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ABSTRACT
Purpose: Naming tests are commonly incorporated as short ver
sions into clinical evaluation of Alzheimer disease (AD), but evi
dence suggests they may overestimate semantic abilities. This 
study investigated whether a more challenging naming task could 
distinguish cognitively healthy individuals from those with amnes
tic mild cognitive impairment (aMCI) and mild AD, while more 
effectively capturing lexical-semantic deficits.
Method: In this cross-sectionally study, 15 aMCI patients, 15 
mild AD patients, and 20 cognitively healthy controls completed 
a rapid automatized naming (RAN) task using emotionally balanced 
object and action pictures. Regression analyses and receiver oper
ating characteristic (ROC) curves were used to evaluate diagnostic 
accuracy and identify influencing factors.
Results: Controls significantly outperformed aMCI and AD 
groups in response times and naming accuracy (all p-values 
<0.001). Negative pictures elicited slower responses and higher 
error rates in controls. While the “negative delay” effect was 
attenuated in patient groups, negative stimuli remained cogni
tively demanding, as indicated by increased errors. Emotional 
valence enhanced naming performance for action pictures in 
the control group, a pattern that diminished or was absent in 
the patient groups. Regression analyses showed significant 
associations between response times/error rates and group 
membership (both p-values <0.001), independent of age, sex, 
education, anxiety, and depression. ROC analysis revealed mod
erate diagnostic accuracy for classifying mild AD (AUC of 0.907 
for response times; AUC of 0.861 for error rates), but not for 
aMCI.
Conclusion: The RAN task effectively identifies early stages of AD 
and naming impairments across different stages of cognitive 
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decline. The inhibitory effect of negative valence on lexical retrieval 
underscores the importance of incorporating emotional valence 
into naming assessments by further considering emotional reactiv
ity (arousal) and different word classes.

Introduction

The aging of our global population is driving a rise in dementia prevalence, posing 
significant challenges for healthcare systems (Li et al., 2022; Steinmetz et al., 2024). 
Alzheimer disease (AD), the leading cause of dementia, affects about 1 in 9 individuals 
aged 65 and older (Alzheimer's Association, 2023).

In early AD, neurofibrillary pathology in the medial temporal and hippocampal regions 
leads to degradation (Braak & Braak, 1991), contributing to semantic memory impairment 
(Balthazar et al., 2008; Chenery et al., 1996; Noroozian et al., 2018; Venneri et al., 2019). 
These deficits, such as word-finding difficulties, are a hallmark feature of AD (Kavé & Goral,  
2018; Martínez-Nicolás et al., 2019; Salehi et al., 2017), evident even in the prodromal 
stage of the disease (Joubert et al., 2021), known as amnestic mild cognitive impairment 
(aMCI; Petersen et al., 2014).

Word retrieval deficits in AD are linked to semantic breakdown, which may result from 
impaired access to or loss of semantic representations (Mårdh et al., 2013). Given the 
similarity of semantic deficits across modalities, there is a broad consensus that AD 
progression involves the degradation of semantic storage rather than problems accessing 
information from semantic memory (Hodges & Patterson, 1995; Hodges et al., 1992; Huff 
et al., 1986; Mårdh et al., 2013; Verma & Howard, 2012). These difficulties impair the ability 
to communicate, thereby affecting mental and emotional well-being (DiBenedetti et al.,  
2020; Lima et al., 2020; Palmer et al., 2019).

The role of emotions on word retrieval in AD

Emotional attributes enhance semantic memory retrieval compared to neutral targets 
(Kissler & Herbert, 2013; Rainer et al., 2022; Zeelenberg et al., 2006). However, the effects of 
positive and negative valence on word processing remain uncertain (Kauschke et al.,  
2019). Kauschke et al. (2019) discussed three explanatory approaches: the “positivity bias”, 
which represents a processing advantage for positive information; the “negativity bias”, 
indicating a preference for negative information; and the “negative delay”, where nega
tive stimuli require more attention and emotion regulation, leading to longer reaction 
times and more errors. These approaches are supported by a highly heterogeneous body 
of findings primarily attributed to methodological differences (see Kauschke et al., 2019, 
for a review).

In AD, semantic memory breakdown is a key symptom, and emotional words may 
provide insights into the severity of cognitive decline. Emotional words like “joy” or “fear” 
are linked to brain regions like the amygdala and hippocampus, both critical for emotional 
enhancement in semantic memory (Mistridis et al., 2013). Notably, atrophy of the amyg
dala in AD is comparable to that of the hippocampus and correlates with the severity of 
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cognitive impairment (Mistridis et al., 2013; Poulin et al., 2011). As both of these brain 
regions play essential roles in processing emotional content, the atrophy they experience 
in AD may alter the way emotional words are processed, leading to potential impairments 
in individuals with AD (da Silva et al., 2021).

Studies suggest that decoding negative emotions may be more impaired than positive 
ones in AD, though this may depend on disease severity and emotional context (e.g., 
anger may be more easily recognized than sadness due to higher levels of excitement; da 
Silva et al., 2021). Emotional content as a conceptual attribute (Hinojosa et al., 2020) may 
reveal specific impairments in word retrieval that neutral words do not, offering deeper 
insights into semantic decline in AD.

The emotional content of words is processed both at the lexical and post-lexical levels 
(Hinojosa et al., 2020; Palazova et al., 2011) and interacts with other semantic variables, 
like concreteness, contributing to the semantic richness of words (Hinojosa et al., 2020). 
For instance, Moseley et al. (2011) found that the meanings of abstract words are often 
acquired through their association with emotional expressions. This suggests that emo
tions impact abstract words more than concrete ones, leading to faster processing of 
abstract words compared to concrete words (Vigliocco et al., 2013).

The noun-verb dichotomy in lexical retrieval in AD

Understanding the factors influencing semantic memory retrieval is crucial for the clinical 
evaluation of AD. Differences in noun-verb processing are well-documented, with some 
individuals showing greater impairment in verb or noun retrieval (Mätzig et al., 2009). 
While nouns are primarily associated with the temporal lobe and verbs with frontal areas, 
recent studies indicate overlapping neural regions for both (Faroqi-Shah et al., 2018). 
Early-stage AD primarily affects temporal regions (Braak & Braak, 1991), suggesting nouns 
may be more vulnerable than verbs. However, the evidence remains inconsistent, with 
some studies reporting no clear selective preservation of verbs (Cappa et al., 1998; Druks 
et al., 2006; Lukic et al., 2021; Masterson et al., 2007; Williams et al., 2021). As Baker (2015) 
noted, this underscores the need to consider aspects beyond a strict noun-verb dichot
omy, such as language and task type. One such factor is “category conversion”, 
a phenomenon in which a word can shift its grammatical category without morphological 
change, as seen in languages like English or German (e.g., essen “eat” in German as noun 
or verb). This ability depends on the lexical semantics of the word and the elicitation 
method used. In naming tasks, for example, category conversion may be more restricted 
compared to sentence production tasks, as the picture provides a clear visual reference to 
the object or action (Baker, 2015).

The noun-verb distinction is often discussed in terms of their distinct processing 
demands (Druks et al., 2006). Verbs are grammatically more complex than nouns 
and have a less elaborate semantic organization with fewer shared semantic 
features (Druks et al., 2006; Mätzig et al., 2009). As noted by Tyler et al. (2004), 
verbs require more neural resources due to their inflectional morphology. In 
German, the “fragmentation” of verbs – where they are split into multiple mor
phological units (e.g., separable verbs like abholen “to pick up”) – adds additional 
complexity (Tyler et al., 2004). While verbs can have various inflections (e.g., 
abholen, geholt, holte), nouns are only inflected with a plural marker. The increased 
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activation in the left inferior frontal gyrus (LIFG) may reflect selection processes 
among the inflected forms of verbs. In contrast, when neither nouns nor verbs are 
inflected, they seem to activate the same neural system equally (Tyler et al., 2004).

In picture naming tasks, matching nouns and verbs is challenging due to 
differences in psycholinguistic variables such as word frequency, concreteness, 
imageability, and visual complexity. For instance, concrete verbs are generally 
less imageable than concrete nouns, and action pictures tend to be more visually 
complex than object pictures (Druks et al., 2006). Furthermore, Palazova et al. 
(2011) demonstrated that the emotional content of words affects word retrieval 
differently across grammatical classes. While nouns often represent more concrete 
objects or concepts, verbs typically denote actions, making them contextually and 
emotionally more complex. Additionally, the emotional processing of nouns seems 
to be context-dependent, shaped by their interaction with other word classes. This 
can result in more superficial emotional processing when nouns are considered 
alongside other word classes (Palazova et al., 2011).

Integrating processing speed in assessing naming abilities in AD

Picture naming tasks, like the Boston Naming Test (BNT; Kaplan et al., 2001), are often 
used as part of comprehensive test batteries like the Consortium to Establish 
a Registry for Alzheimer’s Disease (CERAD; Morris et al., 1989) to assess object naming 
and to aid in staging AD severity. However, short versions of the BNT have their 
limitations, potentially leading to overestimation of semantic abilities (Katsumata et al.,  
2015). The CERAD BNT-15, for example, includes too few items across semantic 
categories and lacks differentiation of error types (Harry & Crowe, 2014). 
Additionally, these tasks fail to account for grammatical classes. Simple naming tasks 
like the CERAD BNT-15 often miss such distinctions and therefore often fail to detect 
subtle or selective semantic impairments. As a result, the extent of semantic break
down may be masked, and patients may appear unimpaired despite underlying 
deficits.

In contrast, Rapid Automatized Naming (RAN) tasks require quick naming of visually 
presented items (e.g., pictures) under timed conditions, measuring processing speed and 
executive control in language access (Mazur-Mosiewicz & Davis, 2011). This makes RAN 
tasks distinct from traditional naming tests, which primarily assess the ability to retrieve 
and produce words. RAN engages executive control processes, including attention, 
sequential response management, and conflict resolution, all of which are necessary for 
efficient lexical retrieval under time constraints. These processes are particularly relevant 
in cognitive conditions like AD, where executive functions are commonly impaired (e.g., 
Junquera et al., 2020).

RAN tasks can be conducted in two formats. The serial format, where visually presented 
items appear in a continuous sequence in rows or columns, and the discrete format, 
where targets are presented as separate individual items.

These tasks have shown promise in detecting early cognitive decline in aMCI and AD 
(Jacobson et al., 2004; Wu et al., 2022). By combining processing speed, executive control, 
and semantic abilities, RAN offers a more comprehensive evaluation of communication- 
related deficits, identifying subtle impairments that traditional naming tasks often miss.
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Motivation of the study

Word retrieval deficits are among the earliest signs of AD and can hinder effective 
communication in daily life.

Understanding semantic impairments in AD requires an integrative approach 
that combines cognitive and linguistic perspectives. Emotions, access to and retrie
val from semantic memory, and processing speed are crucial for communication, 
making their interplay worth examining. The valence hypothesis suggests that 
emotional words are processed differently (Kauschke et al., 2019), with AD-related 
atrophy in emotion-related brain regions impacting retrieval (da Silva et al., 2021). 
Neural degradation in AD further disrupts lexical-semantic connections, making 
verbs – less interconnected than nouns – particularly vulnerable. Additionally, 
RAN tasks provide insights into lexical access speed, revealing executive control 
deficits that further impair naming.

Based on these theoretical perspectives, we developed a novel approach to 
assess word retrieval by incorporating word class (nouns, verbs), emotional valence 
(positive, negative, neutral), and processing speed. Our goal was to create 
a naming task to detect early AD-specific changes and distinguish between cogni
tively healthy controls, aMCI, and mild AD. This study aims to deepen our under
standing of how emotional content, word class, and processing speed interact 
in AD-related semantic memory decline by measuring naming performance 
through naming latency (in milliseconds) and error rates. To achieve this, we tested 
the following hypotheses:

[Reduced negative delay:] The prevailing literature suggests that negative stimuli 
require more attentional resources. Cognitive decline in aMCI and AD is expected 
to reduce this effect, leading to a smaller discrepancy in response times (RTs) 
between negative and positive/neutral stimuli. We also expect error rates for 
negative stimuli to be similar to positive/neutral stimuli in the patient groups, 
particularly in AD.

[Noun-verb dichotomy:] Despite brain atrophy affecting regions crucial for both 
word classes in the early stages of AD, we expect faster and more accurate naming of 
object pictures (nouns) over action pictures (verbs) due to higher processing demands 
for verbs.

[Slowed processing speed:] We anticipate replicating the finding of slowed processing 
speed due to AD-related atrophy in the brain. Consequently, we expect poorer naming 
performance in the aMCI and AD groups compared to the control group. In line with the 
progressive nature of cognitive decline, we assume greater impairment in the aMCI group 
relative to controls, but better performance than in the AD group.

Method

Ethics approval and consent to participate

The study was approved by the local Ethics Committee (Ethics Commission Salzburg/ 
Ethikkommission Land Salzburg; number 1044/2021) and was conducted in accordance 
with the ethical principles specified in the Declaration of Helsinki. Written informed 
consent was obtained from all participants.
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Sample and recruitment

Data were collected between April 2022 and December 2023 from 30 cognitively 
impaired patients (15 aMCI, 15 mild AD) and 20 cognitively healthy controls. Patients 
were recruited in the memory outpatient clinic of the Department of Neurology, Christian 
Doppler University Hospital, Salzburg after neuropsychological and neurological exam
ination. Cognitively healthy controls were recruited through personal acquisition and 
during the follow-up examination of a large epidemiological study sample (the Paracelsus 
10.000 study, Frey et al., 2023).

Patients were selected, if they met the following inclusion criteria: (1) There was 
a diagnosed neurocognitive disorder: for aMCI: according to the criteria of Winblad 
et al. (2004); for mild AD: according to the criteria of McKhann et al. (2011); for 
both considering the CERAD total score and Mini Mental State Examination (MMSE; 
Folstein et al., 1975) with a cut-off ≥19, and additional neuropsychological tests if 
necessary, (2) (Austrian) German as a first language, (3) adequately corrected 
hearing and vision. Exclusion criteria included brain surgery, other neurological or 
psychiatric conditions, and sedating medications. Cognitively healthy controls had 
CERAD total scores > 85.1 (Chandler et al., 2005) and no history of neurological or 
psychiatric conditions.

The demographic characteristics and results of significance tests across the 
groups are displayed in Table 1. Cognitively healthy controls were significantly 
younger than individuals with aMCI and mild AD, with no significant age difference 
between aMCI and mild AD groups. Pairwise group comparisons indicated that 
aMCI had significantly lower CERAD plus scores than controls, while patients with 
mild AD had lower scores than individuals with aMCI. In terms of education, 
controls had significantly higher levels than patients with aMCI and mild AD. No 
significant differences were found between aMCI and mild AD. Furthermore, sig
nificant differences in HADS-D scores showed that patients with mild AD reported 
higher levels of depression compared to controls.

Table 1. Demographic characteristics of the study participants.

CHC aMCI AD Kruskal Wallis test Dunn’s test, p-values (effect size)

Female/male ratio 11/9 5/10 7/8 CHC vs. aMCI vs. 
AD

CHC vs. aMCI CHC vs. AD aMCI vs. AD

Mean age (SD) 67.95 
(4.54)

72.93 
(6.77)

75.40 
(5.72)

H(2) = 13.05, p = 
0.001

p = 0.042* 
(0.392)

p = 0.001*** 
(0.590)

p = 0.308 
(0.189)

CERAD total score 
(SD)

101.47 
(5.55)

83.85 
(7.9)

64.63 
(7.48)

H(2) = 41.14, p < 
0.001

p < 0.001*** 
(0.791)

p < 0.000*** 
(0.845)

p < 0.000*** 
(0.821)

Mean education 
(SD)

12.25 
(2.31)

10.87 
(2.64)

10.53 
(2.48)

H(2) = 8.15, p = 
0.016

p = 0.049* 
(0.390)

p = 0.049* 
(0.409)

p = 0.907 
(0.025)

HADS- 
D

anxiety 
(SD)

3.42 
(2.32)

5.40 
(3.18)

6.07 
(3.85)

H(2) = 6.07, p = 
0.048

p = 0.118 
(0.321)

p = 0.094 
(0.371)

p = 0.582 
(0.106)

depression 
(SD)

2.53 
(2.14)

4.20 
(2.73)

5.79 
(3.60)

H(2) = 8.41, p = 
0.014

p = 0.124 
(0.318)

p = 0.022* 
(0.463)

p = 0.254 
(0.216)

Note. CHC = cognitively healthy control group; aMCI = group of individuals with amnestic mild cognitive impairment; AD 
= group with individuals with mild Alzheimer disease; SD = standard deviation; * p < 0.05, ** p < 0.01, *** p < 0.001
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Cognitive testing

Participants completed the CERAD neuropsychological test battery (Morris et al., 1989) 
and, if necessary, additional tests to assess verbal memory and attention using the 
Verbaler Lern- und Merkfähigkeitstest (VLMT; Helmstaedter et al., 2001) and the Test for 
Attentional Performance battery (TAP; Zimmermann & Fimm, 2012). The German version of 
the Hospital Anxiety and Depression Scale (HADS-D, Hermann-Lingen et al., 2018) was 
administered to screen for anxiety and depression, potentially influencing cognitive 
performance. The cognitive profiles of the aMCI and mild AD patients are provided in 
Appendix A.

Materials

For the stimulus set 45 object pictures (nouns) and 45 action pictures (verbs) were sourced 
from Shutterstock (https://www.shutterstock.com/de/) and Pixabay (https://pixabay.com/ 
). The pictures were realistic photographs aimed at enhancing visual processing (Zannino 
et al., 2010). They were chosen based on concreteness, emotional valence (positive, 
negative, neutral) and imageability using the normative ratings from the Automatically 
Generated Affective Norms for German Lemmas (Köper & Walde, 2016). To facilitate the 
accuracy of word production, two-syllable words with a predominant focus on a trochaic 
stress pattern were selected (Howard & Smith, 2002), aligning with German language 
characteristics (Domahs et al., 2008). A list of pictures was created, comprising 15 positive, 
15 negative, and 15 neutral pictures for object naming and 15 positive, 15 negative, and 
15 neutral pictures for action naming. The stimuli were organized into two blocks: one for 
naming object pictures and another for naming action pictures.

Non-parametric t-tests were conducted to examine differences between object and 
action picture naming concerning psycholinguistic variables. Significant differences were 
found in concreteness [W = 1446, p < 0.001] and imageability [W = 1172, p < 0.001], with 
nouns rated as more concrete and more imageable than verbs.

As intended, there was a significant difference in emotional valence ratings among 
positive, negative, and neutral pictures (H(2) = 54.74, p < 0.001). In addition, a significant 
discrepancy was found in arousal levels (H(2) = 26.63, p < 0.001). Pairwise comparisons 
using Dunn’s test indicated no significant difference in ratings between neutral and 
positive pictures (z = −1.21, p = 0.228). However, arousal levels were significantly lower 
for neutral (z = −5.05, p < 0.001) and positive (z = 3.60, p < 0.001) compared to negative 
pictures. No significant differences were found in concreteness or imageability across the 
emotional pictures (all p-values >0.151).

A list of stimuli, along with their psycholinguistic properties and descriptive statistics, is 
provided in Appendix B.

Procedure

A RAN paradigm was created using the Presentation® software (Version 23.0, 
Neurobehavioral Systems, Inc. Berkeley, CA, www.neurobs.com). Participants were 
instructed to name 90 pictures as quickly and accurately as possible. Pictures were 
presented sequentially in two blocks: 45 object and 45 action pictures. Since object and 
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action naming place different demands on processing (Faroqi-Shah et al., 2018), the 
stimuli were not counterbalanced. Items within each block were randomized for each 
participant. Pictures were presented sequentially using a discrete RAN format. This 
approach is more adept at reflecting the speed of lexical access compared to serial 
presentation, where the pictures to be named are presented simultaneously in an array 
(de Jong, 2011). Moreover, discrete presentation enables a more item-specific interpreta
tion by mitigating potential influences from preceding or subsequent items.

Before each block, participants were trained using six pictures not included in the 
experimental material. If they responded incorrectly, the correct response was provided, 
along with additional clarification of the instructions. No feedback was given during the 
experimental trials.

For object picture naming, participants were instructed as follows: “Pictures of objects 
appear in sequence on this screen. Name the pictures as quickly and correctly as possible. 
Please use only one word for each. Try to answer directly and avoid `hmm`, `ahm´ or similar 
statements, as these falsify the measurement result”.

For action picture naming, participants were instructed as follows: “Pictures of actions 
appear in sequence on this screen. Say what the person or people are doing as quickly and 
correctly as possible. Please use only one word for each, by choosing the basic form of the 
verb. For example, a picture that shows someone cycling would be correct: `cycling´ and not, 
`he is cycling`. Try to answer directly and avoid `hmm`, `ahm´ or similar statements, as these 
falsify the measurement result”.

Each stimulus item was presented individually in the center of the laptop screen for up 
to 10,000 ms or until a verbal response, with a 2000-ms blank screen between items. 
Naming latencies were recorded using a voice key.

Data analysis

Response times (RTs) and accuracy were measured for each item and averaged across 
conditions (word class, emotional valence) for each participant. Items correctly identified 
by fewer than 75% of cognitively healthy controls were excluded (n = 11: 1 negative noun, 
3 positive verbs, 3 negative verbs, 4 neutral verbs), resulting in 44 object and 35 action 
pictures for the word class analysis. Emotional valence was classified based on the 
normative ratings from Köper and Schulte im Walde (2016). Words with ratings > 6.0 
were categorized as positive, < 4.0 as negative, and between > 4.3 and < 5.7 as neutral. 
A gap between valence categories was introduced to strengthen the valence effect and 
ensure a clearer assignment to the respective category. This resulted in 19 positive 
pictures (11 nouns, 8 verbs), 19 negative pictures (12 nouns, 7 verbs), and 25 neutral 
pictures (15 nouns, 10 verbs).

Naming latencies. RTs were measured as the time in milliseconds (ms) between picture 
presentation and the first complete naming attempt. RTs were automatically recorded 
using Presentation® software and verified or manually adjusted with Praat (Boersma & 
Weenink, 1992–2022) to correct for early or late detections by the voice key. RTs for 
naming errors or missing responses were excluded from analysis.

Naming accuracy. Correct responses matched the target word or an acceptable 
alternative (e.g., synonyms). Incorrect responses, labelled as naming errors, included 
semantically related errors, such as substitutions (e.g., “melon” for “pumpkin”) or 
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superordinate terms (e.g., “music instrument” for “harp”), semantically unrelated 
errors (e.g., “sword” for “whip”), visual errors (e.g., “fan” for “shell”), and rule- 
breaking errors (e.g., sentences or incorrect word categories like “cold” for 
“freeze”). Responses categorized as missings included technical errors or unin
tended vocalizations such as lip smacking, unintended comments or verbal place
holders like “erm”.

Due to the small sample size and increased response variability, outliers were retained 
to capture individual differences within each group, as they can provide additional 
insights beyond the average performance (LaPlume et al., 2021). Descriptive statistics 
for RTs, error rates, and missing data are provided in Table 2.

Statistical analyses

Statistical analyses were conducted using IBM SPSS version 29.0 and R (v4.3.2; 
R Core Team, 2023). To examine the effects of word type (nouns, verbs), valence 
(negative, neutral, positive), and their possible interaction across groups (cogni
tively healthy controls, aMCI, mild AD), we averaged RTs for these six categories 
(excluding naming errors and missing values). We conducted a semi-parametric 
repeated measures ANOVA, suitable for non-normality and variance heterogeneity 
in small, unequal samples, via the RM function from the MANOVA.RM package 
(Bathke et al., 2018; Friedrich et al., 2018). We relied on the parametric bootstrap 
ANOVA-like statistics with 1000 resampling-iterations. Significant main effects and 
interactions were followed up by post-hoc tests. The Kruskal-Wallis test compared 
RTs and error rates across groups. If this test yielded a significant result, post-hoc 
tests were conducted using the Dunn’s test for pairwise comparisons. The Wilcoxon 
signed-rank test was employed to perform pairwise comparisons within groups for 
emotional valence and word type. Multiple post-hoc tests corrections were applied 
using the Bonferroni-Holm method.

Regression analyses were conducted to explore the relative relationship between RTs 
and group, CERAD scores, sex, age, education, anxiety, and depression, as well as between 
error rates and these variables. To verify the assumptions for the regression analysis, we 
assessed the residuals for normal distribution. The Shapiro-Wilk test indicated that RTs 
were normally distributed [W(49) = 0.966; p = 0.172], while naming errors were not [W(49)  
= 0.935; p = 0.009]. Consequently, a regression analysis with bootstrapping (1000 resam
pling-iterations) was performed. To address the issue of multicollinearity, we performed 
a correlation matrix. Table 3 shows the Spearman correlation coefficients for the inde
pendent variables. According to Field (2013, p. 402), correlation values above 0.8 suggest 
multicollinearity. As shown in Table 3, all independent variables exhibited correlations 
below this threshold, except for GROUP x CERAD, so CERAD was excluded from regression 
analysis.

Receiver operating characteristic (ROC) curves were generated to assess the ability of 
the RAN task in differentiating between cognitively healthy controls, aMCI, and mild AD. 
Sensitivity, specificity, and optimal hypothetical thresholds for RTs and error rates were 
calculated for aMCI and mild AD. A clinically significant level of diagnostic accuracy was 
defined as an AUC value of > 0.7 (Akobeng, 2007).
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Results

To address the research question of how word class and emotional valence 
influence speeded naming performance across the groups, we conducted semi- 
parametric ANOVAs comparing cognitively healthy controls, aMCI, and mild AD 
groups. For RTs, significant main effects were found for group [F(1.64, 77.04) =  
18.90, p < 0.001], and valence [F(1.41, Inf) = 24.16, p < 0.001]. However, no signifi
cant main effect was found for word type [F(1, Inf) = 1.86, p = 0.172]. Additionally, 
there was no significant interaction between group and valence [F(2.14, Inf) = 0.39, 
p = 0.691], suggesting that emotional valence affected RTs similarly across all 
groups.

Regarding naming accuracy, significant main effects were found for group [F(1.79, 
129.25) = 17.74, p < 0.001] and valence [F(1.75, Inf) = 6.67, p = 0.002], but not for word type 
[F(1, Inf) = 0.65, p = 0.419]. There was a significant interaction between word type and 
valence [F(1.65, Inf) = 13.42, p < 0.001], which again was consistent across all groups, 
indicating no three-way interaction. No significant interactions were observed between 
group and word type [F(1.67, Inf) = 0.38, p = 0.646], or between group and valence [F(2.89, 
Inf) = 0.93, p = 0.42].

Differences in naming performance by emotional valence

The Kruskal-Wallis test revealed significant group differences for negative [H(2) = 23.18, p  
< 0.001], positive [H(2) = 28.31, p < 0.001], and neutral pictures [H(2) = 28.15, p < 0.001]. 
Dunn’s test for pairwise comparisons showed that cognitively healthy controls responded 
significantly faster to negative, positive, and neutral pictures than aMCI (all p-values 
<0.008) and mild AD patients (all p-values <0.001). Additionally, aMCI patients responded 
faster to positive and neutral pictures than mild AD patients (all p-values <0.040), but not 
to negative ones (z = 1.50, p = 0.133).

Regarding naming accuracy, significant group differences were found for nega
tive [H(2) = 12.69, p = 0.001], positive [H(2) = 17.3, p < 0.001], and neutral pictures [H 
(2) = 12.18, p = 0.002]. Controls made significantly fewer errors than mild AD 
patients for negative, positive, and neutral pictures (all p < 0.004), but differed 
from aMCI patients only for neutral pictures (z = 2.49, p = 0.025). Individuals with 
aMCI made significantly fewer errors than mild AD patients for positive pictures (z  
= 2.54, p = 0.021).

To address the hypothesis of [negative delay] and to provide a more nuanced analysis 
of group differences in naming performance across emotional valence, we conducted 
pairwise comparisons of valence within each group using the Wilcoxon signed-rank test. 
As shown in Figure 1, controls responded significantly slower to negative versus positive 
(V = 0, p < 0.001) and neutral pictures (V = 210, p < 0.001), with no significant difference 
between positive and neutral pictures (V = 93, p = 0.674). Similarly, aMCI patients showed 
significantly slower responses to negative versus neutral (V = 119, p < 0.001) and negative 
versus positive pictures (V = 20, p = 0.021), with no significant difference between positive 
and neutral pictures (V = 69, p = 0.638). However, mild AD patients responded significantly 
faster to neutral versus negative (V = 106, p = 0.006) and positive pictures (V = 96, p =  
0.041). No significant difference in RTs between positive and negative pictures was 
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observed (V = 48, p = 0.524), indicating that the positive-negative difference was dimin
ished in this group.

Regarding naming accuracy, controls made significantly more errors with negative 
pictures compared to positive ones (V = 28, p = 0.038), while no significant differences 
were found between positive and neutral (V = 36.5, p = 0.171), or negative and neutral 
picture naming (V = 72, p = 0.221) in this group.

As shown in Figure 2, the aMCI group made marginally more errors for negative than 
positive pictures (V = 14, p = 0.052), with no significant differences for negative versus 
neutral (V = 28, p = 1) or positive versus neutral pictures (V = 24, p = 0.135).

In mild AD, significantly more errors occurred for negative than positive pictures (V =  
21.5, p = 0.029). However, no significant differences were found in errors between nega
tive and neutral pictures (V = 77, p = 0.129), nor between positive and neutral pictures (V  
= 41, p = 0.777).

In cognitively healthy controls, no significant valence-related differences in missing 
data were found (all p-values >0.250). In aMCI, significantly more missings occurred for 
negative versus positive (V = 0, p = 0.012) and neutral versus positive pictures (V = 0, p =  
0.026). No significant difference was found between negative and neutral pictures (V = 27, 
p = 0.221). In mild AD, significantly more missings were observed for negative versus 
positive pictures (V = 6.5, p = 0.019). No significant differences were found between 
positive and neutral pictures (V = 12.5, p = 0.07), or negative and neutral pictures (V =  
33.5, p = 0.56).

Post-hoc analysis examining the interaction between emotional valence and word type 
within each group was conducted using the Wilcoxon signed-rank test. Controls named 
neutral object pictures marginally faster than neutral action pictures (V = 53, p = 0.053). In 
contrast, positive action pictures were named significantly faster than positive object 
pictures (V = 177, p = 0.005). No significant difference in RTs was found between negative 
object pictures and negative action pictures (V = 64, p = 0.132). In aMCI and mild AD 
groups, emotional valence did not significantly affect word type (all p-values >0.359).

Regarding naming accuracy, controls and aMCI patients made significantly more errors 
naming neutral action pictures compared to neutral object pictures (CHC: V = 126, p <  
0.001; aMCI: V = 20, p = 0.037), while no significant differences were found for mild AD 
patients (V = 18.5, p = 0.059). For positive pictures, controls and aMCI patients made 
significantly more errors with object than action pictures (CHC: V = 286, p = 0.017; aMCI: 
V = 45, p-value = 0.007). No significant differences were observed in the mild AD group (V  
= 29.5, p = 0.875). Naming negative object versus action pictures did not yield significant 
differences in any of the groups (all p-values >0.900).

Differences in naming performance by word type

Regarding our [noun-verb dichotomy]-hypothesis, there was no significant main effect of 
word type, nor was there a significant interaction between group and word type in terms 
of RTs or naming accuracy (all p-values >0.172). This suggests similar naming performance 
across groups for object and action pictures. However, object pictures showed signifi
cantly more missings than action pictures in cognitively healthy controls (V = 70, p =  
0.015), aMCI patients (V = 65, p = 0.041), and individuals with mild AD (V = 85, p = 0.044).
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Differences in processing speed between the groups

As expected in our hypothesis of [slowed processing speed] and illustrated in Figure 3, the 
Kruskal-Wallis test revealed significant differences in average RTs between the groups [H 
(2) = 29.56, p < 0.001]. Dunn’s test for pairwise comparisons indicated that mild AD 
patients responded significantly slower than individuals with aMCI (z = 2.20, p = 0.027), 
who, in turn, responded significantly slower than controls (z = 3.02, p = 0.005). Mild AD 
patients were also significantly slower than controls (z = 5.38, p < 0.001).

Qualitative error analysis

To better understand the errors made by participants, we performed a qualitative error 
analysis to uncover the underlying cognitive processes and patterns.

Group comparisons were conducted using the independent-samples Kruskal-Wallis 
test, followed by post-hoc Dunn’s test with Bonferroni-Holm adjustment of p-values for 
significant results.

Significant group differences were observed in overall naming errors [H(2) = 23.76, p <  
0.001]. Cognitively healthy controls made significantly fewer errors than individuals with 
aMCI (z = 2.75, p = 0.011) and mild AD (z = 4.81, p < 0.001). Patients with mild AD showed 
slightly higher, though not statistically significant (z = 1.93, p = 0.053), naming errors than 
those with aMCI.

Specifically, as depicted in Figure 4, significant differences were found in rule-breaking 
errors [H(2) = 16.75, p < 0.001] between controls and AD patients (z = 4.08, p < 0.001), but 
not between controls and aMCI patients (z = 2.06, p = 0.079). Additionally, significant 
differences emerged in semantically unrelated errors [H(2) = 10.37, p = 0.005], where 
individuals with aMCI and mild AD (both p-values <0.019) made significantly more errors 
than controls. There was a significant difference between the groups in semantically 
related errors [H(2) = 6.726, p = 0.034], but this difference did not reach significance in 
pairwise comparisons (all p-values >0.072). No significant differences in any error types 
were found between the aMCI and mild AD groups (all p-values >0.079).

Significant group differences in missing data were observed [H(2) = 21.40, p < 0.001]. 
Controls had significantly fewer missings than mild AD patients (z = 4.62, p < 0.001). 
Individuals with aMCI exhibited significantly fewer missing data than those with 
mild AD (z = 2.67, p = 0.015) but did not differ significantly from controls (z = 1.77, p =  
0.077).

The efficacy of the RAN task in distinguishing cognitively healthy individuals, 
aMCI, and mild AD

Given that our groups were not well-matched, we conducted multiple regression analyses 
with age, sex, education, anxiety, and depression as covariates. We also performed 
separate regression analyses for each group to explore how these variables influence 
RTs and error rates across the groups.

When considering all participants, multiple regression analyses revealed significant 
associations between RTs and group (p < 0.001), while age, sex, education, anxiety, and 
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depression showed no significant associations, as given in Table 4. This model explained 
56.4% of RT variance [R2 = 0.564, F(6,42) = 11.366; p < 0.001].

Similarly, group significantly predicted error rates (p < 0.001), while age, sex, education, 
anxiety, and depression did not. This model accounted for 49.1% of the variance in error 
rates [R2 = 0.491, F(6,42) = 6.750; p < 0.001].

Separate analyses by group confirmed no significant effects for the covariates on RTs or 
error rates (Table 4b-d).

To evaluate whether our naming task can detect early AD-specific changes in lexical- 
semantic retrieval and distinguish between cognitively healthy controls, individuals with 
aMCI, and those with mild AD, we conducted ROC curve analyses. Figure 5 depicts ROC 
curves for classifying participants based on RTs and error rates. RAN performance pro
vided moderate diagnostic accuracy for classifying mild AD (AUC = 0.907; SE = 0.041; p <  
0.001; 95% CI = 0.826, 0.987). As indicated by Youden Index 1194.20 ms for RTs represents 
an optimal threshold for the classification of AD with a sensitivity and specificity of 86% 
and 83%. However, RAN performance did not provide acceptable diagnostic accuracy for 
classifying aMCI (AUC = 0.571; SE = 0.08; p = 0.382; 95% CI = 0.411, 0.732).

Error rates provided moderate diagnostic accuracy for classifying mild AD versus 
cognitively healthy controls (AUC = 0.861; SE = 0.054; p < 0.001; 95% CI = 0.755, 0.967). 

1 - Specificity
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Figure 5. Receiver Operating Characteristic (ROC) curves comparing sensitivity and specificity of mean 
response times (RTs; in blue) and mean error rates(in purple) for distinguishing cognitively healthy 
controls from individuals with mild AD.
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As indicated by Youden Index an error rate of 11 out of 79 pictures (14%) represents an 
optimal threshold for the classification of AD with a sensitivity and specificity of 80% and 
85%. Conversely, error rates did not provide acceptable diagnostic accuracy for classifying 
aMCI versus cognitively healthy participants (AUC = 0.569; SE = 0.082; p = 0.403; 95% CI =  
0.408, 0.729).

Discussion

This study aimed to evaluate the utility of a RAN task in distinguishing cognitively 
healthy controls, individuals with aMCI, and those with mild AD. We explored the 
impact of emotional valence, word class, and processing speed on naming perfor
mance. Our findings demonstrate that the RAN task reliably identifies naming impair
ments (measured by RTs and accuracy) across different stages of cognitive decline 
associated with AD, independent of factors such as age, sex, education, anxiety, and 
depression.

The impact of emotional valence on word retrieval processes

Examining valence effects on word processing is complicated by arousal interference, 
particularly for negative stimuli. Contrary to previous findings suggesting a facilitative 
effect of high arousal on processing negative words (Hofmann et al., 2009), our results 
align with studies showing inhibitory effects of high-arousal negative pictures on lexical 
retrieval (Blackett et al., 2017; Schwen Blackett et al., 2024). Longer RTs and higher error 
rates for higher-arousal negative stimuli in our cognitively healthy participants suggest 
higher attention allocation for negative emotions. Both our findings and those of Blackett 
et al. support the “negative delay” phenomenon in healthy controls, which is therefore 
not necessarily indicative of pathological changes in semantic memory retrieval. Although 
the interaction between group and valence was not significant in our study, within-group 
analysis showed a weakened positive-negative discrepancy in the patient groups, becom
ing nonsignificant in the AD group. This may be due to greater variance within these 
groups, reflecting the typical cognitive variability seen in AD patients. Additionally, in our 
study, negative pictures had higher arousal ratings than positive and neutral pictures, 
which could also explain the similar performance across these two valences. AD patients 
may show a weaker reaction to negative stimuli, leading to a less pronounced “negative 
delay”. This suggests impairments in emotional processing networks (e.g., the amygdala 
and limbic system; Mistridis et al., 2013), especially concerning arousal. Nevertheless, 
negative pictures remained cognitively demanding, as indicated by higher error rates. 
This indicates that emotional content of words can influence lexical-semantic retrieval 
independently of emotional reactivity.

Additionally, heightened levels of anxiety and depression in AD patients (Botto et al.,  
2022) may further complicate emotional processing. Despite lacking a formal diagnosis of 
anxiety or depressive disorder, the significantly higher self-reported depression scores in 
this group suggest increased sensitivity to negative stimuli (Ahorsu & Tsang, 2018; Mogg 
& Bradley, 1998; Theódórsdóttir & Höller, 2023), potentially explaining the absent positive- 
negative RT difference in our mild AD group. This underscores the need to control for 
anxiety and depression in studying emotional processing studies.
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Emotions interact with semantic variables like word concreteness (Hinojosa et al., 2020; 
Vigliocco et al., 2013). For instance, Vigliocco et al. (2013) proposed that emotions exert 
a more pronounced influence on abstract words than concrete ones. Our results partially 
support this, as in cognitively healthy controls, action pictures were named significantly 
faster and more accurately than object pictures in the positive condition, but no signifi
cant difference was found for negative pictures. This suggests that emotions may facilitate 
the retrieval of abstract words, in our case, verbs. The “negative delay” effect in RTs and 
error rates may interfere with the facilitatory effect of emotion on abstract words, leading 
to a weakened effect for negative verbs. However, claiming that emotions play a more 
important role in abstract words than in concrete words is too simplistic based on current 
research, especially since this interaction was weakened in our aMCI or no longer evident 
in our AD groups. This indicates that the interplay between emotions and semantic 
variables such as concreteness also depends on cognitive health.

Interestingly, the reduction in the negative delay effect may vary depending on the 
cognitive resources available for emotion regulation. Future research could explore how 
emotional interference in lexical retrieval evolves across different stages of AD.

Is there a noun-verb dichotomy in AD?

Our results align with studies showing no clear selective preservation of verbs in AD 
(Cappa et al., 1998; Druks et al., 2006; Lukic et al., 2021; Masterson et al., 2007; Williams 
et al., 2021). Rather, they support the assumption that nouns and verbs are represented in 
the same unitary distributed fronto-temporal network when neither nouns nor verbs are 
inflected (Tyler et al., 2004). While naming object and action pictures showed no sig
nificant differences, aMCI and mild AD patients tended to have shorter RTs and fewer 
errors for nouns than verbs. Conversely, controls exhibited a slight, non-significant 
advantage for action naming. Additionally, the facilitatory effect of positive emotions 
on action naming in cognitively healthy controls was weakened or absent in the patient 
groups. This supports the idea that emotional aspects impact word retrieval differently in 
cognitively impaired individuals. It also aligns with the view that nouns and verbs have 
differently semantically rich representations (Nickels & Howard, 1995) and pose different 
demands on the processing system (Bird et al., 2003; Crepaldi et al., 2006; Druks et al.,  
2006; Faroqi-Shah et al., 2018; Lukic et al., 2021). However, caution is warranted in 
interpreting these findings due to substantial variance within our groups, and the limited 
significance of isolated words for discussions on the noun-verb distinction (Baker, 2015).

Processing speed deficits in aMCI and mild AD: insights from RAN data

Our RT data support our hypothesis that processing speed is compromised in aMCI and 
mild AD patients, irrespective of sex, age, education, anxiety, and depression. Patient 
groups showed significantly slower RTs compared to cognitively healthy controls, with 
aMCI patients performing worse than controls but better than AD patients. This supports 
the continuum model of AD progression (e.g., Aisen et al., 2017; Sperling et al., 2011). 
Furthermore, it underscores the importance of processing speed as a sensitive measure 
for early detection of cognitive impairment (Jacobson et al., 2004).
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The significance of processing speed in evaluating dementia was also high
lighted in other studies (e.g., Jacobson et al., 2004; Warkentin et al., 2008; Wu 
et al., 2022). Warkentin et al. (2008), for instance, conducted a study involving 
49 AD patients, who were asked to quickly name colours and shapes of 40 
combinations. Their findings revealed significantly slower naming speeds in AD 
patients compared to cognitively healthy controls, with pause times reflecting 
lexical retrieval deficits in AD. Additionally, these naming difficulties were asso
ciated with temporo-parietal relative cerebral blood flow pathology in AD. 
Consistent with the observations of Warkentin et al. (2008), the slower RTs in our 
aMCI and mild AD patients were partly attributed to hesitations. This suggests that 
the progression of AD involves not only a generalized decrease in processing 
speed but also domain-specific changes, resulting in increased delays and heigh
tened susceptibility to errors in semantic memory retrieval. Our data align with this 
notion, revealing significantly slower RTs and higher error rates in overall picture 
naming among aMCI and mild AD patients compared to cognitively healthy con
trols. Furthermore, these deficits worsen with disease progression, as evidenced by 
our comparison between the control, aMCI, and mild AD groups.

What the error patterns tell us about the underlying impairment

Previous research suggested that AD patients may have worse naming abilities than 
controls in terms of the number but not in terms of the type of naming errors (Gale 
et al., 2008; Lin et al., 2013). However, our findings align with Silagi et al. (2015), suggest
ing that AD patients may show both quantitative and qualitative differences in naming 
errors compared to controls.

The error patterns observed in our control group may reflect age-related 
changes in executive functions (Ferguson et al., 2021) and word retrieval abilities 
(Barresi et al., 2000; Shafto et al., 2007). These word-finding failures are attributed 
to difficulties in accessing lexical entries from an otherwise intact semantic system 
(Nicholas et al., 1996). In contrast, the increase in semantically unrelated errors in 
aMCI and mild AD patients suggests a semantic deficit or loss of semantic knowl
edge (Joubert et al., 2010; Moreaud et al., 2001). Notably, rule-breaking errors were 
more frequent in both patient groups, especially in the mild AD, suggesting 
impairments in executive functions crucial for adherence to task rules (Rainville 
et al., 2002). The higher number of missing data in AD patients, due to unintended 
comments or laughter, further supports impaired executive function (i.e., inhibi
tion). These findings align with studies showing early executive dysfunction in AD 
(Crowell et al., 2002; Junquera et al., 2020; Kim et al., 2016; Perry & Hodges, 1999; 
Rainville et al., 2002) and its potential as an early detection measure of AD (Yuspeh 
et al., 2002).

Overall, our results support the view that naming difficulties in aMCI and mild AD stem 
from a combination of impaired higher-order cognitive processes, impaired lexical retrie
val, and a loss of semantic knowledge (Balthazar et al., 2008).

24 S. LAFENTHALER ET AL.



Limitations and future directions

Despite significant differences in RTs and error rates between the aMCI, mild AD, and 
control groups, further research with larger, well-matched samples is needed. The small 
sample size warrants cautious interpretation and the high variability within the patient 
groups complicates interpretation. However, this interindividual variability should be 
viewed as an inherent aspect of the disease and may provide additional insights 
(LaPlume et al., 2021). Although not decisive in our study, factors like age, education, 
and gender influence confrontation naming performance (Randolph et al., 1999; Stasenko 
et al., 2019), making comparisons to adjusted norms essential to determine cognitive 
impairment accurately.

A limitation of our study is the lack of standardized visual stimuli and reliance on 
emotional valence ratings from written words, which may not precisely reflect emotional 
responses during picture naming. Standardizing stimuli and establishing normative data 
for confrontation naming tasks are crucial for accurately assessing word retrieval 
impairments.

Given the varying richness of semantic representations and the differing impact of 
emotions on processing objects and actions, an approach focused on word-category- 
specific naming performance could provide a more nuanced understanding of lexical- 
semantic abilities. Since emotions influence word retrieval and semantic representations, 
their inclusion in assessments is essential.

While our discrete RAN paradigm offers insights into word retrieval processes, it poses 
technical challenges, such as the need for manual post-processing due to late or early 
voice key detections, which is time-consuming and requires linguistic expertise. 
Therefore, further efforts are needed for clinical use.

Conclusion

Our study underscores the utility of the RAN task in distinguishing cognitively 
healthy controls, aMCI, and mild AD based on emotional valence, word class, and 
processing speed. Emotional valence influenced word retrieval, with negative stimuli 
slowing lexical access and increasing naming errors in cognitively healthy controls. 
In contrast, patient groups showed a weakened “negative delay”, likely due to 
cognitive variability and impaired emotional reactivity. Nevertheless, negative sti
muli remained cognitively demanding for aMCI and mild AD patients, as indicated 
by lower accuracy, suggesting that emotional valence influences retrieval processes 
independently of emotional reactivity. Our findings point to altered emotional 
processing in cognitive decline and emphasize the importance of incorporating 
emotional valence, word class, and processing speed into naming tests to enhance 
assessments of lexical-semantic abilities and to aid in monitoring cognitive disorders 
like AD.
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