments wag1) use disamination training to establish
generalization and postdiscrimination gradients with moles as sti(@uliletermine the effects
of parametric manipulations of training on postdiscrimination gradientq3jmedaluate training
with multiple discriminativestimuli. Results from Study 1 indicated that discrimination training
produced gradient shifts as compared to a control group trained only with the S+. Results from
Study 2 indicated that training with an18ore distinct from the S+ produced gradienttshbut
that S stimuli more similar to the S+ did not. Results from Study 3 indicated that training with
two S stimuli from one extreme of the stimulus array produced relatively weak shifts in
postdiscrimination gradients, but that training with amtdoth extremes of the array was
effective in producing highly consistent response patterns. Theoretical implications and future

directions toward morelinically relevantstudies are discussed.
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Exploring Strategies for Melanoma Detection Utilizing Discrimination Training
Cutaneous mlanoma accountsr approximately 75% of skinancesrelated deaths each
year and is considered the deadliest form of skin cgif@akousis & Czerniecki, 201
According to the National Cancer -Resuwsti tuteods
(SEER) data, an estimatéd,69 new cases of melanoma will be diagnosed a0 eaths
will occur in United States during 281 Epidemiological data from this report indicttat there
hasbeenanincreasing trend in diagnosis rates over the past several décagatiernunlikely
to decline in thdoreseeabléuture. The state of Kansas fares worse in these statistics, exceeding
the national average in both incidence and mortality rates from 2005 througfHz0@8der et
al., 201).
Despitebeing the maslethal form of skin cancer, melanoma is particularyenabléo

treatment if detected ear{i(asparian, McLoone, & Meiser, 2009Consequently, early
detection is of utmost concern in mitigating negative outcarh#éss diseaseExtensive
research has been conducted in attempts to identify population characteristics that are predictive
of developing melanomaPhenotypic &ctors that have been consistently associated with
melanoma incidence includa) being male(b) agedover 65years old(c) having light skin,
numerous moles, arfeeckles,and(d) having persoriaor family history ofmelanomgWatson et
al., 201). Higher socioeconomic stat(SES)and education level have also been positively
correlated with melanoma inciderica peculiafinding giventhat SES and edation level are
often correlated with lower incidence of diseflsétle & Eide, 2012 Singh et al., 2001 The
positive correlation has been attributed to the generally higher proportioemdtyhic factors
(a-c, abovg among higher SES individuals and thatividuals of higher SESend to have more

leisure time which is often spenh contexts that increase UV exposuBehavioral histories



involving frequency and severity of sunburns asd of tanning beds are alsatisticallyrelated

to developing melanomg@pstein, Gilchrest, Eller, Geller, &aar, 1999 Little & Eide, 2013.

These risk factors have helped focus investigations into causal variables for the disease, as well
as informthescreening practices of medical professioitelg., Geller, Miller, Swetter,

Demierre, & Gilchrest, 2006

Early Detection and Skin SelfExamination (SSE)

Unfortunately, no consensus currently exists on bestioes for early detection
(Goodson & Grossman, 2008The primary method for initial iderfitation of melanoma is via
visual inspection, which is then followed by skin biopsy to allow for histological examination.
In 1985 Friedma, Rigel, and Kopfdeveloped a memonic device to help educate practitioners
and laypeople regardingsual characteristicsf melanoméahat are related to malignance,
referredto as the ABCDs: asymmetry, foler irregularity, color variegatiofuneven
pigmentation)and dianeter greater than 6 mnkriedman and colleaguatso presented a body
chart for mapping moles and a-&&p task analysis of how individuals could perform-self
examinations.These authors subsequerdtjvocated for seléxaminations as useful,
inexpensie means for identifying melanomaspecially when used in conjunction with medical
examinations by practitioner§ his recommendatiois widely acceptedwith seltexaminations
being a relatively commonplace strategy for detecting skin caiMiéer et al. (1996
conductedh nationwide survey and found that 46% of respondents reported engaging in some
form of skin sefexamination(although, the thoroughness of these SSEs are unkmbwn;
Weinstocketal., 2004.

Unfortunatey, while selfexaminations argrowing in popular usand recommended by

both the American Academy of Dermatologyd the American Cancer Socigtye utility of



selfexaminations is uncleaihe U.S. Preventive Services Task Famorton screening for
skin cancef2009 stated that there is currently insufficient evidence to determine the efficacy of
SSE Only one study has been conducted to date showing that skin examinations result in lower
mortaity rates(Berwick, Begg, Fine, Roush, & Barnhill, 1996Thedearth of support could
potentiallybe due ta related body of literatuiadicatingthat melanomas detected by patients
during selfexaminations tend to be more advanced than those detected by both specialized and
nonspecialized practitione(8rady et al., 2000Epstein, Lange, Gruber, Mofid, & Koch, 1999
Lamerson, Eaton, Sax, & Kash&abet, 2012McPherson et al., 200&chwartz et al., 2002

It has been suggestétht the tendency for seéixaminationgo detect tumors at later
stages of progression as compared to clinical examinations is cause for placing greater emphasis
on ensuring more frequent examinations bygptians(De Giorgi et al., 201,2Geller et al.,
2006. This may not be an ideal solution dudtie results of severalvestigationghathave
indicated thahon-specializegractitioners both report feeling undertraine@amductingskin
examinationgMoore et al., 2006and frequently fail to identify potential cases of melanoma
(e.g.,Cassileth et al., 198®obinson & McGaghie, 1996 In an experimental preparation,
Brochez, Verhaeghe,|®/en, and Naeyaert (200d v al uat ed gen@e®)andpr act i t
d er mat o(h-06Q)abdity to discriminate melanomall participants were presented 13
images of pigmented lesiof{moles, birthmarks, etcwith accompanying brief patientstories
and askeda select a diagnosis for each image from among seven diagnoses, or simply indicate
whether the lesiowas suspicious or benigrGeneral practitioners accurately diagnosiad
lesionsonly 49% of opportunities, with malignant melanorbagig misse@8% of the time
whereas dermatologists accurately diagnosed 85% of skin lesions, missing only 9% of

melanomas.



Despite the unfavorable results for general practitioners of Brochez et al.,(@0@t)
research has been more encouragiugienziano and colleagu€2012 conducted an archival
analysis spanningj0 years and found that of moles removed bysmercialized practitioners, the
frequencyand proportion of moles that were malignant melanoma increased over time,
indicatinggreater accuracy in correctly identifying moles needing to be excideglauthors
attributed the increase in accurdoyecenly developedechnologes,such as dermascopy and
digital monitoring which are novavailablewhenconductingskin examinationsAdditionally,
the study found that specialists (i.e., dermatologissg beepand continue to hadept in
identifying melanoma Although promising, these datanly includedremovedmolesand didnot
account fothosemissed. Continuirg technological advancements will likedphance detection
during clinical examinationgut the benefitenay be limited by other factors such as limited
access tdnealth care in geeral orto specialistsn particular

Even with theechnological advances available to medical professioratienp sel
examination remains the most cestective primary strategy fanitial detection of melanoma.
Given that the majority of melanawaredetected by nopractitioners, such as tipatients,
their spaises, oother laypeopl€Epstein, Lange, et al., 199Qoh et al., 1992McGuire,
Secrest, Andrulonis, & Ferris, 201McPherson et al., 2008Veinstock et al., 2004 it seems
that strategies faenhancingsel-detectionremain avorthwhile endeavorAlthough theinitial
strategies for skin sexamination were published over 25 years ago, only a handful of
investigations have sought to evaki#ite effects of skin examinatiarining on melanoma
detection or ways to improve sa&kaminations. A review biamidi, Peg, and Cockburn
(2010 identified only seven papers between 188d2007 that evaluated the accuracy of SSE.

Of these studies, four focused on the patient simply counting the number of moles on their body.



These studies ranged in levels of agreemetih®@yatients with either experimenters or
physicians, ranging from fairly high agreement (79% of the sample withinoles; Lawsormet
al., 1994) to rather poor agreemert<0.14 for total body count of moles; Buettr&iGarbe,
2000)
Other studiehavee x ami ned patientsod6 abiduringSpEt o det ec
The evolution, or change over time, of moles has been considered as an additional criterion by
which to judge malignanceAs such, Fri edman an deeomddifiedagueso
with the additi on,0 oma ktherABEDES of metanofm@bbasiletat.,i o n
2004 Thomas et al., 1998 Onestudy examining the ability of patients to detectolges in
moleswas conducted byluhn, From, and Glied (2000 The authorsonducted a experiment
in which participants were asked fgerformskin selfexaminations. Participants were recruited
from a cancer clinic and only those who were at frigk of developing melanomandreported
both being taught how to conduct SSiasiconsistently performinghem over the ggvious year
were included. The experimenters modified ex
cosmetic eylerow pencil(color matched to the mole) aadkedparticipantdo performSSEs.
Specifically, experimenters increased mole ¢merage %0 7 mm in diametey either 2 or 4
mm, or leftthemunchangedtfaced with a noncolored HB pencil). Te&eperimenters fouh
thatonly 58% ofparticipants correctly identified a change of 2 M%% correctly identified a
change of 4 mm, and 62% corrgdtlientified that a mole did not change in size. Consequently,
the authors suggested that SSEs may not be a particularly sensitinogl foeclients to identify
changes in moles, but they mstill be useful for detecting othsigns of malignance.
Otherstudies have sought to improve identification during SSE through educational

interventions targeting specific aspects of S8Hckler, Rodrigue, and Lescano (1999



compared three strategies for increasing knowledge about skin cancers, identifying pictures of
skin cancer, and conducting SSEs. Participexperienceeither a brochure, a videoneon-
one training by a nurse practitioner, or a wigit control. The results indicated that all three
interventions improved performance in each area as compared to the control group, with
knowledge improvedhostby the video and brochure, identifican improvedmostby the one
to-one taching by a nurse, and SBiprovedmostby the brochure. Although the average
correct identification was approximately 78% across the interventions (approximately 69% in
control group), the implications of theseuks for melanoma detection is unclear as the authors
did not indicate the proportion of pigmented lesions that were melanoma or the accuracy in
identifying melanoma in particular.

Targeting identification. A number of studies have sought to evalsedfic aspects
of identifying melanoma and other skiarmcers through visual detem. Miles and Meehan
(1995 conducted a series of studies to determined i vi dual sé6 ability to r
regarding the need for medi@tention both with and without training. Participants were shown
pictures of melanoma, dysplastic nevi, seborrheic keratosis, and benign nevi and asked to
respond as to whether they would Ado nothingo
Aishoasormextvisi 6, or fAsee ddbketexperiméntennevdluated whéther. o
length of viewing the picturg®.5, 1.5, or 5.0 s) and the size of the pictumsenced
participants6 responses to the | eseiofloescecand f o
performance. Results for responding with appropriate urgency indicated that participants
correctly responded to melanonigde doctor immediatedy only 36% of the timeThe
experimenters then evaluated the individual effects of pattesamples and written descriptions

across two viewing times (0.5 and 5.0 Bjictorial examples consisted of a single picture of each



type of lesion accompanied by its name and the appropriate response. Written destriptions
presented to participantscaread aloud by experimentérsonsisted of detailed descriptioofs
eachlesiontypeand the ABCD criteria for melanom&esults indicated that there were
interactions between lesion type and instruction type for correct responding in that performance
wasimproved by pictorial examples for seborrheic keratosis (not seeking medical attention) and
melanoma (seeking immediate medical attention), and by written descriptions for benign nevi
(not seeking medical attention) and dysplastic nevi (shomesae/doctg. Additionally, the

longer viewing time only improved performance for melanoma, which occurred across both
instruction types, and the highest level of correct identification was 60% (pictorial exarsple, 5
viewing).

Borland, Mee, and Meehan (19%ktended the work of Miles and Meehan (199%)
evaluatingthe effects of the numbef examples during trainings well agheindividual and
combined effets ofpictorial and written information on responses of need for treatment (i.e.,
immediate need, need, monitor, do nothing). The results indicated no significant difference
between the number of examples shown (4, 8, or 16) and correct responsesaf meatment
for early melanma, dysplasticevi, seborrhie keratoss, or benign avi. The results also
indicated that presenting pictorial and written information improved correct responding for
melanoma, pictorial information alone improved corresponding for seborrheic keratosis,
while written information alonelid notimprove responding in any case.

Hanrahan, Hersey, Menzies, Watson, and D'Este ji8@tcomputersimulatedesions
to determine partici pant sThedfdrts of age fyounger thdne30 e c t
versus older than 45) and an educational pamphlet were assessed in a 4 by 4 group design.

Participantsawpictures of original moles and then immediat@bgervedictures in which



those moles were either changedinchanged and asked to identify whether there was a change.
This assessant was repeated one week lateith half of theparticipants in each age group
havingreceived an educational pamphpeior to the second assessmeiihe participants were
subsegantlytested at delays of 29 and 60 days without viewing the origio@ssess their

ability to identify change over timeThe results indicated no differeniceability to identify

change in moles as a function of gigeind that the educational pametiesulted in a response

bias toward indicating that the moles had changed (that is, increased responding to both original
and changed moles as being changed), and found poor ability to detect changes at both delays of
29 and 60 daysThe authors suggest that the poor ability to detect changes over time is a

barrier to patient seiflentification of symptom evolution and that future efforts may be best
served by investigating programs that occur under temporally proximate conditions, such as
comparing tures of norsymptomatic moles to existing moles.

Brooks, Predebon, and Van der Zwan (200¢estigatedhe effects of phrasing on skin
cancer identifiation. In a series of studies, each using a/psttest design, the experimenters
asked participants to judge pictures of pigmented lesions according to whether or not they were
(a) skin cancer, (b) dangerous, and (c) distinctive. The effects ofttitesghrasings weeach
evaluated in conjunction with an educatabbrochure on skin cancer (experimental group) or
acne (control group). Results i experimental groups suggested that the skin cancer brochure
actually decreased correct respondimghe pictures; howevethe negative effects of the
brochure were somewhat mitigated when participants responded based on distinctiveness.
Although these data do not suggest an effective intervention, thegefte in drawing attention

tothepotentk f or phrasing to influence individual

S (



highlighting the fact that simply providing information about melanoma will not necessarily
enhance correct identification.

Girardi et al. (200Balso examined the effects sdveraltrategies on ni@noma
detection. Using group design, the experimenters evaluated three methods for presenting
information to participants on their ability identify melanomaorrectly The ABCD
intervention described the ABCD criteria, presented a single picture of melanoma, and indicated
visually how each criterion applied tmnet he ex
sets of thre@icturesof nevi, each set with common morphological features. The first picture
was of a regular benign nevus with the descri
benign nevus with the descriptor fibelavay) goodo,
was a malignant mel an o mahewinsttard secdneépicidiressvere i pt or
grouped under text stating fithese moles are b
it hese oned haer efl ccoagnnci etrisv eerventioa usedithe samée pictunedin i n t
the ficognitiveodo intervention but grouped the
the melanoma separately. Each group of pictures had the same desasiptars t he ficogni t
intervention. All of thenformation from ABCD description was also includestditionally,
the study employediano i nt erventionodo control group. Dut
shown pictures of lesions and asked to indicate whether each was melanoma. Participants were
tested prior to experiencing the intervention, one week afté/min exposure to the
intervention, and after being exposed to a st
cancer which could kill you or one of your relatives, review thoroutiidge pictures to identify
whi ch ones c omnediateby eriordcathe tesflihesrésiltsndicated that the

ABCD group showe@nincrease in sensitivity but decreases in specificity and overall accuracy
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following intervention(38.2%) t hda tfiamedoni cogni t i ywupsshowedpol anat i
changsin sensitivity and increases in specificity and accufagy9% and 48.9%espectively).
Following the stressing statemesgnsitivity increasednd specificity decreaséar all groups
reflecting an overall bias for indicating melanaonfeccuracy did not decrease significantly for
the ABCD group(35.8%) butdidfort he #Ac dgmi.t6i%)ed@dnd Acognitive A
(approx. 45%prougs. These findings suggestat visual comparisons cée beneficial in
identifying melanoma anthat information in the ABCDntervention was not helpfaind
possibly counterproductive toward this end. However, this approach is still in great need for
refinement, given that accuracy following the stresstagement (an approximation of realistic
circumstances) remained below 50%.
A Behavioral Model of Melanoma Detection

Further exploration of methods to enhance early detection is clearly warranted. The lack
of clear gainsn seltdetection in thexistingresearch may be due to a failure to design
procedures capitalizing on thearning and behaviorgkocesses involved detecting melanoma.
Incorporatingprinciplesand technologieBom behavior analysit this problem is a novel
approach that may proverficial.

To date, the application of behavioral principles has been all but absent from the
literature attempting to address early identification of melandmaever behavioral principles
have already been applied with great successltaletectionof breast cancgPennypacker et
al., 1982 Saunders, Pilgrim, & Pennypacker, 19860or melanoma detectiotie process
involves a complex chain of behaviors that camaddressethroughbehavioral interventions.
The steps of identification includ&) contacting information that the individual is at risk of

having or developing melanom@) detecting a melanoma visually, ai3) seeking medical
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attention taconfirm the need for intervention. Thegeneraltepscanbefurtherbroken down

into more réined behaviorge.g., steps to seeking medical attention; de Nodigshner, & de
Vries, 2001) vnich may vary somewhat across people and contéidsvever,regardless of the
particularnuancesa behavioraframeworkapplied to the underlying processeay serve to
elucidate novel ways for improving the behaviocsurring at each step. The information of
Step 1 can be considerediacriminative stimulusignalingto the individualthat engagingn a
skinrexamination may be negatively reinforced bg tfretection and subsequent treatment of skin
cancer.Knowing that one is at risk for developing melanoma could simultaneously function as
an establishing operatipavoking behavior that migleliminate thegraveconsequencesf
undiagnosed melanomén Step 2 the individual discriminateshethemrmolesexhibit symptoms

of malignant melanomée.g., the ABCDs) Thepresence of the stimulus features of a mole
leading toidentification of melanoma in Step 2 serves as a discriminative stimulGseipr3

going to a medical professiont receive the appropriate level of interventigithough this

initial interpretation is clearly oversimplified, it points to specific behavioral processes that have
received a great deal of attention in the behaviorahiee, namelyhose involved irstimulus
discrimination. The factors influencirthe ability of information to serve as discriminative
stimuli in Step 1 are presumably widenging. It seemthe process of discriminating features of
moles that are potaatly malignant(Step 2)is clearer infocus and therefore more immediate
gains may be made by improvipgrformance at this st€pspecially given thestimated 35

46% of individual who alreadgngage irsome form of SSE; Miller et al., 1996; Weinstotlak
1999) For Step3, the medical literature has not recognized a major deficit in pasestag

medicalattentionafter having identified melanomand so the need for intervention at this stage
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does not appear warrant@Richard et al., 20Q0remoshok, Diclemente, Sweet, Blois, &
Sagebiel, 198¢

Interventions aimed at enhancing discrimination of potentially malignant moles will
necessarily rely on aspects of generalizationt,\@suld be impossible to train the exact
presentation of all possible variations of melanomallowing this logic, understanding and
applying the behavioral research on discrimination and generalizdtggimuli to the detection
of melanoma may provi® be a productive venture.
Generalization Gradients

Stimulus control is a fundamental aspect of behavior. The extent to which an organism
has experienceghorereinforcing events following responding in the presence of a stimulus (or
set of stimulus feates)relativeto its absence will directly affect the likelihood of that response
occurring in the presence of that stimulushe future(given similar establishing operations for
the reinforcing event)This history allows a stimulus or stimulus compte exert control of a
responsehrough its association with differential consequend@scriminated responding (or
discrimination)refersto the relation between response probability and the level of the
discriminative stimulus Although there is somaebate as to whether this is the case, it appears
that discrimination and generalization arearse properties of respondiftdonig & Urcuioli,
1981), describing opposing ends of a continuum of stimulus confiolthe extent that
responding occurs only in the presence of a particular stinthkisesponses discriminatedto
the extent that it occurs in the absence of that stimthesesponse is generalized.

Spence (193/ypothesizedhatgeneralization could be described in terms of the spread
of reinforcementeffects to stimuli sharing similar featurésrming a gradient peaking at the

stimulus associated with reinforceme@uttman and Kalish (19%@onducted the first study to
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demonstratempiricallythe existence of generalization gradients. The experimasiaferced
key pecks t@ specificwavelengthof light (St+), and examined rates of pecking to several
additional untrained wavelengthgour groups of pigeons were trainedespond talifferent
initial wavelengthg530, 550, 580, and 60®n) under intermittent schedules of reinforcement.
Following training, pigens wereexposedo generalization tests in which 11 wavelengths
(ranging from 470 to 640m) were presented ib2 series ofrials under conditions of extinction
For two groups, th&+wasamongthe test stimuli and for the other two grouips S+ was rot.
Mean response rates duriggneralization tegtials of the different wavelengths revealed
gradients with peaks at nearthevalue of theS+ for each group and nearly symmetrical
decelerating slopes to either side of the pés&sFigurel).

The importance of generalization as a behavioral process is immense. The spread of
reinforcement effects to novel stimuli has likely been a critical factor in evolution, as organism
with a capacity to respond to similar but nowehditions were likely to be more prepared to
respond effectively in their environments. As such, the experimental demonstration of
generalization through the procedures designed by Guttman and Kalish (1956) was
groundbreaking in that it allowed reseansh® begin to explore this processhelresults of the
experiment served to inspire a multitude of investigations aimed at understanding the conditions
influencingstimulus generalizationSeveral review papers hapeovided detailed summaries of
the exensive literature that has progredse this arede.g.,Ghirlanda & Enquist, 20Q3Honig
& Urcuioli, 1981). Honig and Urcuioli (1981) noted that theneralizatin gradient is the
standard metric for assessing hdifferentindependent variables affect generalizatgnoss
studies Specifically, the autholidentifiedarea, height, slopand formof gradientsas the

major component&escribed belowor which such comparisons can be madayven that
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generalization gradients are measures of stimulus control, these characteristics of gradients
should translate to measurements of various aspects of stimulus control. Area is determined by
the distribution of respnses across a range of stimuli. Heiglet, peak)s the maximum level
of respondingbservedindicating the greatest level of stimulus conti®lopedisplaysthe
relation(i.e., changebetween responding &to levels of the stimulus complex assed and is
considered the most sensitive measurdigfudus control (Honig & Urcuia). Form is a more
general description that accounts iaultiple qualities such awhether the gradient is symmetric
or monotonigits location on the continuurand varability of the gradient.Ghirlanda & Enquist
(2003) found that the form of generalization gradients tend to be best described by a normal
(Gaussian) curve with the peak at Skhus, an additional means of analyzing generalization
gradients is calculatioof the area under the curve at each side of the S+.
Postdiscrimination Gradientsand Peak Shift

A behavioral phenomenon related to generalization gradients that has garnered a great
deal of attention is #hpeak shift. A peak shift occurs when, aftergariencing discrimination
training in whichresponding in the presenceasfe stimulugS+) is reinforcednd responding in
the presence ofsecond stimulus Epresults in extinctiorfor less reinforcement)he highest
levels of responding do not ocairthe S+ but are displaced in the direction opposite of-the S
(Honig & Urcuioli, 1981). The gradients obtained using these procedures are sometimes referred
to as postdiscrimination gradients.

Peak shift was first observed in a studyHianson (195pthatused similar procedures to
those of Guttman and Kalish (1956). Five groups of pigeons were initially trained to a single S+
(550nm), after which four of the groups experienced additional discrimination training with a

specific S stimulus (555, 560, 570, or 59én). During discrimination training, S+ and S
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stimuli were presented successivielysemirandom order. Following training, all groups were
exposed to generalization test trials comprised of 13 stirnitie major findings of the study
were that peak response rates were displaseyfrom the S+oppositethe S for all four test
groups, the degree of displacement wnagrselyrelated to the distance between the S+ and S
(smaller distances resulting in grelatisplacementand peak response rates were notably
higher in the test groups as compared to the control grol@results of this studfandthe

peak shift phenomenatself) are particularly interesting becausigeyrun somewhat counter to
traditional behavioral accounts of stimulus control. That is, one would assume that behavior
would be most likely to occur in the presence of a stimihlathad been pairedirectly with
reinforcement as opposed to a stimulus that had ot paradox has led humerous
investigations to understand the process by which peak shift occurs.

Since thanitial studyby Hanson (195p an assortmertf variables habeen shown to
influence the conditions under which peak shift wilkwcand the characteristics of obtained
postdiscrimination gradientshree general categories of factorslude thefeaturesof the
stimulus dimension(s) being evaluatdte methodsused during discrimination trainingnd the
procedures used to testrgeralization

Stimulus dimension Stimuli assessed in generalization paradigms are typically those
that occur on a continuous dimension such as light wavel¢agthHanson, 1959 auditory
frequency(e.g., Galizio & Baron, 1979object weigh{MacKinnon, 1972, degree of lindilt
(e.g., Bloomfield, 196} rate of an everguch as light flickers (e.gSloane, 1964) omovenent
(Dickinson & Hedges, 1986 Stimulusintensity,such as lighbrightnesgNewlin, Rodgers, &
Thomas, 197Por auditory intensityPierrel & Sherman, 1960has also been exanaith

Or gani sms 0 s e fosdetecing difexgntaabueslinithese gasious dimensions dictate
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the psychophysicadroperties of the stimubeing evaluate{Blough, 196%. Sensiivity to
changes in stimuliinterms ofjustot i ceabl e di fference (JND) <can
response to stimuli along a continuum ahérefore influence the generalization gradient for a
set of stimuli. Specifically, when the difference betaretwo points on a continuum is less
discriminable due to deficits in sensory receptors, the slope will be less steep than between two
points for which the difference is more discriminathlee tohigher concentrations skensory
receptorsthereby changinthe shape of the gradient.

Ghirlanda and Enquig2003)proposedhat the effects of a particular stimaldimension
on an organism cdpe separated into two general categorearrangement and intensityhey
definedfirearrangementeffectsaswhenthe changes alorgstimulus dimension result gn
approximately equal numbef the same type of sensory receptors deictivated by the stimuli.
For example, stimuli on a lir@t continuum activate the same number of visual receptors in the
eye butthe specific receptoichange with each stimulu§he authors presented evidence that
generalization gradientdong rearrangemedimensiongend to be symmetrical and can be
reliably biased (i.e., display peak shift) through discrimination trainiigrlanda and Enquist
definedfintensityd e f aswehentthe changes along the stimulus dimension result in chenges
theamountof receptor activity Increases in receptor activity could be in the form of changes in
rate of activity of a specific receptor an increase in the total number of receptéi.
example a loud tone would result in a higher level of activity than a softer tone in receptors
cambleof beng stimulated bythat sound frequencyResearch ha®und that wherhe stimulus
dimensim of interest is théevel ofintensity, there tends to be a bias toward responding to more
intensestimuli on the continuuniThomas, Mood, Morrison, & Wiertelak, 1991Such firdings

have lel researcherso debate the role of adigion (or habituation) on responding during
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generalization tesidNewlin et al., 1979Thomas, Strub, & Dickson, 197%hite & Thomas,

1979. Monotonic gradients, in which responding continues to accelerate (or decelerate) from
one end of the continuum to the other, are commonly seennigtirsity dimensions.

Additionally, Ghirlanda and Enquist noted tisatme stimulus dimensions exhibit effects of both
rearrangement and intensitZomplex sound and complex light dimensions were identified as
being subject to strong effeatbaracterist of both. Of particular note Jopect sizealsowas
indicated as a dimension that is subject to large effects from both catebonewver, results of
these gradients generally show a peSknilarly, doject shapevas indicated as being subject to
botht howeverrelatively stronger effectwere notedrom rearrangemergs compared to

intensity.

Beyond psychophysical aspects of singiension stimuli, researchers have
investigated generalization gradiemtsh stimuli comprised of multiple dimensianSuch
investigations have examined a number of stimulus complexes, including two dimensians in t
same sensory modalitg.g., light wavelength and intensity; Furrow & LoLordo, 1pa5d two
or moreunrelated dimension®.g., tones presented simultaneously with light wavelengths
Blough 1969. Stimulus complexes of two separate dimensions @anpound stimuli) have
often been used to investigate the @iéoth inhibition and attention on generalization
Findings from this type of research have shown that some stimulus dimensions are more apt to
gain control of responding than others. Baample, color has been shown to exert stimulus
controlmore readilythan line tilt (Farthing, 1972)Additionally, Miles and Jenkins (1973
demonstrated with compound auditdoypeand light intensitystimuli (tone present vs. absent, 5
light intensitiesthat the more salient feature will come to control respondiigen the

stimulus dmension being altered is mudéiceted and treedimensions vary in concert,
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generalization angeak shift will typi@lly show similar effects to that afsimple single
dimensioncontinuum(Spetch, Cheng, & Clifford, 2004

Discrimination training . The second category of variables inflagy peak shift
involvesthe methods used to train the organregarding the conditions in which responding
will produce reinforcement. In the initial study on peak shift, Hanson (1959) evaluated several
S- values differing in distance from the S+. Tresults indicated a relation between the degree
of separation of the S+ and, Svith greater shifts away from S+ occurring with smaller
disparities between the S+ andv@lues. This effect has been replicated across a number of
different studiesf6r a review see Ghirlanda & Enquist, 2Q03\dditionally, Hanson found that
discrimination training requires more time as the difference between S+ apgr8aches the
JND threshold.

A key factor in the method of discrimination training is the alternatiaghestimuli.
Akins, Gouvier, and Lyons (198found that the alternation of S+ andiSan essential part of
discrimination traming, in that peak shift will not occur if organisms are trained to respond in the
presence of the S+ at one time &rained not to respond te &t a separate timeAdditionally,
procedures that utilize errorless training in which thes Slowly fadednto the preparatiosuch
that the organism does not contact extinction for responding tc,the ®ell as those using
massed extinction to the,®ave also failed to produce peak steflg.,Honig, Thomas, &
Guttman, 1959Terrace, 196§ Studies have demonstrated thatémtaindiscrimination
preparatiosthe S can functioras an aversive stimulRilling, Askew, Ahlskog, & Kramer,
1969. It has been hypothesized that it is the aversive aspeitte &fthat leal to behawral
contrastwhich may be an underlying process for producing peak (€hiftsec, 1968Terrace,

1969. Behavioral contrast is a phenomenon in whigdresponse rat® an S+ increases with
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the introdiction of an Sto which the response rate decreg&esy/nolds, 196l However,
research has indicatédiat behavioral contrast is neither necessary nor sufficient to produce peak
shift (Ellis, 1970, butthat behavioral contrast is an instance of inhibitory stimulus control, and
that any procedurehich establishes inhibitory controly the S will result in peak shif{fHonig
& Urcuioli, 1981)

Procedures in which stimuli aréexnaedduring traininghawe effectively produced
shifted postdiscrimination gradierdad can be considered a sequemtiiaduccessivéaining
preparation in that each training stimulus is presented in isolation. Amogtleod thainvolves
simultaneous presentation of the stimun this procedurgthe organisnis presentedivo
response optionguring trainingandonly responsew the S+are reinforced This preparation
hashad limited success in producipgak shift in nonhuman animgldonig, 1962, and it is has
been suggested that the features of thdoShot gain inhibitory control due to overshadowing
(Honig & Urcuioli, 1981). However, empirical work on transposition typically employs this
procedurgLazareva, 2012 Transpositiomefers to responding in the context of stimulus pairs
in which after training the organism responds to the relative aspects of the training stimuli as
opposed to the absolute feasir For examplafter being trained that the larger of a pair of
circles produces reinforcement, the organism will select the larger circle even if the smaller
circle was the original S+Current procedural differences in assessing transposition akd pea
shift preclude determining whether they are hmitducts of the same behavioral process

Another factoincludes the amount of reinforcement that responding produces during
training. Guttman (1959 demonstrated that having a rictsehedule of reinforcement (VI 1
min) associated with the S+ and a leaner schedule-(¥iny associated with the- &lso

produced peakshifti t h pi geons 6 r e s p.drhideffattigas heemepicaesic t r a |
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across several studi€Berrace, 19664968 Wheatley & Thomas, 1974ndis attributed to
behavioral contrast.

The amount ofliscriminationtrainingalsoinfluences peak shiftin some cases;
however, tle relation is complicatedTerrace (1966aound that prolonged training reduced
peak shift. Conversely{earst (1971LandDukhayyil and Lyons (1973id not find extended
training to reduce peak shiff he differences in results have been attributed to procedural
differencedn that Terrace used a preparation in which thpr&vented access to the S+ (as
opposed to fixed durations of both S+ andnShe later studies), which presumably resulted in
an initial aversive quality of the-$hat dissipated over the course ofrtinag.

Although peak shift mmostoftenbeeninvestigated with a single S+ and Studies
havefrequentlyexamined the effectsf multiple S+ or Sstimuli (e.g, Hanson, 1961 Galizio
(1985 investigatedhe effects ofvariousarrangements ahultiple S+ and Sstimuli on
postdiscrimination gradients of auditory stimwith humansas well as the effects of amount of

training across a series of studida. this study, the researcher trainettgipants to respond

during trials in which the S+ was present adto respond during trials in which it was absent.

During training, responding during S+ trials produced the expee nt er f eedback fico

respondingduringSt r i al s pr oduced .blhthefifstsmdytiheapcegarafion n c o r r ¢

entailed exposingight groups of 12 participants to various trainings. Four grexjpsriencead
single S (located one otwo steps above or below the Sd two groupgxperiencedwo SO s
(both located either above or below the .SHjaining of thecontrol groupentailed theéS+ only
and another trained withtwo®s ( one above and the otihger
all participantsncounteredhe same generalization test in whgk blocks of theseverntest

stimuli were presentedithout feedback The results indicatethat training with two £ s

bel ov
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required more time than with a single Single S training oy produced area shifts, and
stronger shiftgtrue peak shiftpccurred whetraining entailedwo S stimuli on one sidef the
S+ In order to rule out that stronger shifts with the tw@®upswere due to more training, the
experimenters held trairgrtrials constanat 12 or 42 trial$n the second studyTwelve goups
of 12 participantgxperienceane of the six experimental training procedures from the first
study withone of the two fixed trial amountfesults indicated that amount of trainiig not
influence theamount of peak shift. In the final study, the experimergrasnined the effects of
training withtwo S+ stimulito evaluate whether adaptation level or the Spence model accounted
for the stronger shifts produced by twetfining Groups of six participants were traineither
with an S+ one step above or below the middle array value and natlsa single S+ one step
above or below and-%t the middle array value, or S+ both one step above and below the middle
S-. Generalizabn tests included an array of nine stimiResults indicated the thragimulus
training again required moteme, a central tendency for one of the S+ groups occurred, area
shift only occurred following single-$raining, and greater peak shift wassgobserved with
the threestimulus training.

Generalization test The third category of variables influenciggneralization angeak
shift are specific to the assessment of the effect through generalizatiorGestgalization tests
can vary in nurarous ways including the number of stimuli in the test array, the distribution of
the test values in the array along the stimulus dimension, and the length of testing, among others.
| n Hans on 6 sthe(gén@raligajion tedt inctided 13 test stimresented in
randomized sequences acros$ks(130 30s stimulus presentations{seneralization testing

took place under conditions of extinction.
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Some of the earliest experiments on peak shift investigatexffdat of various
distributiors oftest stimuli in generalization tessbn postdiscrimination gradientResearch
with norhuman animalbas established th#te number and spacing of the test stimuli has
minimal effect on the shape of the gradi@rttomas, 1998 For exampleFriedman (1968
examined pigeons6 wavelength geonggosS, 1008201 on u
nm and found that the gradients were essentially identical.

Generalization tests are frequently conducted under conditionsioéteon; however,
steadystate procedures which the organism continues to receive reinforcement during the
generalization teshavealso been use@lough, 197%. Under extinction, decrements in
responding to the test stimuli usually occur over the course of the generalization test. As such,
the length of the generalization test can influence whether the peak shift is captured.
Generalization andPeak Shift with Humans

The vast majority of research on generalization and peakeshiftoyednonhuman
animals; however, a number of studies have sought to determine the extent to which these
findings are directlyapplicable to human behavior.

In assessingeneralization with nonhuman animals, experimental prepardteomsently
involve extended training in the presence of S+ anstiguli to achieve steaestate levels of a
free operant respons&ates of the free operant responbserved at the tedirsuli during
generalization tesfsroduce the shape of the gradieHbwever, given humaisbility to rapidly
learnthe types ofliscriminationgypically investigated in these studiéise experimental
preparation is often modifiecdRather than usingfree-operant preparatigexperimentersften
employ adiscrete triaformat, eithei n t he f o rgno 0o fmseaw dhagcbaoica o

respons eyes/neu fdit/rights (Thdmas, Lusky, & Morrison, 1992
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Although much of the research can be extended to humans, several findings from the
nonhuman literature have failed to be replicated with humarestshyr have been reproduced
inconsistently.Many of the effects have indicated complex interactions between variables in the
experimental preparation and tia@getstimulus dimension. Contrary to what has been observed
with nonhumans, there appeardtoa dynamic interaction between the S+kparation on the
resulting postdiscrimination gradient of humg&hBomas et al., 199Thomas, Svinicki, &

Vogt, 1973. For instanceDoll and Thomas (19§ bbserved greater peak shift in
postdiscrimination gradients with humans when thev& 20nm from the S+ as compared with
an S that was only 1dm away Another discrepanciepeatedlydemonstrated that luman
generdization can be influenced by both the range of stimuli included in the generalization test
and the distribution of stimuli within the test array (Thoni®93). The range influences
responding through a phenomenon referred to asethieal tendency efé, in which responding
tends to regregsward the central value of the array over the course of the generalization test
(Thomas & Jones, 196Zhomas et al., 1973 Additionally, responding can be biased through
overrepresentation of a singkst value or group of test valueshe array(Thomas et al., 1992

Despitefindings in the nonhumaliterature are compatible with the excitatimmibition
gradientinteractionrmo d e | derived from Spenceds (1937)
aforementioned discrepancigesem a particular challengeTo account for thesen alternative
theory known as thedaptationlevel (AL) modelhas been suggestéthomas, 1993) This
theory posits thaas the subject encounters stimuli during training, the average stimulus value
experenced bythe subjec{the adaptation level) functions as a reference against whihn
upcoming stimulus value is compareduring the course of the generalization,tést subject

constantly adjusts theikL as theyexperience the test stimuli. Assumgieach stimulus value in

t
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the array is representedjually the average stimulus value is also the middle yalnée
thereforethe AL serves to increase responding to central values in the array as the test
progresses. According to AL theotlie criterion developed durindiscriminationtrainingis
AL + X (or AL T X), where AL is the average of the S+ andt@nulus values and X is the
distance from the AL to the S+Although AL modelseems to provide an adequate explanation
for some response patternst predicted by thgradientinteractionmodel (e.g.effects of S+/S
distance)it does not sufficientlyaccount for othefactors (e.qg., effects ofdining with multiple
S+ orS- stimuli). AL and the central tendency effect appear to be more pronduviten the
stimulus dimension is onsaample intensitycontinuumsuch as brightneg¥erbeek, Spetch,
Cheng, & Clifford, 2005

Verbal behavior and categorization A clear difference between humans and
nonhumans is the capacity for complex verbal behavibe tendency to identify common
features of stimuli and subsequently categorize and label these abstractions (e.g., naming colors)
is a behavioral repertoire ubiquitous among typically developing hunrdttsough many of the
underlying behavioral processes of generalization are the same across humans and other species
(Ghirlanda & Enquist, 2003yerbal behavior can substantially altee ways in which
generalization occurln particular, ategorizingand labeling can limior alterthe extent to
which genealization or peak shift occie.g.,Kalish, 1958 McLaren, Bennett, GuttmaNahir,
Kim, & Mackintosh, 199% In an early experiment on peakfstvith humanslandau (1968
examined generalizian on a linetilt continuum withboth children and adultdDuring training,
the S+ was either vertical (90or tilted (120) with variousS- conditionsacross groups (no line,
6P, 9P, 12, 15(°). Although the proceduresere limited in several respegcthefindings

were still noteworthytraining failed to produce peak shift following any of the training
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arrangements. Additionally, cledissimilaities inresponse pattermsmergedetween adults
and children when the S+ was a 1B0e and the Swas a 60line in that the children did not
respond to any of the stimuli, whereas the adults responded to the S+ and rotl.izneddu
proposed that vbal behavior and categorization were responsible for this effect, as well as the
lack of peak shift in generalt should be noted that although verbal behavior facilitates
categorization, it is not essentiBlonhuman animals (e.g., monkeys, pigeons)alao engage in
stimulus categorization and similar effects on generalization are\&&ita, 2004, but
humans are substantially more likely to do salditionally, somestimuli aremore readily
categorzed than otherslt appears that rearrangemdiatsedstimulus dimensions (e.g., lindlt,
color) are more easily labeled than intendigsed stimulus dimensiofe.g.,brightness)and
suchsimple dimensions are more easily labeled than complex dimensions (e.g., morphed faces).
However, experience with the stimalso influences generalization, typically with greater
amounts of experience decreasing generalization (Ghirlanda & Enquist, 2003).
Notwithstanding the research described aboae&egorizing does not always occur and
research has found that many of the dipancies between human and nonhuman generalization
disappear with stimuli that are less amenable to categorizaftmough using stimuli that were
presumably difficulto categorizeBaron (1973 found no evidence afaegorization oAL
effects on generalization ptire tones with humans. More recently, Verbeek and colleagues
(2006) found that complex stimylinorphed facesyere less susceptible to these effects as well
Additionally, Livesey and McLaren (200%ound that strategies specifically designed to make
categorization more difficulivere effective in mitigating categorizaticapeit temporarily, with
color generalizationThe results showed an initial peak shift in responding to hues on a

continuum from yellowgreen to greeiblue, but responding became monotonic over the course
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oftesting. Livesey and McLaren attributed this
verbal rule or heuristic over the course of the generaliz&gtirand concluded that when the
features of the generalization test or the stimuli themselves geeglnerating a response
strategy, human generalization is governed by the same processes that have been clearly
observed in nonhumans.
Generalization, Peak Shiftand Melanoma

To date the majority of experiments have examined generalization with stsalgcted
for their suitability for laboratory study rather than their relevance to society, per se. However,
researchers have begun studyimgjogicalstimuli that specific to humansSome of the first
investigations of human peak shift with biologlgalelevant stimuli examined the phenomenon
using facial featurefl_ewis & Johnston, 199%petch et al., 2004 Derenne (2010examined
peak shift of bilateral face symmetry. In another stiyrenne, Breitstein,nal Cicha (2008
examined peak shift of female watsthip ratio. The results of these studies confirmed that
peak shift was applicable to biological stimuli, and may therefore have played a part in
influencing evolution though sexual selectid®timulus generalization is a ubiquitous aspect of
behavior (Ghirlanda & Enquist, 2003J.aken together, thaforementionedtudies lay the
foundation for futher extensions to clinicallelevant stimuli such as melanoma.

One study that has attempted to applycapts of generalization to the issue of
melanoma detection was conducteddafianis, Critchfield, Howard, Jordan, and Derenne
(201D. The main goal of t he abilitydoddgtectieldanges(iee., ev al u &
Aevol utionodo) i n t wformeldnoma:ragymmeyyapd border irceguilatitye r i a
Priorto evaluating the evolution of malignance, the authors first créatedets ostimuli using

morphing software For each symptom typenamage of an asymptomatic mole and a clearly
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symptomatic mole werased ashe two ends of the continuum along whi8 images were
generated toeflect the progression. To provide support that the generated stimuli constituted
and orderly progression, Dalianis et al. employed procedinglar to those of Guttman and
Kalish (1956)o assess generalization gradidotseach set of stimuli. The results showeat
generalization gradienter both symptom typegealedat theS+ (Stmulus 50)and were
approximately symmetrical to either sidéhe subsequent experiments in the study determined
that changes in stimudicross the progression were equally deteci@didatifying change after
approximately 7 stepsnd thaidentifying changeoccurred earlier in the stimulus arnapen
viewing stimuli over extended periods (28 days) as opposed to a, singlsession
(approximately2 to 7min).

This study wasnimportantfirst step in the translation of existing behavioral research
toward the applied goal of promoting early melanoma detectimfiortunately, the results of the
experiments were consistent with predagesearch examining symptom evolution in that
individuals are not particularly adept in identifying changerdime. In considering these and
previous results it seems that, rather than
stimuli overtime, procedures would most likely benefit from capitalizing on temporally
proximate strategiesHowever, the findinghat stimulus evolution can be conceptualized in
terms ofstimulus generalization is in line with a behavioral model of melanoma detedtie
importance of understanding generalization and peak shift becomes apparent when considering
that the form of these universal patterns of responding can be reliably altered in predictable ways
through discrimination training. That is, knowing tregiables that influence peak shift can
facilitate the design of interventions that capitalize on generalization, and specifically

generalization of responding toward or away from certain stimuli.
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Following this logi¢ further understanding generalizatiand beginning to explempeak
shift as they relate to melanoma detection appear worthwhile. Such investigation could take a
number of forms as it develops. An applicatfonused research program aimed at producing an
immediately consumable technolofgy melanoma detection, while gedirected toward
socially important outcomes, would require a great deal of collaboration with professionals
across disciplines (e.g., behavior analysts, dermatologists, public health professionals), may take
a long time ¢ produce an effective intervention, and would expose individuals with potentially
life-threatening conditions to unknown consequences of the proposed treatAreatsernative
approach involves starting witim @nitial demonstration of the conceptypnciples involved in
the area of inquiry and progressively integrating considerations of application as the research line
develops. One benefit of the second approach is that the information gained regarding the
conceptual analysis could be applicablediated interventions in the area. For example,
knowledge acquired about how people respond to changes in moles could be applied to both how
laypeople are trained to look for moles, as well as how medical professionals are trained
although the actual pcedures to accomplish these goals may diffemother benefit is that
participants are not exposed to potentially unwanted or adverse effects of ineffective or
countertherapeutic intervention€onversely, this approach is limited in that it is lessiapple
to the problem at handAt this time using a basig¢o-applied model appears to have potential for
advancing melanoma detection from a behavioral perspective without exposing participants to
any risk
Purpose

It is the aim of the currently proposegperiments to incorporate the extant literature on

generalization and peak shift to explore procedures for enhancing early detection of melanoma.
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Through applying a us&spired approacto basic researdstokes, 199)] the gains of an entire
field of conceptually systematic research may be brought to bear on this important probé&em.
proposed experiments seek to (1) use discrimination traiaiagtablish generalization and
postdiscrimination gradients with moles as stimuli, (2) determine the effects of parametric
manipulations of training on postdiscrimination gradients, and (3) evaluate training with multiple
discriminative stimuli.
General M ethod

Participants

Undergraduates enrolled in an introductory course on behavior analysis and/or child
developmenserved as participantsor participating, sidents earneti% of extra crediadded
to their final graden the coursérom which they wereecruited
Settings, Apparatus, and Stimuli

Data were collected in a conteulab (9m by 6 m) containing approximately Pl
Optiplex 360 comput -aspectflaparlmdnitors RdréQetjuippet Witlh wi d e
screen protectors to minimizethdaabi t y of adj acent participants
Coby CV185 headphones were plugged into the computers. A computer mouse was placed
within reach and the keyboard was absent. Datashee®{peadix A were placed on the
table directly in front of the monitor along with a ballpoint pen to record responses.

Stimuli were created using the same morphing soft@epheus Photo Morph®) as
reported in Dalianis et al. (2011). Two images were loadedhetpriogram and the software
used an algorithm to create a series of images that combined features of each original image
progressing in equal intervals from one to the next. The first image was an abstraction of a

completely benign mole and the secondgmavas an abstraction of a completely malignant
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mole, resembling superficial spreading melanoma. The program generated 98 iterations of
images, representing the progression from asymptomatic to symptoesicstimuli consisted
of the two original imags and 13 images at interval steps of 7, for a total of 15 stimuli (see
Appendix B. Each stimulus was labeled in terms of its position on the progression ranging from
1 (benign S1) to 99 (malignantS99. A noteworthy limitation d these stimuli is that the image
morphs and stimulus progressions are linear. That is, the difference b&hamiiS8are
assumed tbeequivalent to the differences betwe®§d andS71. The psychophysical
differences between stimwdre mostly likely nonlinear. Unfortunately, quantitative technologies
to describe the psychophysical scaling of stimulus differences for the sakecofrémgstudies
could not be identified.
Procedure

Participants experienced the experimental prejwerandividually; however, multiple
participants (up to 12) completed the study in the computer lab at the same time. An
experimenter individually instructed each participant to read the text instructions on the screen,
to the wear headphones during theation of the study, and to record responses on the sheet in
front of them. Participantbeggn t he study by <clicking a button
finished reading the instructions.

Training. Training entailed successive discrimination arggament. This preparation
is idealbecause it likely approximates how individuals judge their own moles; that is, by looking
at one mole at a time and determining whether it is or is not of concern. In natural contexts,
individuals are not able to loadimultaneouslat the same mole under different levels of

symptomatic progression to determine whether signs of melanoma are present. Furtlieemore,
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design of the preparation aimedminimize the length of training in order to accommodate
future use in pplied settings.

Participants experienced the stimulivita cr os o f t 6 progtam@eer Poi n't
Appendix 3) The size of the stimuli ranged from approximatehg by5 mm (S1) to Bim by
7 mm (S99)andwerepresented in the center of the screen on a-tetored backgroun(RGB
code = 213 R, 172 G, 129 BYhe S+appearedhnitially for 10 s with text identifying it as the
Aoriginal 0o stimul us. Training | eppeacdiaache!| vy f o

trial. After an observation periothe program prompted the participant to record their response

(mark in one of two boxes | abeled AYO0 or HANO)
corresponding AiYeso or ANoO button. Foll owin
presentedi t hat the word fACorrect! o appeared in gr

sound played into the headphones. Following incorrect responses to the S+, the word

Al ncorrect. 0o appeared in red text fimlodng s and
an S, responding produced the same feedback as with the S+ except that the chime did not play
following correct responses to the Experimenters observed participants to ensure they

recorded their response on the datasheet before clickiegave feedback. If a participant

appearedo record following a response, the experimenter provided corrective instructions. Each
training trial was followed by a black screen on which a text prompt to continue by clicking on

the text appeared afters5 The number of training trials differed across studies. In order to be
included in the study, participants were required to demonstrate a minimum performance in the

last half of training trials, which varied slightly due to differing numbers of ta@less studies.

The last half of training trials contained equal proportions of the stimulus values included in the
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training. Following training, participants were informed that they would no longer be using the
computer mouse and to place it to theesid@ his was followed by a & break.

Generalization test During the generalization testo feedbaclkappeare@ndthe
program did not allow the participatat click the response corresponding with the answer they
recorded. All 15 test stimudippeard individually in trials lasting a specified number of
seconds, which varied across studies, across 9 trial blocks. After each trial, a black screen
appeared for 5 s before automatically progressing to the next trial. Within each block, all 15
stimuli were arranged in a randomized order and, therefore, differed across blocks; however, this
order was fixed for all participants. Two additionat$bBreaks occurred during the
generalization test, one after the third block and the second after the sikth bloc
Dependent Variables

Given the exploratory nature of this investigation, multiple dependent measures were
analyzedo evaluate the effects of the independent variables. Common metrics for evaluating
stimulus controldentified by Honig & Urcuioli (198)include area, heigt{peak) slope, and
form of gradients. Additionally, the mean response within gradients hasibettrer common
metric (e.g., Galizio & Baron, 1979As gradient mean providéise most globaieasure of the
generalization gradienthis was used as the primary dependent measure for assessing stimulus
control on the dimension ofiole malignance.The means of individual gradients were
calcul ated by multiplying the number of fiyeso
summng the products, and dividing by the total number of responses. In addition to providing a
summary metric of stimulus control, this calculation transforms the binary measure of the
Afyes/ nodo response into a continuowhkhweeasure a

used to compare effects across groups.
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Additionally, gradienpeakandareaare highly amenable to quantitative analysis for
gauging overall stimulus control arttierefore wereincluded asupplementargependent
measures Theresearcher callatedpeaks of individual gradients by identifying the stimulus
val ue at which the greatest number of HAyeso r
responses was observed at more than one stimulus value, the values were averaged to obtain the
peak. To obtain a measure of the relative distributidin pferasgonseto stimuli displaying
less malignanceheresearcher analyzed theea of each gradient in terms of its distribution
across stimulus values equal to or lesser than the S+ (SHhh&&0) as compared to those
equal to or greater than the S+ (S50 through S99). aflailysisevaluate the overall amount of
responding to stimuli earlier in the progression of malignance as compared to later in the
progression with respect to the S+heTarea of an individual gradient for-S50 was calculated
by entering the frequency of AythrsughSs0entoponses
GraphPad PrismE software and cofheareatwasng an fAA
calculated sepately for S56S99 using the same steps.

Slope provides a measure of change in stimulus control between twegoagradient
and indicates differences in discriminabilitpm the S+.The researcher calculateldises
between each adjacent pair of silas values for each groufslopes weranalyzed across all
adjacenpoints on the gradients assess the effects of the independent variables on
discriminability of stimuli within the array

In addition to traditional means of analyzing generalizagi@dierts, signal detection
theory(SDT; Green & Swets, 196@yovides an alternative approach to interpiggthe
discriminability of stimuli. In SDT, events are categorized according to two dichotomous

dimensions: the presence or absence of a target stimulus and the presence or absence of a target
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response. A responses in the presence of a stimulus isaallddhi t , 0 a response i
a stimulus is a nfalse alarm,o0 the absence of
Ami ss, 0 and the absence of a response Then t he
researcher used thagproach to determine if additional information could be garnered. Four
indices of discriminability were calculated based on the frequencies of hits, false alarms, misses,
and correct rejections. These include accuracy (hits + correct rejections / patdlafiies),
sensitivity (hits / hits + misses), specificity (correct rejections / correct rejections + misses), and
precision (hits / hits + false alarms).

As the experimental design used was a group desigmesearcher examined #igects
of the incependent variables on the dependent varialdegyinferential statistics.

Study 1: Establishing Peak Shift

As this is the firsknownattempt to produce peak shift with moles varying along the
stimulus dimension of degree of symptomologyreéheere twaurposs of Study 1. First,
similar to Dalianis et al. (2011), this study sought to determine whether generalization across the
array of stimuli would approximate curves obtained with other stimuli (i.e., peak responding to
the S+, symmetrical decelem@ti in responding to stimuli above and below the S+ on the
continuum). Second, this study sought to determine the effects of discrimination training on
postdiscrimination gradients with these stimuli and whether training wghirBuli above or
below theS+ would produce differential effects on the obtained gradients.
Participants

Participants included 24 undergraduate studdi®tsemale, 5 male) between the ages of

18 and 23 yea = 19.8 SD=1.1).
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Procedures

The researchequasirandomly assigneparticipantsto one of three grougs = 8
participants eachhatdifferedonly in regardgo the training condition. Each training condition
consisted of 20 trials and generalization tests (identical across groups) consisted of 135 trials.
Stimulus 50(S50) the stimulus halfway in the progression from benign to maligsaniedas
the S+ for all groups. In the control group, particip&xigeriencedraining in which all 20
training trialsentailedthe S+. In the two experimental groups, trainingsisted of both the S+
and an Spresented in seatandom order (no more than 3 consecutive trials of one stimulus
type) in a sequential arrangement. For one experimental groupwss $1; for the other, the
S was S9. Minimum performance criteri@r being included in the studgcluded 1)correct
responding on at least 9 of the last 10 training tri2lat least one affirmative response during
generalization trialsand 3)a response recorded for each trial throughout the experiment

During traning and test trials, the stimulappearean the screen throughout the trial.
After 3 s a text prompt to record a response appeared asdan# played in an attempt to
promote participants attending to the trial. During training, the buttons pondisig to
recorded responses appeared after an additional 3 s. During the generalization test, trials
automatically advanced after 11 s.

Results

The frequency of affirmative responéethati s, t he participant reco
response td st heiccpuddtei s afeachasimuludvalueauringghe nal ? 0
generalization test was averaged across all participants in the group to produce a gradient.
average tadient for all three groups are depictedrigure2. The average responding to stimuli

during the generalization test for the S+ 50 group show a generalization gradient that peaks at the



36

S+ and decelerates toward each extreme of the stimulus array. Theseidatea bias for
responding to stimulio the right ofS50(i.e., presenting with greater malignancé@yerage
postdiscrimination gradients footh the S1 andS- 99 groups indicate that responding was
shifted away from th&+, each in the direction opposite thef& that group.

Individual dda for each participant are depicted in Figure$, &nd 5 for the control,-S
1, and S99 groups, respectively. The gradients genemibplayedhe samesffect

demonstratetdy the average for the group, althougggme variabilityoccurred

Figure 6depicts the average gradient means per trial blocks during the generalization test

for each group. ®erage gradient means wereZ8} 64.10, and 46.20or the control, S1, and
S 99 groups, respectivelyA two-way ANOVA of the three groups indicated aimaffect of
group level F,187=69.35, p < 0.01), but not trial block Eg157= 0.6245p = 0.76). The trial

block by group interaction was not statistically significdng (s7= 0.1528 p > 0.99). Exploring

the main effect of group morefullylas her 6 s LSD posttest sreveal ed

significantly differedat p < 0.0L, such that each training produced statistically different effects

on the participantsd responding during the
The average stimulus valsief peaks wer®3.06, 63.13, and 45.63 for the contrel 1S

and S 99 groups, respectivelyThe researcher analyzeiffdrences in peak responding between

groups using ontailed nonparametrictests (ManANVhitneyU-test). Analysis entailed ane

tailed test becaesthe difference in peaks was predicted to occur in specific directions (peaks at

higher stimulus values for the $ group and at lower stimulus values for thd$ group as

compared to the control group$timulus value at which peak respondiragcured differed

significantlywhen comparing the-S (Mdn=58.75[57.00, 69.25]and contro(Mdn=51.75
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[50.00, 57.00] groups U = 14.50,p = 0.03), the S99 (Mdn = 44.75 [40.38, 49.13Bnd control
groups U = 11.50,p = 0.01), and the-SL and S99 gioups U = 4.5Q p < 0.0]).

The average areas for each group are depicted in Tallegarat®netailed Mann
WhitneyU tests comparetheareafor each groupvith respect to the less malignant and more
malignant halves of the stimulus valysse Tablel). For comparisons of area to the left of the
S+ (S1S50),U testsyieldedsignificantdifferencesbetween the controMdn = 70.00 [42.88,
100.6]) and S1 (Mdn= 14.00 [7.875, 31.50]) group¥ € 9.00,p < 0.01) and the SL and $99
(Mdn=96.25 [6213, 167.1]) groups = 3.50,p < 0.01). For thecomparison of ta controland
S 99 groups the differenceapproached significance) (= 19.00,p = 0.09) For comparisons of
area to the right of the S+ (S&®9),U tests yielded significant differencesttveen the control
(Mdn=147.0 [84.88, 155.8]) and 89 Mdn = 56.00 [13.13, 109.4]) group & 7.00,p <
0.01) and the S1L (Mdn=183.8 [138.3, 230.1]) and 89 groupsy = 5.00,p < 0.01). For the
comparison of the control and $groups, the diffrence approached significante=£ 16.00,p
= 0.05). Theseresults indicate that the effect of tbach of thaliscrimination training groups
wasprimarily to decrease responding to the half of the stimulus awataining the Sas
compared to the comt group, but not necessarily to increase responding away from.the S

The differences in slopes between adjacent phissimuli were compared across groups
using a tweway ANOVA (see Table 2) The test of the three groups indicated a main effect of
the stimulus pairKi3 294= 10.9Q p < 0.01), but not groug 294=0.10, p = 0.91). The stimulus
pair by group interaction was statistically significafds(>94= 3.64,p < 0.01). Exploring this
interaction more fully, & i s her 6 s tewédtipposgnificaatgifferences in slope
were obtained across a variety of adjacent stimuli depending on the groups comparatiig

that the trainings differentially affected only a subset of the stimuli in the a®igpificant
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differencesvere obsered between the adjacent stimulus pairs ranging fror4336 S64S71.
The greatest effecn discriminabilityoccured between S5857, in that all comparisons
revealed statistically significant differences in slope.

Lastly, values for eacl®DT index (accuracy, specificity, sensitivity, and precisiarére
calculatedor each groumndcompared using a Krusk#Vallis H tess (seeTable3). TheH test
of accuracy indicated no significant difference between grddps 8.17, p=0.20) TheH test
of sensitivity indicated a significant difference between groups<6.76,0=0.03). ADunn 6 s
multiple comparisons posttest reveallkdt significance was a result of the difference between
the control ¥idn=0.89 [0.69, 1.0]) and-9 (Mdn=0.33[0.56 0.78]). TheH test of specificity
also indicated a significant difference between grotfps=(7.12,p= 0. 03) . A Dunnos
comparisons posttest revealed that significance was again a result of the difference between the
control Mdn=0.99 [0.97, 10]) and S1 (Mdn=0.94 [0.91, 0.98]).TheH test of precision
indicated that the difference between groups approached signifi¢éneet(70,p = 0.10).
Taken together, these results indicate that the SDT indices did not capture the changes in
respoming observed through the behavioral measures. However, the statistical differences
obtained for sensitivity and specificity between the control aridgdoups are interestirigat
the lower sensitivity of the-S. group indicated that these participantse significantly less
sensitive to the presenoéthe S+and were significantly more likely to respond in the absence
of the S+.

Overall, hese data indicate that the current preparation is a viable means for obtaining
gradientshiftsand changes in sicriminability ofstimuli resembling cutaneous melanoatang

the complex dimension of malignance
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Monte Carlo Simulation

A limitation of the experimental preparation was that the primary dependent n@easure
participantso6 mar ki n @0 Was essedtially a pefimanerd praduct t he da
measure. Although this methoéldata collections common in research published in medical
journalson melanoma detectide.g.,Robinson & Turrisi, 2006 ehavioral research often
employs eitheautomatediata collection (ofterhe case in human operant reseparidata
collection by an independent second observer to increase the confidence that the measures reflect
the actual ocurrence of the behavior under the conditions of the expeririéetresearcher
conductedwo Monte Carlo simulations iorder to increase confidence that thsponses/ere
not random, and therefore, more likely to be a result of the experimentalgti@par

To determine the probability of obtaining results similar to those observed in the
generalization test of Study 1 if responding was randdh900datasetswere generateth
which the frequency of responding to each of the 15 stimuli in the arssandomlyassigned a
frequency from O to 9 (thereby reflecting the constraints of the generalizationTibst)
simulated data were then compared to criteria based on the range of observed regpeading
stimulus value for theontrol group participats in Study 1. Foexample no participants in the
control group responded to S8 during the generalization test; therefore, the criterion range of
responding for this stimulus was BAs another examp)e¢he range of responding to S50 was
betweer and Y(inclusive) across the control group; therefore, the criterion range of S50 for the
simulated data was a frequency between 3 and 9 (inclusivé)ese two cases, one or more
responses to S8 would not meet the criterion for that stimulus, nor wouttidesisree
responses meet the criterion for S9the number of criteria met for each of the 10,000

simulated datasetsas then determinedlhe results of this simulation are depicted able4.
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The resits indicate that a maximum of eigtriteria wee met when responding was completely
random(probability 0f0.000) and thereforejncrease confidence that the participants were not
responding at random during the generalization test.

A second simulation was conducted to further increase confideaicéhéresponses
occurred under thassumed experimental conditions. In this simulatiory6®datasets were
generated using a similar method to the previous simulation; however, datasets were constrained
to the range of t he ebtabsenédinnhe cobtelgroup bf Stidy &.s 0 r e s
That is, the minimum number of responses recorded across all trials in the generalization test by
a participant in the control group was 23 and the maximum number of recorded responses was
360 arange of 14 A total of 769datasets were generatiu each of thel4 total response
values in the obseed rangen order to produce approximately 10,000 datasets. In each dataset,
the total constraineesponses werdistributedrandomlyamong the 15 stimuli of theray. The
number of criteria met for each of the 10,766 simulated datasets was then determined. The
results of this simulationra depicted in Table.4The results indicatthat a maximum of 12
criteriawere met when the frequency of responding wastcaingd to that observed for the
control group of Study 1 completely random (probabilit§ €f0009 and, therefore, further
increases confidence that the participants were not responding at random during the
generalization test.

Study 2 Parametric Evaluation of S+/S Distance

Previous literature indicagehat the distance between S+ andtinuli used in
discrimination training can influence the degree of peak shift obtained in postdiscrimination
gradients.Research with nonhumans consistently denratest that smaller distances produce

greater shiftsbutresults arenixedamong these types of studiggh humansn that larger
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distances sometimes produce larger gradient gBiteenne, 2006) This studysoughtto
determinghe effects of S+/Sdistance on postdiscrimination gradients in the current
preparation, as such information coelkntuallyprove useful in designing interventions for
melanoma selfletection. This parametric evaluation assessederal Sstimuli regading ther
effectson generalizationhowever all S- stimuli displayedgreater malignance than the S+ (i.e.,
greater than S50hian attempto shift the pstdiscrimination gradients potentiallybeneficial
directionfor early detection
Participants

An a priori power aalysis using G*Power 3.1(8ee Faul, Eifelder, Lang, & Buchner,
2007)suggested a minimum total sample siz&®fo detect an effect of this size in a repeated
measues ANOVA investigating betweefactors effects witl groups and nine repeated
measuresThis study employed a total sampieesof 28 undergraduate studerf®&! female, 4
male) between the ages of 18 and 25 yddrs £0.8,SD=1.7) Sevenadditional participants
did not meet theninimum performance criteriand were excluded from the study.
Procedures

The experimental prepation wasidentical to Study 1 with the folleing exceptions.
Experimental sessiom®ntaineda maximum ofnine participantgersingle sessionThe
researcher quasandomly assigned participants to one of four gronps{ participants, each)
that difered only in regards to the training conditiofraining conditions consistlof a control
group trained with S+ 50 and experimental groupsd&ciwith S+ 50 and-®f 64, 78, or 92.
These Svalues correspond to distances from the S+ of 2, 4, atich6lus progression steps
respectively, withirthe stimulus array. Pilot data indicated that participants had difficulty

mastering the discrimination when thev@as only 1 stimulus value away from the S+%%)
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during the brief training provided in tloeirrent preparationThe minimum performance criteria
for being included in the studyare the same as in Study @f thesevenparticipants who did
not meet thgerformance criteria, six failed ttaining criterion(5 experienced 64 training, 1
experienced S92 training). One participanfrom the S 78 training grougid not respond
affirmatively to any generalization trials.

Several procedural modifications reduckd overall legth of the experimental session
During training and test trialfhe text pronpt to record and thed tone werg@resented 1 s after
thetrial began During training, the buttons correspif
appearedafter 5 s. During the generalization test, trials automatically adsafige 5 s. This
change was made to promote participants attending to stimuli throughout the generalization test.
During Study 1, participants generally recorded responses within the-Brstahdftenspent
the remaining time engaging in behavior suchdrasving or closing the eyes, which may have
interfered with attending to subsequent trials. Previous research has indicated that differences in
brief observation time have minimal effects on accuracy when recording the malignance of
moles (Miles & Meeha, 1995)and these trial lengths are similar to those used in other studies
evaluating generalization gradients with humang.(Livesey & McLaren, 2009)

Results

Average gradients for participants$tudy 2 are displayed iRigure7. Average
responding for participants in the control group repld#tese seen in Study 1, with peak
responding observed at the S+ and a bias for responding to stimuli more malignant than the S+.
The average gradients of both the68 and thes- 78 groups did not differ from the control
group however, the average gradient for th3 group differed fronall groups, with

responding shifted away from the S+ in the direction opposite-the S
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Individual data for each participant are depicte#igures8, 9, 10, and11 for the
control, S 64, S 78, and $92 groups, respectively. The gradients genethfiglayedhe same
effectdemonstrateddy the average for the group, althougime variability was observed.

The average gradient megpertrial blocks during the generalization test for each group
are depicted in Figure2l The graph indicates that mean responding for all discrimination
training groups wermitially shifted away from the S+ in the direction opposite th@édsvard
stimuli ealier in the malignance progressionfhis effectdid not maintain for the-$%4 and S
78 groups, but became more pronounced for {82 roup. Average gradient meaasd
standard errowere 5720 (0.87) 54.25(1.02) 5478 (1.31) and 4600 (1.02)for the control, S
64, S 78, and $92 groups, respectivelylhe researcher intended to conduct a-tvay
repeated measures ANOVA but could not due to participants not always responding
affirmatively to at least one stimulus in each trial block acrasgémeralization test. Rather
than interpolating gradient means for these trial blocks, the researcher opted to conduct a two
way ANOVA without repeated measures. The-way ANOVA of thefour groups indicated a
main effect of group leveFg 200= 13.43 p < 0.01), but not trial blockFg 200= 1.22 p = 0.29).
Thetrial block by group interaction was not statistically signific& 6oo= 0.45,p = 0.99).
Exploring the main effect of group moree fully
was a result of the difference betweer®3and each other groypuch that th&- 92 training
group featured emeansignificantly left ofthe three othegroups (as described above). A more
thorough evaluation of the interaction found statisticatipificant differencescrosdrial
blocks2 and 59 of the generalization testhen comparing the-92 and control group, across
trial blocks 69 when comparing the-82 and $64 groups, and across trial block® when

comparing the $92 and $78 goups. These results indicdbat the effect of th& 92 training
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became more pronounced over the course of the generalization test and that responding by
participants in the -$54 and S$78 trainings became more similar to those of the control group
ove the course of the generalization test

The average stimulus values of peaks wé&x6® 54.00,54.50, and 44.5@or the control,
S 64, S 78, and $92 groups, respectively. Differences in peak responding between
experimental and contrgroups were alyzedusing onetailed ManaWhitneyU tests. No
statistically significant differences were observed when comparing the control toghé 5=
17.50,p=0.18) orthe S 78 (U = 2250, p = 042) groups; however, the difference between the
control(Mdn=57.00[50.00, 57.0)) and S 92 (Mdn = 43.00 [36.00, 53.50groups was
statistically significantl{y = 9.00, p = 0.(3). A KruskalWallis testindicated no statistical
differences in peak responding between any of the groups that experienced disomminati
training H, = 5.81, p= 0.12).

The average areas forakegroup are depicted in Tal8e Individual onetailed Mann
WhitneyU tests compared each discrimination trainingugto the control group to determine
whetherdifferencesexistedin areafor each half of the stimulus arrdgee Tabl&). TheU tests
indicated tatistically significantdifferencesonly for thecomparison of area to the left 850 for
the S 92 group(U = 8.00,p = 0.02) No other comparisons were statistically significafiese
results suggest the 82 groupprimarily affected responding bgcreasng responding to stimuli
less malignant than the S+ and hgtreduéng the bias for responding to more malignant
stimuli. KrsukatWallis H tests compared the areas for the rilismation training groups and
found no significant differences in area to the left of 3%0+4.47,p = 0.11) or in area to the

right of S50 H, = 1.87,p = 0.41), indicating that the discrimination training groups overlapped
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in their effects on respomdy. This is not entirely surprising given the parametric nature of this
study.

The differences in slopes between adjacent pairs of stimuli were compared across groups
using a tweway ANOVA (see Table 6 The test of the fougroups indicated a main etfieof
the stimulus pairR1333s=13.41 p < 0.01), but not groug=33¢ = 0.0009, p = 1.00). The
stimulus pair by group interaction was statistically signific&ag §£36= 1.50 p = 0.03.
Exploring this interacti dmvealedtha sighiicant y, a Fi sh
differences in slopes were obtained across a variety of adjacent stimuli depending on the groups
compared, indicating that the trainings differentially affected only a subset of the stimuli in the
array. Significant differencesere observed between the adjacent stimulus pairs ranging from
S3643 to $7-S64. Comparisons between 82 and each other group revealed statistically
significant differences in slope between &8 indicating this was where the & exerted the
greaesteffect on discriminability.

Analyses ofSDT indices were condted as described in Study KruskatWallis tess
of accuracyklz = 2.75,p = 0.43), sensitivityKlz = 2.19,p = 0.53), specificity s = 2.29,p =
0.51), and precisiorHz = 2.01,p = 0.57) indicated no statistically significant differences for any
of the indices for any of the comparisons between groups (see7)able

Taken togdter these results indicate thlaé group with the Shat was furthest away
from the S+ producetthe strongst and most consistent shiftalthoughless pronouncedhe
effects of training with the-Sat 64 and 7&ppeared tdiffer from the control group in some of

the analyseshowever, differences only approached statistical significance
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Study 3 Examining Effects of Multiple S Stimuli

In an effort to explore additional means of altering discrimination to promote early
detection of melanoma, Study 3 evalukitee effects of discrimination training that employed
two S stimuli. Galizio and Baron (1985)dad that this preparation was effective in producing
larger shifts in postdiscrimination gradients with adult humans as compared to training with a
single S. The results of Study 2, in which the largest shift occurred \linei$ was furthest
away from he S+ suggest that under thercent experimental preparatiparticipants are likely
to respond to relative characteristicsSef/S disparities. The use of two Sstimuli may
facilitate categorization of malignant features, resulting in stronger pdakosvard less
malignant stimuli Understanding the effects of multiple training preparations will likely prove
important in ensuring clinically beneficial changes in generalization with moles.
Participants

An a priori power amlysis using G*Power 3.1(ee Faul et al., 2008uggested a
minimum total sample size abto detect an ééct of this size in a repeated me@suANOVA
investigating betweefactors effects witl8 groups and nine repeated measuidss study
employed a total sample size2if undergraduate studern(tss female, 5 male) between the ages
of 18 and 231 = 20.3 SD= 1.3) Two additional participantarere excluded from the study.
Procedures

The experimental preparation was similar to Study2e researchequasirandomly
assignegarticipantdo one of three training groups. Each training condition ctatsi$ 30
training trials and generalization tests corslsif 135 trials. One control growgxperienced
training only with the S+(+50)to determine the effects of increased training trials on

generalization. A second control groexperiencedraining with the S+of S50 andtwo S- of S1
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and S99-1/+50+£99) to determine the effects of training twes$imuli on the postdiscrimination
gradient. The experimental groapperiencedrainedwith S+ 50 S- 78, and $99 (+50/78/-
99) to determine the effestof training two Sstimuli on one extreme of the stimulus array on the
postdiscrimination gradientThe minimum performance criteria for being included in the study
were the same as in two previous studies excepp#nttipants needed to respond ectly to
13 of the last 15 training trialOf the two participanta/ho did not meet the performance
criteria, one failed to respond affirmatively to any generalization test trials (+50 training group)
and one failed to respond to every trial throughbatexperiment (+5678/-99 training group).
Results
Average gradients for participants itu8y 3 are displayed in Figuld. Average
responding for participants in th&0 group replicatedhose ofboth previous studies, with peak
respondingdccurringat the S+ and a bias for responding tonstii more malignant than the S+;
however there werano clear differences when comparing the average gradientsafmgrof the
groups from Study 3.
Individual data for each participant are depicted in Figlided5, and16 for the control,
+50, -1/+50£99, and +50/78/-99 groups, respectively. The gradients genemiplayedthe
same effectlemonstratetdy the average for the group, although some variability was observed.
The average gradient means per triatktoduring the generalization test for each group
are depicted in Figure 17. The graph indicates that mean responding for the +50 group replicated
the bias observed in the previous studies and that mean responding-16+ 50499 group
occurred more atsistently at the S+ value. Additionally, the graph indicates that mean
responding for the +5078/-99 groupinitially shiftedrespondingaway from the S+ in the

direction opposite the-Stoward stimuli earlier in the malignance progressibiojyever this
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effect dd not maintain.The average gradient means were 53.59, 51.43, and 48.96 for the +50,
1/+50+£99, and +50/78/-99 groups, respectivelylhe researcher intended to conduct a-tvay
repeated measures ANOVA but could not due to participan@ways responding
affirmatively to at least one stimulus in each trial block across the generalization test. Rather
than interpolating gradient means for these trial blocks, the researcher opted to conduct a two
way ANOVA without repeated measures. Tive-way ANOVA of the three groups indicated
main effect ofgroup level F;,16:= 6.503,p < 0.01) but not trial blockF2 161= 1.41,p = 0.19)
The trial block by group interaction was not statistically significkpt4,= 0.66,p = 0.83).
Exploringthe main effect of group more fullyFai s her 6 s LSD posttest reve
was a result of the difference between the i8G 53.52 SEM = 0.56) and +50/78/99 (M =
49.04 SEM = 1.09 groups such that the +5078/-99 training group featudea mean
significantly left of the +50 group (as described above)nore thorough evaluation of the
interaction foundstatistically significant differencescross the first three trial blocks of the
generalization test, indicating that the effect of+b8/78/-99 was fleeting.

The average stimulus values of peaks w&:&® 50.00, 54.50, and&00 for the+50,
-1/450+£99, and +50/78/-99 groups, respectivelyA two-tailedU test compaeddifferences in
peak respondingetween théwo control group because tie was no predicted direction of
difference wherea®netailed tests compadthe experimental group to the control groughse
to the predicted direction of changio statistically significant differences were observed when
comparing ther50 to the-1/+50£99 group(U = 15.00, p = 0.18) or the-1/+50£99 to the +50/
78199 group U =18.0Q p=0.20). The comparison of differences in peak respondinthir
+50 (Mdn=50.00[50.00, 53.50] andthe +50/78/-99 (Mdn = 50.00[39.50, 50.00] group

approached statistical significan@é = 12.00, p = 0.05).
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The average areas for each group are depicted in ablo-tailedU testscompared
differences in area with respect to the less malignant and more malignant halves of the stimulus
valuesfor the +50 and1/+50£99 groupsandonetailedU testscomparedifferences between
the +50/78/-99 groupandeach of the control groups usi(gee Table). Statistically
significantdifferences were only obtained fahe comparisonf area to the leftfdS50 for the
+50(Mdn=70.00 [38.5Q 73.5Q0) and-1/+50+£99 (Mdn = 101.5[80.50, 1365]) groups (U =
5.50,p = 0.01) suggesting a relativelypcreased propensity for participants in tthé-50£99 to
respond to stimuli less malignant than the $#6 oher comparisons were statistically
significant although the difference between areas to the left of S50 approached sigaifaanc
the comparison of the +%hd +5078/~99 (Mdn = 80.50 [56.00,143.5]) groups U = 12.50,p =
0.07)

To determine differenai effects of training on slope, a tweay ANOVA compared
differences in slopes between adjacent pairs of stimuli across deagp$able 9). The test of
the four groups indicated a main effect of the stimulus pasgs= 20.30,p < 0.01), but not
group 2.252= 0.0,p> 0.99). The stimulus pair by group interaction approached statistical
significance Fz25,=1.49p= 0. 07) . Exploring the main effe
posttest revealed that significant differences in slopes were etitaanoss a variety of adjacent
stimuli depending on the groups compared, indicating that the trainings differentially affected
only a subset of the stimuli in the array. Significant differences were observed between the
adjacent stimulus pairs rangin@iin S4350 to S71S78 The greatest effect on discriminability
occurred between S8857, in that all comparisons revealed statistically significant differences in
slope. The only significant dferences in slopéor the +50 and +5078/-99 comparisong/ere

between S4%5Q0 however, omparisons betweeid/+50£99 and +50/78/-99 indicated
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significant differences for slopes between &B), S64571, and S7578. These results
suggest that each of the training preparations differenttihgted discriminallity in unique
ways across tharray of melanoma progression.

Analyses of SDT indices were conducted as described in StudsuskatWallis tests
of accuracyfl, = 1.91,p = 0.38), sensitivityki, = 3.58,p = 0.15), specificityd, = 3.34,p =
0.19), an precision K, = 1.96,p = 0.38) indicated no statistically significant differences for any
of the indices for any of the comparisons between groups (see Table 10).

Overall, these results indicate that training with twatBnuli to one side of the S+ wa
not effective in producing a substantial gradient shift. Training with-&o &ther side of the
S+ was effective at producing consistent response patterns across participants.

Discussion

This series of investigations provelan initial foray into he effects of discrimination
training on melanoma detection from a-iisepired basic behavioral approach. Capitalizing on a
wealth of behavioral literature on generalizataomd peak shifto explore methods for
understanding melanoma identification go®s a unique joining of twiargelyindependent
areaf study. The experiments sought to (1) use discrimination training to establish
generalization and postdiscrimination gradients with moles as stimuli, (2) determine the effects
of parametric maniputeons of training on postdiscrimination gradients, and (3) evaluate training
with multiple discriminative stimuli. The results of Study 1 indicated that it was possible to
obtainorderlygeneralization gradientssing moles along the dimension of maligoeiand that
discrimination training could shift responding along the stimulus array. The results of Study 2
indicated that, under the current preparation, shifted postdiscrimination gramieatsedonly

when the discrepancy between the S+ anstiBwl was relatively large. The results of Study 3
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indicated that discrimination training with Stimuli at both extremes of the stimulogntinuum

was effective irproducinghighly consistent responding across the generalization test, whereas
training withtwo S stimuli on one side on the continuum of the S+ initially produced a shift in
responding away from the S+ but this efféict not maintairthroughout tle generalization test.

In addition to the primary measure of gradient mean, comparisons of several
supplementary measures provided further analysis of the differential effects of the training
conditions. The analyses of peak responding were highly consistent with the primary measure
and so did not afford a great deal more insight regarding the edfgciss groups. Logically,
this makes sense in that the peak is also a measure of central tendency (i.e., mode). One
interesting relation consistently observed between the peak and gradient mean was that the peak
was always at a lower value on the comtim of malignance than the gradient mean. This,
again, makes sense in that this relation is a product of the biased responding observed during the
generalization test.

Unlike comparisons of peak, analyses of area to either side of the S+ offered a more
sensitive account of the effects of discrimination training. Of particnkarest across all three
studies the area of the gradients between S50 and S99 was nearly twice that of the area between
S1 and S50 for the control groups, providing a direct measfuthe bias observed during the
generalization testAdditionally, mean area between S1 and S50 was larger than the area
between S50 and S99 only for thedS, S 92, and +56/78/-99 groups, suggesting that these
training conditions were effective elhanging the distribution of resnses as compared to the
controlgroups(however, note that the comparison of +50 and #8809 only approached

statistical significance)
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Thebetweergroup analyses of slopevealedsome interesting consistencesosshe
experiments.In particular, a large proportion of the slopes did not differ significantly across the
experiments, indicating that the effects of the trainings were typically restricted to a few stimuli
within each group (often for the slopes neardéeter of the gradients). Interestingly, whenever
a statistically significant difference in gradiebetween a test and control growpsobtaired on
another measure, a statistically significant differesisewasobtained for the S5857 slope.

This suggests that a change in the discriminability between the S+ (S50) and S57 was an
important factor in shifting the gradient.

The use of nearly identical procedures over the course of experiments allows for
additional comparisons of the results as a wh@eparticular note is the consistent bias in
responding toward stimuli displaying malignance greater than thier$te control groups
across all three experimentSuch a consistent bias may engender questions about the validity of
the stimuli givertheir complex nature and development via computer software. However, as
previously noted, biased responding during generalizationisestsommon findingn the
literature(see Ghirlanda & Enquist, 2003Rather than being a confound, the presendaeof t
response bias may provide insight with respect to the nature of the stimuli used in the current
investigations angotentially to progressions afalignart melanoman general. Specifically,
progressing malignance likelynvalveschanges in the morphaiy of a mole along dimensions
of both intensity and rearrangemeiithe ABCDs originally described by Friedmaigel, and
Kopf (1985) can be broken down into these perceptual categories outlithedreviewby
Ghirlanda & Enquist (2003)Specifically,both asymmetry and border irregularity are properties
of the more general dimension of object shape, color variegation (under natural conditions) is

comprised of both hue and color intensity dimension, and diamsetatescriptor of size.
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According to he results of their review, object shape dimensions are consistent with
rearrangemenrtype gradients (symmetrical and peaked), as is Rador intensity tends to
produce intensityype gradients (asymmetrical or monotonic) and size dimensions tend to
produce gradients displaying a combination of rearrangement and intensity dimensions
(asymmetrical and peakedpased on the results of Dalianis et al. (2012) that directly assessed
generalization based on theyanmetryandborder irregularityof moles, thestwo dimensions
appear to produce gradients consistent with rearrangetuerio their observed peaks and
symmetry Gradients obtained across all thedeghe presengxperiment@appear consistent with
the rearrangement/intensity explanation offered hyléhda and Enquist in that the multiple
di mensions of object shape, size, and col or i
produced peaked, asymmetrical (biased) gradiehtignitation exists in that the extent to which
a particular dimesion exerted a greater degree of control with respect to the obtained gradients
is unknown. For example, generalization may have been strictly a result of stimulus size,
limiting the degree to which the results are reflective of a progression of malegriashould
be notedhoweverthat otheistimulus arrays utilizing complex, biologicaliglevant stimuli
have displayed similar effects. Il n particul a
waistto-hip ratio and facial symmetry also fouhses towat one end of the stimulus array,
specifically, the end of the array associated with evolutionarily advantageous preferences. That
is, there was bias toward larger waisb-hip ratios, whichare indicators ofertility and ability
to successilly birth children, and toward symmetrical faces, whact indicatorgewer genetic
disorders.

Although the extent to which the current findings are representative of what would be

seen in naturally occurring progressions of malignamo@knownat this juncturetheyare
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immediately informative with respect to the application of existing theories to this line of
inquiry. It is apparent that theelaptionlevel model more readily accounts for the present results
thandoesthe gradieninteractionmodel In Study 1the S stimulus at either extreme of the
continuum of test stimuli produced gradishtfts. In Study 2the S more similar to the S+ did
not produce gradierstifts, but the more distinct 8id. In Study 3, the tendency to obtain
shiftedgradients with distal Sstimuli (i.e., S92, S99) observed in the previous studies decreased
when the training also included a more proximalsiggestive of an averaging of the S
features.Each of these findings is consistent with AL mapieddictions However, contrary to
the AL modelthere washo clear central tendency in responding over the course of the
generalization test in any of the experiments. Participants e s pacasidnally gxhibited
trends, but tbse werenot consistently toward ¢éhcentralvalue of the arrayFurthermore,he
group level analyses of mean responding displageging patterrs across the experiments, with
no trendobservedn Study 1,a trend away from the central valweStudy 2, and a slight trend
toward the cemal value in Study 3

That the current results only partly fit the AL model adds further ambiguity to the
existing theoretical debate regarding human generalization. Continued exploration of the
applicability of the AL model to generalization with comp#imuli could be done in such a
way as to expand both theoretical and practical knowledge. In particular, the AL model may
need to be restricted to the conditions under which the test stimulus shares only a certain
proportion of its properties with therS For instance, when the test stimulus shares a small
proportion of the features of the S+, the discrimination owyr rapidly but when the test
stimulus shares a larger proportion of the properties, the discriminatiotak&asnore time It

may be he case that the rule for responding based on average experience is applied only with the
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second stimulus in this example subtlety not currently proposed by the AL model.

Researchersould evaluatehis through measuring response latencies during thergézation

test. Relating this to the present experiments, a response to S92 by a participant having

experienced trainingwith-Y 9 may occur more quickly than the
S64.

Additionally, it would be important to assess tlegke to which the immediately
preceding test stimulus influenced responding on the subsequent test stimulus. To evaluate this,
researchers could use a fixedler of test stimuli, with a target stimulus preceded by stimuli of
varying, predetermined distees to allow for analysis of interactions. This becomes relevant to
identification of melanoma when one considers the relative distribution of malignant moles
among benign moles, either in a generalization test or (more importantly) on a person. Having
numerous moles is a risk factor for melanoma and, presumably, the vast majority of moles on a
person are not malignant. If the preceding benign mole influences the response to the subsequent
malignant mole in a reliable way, information about this addti@eterminant of stimulus
control would be valuable in the further development of behavioral techniques for promoting
early identification.

A noteworthy consideration when discussing the merits of current theories of
generalization is whether generalion gradients do, in fact, descrithe actualbehavior of
organisms.An argument againshe use ofjeneralization gradients an explanatory device
was posited by the quantal interpretation of stimulus co(®iokel & Etzel, 1985) This
interpretation holds that generalization gradients are an artifact the methods for training and
testing the target stimudtresponse relation(s) because responding is integral (quantal) in nature

and the averaging of unitary stimuressponse relations produagadients that inappropriately



56

imply continuous relationsDifficulties in accounting for observed responding imgelization
gradients with a single theory may becausehey are products of the procedures and not the
behavioral process under investigatidgtowever, the interpretation largely criticized studies
utilizing response rates as the primary dependensueaas well as studies inferring some level
of induction (response generalization) occurring concomitantly with changes in the level of the
stimulus dimension(s) of interesthe use of discrettial proceduregor examining
generalization and peak fireliminates this criticism to some extent. Additionally, Bickel and
Etzel noted thapeak shiftitself is aproduct of mulfple stimulusresponse relatioria that
discrimination trainingpfteninvolvesexplicitly training astimulusresponse relatiomithe
presence of the S+ amdplicitly training astimulusresponseelation (the absence of the S+
response plus whatever behavior takes its place) in the presence -of ByeeQplicitly training
a second stimulugesponse relation for the,$esearbers can descriqgeak shiftmore
adequatelyia its quantal component3 he authorslso suggested that, although the quantal
interpretation allows for analysis at a more molecular level thatraditional (odescriptive)
interpretatiorthat relies orgeneralization gradients, the descriptive interpretation offers a more
molar level analysis that can lead to effective scientific actsowell

In further considering other approaches to analyzing generaliz&@h pffers another
alternative As suchdata from each of the studies were analyzed according to SDT to determine
whether this model would provide additional understanding of the obtained results. The SDT
indices of accuracy, sensitivity, specificity, and precigsispercentages of respamglin the
presence of versus absence of a target erehare intended to provide measures of an
individual 6s criteria for responding to a si

respect to the current series of studies, all SDT @sdzovidd little additional information for
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i nterpreting par tTherdwerao dtaisGcdygsignfieantdiffererces for o n .
any of the indices when comparing across groups, except when comparing the contrdl and S
groups of Study 1As a result, little can be said about the utility of this model for melanoma
detection. Perhammninterventionthat is more powerfubr that includegreater number of
participants is required f@DT analyses to deteeffects.

As only one other studto date has attempted to apply behavioral strategies to the issue
of melanoma detectiofn.e., Dalianis et al., 2011)his line of wak is clearly in its nascence.
Numerous extensiord the present findingare immediately apparefdr further explomng how
the conceptual systems of behavior analysis apply to the specific issue of melanoma detection,
for correcting existing procedural limitations and evaluating alternptisearatios, and
particularly for advancing a technology designed for appboati

A majorlimitation of the current studiesxisted in the recording methods (participants
recording their own respongediowever, loth the orderliness of the data and the Monte Carlo
simulations speak to the improbability of obtaining these regurticipants were responding
irrespective of the stimuli presented during the experiments. Future investigations warrant
automated data collection in order to eliminate such concerns and provide additional measures of
interest (e.g., response latency).

In addition to increasing confidence in the daidizing a more advanced, customizable
computer program as the interface for the participants would allow for the examination of more
complex independent variables, such as training equivalence cldssiesiatframesalong with
or in place of the mole discriminatian3 he benefit of using training that involves verbal
behavior (e.g., rules) is that it can produce Kagiing changes in behavioflong this line of

inquiry, researchers could examitie effects of verbal behavior on mole discrimination by
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providing information about the stimulln the aforementioned study by Girardi et al. (2006),
stressing statements about the lethal outcomes of cancedpiasr t i ci pant s6 abi |l it
cancer.As such, simply informing pariijgants that the stimuli includaelanoma may alter their
responding, and therefoi®a critical variable to isolate under experimental conditions prior to
examining more clinicallpriented manipulations.

A second limitatn, specifically related tthe clinical utility of the experimentgvas that
the stimulus array was created without consulting an expert dermatologist to assess its face
validity. Given the basic nature of the investigations, it was acceptable to preiteedt such
consultation, as this series of studies examined the conceptual application of generalization
gradients to melanoma detection. Additionally, approaching an expert medical professional in
the absence of any preliminary reseasebms unlikelyo be successfulHowever, prior to
conducting further investigatioteward a clinically relevant technology, it is importémit an
expert inskin cancer be consulted with respect to the stimulus array, as well as determining the
stimulus values alontipe array at which it would be ideal for patients to be able to identify the
progression of malignance. Thisasuld increase the potential fartechnology based on the
procedures of these studieptoduce beneficial outcomes for participants

A related limitation regarding the generality of the results is that the stimulus array was
restrictedto theprogression of a single mole from benign to malignant. As matigmoles
differ in appearancéhe progressiofrom benign to malignant would neceskacontain
different proportions of the rearrangement and intensity dimensions evaluated in this series of
experiments. Future investigations should develop and assess numerous progressions based on
actual cancerous lesions as their malignance progreldsegever, & it would be unethical to

track the progression of malignance in a human without intervening, using standard medical
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diagnostic criterige.g.,the American Joint Committee on Cancer staging guideliteeproduce
abstractions at each levdlmalignance would possibly be a fruitful alternative

As a whole, this series of experiments provides a first attempt to understand how
discrimination training mighttelp promote visual detection of melanoma. The attempt to apply
behavior analytic metlts and conceptual systems to this issue suggests this to be a fertile area
for future research. Although a technology ready for consumption by the public is obviously not
at hand, a line of research stemming fithieseuseinspiredbasic experiments mayihg this

goalto fruition.
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Tables

Table 1

Area Means for Each Group in Study 1; One-Tailddests were Used for Comparing Grol
Area

Comparison
Left of S50 Right of S50 Left of S50 Right of S50
Group M (SEM) M (SEM) S-1 S- 99 S-1 S- 99
Control 71.31(13.26)  132.6 (14.89)  0.0089** 0.0943 0.0514  0.0050*
S-1 23.19 (9.446)  180.7 (23.86) 0.0016** 0.0027**

S- 99 117.7 (23.64)  62.56 (17.39)
*p <.05,*p <.01




Table 2

Slopeof Adjacent Stimulfior Study 1; a TwdWay ANOVA was Used for
Comparisons Between Groups

Comparison
Adjacent Control Control S1
Stimuli vs.S 1 vs.S- 99 vs.S- 99

1-8 0.8873 0.8873 0.7769
8-15 > 0.9999 0.8873 0.8873
1522 > 0.9999 0.3956 0.3956
22-29 > 0.9999 0.2576 0.2576
29-36 0.0663 0.6709 0.024*
36-43 0.0481* 0.6709 0.0165*
4350 0.571 < 0.0001** 0.0003**
50-57 0.002** 0.002** < 0.0001**
57-64 0.1573 > 0.9999 0.1573
64-71 0.0031** 0.0005* 0.571
71-78 0.8873 0.571 0.4789
78-85 0.6709 0.7769 0.4789
8592 0.3956 0.8873 0.3218
92-99 0.8873 > 0.9999 0.8873

*p<.05** p<.01
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Table 3

74

Signal Detection Theory Indices of Discriminabifity Each Group in Study 1;ldruskalWallis Test
was Used for Comparisons Between Groups

Control Control S 1vs.
Index Control S1 S99 vs.S1 vs. S99 S99
Accuracy 0.78 0.72 0.79 ns ns ns
Sensitivity 0.82 0.39 0.68 * ns ns
Specificity 0.98 0.94 0.97 * ns ns
Precision 0.25 0.14 0.26 ns ns ns

*p<.05



Table 4

Monte Carlo Simulationt Estimate Probability of Random Responding Based

Observed

Ranges of

ifYeso

Unconstrained and Constrained to Actual Totals Observed

Responses in

Unconstrained

Constrained

(n=10,000) (n=10,766)
Criterion No. of
Frequency of Criteria
Stimulus Responding Met Probability Probability

0 0 0

1 0 1 1 1
8 0 2 0.9903 1
15 0 3 0.8472 0.99981
22 0 4 0.3815 0.99350
29 0 5 0.032D 0.93414
36 Oto7 6 0.0022 0.73398
43 0to9 7 0.0001 0.43294
50 3t09 8 0 0.17750
57 4109 9 0 0.05424
64 1to 9 10 0 0.01096
71 Oto5 11 0 0.00149
78 Oto2 12 0 0.00009
85 Oto1l 13 0 0
92 0 14 0 0
99 0 15 0 0
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Table 5

Area Means for Each Group in Study 2; One-Tailéd'ests were Used for Comparisons Between
Discrimination Training Groups and the Control Group; a Kruskal-Wallis Test was Used for Compari
Between Discrimination Training Groups

Area Comparison
S1- S50 S50 - S99 S1- S50 S50 - S99
Group M (SEM) M (SEM) S-64 S-78 S-92 S-64 S-78 S-92
Control 52.5(10.360) 125.5(13.038) 0.1520 0.4883 0.0184* 0.3692 0.3167 0.0787
S- 64 63.3 (12.076) 105.0 (24.055) > 0.99990.3767 > 0.99990.9034
S-78 68.5 (22.924) 113.5 (9.504) 0.1277 0.5886

S- 92 131.0 (26.763)  77.5 (36.256)
*p <.05




Table 6

Slope of Adjacent Stimuli for Study 2; a Two-Way ANOVA was Used for Comparis
Between Groups

Comparison
Adjacent Control Control Control S-64vs. S-64vs. S-78vs.
Stimuli S- 64 S-78 S-92 S-78 S-92 S-92
1-8 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 > 0.999¢
8-15 >0.9999 >0.9999 0.7553  >0.9999 0.7553 0.7552
15-22 > 0.9999 0.8762 0.213 0.8762 0.213 0.2757
22-29 0.8762 0.5331 0.1198 0.6402 0.1613 0.35
29-36 0.35 0.7553 0.0621 0.5331 0.35 0.119¢
36-43 0.5331 0.7553 0.0434* 0.7553 0.1613 0.0871
43-50 0.5331 0.1613 < 0.0001** 0.436  0.0002* 0.0033*
50-57 0.35 0.35 0.0434* 0.0621 0.2757  0.0033**
57-64 0.2757 0.5331 0.0297* 0.6402 0.2757 0.119¢
64-71 0.35 0.0621 0.7553 0.35 0.5331 0.119¢
71-78 0.8762 > 0.9999 0.5331 0.8762 0.436 0.5331
78-85 0.436 0.8762 0.436 0.5331  >0.9999 0.5331
85-92 0.5331 0.5331 0.5331 >0.9999 >0.9999 > 0.999¢
92-99 0.7553 0.8762 0.7553 0.6402 > 0.9999 0.6402

*p <.05,*p <0.01
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Table 7
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Table 8

Area Means for Each Group in Study 3; a Two-Tailédests was Used for the Comparison Betwee

the Control Groups; One-Tailet) Tests were Used for Comparisons Between the +50/-78/-99 Grc
and the Control Groups

Area Comparison
S1 - S50 S50 - S99 S1- S50 S50 - S99
Group M (SEM) M (SEM) -1/+50/-99 +50/-78/-99 -1/+50/-99 +50/-78/-99
+50 60.50 (8.799)  109.5 (19.18) 0.0128* 0.0691 0.9289 0.301€
-1/+50/-99 96.50 (8.431)  110.5(11.68) 0.4889 0.3447

+50/-78/-99  102.0 (17.84)  94.00 (27.43)
*p <.05




Table 9

Slopeof Adjacent Stimuli for Study 3; a Twiday ANOVA was Used for
Comparisons Between Groups

Comparison
Adjacent
Stimulus +50 vs. +50 vs. -1/+50£99 vs.
Pair -1/+50+99 +50/78/-99 +50/78/-99

1-8 > 0.9999 > 0.9999 > 0.9999
8-15 > 0.9999 > 0.9999 > 0.9999
1522 0.7352 > 0.9999 0.7352
22-29 0.8657 0.0637 0.0917
29-36 0.0663 0.6709 > 0.9999
36-43 0.8657 0.0917 0.1288
4350 0.3981 0.0026** 0.0287*
50-57 0.0432* 0.2371 0.3981
57-64 0.3107 0.0637 0.3981
64-71 0.3107 0.3107 0.0432*
7178 0.3107 0.3107 0.0432*
78-85 0.8657 0.7352 0.612
8592 0.8657 > 0.9999 0.8657
92-99 > (0.9999 > 0.9999 > (0.9999

* p< .05, ** p< .01
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Table 10

Signal Detection Theory Indices of Discriminability for Each Group in Study 3; a Kruskal-Wallis Test was
for Comparisons Between Groups

+50 vs. +50 vs. -1/+50/-99 vs.
Index +50 -1/+50/-99  +50/-78/-99 -1/+50/-99 +50/-78/-99 +50/-78/-99
Accuracy 0.78 0.72 0.79 ns ns ns
Sensitivity 0.82 0.39 0.68 ns ns ns
Specificity 0.98 0.94 0.97 ns ns ns

Precision 0.25 0.14 0.26 ns ns ns
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Figure 1L Mean generalization gradient, fitest (adapted from Guttman & Kalish, 1956).
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Figure 6 Averagegradient means across trial blocks durimg ¢ieneralization test for Study 1.

Trial blocks are scaled to theaxis; stimulus value is scaled to thexis.
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Figure 7. Average gradientfor the control, S64,S- 78, andS- 92 groupdor Study 2 Stimuli

are scaled to theaxis, meanfreeincy of MAyesd respmRNses are sca



















































