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Abstract

This study examines lexical access deficits in Spanish-speaking individuals 
with stroke induced anomia by analyzing psycholinguistic predictors, error patterns, 
and reaction times during naming and comparing the results with performance on 
a fluency task. Eleven participants completed both tasks. Naming performance 
was assessed using psycholinguistic variables such as age of acquisition, 
frequency, word length, phonological complexity, and familiarity. At both group 
and individual levels, words acquired later and rated as less familiar significantly 
increased error rates, supporting the role of these variables in lexical access. Error 
analysis showed heterogeneous profiles, with lexical accuracy errors (particularly 
contextual errors) being the most frequent. Lexical accuracy errors predominated 
over phonological ones. RT analyses demonstrated significantly longer latencies for 
incorrect responses, especially for lexical accuracy errors, suggesting that increased 
time does not enhance performance. Phonological errors were produced more 
quickly than lexical ones, consistent with models of temporal lexical access stages. 
Additionally, naming accuracy significantly correlated with semantic fluency but 
not phonemic fluency, highlighting shared lexical-semantic processes between 
these tasks. Despite its descriptive nature and limited sample size, this study 
provides preliminary evidence about psycholinguistic and temporal characteristic 
of lexical retrieval deficits in aphasia, with implications for assessment and targeted 
intervention in clinical practice.

Keywords: Anomia; psycholinguistic predictors; error patterns; reaction times; 
lexical retrieval.
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Resumen

Este estudio examina los déficits en el acceso al léxico en once individuos his-
panohablantes con anomia tras un ictus a partir de variables psicolingüísticas, tipos 
de errores y tiempos de reacción en una tarea de denominación. Estos resultados se 
comparan con los obtenidos en una tarea de fluidez verbal. La ejecución en la tarea 
de denominación se analizó teniendo en cuenta las variables psicolingüísticas (edad 
de adquisición, frecuencia léxica, longitud de la palabra, complejidad fonológica y 
familiaridad). A nivel grupal e individual, las palabras de edad de adquisición tardía 
y menos familiares incrementaron significativamente la tasa de errores, lo que res-
palda el papel de estas variables en el acceso léxico. El análisis de errores mostró 
perfiles heterogéneos: los errores de precisión léxica, especialmente los contextuales, 
fueron los más frecuentes y predominaron sobre los fonológicos. El análisis de los 
tiempos de reacción mostró latencias significativamente mayores en las respuestas 
incorrectas, especialmente en los errores de precisión léxico, lo que sugiere que un 
mayor tiempo no mejora el rendimiento. Los errores fonológicos se produjeron más 
rápidamente que los léxicos, en línea con modelos que proponen etapas temporales 
en el acceso léxico. Además, la precisión en denominación correlacionó significati-
vamente con la fluidez semántica, pero no con la fluidez fonológica, lo que pone de 
manifiesto procesos léxicos-semánticos compartidos entre ambas tareas. A pesar de 
su carácter descriptivo y del tamaño muestral reducido, este estudio ofrece evidencia 
preliminar sobre las características psicolingüísticas y temporales de los déficits en 
la recuperación léxica en afasia, con implicaciones para la evaluación e intervención 
clínica dirigida.

Palabras clave: Anomia; variables psicolingüísticas; tipos de errores; tiempos 
de reacción; recuperación de palabras.

1. Theoretical framework 

 1.1. Anomia: definition and etiology 

Anomia is associated with word selection and word retrieval difficulties (Good-
glass & Wiingfield, 1997; Harnish, 2018; Hurley et al., 2012), specifically with nouns 
(Raymer & Rothi, 2008). Although there are multiple causes for the emergence of 
this symptom, the present study focusses on anomia resulting from cerebrovascular 
accidents (CVA). Language production deficits are among the most common symp-
toms in people with aphasia (PWA) (Benson, 1988; Cuetos et al., 2010; Meteyard 
& Bose, 2018), regardless of the type of aphasia (Basso et al., 1990). The word 
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production process involves the connection of linking frontal, temporal, and parietal 
regions (Mesulam et al., 2009) with subcortical regions playing a crucial role (Wi-
erenga et al., 2008). These neuroanatomical considerations are aligned with the dual-
stream model of speech processing (Hickok & Poeppel, 2004, 2007). The model 
proposes a dorsal stream connecting posterior and frontal regions, which facilitates 
sensoriomotor integration for speech production, and a ventral stream that supports 
lexical-semantic processing by mapping speech sounds onto meaning. 

Supporting this perspective, Catani et al. (2005) demonstrated that the perisyl-
vian language areas of the left hemisphere are connected by two parallel pathways. 
This finding explains the heterogeneity observed in aphasia syndromes depending 
on lesion site and supports a connectionist view of language, where processing is 
distributed across networks rather than confined to isolated centers. Neuroanatomi-
cal pathways involved in the stages of executing the output of a word can be seen in 
Georgiou et al. (2022), reinforcing the idea that damage to distinct cerebral regions 
may result in verbal behavior marked by similar features. 

1.2.  Processes involved and typology of anomia

Word level production entails multiple processes, including conceptualizing, 
lexical selection, and phonological sequencing (Rapp & Goldrick, 2000). Impair-
ment at any of these stages may give rise to three distinct types of anomia (Laine 
& Martin, 2013): semantic anomia, associated with impairments in conceptual pro-
cessing; word form anomia, linked to lexical representation difficulties; and phono-
logical anomia, characterized by phoneme substitutions, omissions, and additions. 
Three indicators are identified to determine the type of anomia in individuals: task 
performance, the influence of psycholinguistic variables, and the nature of errors 
(Butterworth et al., 1984; Caramazza & Hillis, 1990; Cuetos, 2003). 

1.2.1. Tasks

The first indicator concerns the types of tasks employed. Naming task are among 
the most used tools for assessing language impairments. Three common verbal con-
ditions are typically evaluated: (i) confrontation naming, (ii) definition naming, and 
(iii) categorical evocation (Diéguez-Vide & Peña-Casanova, 2012). 

For the purposes of this study, picture naming and verbal fluency tasks were 
selected. Picture naming is a central method for assessing accuracy and response 
latency during word retrieval. Despite concerns regarding its ecological validity 
(Herbert et al., 2008), this task offers advantages, such as the quantification of cor-
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rect responses, the analysis of psycholinguistic variables, and the ability to conduct 
reliable test-retest comparisons (Mason & Nickels, 2021). 

In a complementary manner, verbal fluency tasks are particularly useful for 
evaluating the degree of impairment in individuals with various neurological condi-
tions (Ivanova et al., 2020). These are typically assessed using two types of prompts: 
phonological and semantic cues. Research suggests that phonemic fluency tests pri-
marily assess executive functions (Shao et al., 2014), while semantic fluency tasks 
are more indicative of lexical access and semantic memory (Henry & Crawford, 
2004). 

1.2.2. Psycholinguistics predictors 

The second indicator involves psycholinguistic variables known to influence 
different stages of word production, as outlined by Alario et al. (2004) and Heik-
kola et al. (2022). According to Verhaegen et al. (2014), lexical-semantic impair-
ments are affected by variables such as age of acquisition and frequency, while a 
phonological impairment is affected by word length. Tasks involving visual rec-
ognition require consideration of variables such as visual complexity (Humphreys 
et al., 1988), name agreement (Vitkovich & Tyrrell, 1995), and image agreement 
(Alario et al., 2004). 

At the semantic level, variables such as familiarity and imageability play a sig-
nificant role (Ghasisin et al., 2014). Familiarity appears to influence latency in adults 
(Ellis & Morrison, 1998), and is a key predictor of performance in individuals with 
aphasia (Feyereisen et al., 1988). Similarly, imageability is associated with faster 
response times and greater accuracy, likely due to brain activity related to mental im-
age creation (Garbarini et al., 2020). Although name agreement is primarily linked 
to lexical access (Alario et al., 2004), some models consider it a determinant of se-
mantic content. Beyond being a predictor for healthy adults, Laiacona et al. (2001) 
identified name agreement as the strongest predictor in people with aphasia (PWA). 
At the lexical level, age of acquisition and frequency, two closely related variables 
(Holmes et al., 2006), strongly predict accuracy and latency in PWA (Brysbaert & 
Ellis, 2016). Regarding phonological processing, word length has been shown to 
impact performance (Alario et al., 2004). 

In addition to the variables mentioned, other factors that have proven to be cru-
cial in word retrieval can also be considered. Typicality reflects how representative 
a concept is of its category. Another is the number of phonological neighbors, refer-
ring to phonologically similar words that differ from the target by only one phoneme 
(Van der Berg et al., 2022). Although findings vary depending on the task, facilitat-
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ing effects have been documented (Luce & Pisoni, 1998). Lastly, syllabic structure 
is an important variable to examine, as patients tend to simplify complex structures 
(Romani & Galluzzi, 2005). 

In verbal fluency, many studies focus on analyzing the psycholinguistic vari-
ables produced by individuals with different pathologies (Rofes et al., 2019). The 
psycholinguistic characteristics of the words produced in fluency tasks have been 
studied less systematically than in other tasks. (Faroqi & Milman, 2017). In this 
regard, the study shows that people with aphasia (PWA) use words of higher fre-
quency, lower age of acquisition, and shorter length than their controls.

1.2.3. Response analysis

Analyzing error types allows for the identification of specific processes in which 
difficulties arise. Documenting the nature of error patterns can determine whether 
these errors originate at the semantic or phonological level (Puttanna et al., 2023). 
Therefore, studying the error enables us to explore their lexical retrieval process 
(Herbert et al., 2008). 

Although definitions of error types vary depending on the study (Schwartz, 
2014), this study adopts traditional classifications (Bandera et al., 1991; Martin et 
al., 1994) adapting them to align with the objectives of our research, allowing us to 
obtain linguistically relevant information.

It is well established that lexical retrieval involves both semantic and phonologi-
cal processes (Raymer & Rothi, 2008), and this distinction is central to the classifica-
tion. Some responses exhibit phonological similarities to the target word, differing 
due to simplification, modification, or addition (Laganaro & Zimmermann, 2010). 
Such cases are suspected to indicate post-lexical difficulties (Goldrick & Rapp, 
2007). Additionally, a response may result from an error in lexical accuracy. In such 
instances, the participant may associate the produced word with the target based on 
semantic field relations (e.g., dog–cat) or referential connections (e.g., dog–muzzle). 
These cases suggest difficulties in lexical labeling (Dell et al., 2004). Lexical accu-
racy errors, particularly those involving words from the same semantic field, can be 
explained by the spreading activation of related concepts (Kerr et al., 2023). Hyper-
nym errors (e.g., dog–animal) may reflect the activation of less specific semantic in-
formation, which could indicate a semantic difficulty (González-Nosti et al., 2008). 
Furthermore, unrelated responses may point to issues within the semantic system, 
while the absence of a response is less systematic and cannot be easily attributed to 
a specific cause (Dell et al., 2004).
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1.2.4. An additional measure: reaction times 

In naming tasks, both accuracy and latency serve as critical empirical measures 
of lexical access (Conroy et al., 2018; Moayedfar et al., 2019). Research on reaction 
times (RTs) in PWA reveals mixed findings in naming tasks: some individuals per-
form worse with longer response latencies, while others benefit from the additional 
time (Martin & Dell, 2019).

Moreover, analyzing reaction times in relation to errors can also provide valu-
able insights (Schuchard et al., 2017). In fact, lexical accuracy errors occur at an 
earlier stage of the process, whereas phonological errors arise after the correct 
word has been selected, but a failure occurs in the phoneme organization (Roelofs, 
2014).

The picture-word interference paradigm involves deliberately manipulating dis-
tractors in the naming task, including both semantically related and unrelated ones. It 
has been demonstrated that semantically related distractors increase naming latency 
(Kerr et al., 2023), given that lexical access relies on a selection process (Mahon et 
al., 2007). However, the same does not hold true for phonologically related distrac-
tors. In this case, the opposite effect is observed, as they facilitate processing and 
result in shorter latencies (Jescheniak et al., 2003). In summary, semantically related 
distractors slow down response times, while phonological distractors do not, as the 
selection process has already occurred. 

Therefore, it may be hypothesized that different types of retrieval difficulties 
manifest as distinct RT profiles. Based on empirical evidence from the picture-word 
interference paradigm, semantic errors would be expected to produce longer RTs 
because they indicate difficulty in lexical access, whereas phonological errors would 
be faster as they stem from phonological sequencing difficulties.

Similarly, identifying differences among errors in lexical accuracy would pro-
vide valuable insights into the underlying retrieval processes. Errors in which the 
produced word and the target belong to the same semantic field could be related to 
partial activation within the semantic network. Due to their semantic proximity, such 
errors might be associated with shorter RTs. In contrast, lexical accuracy errors in-
volving referentially related but semantically distant terms, such as dog–muzzle, sug-
gest a broader and more effortful search within the semantic network. These errors 
may reflect weaker associative link and greater uncertainty during lexical selection, 
which would likely manifest in longer reaction times. Finally, hypernym errors, in 
which a superordinate term is retrieved instead of the target (e.g. dog–animal), may 
arise from reduced activation of specific lexical items. Given the hierarchical dis-
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tance between hypernyms and their subordinate terms, these errors are also expected 
to result in increased latencies during word retrieval.

2.	 The present study

The current study aims to investigate lexical access deficits in individuals with 
anomia following a stroke. Specifically, it examines the influence of psycholinguistic 
variables on error distribution in a naming task, the nature of error patterns, and the 
role of reaction times in correct and incorrect responses. Moreover, a verbal fluency 
task was used to investigate the relationship between performance in different tasks. 
To address the lexical access deficit, both data from a picture naming task and a ver-
bal fluency task are analyzed in individuals diagnosed with anomia. Four research 
questions are proposed: 

1.	� How do psycholinguistic variables influence the number and type of errors 
in naming tasks in individuals with anomia?

2.	� What information does the analysis of error types reveal about the underly-
ing lexical access processes in stroke patients with aphasia?

3.	� How do reaction times differ between correct and incorrect responses? 

4.	� Does the distribution of correct responses in naming and verbal fluency 
tasks reflect a common underlying lexical access deficit? 

To address the first question, the study examines the influence of psycholin-
guistic variables on the distribution of errors in the naming task. This analysis will 
provide insights into the factors that contribute to naming difficulties in individuals 
with anomia. More specifically, the main aim is to examine the role of psycholin-
guistic variables, such as age of acquisition, frequency, word length, complexity, and 
familiarity in word retrieval.

Secondly, the analysis of error patterns is carried out through the classification 
of responses as either phonological or semantic. This approach allows for a more 
detailed understanding of the specific nature of word retrieval difficulties. 

Thirdly, reaction times in correct and incorrect are explored. This allows for the 
examination of temporal dynamics in lexical access. The error type classification 
allows us to investigate the relationship between error and response latency, contrib-
uting to our understanding of how errors manifest at different stages of the retrieval 
process. 
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Finally, the study investigates whether the distribution of correct responses in 
naming and verbal fluency tasks reflects the same type of lexical access deficit. By 
comparing the patterns of correct responses across tasks, the main purpose is to de-
termine if the same underlying process is involved. 

Numerous studies have examined, often separately, the role of psycholinguistic 
variables in naming performance, the distribution of error types, and the timing of 
responses in individuals with aphasia, including those with anomia. These aspects 
of lexical access have typically been explored using picture naming tasks, and each 
has contributed valuable insights into the nature of language breakdown following 
brain injury. However, such dimensions are often investigated separately or across 
heterogeneous clinical populations. Studies of error typology compare individuals 
with different aphasia subtypes, rather than focusing specifically on anomia. More-
over, much of the existing literature is based on English-speaking samples, which 
limits our understanding of how language-specific features may influence retrieval 
processes. The present study addresses these limitations by integrating data from two 
complementary tasks in a sample of Spanish-speaking individuals with post-stroke 
anomia. In this study, we adopt an integrated approach to examine lexical access in 
anomia, simultaneously analyzing the influence of psycholinguistic variables, error 
typology, and response latencies.  

In sum, the main aim is to provide a comprehensive analysis of the processes 
involved in anomia, focusing on psycholinguistic predictors, error patterns and reac-
tion times. By addressing these research questions, our study contributes to a deeper 
understanding of lexical access impairments in post-stroke anomia. 

3. Method

3.1.  Participants

This study included 11 native Spanish-speaking participants who were diag-
nosed with anomia as a result of a stroke. Participant characteristics are presented 
in Table 1. The mean age of the group was 66.64 years (SD = 10.70, range = 47-
79). Women comprised 45.45% of the sample. Regarding educational background, 
27.27% of participants had completed higher education, 27.27% had a medium level 
of education, and the remainder had only primary education. None of the partici-
pants had documented cognitive impairments prior to brain injury. Although the time 
elapsed since the stroke varied among participants, the acute phase of the lesion was 
avoided. All strokes were left-hemispheric and affected language-related areas, con-
tributing to the observed language difficulties. 
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All participants provided written informed consent in accordance with the ethi-
cal standards of the Ethical Committee of Aragon. 

Table 1

Participant demographic and clinical information

Partici-
pant

Age Sex Level of 
education

Months 
since 
injury 

Lesion site Etiology Type of 
aphasia

MC_2 63 W Primary 2
Indeterminate 
posterior region Ischemic Motor aphasia

L_4 62 M High 2 Occipital Ischemic Mixed aphasia

J_5 83 W Primary 16
Insular and 
parietal Ischemic Motor aphasia

E_6 60 M Secondary 101
Indeterminate 
posterior region Ischemic Motor aphasia

L_8 65 M Secondary 120 Subcortical Hemorrhagic Motor aphasia

MA_9 79 M Primary 58
Indeterminate 
posterior region Ischemic Mixed aphasia

A_10 68 M Secondary 73
Temporal and 
parietal Hemorrhagic Mixed aphasia

A_12 68 W Primary 67 Occipital Ischemic Mixed aphasia

M_13 80 M Primary 9 Unavailable Unavailable Mixed aphasia

B_14 47 W Secondary 73
Temporal and 
parietal Ischemic

Global 
aphasia

J_15 58 W High 225 Frontal Hemorrhagic
Sensory 
aphasia

3.2.  Tasks and procedure

Two tasks were administered: a picture naming task and a verbal fluency task. 
For the naming task, a set of 47 stimuli that manipulated specific variables were 
used. The items were divided into three blocks: phonological (manipulating length 
and complexity, in a 2x2 design), lexical (manipulating age of acquisition and fre-
quency in a 2x2 design), and semantic (manipulating familiarity). Other predictors, 
such as valence, arousal and polysemy were controlled. The verbal fluency task in-
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cluded two conditions: a phonological cue (/p/) and a semantic cue (category of 
animals), both of which are components of neurological assessments protocols due 
to their sensitivity (Ardila et al., 2006). This task was administered first to prevent 
potential facilitation effects in the naming task. 

The naming task was divided into two sessions: the first included half of the 
randomized items, and the second the other half, to reduce participant fatigue. 
Stimuli were presented on a Medion Akoya E16401 MD6224 Intel 16.1-inch laptop 
(1920x1080 resolution) using OpenSesame software (Mathôt et al., 2012). Reaction 
times were recorded via audio recordings using a JavaScript script that generated 
an audio file per task. In the naming task, an audio file was created for each image, 
later analyzed with Audacity. Images were preceded by a fixation point displayed for 
2000 milliseconds and remained visible until the experimenter proceeded to the next 
screen. The images were sourced from royalty-free search engines such as Bing.com 
and Pixabay.com. Unnecessary elements were removed, and images were edited us-
ing Removebg.com. The final presentation size of the images was 500x500 pixels. 

3.3.  Measures and analysis

In the naming task, two main measures were collected: accuracy (correct vs. 
incorrect responses) and reaction times (RTs), both for correct and incorrect items. 
Incorrect responses were further categorized by error type. In the fluency task, per-
formance was quantified as the total number of correct responses produced under 
each condition (phonological and semantic), during a 60 second interval. 

To explore the impact of psycholinguistic variables on word retrieval, a mul-
tiple linear regression was conducted at the group level using naming accuracy as 
the dependent variable. In addition, individual level binomial logistic regressions 
were performed, with response error as the dependent variable and psycholinguistic 
predictors (age of acquisition, frequency, word length, phonological complexity and 
familiarity) as independent variables. 

Error typology was analyzed descriptively to identify prevalent error patterns. 
Reaction times were compared between correct and incorrect responses to examine 
differences in temporal processing. Furthermore, RTs were analyzed as a function of 
error type to explore the extent to which semantic and phonological errors may be 
temporally distinct in their manifestation. 

Finally, the relationship between performance on the two tasks was assessed us-
ing a correlation analysis. This comparison sought to determine whether similar lexi-
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cal access processes were involved, by evaluating the number of correct responses in 
naming task and those in phonological and semantic verbal fluency tasks separately. 
All raw and processed datasets (individual and group level) used in this study are 
available at: https://drive.google.com/drive/folders/1noCPakS1wgXL3DgZE7EK3
RDMstROOkmQ?usp=drive_link.

4.	 Results

Descriptive statistics were computed for the naming accuracy, percentage of 
correct responses, and reaction times (RTs) for correct and incorrect responses, as 
shown in Table 2. The mean number of correct responses was 27 (SD = 14.53), with 
a wide accuracy range from 8 to 47. Temporal parameters were also analyzed. The 
mean reaction time for correctly named words was 3747 milliseconds (SD = 3259), 
with a range from 1561 to 12960 milliseconds. In contrast, the mean reaction time 
for errors was considerably higher at 6459 milliseconds (SD = 6176), with values 
ranging from 1137 to 22167 milliseconds. 

Table 2

Descriptive statistics of naming performance

Participant Accuracy % accuracy Mean RT 
(correct)

Error % 
errors

Mean RT 
(error)

MC_2 9 19.15 2510.71 38 80.85 3090.51

L_4 25 53.19 3736.68 22 46.81 4231.18

J_5 26 55.32 1825.57 21 44.68 3038.36

E_6 9 19.15 6104.00 38 80.85 10224.95

L_8 37 78.72 1665.60 10 21.28 2934.10

MA_9 31 65.96 4261.13 16 34.04 6650.67

A_10 47 100.00 1553.09 0 0.00 1137.00

A_12 8 17.02 4453.83 39 82.98 5630.45

M_13 42 89.36 1604.55 5 10.64 2886.00

B_14 34 72.34 12960.53 13 27.66 23244.00

J_15 37 78.72 3027.36 10 21.28 4052.75
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4.1. Psycholinguistic predictors of accuracy and errors

At the group level, a multiple linear regression was conducted to assess the im-
pact of frequency, age of acquisition (AoA), word length, phonological complexity, 
and familiarity on the number of correct responses. The model was significant, F (5, 
511) = 6.872, p < .001, R² = .063, 95% CI [0.028, 0.109], adjusted R² = .054, Cohen’s 
f² = .067. Specifically, two variables emerged as significant: age of acquisition (b = 
−0.071, SE = 0.016, 95% CI [−0.102, −0.040], p < .001) and familiarity (b = 0.054, 
SE = 0.024, 95% CI [0.007, 0.101], p = .028), with earlier-acquired and more famil-
iar words being associated with a higher number of correct responses. 

 To explore individual differences, binomial logistic regressions were performed 
for each participant, using age of acquisition, frequency, number of phonemes, syllabic 
structure, and familiarity as predictors of errors. This individualized approach was jus-
tified by the observed heterogeneity in the sample, as demonstrated by the descriptive 
statistics. The complete SPSS outputs for both analyses (the group-level regression 
and the per-participant logistic regressions) are available at: https://drive.google.com/
drive/folders/1-rxnmMd-pmalkPAY8qxsy_N34rdVPxXW?usp=drive_link. 

For participant E_6, the logistic regression model was significant, χ² (5) = 
22.21, p < .001 (−2LL = 13.69; Nagelkerke R² = .71; overall accuracy = 91.5%, 
specificity = 66.7%, sensitivity = 95.1%). The only significant predictor in the 
model was frequency (b = -0.042, SE = 0.020, Wald = 4.26, p = .039; OR = 0.959, 
95% CI [0.921, 0.998]), indicating that as word frequency increases, the prob-
ability of making an error decreases. Additionally, a near-significant trend was 
observed for age of acquisition (b = 2.867, SE = 1.594, Wald χ² = 3.24, p = .072; 
OR = 17.58, 95% CI [0.77, 399.91]), suggesting that words acquired later tend to 
be more error-prone.

For participant L_8, the logistic regression model was not significant, χ² (5) 
= 4.474, p = .483 (−2LL = 48.93; Nagelkerke R² = .13; overall accuracy = 74.5%, 
specificity = 97.1%, sensitivity = 8.3%), indicating that the included variables did 
not sufficiently explain the variability in errors. However, a variable showed a trend 
toward significance: familiarity (b = −0.789, SE = 0.407, Wald χ² = 3.77, p = .052; 
OR = 0.45, 95% CI [0.20, 1.01]). This suggests that greater familiarity may be as-
sociated with a lower probability of error.

For participant MA_9, the regression model was significant, χ² (5) = 20.843, p < 
.001 (−2LL = 40.67; Nagelkerke R² = .49; overall accuracy = 76.6%, specificity = 83.3%, 
sensitivity = 64.7%). A significant predictor was identified: age of acquisition (b = 1.229, 
SE = 0.444, Wald χ² = 7.68, p = .006; OR = 3.42, 95% CI [1.43, 8.17]), indicating that 
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words acquired later were associated with a higher number of errors. Additionally, fre-
quency (b = -0.033, OR = 0.968, p = .062) approached significance, suggesting a trend in 
which higher word frequency could be linked to a lower number of errors.

The regression model approached was significant for participant B_14, χ² (5) 
= 21.534, p < .001 (−2LL = 37.33; Nagelkerke R² = .52; overall accuracy = 83.0%, 
specificity = 93.8%, sensitivity = 60.0%). Additionally, a significant predictor was 
identified: age of acquisition (b = 0.811, SE = 0.322, Wald χ² = 6.34, p = .012; OR = 
2.25, 95% CI [1.20, 4.23]), indicating that later age of acquisitions leads to an error. 
There is also a variable close to significance levels, which is phonological structure 
complexity, (b = 0.841, SE = 0.467, Wald χ² = 3.24, p = .072; OR = 2.32, 95% CI 
[0.93, 5.78]). 

The regression model approached significance for participant J_15, χ² (5) = 
10.519, p < .062 (−2LL = 40.63; Nagelkerke R² = .30; overall accuracy = 80.9%, 
specificity = 94.4%, sensitivity = 36.4%). Additionally, a significant predictor was 
identified: age of acquisition (b = 0.693, SE = 0.296, Wald χ² = 5.49, p = .019; OR 
= 2.00, 95% CI [1.12, 3.57]), indicating that a later age of acquisition increases the 
probability of errors.

Unexpectedly, word length exhibited an inverse relationship in two cases. 
For participant E_6, length (β = -1.617, OR = .0.198, p = .058), although not 
reaching significance, suggests that as word length increases, the probability 
of errors decreases. Similarly, for participant MA_9, length (β = -.762, OR = 
0.467, p = .047) was significant, indicating that longer words were associated 
with fewer errors. A possible explanation is that longer words may be processed 
more carefully, potentially due to a higher number of differentiated syllables or 
phonological neighbors facilitating better identification, which could result in 
longer retrieval latencies. 

Additionally, in several cases (e.g., MC_2, L_4, J_5, A_10, A_12, and M_13), 
no systematic patterns emerged from the regression analysis. For MC_2, this may be 
attributed to general floor effects, as most responses were incorrect. Conversely, par-
ticipants A_10 and M_13 exhibited ceiling effects, with nearly all items named cor-
rectly. In other cases, exploratory comparisons between correct and incorrect items 
reveal informative trends. For L_4, the mean word frequency was higher for cor-
rect responses than for errors, suggesting that this participant benefited from high-
frequency words. In J_5, the mean word length and phonological complexity were 
lower for correct responses than for errors, indicating a slight difficulty with longer 
and more complex words. Finally, in A_12, the mean age of acquisition was lower 
for correctly named words than for errors, suggesting a facilitation effect for words 
acquired earlier. 
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Based on these results, three main participant profiles can be identified: (i) indi-
viduals with high accuracy (e.g., A_10), where no psycholinguistic variables signifi-
cantly predict performance, (ii) individuals with low accuracy (e.g., MC_2), where 
no psycholinguistic variables systematically predict performance and (iii) individu-
als with intermediate performance, where psycholinguistic variables influence ac-
curacy.

4.2.  Error typology 

Error type analysis was examined. Table 3 presents the distribution of error 
types for each participant.

Table 3

Error types in the naming task

Participant Phonological Lexical accuracy Unrelated Non-responses

MC_2 27 3 4 4

L_4 0 22 0 3

J_5 10 10 2 0

E_6 0 22 1 18

L_8 5 5 2 0

MA_9 0 6 0 11

A_10 0 1 0 0

A_12 0 40 0 1

M_13 0 1 0 4

B_14 0 8 0 7

J_15 2 6 0 3

Error type analysis revealed distinct participant profiles. Some individuals pre-
dominantly produced phonological errors (e.g., MC_2), while others mainly ex-
hibited lexical accuracy errors (e.g., L_4, A_12). A third group, such as J_5 and 
L_8, demonstrated a mixed pattern. Finally, certain participants, including E_6 and 
MA_9, produced a high number of omissions.

Phonological errors were classified based on their underlying mechanisms: (i) 
structural simplification, (ii) articulatory modification, (iii) phonological addition, or 
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(iv) a combination of these processes. Table 4 presents detailed information on the 
distribution of phonological error types for each participant.

This classification allows us to identify both individual and group tendencies 
toward phonological errors, particularly those involving articulatory modification. 
This finding suggests that phonological difficulties do not predominantly affect word 
length or articulatory complexity. Instead, articulatory modifications follow a clearer 
pattern, characterized by alterations in the production of specific phonemes. This 
predominance of articulatory modification errors is expected, as they indicate dif-
ficulties in phoneme selection and motor planning. 

Table 4

Distribution of phonological error types across participants 

Participant Simplification Modification Addition Mixed

MC_2 4 15 4 4

L_4 0 0 0 0

J_5 0 7 1 2

E_6 0 0 0 0

L_8 1 3 0 1

MA_9 0 0 0 0

A_10 0 0 0 0

A_12 0 0 0 0

M_13 0 0 0 0

B_14 0 0 0 0

J_15 1 0 1 0

In this study, lexical accuracy errors were categorized into three types. The 
first type, related to the semantic field, originates at the lexical level and results 
from the selection of a label closely associated with the target word. The second 
type involves errors in which participants retrieve information related to the tar-
get’s function or the context in which it appears. Finally, the third type, linked to 
hypernymy, is characterized by the retrieval of a superordinate category. Table 5 
provides detailed information on the type and frequency of semantic errors for 
each participant.
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Table 5
Lexical-semantic sources of errors

Participant Semantic field Contextual Hypernym

MC_2 0 0 0

L_4 7 8 7

J_5 3 6 1

E_6 8 12 1

L_8 4 1 0

MA_9 4 0 2

A_10 0 1 0

A_12 14 24 2

M_13 0 0 0

B_14 3 2 2

J_15 4 2 0

Our findings reveal distinct patient profiles with a predominance of specific er-
ror types. Notably, patient L_4 demonstrates a significant reliance on hypernyms, a 
pattern that stands out when compared to the minimal use of this strategy by other 
participants. Conversely, patient A_12 exhibits a distinctive tendency toward errors 
related to referent retrieval.

4.3. Reaction time analysis and error type

Descriptive data on the distribution of reaction times for correct and incorrect 
responses across participants are presented in Table 6. 

Table 6

RTs distribution by response type (ms)

Participant Mean RT correct responses Mean RT errors

MC_2 2510.71 3090.51

L_4 3736.68 4231.18

J_5 1825.57 3038.36

E_6 6104.00 10224.95

L_8 1665.60 2934.10
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MA_9 4261.13 6650.67

A_10 1559.09 1137.00

A_12 4453.83 5630.45

M_13 1604.55 2886.00

B_14 12960.53 23244.00

J_15 3027.36 4052.75

To compare latencies, a paired-samples Wilcoxon signed-rank test was con-
ducted at the group level (pairing per participant). Reaction times were significantly 
longer for errors than for correct responses, Z = −2.85, p = .004, r = .86 (rank-biserial 
≈ .97). The median increase was 1213 ms (95% CI [580, 2390]), indicating a robust 
slowing for incorrect responses. This pattern held true for all participants, except 
A_10, whose single error was produced more rapidly than their mean latency for 
correct responses.

To assess the relationship between speed and task accuracy at the participant 
level, a Spearman correlation was computed between the total number of correct 
responses and mean reaction times. Results showed a negative association, rₛ = −.63, 
n = 11, p = .038, 95% CI [−.89, −.05], indicating that participants with longer mean 
latencies tended to produce fewer correct responses.

To explore how responses varied according to error type, Table 7 presents the 
mean response times associated to phonological errors, lexical accuracy errors, and 
unrelated errors for each participant.

Table 7

Mean RTs by error type (ms)

Participant RT phono RT lexical accuracy RT unrelated

MC_2 2816.59 5493.33 2582.00

L_4 4231.18

J_5 1424.22 3474.10 4386.00

E_6 10376.00 7053.00

L_8 2770.75 2577.25 3974.50

MA_9 6650.67

A_10 1137.00

A_12 5615.82
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M_13 2886.00

B_14 23244.00

J_15 2276.50 4644.83

On average, phonological errors were produced more quickly (M = 2322.02; SD 
= 646.55) than lexical accuracy ones (M = 6393.65; SD = 6099.46), supporting the 
hypothesis that these errors reflect disruptions occurring later in the lexical retrieval 
process, at the phonological encoding. In contrast, semantic errors had a signifi-
cantly higher mean RT (6393.65 ms), consistent with difficulties at earlier, lexical-
semantic stages. Unrelated errors showed intermediate response times (M = 4498.88; 
SD = 1869.55), which may reflect two distinct patterns. In some participants, such 
as MC_2, unrelated errors were produced rapidly, possibly due to poor inhibitory 
control. In others, including J_5, E_6 and L_8, these errors followed longer response 
time, suggesting prolonged, unsuccessful lexical searches. 

Overall, the individual data support these trends: participants who produced 
both phonological and semantic errors (M_2, J_5, J_15) showed markedly shorter 
latencies for phonological errors. An exception was observed in L_8, whose phono-
logical and semantic errors latencies were similar.

Further analysis focused on whether different types of lexical accuracy errors 
varied in response time. Table 8 displays the reaction times for three types of errors: 
(i) error within the semantic field, (ii) contextual errors, and (iii) hypernyms. The 
initial hypothesis proposed that semantically related errors (such as dog/cat) would 
be produced more quickly than hypernyms (animal) or words related to the target 
by contextual association (dog/muzzle), due to their closer proximity within the se-
mantic network.

Table 8

RTs by lexical accuracy errors(ms)

Participant Semantic field Contextual Hyper

L_4 4019.71 4422.33 5189.71

J_5 2157.67 3921.83 4737.00

E_6 12793.50 8225.27 8136.00

L_8 2577.25

MA_9 6756.75 6438.50

A_10 1137.00
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A_12 5133.46 5382.63 11549.50

M_13 2886.00

B_14 24564.67 13998.50 22622.00

J_15 2580.50 8773.50

Of the participants, six produced both semantic field and contextual/hypernym 
errors. Four of them, L_4, J_5, A_12, and J_15, conformed to the expected pattern, 
showing faster response time for errors within the same semantic field. Two remain-
ing participants, E_6 and B_14, exhibited the opposite trend, with hypernym or con-
textual errors produced more rapidly. Notably, these two participants also demon-
strated the longest overall latencies in the sample.

4.4. Relationship between naming and verbal fluency task

Table 9 presents the total number of correct responses in naming, as well as in 
phonemic and semantic verbal fluency tasks. In phonemic verbal fluency, the mean 
number of correct responses was 3.45 (SD = 1.75), with a range of 0 to 5 correct 
words. In semantic verbal fluency, a higher mean was observed, with 5.27 correct 
responses (SD = 2.32) and a range of 1 to 12 correct words. 

Table 9

Accuracy across naming and verbal fluency tasks

Participant Naming accuracy Phono Animals

MC_2 9 2 1

L_4 25 2 5

J_5 26 3 5

E_6 9 0 3

L_8 37 2 9

MA_9 31 5 4

A_10 47 4 5

A_12 8 5 2

M_13 42 5 12

B_14 34 5 4

J_15 37 5 8
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A Spearman correlation analysis was conducted to evaluate the relationship 
between naming accuracy and the number of words retrieved in phonemic and se-
mantic verbal fluency tasks. No significant correlation was found between naming 
accuracy and the number of correctly retrieved phonological units (rs = .34, n = 
11, p = .308, 95% CI [−.33, .78]). However, a significant positive correlation was 
observed between naming accuracy and the number of correctly retrieved animal 
names (rs = .79, n = 11, p = .003, 95% CI [.37, .94]), indicating that a higher num-
ber of responses in the semantic fluency task is associated with better performance 
in the naming task.

5.	 Discussion

The first research question addressed how psycholinguistic variables influence 
naming accuracy in individuals with anomia. The factors influencing response ac-
curacy in individuals with aphasia are diverse and heterogeneous (Godoy Ortega et 
al., 2017). The present study’s findings indicate that age of acquisition (AoA) and 
familiarity were the psycholinguistic variables with the most significant group-level 
impact on naming task performance among people with aphasia (PWA). These re-
sults align with previous research highlighting the role of AoA in lexical access, both 
in neurotypical populations and in individuals with brain damage (Holmes & Ellis, 
2006). Additionally, the findings reinforce the idea that familiarity facilitates seman-
tic processing and access to lexical representations (Pompeia et al., 2001).

Age of acquisition has consistently been considered a key predictor in naming 
tasks (Brysbaert & Ellis, 2016), suggesting that words acquired at younger ages 
remain more accessible and resistant to impairment following brain damage (Roch-
ford & Williams, 1962). In fact, Cuetos (2003) described AoA as the most critical 
variable affecting naming accuracy in aphasic patients. Word frequency is another 
influential variable (Butterworth et al., 1984), often correlated with AoA, as higher-
frequency words tend to be acquired earlier (Brysbaert & Ellis, 2016). Nevertheless, 
the present study supports the notion that these two variables independently influ-
ence naming performance, consistent with previous research (Alario et al., 2004; 
Brysbaert & Ghyselinck, 2006).

Regarding familiarity, the results from the multiple regression analysis confirm 
the hypothesis that more familiar objects facilitate easier access to lexical represen-
tations (Pompeia et al., 2001). This effect likely arises because greater familiarity 
enhances semantic richness, thereby facilitating recognition processes. This finding 
aligns with previous research demonstrating significant effects of familiarity on both 
accuracy and reaction time in naming tasks (Bemani et al., 2021).
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At the individual level, both logistic regression analyses and comparisons of 
psycholinguistic variables between correctly and incorrectly named items revealed 
varying patterns: (i) age of acquisition was relevant for five participants, (ii) frequen-
cy was relevant for two, and (iii) phonological variables were significant for two 
others. These findings align with studies evaluating psycholinguistic predictors in 
naming tasks in PWA. For example, Nickels and Howard (1994) identified AoA and 
word length as primary predictors of naming performance, while frequency and fa-
miliarity were comparatively less influential. Similarly, Kittredge et al. (2008) found 
both frequency and AoA influenced naming outcomes.

It is important to emphasize that although studies with neurotypical popula-
tions have identified multiple predictors of naming performance (Alario et al., 
2004; Martínez Cuitiño et al., 2019), results in aphasic populations can differ 
significantly due to specific patterns of lexical-semantic impairment. This vari-
ability likely underlies the heterogeneity of participant profiles observed in this 
study.

The second research question examined the distribution of error types to deter-
mine which linguistic processes were disrupted during lexical retrieval. The analy-
sis of error patterns in naming tasks in aphasia provides valuable insights into the 
linguistic processes underlying lexical retrieval. In this study, error distribution was 
explored by distinguishing among lexical accuracy errors, phonological errors, un-
related errors, and non-responses. The results reveal clearly differentiated error pro-
files among participants, reinforcing the notion that naming errors reflect involve-
ment of distinct linguistic processes.

Previous evidence suggests that the type of errors produced by patients during 
naming tasks may indicate whether the principal impairment lies within the phono-
logical or semantic systems (Meier et al., 2020). Additionally, studying these error 
patterns may shed light on anomia severity and its progression. Phonological er-
rors—including real words and neologisms—as well as unrelated responses, tend to 
be associated with more severe cases of anomia, although the evolution of these er-
ror profiles can vary across individuals (Schwartz & Brecher, 2000). Certain studies 
have highlighted that semantic errors correlate with higher scores in naming tasks, 
whereas non-responses and omissions are linked to lower performance (Meier et al., 
2020).

A key limitation in previous literature is the insufficient distinction among types 
of semantic errors: hyponymic errors are qualitatively distinct from errors involving 
semantic coordinates or contextual associations. Along these lines, Lambon Ralph 
et al. (2000) argue that semantic errors do not necessarily indicate damage to the 
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semantic system per se. To avoid terminological ambiguity, this study proposes clas-
sifying these responses as lexical accuracy errors, further subdividing them into: (i) 
semantic field errors (coordinate relations), (ii) contextually associated errors, and 
(iii) hyponymic errors.

Our analysis revealed distinctive participant profiles. For example, one partic-
ipant (MC_2) exhibited a predominance of phonological errors, whereas another 
(A_12) produced mainly lexical accuracy errors. These observations suggest that 
both lexical and post-lexical systems (Goldrick & Rapp, 2007) can be affected in-
dependently or in combination. Moreover, balanced distributions of error types, as 
observed in participant J_5, suggest that lexical retrieval difficulties may simultane-
ously affect multiple linguistic levels.

Previous research has indicated that patients with stroke-induced aphasia tend 
to produce more phonological errors than patients with semantic dementia, who 
primarily exhibit semantic errors (Jefferies & Lambon Ralph, 2006). Although our 
study did not directly compare these two populations, it is noteworthy that only four 
participants produced phonological errors, whereas all demonstrated problems relat-
ed to lexical accuracy. Most participants displayed articulatory modifications rather 
than simplification or phoneme additions. The relatively low incidence of simplifica-
tion and addition errors suggests that participants’ difficulties may not solely result 
from constraints in speech motor capacity but rather from deficits in the selection 
and sequencing of phonological segments.

Within lexical accuracy errors, we established a finer-grained classification dis-
tinguishing semantic field, contextual (associative), and hyponymic errors. Consis-
tent with previous studies, stroke patients in our sample predominantly produced 
contextual errors, aligned with associative errors described by Jefferies and Lambon 
Ralph (2006). In contrast, individuals with semantic dementia tend to produce more 
coordinate (semantic field) and superordinate (hyponymic) errors. González-Nosti et 
al. (2008) reported similar findings when comparing error types between aphasia and 
Alzheimer’s disease (AD). Both groups produced numerous coordinate (semantic 
field) errors, but aphasic patients made significantly more associative (contextual) 
errors, whereas individuals with AD produced mainly superordinate (hyponymic) 
errors. Conversely, Butterworth et al. (1984), who did not distinguish between se-
mantic-field and hyponymic errors, found that lexical access errors predominant-
ly comprised semantic-field (paradigmatic) errors (85%), with fewer syntagmatic 
(contextual) errors (8%). In contrast, our participants produced fewer semantic-field 
errors (35.83%), a greater proportion of contextual errors (47.46%), and fewer hy-
ponymic errors (12.71%). Thus, our findings align more closely with proposals by 
Jefferies and Lambon Ralph (2006) and González-Nosti et al. (2008), who noted that 
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stroke patients predominantly exhibit contextual errors, although these are often ac-
companied by semantic-field errors.

Finally, this study provides detailed descriptions of individual participant 
profiles to better capture the observed variability. Participant L_4, for instance, 
produced numerous hyponymic errors, suggesting impaired access to specific 
lexical labels and difficulties in semantic conceptualization regarding specificity 
(González-Nosti et al., 2008). Conversely, participant A_12 produced a significant 
proportion of contextual errors, potentially reflecting difficulties in lexical labeling 
processes.

The third research question focused on analyzing reaction times associated with 
different types of responses to identify temporal patterns of lexical retrieval difficul-
ties. One of the most reliable tools for evaluating the processes involved in word pro-
duction is reaction time (RT) measurement (Bakhtiar et al., 2013). Although nam-
ing models have traditionally emphasized accuracy (Evans et al., 2019), there has 
been a relatively recent trend toward incorporating RT measures into naming studies 
(Zehtab et al., 2024). Word retrieval in neurotypical individuals occurs rapidly and 
without conscious effort. To understand how this retrieval process functions under 
conditions of language impairment, research has explored reaction times across dif-
ferent clinical populations. Rosales-Lagarde & Martínez-Alcalá (2021) measured 
RTs in patients with Alzheimer’s disease (AD) for correct and incorrect naming re-
sponses, finding that these individuals maintained a constant retrieval speed regard-
less of accuracy. In contrast, Anderson (2024) indicated that people with lexical-se-
mantic access difficulties might either (i) prioritize accuracy at the expense of speed 
or (ii) prioritize speed at the expense of accuracy.

The behavior of anomia associated with aphasia is often inconsistent and char-
acterized by variable latencies (Galletta & Goral, 2018), which aligns with findings 
indicating slower processing speeds among people with aphasia in both linguistic 
and non-linguistic tasks (Yoo et al., 2021). Martin and Dell (2019) noted that while 
some individuals with anomia perform worse with prolonged latencies, others ben-
efit from additional processing time. Nonetheless, it has been established that the 
optimal cutoff for response time in patients with aphasia ranges approximately be-
tween 5 and 10 seconds.

Our data revealed significant differences in reaction times for correct and incor-
rect responses, indicating that participants do not benefit from additional process-
ing time; rather, longer response latencies were associated with poorer performance 
(Martin & Dell, 2019). Indeed, our analysis showed a strong negative relationship 
between RT and accuracy, such that as mean latency increased, accuracy tended to 
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decrease. Contrary to Anderson’s (2024) proposals, we observed no pattern indicat-
ing a deliberate trade-off between speed and accuracy. Likewise, our participants 
did not demonstrate a constant response time regardless of accuracy, unlike findings 
in Alzheimer’s disease reported by Rosales-Lagarde and Martínez-Alcalá (2021). 
Although participants exhibited high variability in performance, errors consistently 
involved longer latencies.

Furthermore, we analyzed RT differences between phonological and lexical ac-
curacy errors. Measuring reaction times constitutes an effective method for identi-
fying damaged stages of lexical access (Levelt et al., 1999). According to Levelt et 
al. (1999), semantic access occurs earlier (around 115 ms), whereas phonological 
retrieval occurs later (around 270 ms). Consequently, phonological errors typically 
originate in later assembly stages, while lexical accuracy errors arise from deeper 
disruptions occurring at earlier stages (Chen et al., 2018). Our data confirmed that 
phonological errors were indeed produced faster than semantic errors, in line with 
findings from naming tasks employing semantic distractors (Kerr et al., 2023) and 
phonological distractors (Jescheniak et al., 2003). Within lexical accuracy errors, our 
findings also suggest that stronger preservation of lexical connections, as in the case 
of semantic field errors, is accompanied by faster reaction times.

Finally, the fourth research question investigated the relationship between nam-
ing and verbal fluency performance, aiming to clarify whether both tasks reflect the 
same lexical access deficits. The two tasks analyzed in this study explore different 
dimensions of lexical access, each differing in their design and purpose. On one 
hand, the naming task involves directed responses to controlled stimuli, allowing for 
the targeted assessment of specific psycholinguistic variables. On the other hand, the 
verbal fluency task provides a more spontaneous framework in which lexical vari-
ables emerge naturally and can subsequently be analyzed.

Our results indicated that only semantic fluency performance correlated sig-
nificantly with naming accuracy. This finding may be attributed to the fact that pho-
nemic fluency tasks rely heavily on executive functions (Shao et al., 2014), while 
semantic fluency tasks tap more directly into conceptual knowledge (Sepulcre et 
al., 2012). Additionally, these tasks differ in terms of underlying neural regions and 
connections involved, as Henry and Crawford (2004) studied: phonological fluency 
has been particularly associated with frontal lobe regions, whereas semantic fluency 
primarily engages temporal lobe structures. Thus, the tasks that most directly mea-
sure lexical access are semantic fluency (Henry & Crawford, 2004) and naming tasks 
(Diéguez-Vide & Peña-Casanova, 2012), which explains the observed correlation in 
performance between these two measures.
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6.	Conclusion and practical implications

The present study explored lexical access deficits in Spanish-speaking individu-
als with anomia following a stroke. By examining psycholinguistic predictors, error 
patterns and reaction times, this research provides a comprehensive analysis of lexi-
cal retrieval processes involved in post-stroke aphasia. 

Firstly, the analysis demonstrated that psycholinguistic variables significantly 
predict naming performance. At the group level, age of acquisition and familiarity 
emerged as key predictors, with later acquired and less familiar words associated 
with a higher incidence of errors. Individual analyses further revealed variability 
among participants, confirming that anomia is highly heterogeneous. 

Secondly, detailed analysis of error typology provided insights into the under-
lying linguistic processes disrupted in anomia. Error patterns indicated that both 
lexical-semantic and post-lexical (phonological) processes could be independently 
or jointly affected. The predominance of articulatory modifications within phono-
logical errors suggested difficulties primarily at the phoneme-selection and motor-
planning stages. Moreover, lexical accuracy errors were further differentiated into 
semantic-field (coordinate), contextual (associative), and hyponymic (superordi-
nate) errors. Consistent with previous literature (Jefferies & Lambon Ralph, 2006; 
González-Nosti et al., 2008), our results highlighted a higher incidence of contextual 
errors among stroke patients, accompanied by fewer semantic-field and hyponymic 
errors. These findings support the notion that lexical access impairments in post-
stroke aphasia often involve associative and conceptual selection difficulties.

Thirdly, reaction time analyses indicated a clear temporal distinction between 
error types. Errors were associated with significantly longer response latencies than 
correct responses, reflecting a negative relationship between speed and accuracy. 
Contrary to certain predictions (Anderson, 2024), our participants did not appear to 
strategically trade off speed for accuracy or vice versa; rather, prolonged latencies 
consistently indicated lexical retrieval difficulties. Additionally, phonological errors 
were produced more quickly than semantic (lexical accuracy) errors, reinforcing 
theoretical models suggesting that semantic disruptions occur earlier and require 
longer lexical search processes. Furthermore, semantic-field errors, reflecting better 
preserved semantic connections, tended to have shorter latencies compared to con-
textual and hyponymic errors.

Lastly, comparison between naming and verbal fluency tasks revealed that only 
semantic fluency performance significantly correlated with naming accuracy. The 
absence of correlation with phonemic fluency likely reflects that this task relies more 
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on executive function and frontal cortical networks rather than purely lexical-se-
mantic processes. In contrast, semantic fluency and naming tasks share substantial 
overlaps in conceptual processing and temporal lobe involvement, thus providing 
converging evidence that semantic fluency tasks can serve as complementary assess-
ments of lexical-semantic integrity in individuals with aphasia.

The behavioral results observed across participants revealed variability in 
naming accuracy, error types, reaction times, and number of responses in pho-
nological and semantic fluency. Importantly, this variability could not be system-
atically explained by lesion location alone. For instance, participants with tem-
poroparietal, frontal, subcortical, and even occipital lesions showed overlapping 
performance ranges across different tasks, while others with similar lesion profiles 
exhibited divergent outcomes. Error analysis further demonstrated that lexical and 
phonological errors were not confined to specific lesion categories, and omissions 
were distributed across anatomically distinct groups. Likewise, reaction time pat-
terns lacked consistent association with lesion site, and performance gains fol-
lowing cueing showed individual differences that did not align with anatomical 
boundaries. Taken together, these findings reinforce the view that language break-
down after stroke cannot be completely understood through classical localization-
ist models. Instead, the data support connectionist and network-based approaches 
in which language functions are mediated by the dynamic interaction of multiple 
brain regions. 

Nonetheless, it is important to acknowledge additional limitations of the pres-
ent study. First, the analysis was largely descriptive, tentative, and lacked extensive 
statistical depth due to the small and heterogeneous sample. Future studies should 
expand the sample size, include matched control groups, and apply more robust 
statistical approaches to strengthen conclusions. Additionally, incorporating more 
temporal analyses would provide valuable insights into the evolution of lexical ac-
cess deficits and error patterns over time.

Future research should expand the sample size and include a matched control 
group to better define performance in lexical access tasks, identifying (i) the ceil-
ing of normative performance, (ii) the floor impairment in individuals with aphasia 
and (iii) the imprecise intermediate zones where partial damage in lexical access 
emerges. A key direction will be to examine whether words associated with lon-
ger naming latencies in neurotypical speakers are also those most frequently missed 
by individuals with aphasia. Combining psycholinguistic variables with temporal 
measures across both populations will allow for a more detailed mapping of lexical 
retrieval processes and their vulnerabilities. 
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Overall, this study underscores the complexity and heterogeneity of anomia in 
post-stroke aphasia, highlighting the importance of combining multiple assessment 
tools (psycholinguistic predictors, error typology analysis, and reaction time mea-
sures) for a comprehensive understanding of lexical access impairments. 
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Appendix A. Picture Naming Task

A1. Stimulus List

 

translation word frq abs frq rel AoA Phonems CV structure Total CV Familiarity Imageability
pig cerdo 4667 15,16 3,32 5 CVCCV 1 6,26 5,80

lettuce lechuga 522 1,70 4,7 6 CVCVCV 0 6,68 5,66
scissors tijeras 743 2,41 3,66 7 CVCVCVC 1 6,59 6,25
lightbulb bombilla 397 1,29 5,04 7 CVCCVCV 1 6,84 6,20

flute flauta 2393 7,78 5,14 6 CCVVCV 2,5 5,46 5,97
guitar guitarra 16585 53,89 4,5 6 CVCVCV 0 5,66 6,69

leg pierna 4839 15,72 3,98 6 CVVCCV 1,5 6,48 5,87
shoulder hombro 5375 17,46 3,78 5 VCCCV 2,5 6,35 6,23
osrich avestruz 3617 11,75 6,24 8 VCVCCCVC 3,5 3,97 6,40
deer ciervo 1147 3,73 4,56 6 CVVCCV 1,5 4,44 6,00

accordion acordeón 764 2,48 6,78 8 VCVCCVVC 1 4,32 5,11
trumpet trompeta 1780 5,78 4,42 8 CCVCCVCV 2,5 4,74 6,31

kite cometa 1860 6,04 4,78 6 CVCVCV 0 4,67 6,07
hat sombrero 6547 21,27 3,44 8 CVCCCVCV 2,5 3,24 6,56

knee rodilla 3744 12,16 3,62 6 CVCVCV 0 5,95 4,63
stomach estómago 3618 11,76 5,58 8 VCCVCVCV 0 5,66 5,87
bridge puente 19506 63,38 4,4 6 CVVCCV 2,5 5,44 5,70
tree árbol 15113 49,10 2,62 5 VCCVC 1 6,68 6,29

school colegio 20017 65,04 2,92 7 CVCVCVV 0,5 6,78 6,82
sun sol 45201 146,86 2,92 3 CVC 1 6,65 6,53

giraffe jirafa 203 0,66 3,4 6 CVCVCV 0 2,92
strawberry fresa 614 1,99 3,18 5 CCVCV 1,5 6,69 6,67

somb peine 521 1,69 3,22 5 CVVCV 0,5 6,44 6,24
fingernail uña 510 1,66 3,8 3 VCV 0 6,34 6,61

cup copa 36228 117,71 5,5 4 CVCV 0 6,02 6,39
hospital hospital 21169 68,78 5,78 7 VCCVCVC 2 6,22 6,47
piano piano 10897 35,41 5,52 5 CVVCV 0,5 5,86 6,57
shield escudo 13471 43,77 6,42 6 VCCVCV 0 4,97 5,12
igloo iglú 53 0,17 6,96 4 VCCV 1,5 5,26 6,70
harp arpa 1328 4,31 8 4 VCCV 0 5,10 6,67

eggplant berenjena 159 0,52 7,4 9 CVCVCCVCV 1 6,59 6,88
magnifying grass lupa 552 1,79 6,22 4 CVCV 0 6,03 6,79

motorcycle moto 1740 5,65 3,72 4 CVCV 0 6,86 6,90
cow vaca 4501 14,62 3,08 4 CVCV 0 6,12 6,02
bear oso 4163 13,53 3,36 3 VCV 0 5,52 5,34
crib cuna 3276 10,64 2,48 4 CVCV 0 4,72 6,07
fly mosca 2612 8,49 3,84 5 CVCCV 1 5,94 6,50

glass cristal 7909 25,70 4,12 7 CCVCCVC 3,5 6,64 5,70
train tren 12433 40,40 3,48 4 CCVC 2,5 6,66 6,53

beach playa 12029 39,08 3,2 5 CCVCV 1 6,38 6,44
ice cream helado 1808 5,87 2,88 5 VCVCV 0 6,56 6,32

stairs escalera 7002 22,75 3,42 8 VCCVCVCV 0 6,51 6,50
pyramid pirámide 2370 7,70 6,8 8 CVCVCVCV 0 5,08 5,76

police officer policía 47116 153,09 4,5 7 CVCVCVV 0 6,11 6,86
snail caracol 2110 6,86 3,38 7 CVCVCVC 1 5,07 6,54
pants pantalón 3522 11,44 2,88 8 CVCCVCVC 2 6,27 6,37

mountain montaña 12973 42,15 3,72 7 CVCCVCV 1 6,37 5,12
earring pendiente 7184 23,34 5,64 9 CVCCVVCCV 2,5 5,81 5,83
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A2. Participant Instructions

I will show you a series of pictures. For each one, you will have to try to answer 
the question: What is this? We will start with three practice items to make sure you 
understand the task and can see the images clearly. After that, we will begin the ex-
perimental task. 

Appendix B. Verbal Fluency Task

B1. Participant Instructions

Semantic: You will have one minute to name as many animals as you can. I will 
give you a signal to start. Please continue naming animals without pausing until I 
tell you to stop. 

Phonological: You will have one minute to name as many words as you can 
begin with the sound /p/. I will give you a signal to start. Do not stop until I say so. 
Please avoid using proper names. 






