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A B S T R A C T

Category Fluency (CF) “item-level” scoring methodologies identify neurocognitive processes that are distinct 
from those of standard quantitative scoring. One of these accounts for words’ serial recall order (SRO) and 
calculates the correlation between SRO and item-level complexity to operationalise the tendency to name 
increasingly complex words. We hypothesised this tendency would be altered in individuals with amnestic mild 
cognitive impairment (aMCI), to reflect lexical-semantic organisational decline resulting from potential func
tional alterations of perirhinal cortex. We expected aMCI individuals to show higher correlational indices than 
people with no objective cognitive decline (NOCD) due to these trends being more influenced by word count than 
overall complexity.

Sixty aMCI and 54 NOCD individuals, recruited by the TREDEM initiative and representative of the North-East 
Italian population were administered a 1-min “animals” CF. Four complexity features were scored: frequency, 
age-of-acquisition, typicality and graphemic length. Individual z-converted correlation coefficients were calcu
lated between SRO and complexity. The two groups were then compared via uncorrected t-tests, age- and 
education-corrected ANCOVAs, and further ANCOVAs also correcting for quantitative CF scores.

aMCI individuals named fewer words, and words of lower and more variable complexity. They also showed a 
significantly stronger “SRO-graphemic length” correlation. This emerged from the uncorrected models and from 
the first set of ANCOVAs.

Significant differences in lexical-semantic organisation exist in aMCI. Length is a diagnostically relevant 
feature of Italian words generated as part of CF. In line with cross-linguistic generalisability of findings, potential 
mechanisms differentiating phonological and orthographic length in languages with transparent/opaque or
thographies are discussed.

1. Introduction

The Category Fluency Test (CFT) is among the most widely used 
instruments to assess semantic memory abilities in clinical and research 
settings (Venneri et al., 2018). A recent meta-analysis that has assessed 
CFT performance in Alzheimer's disease, in fact, highlights the centrality 
of semantic abilities and associative retrieval in supporting CFT scores 
(Olmos-Villaseñor et al., 2023). CFT, however, is also strongly influ
enced by other non-semantic abilities. These include memory resources 

such as episodic memory (Greenberg et al., 2009) and memory search 
(Zemla et al., 2023), lexical generation (Baciu et al., 2021), but also 
executive abilities like set-shifting (Rende et al., 2002) and speed of 
processing (Elgamal et al., 2011). The role played by executive func
tioning has emerged from a number of studies carried out in healthy 
adults (Aita et al., 2019; Amunts et al., 2021; Shao et al., 2014; 
Whiteside et al., 2016), and the composite score for executive func
tioning based on data from the Alzheimer's Disease Neuroimaging 
Initiative includes CFT performance as part of its structure (Gibbons 
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et al., 2012). Semantic control skills, i.e., the ability to manipulate se
mantic knowledge for the purpose of a task (Lambon Ralph et al., 2017), 
moreover, also play an integral role in semantic memory testing 
(Noonan et al., 2013).1 A schematic representation of some of the 
abilities that influence CFT performance is shown in Fig. 1. Activation 
studies provide confirmatory evidence of this multidimensional set of 
resources, as they show an involvement of inferior-frontal, mid
dle-frontal and anterior-cingulate regions during task engagement 
(Humphreys and Lambon Ralph, 2025).

While CFT is well-known to rely on diverse cognitive abilities, clin
ical research in the field of early-stage Alzheimer's disease has focussed 
on this test because of its role in semantic-memory testing (Venneri 
et al., 2018). Semantic memory retrieval is supported by the trans
entorhinal portion of the anterior parahippocampal gyrus (Bastin and 
Delhaye, 2023; Mishkin et al., 1997), also known as “perirhinal cor
tex” (i.e., the cytoarchitectural territory corresponding to Brodmann 
Area 35). This is also the region of the cortex that is affected by early 
Alzheimer's-related neuropathological changes; in fact, hyper
phosphorylated tau changes (i.e., accumulating as neurofibrillary tan
gles and neuropil threads) are observed in the transentorhinal cortex 
during Braak Stage I (Braak et al., 2006). This corresponds to a pre
clinical stage in which no objective episodic-memory symptoms are yet 
observed, as these become clinically detectable typically only when a 
person has reached Braak Stages II to IV (Markesbery, 2010). During this 
preclinical stage, semantic memory alterations are objectively quanti
fiable, or manifest as a subjective complaint, but not to a degree to 
emerge as a deficit when measured with standard semantic memory test 
scores (Huyghe et al., 2025; Marier et al., 2026). It is to address these 
clinical demands that neuropsychological research can make a signifi
cant contribution and propose novel instruments and methodologies 
that can be more specific to subtle semantic memory decline. Based on 
these principles, a fine-grained investigation of semantic memory can 
lead to the discovery and definition of markers of perirhinal/
transentorhinal alterations that can be informative in the context of 
detection of Alzheimer's disease at the preclinical stage.

Item-level methodologies are an alternative approach to standard 
CFT scoring. While standard scores are a simple count of correct entries 
generated by the participant during the 1-min performance, item-level 
scores are based on the characterisation of each individual entry. Each 
word is assigned a score that is representative of how semantically 
complex it is. The concept of item-level complexity has been oper
ationalised in a multitude of ways, such as frequency of use (Pakhomov 
et al., 2016), age of acquisition (Forbes-McKay et al., 2005), and typi
cality (Vita et al., 2014). A recent meta-analysis indicates that in
dividuals with a clinical diagnosis of mild cognitive impairment or early 
Alzheimer's disease tend to generate CFT words that are, on average, 

more frequent and acquired earlier in life (De Marco et al., 2025).
While item-level scores have now become a consolidated approach to 

CFT scoring that receives significant attention from clinical researchers 
(Ferrante et al., 2024; Henderson et al., 2023; Vonk et al., 2023), no 
consensus has yet been reached on how the set of individual scores 
should be processed to operationalise test performance. While the vast 
majority of studies has focused on the average of all individual 
item-level scores (e.g., by averaging all CFT words), a few studies have 
proposed alternative scores based on the average of the first three words 
(Sailor et al., 2004), the first five words (Forbes-McKay et al., 2005), or 
the five most complex words (Vonk et al., 2023). Recently an alternative 
method has been proposed to account for word order generation: instead 
of calculating an average, each word is scored in relation to its serial 
position within the list of recalled words (De Marco et al., 2021a). The 
correlation coefficient between item-level complexity and serial recall 
order (SRO) indicates the degree to which the tested individual can 
generate words that are increasingly more complex as they search the 
category in more depth. Serial recall is a fundamental property of 
memory retrieval that can be associated with biomarker changes proper 
of early Alzheimer's disease (Bruno et al., 2026). On these grounds, a 
correlational index that quantifies the association between a consoli
dated property of retrieval and numerical indices of semantic 
complexity can represent an intuitive operationalisation of retrieval 
from semantic memory. As these correlational indices are devised to be 
less influenced by attentional and executive resources than standard 
scores (De Marco et al., 2021b, 2025), they can help characterise 
lexical-semantic alterations. A directional trend is observed in the per
formance of healthy adults in relation to each index of item-level 
complexity (De Marco and Venneri, 2022). When compared with 
young adults aged 18-20, adults older than 70 showed a significant 
difference in the correlational index between SRO and “valence” (i.e., a 
property indicating words' pleasantness), with younger adults gener
ating significantly more pleasant words at the start (i.e., words 1-5), and 
a steeper decrease throughout the rest of the performance (De Marco 
et al., 2021a). These correlational indices, however, have not yet been 
investigated in clinical populations.

The assumption on which this study is based suggests that these 
correlational indices will be valuable to characterise difficulties in se
mantic memory retrieval in individuals with a clinical diagnosis sug
gestive of a potential underlying neurodegenerative aetiology. We tested 
for the first time the role of correlational indices between SRO and item- 
level complexity in a group of individuals with single-domain amnestic 
mild cognitive impairment (aMCI) (Petersen et al., 2014), recruited at 
the Treviso Cognitive Impairment Centre (TCIC) in Treviso, 
North-Eastern Italy. Although aMCI is not always indicative of its un
derlying biological changes, it is a syndrome that can have a significant 
impact on healthcare resources, which emphasises the needs for early 
detection (Ritchie et al., 2025). In this respect, a better characterisation 
of lexical-semantic abilities can lead to significant findings that are in 
line with this priority.

Typically, aMCI individuals show impoverished CFT performance 
when compared with cognitively unimpaired adults, and this is likely 
due to a multitude of cognitive mechanisms (Fig. 1). In this context, 
qualitative and quantitative aspects are thought to play a central role in 
defining SRO trends. In fact, while we expected both cognitively un
impaired people and people with aMCI to name some of the simplest (if 
not the simplest) category exemplars at the start of their performance, 
people with aMCI would generate: 1) fewer exemplars (i.e., poorer 
quantitative performance); and 2) on average, less complex exemplars 
(i.e., poorer qualitative performance). These two mechanisms should 
have an opposite effect on correlational trends, with poorer quantitative 
performance steepening them, and poorer qualitative performance 
flattening them (Fig. 2). We expected aMCI participants to show poorer 
quantitative and qualitative CFT performance, and we then assumed 
that the former would be more influential than the latter on correla
tional trends, as it has been much more consistently reported in the 

1 It is useful to distinguish between “semantic control” and “executive con
trol” (or executive functioning) in terms of terminology and definitions, as at 
face value these might be seen as synonyms, or as contiguous or partially 
overlapping processes. Semantic control is an integral part of semantic cogni
tion (Jackson, 2021) and consists of executive resources that are specific to the 
semantic domain. During CFT testing, semantic control is the ability one relies 
on “to guide retrieval to relevant but less dominant exemplars”, but also “to select 
among competitors” (Thompson et al., 2026, page 156)” General executive 
functioning, on the other hand, refers to abilities that are not domain-specific 
and that can be called upon if demanded by a specific task. The 60-s limit 
imposed by the CFT is a methodological add-on that is foreign to our regular 
daily-life use of semantic cognition for lexical-semantic retrieval. For this 
reason, we argue that processing speed and rapid set-shifting (as shown in 
Fig. 1) can be intended as part of general executive abilities, rather than 
domain-specific semantic control. On this note, it is also important to point out 
that the distinction between “semantic control” and “executive control” is also 
reflected by the neural patterns that uniquely sustain each function, which 
contribute to defining the two forms of control as associated yet distinct (Chiou 
et al., 2023).
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clinical literature. This would lead to steeper correlations in this group 
reflecting a less thorough exploration of the relevant semantic category. 
Conversely, individuals with no objective evidence of cognitive decline 
should be able to search and retrieve semantic information in a more 
efficient and structured way, and this would translate into more words, 
and in a more gradual increase in item-level complexity.

Moreover, this study represented an opportunity to test for the first 
time the SRO-based scoring methodology in a language different from 
English, as cross-linguistic differences exist in lexical and semantic CFT 
word properties, such as those of clustering (Supplementary Table 1) 
and contextual diversity (Supplementary Table 2). Finally, to comply 
with the principles of Sex and Gender Equity in Research (SAGER) 
guidelines (Heidari et al., 2016), we report that no sex- or gender-based 
hypotheses were formulated.

2. Materials and methods

2.1. Participants

A total of 114 CFT performances were included in this cross-sectional 
study. These were obtained from 60 individuals with a diagnosis of aMCI 
and 54 individuals who did complete a neuropsychological assessment 
to address subjective cognitive complaints (or a cognitive concern 
voiced by an informant) but showed no objective evidence of cognitive 
decline (NOCD). All participants had attended the TCIC between 
October 2015 and July 2023 and had been enrolled as part of the 
TREviso DEMentia (TREDEM) Study and Registry, a clinical-research 
cohort initiative aimed at studying cognitive impairment and demen
tia in North-East Italy (Gallucci et al., 2012). All participants included in 
this study were evaluated by a senior neurogeriatrician or neurologist 

expert in the field of cognitive impairment and were referred to a 
neuropsychologist for an extensive neuropsychological examination 
(Gallucci et al., 2018). All consensus clinical diagnoses of single-domain 
aMCI followed Petersen's criteria (Petersen et al., 2014). Individuals 
with NOCD, vice versa, had no objective evidence of cognitive decline, 
and their scores were indicative of normal cognitive functioning. Both 
groups were recruited at the same centre and within the same time
frame. All participants were of white ethnicity, and their sociodemo
graphic status was in line with the distribution reported for North-East 
Italy by the Italian National Institute of Statistics (www.istat.it). They 
were also asked to report their sex and gender, and these two mea
surements corresponded for all our participants. As a major long-term 
objective is clinical implementation of item-level CFT scores, effects 
sizes were deemed of interest if of sufficient magnitude. Sample size was 
thus defined to be sufficiently large as to detect an effect size of d > 0.5. 
A Cohen's d of 0.5 is typically considered a medium effect size in medical 
research.

The data analysed and described in this manuscript are part of the 
TREDEM Study and Registry, that were approved by the Treviso Prov
ince Ethics Committee (28th October 2010, and protocol no. 42326 of 
10th April 2015, respectively). All procedures were carried out in 
compliance with the 1964 Declaration of Helsinki, with the local insti
tutional regulations and working practices, and with the privacy rights 
of participants, as outlined by the European Union's General Data Pro
tection Regulation. Written consent was obtained from each participant.

2.2. Materials

All participants completed the CFT during their neuropsychological 
assessment. This consisted of four distinct categories (1 min each): 

Fig. 1. Schematic representation of CFT performance in relation to the sub-components of semantic memory and the influence played by extra memory and ex
ecutive resources (illustrated by the blue and red area, respectively). 
The image includes four examples of memory (Greenberg et al., 2009; Hills et al., 2015; Mace et al., 2019) and executive (Elgamal et al., 2011; Friedman and Miyake, 
2017) skills that have been reported to play a role in influencing CFT performance.
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animals, fruits, cities and colours. For the purposes of this investigation, 
the sole “animals” category was retained, as this is by far the most 
studied category in clinical research (De Marco et al., 2025). All scores 
on the extended cognitive battery and demographic information about 
the cohort are reported in Table 1.

CFT words were analysed following the methods outlined in a pre
vious publication (De Marco et al., 2021a). In brief, each individual 
entry was scored according to its SRO and the following four 
lexical-semantic features: frequency, age of acquisition, typicality and 
graphemic length. Words' frequency was scored based on the normative 
values reported by the SUBTLEX-IT project. These values derive from 
word counts (i.e., >500,000 words) carried out in a large database of 
movie subtitles (Crepaldi et al., 2015). Words’ age-of-acquisition values 
were instead drawn from the ItAoA initiative (Montefinese et al., 2019). 
This database includes ~2000 Italian words, and each value indicates 
the average estimated age at which the word is learnt. Typicality was not 
based on normative data, e.g., as those published by Quaranta and 
colleagues (Quaranta et al., 2016) but reflected the proportion of times a 
word was named within the cohort (Sailor et al., 2004). Word length, 
finally, was calculated by counting the number of graphemes used in the 
orthographic form of the word. These item-level features have been 
widely used in neurological research (De Marco et al., 2025).

2.3. Scoring procedure

After removing CFT errors (i.e., intrusions and perseverations) four 
coefficients of correlation were calculated for each individual partici
pant. SRO-frequency, SRO-age of acquisition, SRO-typicality and SRO- 

length. These were based on Spearman's rho since SRO is an ordinal 
variable. A rho-to-z conversion was then carried out (Zar, 2005) to 
obtain z-statistics suitable for group analyses. While the original meth
odology for scoring English words is based on a strict (and arbitrary) set 
of rules defining intrusions and perseverations (De Marco et al., 2021a), 
in this study we discarded entries only if completely foreign to the 
category, or if a repetition of a previously recalled word. As carried out 
in our previous research, missing normative values were treated as 
missing data when calculating correlational indices, i.e., indices were 
based on the words with an available score.

In addition to the scoring procedure detailed above, each individual 
performance was also scored following more traditional approaches: 
First, a global index was calculated for frequency, age of acquisition, 
typicality, and length, to quantify the average semantic complexity of 
words throughout the entire performance. Second, all word were 
assigned to their respective sub-categories for the calculation of clus
tering (i.e., mean cluster size) and switching (number of switches) 
scores, following the procedure described by Troyer (2000). The original 
list of words was adjusted to be suitable for the exemplars generated by 
this cohort (i.e., the entire list of entries and sub-categories is reported in 
Supplementary Table S3).

2.4. Data analysis

Quantitative CFT performance and item-level averages (i.e., calcu
lated over the first five entries and over the entire performance) were 
tested via independent-sample t-tests. These analyses served to assess 
the theoretical assumptions outlined at the end of the Introduction. 

Fig. 2. Schematics of the mechanism at the foundation of the study hypothesis. 
CFT performances of a NOCD participant and of a participant with MCI tested in English, with their item-level scores, and visual representation of the rank-based 
correlation between SRO and two indices of semantic complexity. Age of acquisition and frequency were scored by relying on the English normative data published 
by van Heuven et al. (2014) and by Kuperman et al. (2012), respectively. The link between poorer quantitative/qualitative performance and steepness of corre
lational trends is illustrated by the line graph in the middle, i.e., the y axis is in a “more complex to less complex” direction.
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Additionally, measures of clustering and switching were also analysed 
with independent-sample t-tests.

Three sets of models were designed to test the study hypothesis. First, 
uncorrected inferential models were set up: independent-sample t-tests 
were calculated to compare the two clinical groups’ sets of correlational 
indices. Second, one-way analyses of covariance (ANCOVAs) were 
designed to infer group differences while controlling for age and years of 
education. Third, a further set of ANCOVAs was designed correcting for 
age, years of education and quantitative CFT scores. These analyses were 
also carried out via hierarchical regressions, to help compare the models 
by inspecting the r2 coefficient. In line with the study hypothesis, one- 
sided thresholds of significance (i.e., p < 0.05) were applied.

3. Results

3.1. General neuropsychological profiles

As shown in Table 1, the group of aMCI participants was significantly 
older than the NOCD individuals, but no between-group differences in 
sex ratios or years of education were found. Mini Mental State Exami
nation scores were significantly lower in the group of aMCI yet, on 

average, well above the cut-off expected in this diagnostic group. No 
differences, moreover, were found in activities of daily living between 
the two groups, in line with Petersen's criteria (Petersen et al., 2014). 
Although significant group differences were also seen in non-memory 
tests, the aMCI group had scores below normative cut-offs only on 
memory tests.

3.2. CFT quantitative counts, item-level averages, and clustering- 
switching scores

A statistically significant difference was found between the two 
groups in the quantitative count of valid CFT entries, with aMCI par
ticipants generating significantly fewer valid entries (t87.102 = 8.911, 
p < 0.001, d = 1.711).

The cohort named a total 2340 words, corresponding to 266 different 
animals. Frequency scores were available for 255 of the 266 animals (i. 
e., 2329 entries). Given the considerably smaller normative database, 
age-of-acquisition values were only available for 101 animals (i.e., 1722 
entries). As typicality and length were not based on normative data, 
these were scored for 100% of the entries.

On average, the first five words generated by the two groups did not 
differ in their age of acquisition (t112 = − 0.250, p = 0.803, d = − 0.047), 
frequency (t112 = − 0.537, p = 0.592, d = − 0.101), typicality 
(t112 = 0.074, p = 0.941, d = 0.014), or length (t112 = − 1.642, p = 0.103, 
d = − 0.308).

On average, words generated by aMCI participants calculated over 
the entire performance were acquired earlier in life (t112 = − 3.978, 
p < 0.001, d = − 0.746), more frequent (t92.890 = 5.496, p < 0.001, 
d = 1.001), more typical (t101.386 = 5.109, p < 0.001, d = 0.937), and 
shorter (t109.383 = − 3.943, p < 0.001, d = − 0.730) than the NOCD 
group.

aMCI participants also made fewer switches (t112 = 8.073, p < 0.001, 
d = 1.514) and generated smaller clusters (t112 = 2.713, p = 0.008, 
d = 0.509) than the NOCD group. All these findings are reported in 
Table 2.

Table 1 
Characterisation of the study cohort.

Variable aMCI 
(n = 60)

NOCD 
(n = 54)

Group 
Difference (p)

Age (years) 73.53 
(9.01)

68.76 
(9.17)

0.006

Education (years) 9.75 (3.82) 10.31 
(3.61)

0.420

Sex and Gender (F/M)† 30/30 34/20 0.164
Mini Mental State Examination 26.58 

(2.32)
28.73 
(1.20)◦

<0.001

Digit Span Test (forward 
presentation)

5.15 (0.88) 5.55 
(0.74)◦

0.012

Prose Memory Test (immediate- 
delayed recall average)

5.97 (3.82) 12.22 
(2.26)◦

<0.001

Rey Auditory Verbal Learning Test 
(immediate recall)

24.02 
(7.12)

36.79 
(9.90)*

<0.001

Rey Auditory Verbal Learning Test 
(delayed recall)

2.07 (2.07) 7.23 
(2.72)*

<0.001

Digit Cancellation Test 46.35 
(5.49)

52.47 
(5.55)◦

<0.001

Letter Fluency Test 26.13 
(10.46)

34.98 
(10.08)◦

<0.001

Category Fluency Test (animals) 14.78 
(5.38)

26.91 
(8.60)

<0.001

Token Test 30.62 
(4.13)

32.21 
(3.03)◦

0.027

Visuo constructive Praxis Test 8.17 (1.53) 9.37 
(1.44)◦

<0.001

Clock Drawing Test 8.22 (1.91) 10.47 
(8.74)◦

0.055

Cognitive Estimates Test 4.48 (0.79) 4.80 
(0.46)◦

0.011

Activities of Daily Living 5.87 (0.34) 5.86 
(0.35)◦

0.887

Instrumental Activities of Daily 
Living

6.15 (1.56) 6.84 
(1.48)◦

0.021

Global Deterioration Scale 3.69 (2.79) 4.32 
(3.03)*

0.272

Hamilton Depression Rating Scale 7.28 (5.15) 8.94 
(3.91)◦

0.066

Neuropsychiatric Inventory 
(frequency × severity)

14.98 
(11.19)

16.27 
(10.02)◦

0.535

Means and standard deviations are indicated; ◦: statistics were calculated on n =
49 controls; *: statistics were calculated on n = 48 controls. †: gender and sex 
corresponded for all participants included in this study. Diagnoses of aMCI were 
made based on the age, education, and gender-corrected normative values of 
each individual test, as this is the clinical standard followed by Italian memory 
clinics. Between-group differences in uncorrected scores, therefore, are not 
necessarily indicative of a deficit.

Table 2 
Item-level and clustering/switching properties of CFT performance.

CFT Measure aMCI NOCD p-value Cohen's 
d

Age of Acquisition - 
Global Average

4.24 (0.37) 4.48 (0.26) <0.001 − 0.746

Frequency - Global 
Average

2023.36 
(720.52)

1434.35 (391.23) <0.001 1.001

Typicality - Global 
Average

0.33 (0.08) 0.27 (0.05) <0.001 0.937

Length - Global 
Average

6.14 (0.52) 6.49 (0.40) <0.001 − 0.73

Age of Acquisition - 
First 5 Words

3.83 (0.54 3.85 (0.57) 0.803 − 0.047

Frequency - First 5 
Words

3171.03 
(1480.03)

3318.86 (1452.98) 0.592 − 0.101

Typicality - First 5 
Words

0.45 (0.12) 0.45 (0.13) 0.941 0.014

Length - First 5 
Words

5.74 (0.76) 5.98 (0.79) 0.103 − 0.308

Number of Switches 7.77 (3.64) 13.80 (4.33) <0.001 − 1.514
Mean Cluster Size 1.62 (0.54) 1.89 (0.53) 0.008 − 0.509
Age of Acquisition - 

Intra-cluster 
change

− 0.09 (0.65) − 0.25 (0.83) 0.262 0.214

Frequency - Intra- 
cluster change

850.22 
(2453.08)

989.42 (1520.22) 0.714 − 0.067

Typicality - Intra- 
cluster change

0.04 (0.14) 0.06 (0.09) 0.448 − 0.140

Length - Intra-cluster 
change

0.10 (1.37) − 0.18 (1.17) 0.238 0.222

Means and standard deviations are indicated; aMCI: amnestic mild cognitive 
impairment; NOCD: participants with no objective cognitive deficits.
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3.3. SRO-based correlational trends

None of the correlational indices was associated with age but all of 
them correlated with years of education, with absolute r-scores between 
0.24 and 0.34. SRO-frequency and SRO-age of acquisition were not 
significantly correlated with quantitative CFT scores, while SRO- 
typicality and SRO-length were (i.e., r = 0.223 and r = − 0.293, 
respectively; Fig. 3). The variance inflation factor, however, was <1.1 in 
both cases, indicating a modest relationship between quantitative and 
SRO-based qualitative aspects of performance.

Uncorrected analyses revealed no differences between groups in the 
correlational indices between SRO and age of acquisition (t107.28 = 1.24, 
p = 0.108, d = 0.172), typicality (t112 = − 1.62, p = 0.054, d = 0.306), or 
frequency (t112 = − 0.914, p = 0.181, d = 0.231). A significant difference 
was instead found in association with the SRO-length index (Fig. 4), with 
aMCI individuals showing significant larger correlation coefficients 
(t88.21 = 2.92, p = 0.002, d = 0.539). While this index had a positive sign 
(indicating a positive correlation, i.e., words were increasingly longer 
during test performance) in both groups, this trend was more exacer
bated in the aMCI group (z = 0.289, versus a z = 0.126 calculated in the 
group of NOCD).

The first set of analysis-of-covariance models (i.e., corrected for age 
and years of education) confirmed the results of the t tests: no effect of 
diagnosis emerged from the analysis of the correlational indices between 
SRO and frequency (F1,110 = 1.25, p = 0.266, partial η2 = 0.011), typi
cality (F1,110 = 2.37, p = 0.127, partial η2 = 0.021), or age of acquisition 
(F1,110 = 0.88, p = 0.350, partial η2 = − 0.008). A significant effect of 
diagnosis was instead found in association with the SRO-length index 
(F1,110 = 8.96, p = 0.003, partial η2 = 0.075).

The second set of analysis-of-covariance models (i.e., corrected for 
age, years of education and quantitative CFT scores) showed no signif
icant effect of diagnosis: SRO-frequency: F1,109 = 0.339, p = 0.562, 
partial η2 = 0.003; SRO-typicality: F1,109 = 0.180, p = 0.672, partial 
η2 = 0.001; SRO-age of acquisition: F1,109 = 0.037, p = 0.847, partial 
η2 < 0.001; SRO-length: F1,109 = 1.644, p = 0.203, partial η2 = 0.025.

In order to obtain a more intuitive statistical index that could allow 
us to compare the effect of diagnostic group on each z-converted 
correlational index, all three sets of analyses were rerun as hierarchical 
regression models. This analytical approach was used to quantify and 
compare the r2-change coefficients across models. These are shown in 
Table 3.

The two analyses that reported between-group differences were 
significant at a p-value lower than the 0.0042 corresponding to a 
Bonferroni-corrected threshold accounting for 12 independent models. 
All sets of inferential models were also rerun by retaining only partici
pants who generated ≥15 words (i.e., 28 aMCI and 53 NOCD; see 
Supplementary Fig. S1 for a distribution of scores among those partici
pants producing <15 words). All findings were confirmed.

3.4. Intra-cluster change in word complexity

While naming increasingly difficult words is a tendency that 

Fig. 3. Boxplot graphs showing the distribution of correlational indices in the two diagnostic groups. Supplementary Fig. S1 illustrates where, within these dis
tributions, those who generated <15 words are located.

Fig. 4. Scatterplot showing the association between quantitative CFT scores 
and the correlational index between SRO and word length (i.e., the only one 
associated with a significant effect of group from the set of uncorrected 
models). The continuous black line and the grey dotted line were fitted to 
represent datapoints in the NOCD and aMCI group, respectively.

Table 3 
Uncorrected and corrected models analysed via hierarchical regression models.

Hierarchical 
Regression Model

Age of 
Acquisition

Frequency Typicality Graphemic 
Length

Uncorrected Analyses
BLOCK 1: Diagnostic 

Group
0.013 
(1.3%)

0.007 
(0.7%)

0.023 
(2.3%)

0.067 
(6.7%)

Corrected Analyses - Set 1
BLOCK 1: Age and 

Years of Education
0.063 
(6.3%)

0.139 
(13.9%)

0.068 
(6.8%)

0.064 
(6.4%)

BLOCK 2: Diagnostic 
Group

0.070 
(þ0.7%)

0.149 
(þ1%)

0.088 
(þ2%)

0.134 
(þ7%)

Corrected Analyses - Set 2
BLOCK 1: Age, Years 

of Education, and 
Quantitative CFT 
Count

0.077 
(7.7%)

0.148 
(14.8%)

0.099 
(9.9%)

0.143 
(14.3%)

BLOCK 2: Diagnostic 
Group

0.077 
(þ0%)

0.150 
(þ0.2%)

0.100 
(þ0.1%)

0.156 
(þ1.3%)

r2 (BLOCK 1) and r2-change (BLOCK 2) coefficients are shown. Percentages and 
block-to-block increases in percentages are reported.
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characterises CFT performance over the entire 1-min performance, this 
trend may also be influenced by the cluster-based organisation of 
retrieval. We tested this additional hypothesis post hoc, by focussing on 
each individual cluster, and evaluating the intra-cluster change in word 
complexity. To do so, we calculated the difference between the first and 
the last word of each cluster, and we averaged these change-scores 
within each participant's performance. One sample t-tests were then 
run to test the one-tailed hypothesis by which change scores would be 
significantly different from zero and indicative of an intra-cluster trend 
towards increased complexity. A significant and strong effect was found 
in the NOCD group in relation to decreasing frequency (t53 = 4.783, 
p < 0.001, d = 0.651) and decreasing typicality (t53 = 5.057, p < 0.001, 
d = 0.688), while a more modest effect was found in relation to 
increasing age of acquisition (t53 = − 2.165, p = 0.008, d = − 0.295). In 
the aMCI group, only decreasing frequency (t59 = 2.685, p = 0.005, 
d = 0.347) and decreasing typicality (t59 = 2.483, p = 0.017, d = 0.318) 
demonstrated a moderately significant effect, while the findings for age 
of acquisition were not significant (t56 = − 1.007, p = 0.159, 
d = − 0.133). Finally, the change scores for word length did not emerge 
as significant in any of the two groups (NOCD: t53 = − 1.147, p = 0.128, 
d = − 0.156; aMCI: t59 = − 0.577, p = 0.283, d = 0.075). We also 
compared intra-cluster change scores between the two groups, but none 
of the models resulted in significant differences.

4. Discussion

This is the first study investigating the differences in CFT perfor
mance between aMCI individuals and individuals with subjective defi
cits but no objective evidence of cognitive decline, with a specific focus 
on the link between word complexity and the order of word retrieval. 
SRO is an ordinal variable that defines the hierarchy of free recall within 
the semantic constraints of the target category. The association between 
SRO and an index of item complexity indicates the propensity of an 
individual to access a semantically-cued lexicon and generate words that 
are increasingly difficult. It was previously demonstrated that these 
correlational indices show a significant directional trend in healthy 
adults (De Marco and Venneri, 2022). Our findings (reported in Fig. 4) 
confirm these trends when the test is administered in a language 
different from English, and are found alongside a reduced quantitative 
output, and an overall tendency to name simpler entries.

Although four correlational indices were investigated, only one of 
these showed significant differences between the two diagnostic groups: 
that between SRO and word length. This emerged from the set of un
corrected analyses, as well as from the analyses corrected for age and 
years of education. Non-significant trends emerged from the uncorrec
ted models in association with the other three indices, but these trends 
were considerably downsized after controlling for age and years of ed
ucation. In comparison with frequency, age of acquisition and typicality, 
graphemic length does not convey any semantic content, but reflects a 
lexical property of words. This indicates that the main property on 
which individuals with NOCD and those with aMCI differ is the degree to 
which their performance consists of increasingly longer words. More
over, as we had assumed quantitative differences to be more influential 
on these trends than qualitative differences (Fig. 2), the lack of statistical 
findings emerging from the third set of inferential models (i.e., those 
also controlling for quantitative performance) does support our 
assumption.

Although the aMCI participant with the strongest SRO-length cor
relation (i.e., equal to a z-score of 1.44) had generated <10 words, the 
other 11 participants who had similarly generated <10 words had less 
strong correlational z-scores (i.e., averaging at 0.380). This confirms 
lack of a strong link between quantitative scores and SRO-length 
correlational indices (which is also illustrated in Fig. 4), and the fact 
that higher coefficients in the aMCI group are not exclusively a by- 
product of this group generating fewer words. All findings, in fact, 
were replicated after retaining in the analyses only participants with a 

quantitative score of 15 and above. Quantitative scores, however, did 
play a significant role in the second set of ANCOVA models. In fact, when 
analyses included quantitative scores as a correction factor, the results 
were no longer significant. The vast majority of studies that have 
investigated item-level CFT scores by studying the difference in per
formance between a group of controls and a group of participants with a 
neurological condition did not control for quantitative CFT scores (De 
Marco et al., 2025). To date, only five studies have included quantita
tive performance as a control factor (De Marco et al., 2021a; van den 
Berg et al., 2024; Vita et al., 2014; Vonk et al., 2019, 2023). This is a 
methodological aspect that should be considered in future studies 
testing item-level CFT scores.

4.1. Constraints on generalisation

The effect documented in relation to word length deserves further 
attention since, differently from English, the Italian language has a 
transparent orthography. Published evidence indicates that ortho
graphic characteristics of a language influence speech production, e.g., 
(Peereman et al., 2009; Rastle et al., 2011). When languages are char
acterised by a transparent grapheme-to-phoneme correspondence, 
orthographic length of words tends to coincide with phonological 
length. As a result, it is possible that orthographic length plays a more 
relevant role in CFT testing in transparent languages. An investigation 
carried out in English and Spanish, however, has shown that both 
orthographic and phonological length are significantly correlated with 
semantic features of words like frequency or age of acquisition, and this 
appears to be the case for both languages (Davies et al., 2016). Another 
study, however, reported that phonological (but not orthographic) 
similarity of words generated during a CFT was predictive of quantita
tive performance in native English speakers with MCI (Clark et al., 
2014), suggesting a dissociation between the two indices at this diag
nostic stage. In addition, phonological length of English CFT words has 
been associated with executive functioning, as shorter words possess a 
wider phonological neighbourhood that needs to be inhibited during 
task performance (Rofes et al., 2020).2 We argue that this, however, 
would mostly affect shorter words generated during the second part of 
the test, as early words are typically generated via automatic processing 
(Hurks et al., 2004). It is also important to point out that the impact of 
word length on time-constrained word generation may differ from lan
guage to language. While a very large number of animals in English are 
represented by one-syllable words, this is not the case in other lan
guages, and this might lead to cross-linguistic differences in CFT per
formance (Kempler et al., 1998).

When performance is analysed as a function of generation time, in 
10/15-s quantiles in cognitively unimpaired adults and individuals with 
MCI, the majority of words are produced at the start of performance 
(Fernaeus et al., 2008). This suggests that correlational indices calcu
lated across the entire performance are more influenced by automatic 
(than controlled) word retrieval, as more of the earlier words contribute 
to the calculation of the coefficients. To have a graphical overview of the 
overall findings and help interpret our data, we plotted word length as a 
function of order of recall for the first 20 words in the two diagnostic 
groups. No trend can be immediately recognised by inspecting length of 
individual words or of groups of 5 consecutive words (Fig. 5). What 
emerges is a considerably larger variability in the aMCI group, possibly 
due to a range of different types of episodic memory difficulties, with 

2 Operationalising the orthographic neighbourhood via the ‘Levenshtein 
Distance’ metric (i.e., the number of words differing from the target by one 
graphemic insertion, deletion, or substitution, as scored by the resources 
available at https://www.dcode.fr/levenshtein-distance), short words such as 
HORSE (16 neighbours), MOUSE (19 neighbours), or GOAT (20 neighbours) 
have larger orthographic neighbourhoods than longer words such as STARLING 
(9 neighbours), PHEASANT (3 neighbours) or SQUIRREL (1 neighbour).

M. De Marco et al.                                                                                                                                                                                                                             Neuropsychologia 231 (2026) 109552 

7 

https://www.dcode.fr/levenshtein-distance


these expressing as deficits on either or both the Rey Auditory Verbal 
Learning Test or the Prose Memory Test, and as a result of impairment in 
a range of processes being involved, i.e., encoding, access, retrieval, and 
control resources. Future studies based on larger cohorts should consider 
taking this clinical element into account and could extend the focus on 
the comparison of aMCI and non-amnestic MCI, or of single-domain and 
multiple domain MCI, or should possibly include measures of Alz
heimer's biomarkers, to focus on groups that are mechanistically more 
homogeneous. To date, in fact, the literature on the study of item-level 
CFT scoring is almost entirely based on studies of clinically-diagnosed 
participants (De Marco et al., 2025), with one study only reporting the 
use of biomarkers (Ferrante et al., 2024). On this note, while multiple 
aetiologies may cause amnestic symptoms, Alzheimer's disease or 
another neurogenerative condition is typically a prime aetiological 
suspect when a clinical diagnosis of aMCI is made. For this reason, given 
the established link between semantic memory and integrity of the 
perirhinal cortex, item-level approaches to CFT scoring like the one 
presented in this study can be an informative yet inexpensive route to 
early detection of individuals with possible perirhinal alterations.

Beyond its use in clinical research, item-level scoring holds promise 
as a method for investigating memory-related search. The perirhinal 
cortex is responsible for the retrieval of information that is “context free” 
(Mishkin et al., 1997). When a semantic category is searched (or 
“foraged”), however, this is also sustained by an increase in hippo
campal theta oscillations (Viganò et al., 2025), which characterise the 
operational mode of the hippocampus (Buzsáki, 2002). It is possible that 
an altered cross-talk between perirhinal and hippocampal areas may 
spare the ability to retrieve context-free category exemplars, in a general 
sense, but would not allow deployment of hippocampal resources that 
can grant contextual-binding facilitations, such as, for example, a more 
efficient cluster-to-cluster strategy, or the use of other resources, such as 
visual imagery or autobiographical episodes. From this viewpoint, the 
effect observed in relation to graphemic length could indicate over
reliance in the aMCI group on a mechanism that, not reflecting any 
contextual binding, and not embodying any semantic information, is not 
useful at supporting performance. In this respect, this study expands 

research in the field of semantic foraging and underscores the need to 
approach this area by focussing on multiple languages.

4.2. Study limitations

This study is not free from limitations. While word length, typicality 
and frequency of use were scored for the entire (or vast majority of the) 
database, age of acquisition norms were only available for 73.6% of the 
total CFT words generated by the entire cohort (i.e., we were able to 
score 1722 of 2340 words that represent the global output). Although 
we cannot rule out that different SRO correlational indices would have 
been obtained if 100% of the words had been scored in relation to each 
lexical and semantic feature, the existing normative values did allow us 
to score the majority of the words produced by our participants and to 
calculate individual age of acquisition trends (i.e., more details are 
provided in Supplementary Fig. S2). In this respect, however, while a 
large amount of normative data is available for English words, fewer 
options are available, as of now, in other languages (Banks and Connell, 
2023). Secondly, while the positional order of each word operational
ised by SRO reflects a general property of retrieval from long-term lex
ical-semantic memory, we do not know to what degree this is linked to 
the mechanisms of access and elaboration of lexical-semantic memories. 
Studies investigating ‘relational’ properties of retrieved words such as 
clustering and switching suggest an elaboration of semantic content 
occurring during CFT (i.e., as it is an elaboration of content that cues 
retrieval of semantically associated words). However, it is likely that 
words rapidly generated during the first part of the test are simply 
accessed but not elaborated in depth. As a result, it needs still to be 
established to what degree correlational indices linked to SRO are 
influenced by the various mechanisms of memory retrieval.

4.3. Conclusions

In summary, we found a significant difference between aMCI and 
individuals with NOCD attending a memory clinic in the correlational 
index between CFT SRO and word length. aMCI individuals showed 

Fig. 5. Visual representation of word length in association with up to the first 20 words generated by each participant. 
Individual words and the mean of words 1-5, 6-10, 11-15 and 16-20 are shown. Error bars represent the 95% confidence intervals.
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stronger correlational indices than NOCD individuals, indicating a more 
pronounced propensity to generate words that are increasingly longer 
during the course of the 1-min performance. This effect, however, was 
no longer significant after controlling for CFT quantitative performance 
(i.e., the number of words generated). No significant findings emerged 
instead from the analysis of the correlational indices between SRO and 
words’ frequency, age of acquisition, or typicality. This suggests that, 
when CFT is tested in Italian individuals with aMCI, lexical, rather than 
semantic coding seems to play a more distinctive role in the processes of 
normal-vs.-abnormal ageing. More studies are warranted to explore this 
area of study in depth, possibly thanks to the application of novel and 
lexically-richer normative data, which are largely available in English, 
but less so in other languages.
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