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Abstract

Word association tests (WATS) have been widely used to examine associative/semantic memory
structures and shown to be relevant to behavior and its underpinnings. Despite successful
applications of WATS in diverse research areas, few studies have examined psychometric
properties of these tests or other open-ended cognitive tests of common use. Modern test theory
models, such as item response theory (IRT) models, are well suited to evaluate interpretations of
this class of test. In this evaluation, unidimensional IRT models were fitted to the data on the
WAT designed to capture associative memory relevant to an important applied issue: casual sex in
a sample of 1138 adult drug offenders. Using association instructions, participants were instructed
to generate the first behavior or action that came to mind in response to cues (e.g., “hotel/motel”)
that might elicit casual sex-related responses. Results indicate a multitude of evidence for the
internal validity of WAT score interpretations. All WAT items measured a single latent trait of
casual sex-related associative memory, strongly related to the latent trait, and were invariant
across gender, ethnicity, age groups, and sex partner profiles. The WAT was highly informative at
average-to-high levels of the latent trait and also associated with risky sex behavior, demonstrating
the usefulness of this class of test. The study illustrates the utility of the assessments in this at-risk
population as well as the benefits of application of the modern test theory models in the evaluation
of internal validity of open-ended cognitive test score interpretation.
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Recent years have seen burgeoning research efforts to determine the interplay between
health behaviors and preexisting associative memory structures, as revealed through tests
that have been documented to assess associative memory (Stacy & Wiers, 2010). Though
diverse models of memory are available to help explain this interplay, traditional associative
network models (e.g., Anderson, 1983; Wickelgren, 1976) are perhaps the most well known
across research areas. Associative network models posit that concepts are represented in an
associative memory network as nodes, which are interconnected among one another through
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links with varying levels of associative strength. Processing a concept (e.g., a visual word
"rain") spontaneously activates other related concepts, and this memory activation pattern,
or the associative memory structure, is assumed to reflect one’s repetitive experiences in
everyday life. Thus, the concepts that tend to co-occur in the same context (e.g., "rain" and
"umbrella™) are strongly connected to each other in memory (Nelson, McKinney, Gee, &
Janczura, 1998).

Word Association Tests

Word association tests (WATS), which employ either free association or controlled
association instructions, are among the most widely used procedures that capture the pattern
and strength of association among concepts in long-term memory (Nelson, McEvoy, &
Schreiber, 2004; Steyvers, Shiffrin, & Nelson, 2005). A typical WAT, using free association
instructions, involves a visual or auditory presentation of a cue (e.g., "rain") to which
participants are instructed to produce the first word or phrase that comes to mind (e.g.,
"umbrella™). Instructions are indirect in the sense that they focus on top of mind,
spontaneous responses, rather than recollection of a previous event, judgments or inferences
about concept relations or subjective probability. In WATS designed to elicit a target
response related to a particular behavior, indirect instructions also imply that the behavior is
not an explicit focus of the assessment. First responses generated by participants in WATSs
using indirect instructions are thought to represent the strongest associates for a given cue
(Nelson, McEvoy, & Dennis, 2000) though variants of the test have shown that subsequent
responses can be quite informative (Szalay & Deese, 1978). In cognitive research, WATS
have continually been used to infer implicit processes in experimental paradigms that assess
associative responses (e.g., Levy, Stark, & Squire, 2004; Shimamura & Squire, 1984). These
assessments also have provided an effective index of association strength in memory used in
association norms, which have been found to be among the strongest predictors of cognitive
effects across diverse procedures such as illusory memory (Roediger, Watson, McDermott,
& Gallo, 2001), semantic priming (Hutchison, Balota, Cortese, & Watson, 2008), and
extralist cued-recall (Nelson, McKinney, Gee, & Janczura, 1998). No other open or closed
ended assessment has shown this degree of widespread utility in revealing associations in
memory at both individual and normative levels.

A variety of studies have demonstrated that WATS are also relevant to behavior, its
underpinnings, and applied research. As some examples, WATS have been used effectively
in research on cross-cultural comparisons (Szalay, Strohl, Fu, & Lao, 1994), repression-
sensitization traits (Galbraith & Lieberman, 1972), depression (Alison & Burgess, 2003;
Watkins, Vache, Verney, & Mathews, 1996), attitude toward food (Rozin, Kurzer, & Cohen,
2002), and other health related topics, such as alcohol, tobacco, and other drug use (Ames, et
al., 2007; Kelly, Masterman, & Marlatt, 2005; Kelly, Haynes, & Marlatt, 2008) and HIV
risk (Ames, Grenard, & Stacy, 2013). WATSs have been found to be good predictors of
various health behaviors studied to date, even when more traditional predictors have been
controlled for in the analysis (see Stacy & Wiers, 2010, for review). Thus, WATSs are
frequently used to predict behavior and to infer underlying associations in memory;
cognitive research also has shown strong value as just outlined. When associations in
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memory are a focus of theory, prediction models, or intervention, then WATS provide one of
the few assessment options with previous empirical support across domains.

Though WATS have been successfully applied in basic and applied research, few studies
have reported comprehensive psychometric properties of these tests. The only exception to
our knowledge is a recent study on alcohol- and marijuana-related WATS (Shono, Grenard,
Ames, & Stacy, 2014). The results are in line with a recent meta-analytic study showing that
the WATS are, among other tests of associative memory, some of the most useful predictors
of substance use behavior (Rooke, Hine, & Thorsteinsson, 2008). In other research areas
across cognitive, social, and behavioral domains, including work on HIV risk, the dearth of
prior comprehensive psychometric investigations of WATS is clear. With HIV risk in
particular, there is a more general lack of application of thoroughgoing attempts to
understand the full psychometric profile of tests of cognitive mediators of HIV risk
behavior. The current study attempts to fill this void by illustrating comprehensive
psychometric modeling from modern test theory and internal validity perspectives to
evaluate the interpretations of the WAT as a test of associative memory structure. Although
traditional classical test theory (CTT) approaches have provided useful information about
cognitive processes and behavior in this behavior domain (Czopp, Monteith, Zimmerman, &
Lynam, 2004; Galbraith, 1968), several advantages of modern test theory over CTT have
long been noted in the literature (e.g., Hambleton & Jones, 1993; Reise, Ainsworth, &
Haviland, 2005). Thus, the present study utilizes an item response theory (IRT) framework
to fully understand the psychometric characteristics and evaluate the internal validity of
casual sex-related WAT score interpretation.

Validity Theory

Though various theoretical perspectives on validity have been developed (e.g., Borsboom,
Mellenbergh, & van Heerden, 2004; Cronbach & Meehl, 1995; Embretson, 1983;
Loevinger, 1957; McArdle & Prescott, 1992; Messick, 1989), the present study adopted a
dual account of validity (Grimm & Widaman, 2012; McArdle & Prescott, 1992), in which
validity is distinguished between internal and external aspects®. Internal validity, which is a
main focus of the current investigation, is concerned with item-level psychometric
questions, such as item content, the relationship among items, the relationship of items to a
latent construct, and the difficulty of items (Grimm & Widaman, 2012). External validity, on
the other hand, addresses the relation of test scores of interest and those of other measures,
seeking criterion-related evidence, convergent and divergent evidence, evidence of change
in construct, and positive and negative consequences of test score interpretations (Grimm &
Widaman, 2012). The present study evaluates the various components of the internal
validity of WAT score interpretation, using IRT and related methods.

Item Response Theory

IRT is particularly well suited for evaluation of validity of test score interpretation at the
item-level (Grimm & Widaman, 2012). IRT provides a series of nonlinear relationships

INote that the concepts of internal and external validity in this context are applied to a property of test score interpretations. Though
similar, they are not isomorphic with the internal and external validity of research design (Campbell and Stanley, 1963).
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between observed item responses and a latent trait of interest, with an assumption that one’s
item response is influenced by the underlying latent trait (Embretson & Reise, 2000). In the
present study, we assumed that a latent trait represented casual sex-related associative
memory. A higher level of the latent casual sex-related associative memory can be defined
as an associative memory network wherein a greater number of concepts are interconnected
with relative strength to a casual sex-related concept. Following the associative memory
account of health behavior (Stacy, 1997; Stacy, Ames, Ullman, Zogg, & Leigh, 2006), we
further assumed that participants’ levels of the latent casual sex-related associative memory
would lead to variations in their item response patterns on the WAT. Hence, those who
possess higher levels of the latent casual sex associative memory would be likely to exhibit
different item response patterns in the WAT (e.g., more endorsement of casual sex-related
responses) as compared to those with lower levels.

The present study employed a unidimensional two-parameter logistic model (2PLM;
Birnbaum, 1968) because the WAT was designed to assess a single latent factor, and all
WAT items were dichotomous responses (i.e., 1 = related to casual sex, 0 = not related to
casual sex). In the 2PLM, the probability that participants endorse a casual sex-related
response to a given WAT item is expressed as:

1
1—|—exp[—Da7(¢9 — b1)] ’

where x; is the observed response for an item i, 0 is a latent attribute of interest (e.g., casual
sex-related associative memory), ais an item discrimination parameter, b is an item
difficulty parameter, and D is a scaling factor of 1.7. The item discrimination parameter
describes how closely an item is related to 0, and thus a higher a is desirable. The item
difficulty parameter defines the level of 6 at which approximately half of the participants
endorse an item. It indicates that the higher the b value a WAT item has, the higher level of
the latent associative memory would be required for a sex-related response to be endorsed.
Located on the same continuum as 6, the difficulty parameter and 6 share the same metrics,
which usually has a mean of 0 and a standard deviation of 1. In IRT, a participant’s level of
a latent attribute is estimated by using his or her response pattern for a set of items, along
with item parameter estimates (Embretson & Reise, 2000). More specifically, IRT scoring
takes into account not only how many items participants endorse, but also which items they
endorse. For example, two participants who endorsed five sex-related responses on the
WAT may have different estimates of the latent trait scores since, for example, items with
higher discrimination parameter values contribute more to the latent trait score (Edwards,
2009). In contrast, all items are weighted equally to a total score in CTT.

IRT also permits estimations of reliability with great flexibility. Reliability in IRT can be
obtained at any point on a latent trait continuum at both item and test levels. In CTT, on the
other hand, a reliability index (e.g., coefficient «) is a fixed estimate for a set of test items.
The present study reports detailed information on the precision of both WAT items and
WAT as a test in relation to the underlying latent casual sex-related associative memory.
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Moreover, IRT-based tests of differential item functioning (DIF) provides some advantages
over CTT-based tests, including interpretation (e.g., sample-independent characteristics) and
evaluation (e.g., use of graphical representation) of DIF (Edwards & Edelen, 2009). DIF is
said to occur when an item parameter estimate is not equivalent across subgroups (e.g., male
and female) of a study sample after adjusting for overall differences between subgroups on a
latent trait. Detection of DIF items is essential since DIF items could be a potential threat to
validity of test score interpretation (Kristjansson, Aylesworth, McDowell, & Zumbo, 2005).
The IRT-based DIF test, with use of the linking procedures, provides another attractive
methodological advantage. IRT can analyze simultaneously items from multiple studies or
items from different tests designed to measure the same construct by aggregating raw data
from multiple studies or multiple tests (Curran & Hussong, 2009). In the present study, we
pooled raw data from two independent studies on cognitive processes in HIV risk behaviors.
Pooling increases the power for evaluating DIF across groups and can make subgroup
comparisons possible. Subgroups in the present study included the study samples (Study 1
vs. Study 2), gender (male vs. female), ethnicities (Hispanic vs. Non-Hispanic White), age
groups (emerging adult vs. early adult vs. middle adult), and sex partner profiles (main
partner only vs. casual or exchange partner only), demonstrating the flexibility and utility of
IRT evaluation of DIF. The present work illustrates that these comprehensive procedures are
quite useful for investigation of internal validity even when the items originate in an open-
ended, top of mind form.

Current Study

The samples selected in the present study are highly relevant to the focus on casual sex in
the WAT and the illustration of IRT in cognitive domains of risk behavior. The samples
were drawn from a population of adult drug offenders known to have high levels of casual
sex, unprotected sex, and drug use (Leigh, Ames, & Stacy, 2008). Assessment in this
population can be challenging, but the protocol has been developed and refined over time to
make rigorous psychometric evaluation feasible. Comprehensive evaluation is important so
that advances can be made in assessments, relevant to future work on both theory and
evidence-based interventions. The present study illustrates the utility of the assessments in
this at-risk population as well as the benefits of application of the modern test theory models
in the evaluation of evidence of internal validity.

Following Grimm and Widaman (2012), we examined various components of internal
validity, including underlying dimensionality, detailed item properties, reliability at item and
test levels across the latent trait continuum, DIF across various subgroups and latent trait
scores across groups. Moreover, we also examined one component of external validity:
criterion-related evidence through the association between casual sex-related associative
memory and HIV risk behavior. As the past studies have shown the predictive utility of the
WAT on HIV risk behaviors (e.g., Stacy, Ames, Ullman, Zogg, & Leigh, 2006), it was
expected that higher levels of casual sex-related associative memory would be associated
with more risky HIV behavior. Though a main focus of the current investigation was the
evaluation of the internal validity of the WAT score interpretation, examination of the
criterion-related validity would be informative from both psychometric and substantive
perspectives.
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Method

Participants

Data for the current study were drawn from two studies on cognitive processes in drug abuse
and HIV risk behaviors. Participants in both studies were adult drug offenders who were
enrolled in various drug diversion programs in Southern California. Study 1, conducted
during the period between 2009 and 2010, included 485 participants (female = 131).
Participants in Study 2, which was part of a large-scale longitudinal study being conducted
between 2011 and 2012, were 666 adult drug offenders (female = 186). Of 666, 13
participants were dropped from the analyses due to an excess number of missing trials on the
word association test (WAT; see the measures section for more detail). Thus, the total
number for the current study was 1138 participants (female = 315), ranging in age from 18
to 55 (M = 31.44, SD = 10.81).

Measures

Word association test (WAT)—The casual sex-related WAT is an indirect memory test,
designed to measure preexisting structures of associative memory relevant to casual sex
concepts. Twenty-four target cue words or phrases were selected based on a pilot study
where 107 participants produced the first word that came to mind when they thought of 46
potential cues that might elicit sex-related responses. Half of the 24 target cues consisted of
a single word or phrase related to affective outcomes of sexual behaviors (e.g.,
"excitement"), locations (e.g., "hotel/motel™) or situations (e.g., "hanging out"), and the other
half were compound cues consisting of a combination of location/situation and affective
outcome (e.g., "At a motel, feels pleasant”, "Friday night, having fun™), or situation and two
affective outcomes, some of which could be related to drug use (e.g., "Friday night, pleasant
feelings, getting high™). On each trial, a cue appeared in the center of a computer display and
participants were asked to type the first behavior or action that came to mind as quickly as
they could. Participants typed their responses in a text box presented right below the cue in
the center of the display, and the next trial began after they typed their response or after 21
seconds had elapsed since the onset of the cue, whichever came first. In addition to the 24
target cues, there were 10 filler cues not related to either sex or drug use. After participants
completed all WAT items, responses were scored using a validated self-coding procedure
(Frigon & Krank, 2009; Krank, Schoenfeld, & Frigon, 2010). In this procedure, participants
were provided each WAT cue and their own typed response, in conjunction with a list of
behavior-related categories. They were asked to select which category from the list most
closely matched each of their responses. The categories included casual sex, safe sex, sex
with main partner, alcohol, marijuana, cocaine, methamphetamine, other drugs, exercise,
food, sleeping, playing sports, and "none of the above.” For the sake of the present analysis,
responses selected for the casual-sex category were coded 1 and other responses were coded
0. Recent studies? have shown that self-coded WAT scores can be more accurate indicators

2The current study had four raters independently code WAT responses in terms of casual sex concepts in a random sample of 150
participants selected from Study 2. Inter-rater agreement among the four raters, as measured by Light’s kappa (1971), was excellent
(kappa = .92). Unit weight total WAT scores were created based on the scores coded by each rater. These four independent total
scores were strongly related to the total WAT scores calculated from self-coding (rs ranged from .51 to .53). The results were
comparable to those reported in previous studies (e.g., Krank et al., 2010).
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of memory association and were more predictive of behavior than rater-coded scores since
participants likely know their intended meaning of their responses, some of which could be
ambiguous to raters (Krank et al., 2010). The predictive utility of WAT self-coded scores
has been demonstrated in studies on risk behavior and WAT (e.g., Ames et al., 2013).

HIV risk behaviors—Multiple sex partners were assessed with three items using a 7-point
scale ranging from 0 (none) to 6 (six or more; coefficient alpha= .87). Participants were
instructed to indicate the number of partners that they had in the past 4 months for casual
sex, a one-night stand, and sex on a first meeting. Sex partner profiles were assessed with
three items that asked participants to estimate separately the number of main, casual, and
exchange sex partners they had during the past year. Based on responses to these items,
participants were categorized into three groups: those who had sex with only main partners,
those who had sex with only casual or exchange partners, or others.

Participants in both Study 1 and 2 were recruited from drug diversion programs. They were
provided with the consent information verbally and were informed that their participation in
the study was completely voluntary and confidential and that their responses were fully
protected by a Certificate of Confidentiality from the National Institutes of Health. Those
who agreed to participate were invited to a mobile computer laboratory that was set up in a
room provided by a drug diversion program facility. A trained, experienced data collector
from Claremont Graduate University led each data collection session and provided
introductory instructions on how to complete the computerized assessment. Further
instructions were provided on the computer. The computer-based assessments were
administered in small groups, with a maximum size of 15. Participants received $15 in
exchange for their participation at the end of the assessment.

Data Analysis Plan

IRT assumptions: Unidimensionality and local independence—First, we
conducted categorical confirmatory factor analysis (CCFA), using Mplus 6.11 (Muthen &
Muthen, 2011), to evaluate whether the casual sex WAT satisfied the unidimensionality
assumption. A one-factor CCFA model was fit to the aggregated data such that all items
would load onto a single latent construct of associative memory relevant to casual sex.
Weighted least-squares with mean and variance adjustment (WLSMV; Muthen, du Toit, &
Spisic, 1997) was used as an estimator to accommaodate binary WAT variables (Flora &
Curran, 2004). Model fit was evaluated according to the guidelines suggested by Hu and
Bentler (1999). In relation to the unidimensionality assumption, we also assessed local
dependence (LD) in all item pairs, using two criteria: (a) modification indices (MI) of
residual covariances from the CCFA model described above and (b) the local dependence
X2(LD X2 Chen & Thissen, 1997), obtained from an item calibration with a two-parameter
logistic model (2PLM). Item pairs with LD X2 values of 10 or greater and/or M values of
20 or greater were flagged as possible instances of LD, and similarity of item contents was
examined to ensure the conceptual plausibility of these instances. Presence of potential LD
is observed when there are residual correlations among two or more items after adjusting for
a single latent trait (Thissen & Steinberg, 2009). LD brings negative influences to various
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aspects of IRT modeling, including biased estimates of item parameters, latent trait scores,
and latent trait dimensions (Embretson & Reise, 2000).

Item calibration—Following the evaluation of the unidimensionality of the casual sex
WAT items, we estimated both one-parameter (1PLM) and two parameter (2PLM) logistic
models, with marginal maximum likelihood estimation using flexMIRT (Cai, 2012) to
evaluate item properties. Item difficulty parameters were estimated freely for all items in
both 1PLM and 2PLM. In contrast, discrimination parameters were estimated freely in
2PLM whereas they were estimated with equivalence constraints across all items in 1PLM.
A likelihood ratio test was used to compare the fit of the two models. The parameter
estimates obtained from this step were then used in the subsequent DIF analyses.

DIF and latent trait means—A series of DIF analyses were conducted to examine if the
initial item parameter estimates were invariant across different subgroups of the study
sample after controlling for the levels of a latent trait. More specifically, we sought to
examine if each WAT item functioned equivalently in terms of the a and b parameters
across studies (Study 1 vs. Study 2), genders (male vs. female), ethnicities (Hispanic vs.
Non-Hispanic White), age groups (emerging adult vs. early adult vs. middle adult), and sex
partner profiles (main partner only vs. casual or exchange partners only). For a comparison
of each subgroup, we first conducted two-step Wald tests (Langer, 2008; Woods, Cai, &
Wang, 2013) to identify potential WAT items that could serve as unbiased anchor items in
subsequent one-step Wald tests (Woods et al., 2013). It is necessary to find anchor items to
link the groups in comparison (e.g., Study 1 vs. Study 2) so that the parameters to be
estimated for each group can be placed onto a common scale (Embretson & Reise, 2000). In
the first step of the two-step Wald test, the mean (M) and standard deviation (SD) of the
focal group (e.g., Study 2) were freely estimated while 1) M and SD of the reference group
(e.g., Study 1) were fixed to 0 and 1, respectively, and 2) item parameters were constrained
to be equal between groups. In the second step, all item parameters were estimated freely for
both groups while applying the M and SD obtained in step 1 for the focal group (the
reference group still had the M and SD of 0 and 1, respectively). After identifying anchor
items, we performed one-step Wald tests (Woods et al., 2013) to determine whether or not
candidate items (i.e., the items not identified as anchors) exhibited DIF. In the one-step
Wald tests, 2PLMs for each group (e.g., Study 1 and Study 2) were simultaneously fit to the
data with the following specification: 1) the M and SD of the focal group were estimated
freely while the M and SD of the reference group were fixed to 0 and 1, respectively, and 2)
the item parameters of the candidate items were estimated freely in each group while those
of the anchor items were constrained equal across groups. A Benjamini-Hochberg procedure
(Benjamini & Hochberg, 1995) was used to control for a false discovery rate in both the
one-step and two-step Wald tests. Following the DIF tests, latent trait mean scores were
compared across studies, genders, ethnicities, age groups, and sex partner profiles by
estimating multiple group 2PLMs wherein the item parameters of non-DIF items were
constrained to be equal across groups and those of DIF items were free to vary.
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Final item calibration and IRT scoring—Alternative sets of WAT items were
evaluated by estimating a 2PLM. Latent trait scores were calculated, using the expected a
posteriori (EAP) method.

Associations with criterion measures—We examined the association between the
estimated latent trait scores on the WAT and the multiple sex partner scale scores. Using a
latent variable modeling (LVM) approach, a point and interval estimate of the correlation
coefficient was obtained using Mplus 6.11 (Muthen & Muthen, 2011).

CTT-based Summary Statistics

The second and third columns of Table 1 display, respectively, corrected total-item
correlations as measured by point-biserial correlation coefficients (rp,) and the mean item
endorsement (p-value). The mean item endorsement related to casual sex varied from 6% to
31% across 24 items3, which is common especially when word cues have many potential
associates (Nelson, McEvoy, & Schreiber, 2004). All items showed moderate-to-strong
item-total correlations (rpy, range [.37, .62]), indicating that for each item, those who
endorsed greater numbers of casual sex-related responses across trials tended to endorse a
casual sex-related response to the item. Total WAT scores, observed score-based indices of
the strength of memory associations related to casual sex, were computed for each
participant by summing the number of casual sex-related responses across 24 items. Higher
scores indicate a stronger degree of memory association. The distribution of the total scores
was skewed positively, as is typical with this type of open-ended item format (range [0, 23];
M = 3.33, D = 4.46; median = 1.00; skewness = 1.71).

IRT Analysis

IRT assumptions—The fit of the CCFA model was rejectable, X2 (df = 252) = 735.79, p
<.001, likely due to the large sample size; however, the practical fit indices indicated a good
model fit, with Tucker-Lewis Index (TLI) = .954, Comparative fit index (CFI) = .958, and
RMSEA =.041, 90% CI [.038, .045]. Factor loadings of 24 WAT items ranged from .59 to .
83 and they were all significant (p < .01). Although these results may be seen as a support of
the unidimensionality assumption, subsequent tests of the local independence (LI)
assumption suggested that several items should be examined for potential local dependence
(LD). Specifically, relatively large values of M1 (> 20.0) and/or LD X2 (> 10.0) were
obtained, respectively, from the CCFA and IRT (2PLM) for the following item pairs%: (a)
"At a motel, feels good" and "At a motel, feels pleasant” (MI = 67.8, LD X2 = 15.3), (b)
"Friday night, feeling good, using drugs" and "Friday night, pleasant feelings, getting high"
(M1 = 107.5, LD X2 =25.1), (c) "Friday night, feeling good, drinking" and "Friday night,

3A cut-off criterion for an extremely low proportion of item endorsement was set at 2% (e.g., Curran, et al., 2008), which would likely
cause convergence issues in subsequent IRT parameter estimations. Although not investigated in this article, other WAT responses
with more than minimal endorsement rates across items were alcohol use (6% to 60%), cannabis use (6% to 38%), and
methamphetamine use (3% to 33%).

4Besides the five item pairs, two other item pairs had MI > 20.0, but LD X2 <10.0. However, inspection of the item contents revealed
less lexical similarity between the items (“At a bar, feels pleasant” vs. “Friday night, feeling good, drinking”; “feeling relaxed” vs.
“having fun”). Thus, these items were retained.
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having fun, getting drunk" (MI = 24.41, LD X2 = 2.8), (d) “Friday night, having fun, getting
drunk” and “Friday night, feeling good, using drugs” (M1 = 28.66, LD X2 = 9.1) and (e)
“Friend’s House/Apartment" and "With Friends" (MI = 23.87, LD X2 = 3.0). Following
examination of the item contents, we set aside from the analyses the items, "At a motel, feels
good," "Friday night, feeling good, drinking," "Friday night, feeling good, using drugs," and
"with friends."

With 20 WAT items, CCFA results showed a good model fit, TLI =.978, CFI =.980,
RMSEA =.029, 90% CI [.024, .033] though the exact fit of the model was rejectable, X2 (df
=170) = 328.14, p < .01. No item pairs exceeded the cut-off scores for Ml and LD X2,
except that the two item pairs that had M1 values over 20.0 in the initial CCFA but were not
excluded from the current model again showed MI values greater than 20.0 (26.8 and 22.5).

Initial item calibration—After confirming the unidimensionality of the casual sex WAT,
we estimated 1PLM and 2PLM using 20 WAT items to evaluate the item properties. Both
models revealed a good fit with RMSEA = 0.03 and no indication of item misfit as judged
by item fit indices (S-X2; Orlando & Thissen, 2000) after controlling for the false discovery
rate using the Benjamini-Hochberg procedures (see Table 1). In terms of the item parameter
estimates, the discrimination parameter ranged from 1.33 to 3.02 in 2PLM whereas it was
2.00 across the items in 1PLM (see Table 1). The ranges of the difficulty parameters were
estimated from 0.83 to 2.11 in 2PLM and from 0.72 to 2.07 in 1PLM. A likelihood ratio test
revealed that 2PLM provided a significantly better fit than 1PLM, G2 (df = 19) = 81.85, p<.
001.

DIF and latent trait means—DIF tests were conducted to examine if the WAT items
functioned equivalently across subgroups, including study samples (Study 1 vs. Study 2),
gender (male vs. female), ethnicity (Hispanic vs. Non-Hispanic White), age groups
(emerging adults vs. early adults vs. middle adults), and sex partner profiles (main partner
only vs. casual/exchange partners). Table 2 presents the results of the one-step Wald test
(Cai, Thissen, & du Toit, 2011) for the candidate items identified from the two-step Wald
test. Adjusting for the false discovery rate with the Benjamini-Hochberg procedures, the
overall Wald test revealed that significant DIF was detected only for the item "With friends,
feels pleasant” between males and females, X2 (2) = 7.3, p = .003. The subsequent individual
tests showed that the discrimination parameter of this item differed significantly between
genders, X2 (1) = 7.2, p = .007, indicating that, after matching male and female participants
on the latent trait, the item was more strongly related to the latent trait for males (a = 2.37)
than for females (a = 0.93). Moreover, the difficulty parameter of this item was estimated
with an extremely large standard error value for females (b = 3.57, SE = 1.14) though no
evidence of item misfit for the item was found, S-X?(2) = 5.3, p = 0.07. Thus, this item was
set aside from the final calibration of the casual sex-related WAT (see below).
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Table 3 reports estimates of latent trait means and observed means® by subgroups. In each of
the subgroups, the latent mean was fixed to 0 for the reference groups (Study 1, male,
Hispanic, early adulthood, and main sex partner only). In a multiple group 2PLM that
compared males and females, item parameters for all but one item that was found to show
DIF were constrained to be equal across groups. Results showed that the latent trait scores
were lower for females than males (Z = -7.50, p < .01). For the comparison of the three age
groups (emerging, early, and middle adults), middle adults, as compared with early adults,
scored significantly lower on the latent casual sex associative memory (Z = -2.00, p < .01).
No difference was found between emerging adults and early adults (Z = -.50, ns). For the
comparison of sex partner profiles, the latent trait mean scores were higher for those who
had sex with either casual or exchange partners than those who had sex with only main
partners in the past year (Z = 4.50, p < .01). The latent trait means did not differ between
Study 1 and Study 2 (Z = -.50, ns) and between Hispanic and Non-Hispanic Whites (Z =
0.86, ns).

Final item calibration and IRT scoring—After excluding one item with DIF across
genders, we estimated another 2PLM with a total of 19 WAT items. The model fit the data
well (RMSEA =.003) and all items had good item fit. The last four columns of Table 1
display the item parameters and item fit indices for the 19 WAT items. All the items were
strongly related to the latent casual sex associative memory (a = 1.35), indicating that the
WAT items differentiated effectively among the participants with different trait levels.

Table 4 presents the item and test information functions (I1F and TIF, respectively) as a
function of various levels of the underlying latent associative memory relevant to casual sex.
Almost all the WAT items were most informative at the moderate-to-high levels of the latent
trait (0.5 <6 < 2.0). TIF and its corresponding reliability estimates presented at the bottom
two lines of Table 4 show that the casual sex WAT with the 19 items was most reliable at
the range of © between 0 and 2.0.

Criterion-related Validity

As expected, the latent associative memory relevant to casual sex was correlated with risky
sex behaviors. The adult drug offenders who had higher levels of casual sex associative
memory tended to have greater numbers of casual sex partners (r = .35, 95% CI [.30, .41]).

Discussion

As a test of preexisting associative memory structures, WATS have been quite useful in
previous research across several domains of cognitive research, as well as research on
culture, traits, health behavior, and clinically-relevant symptoms. The present study
evaluated the internal validity and criterion-related validity of interpretations of WAT scores
designed to assess preexisting associative memory structures relevant to casual sex concepts,

SSimilar patterns of results were obtained between the latent trait and observed scores largely because the current WAT did not
include DIF items across subgroups. Note, however, that the distribution of the latent trait scores appeared closer to a normal
distribution, relative to that of the observed scores (e.g., skewness was .54 and 1.6, for latent trait and observed scores, respectively).
Thus, the latent trait scores were used in the subsequent analysis of criterion-related validity (see texts).
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in a sample of adult drug offenders. Applying IRT and related psychometric approaches, we
obtained evidence for both internal validity and criterion-related validity.

Validity Evidence

Reliability

The results from the CCFA and IRT analysis confirmed that all the WAT items measured a
single latent factor of casual sex-related associative memory, and no item pairs exhibited
local dependency in the revised 19-item WAT. An examination of the estimated item
parameters of the two-parameter logistic model (2PLM) revealed that all these items were
strongly related to the underlying latent casual sex-related associative memory, and
moderate-to-high levels of the latent trait were likely to be required for adult drug offenders
to endorse casual sex-related responses. These results were consistent with those of a
previous study, which demonstrated unidimensionality and good item properties of WATS
for alcohol and marijuana use among at-risk adolescents (Shono et al., 2014). Moreover, the
casual sex-related WAT exhibited evidence for content validity. As noted earlier, the WAT
items represented different content domains relevant to casual sex concepts, including
affective outcomes, situations and locations. These items have been shown to elicit sex-
related WAT responses among those who tended to engage in risky sex behaviors (Ames et
al., 2013; Grenard, Ames, & Stacy, 2013).

The present investigation also revealed that all the items in the revised WAT functioned
equivalently across study groups, gender, ethnicity, age groups, and sex partner profiles,
after controlling for the overall differences on the latent associative memory. The findings of
the invariant WAT items not only provided additional internal validity evidence, but also
indicated that potential adverse impacts on WAT score interpretations (e.g., test score bias
for members of a certain subgroup) were likely minimized. Though not a main focus of the
current investigation, the latter can be considered as evidence of external validity (Grimm &
Widaman, 2012) or a consequential aspect of validity (Messick, 1989). Further support for
external validity was observed by the finding that the estimated latent trait scores on the
casual sex-related WAT were correlated with the scores on the casual sex partners scale. The
result provided further evidence that sex-related associative memory, as measured through
WAT, is related to HIV risk behavior (Ames et al., 2013, Stacy, Newcomb, & Ames, 2000).

Lastly, we note that the WAT in the current investigation was administered under indirect
test instructions. In response to a WAT cue (e.g., "hotel/motel"), participants generated the
very first behavior or action that came to mind without given any reference to a target
behavior. Hence, observed responses presumably reflected the underlying cognitive
processes of spontaneous retrieval of memory associations. Drawing on these substantive
grounds, coupled with the obtained psychometric evidence discussed above, we argue that
the casual sex-related WAT is a plausible test for casual sex-related associative memory.

As noted in the introduction to this article, one of the advantages of IRT over CTT is that
reliability can be estimated at any point on the latent trait continuum. The present study

demonstrated that all the WAT items were most reliable at moderate-to-high levels of the
latent casual sex-related associative memory (see Table 1). Similarly, at the test level, the
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casual sex WAT was most accurate at these levels of the latent trait, providing total
information of over 10, which is equivalent to a traditional reliability estimate of .90. The
WAT also had good reliability of .80 at around the mean level of the latent trait. In contrast,
little information was provided on the other end of the latent trait continuum (6 < —1.0).
Thus, it can be concluded that the casual sex-related WAT revealed good-to-excellent
reliabilities in the range between the mean and high level of the latent casual sex-related
associative memory. We argue that the observed effectiveness of the WAT in the limited
range of the latent trait (0 > 0) does not undermine the internal validity of the WAT score
interpretations. In the IRT-based psychometric literature, it is not uncommon to observe
such a narrow coverage of a latent trait especially when a latent trait of interest is a unipolar
or "quasi-trait" construct such as depression and anxiety (Reise & Waller, 2009). According
to Reise and Waller (2009), because the lower end of a latent unipolar trait indicates an
absence of the trait (e.g., no depression, no anxiety), a scale that is accurate at the lower end
of the unipolar latent trait is not as informative as the one that is accurate in the central or
higher region of the continuum. This appears to be the case for the latent casual sex-related
associative memory. Furthermore, the WAT instructions were indirect, did not focus on any
particular target behavior, and had the goal of activating one’s memory associations without
requiring awareness of what was tested (i.e., sex-related concepts). Thus, it may be difficult,
if not impossible, to find a set of cues that would elicit casual sex-related responses very
easily for individuals with lower levels of casual sex-related associative memory without an
explicit reference to casual sex behavior. Therefore, we argue that the casual sex-related
WAT demonstrated a good range of coverage of the latent trait.

Comparisons of Latent Trait Means

The present study also compared the estimates of the latent trait scores across subgroups. In
a novel finding, middle adult drug offenders had a lower latent mean than both emerging
and early adult drug offenders, and the latter two groups did not differ in the latent means.
These results may, in part, be explained by developmental changes in the quality and status
of relationships (Augustus-Horvath & Tylka, 2011) that might have an impact on the
associative memory structures relevant to the casual sex concepts. Since older adults are
more likely than younger adults to engage in stable relationships, they might less often
generate casual sex-related responses to given WAT cues. Another possible explanation is
that age differences in the latent casual sex-related associative memory more or less reflect
developmental changes in memory systems (Ofen & Shing, 2013). Future research should
examine the extent to which these factors potentially related to developmental changes
contribute to performance on WAT. The results also showed that male drug offenders had a
higher latent trait score than their female counterparts. This finding corroborated that of
Stacy et al. (2000), in which males responded with more sex-related responses than females
did on a version of the WAT consisting of cues with ambiguous meanings (i.e.,
homographs) that could be associated with sexual behaviors (e.g., “climax™). Finally, the
mean latent trait scores did not differ between drug offenders who were in Study 1 and those
who were in Study 2. Although these two independent studies were administered a year
apart, the results indicated the equivalence of the two pooled samples. Equivalence over
time and sample suggests that history and selection effects (Cook and Campbell, 1979) were
likely not operational over this period in the WAT despite the different samples and time
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periods. Overall, the pattern of findings across times and groups suggests that test score
interpretations are generalizable across times and drug offender samples.

Limitations and Conclusions

The present study has several caveats. First, the WAT items were limited to phrasal cues that
represented three types of contents (i.e., affective outcome, situations, locations) and their
combinations. However, prior studies have also shown the effectiveness of the WAT using
other types of cues, including homographs (e.g., “climax"; Stacy et al., 2000) and letter cues
(e.g.,"t___"; Stacy et al., 2006). Second, the results are generalizable only to adult drug
offenders. There are other populations at risk for HIV, including youth and men who have
sex with men (Centers for Disease Control and Prevention, 2012). Third, criterion-related
evidence was obtained as a form of concurrent validity between WAT and multiple sex
partners. Thus, it is not possible to infer the possible causal relationship between them. Last,
additional evidence for external validity, such as convergent and discriminant validity and
change validity could not be examined. Future research should address these limitations to
provide further evidence for the validity of WAT score interpretation.

In summary, the current study provided a multitude of evidence for different components of
internal validity as well as criterion-related validity of interpretations of the casual sex-
related WAT scores. The WAT items were strongly related to the latent casual sex-related
associative memory, and the WAT was reliable, especially at the mean-to-high levels of the
latent trait. Consistent with prior research, WAT was related to behavior. These findings
contribute to research in several domains in addition to work on cognitive processes related
to HIV risk. The findings illustrate that comprehensive psychometric evaluations using IRT
and related methods have great utility in work on word association or other assessments
using open-ended (fill-in-response) assessment procedures. Open-ended assessment methods
are applicable across many substantive areas, such as cognitive, social, and health
psychology, as well as cross-cultural and clinical research. The current study also
demonstrated that the assessment methods we employed can reveal reliable and useful data
in an at-risk drug offender population in the field, providing support for the appropriateness
of use of this type of population and setting for evaluation of theory (e.g., Stacy et al., 2006)
as well as interventions (e.g., Nydegger, Keeler, Hood, Siegel, & Stacy, 2013). Lastly, the
psychometric modeling procedures illustrated in the current study provide researchers with
useful tools to evaluate various components of internal validity of interest.
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