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Abstract 16 

Purpose: The NeuroBel is a screening test that allows the evaluation of oral 17 

comprehension and language production deterioration in the elderly. This study replicated 18 

previous research using larger clinical samples from three Spanish-speaking countries. 19 

Method: Eight tasks were used to analyze oral language functioning using a 20 

psycholinguistic approach. Two-hundred and thirty-two elderly, monolingual Spanish 21 

speakers from Spain, Cuba, and Colombia participated in this study. Of these, 76 had 22 

Alzheimer's disease (AD) in the initial phase, 75 had mild cognitive impairment (MCI), 23 

and 81 did not have cognitive impairment (controls). Results: Significant differences 24 

were observed between the three clinical groups. The participants with AD had 25 

significantly worse NeuroBel scores. The MCI group had significantly lower scores than 26 

did the control group. Discriminant analysis showed that 83.2% of the participants were 27 

correctly classified into the groups that were originally selected. The NeuroBel showed a 28 

high correlation with the Mini-Mental Score (.87) and a high sensitivity in the 29 

determination of AD and cognitive deterioration. The area under the ROC curve was .97 30 

in contrast to AD vs. MCI + Controls and .96 in the determination of cognitive 31 

deterioration (AD + MCI vs. controls). The canonical discriminant functions and 32 

precision cut-offs from the ROC analyses are also shown in the results. Conclusions: 33 

This study confirms that the NeuroBel is a reliable screening test for the detection of 34 

cognitive-linguistic impairment in Spanish-speaking elderly people.  35 



Introduction 36 

Life expectancy has increased in most societies worldwide over the past decades. 37 

Correspondingly, the prevalence of aging-related disfunctions, as mild cognitive 38 

impairment, MCI, and neurocognitive disorders (previously named as ‘dementias’) has 39 

also increased, such is the case of Alzheimer Disease (AD) (Bermejo & Del Ser, 1993; 40 

Garre-Olmo, 2018; OMS, 2015; Prince et al., 2015; WHO, 2019). AD is the most frequent 41 

form of cognitive disorder among elderly people (circa 70% of the total cases), doubling 42 

the risk every five years from 60 years on (Alzheimer’s Association, 2020; Dubois & 43 

Uspenskaya-Cadoz, 2016). AD evidences memory deficits, but also in other cognitive 44 

domains, as language.  45 

MCI— also named as mild neurocognitive disorder, mNCD, in DMS-5 (Sach-Ericsson 46 

& Blazer, 2014)— refers to cognitive difficulties that appears with aging (Flicker et al., 47 

1991) in one or more cognitive domains, but that does not compromise patient’s 48 

independence and self-sufficiency may be preserved with greater efforts or adaptative 49 

strategies. Main difference between mild and major neurocognitive disorders, as AD, is 50 

the degree of functional interference of the cognitive disfunction with day-to-day 51 

activities, which is related to the severity of the symptoms. Importantly, MCI may, or 52 

may not, progress to AD (Roberts & Knopman, 2013)), depending on several factors, 53 

including MCI subtype (amnesic vs not amnesic; for a review, Roberts & Knopman, 54 

2013), so that, in some cases, exploring MCI may facilitate the understanding of insidious 55 

initial stages and progression of AD (Maestú et al., 2015; Xu et al., 2021).  56 

Language is one of the cognitive domains that can be affected in cognitive disorders 57 

(APA, 2013), and an essential ability. It represents a reflex of the general cognitive 58 

function, that could evidence its progressive deterioration in AD and/or MCI (Pulsifer et 59 

al., 2020) and in normal aging (Juncos-Rbadán, 1998); components such as memory or 60 



executive functions may be altered, influencing language comprehension and expression. 61 

Therefore, the difficulties in language are related to cognitive impairments. Its decline 62 

may affect normal communication skills, in particular language production (Shake & 63 

Stine-Morrow, 2017).  64 

Moreover, in those cases in which MCI may progress to AD is important to detect 65 

preclinical signs associated with cognitive decline, as key elements for early prevention 66 

and interventions (Albert et al., 2001). For instance, in preclinical states, and related to 67 

language in MCI, has been observed grammatical simplification and difficulties with 68 

sentence organization, loss of vocabulary in naming, errors in the identification and 69 

description of thematic images, understanding of more elaborate syntactic structures and 70 

reading comprehension, among others (Cuetos et al., 2007; Forbes et al., 2002, 2004, 71 

2005; Garrard et al., 2005; Pulsifer et al., 2020; Tsantali et al., 2013). 72 

Very interestingly, language deficits are heterogeneous in different sub-processes, 73 

depending on the neural condition per se. For instance, aging: tends to decline especially 74 

the lexical-access (Kavé & Goral, 2017), probably underlaying decreased brain activity 75 

(Cuetos, 2003); weakens phonology domain more than semantic (Burke & Shafto, 2004); 76 

reduces syntax in people over 70 years of age, either in complexity, in particular in those 77 

with little schooling levels (Kemper et al., 2001; 2004), as in organizing sentence’s 78 

elements (Obler & Pekkala, 2008).  In contrast, in normal aging, semantic remain intact; 79 

as well as the understanding the passive vocabulary (Shake & Stine-Morrow, 2017; 80 

Wingfield et al., 1991; Wingfield & Stine, 1991); and even concept definitions can be 81 

richer and more precise (Kavé & Yafé, 2014). 82 

Although is commonly accepted that aging tends to reduce cognitive functions, including 83 

language, as a whole, reality is more heterogeneous and we need tools to evaluate 84 

language sub-domains with enough sensibility and specificity to detect normal aging vs 85 



pathological states related to aging in elders (as AD and MCI). Attempts to evaluate 86 

language characteristics in this population are becoming widespread in clinical practice 87 

(Zheng et al., 2022), in particular in AD (Petti et al., 2020). However, the screening tests 88 

available, and most frequently used by specialists, to evaluate possible language 89 

deterioration in aging are verbal fluency tasks, which can be quantitatively (Nutter-90 

Uphama et al., 2008; Rinehardt et al., 2014; Tsantali et al., 2013) or qualitatively 91 

evaluated (Paeka & Murrayb, 2021). But mere assessment of verbal fluency is not 92 

sufficient to specify which aspects of language processing are affected by cognitive 93 

decline in aging and which aspects remain preserved for a longer period, in spite its utility 94 

for subsequent interventions. In addition, most of the clinical tests available to assess 95 

putative pathological language features during aging have been developed in the United 96 

States or the United Kingdom, with native English speakers (e.g., Bayles & Tomoeda, 97 

2019, 2020; Bryan et al., 2001; Dooley & Walshe, 2019; Ferris et al., 2009; Helm-98 

Estabrooks, 2017; Krein, 2019); there is less in other languages, as Spanish, which 99 

represents more than 500 million native speakers (Eberhard et al., 2019). 100 

Short, easy-to-administer language tests are extremely useful and necessary for daily 101 

clinical practice, as the deterioration of this cognitive function is among the firsts to 102 

appear in many cognitive neurodegenerative diseases (Albert et al., 2011; Radanovic & 103 

Mansur, 2011). Also, these tests should enable the early detection of signs that 104 

differentiate normal aging from potentially pathological aging, and the level and sub-105 

domains at which linguistic deficits occur (e.g. if they are due to phonological aspects, 106 

word identification, access to lexicon, semantic, etc.). 107 

In this context, Adrián et al. (2015) developed a new short test (NeuroBel) for the initial 108 

evaluation of the psycholinguistic processes involved in the comprehension and oral 109 

production of Spanish. In a later study with a group of 50 Spanish-speaking patients, 110 



Bermúdez-Llusá et al. (2019) confirmed that the NeuroBel is a valid and reliable 111 

screening test for measuring aging-related language impairments in people diagnosed 112 

with AD and MCI. The results provided important baseline values and initial cutoff points 113 

to differentiate participants with cognitive impairment due to MCI or AD from those with 114 

nonpathological aging. These results indicate that the NeuroBel is a reliable instrument 115 

for detecting oral language impairment in adults. 116 

Despite these promising initial findings, further research was needed for standardization. 117 

For example, the sensitivity and specificity of the NeuroBel should be assessed with 118 

samples drawn from a variety of Spanish-speaking countries. Standardization of the 119 

NeuroBel is important given the polysemic value and diversity of Spanish vocabulary 120 

among the different Spanish-speaking geographical areas. 121 

Thus, the present study replicated the work of Bermúdez-Llusá et al. (2019) using larger 122 

clinical samples drawn from various Spanish-speaking countries. The main objective was 123 

to verify the reliability of the NeuroBel as a tool to screen for language impairment in 124 

elderly individuals, taking into account possible dialect variations among Spanish-125 

speaking countries. These results may offer relevant cross-cultural data for the correct 126 

standardization and use of this screening test. 127 

 128 

Method 129 

Participants 130 

A total of 232 monolingual Spanish speakers (62 men and 170 women; 59-92 years of 131 

age) who resided in Spain (n = 75), Cuba (n = 75), and Colombia (n = 82) participated in 132 

this study. The education levels of the participants ranged from functional illiteracy (less 133 



than one year of schooling) to 17 years of formal education (mean = 9.0 years; SD = 4.3). 134 

Of the total sample, 151 were diagnosed with AD in the initial stage or MCI stage 135 

according to the clinical criteria of the Global Deterioration Scale (GDS) (Reisberg et al., 136 

1982). The remaining 81 participants served as the control group (elderly individuals with 137 

normal aging and without observable cognitive impairment) and were matched to the 138 

group of patients with MCI in terms of sex, age, and years of education. The evaluations 139 

were carried out in collaboration with health care, clinical, and research centers in the 140 

countries included in this study. The criteria for the selection, inclusion and exclusion of 141 

the participants, and administration of the tests were agreed upon and standardized among 142 

the different centers and collaborating countries in this study. 143 

Table 1 shows the sociodemographic characteristics and MMSE scores of the participants 144 

according to clinical group and country of origin. The MMSE is a test frequently used in 145 

clinical research to evaluate the cognitive status of a patient and rule out a possible 146 

diagnosis of dementia. 147 

As shown in Table 1, the clinical groups (the AD and MCI groups) were similar in terms 148 

of sex, age, and years of education. In contrast, and as expected, there were significant 149 

differences among groups in MMSE scores. Significant differences among countries of 150 

origin were observed only in years of education (see the bottom of Table 1). 151 

Participants were selected according to their medical records, with confirmation that their 152 

diagnosis corresponded to one of the two clinical groups evaluated in this study as 153 

necessary. These medical records included different neuropsychological batteries to 154 

explore different areas of cognition (e.g., memory and fluency), geriatric reports, and (for 155 

some patients) neuroimaging data used to confirm the clinical diagnoses of the 156 

participants. The inclusion criterion for the AD group was a GDS score of 4 (Reisberg et 157 



al., 1982), that for the MCI group was a GDS score of 3, and that for the control group 158 

was a GDS score of 1 or 2 (see Leon & Reisberg, 1999 for more detail). The exclusion 159 

criteria were as follows: (a) severe vision or hearing difficulties, (b) a GDS score ≥ 5, (c) 160 

an MMSE score < 16 points (the lower limit of moderate cognitive deficit), (d) a history 161 

of neurological or psychiatric illness, or e) depressive symptoms (score > 9 on the Spanish 162 

version of the 9-item Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001). The 163 

PHQ-9 was used to identify whether a patient suffered from depression at the time of 164 

cognitive evaluation. It is widely used by specialists to identify undiagnosed depression. 165 

Instruments 166 

The NeuroBel consists of eight tasks that assess the essential components of oral language 167 

processing in comprehension and production, from the most peripheral to the most central 168 

(Adrián et al., 2015). A detailed explanation of the scoring rules for each task in the test 169 

is provided in Appendix A. Likewise, different dialectic meanings were used to designate 170 

objects and actions according to the countries included in this study. Appendix B includes 171 

a table with a list of the words used in different countries that were accepted as valid for 172 

scoring some NeuroBel tasks. 173 

The NeuroBel is conceptually based on the EPLA (Valle & Cuetos, 1995), which is the 174 

Spanish version of the Psycholinguistic Assessments of Language Processing in Aphasia 175 

(PALPA) (Kay, Lesser, & Coltheart, 1992), and on the BETA (Cuetos & González- Nosti, 176 

2009); however, it employs different tasks, stimuli, and items. Therefore, the NeuroBel 177 

is not a modified version or shortened form of these tests. The NeuroBel includes eight 178 

tasks: four tasks that explore comprehensive or receptive language, and four that explore 179 

expressive or productive language in oral communication. 180 



The linguistic stimuli (words) used for some of the NeuroBel tasks (i.e., the auditory 181 

lexical decision, spoken word to picture matching, object naming, and action naming 182 

tasks) were selected from the Diccionario de frecuencias de las unidades lingüísticas del 183 

castellano ("Dictionary of frequencies of Spanish linguistic units") (Alameda & Cuetos, 184 

1995). 185 

Procedure 186 

This study was approved by the Ethics Committee of the University of Malaga (Comité 187 

Ético de la Universidad de Málaga [CEUMA]: 78-2016-H). 188 

The participants in the AD and MCI groups were recruited from the Municipal Center for 189 

Healthy Aging of Malaga and Virgen del Carmen Residence for the Elderly in Estepona 190 

(Spain), Associations of Relatives of Alzheimer's Patients of Malaga (AFA) and 191 

Estepona, Aging and Health Center (CITED) of Calixto García Hospital in Havana 192 

(Cuba) and various centers and residences for elderly individuals in Barranquilla 193 

(Colombia). The control group consisted of individuals without cognitive impairment 194 

from the aforementioned centers and friends and relatives of patients who volunteered to 195 

participate in this study. 196 

The evaluator explained the purpose of the study to each participant, and each participant 197 

was asked to sign an informed consent form. All participants who met the inclusion 198 

criteria were evaluated using the NeuroBel. Correct responses to the items on the test 199 

tasks were recorded. The evaluation began by providing each participant with instructions 200 

for each task. The evaluator ensured that each participant understood each task by 201 

demonstrating 1-2 examples of the task. 202 

Statistics 203 



Data analysis was performed using Statistical Package for the Social Sciences (SPSS 204 

version 28.0) software (IBM Corporation Business Analytics Software portfolio, 205 

Chicago, USA). The means and standard deviations of the NeuroBel task scores, 206 

including the total score, were calculated separately for each group. 207 

Univariate analysis of NeuroBel total scores, with country as a covariate, was performed 208 

to determine possible differences among the AD, MCI, and control groups. Multivariate 209 

analyses of variance (MANOVAs; using Pillai's trace values) and Tukey's honestly 210 

significant difference (HSD) post hoc tests were performed to identify significant 211 

differences among the groups in performance on the NeuroBel tasks. 212 

Discriminant analysis was also performed to construct a canonical linear predictive model 213 

of group membership using NeuroBel tasks as independent variables. 214 

The sensitivity and specificity of the NeuroBel, including true positives (identification of 215 

cognitive impairment) and false positives (incorrect labeling of healthy controls); its 216 

accuracy and efficacy, according to the area under the curve (AUC); and the optimal 217 

cutoff points (CP), established using receiver-operating characteristic (ROC) curve 218 

analysis, were also calculated. 219 

Results 220 

The NeuroBel had adequate internal consistency (Cronbach's alpha = .77) and a strong 221 

correlation with MMSE scores (Pearson’s r =.87, p < .01). 222 

Group comparisons 223 

Figure 1 shows the mean NeuroBel total scores for the three clinical groups (the AD, 224 

MCI, and control groups) and the three countries (Spain, Cuba, and Colombia) considered 225 



in this study. Table 2 presents the mean scores and standard deviations by group for each 226 

NeuroBel task. 227 

Univariate analysis, controlling for country as a covariate, was used to compare the 228 

NeuroBel total scores among the groups. There was a significant main effect of group on 229 

NeuroBel total scores (F (2, 231) = 341.75, p < .001; ηp
2 =.750). The main effect of 230 

country was not significant (F (2, 231) = 2.01, p < .157; ηp
2 =.009) and did not explain 231 

variance in NeuroBel total scores among the groups. 232 

The MANOVA results (F (2, 231) = 20.49, p < .001; ηp
2 =.424) using Pillai’s trace 233 

indicated significant differences in NeuroBel task scores among the groups analyzed. 234 

Post hoc analysis using Tukey's HSD indicated significant differences (p < .05) between 235 

the AD group and the other two groups (the MCI and control groups) on 7 out of 8 of 236 

the NeuroBel tasks (p < .001); no significant group differences were observed in the 237 

repetition task. There were significant differences (p < .05) between the MCI and 238 

control groups in six out of eight of the NeuroBel tasks (p < .001); there were no 239 

significant differences between these groups on the auditory lexical decision and 240 

repetition tasks. 241 

Discriminant analysis 242 

Table 3 (upper panel) shows the structure of the canonical matrix of discriminant 243 

functions. The NeuroBel task scores (set as variables) were ordered by the size of the 244 

correlation within each function, which provided the best possible discrimination among 245 

the groups. Discriminant Function 1 indicated the tasks that best differentiated the three 246 

groups in this study (the AD, MCI, and control groups), and Function 2 showed the 247 

differences among the groups after controlling for Function 1. Function 2 also highlighted 248 



the tasks that were irrelevant to distinguishing among the groups (auditory lexical 249 

decision) as well as the less important or not very distinguishing tasks (phoneme 250 

discrimination and repetition) and the highly relevant tasks for distinguishing among 251 

groups (sentence completion), especially between the MCI and control groups. These 252 

results support those obtained in the post hoc analyses, with the auditory lexical decision 253 

and repetition tasks less relevant for distinguishing among the groups. The 254 

reclassification results of the discriminant analysis, which was conducted to determine 255 

the coherence of the data obtained with the data originally used to determine the groups 256 

(the AD, MCI, and control groups), are shown in the lower panel of Table 3. The results 257 

indicated that 83.2% of participants were correctly classified into their original groups. 258 

Sensitivity and specificity of the NeuroBel: ROC curve analysis 259 

The ROC curve in Figure 2 shows the rate of true positives (participants correctly 260 

identified as having cognitive-linguistic impairment; sensitivity) versus the rate of false 261 

positives (participants incorrectly identified as having cognitive-linguistic impairment; 262 

specificity). Figure 2 also shows the precision of NeuroBel total scores in terms of the 263 

ROC curve and the AUC, indicating differentiation between the AD group and MCI + 264 

control groups (left) and between the AD + MCI groups and control group (right). For the 265 

detection of AD, the NeuroBel had a sensitivity of .97 and a 1-specificity of .81 (AD vs. 266 

MCI + control), and for the detection of MCI, the NeuroBel had a sensitivity of .98 and a 267 

1-specificity of .70 (AD + MCI vs. control). The AUC was .97 for the AD group vs. the 268 

MCI + control groups and .96 for the AD + MCI groups vs. the control group. 269 

Regarding the cutoff points for the different groups, a NeuroBel score ≥ 90.25 points 270 

indicated performance in the typical or normal range of the population (i.e., lack of 271 

cognitive-linguistic deterioration), a score between 84.25 and 90 points indicated 272 



performance typical of an individual with MCI, and a score of < 84.25 points indicated a 273 

performance typical of an individual with AD. 274 

Discussion 275 

The NeuroBel battery explores the effects of aging on oral language abilities and the 276 

relationship between aging and cognitive decline. In this study, the NeuroBel scores of 277 

Spanish-speaking populations from various countries were analyzed. Data collected in 278 

Spain, Cuba, and Colombia indicated that the NeuroBel is a reliable tool for screening 279 

oral language impairment in patients diagnosed with AD and MCI. 280 

This study replicated the results of Bermúdez-Llusá et al. (2019) with a larger sample 281 

size. The results obtained provide valuable reference values and cutoff points for clinical 282 

practice to identify patients with possible cognitive-linguistic impairment. 283 

The univariate analysis of NeuroBel total scores indicated that this test detected 284 

significant differences among the groups studied, regardless of their country of origin 285 

(which did not explain the observed variance). The AD group had significantly lower 286 

NeuroBel total scores (75.92/100) than the MCI group (85/100) and control group 287 

(92.42/100). Healthy participants (the control group) had significantly higher scores than 288 

those with cognitive impairment (in the AD and MCI groups). 289 

Analysis of the NeuroBel task scores by group with a MANOVA revealed significant 290 

differences. A post hoc test indicated that the AD group performed significantly worse 291 

than the MCI and control groups on 7 out of 8 tasks evaluated. Performance on the 292 

repetition task did not significantly differ among the groups, suggesting that repeating 293 

words or pseudowords is irrelevant to the diagnosis of oral language impairment during 294 

aging. This assumption was supported by the post hoc results comparing the MCI and 295 

control groups, as performance on the repetition and auditory lexical decision tasks did 296 



not significantly differ between the two groups. The MANOVA results were confirmed 297 

with discriminant analysis (Table 3). The tasks associated with semantic and syntactic 298 

processing (sentence completion, action naming, object naming and auditory sentence 299 

comprehension) appeared to be the most relevant and predictive within the discriminant 300 

matrix. The discriminant matrix correctly categorized more than 80% of the participants 301 

into their original groups. The sentence completion task appeared especially important for 302 

clinical discrimination, confirming the key role of the frontal lobe in morphosyntactic 303 

planning and the formation of meaningful sentences from a previously given word (see 304 

Cai et al., 2008; Voets et al., 2005). In contrast, most of the tasks that evaluate 305 

nonsemantic (sublexical) skills appeared less important (spoken word to picture matching 306 

and phoneme discrimination) or irrelevant (repetition and auditory lexical decision) for 307 

differentiating the three groups of participants. 308 

The present results confirm those of Bermúdez-Llusá et al. (2019) and reinforce the 309 

conclusions of previous studies that lexical-semantic processing and syntax are the first 310 

oral language competences affected in the initial phases of cognitive deterioration in 311 

individuals with MCI and AD (Arango-Lasprilla et al., 2003; 2007; Cuetos et al., 2003; 312 

2009; Garrard et al., 2005; Jones et al., 2006; Obler & Pekkala, 2008; Radanovic & 313 

Mansur, 2011, Small et al., 1997). 314 

The ROC curve analysis results shown in Figure 2 indicate that the NeuroBel has “very 315 

good” (Hosmer et al., 2013; Pepe, 2003) sensitivity for language impairment in aging. 316 

Thus, the NeuroBel is an appropriate test for clinical screening of oral language deficits 317 

in Spanish-speaking individuals due to cognitive decline during aging. The AUC 318 

indicated that the probability that a participant with AD would score lower than 319 

participants with MCI or control participants was 97%. Similarly, the probability that a 320 



participant with cognitive impairment (AD or MCI) would obtain a NeuroBel score lower 321 

than control participants was 96%. 322 

The NeuroBel cutoff points provide valuable clinical information to specialists for 323 

determining whether the elderly individual evaluated falls within or outside of normal 324 

ranges, the latter of which could indicate possible language impairment. However, the 325 

specificity (false-positive rate) of the NeuroBel was lower, indicating reduced 326 

discriminative capacity to detect the absence of MCI in healthy subjects (1-specificity = 327 

.70). This result indicates that up to 30% of healthy subjects could be diagnosed with MCI 328 

(i.e., a false-positive result) using the NeuroBel. However, it is important to emphasize 329 

that the NeuroBel is a test in which good sensitivity (the true-positive rate) is key; in 330 

general, specificity is not as crucial. Thus, we believe that this issue does not reduce the 331 

clinical utility of the NeuroBel as a screening tool for language impairment. Its high 332 

sensitivity (.97) and good specificity (.81) in distinguishing AD participants from health 333 

participants and those with MCI as well as in detecting cognitive impairment (AD or 334 

MCI) are clearly relevant for clinical practice. Therefore, in its current form, the NeuroBel 335 

seems to be a suitable screening test for early detection of language impairment in aging. 336 

Nevertheless, complementary neuropsychological and medical tests should be 337 

administered when drawing diagnostic conclusions. 338 

Early detection of cognitive-linguistic deterioration can help professionals (such as 339 

neuropsychologists and speech-language pathologists) implement interventions 340 

(cognitive stimulation) to delay the insidious progression of cognitive impairment in 341 

dementia (Qualls, 2005). In fact, a recent meta-analysis showed that cognitive stimulation 342 

plays an important role in the improvement and stabilization of a large number of 343 

cognitive functions in elderly individuals (Gómez-Soria et al., 2023). 344 



In conclusion, the results obtained in this study, which replicate those of Bermúdez-Llusá 345 

et al. (2019), confirm the validity and reliability of the NeuroBel in screening for possible 346 

psycholinguistic deficits during cognitive decline in aging. Its high correlation with 347 

MMSE scores and its rapid administration make the NeuroBel a useful tool for clinical 348 

practice in speech-language pathology. 349 

Limitations and future prospects 350 

It is necessary to note some limitations of the NeuroBel; these limitations should be 351 

considered to improve it, achieve complete standardization, and enable more effective 352 

and easy administration. For example, some tasks are demonstrably irrelevant in 353 

distinguishing between individuals with and without cognitive impairment and may need 354 

to be eliminated. Tasks of a sublexical nature, such as repetition, auditory lexical 355 

decision, and phoneme discrimination, could be omitted to achieve a more precise and 356 

parsimonious tool. Even the spoken word to picture matching task, which is not 357 

exclusively verbal (involving gnosic-perceptual processing in item selection), could be 358 

replaced by tasks that emphasize semantic-syntactic processing (such as understanding 359 

sentences or judging the grammaticality of a sentence). Finally, a fine-grained 360 

examination of each NeuroBel item included in screening could provide important 361 

information regarding which are the most appropriate and informative, facilitating the 362 

development of even shorter and more precise versions of the test. Future research should 363 

investigate these questions. 364 
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Figure 1. Boxplots representing the distribution and dispersion of the results in the NeuroBel total according to clinical membership group 664 
(left) and the country of origin (right).  The median, the quartiles (1 and 3) and the extreme values (distance or range of 95% of the cases) are 665 
also represented.  666 
 667 

 668 

Figure 2. ROC curve accuracy score and the area under the curve (AUC) for NeuroBel showing discrimination between AD and MCI + Controls (left upper panel),  between 669 
AD + MCI and Controls (right upper panel), and MCI vs Controls (lower panel).  670 
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