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Abstract

Category and letter verbal fluency assessment is widely used in basic and clinical research. Yet, the nature of the processes
measured by such means remains a matter of debate. To delineate automatic (free-associative) versus controlled
(dissociative) retrieval processes involved in verbal fluency tasks, we carried out a psychometric study combining a novel
lexical-semantic retrieval paradigm and structural equation modeling. We show that category fluency primarily engages a
free-associative retrieval, whereas letter fluency exerts executive suppression of habitual semantic associates. Importantly,
the models demonstrated that this dissociation is parametric rather than absolute, exhibiting a degree of unity as well
as diversity among the retrieval measures. These findings and further exploratory analyses validate that category and
letter fluency tasks reflect partially distinct forms of memory search and retrieval control, warranting different application
in basic research and clinical assessment. Finally, we conclude that the novel associative-dissociative paradigm provides
straightforward and useful behavioral measures for the assessment and differentiation of automatic versus controlled

retrieval ability.
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The ability to retrieve context-relevant knowledge from mem-
ory is fundamental for everyday adaptive behavior, thus
attracting much attention in basic and applied psychological
sciences. Lexical-semantic retrieval is commonly assessed by
means of verbal fluency tasks requiring individuals to contin-
uously generate verbal responses according to specified rules
in a limited time (Zemla et al., 2020). Typically, the testing
requires exploration and retrieval of words either belonging to
a semantic category (e.g., animals) or starting with a letter
(e.g., F) for up to 1minute (Abwender et al., 2001), thus
referred to as category fluency (CF; also known as semantic
fluency) and letter fluency (LF; also known as phonemic flu-
ency), and letter fluency (LF), respectively. Importantly,
except for probing human mnestic, language, and executive
functions in healthy individuals (Diamond, 2013; Shao et al.,
2014; Whiteside et al., 2016), verbal fluency tasks have been
extensively applied to evaluate the severity of cognitive
impairment in a range of neuropsychiatric disorders, includ-
ing attention-deficit/hyperactivity disorder, Alzheimer’s dis-
ease, schizophrenia, depression, and autism (Baldo et al.,
2006; Henry & Crawford, 2004; Monsch et al., 1994; Schmidt
et al., 2019; Troster et al., 1998; Zhao et al., 2013).

Intense research and debates concern the cognitive and
neural processes supporting CF versus LF, their specificity,
and diagnostic sensitivity. On one hand, both forms of flu-
ency share several core processes, such as self-monitoring,
planning, maintaining and updating cues, post-retrieval
selection, and mental flexibility (Rende et al., 2002; Troyer
et al., 1998; Unsworth et al., 2013), and are related to indi-
vidual processing speed as well as verbal abilities (Henry &
Phillips, 2006; Whiteside et al., 2016). Consistent with this
view, evidence from neuroimaging and neuropsychiatric
patients indicate that CF and LF tasks engage overlapping
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temporal-parietal and frontal brain regions supporting
semantic representation and retrieval control, respectively
(Biesbroek et al., 2016; Katzev et al., 2013; Schmidt et al.,
2019). Yet, several fine-grained analyses suggest that CF
versus LF tasks may engage partially distinct cognitive pro-
cesses and resources. For instance, CF seems to exert
greater demands on the integrity of semantic representation
(i.e., long-term stores) underpinned by the temporal lobe
(Grogan et al., 2009; Troster et al., 1998; Troyer et al.,
1998) and the hippocampus (Henry & Crawford, 2004;
Schmidt et al., 2019), whereas LF was proposed to predom-
inantly engage controlled access to memory representations
and mental lexicon, supported by the frontal lobe (Baldo
et al., 2010; Gourovitch et al., 2000). Furthermore, the two
tasks may encourage distinct search strategies—while the
category retrieval urges exploiting a well-organized seman-
tic knowledge, the letter-cued retrieval requires individuals
to follow phonological/orthographic criteria. Consequently,
given that category search mimics the natural way we
search and retrieve knowledge (Tudicello et al., 2012; Shao
et al., 2014), it more closely reflects automatic associative
retrieval processes. By contrast, as letter search has to com-
ply with artificial phonological constrains, this task entails
the need to suppress the natural mode of retrieving concepts
by meaning and semantic associations (Heim et al., 2009;
Henry & Crawford, 2004; Perret, 1974), and thus can be
considered more executively demanding. Therefore, despite
some similarities between the CF and the LF tasks, the cur-
rent evidence suggests that they differ in the relative
involvement of automatic versus controlled retrieval pro-
cesses. Nevertheless, direct psychometric evaluation of
such dissociation is lacking. Moreover, the assumption that
LF demands more cognitive control than CF, particularly
the capacity to suppress retrieving words by meaning (i.c.,
prepotent semantic associations), also awaits an explicit
verification. These open questions are addressed in the
present study.

Recent years have brought attempts to differentiate
automatic versus controlled (executive) processes in mem-
ory retrieval, striving to provide more informative mea-
sures for research and applied settings. With this regard, we
have developed and introduced a novel generative retrieval
paradigm, the Associative Chain Test (ACT) (Marko,
Michalko, et al., 2019; Marko & Riecansky, 2021b). In this
paradigm, individuals continuously generate sequences of
related (free-associative) and unrelated (dissociative)
words first separately, in two blocks with a fixed rule, and
then deliver related and unrelated word alternately, in a
third block with a switching rule. This structure enables
addressing two important conceptual contrasts. The first
stems from the evidence that free-associative production
engages an automatic mode of retrieval with little demands
on cognitive control (Collins & Loftus, 1975; Gray et al.,
2019; Marron et al., 2018), whereas generating unrelated

words exerts more time and demands on controlled inhibi-
tion, i.e., the inhibition cost (IC) (Allen et al., 2008; Collette
et al., 2001; Marko, Michalko, & Rie¢ansky, 2019; Marko
& Riecansky, 2021a, 2021b). Following that, the dissocia-
tive condition (and IC, see Figure 1B) operationalizes the
efficiency of controlled memory retrieval, particularly the
ability to inhibit automatic but semantically inappropriate
responses. The second contrast stems from the evidence
that flexible alternating between the retrieval rules further
increases retrieval latency (particularly for dissociative tri-
als), which has been attributed to demands on controlled
switching, i.e., the switching cost (SC) (see Figure 1B;
Marko, Cimrova, & Rie¢ansky, 2019; Marko & Riecansky,
2021a; Mayr & Kliegl, 2000; Troyer et al., 1997). Since
switching is essential to produce words while rules and
semantic sets are rapidly changing, the SC operationally
defines the cognitive (in)flexibility during lexical-semantic
memory retrieval.

Notably, in line with the proposed distinction between
automatic (associative) versus controlled (dissociative,
switching) processes in ACT, recent studies have shown
that free-associative retrieval engages the default mode
brain network (assumed to support spontaneous thought),
whereas dissociative retrieval and switching likely recruit
the executive control brain network (Allen et al., 2008;
Hyafil et al., 2009; Marko & Riecansky, 2021a; Marron
et al., 2020). Taken together, ACT is a novel behavioral
research method, which may provide informative measures
for exploring the variety of processes involved in verbal flu-
ency, leading to a more proper understanding and assess-
ment of the core functions governing lexical-semantic
memory retrieval.

The Present Study

The present study aimed to evaluate the hypothesized para-
metric differences in the contribution of automatic versus
controlled processes in (category vs. letter) verbal fluency
by using the (associative vs. dissociative) measures from
the novel retrieval paradigm (ACT). Before addressing that,
we tested three related assumptions: (a) retrieving words by
letter is more demanding (i.e., takes more time) than by cat-
egory, while using standard testing stimuli; (b) the dissocia-
tive retrieval takes more time than the associative retrieval
(due to demands on controlled inhibition); and that (c) alter-
nating the rules further increases the latency of dissociative
retrieval (due to demands on controlled switching).
Subsequently, we investigated the main hypotheses. Our
first hypothesis stemmed from previous theoretical views
that the retrieval measures may share a set of cognitive and
neural resources (Henry & Crawford, 2004; Rende et al.,
2002), yet differentially engage automatic versus con-
trolled/executive processes (Heim et al., 2009; Martin et al.,
1994; Perret, 1974). In particular, we hypothesized that
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Figure |. Retrieval performance in Verbal Fluency Tasks (A) and the Associative Chain Test (B)

Notes. Inhibition cost represents the difference between the dissociative and the associative retrieval in fixed chains (gray bars). Switching cost represents
the difference between the alternating (orange bars) and the fixed dissociative retrieval. Error bars represent =SE.

*p <.05. ¥p < .0]. #*p <.00| (adjusted using Holm correction where appropriate).

retrieval in the category condition would be more strongly
coupled with the associative (i.e., automatic) than the dis-
sociative (i.e., controlled) mode of retrieval in a confirma-
tory correlated factor model (CFM). Complementarily, we
hypothesized that retrieval in the letter condition would be
more strongly related to the dissociative than the associa-
tive retrieval in the same model. To test this complex
hypothesis, latent scores were estimated for each retrieval
measure (i.e., category/letter latency and associative/disso-
ciative latency) using structural equation modeling (SEM)
(Friedman & Miyake, 2017), and their mutual associations
were assessed. Here, we expected the latent constructs to be
substantially correlated to each other (i.e., showing a degree
of “unity”’) but, more importantly, we expected the paramet-
ric dissociation among these correlations (i.e., a degree of
“diversity”). This expected pattern was further verified by
comparing the differences among pair-wise correlations
between latent retrieval scores estimated from the model.
The next step was to address our second hypothesis that, in
addition to the processes and resources shared by all tasks
(e.g., access to memory representations, planning, or self-
monitoring), the dissociative and letter retrieval exert addi-
tional demands on semantic control (e.g., inhibition and/or
response selection; Marko, Michalko, & Riecansky, 2019;

Marko & Riecansky, 2021a; Perret, 1974). This hypothesis
was tested using a bifactor model (Dunn & McCray, 2020),
where we expected that, after partialling out the common
variance shared across all retrieval measures (i.e., the gen-
eral factor), the specific factors for dissociative and letter
retrieval (but not for the associative and category retrieval)
would retain significant factor variances and loadings, and
show higher explanatory power (R?). Here, significant vari-
ance, reliable loadings, and the remaining explanatory
power of a specific factor were considered as evidence for a
retrieval-specific process included in the respective task
(e.g., inhibitory processes in dissociative and letter retrieval
tasks) not captured fully by the general factor. Essentially,
confirming the hypotheses above would imply that CF and
LF tasks exert relatively distinct demands on automatic
memory retrieval (memory storage and vocabulary) versus
the retrieval control (executive regulation), bearing impor-
tant consequences for their practical application and assess-
ment of the respective memory functions.

Finally, a confirmatory factor analysis (CFA) including
the IC and the SC derived from ACT was conducted to
explore relationship between these two control processes
(Marko, Michalko, & Riecansky, 2019; Marko & Riecansky,
2021a,2021b). These latent scores were further subjected to
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an exploratory correlation analysis, along with the latent
verbal fluency scores, to explore whether LF has a particu-
lar link to inhibition (i.e., suppressing the natural mode of
retrieval by the meaning and associations). Notably, all the
considerations above were discussed with respect to the
(convergent and divergent) validity of the respective
retrieval tasks/measures, their specific utility for basic and
applied research, as well as their diagnostic value in clinical
settings.

Methods

Participants

Sample size was determined by an a priori power analysis
in G*Power (Faul et al., 2007) and semPower (R package,
see Jobst et al., 2021) at the level of a=.05 and 1 — B=.80.
For SEM, the required sample size of N=176 was esti-
mated for detecting significant misfit (root mean square
error of approximation [RMSEA] > .05) between hypothe-
sized and saturated models (a detailed description of the
sample size calculation for all procedures is provided in the
Supplemental materials file). Following that, a group of 189
healthy young adults, primarily undergraduate students
(mean age = SD=22.75* 1.89years; 51 males, 109 non-
smokers), took part and completed the study including two
separate sessions. Four more individuals were recruited to
participate but were excluded as they did not finish the
whole procedure. Upon arrival for the first session, partici-
pants completed a short anamnestic questionnaire in a com-
puterized form. Here, the study participants reported no
history of neurological condition, psychiatric illness, or
recent use of medication. Thereafter, trait anxiety and
schizotypal personality traits were assessed using State-
Trait Anxiety Inventory (Spielberger et al., 1983) and
Schizotypal Personality Questionnaire (Raine, 1991),
respectively. The mean trait anxiety score (M = 40.58, SD
= 10.71) was not statistically different from the normative
estimate (M=40.90, SD=8.51; p>.695; Heretik et al,,
2009), whereas the mean schizotypy score (M=13.64,
SD=10.01) was slightly below the previous estimate
(M=15.74, SD=17.45; p=.015; Chylova et al., 2017).
Research was conducted in accordance with the Declaration
of Helsinki (World Medical Association, 2013) and was
approved by the institutional review board. All procedures
and methods were carried out in accordance with the rele-
vant guidelines and regulations. All participants gave writ-
ten informed consent and received a financial reward for
their participation.

Procedure

This study was a part of a larger project investigating
declarative and procedural memory. Here we report the data

and procedures relevant for the a priori hypotheses concern-
ing lexical-semantic retrieval. Lexical-semantic retrieval
was assessed in two separate sessions, each lasting up to
SOminutes, carried out in two consecutive days. At the
beginning of the sessions, participants reported their sleep
quality, sleep quantity (i.e., estimated sleep duration in
hours), and perceived arousal. There were no statistically
significant differences in these self-reported measures
between the two sessions (p>.132, d<<0.11; see the sup-
plemental materials for more details). The sessions were
carried out by two trained experimenters unaware of the
main research intent and followed the same standard proce-
dure including a computerized version of (a) letter fluency
tasks, (b) category fluency tasks, and (c) the ACT, in this
fixed order. The tasks were administered in small groups
(N =15 individuals), intermitted by short breaks in-between
them. In all retrieval tasks and conditions, participants
typed the responses using computer keyboard. Response
time (RT) for each trial (i.e., generated word) was calcu-
lated as the latency between the trial onset and first key
press (words with at least two characters were allowed to
enter as responses).

Verbal Fluency Tasks

Verbal fluency was assessed in two forms, letter (phonemic)
and category (semantic), both including a short practice trial
and two test trials per session (i.e., there was a total of four
test trials for each form). In the LF, participants were
instructed to generate as many words as possible beginning
with a specific letter (“K” and “D " in Session 1, “L ” and “T"”
in Session 2). In the CF, participants were asked to generate
exemplars belonging to a specific category (“Animals” and
“Sports” in Session 1, “Plants” and “Occupations” in
Session 2). Trials in both verbal fluency tasks lasted 50 sec-
onds each. The sequences delivered by the participants were
screened by two trained independent raters for inappropriate
and repeated responses (5.6%), which were excluded before
statistical processing. Notably, a sequence had to contain at
least five appropriate and unique words/exemplars to be
included in the analyses (see the Supplemental materials for
more details). RT was defined as the average RT between the
consecutive responses, separately for each trial of the respec-
tive tasks (note that RTs were used rather than the absolute
number of generated words to match the response format
with the ACT). The total administration time for verbal flu-
ency tasks was approximately 10 minutes in each session.

Associative Chain Test (ACT)

Lexical-semantic retrieval and functions were then assessed
using the ACT (Marko, Cimrova, & RieCansky, 2019;
Marko, Michalko, & Rie¢ansky, 2019; Marko & Riecansky,
2021a). In this experimental paradigm, individuals
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continuously produced chains of words according to three
specific retrieval conditions, each including a short practice
trial and two test trials per session (i.e., there were four test
trials for each condition). In the associative condition, par-
ticipants were instructed to generate chains of words so that
each new response in the chain was semantically related to
the previous one (e.g., Tree [starting word] < Apple <
Fruit < Sugar, etc.) for 40 seconds. Subjects were instructed
to respond with the first association that spontaneously
comes to their mind, which is considered to involve auto-
matic retrieval processes (Marko, Michalko, & Riecansky,
2019; Marron et al., 2018). In the dissociative condition,
participants were instructed to produce a chain of unrelated
words for 50 seconds, where each new response should not
relate to the previous one (e.g., Table [starting word] <«
Engine < Owl < Pen, etc.), and reminded that responding
with a related word was considered an error. In contrast to
the associative condition, retrieving unrelated words (dis-
sociates) requires substantially more time and additional
demands on inhibition (Allen et al., 2008; Collette et al.,
2001; Marko, Cimrova, & Riecansky, 2019; Marko,
Michalko, & Riecansky, 2019; Marko & Riecansky, 2021a).
Finally, in the alternating (associative—dissociative) condi-
tion, the participants alternated between delivering associa-
tions and dissociations (i.e., the retrieval rule switched after
each response; Tree [starting word] <— Apple < Engine <
Car < Envelope, etc.) for 60seconds. Notably, compared
with the previous fixed retrieval conditions, the alternating
condition imposes additional demands on flexible switch-
ing (Marko, Cimrova, & Riecansky, 2019; Marko,
Michalko, & Riec¢ansky, 2019; Marko & Riecansky, 2021a).

The ACT included two main factors (retrieval type
[associative vs. dissociative] X chain type [fixed vs. alter-
nating]). For each factor combination, the responses were
screened by two trained independent raters for errors and
repetitions (9.5%), which were excluded prior to the statis-
tical analysis. Also, a set of responses from a factor combi-
nation had to contain at least three appropriate and unique
responses to be included in the analyses (see the
Supplemental materials for more details). Then, for each
factor combination and trial, the performance was estimated
as the average RT between the consecutive responses.
Finally, two additional measures of controlled lexical-
semantic retrieval were extracted: IC (the difference
between dissociative and associative retrieval RT in fixed
chains) and SC (the difference between dissociative RT in
the alternating vs. fixed chains; see the Supplemental mate-
rials for more details). The total administration time for
ACT was approximately 10 minutes in each session.

Statistical Analysis

The data were processed and analyzed in RStudio (RStudio
Team, 2021) and JASP (JASP Team, 2020). A descriptive

statistical analysis of the raw data indicated the presence of
outlying observations (values exceeding median *1.5
interquartile range) and thus, the RTs from verbal fluency
tasks and ACT were winsorized using a 20% quantile two-
sided trimming (i.e., 20% of responses from each tail of the
distribution), separately for each participant and condition/
factor combination. Thereafter, the individual RT values for
each task and condition were averaged and all performance
measures were calculated. In analysis of variance (ANOVA),
the effect sizes were estimated using T]i, and post hoc
p-values were corrected with Holm adjustment wherever
appropriate. The respective 95% confidence intervals (CI)
indicate the estimated differences between the retrieval
conditions. The ANOVA reports were complemented with
Bayes factor (BF,), that is, the ratio of the likelihood of a
hypothesized model (or effect) against a null or simpler
hypothesis, indicating the strength of evidence in favor of it
(van Doorn et al., 2021). SEM was employed to test the
main hypotheses. As the assumption of multivariate nor-
mality was violated in the models, all SEMs were estimated
using a robust diagonally weighted least squares (DWLS)
procedure supplied with robust standard errors (Mindrila,
2010). The following indices and indicative criteria were
used to assess the model fit: 3 goodness of fit test (p > .05),
Comparative Fit Index (CF1=.95), Tucker Lewis Index
(TLI=.95), RMSEA =.08, and Standardized Root Mean
Square Residuals (SRMR =.08). Mean explained variance
among the indicators (mean R?) was calculated for each
model. Finally, the hypothesized differences among the cor-
relations between estimated latent scores were assessed
using z tests (for overlapping and non-overlapping correla-
tion pairs; Hittner et al., 2003; Silver et al., 2004) and cor-
rected using Holm adjustment.

Results

Differences Between the Retrieval Tasks

For verbal fluency tasks, a one-way repeated measures
ANOVA indicated a robust main effect of retrieval (cate-
gory vs. letter) on performance (averaged across respective
trials), F(1,174)=87.14, p<.001, 77,2, =.334. As expected,
the average retrieval latency was shorter for category
(M=2.175seconds, SE=0.047seconds) than letter
(M=2.630seconds, SE=0.047 seconds) retrieval, the mean
difference was 0.455 seconds, 95% CI [0.359, 0.551]. This
difference was further supported by a Bayes factor analysis,
yielding BF ;=1.066¢+'*, which indicated very strong evi-
dence favoring the hypothesized difference (for more details
see Figure 1A).

For ACT, a 2 X 2 repeated measures ANOVA revealed a
significant main effect of retrieval (associative vs. dissocia-
tive), F(1,146)=418.60, p<.001, N, =741, chain (fixed
vs. alternating), F(1,146)=106.50, p <.001, n,z, =.422, as
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well as their interaction, F(1,146)=15.56, p<<.001,

11 » =.228. Post hoc tests with Holm adjustments showed
that, for fixed chains, the retrieval latency was shorter in
associative (M=2.702 seconds, SE=0.074 second) than dis-
sociative (M=3.677seconds, SE=0.074 second) retrieval,
indicating that the IC of 0.975second, 95% CI [0.761,
1.189], was significant (p, ;. <.001). Furthermore, a com-
parison of the dissociative retrieval between fixed
(M=3.677seconds, SE=0.074second) and alternating
(M=4.484 seconds, SE=0.074 second) chains showed that
the SC of 0.808 second, 95% CI [0.627, 0.989], was also
significant (p,,,, <.001). Notably, for associative perfor-
mance, the difference between fixed and alternating condi-
tion was 0.157second, 95% CI [-0.024, 0.338], that is,
substantially smaller, but significant (p,,, =.022; for more
details see Figure 1B.). The Bayes factor analysis for ACT
showed very strong evidence for the effect of retrieval
(BF,,>9.350e+™), chain (BF ,>3.852¢+"), and their
interaction (BF,,>2.749¢+°) in the ANOVA model. The
BF associated for the respective post hoc #-tests pertaining
to the inhibition (dissociative fixed vs. associative fixed;
BF,,>9.016¢+2?) and SC (dissociative alternating—disso-
ciative fixed; BF,;>6.096¢+2!) were also extremely high.
The evidence for a SC in the associative condition was sub-
stantially weaker, yet still favoring the difference (associa-
tive alternating vs. associative fixed; BF,, = 38.47). Taken

together, the frequentist and Bayesian analyses converge on
the expected pattern of differences among the retrieval con-
ditions, which warrants testing the main hypotheses.

Correlated Factor Model (CFM)

A CFA model was specified to include four latent factors
(category, letter, associative, and dissociative)' each
allowed to covary with each other (i.e., unconstrained CFM;
CFM,, ) and loading onto the four corresponding observed
measures (see Figure 2A). The analysis revealed that the
full CFM, . yielded appropriate fit with the data (see Table
1; fit indices for measurement models are reported in Table
3S in the Supplemental materials). For CFM,, all covari-
ances and regression weights were significant (all ps <.001;
for more details see Figure 2A and the Supplemental mate-
rials file). Importantly, as expected, the model showed that
the covariance between associative and category factor was
stronger than the covariance between dissociative and cat-
egory factor, whereas the covariance between associative
and /etter factor was weaker than that between dissociative
and /etter factor.

Regarding the first hypothesis, these parametric differ-
ences were tested by comparing the fit of CFM  against
two additional models that included constraints on the
covariation structure. The first model (CFM_,) was
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Table |. Summary of the Structural Equation Modeling.

Model x2 (df) p yHdf CFl TLI RMSEA SRMR
CFM,, . 48.99 (98) >.999 .500 1.000 1.000 <.001 .052

CFM_, 62.02 (99) >.999 626 1.000 1.000 <.001 .060

CFM,., 53.32 (99) >.999 .539 1.000 1.000 <.001 .056

General Factor 168.92 (104) <.001 1.624 .945 .937 .063 .104

Bifactor model 62.54 (88) .982 711 1.000 1.000 <.001 .062

Note. CFl=Comparative Fit Index; CFM = Correlated Factor Model; RMSEA =Root Mean Square Error of Approximation; SRMR = Standardized Root

Mean Square Residuals; TLI=Tucker Lewis Index.

constrained by setting the cov,q.._ car and covpge car
parameters to be equal, whereas the second model (CFM, )
was constrained by setting the cov, g gr and covpee et
parameters to be equal. The resulting ¥ test indicated that
the fit for both constrained models was significantly worse
compared with the CFM_ . (Ax*=13.027, df=1, p<.001
for CFM_,, and Ay*=4.328, df=1, p=.037 for CFM,),
which favors the expected parametric differences.

Furthermore, individuals’ latent retrieval scores were
estimated from CFM_ . to test the pair-wise differences
between their correlation coefficients. The results showed
that category retrieval score was significantly more
strongly related to the associative than the dissociative
retrieval score (Ar=.310, z=7.068, p, . <.001), whereas
the letter retrieval score was more strongly related to the
dissociative than the associative retrieval score, (Ar=.147,
z=2.684, p, .= -022; for more comparisons and details see
Figure 2B), which is in line with the findings from the
SEM above and the hypothesis.

Bifactor Model

Regarding the second hypothesis, we tested whether disso-
ciative and letter retrieval involves specific processes
beyond those shared across all four retrieval tasks. To this
aim, we first specified a simple CFA model including a sin-
gle (general) factor, which loads onto all observed measures
across all four retrieval conditions. Compared with other
models, the general factor model showed the worst fit (see
Table 1), suggesting that one factor does not adequately
account for the differences among the retrieval tasks.
Following that, we estimated a bifactor CFA model, where
the observed measures were set to load onto a general factor
and four orthogonal (i.e., mutually uncorrelated) specific
factors, one for each retrieval task (see Figure 3A), which
showed an appropriate fit for the observed data. Importantly,
only the general and the dissociative-specific factor showed
significant variances and consistently significant regression
loadings (all p <.005), whereas the variances for letter, cat-
egory, and associative specific factors were not significant
(p=.066, p=.174, and p=.214, respectively) and their
regression loadings were weaker and less consistent (for
more details see Figure 3A and the Supplemental

materials). Taken together, when accounting for the general
factor (i.e., the variance shared across all retrieval tasks),
only the dissociative-specific factor showed a consistent
explanatory value, whereas the significance for letter-spe-
cific factor was marginal.

Exploratory Analyses

Next, we calculated IC and SC for each chain and partici-
pant (see Figure 1B and the Supplemental materials) and
used these scores in an exploratory CFA including the two
respective latent factors (IC and SC), each indicated by
four observed measures. The model showed a good approx-
imation of the data, 3>=25.142,df=19, p=.156, CF1=.974,
TLI=.961, RMSEA=.047, except for SRMR=.081, which
was slightly above the standard criterion. Furthermore, all
regression weights were significant (p <.001 and p <.05
for IC and SC, respectively). Importantly, the covariation
between IC and SC was negative, moderately strong, and
significant, cov._(=—592, p<<.00l (see the
Supplemental materials for more details). Notably, the
model explained considerable variance among the indica-
tors (mean R?>=.313), however, the explanatory power was
stronger for IC (mean R?=.453) than SC factor (mean
R?=.172). Finally, participants’ IC and SC latent scores
were estimated from the model and assessed for their asso-
ciation with the verbal fluency latent scores and their con-
trast (i.e., the “cost” associated with letter relative to
category retrieval). The analysis showed that the IC corre-
lated positively with the letter (Pearson‘s r=.265,
Prom=-007) but not with CF factor score (r=-.044,
Promm = -004), whereas SC correlated negatively with the /et-
ter (r=-211, p, ,,=-048) but not with CF factor score
(r==.089, p, .,=-584). In addition, while higher IC pre-
dicted higher costs associated with letter compared with
category retrieval (»=.380, p, | <.001), SC did not show
a significant relationship with this contrast (r=—.130,

Phoim=-376).

Discussion

Lexical-semantic memory retrieval represents a core human
cognitive function whose impairments manifest throughout
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Figure 3. Bifactor Model.

Note. Panel A: Standardized parameter estimates (factor variances, regression loads, and error terms) with color-coded significance levels (bottom
right). Note that only the G. and DCS yielded consistently significant loadings and variance terms. Panel B: Mean explained variance (mean R?) for the
indicators by latent factors. Error bars represent =SE. Note that DCS explained the most variance of the respective indicators. Panel C: Estimated
z-scores for the variance parameter of the latent factors. Latent factors: G =general; CF = category; LF =letter; AS=associative; DS =dissociative.

several pathologies and neuropsychiatric conditions (Henry
et al., 2004; Raucher-Chéné et al., 2017). Hence, a major
effort should focus on the understanding of the available
methods as well as developing new tools capable of identify-
ing diagnostically relevant sources of such impairments.
Category and letter verbal fluency tasks have been employed
to discern retrieval impairments rooted in perturbations of
lexical-semantic memory stores from those stemming from
hindered executive capacities that regulate access to lexical-
semantic knowledge (Birn et al., 2010; Troyer et al., 1997).
Although experimental, patient, or lesion-based studies
(Biesbroek et al., 2016; Rende et al., 2002; Troster et al.,
1998) have suggested specific neural and cognitive differ-
ences between the verbal fluency forms, their multifactorial
nature warrants an explicit evaluation of these differences
using psychometric methods, which is currently lacking. For
this purpose, we subjected multiple standard measures of CF
and LF together with novel associative-dissociative measures
(ACT) to latent structural modeling. By these means, we first
assessed the correlation structure of the tasks, hypothesizing
both a degree of “unity” (shared variance), reflecting the
common abilities employed in all tasks, as well as a degree of
“diversity” (unique variance) concerning the relative engage-
ment of automatic (associative) and controlled (dissociative)
processes in the category versus letter retrieval (hypothesis
1). Moreover, we investigated whether letter retrieval and
dissociative retrieval exert specific, and perhaps similar,
demands on retrieval control (e.g., inhibition and/or response

selection), manifested in retrieval-specific factors comple-
menting the general factor (hypothesis 2 and follow-up
exploratory analyses). Drawing upon such analyses, the pres-
ent study evaluated the convergent and discriminant validity
of the fluency and ACT measures, aiming to identify com-
mon and diverse processes they engage.

Commondlities and Differences Among the
Retrieval Tasks

In line with previous reports (Katzev et al., 2013; Rende
et al., 2002), we found that the retrieval fluency constrained
by phonologic (orthographic) criteria was substantially
slower than that following semantic criteria (Figure 1A).
Similar increments in retrieval latency were also present
when individuals retrieved unrelated versus related words
in ACT, which was further prolonged under the switching
condition (Figure 1B). These findings therefore support the
assumed processing costs in the letter and the dissociative
retrieval condition. However, a deeper insight into the puta-
tive sources of these costs comes from the CFM (Figure 2).
As expected, the model indicated that all four latent retrieval
scores were correlated, that is, showing a moderate level of
“unity” among them. This finding conforms the view that a
set of common domain-general (e.g., processing speed,
self-monitoring) and verbal abilities (e.g., knowledge, men-
tal lexicon) underpins diverse forms of retrieval (Henry &
Phillips, 20006), irrespective of the involved search process
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and other (specific) control demands. More importantly, the
model showed that the category retrieval is more strongly
coupled with the free-associative than the dissociative con-
dition, whereas the letter retrieval yielded the opposite pat-
tern. Such a pattern of parametric coupling and dissociation
is thus consistent with the hypothesized differences regard-
ing the engagement of automatic (free-associative) versus
executively demanding (dissociative) processes between
the fluency tasks. Notably, the constrained models (i.e.,
assuming equal covariance parameters) provided signifi-
cantly worse fit to the data (see Table 1), further validating
that the retrieval scores reflect partially distinct cognitive
processes. In particular, the parametric coupling between
the letter and the dissociative retrieval suggests that diffi-
culty of these tasks (i.e., additional “costs”) may stem from
the need to suppress the natural mode of retrieving words
following the established semantic structures (categories
and associations), indicating their reliance on retrieval con-
trol. More generally, our results indicate that lexical-seman-
tic retrieval likely involves a common mechanism, yet the
profile of automatic and controlled processes involved vary
substantially depending on the nature of the tasks (i.e., spe-
cific demands on the search and executive regulation of the
stimulus-driven activations within lexical-semantic repre-
sentations). Here, we conclude that inhibitory processes
may represent a principal component (or dimension) that
underpins the ability to control semantic memory retrieval
when habitual responses are not appropriate. Thus, in line
with the previous evidence (Baldo et al., 2006; Collette
et al., 2009; Marko & Riecansky, 2021a), the relative
involvement and efficiency of inhibitory control during
retrieval may account for the prolonged retrieval latency as
well as the specific activations within frontal brain areas in
both the LF and dissociative retrieval tasks.

Important in this regard are also findings from the
bifactor model, which indicated the inadequacy of one
general factor (G,) to reliably account for the variance
within all retrieval measures (see Figure 3 and Table 1).
Instead, we found that the dissociative (and marginally the
letter-cued) specific factors remained significant, explain-
ing the most variance (above the general factor), whereas
the category and the associative specific factors did not
yield significant variances, showed unreliable loadings,
and weaker explanatory power. Corroborating the previ-
ous models, these results indicate that dissociative retrieval
and, to a lesser extent, also LF involve specific processes
beyond the general retrieval ability. Finally, the IC and the
SC from ACT (see Figure 1) were distinctively correlated
with LF, but not CF. This further supports the hypothesis
that CF and LF reflect partially diverging modes of lexi-
cal-semantic retrieval: while the former follows the habit-
ual structure of semantic representation and therefore is
more semantically driven and automatic, the latter incor-
porates the need to disentangle from the semantic

associates and hence is more executively driven and
demanding.

Together, these findings coincide with the proposed neu-
ropsychologic dissociation between CL and LF tasks (Baldo
et al., 2010; Schmidt et al., 2019), that is, that the tasks are
sensitive to damage of the temporal versus frontal lobes,
respectively. However, a critical consideration stemming
from our data is that this partitioning is not clear-cut, as
proposed previously, but parametric in nature. Specifically,
both fluency tasks likely employ the left-lateralized frontal-
temporal brain network, yet differentially engaging tempo-
ral versus prefrontal brain regions. In this sense, poor
performance on CF might predominantly indicate deterio-
rated associative representational system (e.g., in
Alzheimer’s disease or semantic dementia; Henry et al.,
2004) underpinned by the temporal cortex, whereas poor
letter-cued retrieval more finely exposes executive/frontal
dysfunction (e.g., in attention-deficit hyperactivity disorder
[ADHD]; Andreou & Trott, 2013) pertaining to impeded
ability to inhibit associative intrusions and adapt to phono-
logical criteria (Collette et al., 2001; Marko & Riecansky,
2021a). The increased need for this prefrontal control was
apparent from the coupling of LF with the dissociative
retrieval as well as with the ACT control measures (IC and
SC) assumed to engage the executive brain network.
Nevertheless, it is important to note that the prefrontal con-
trol may be engaged also in category retrieval when retriev-
ing less typical exemplars from poorly organized semantic
categories (Demetriou & Holtzer, 2017; Mayr & Kliegl,
2000). In those cases, working memory and interference
control may support retrieving and selecting appropriate
items (Badre & Wagner, 2007; Hirshorn & Thompson-
Schill, 2006; Katzev et al., 2013).

Further Methodological Considerations

To promote the theory and assessment of lexical-semantic
retrieval, the specific features and utility of the novel mea-
sures from ACT should be contrasted against the typical flu-
ency tasks. First, the performance in verbal fluency tasks
substantially depends on the stimuli (e.g., categories),
which, as mentioned above, may exert distinct cognitive
demands. For instance, categories differ in their size, exem-
plar availability, and other features (living vs. inanimate),
which affects the retrieval difficulty (Katzev et al., 2013;
Mayr, 2002). Moreover, since a category includes a rela-
tively narrow and finite set of possible responses, the
retrieval demands tend to increase as the category becomes
exhausted. Thus, although category-cued retrieval is quite
effortless when using standard stimuli (i.e., “animals”) and
shorter task duration (i.e., up to 60seconds), under some
circumstances the score may reflect different (e.g., auto-
matic vs. controlled) processes depending on the availabil-
ity of category exemplars. In particular, when retrieving
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from poorly organized semantic categories, the involve-
ment of inhibition may increase due to interference from
among competing concepts or intrusive repetitions (for
more details, see Michalko et al., 2022). Notably, such dif-
ferences may undermine the comparability among different
categories when carrying out repeated measurements. The
associative retrieval in ACT does not considerably involve
some of these features and limits. Instead, associative
chains are (theoretically) infinite as they fixate only the ini-
tial word, enabling the participants to freely explore (and
manifest) their associative structures following the path of
“least resistance” during the whole trial (i.e., reflecting a
spontancous, effortless, and unconstrained mode of
retrieval). Although the first word, indeed, may influence a
few subsequent responses, the associative responses are far
more unique than responses within a specific category, ren-
dering associative chains more suitable for repeated mea-
surement. Furthermore, while the responses from CF follow
primarily taxonomic relations, the links between associa-
tive responses are more diverse (e.g., involving also the-
matic or ad hoc relations; Mirman et al., 2017).

Another important part of ACT is the dissociative pro-
duction. We have argued that both the letter and the disso-
ciative conditions require suppressing the natural way of
retrieving words according to their meaning. Nevertheless,
when attempting to assess such specific demands on inhibi-
tion, ACT may provide a more straightforward and interpre-
table behavioral index (i.e., the IC) than verbal fluency
tasks (i.e., using the letter-cued task alone or the difference
between letter and category retrieval score, where the for-
mer involves phonological and articulatory mechanisms,
and the latter is mainly semantic). Moreover, ACT also
enables for calculating the SC, a measure related to retrieval
(in)flexibility, whose assessment via verbal fluency tasks is
questionable (e.g., Abbott et al., 2015; Hills et al., 2015).

Finally, given that verbal fluency tasks are finite (and
quite narrow, e.g., for “liquids” or “tools”), participants are
usually able to generate only a limited number of category
exemplars. This is not the case for ACT, which allows
researchers to constrain the production not only by time (as
in verbal fluency tasks) but also by the number of responses
required and thus tailoring the reliability of the scores.
Taken together, this methodological commentary reflects
on the noteworthy differences between the verbal fluency
tasks and ACT, highlighting that both paradigms involve
interesting features that should be carefully considered in
the light of specific research/design demands.

Limits and Future Directions

Several limitations that could be the subject of future
research work need to be mentioned. First, the correlational
design of this study constrains the interpretation of the
shared and unique underlying processes driving the

performance in the respective tasks. Therefore, despite
some convincing suggestions of the current data about dis-
tinct embedment of CF and LF in associative/habitual ver-
sus executive/controlled processes, future experimental
studies may seek to clucidate the precise nature of these
processes and how they contribute to the performance on
these tasks. Such studies could employ dual-task paradigms
to impose distinct forms of loads or interference (associa-
tive or executive) while performing on verbal fluency and
ACT tasks.

A related limitation concerns the nature of the inhibition
as measured in the dissociative tasks. From the current
behavioral outcome, it is not clear whether the increased dis-
sociative RT, as compared with the associative RT, reflects a
proactive inhibitory (or interference control) mechanism,
which prevents prepotent responses entering the mind/work-
ing memory, a refroactive inhibition, which is employed to
suppress the inappropriate responses that have entered the
mind and occupy the limited slots in working memory, or
both (for more discussion see Marko & Riecansky, 2021a).
Future studies employing ACT should consider assessing the
rate of intrusions to better understand the nature of inhibitory
mechanisms involved in the dissociative condition.

Another limitation stems from fixed administration order
of the retrieval tasks. Since the assessment of lexical-
semantic retrieval lasted no more than 25 minutes (includ-
ing short breaks in-between the tasks/trials) in each session,
we assume that an effect of progressively increasing fatigue
was negligible. Furthermore, the word stimuli in the ACT
were selected so that they did not belong to the categories
used in the preceding fluency task, to minimize potential
carry over effects.

Our sample size was reasonable to test the main hypoth-
eses but the power to rigorously evaluate the misfit of the
specific measurement models for each latent variable was
likely suboptimal (see the Supplemental materials).
Although the evaluation of such measurement models was
not in the focus of the present study, this limitation may
warrant further psychometric investigation.

Finally, the knowledge about the neural correlates of
associative and dissociative retrieval (or the derived
retrieval control measures) in ACT is still very limited and
awaits further investigation (but see Collette et al., 2001;
Marko, Cimrova, & Rie¢ansky, 2019; Marko & Riecansky,
2021b; Marron et al., 2018). So far, it seems that the free-
associative retrieval does not considerably engage lateral
prefrontal-parietal cortical regions (the so-called semantic
control network), which are active while producing seman-
tically dissociated responses. Nevertheless, future neuro-
physiological or patient studies should aim to identify the
brain circuits and pathways engaged in the executively
demanding dissociative retrieval in ACT and whether these
correspond to those reported in the studies of inhibitory
control in lexical-semantic retrieval, specifically in LF task.
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Despite these limitations, our data present a reasonable
picture of parametric differences between category- and
letter-cued retrieval and how these differences relate to
associatively and executively driven semantic processing,
providing a prospective look on the methodological alterna-
tive which can be used to study lexical-semantic retrieval.

Conclusion

Using a novel lexical-semantic retrieval paradigm, we con-
ducted a thorough psychometric testing of the proposed dis-
sociation between CF and LF. Our results confirmed that
CF is rooted mainly in free-associative processing, while
LF demands greater exertion of executive capacities possi-
bly acting to suppress habitual but inappropriate semantic
activations. Importantly, however, the current study shows
that this dissociation is partial rather than absolute, thus
suggesting a considerable overlap between the cognitive
and neural resources involved in these tasks. To our knowl-
edge this is the first study that explicitly addressed and sta-
tistically demonstrated this parametric dissociation in a
large sample of healthy adults using both correlated latent
factor and bifactor modeling. Finally, our findings and
methodological commentary highlight that ACT might be
used as a viable and advantageous alternative or comple-
mentary measure to study associative and executive pro-
cesses in lexical-semantic memory retrieval. Moreover, the
evidence for a higher involvement of retrieval control in LF,
compared with CF, is important for the practical application
of the tasks in neuropsychological assessment targeting the
functions of lexical-semantic control versus storage,
respectively.
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