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Abstract: The increasing prevalence of cognitive dysfunction and dementia in developed countries,
associated with population aging, has generated great interest in characterizing and quantifying
cognitive deficits in these patients. An essential tool for accurate diagnosis is cognitive assessment,
a lengthy process that depends on the cognitive domains analyzed. Cognitive tests, functional
capacity scales, and advanced neuroimaging studies explore the different mental functions in clinical
practice. On the other hand, animal models of human diseases with cognitive impairment are
essential for understanding disease pathophysiology. The study of cognitive function using animal
models encompasses multiple dimensions, and deciding which ones to investigate is necessary to
select the most appropriate and specific tests. Therefore, this review studies the main cognitive tests
for assessing cognitive deficits in patients with neurodegenerative diseases. Cognitive tests, the most
commonly used functional capacity scales, and those resulting from previous evidence are considered.
In addition, the leading behavioral tests that assess cognitive functions in animal models of disorders
with cognitive impairment are highlighted.

Keywords: human cognitive trials; dementia; cognitive impairment; memory; animal models

1. Introduction

In medicine, cognitive function disorders are generally associated with “primary
degenerative dementias,” particularly important because of their high frequency and
prevalence in the ageing populations typical of developed countries. This heterogeneous
group of diseases is characterized by progressive mental deterioration, including memory
loss and/or impaired judgment, calculation, language, orientation, skills and behavior,
and psychiatric disorders. Anatomopathological findings show neuronal loss, especially
in the cerebral cortex, along with degenerative changes in the surviving neurons, protein
inclusions, and vascular and glial alterations. The location of neuronal loss and the nature
of the degenerative changes and inclusions are the factors that differentiate the various
conditions [1]. Examples of this group of degenerative diseases include frontotemporal
dementia, dementia with diffuse Lewy bodies, and Alzheimer’s disease [2]. In addition,
there are cognitive alterations in other degenerative neurological diseases whose cardinal
manifestations consist of movement disorders, such as cerebellar ataxias, motor neuron
diseases, muscular dystrophies, Parkinson’s disease [3,4], essential tremor [5], Huntington’s
disease [6,7], progressive supranuclear palsy [8], hereditary ataxias [9], amyotrophic lateral
sclerosis [10], and myopathies [11].
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Notably, virtually all acquired or secondary neurological diseases of the nervous
system, including traumatic, vascular, infectious, inflammatory, demyelinating, tumor, ia-
trogenic, toxic, metabolic, and psychiatric disorders have been associated with intellectual
impairment or dementia [12]. Likewise, some systemic diseases, such as chronic pain [13] or
rheumatic [14] and digestive [15] conditions, have been associated with cognitive dysfunc-
tion. Therefore, the ubiquity of intellectual dysfunction in human pathology and the fact
that cognitive impairment is always a major cause of disability for the patient highlights the
importance of the problem and the need to generate knowledge on the causes, pathogenetic
mechanisms, and treatments of these disorders. Several tests are used to evaluate cognitive
impairment in these patients.

Despite the remarkable progress on techniques and knowledge in neuroimaging, neu-
rochemistry, neurogenetics, neuropsychology, neurophysiology, and neuropharmacology,
research in humans presents significant limitations that make experimental studies with
animal models of the different types of cognitive dysfunction essential. There is a wide
variety of animal models of cognitive impairment, classified according to the mechanism
of cognitive impairment, genetic selection or manipulation, environmental agents during
development or adulthood, or pharmacological manipulation of the animal’s cognitive
response. Although in vitro studies of brain tissue are of interest, in the field of cognitive
pharmacology, it is necessary to use one or more animal models to determine the usefulness
of a new drug and its dosage due to the complexity of cognitive function, in which multiple
interconnected brain structures are involved.

For all the above reasons, this review describes the main cognitive tests used in humans
to identify cognitive alterations and behavioral tests in experimental animals to assess a
range of cognitive disorders, examining their rationale, advantages, and disadvantages
(Table 1).

Table 1. Summary of the main tests used in human and rodents to evaluate cognitive impairments.

Purpose Specie Methods Specific Field

Evaluation of global
assessment of the patient’s

basic cognitive situation
Human

MMSE Attention, orientation, language, and praxis

Phototest Verbal fluency

Eurotest Complement of other more complete tests

Mini-Cog Psychometric test of memory, executive
function, language, and praxis

M@T Memory

MoCa Memory, executive function, language,
and praxis

NPI-Q Symptoms associated with different types
of dementia

FAQ Information on the patient’s performance of
activities of daily living

Lawton and Brody scale Assesses the patient’s ability to perform eight
instrumental activities of daily living

Barthel Index Assessing activities of daily living
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Table 1. Cont.

Purpose Specie Methods Specific Field

Specific test

Attention and executive
function

Human

Trail making test
Mental flexibility

F-A-S

Go/no go test Evaluating the ability to inhibit irrelevant
automatismsStroop test

Tower of London Test Assessment of the ability to inhibit
impulsivity

Luria sequence

Specific executive function testsTrail making test

Wisconsin card sorting test

Figure of Benson Perception and orientation

Rodents

Go/no-go test
Pre-attention

Pre-pulse inhibition

Five-choice serial reaction Vigilance and selective attention

Latent inhibition test Selective attention
Orientation attentionOrientation and habituation

Memory

Human

M@T Declarative memory

Rey Osterrieth complex Declarative memory and visuospatial
domain

MIS

Verbal and visual memory

Wechsler memory scale

CVLT

TAVEC

FNAME

Rodents

Object recognition test
Non-spatial memory

Social recognition test

Morris water maze

Spatial memoryBarnes maze

Object location test

T-maze

Working memoryY-maze

Eight-arm radial maze test

Aversive conditioning to taste
Emotional memory

Fear potential overreaction
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Table 1. Cont.

Purpose Specie Methods Specific Field

Learning Rodents

Contextual fear conditioning Evaluates aversive learning

Contextual and cues fear
conditioning test Measures cue and contextual learning

Step-down inhibitory avoidance Evaluates aversive memory retention
in rodents

Passive avoidance test Studies acquired learning and memory

Active avoidance testing Associative learning

Language Humans

BDAE

Fluency, naming, comprehension,
and repetition

Boston naming test

WAB

PALPA

MASTsp

Token test

MMSE: Mini-Mental Status Exam; Mini-Cog: Brief Cognitive Screening Test; M@T: Memory Alteration test; MoCa:
Montreal Cognitive Assessment; NPI-Q: Neuropsychiatric Inventory Questionary; FAQ: Functional Activities
Questionnaire; F-A-S: Controlling verbal fluency; MIS: Memory Impairment Test; CVLT: California Verbal
Learning Test; TAVEC: Verbal Learning Test Spain—Complutense; FNAME: Face–Name Associative Memory
Exam; BDAE: Diagnostic Aphasia Evaluation; WAB: Western Aphasia Battery; PALPA: Language Processing in
Aphasia; MASTsp: Mississippi Aphasia Screening, Spanish version.

2. Cognitive Function: Attention, Learning, and Memory

The cognition system comprises functional, learning, and memory processes. Func-
tional processes include “pre-attention” processes, in which the filtering of sensorimotor
information is performed to focus attention on the most relevant elements of the environ-
ment [16] and whose alteration generates sensory overload and cognitive fragmentation
that could contribute to the alterations that occur in different psychotic disorders [17].
On the other hand, “attention” processes are thoughtful attention, visual orientation,
learned orientation, vigilance, habituation, and selective, sustained, or divided attention.

Learning and memory processes include associative, spatial, or non-spatial learning
and short- and long-term memory. The concept of memory can be defined as “the long-term
retention of experience-dependent internal representations” [18]. Memory can be divided
into two major blocks: implicit (non-declarative) and explicit (declarative) memory [19,20].
Implicit memory is built from non-conscious learning processes through habits and skills,
prior stimulation, or sensitization. It involves skeletal musculature or emotional responses
and non-associative learning. Explicit or declarative memory involves retaining knowl-
edge of certain events, places, or facts and implicates the medial temporal lobe of the
diencephalon. This information is retained by conscious effort and new associations [21].
The acquisition of explicit memory is a three-phase process:

• Encoding: capturing details about stimuli and the environment for subsequent consol-
idation (processing the information to store it).

• Storage: retention of information over time.
• Retrieval: using the retained information to create a conscious representation of the

event or execute a learned motor response.

Explicit memory includes three different categories: immediate memory, short-term
memory, and long-term memory [19–21] (Figure 1).
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Figure 1. Types of memory and related brain structures. Depending on how the information is
received and stored, two main types of memory can be distinguished: implicit memory, which does
not require conscious learning, and explicit memory, which is the product of conscious cognitive effort.

3. Human Cognitive Assessment

Cognitive assessment is a long and laborious process, whose level of detail depends
on the purpose.

A fundamental principle when establishing a person’s cognitive capacity is considering
the different cognitive domains [22] (Table 2). These domains correlate with specific brain
areas (mainly the associative cortex, subcortical regions, and their networks), establishing a
topographical correlation that enables the identification of injured or functionally altered
areas in the nervous system [23] (Figure 1 and Table 3). A general way to classify cognitive
abilities is to consider the general process involved, such as memory, language, attention,
or the brain area involved.

Table 2. Cognitive function domain.

Sensations Sensory Modalities

Perceptions Object recognition
Organizational strategies

Motor and constructive tasks
Copy
Drawing
Other praxias

Attention and concentration Selective attention
Sustained attention/surveillance

Memory

Working memory: verbal, spatial, object, location

Components of memory: central executive, maintenance,
manipulation

Episodic/declarative memory:
Verbal and nonverbal (encoding, storage, free retrieval, cued
retrieval, forced recognition by choice)

Procedural memory

Semantic memory

Prospective memory: time-based or event-based
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Table 2. Cont.

Sensations Sensory Modalities

Executive functions
Reasoning
Problem-solving
Skills management

Processing speed Semantic fluency
Encoding and decoding

Language and verbal skills
Nomination
Fluency
Reading and comprehension

Adapted from [22].

Table 3. Domains to be evaluated and the networks involved.

Cognitive Domains Neural Networks

Memory Temporomedial and limbic network: memory and
emotional responses

Language Perisylvian network

Perception Occipitotemporal network

Praxias Parieto-frontal network: spatial perception
and orientation

Executive-attentional function Prefrontal-subcortical network: involved in attention
and planning

The neurological examination aims to establish the topographic diagnosis in a specific
patient. This information, together with the anamnesis, facilitates the preparation of a
syndromic diagnosis, a necessary step to reach the etiological diagnosis and, if necessary,
to prescribe a treatment.

The approach to cognitive evaluations is complex, requiring the examination of the
patient themselves and collaboration with a reliable witness, usually a family member or
caregiver, to assess the performance of activities.

3.1. Anamnesis

The first step in a cognitive assessment is the interview with the patient, family
member, or caregiver. This provides a first impression of the cognitive functions that may
be most affected and their impact on functional capacity. This criterion is important because,
for the diagnosis of dementia, in addition to verifying the deficit in more than one cognitive
function, it is necessary to confirm the change in the performance of activities.

In some cases, with a compatible clinical history, the evaluation may be simple, re-
quiring only a basic cognitive test and some complementary tests to rule out secondary
cognitive impairment. Other cases can be more complex, especially in circumstances with
psychiatric comorbidities. In each situation, the assessment strategy should be designed to
obtain the evidence necessary to determine the patient’s cognitive status. A well-structured
anamnesis is the first step to getting an overall idea of the problem and guides the rest of
the patient examination. Questions should be specific and explore the patient’s primary
functions in daily and instrumental activities.

3.2. Physical Examination

Once the anamnesis is completed, the physical examination is performed with a gen-
eral approach to assess the most affected functions. In many cases, unlike other neurological
diseases, the assessment may be normal. However, specific signs suggesting secondary cog-
nitive impairment or a neurodegenerative process should be considered. Some examples
of these alterations include the presence of frontal or archaic release reflexes (pacifier reflex,
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palmomentonian, persistent glabellar), signs of involvement of the extrapyramidal system
(pathological eye tracking, tremor, gait disturbance, rigidity, buccolingual dyskinesias,
or dystonia), or motor neurons (muscle atrophy, fasciculations, or hyperreflexia).

4. Cognitive Function Screening Tools

Three main tools explore the different cognitive functions in routine clinical practice:
cognitive tests, functional capacity scales, and advanced neuroimaging studies. Neuroimag-
ing is a tool under development that, thanks to the integration of artificial intelligence,
will become an essential method to facilitate the early and objective quantification of
deficits [24].

This review will consider cognitive tests, the most commonly used functional capacity
scales, and those resulting from previous evidence. On the other hand, it is helpful to
differentiate the primary or general tests from the more complex and specific ones (Figure 2).
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Figure 2. Main tests used to assess cognitive impairment in patients. BDAE: Boston Diagnostic
Aphasia Evaluation; CVLT: California Verbal Learning; F-A-S: Controlling verbal fluency; FNAME:
Face–Name Memory Exam; MASTsp: Mississippi Aphasia Screening, Spanish version; MIS: Mem-
ory Impairment Test; MMSE: Mini-Mental Status Exam; Mini-Cog: Brief Cognitive Screening test;
MoCa: Montreal Cognitive Assessment; NPI-Q: Neuropsychiatric Inventory Questionary; PALPA:
Language Processing in Aphasia; M@T: Memory Alteration test; TAVEC: Verbal Learning test Spain—
Complutense; WAB: Western Aphasia Battery.

4.1. Basic Cognitive and Functional Tests

Generally, the cognitive examination will begin with a brief screening test, which
offers a rapid and global assessment of the patient’s basic cognitive situation [25]. The most
common is probably the Mini-Mental Status Exam (MMSE) [26], but others are routinely
performed in general neurology consultations and take only a few minutes (Figure 2).

It is essential to consider the patient’s educational level in order to adapt the neu-
ropsychological evaluation in illiterate patients. The most frequently evaluated short tests
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are the MMSE, the Eurotest, and the Phototest [26] (Figure 2). These basic tests can be
supplemented with more targeted tests to consider specific deficits.

There are some shorter scales and tests adapted to the conditions of patients with ad-
vanced dementia, such as the Severe Impairment Battery (SIB) and its abbreviated version,
the Severe Mini-Mental State Examination (SMMSE) and Severe Cognitive Impairment
Profile (SCIP) [25]. The main characteristics of these basic tests are summarized below.

4.1.1. MMSE

The MMSE is the most widely used test. It explores the domains of memory, attention,
orientation, language, and praxis, and it has validated versions in many languages [26].
The test takes 7–10 min and has a sensitivity of 88.3% and specificity of 82.6%, with a cutoff
point of 23/24 out of 30 total points in the original version. A decrease of three points is
considered clinically significant [27].

4.1.2. Phototest

Phototest is a brief cognitive test in which the patient is shown pictures of six objects to
be named and recalled. The patient is asked to perform a verbal fluency task between these
two tasks. As a result, the test is not significantly influenced by the person performing
it. It is not influenced by cultural elements, has good reliability, and is recommended for
patients with a low literacy level when the evaluator is not always the same person [28].

4.1.3. Eurotest

This basic screening test should complement other more complete tests. It is based on
a calculation in euros and can be adapted to the currencies of many countries. It includes a
distraction task naming animals. The maximum score is 35, and the cutoff is 23 [29].

4.1.4. Brief Cognitive Screening Test (Mini-Cog)

Mini-Cog is a psychometric test of memory, executive function, language, and praxis,
requiring the patient to draw a clock and recall three words. The drawing of the clock tests
the patient’s ability to place all the numbers and hands in the correct position to show the
time. The range of scores is from 0 to 5, and it only takes about 3 or 4 min to perform in the
office. Sensitivity is 76% to 100%, and specificity is 54% to 85% [27]. This test is suitable for
people with a low educational level.

4.1.5. Memory Alteration Test (M@T)

The M@T focuses mainly on memory and is a good screening test for mild cognitive
impairment of the hippocampal profile, the most frequent in our environment. Its perfor-
mance is more complex and explores several types of memory. The assessment takes 5 to
10 min, the maximum score is 50, and cutoff points have been established for Alzheimer’s
disease (33 points) [30] and amnesic mild cognitive impairment (36 points) [31].

4.1.6. Montreal Cognitive Assessment (MoCa)

The MoCa is a psychometric test of memory, executive function, language, and praxis.
It can detect mild cognitive impairment better than the tests described above. The range is
from 0 to 30, it takes about 10 min to perform, sensitivity is 80% to 100%, and the specificity
is 50% to 75%, considering 25/26 as the cutoff point [32].

4.1.7. Neuropsychiatric Inventory Questionnaire (NPI-Q)

The NPI-Q is a self-administered test of the caregiver, which takes about 5 min and
consists of 12 questions on behavioral symptoms associated with different types of dementia.
The score, from 0 to 60, considers the intensity of symptoms and caregiver distress [33].
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4.1.8. Functional Activities Questionnaire (FAQ)

This test is completed by the caregiver and elicits information on the patient’s per-
formance of activities of daily living. It ranges from 0 to 30 and takes 5 min. It helps to
identify patient risks and areas for improvement in patient care [34].

4.1.9. Lawton and Brody Scale for Instrumental Activities of Daily Living

This scale assesses the patient’s ability to perform eight instrumental activities of daily
living (laundry, housekeeping, shopping, meal preparation, use of the telephone, use of
means of transportation, responsibility for medication, and management of finances) and
measures the patient’s level of independence. It is not specific to patients with cognitive
impairment but is useful for functional assessment [35].

4.1.10. Barthel Index

This is the most widely used scale for assessing activities of daily living. It evaluates
activities such as the ability to dress, eat, and groom. The result is expressed as a percentage,
with 100% indicating complete independence. It is helpful for patient follow-up [36].

It is highly recommended to consider the most suitable test to evaluate the patient and
the one in which the evaluator has the experience to guarantee the reliability of the result.

5. Advanced Cognitive Evaluation and Specific Tests

For this evaluation, a series of batteries are used, such as the Barcelona Test, Consor-
tium to Establish a Registry for Alzheimer’s Disease (CERAD) [37], Alzheimer’s Disease
Assessment Scale-Cognitive (ADAS-cog), Repeatable Battery for the Assessment of Neu-
ropsychological Status (RBANS), and standardized scales that analyze, either generally or
specifically, the different areas and neural networks to perform detailed cognitive assess-
ments. These are long and complicated studies that provide much information but may
require an effort of attention on the part of the patient that is not always possible to achieve.

In general, test results should be stratified by age and educational level based on
standard groups to obtain a cutoff point [25]. An evaluation by a neuropsychological
professional is often necessary.

Perhaps the most widely used globally is the ADAS-cog, which is part of the ADAS test
that evaluates 11 tasks, including word retrieval, object naming, finger naming, following
commands, constructional and ideational praxis, orientation, word recognition, recalling
instructions, spoken language, comprehension, and word-finding difficulty. The score
range is from 0 to 70, its execution takes about 30 min, sensitivity is 89.1%, and specificity
is 88.5%, making it highly reliable.

The exploration of the different cognitive domains is detailed below.

5.1. Attention and Executive Function

The attention system is based on the awareness of the cognitive system and the selec-
tion or orientation to relevant stimuli (information selection and inhibition mechanisms).
The level of alertness involves the ascending reticular formation of the brainstem and the
frontal region [38].

The pre-frontal-subcortical network (including the anterior cingulate gyrus) is related
to attention and executive function. Selective attention focuses on relevant information and
neutralizes irrelevant information. Sustained attention maintains this selective focus while
performing a particular task [38].

In the attention test, the level of attention should be explored initially since it interferes
with the rest of the cognitive function [25,38]. Assessing factors impairing attention, such
as drugs, mood alterations, or fatigue, is essential.

Overall attention can be assessed using orientation tests (temporal, spatial, personal,
situational), direct and inverse digits. Direct and inverse digits are a sequence of digits that
the patient must repeat in the same or the opposite order as the examiner; a repetition of at
least five digits in the same order and four in inverse order is considered normal).
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We can also assess specific fields of attention through different tests (Figure 2):

• Assessment of mental flexibility: a test of execution of alternating sequences (mental
flexibility evaluation) such as alternating graphic series, alternating motor series
(example, fist-palm-singing sequence), or alternation of two automated series (Trail
making test) and controlled verbal fluency (F-A-S).

• Evaluating the ability to inhibit irrelevant automatisms: go/no-go test, repetition of
inverse digits, Stroop test.

The go/no-go test consists of three parts [39]:

• In the first section, the patient is asked to show one finger when the evaluator shows
one finger and two fingers when the evaluator shows two.

• In the second section, the patient is asked to show two fingers when the evaluator
shows one and one finger when the evaluator shows two.

• In the third section, the patient is asked to show one finger when the evaluator shows
two, and none when the evaluator shows one.

• Assessment of the ability to inhibit impulsivity [39]: impulsivity is expressed as
short reaction times and the absence of a work plan. Several tests help us to assess
impulsivity, such as the Tower of London test.

• Assessment of distributed attention through dual-task evaluations [39]. Executive
function (abstraction, task planning, organization, sequential execution) can be eval-
uated by different neuropsychological tests that assess mental flexibility, the ability
to inhibit responses, the ability to perform alternating responses, abstraction, and
processing speed.

• Executive function tests: the most widely used are the Luria sequence, the F-A-S,
verbal fluency (phonetic fluency is related to prefrontal function [23]), Trail making
test part B (sequence letters and numbers), the Stroop test, the Tower of London and
Hanoy, the Wisconsin Card Sorting Test (WCST) and frontal assessment batteries, face
processing, and body schema assessment (right/left orientation, digital gnosis, etc.).

5.2. Perception and Orientation

The perceptual (gnostic) system is in charge of processing sensory information and
interpreting what is perceived with the agnosia of each sensory modality [40]. In the evalua-
tion of the visual-perceptual function, we can assess: the processing of sensory information,
the integration of the basic characteristics of the stimulus (for example, matching identical
figures), object recognition (incomplete object drawing test), and identification (semantic
image matching), face processing, and evaluation of the body schema (right/left orien-
tation, digital gnosias, etc.). We can also evaluate the visual-perceptual and visuospatial
function (perception of object location, movement, and spatial sphere) using batteries of
tests (Figure 2). We can use tests of copies of figures such as the intersection of pentagons,
the complex figure of Benson, or the drawing of a clock [23].

5.3. Praxias

The primary brain location in charge of praxis is the parietal-temporal region (mainly
left). This concept implies processing information to elaborate a motor plan or voluntary,
learned, and purposeful movement program. In addition to the praxis system, other sys-
tems include the visual-perceptual, language, and symbolic systems. The motor programs
of the praxis can be acquired through systematic or incidental training.

The multiple praxes (gestural, constructive) may be evaluated through different tasks
(simple repetitive movements, unfamiliar gestures, gestural sequences, familiar gestures
not related to the use of objects, use of present or imagined objects, gestures related to
specific body parts, construction tasks, drawing tests) or specific batteries/tests [38–40].
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5.4. Memory

Memory can be divided into:

• Working memory, short-term memory, and long-term memory. The distinguishing
feature of the working memory is that it uses executive functions, whereas short-term
memory requires neither attention nor active maintenance.

• Declarative memory or non-declarative memory.

Declarative memory is subdivided into:

• Episodic (or autobiographical) memory. It depends mainly on the hippocampus,
entorhinal cortex, amygdala, and diencephalic structures.

• Semantic memory. It is associated with the lateral temporal associative cortex.

We can assess verbal and visual memory [25]. The evaluation of declarative memory
is carried out with different neuropsychological tests and batteries: word list, free and
facilitated recall test, M@T, Rey–Osterrieth complex figure (copy that also serves to evalu-
ate visuospatial domain and subsequent drawing with free recall), memory impairment
screen (MIS), Wechsler memory scale, California Verbal Learning Test (CVLT) or Verbal
Learning Test Spain—Complutense (TAVEC), and the Face–Name Associative Memory
Exam (FNAME) (Figure 1).

The Rey–Osterrieth complex figure consists of copying and delayed reproduction
of the figure (complex geometric figure). The strategy used in the copying and the time
required for its completion are evaluated. This way, we can assess the visual-perceptual
and visual-constructive function, planning, and immediate and delayed recall. Non-
declarative or procedural memory comprises skills, cognitive, behavioral, and motor
schemes. The networks involved in this memory are diffuse, including orientation and
perception networks, parietal and temporolateral cortex, and mainly basal ganglia [41,42].

Access to stored information can be performed implicitly non-consciously (as in
procedural memory) or explicitly consciously (as in declarative memory) [43,44].

The assessment of procedural memory is usually evaluated in the context of praxis
and problem-solving.

5.5. Language

The network involved in the language is in the left hemisphere, distributed in the
frontal, parietal, and lateral temporal lobes. It is a complex function that includes under-
standing and producing language, accessing semantic memory, identifying objects by name,
and responding to verbal instructions and specific behaviors. It implies the interaction of
several higher functions or cognitive domains [22].

Fluency, naming, comprehension, and repetition should be assessed in language
screening (Figure 2). The most used specific language tests are Boston Diagnostic Aphasia
Evaluation (BDAE), Boston Naming Test, Western Aphasia Battery (WAB), Psycholinguistic
Assessments of Language Processing in Aphasia (PALPA), Mississippi Aphasia Screening,
Spanish version (MASTsp), and Token test, among others.

The Boston Naming Test is one of the most widely used tests for assessing aphasia in
clinical practice. It consists of 60 sheets with black and white drawings. The test evaluates
the patient’s ability to name the drawings. The Boston test is an extensive test for diagnosing
aphasia that assesses language in comprehension, repetition, reading, naming, reading
comprehension, and writing.

6. Cognitive Assessment in Special Populations

It is relevant to consider the patient’s age, cultural background, educational level, and
other individual factors since certain diseases may make conventional tests unsuitable for
the psychometry of patients. For instance, assessing patients with a concomitant psychiatric
disease is complicated.
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6.1. Cognitive Assessment of the Very Elderly Population

The prevalence of cognitive impairment and dementia in older people is higher since
age is the leading risk factor. The evidence for the reliability of mild cognitive impairment
and the treatment benefit/risk ratio is reduced. On the other hand, the sensitivity and
specificity of cognitive tests are reduced [45], and the side effects of the drugs used to treat
these diseases (central acetylcholinesterase inhibitors and NMDA receptor antagonists) are
significant. Therefore, special care should be taken using emphasizing scales that measure
functionality and evaluate the outcome of interventions.

6.2. Cognitive Assessment in Low-Literacy Patients

The usual cognitive assessment tests require a minimum level of literacy skills. Espe-
cially in developed countries, several attempts have been made to validate these tests. For
some tests, there are studies of acceptable quality. This would be the case with the MMSE,
the Cognitive Abilities Screening Instrument (CASI), Eurotest, and Fototest, although none
can be recommended as a reliable screening tool [46]. It is more advisable to use, also in
that case, tests that assess functional abilities in the performance of activities of daily living
or instrumental activities.

6.3. Cognitive Assessment of Patients with Advanced Dementia

In patients with advanced stages of dementia, basic and specific tests are not valid
because of their low sensitivity to detect changes in low score ranges. There are adapted
tests for this type of population, such as Severe Impairment Battery, Severe Cognitive Im-
pairment Battery, and Severe Mini-Mental State Examination [47]. Therefore, it is essential
to substitute the usual tests for these adapted ones and select the ones that are the quickest
to perform.

6.4. Selective Neuropsychological Studies in Psychiatric Populations

Neurocognitive studies can be difficult in the psychiatric population. Patients with
schizophrenia present cognitive impairment in attention, verbal and spatial memory, work-
ing memory, executive function, and processing speed, as do patients with major depression
or bipolar disorder. The latter group may show impaired attention, processing speed, exec-
utive function, and episodic memory [48].

Several scales assess the functional level of patients with psychiatric diseases, such as
the UPSA scale (University of California San Diego Performance-Based Skills Assessment)
and its abbreviated version. However, given the characteristics of this population, it can
be challenging to discern what part of the functional impact is secondary to cognitive
impairment and what stems from the psychiatric disorder itself [48]. Specific tests have
been developed for the cognitive study in this population. At the screening level, one of
the scales is the SCIP—Screen for Cognitive Impairment in Psychiatry, which evaluates
verbal memory (immediate and delayed, working memory, verbal fluency, and processing
speed [49,50] and has been validated in different psychiatric disorders. Among the tests, the
BACS—Brief Assessment of Cognition in Schizophrenia evaluates verbal memory, working
memory, fluency, attention, processing speed, and executive function [48].

7. Experimental Animal Assessment

Learning and memory processes have been studied over the years using animal
models, which have provided insight into the brain structures involved in their functioning.

Types of Animal Models of Cognitive Disorders

Animal models of cognitive disorders have been mainly based on primates, rats, and
mice, whose neuronal processes are in several aspects similar to human cognitive functions.
Several types of experimental models can be distinguished:

• Pharmacological models: allowing the evaluation of drugs.
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• Genetic models: based on genetically manipulated animals (transgenic and knock-
out) [51–56].

• Toxicological models: to determine the toxicity of heavy metals, toxicants, and neuro-
toxins [57].

Animal models simulate specific syndromes of cognitive deficit in which the triggering
factor is aging [58–60] or cranioencephalic trauma [61,62]. Recently, other complemen-
tary models using non-mammalian animals, such as zebrafish (Danio reiro), vinegar flies
(Drosophila melanogaster), and worms (Caenorhabditis elegans), have also been used
to screen for potentially toxic or therapeutic compounds and to determine some of the
molecular basis of cognitive function.

8. Behavioral Tests for Evaluating Cognitive Disorders in Animal Models

The study of cognitive function using animal models includes multiple dimensions,
and it is relevant to decide which of them to investigate in order to select the most appro-
priate specific tests (Table 1).

8.1. Assessment of Attention
8.1.1. Pre-Attention: Prepulse Inhibition

This test assesses an individual’s ability to filter the available information by applying
a low-intensity stimulus (prepulse) preceding an intense stimulation (pulse). If a lower-
intensity stimulus precedes a loud stimulus, the response to the second stimulus is reduced.
A neutral (white) sound is constantly maintained to create a stable background noise in
this test. The prepulse acoustic stimulus is applied between 4 dB and 18 dB above this
background noise. It systematically precedes the larger stimulus (pulse), which varies in
magnitude between 100 dB and 120 dB and is applied for 60 ms to 140 ms. The initial
auditory prepulse inhibits the magnitude of the subsequent startle response to the pulse,
an inhibition that increases as the prepulse intensity increases [62].

8.1.2. Attention

Most theories in cognitive psychology describe at least three distinct types of attention.
Sustained attention or vigilance is attending to one stimulus over a significant period.
Selective attention focuses on one stimulus. Orientation attention is the directional or
spatial orientation, and divided attention is simultaneously attending to two or more
different stimuli or performing multiple tasks [63,64].

Sustained (Vigilance) and Selective Attention: Five-Choice Serial Reaction Time
Task (5-CSRTT)

Trevor Robbins and colleagues developed the 5-CSRTT in 2002 to measure the effects of
systemic drug treatments [65]. Its use has been extended to mice and primates, highlighting
its translational value. Indeed, it is the preclinical analog of the continuous performance
test (CPT). This task is frequently used to evaluate sustained and selective attention [66].
It is also used to assess impulsive behavior or response inhibition. In the 5-CSRTT, mice or
rats are trained to respond to a brief stimulus (light) presented unpredictably in one of five
locations. Once trained to stable output levels, it assesses the subject’s ability to spatially
divide its attention across multiple signal locations to select the correct target stimulus,
which produces a food reward. Response speed and choice accuracy are measured and
related to attentional performance. This behavioral task measures attention to multiple
locations over time [67,68] (Figure 3).

The apparatus is an operant conditioning chamber. The front has five nose poke
openings with a light in each one. The aluminum back wall has the food magazine
connected to a pellet dispenser. The trainer takes several weeks and begins with intertrial
intervals (ITI). At the end of ITI, a light is presented in one of the openings. If the animal
goes to the light, a food pellet is delivered to the magazine, and the magazine light is
illuminated. If the response is incorrect, omission results in a timeout for 5 s. The accuracy
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of the answers is calculated, so that the number of correct answers over the total number of
responses is a measure of attention [69].
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are trained to respond to an unpredictable stimulus in one of the five locations. After training, their
ability to select the correct target to achieve food reward is evaluated.

On the other hand, the different parameters of the task can be modified depending on
whether we want to enhance sustained or selective attention. For instance, if we increase
the temporal unpredictability of the stimulus presentation, we improve sustained attention.
In contrast, if we increase the number of times the stimulus location is repeated, we enhance
selective attention. [70].

Go/No-Go Test: This Test Is Divided into Go and No-Go Tests

The go test presents a stimulus (e.g., light) to the experimental animal, to which the
animal must respond and receive a reward. In the case of the no-go test, a specific signal
is applied before the go signal (e.g., a tone before the light), and the experimental animal
must learn to withhold its response to receive the reinforcement (Figure 4).
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Figure 4. Go/no-go test. This test is performed in operant behavioral chambers where the animal
receives go stimuli and must respond by pressing a lever, and will receive a reward, or no-go stimuli,
for which it must withhold its response.

The test consists of three phases:

• Training: the mouse learns to perform a task to obtain reinforcement, and after this,
the go cue is applied for five days, in which 40 trials per day are performed.

• Go test: begins with the presentation of the go signal, and when the mouse responds
to the stimulus within a certain period (e.g., 60 s), the reward is delivered. The mouse
then has a set time, 20 s, to locate and consume the food. When the mouse completes
85% of the go trials for at least three consecutive days, it enters the go/no go test.
Failure on any part of the test causes interruption before the next no-go test.

• Go/no-go test: this phase lasts approximately 10 days, during which go and no-go
tests are randomly interspersed. After the no-go signal, the mouse must learn to hold



Int. J. Mol. Sci. 2023, 24, 7653 15 of 29

its response for about 15 s to receive the reward. If the mouse fails to delay its response
for a given period (15 s), the test should be repeated with a shorter time interval
(2–10 s) to determine whether the deficit is due to an inability to delay its response
for a prolonged period or to a failure to learn the no-go task. If the mouse responds
prematurely or while the signal is being applied, it is considered a failure, and the
reward is not provided.

Selective Attention: Latent Inhibition Test

Latent inhibition refers to the delay in conditioning a stimulus when that stimulus has
been previously presented without any consequence [59]. This test allows for studying the
mouse’s selective attention and specific aspects of learning and memory. The procedure
involves two groups of animals; the first group is placed in the apparatus where the test is
performed and allowed to explore it for one hour. The second group is placed in the device
simultaneously but receives the conditioned stimulus (e.g., a flashing tone and/or lights).
The next day, the mice are tested in the same apparatus, and the conditioned stimulus
precedes an electric shock to the paws (aversive stimulus). If the mouse leaves the chamber
during the 8 s tone, it is considered an avoidance response. If it leaves the chamber after
the 8 s tone and during the presentation of the following 8 s tone and electric shock, the
response is recorded as an escape. The response is considered a failure if it does not leave
the chamber at any of the above times. With this system, learning curves are achieved in
which mouse avoidance, escape, and failed responses can be followed in detail. When
the two groups are compared, apparent differences between them are observed. Latent
inhibition is evident in the mice previously exposed to the stimulus, as they delay acquiring
the conditioned response.

Orientation Attention: Orientation and Habituation

This technique measures the visual orientation response in rats and mice. It involves
placing an object in the animal’s field of view and assessing the ability to track the object.
The animal is orienting when it directs its head to the object or tracks it while turning. One
way to perform the test is to place the animal in a circular area where it is first allowed to
undergo a habituation phase of about two minutes, followed by the introduction of a small
object that, for 12 s, moves along the perimeter of the circular area in the mouse’s field of
view. Each presentation of the object represents a trial of the test. The orientation response
is measured at one- to two-second intervals during each trial.

8.2. Evaluation of Learning and Memory
8.2.1. Non-Spatial Memory
Object Recognition Test

Since Ennaceur et al. [71] introduced the object recognition test, its use as a research
model and powerful experimental tool to assess the effects of drugs on memory and
neurobiological mechanisms related to learning and memory has been increasing [38–45].
This test is based on the natural tendency of mice to explore new objects and environments
and compare them with familiar ones. By exposing the mouse to a series of objects, the
mouse is expected to explore them. The exploration time is when the animal sniffs or
touches the object with the front paws at a distance less than or equal to 1 cm. In each part
of the test, the objects are changed. In the beginning, the time interval between the initial
exposure and the following ones is established, thus assessing short and long-term memory.
The test is performed in an open field in an evenly lit room with objects of similar texture,
color, and size, but of different shapes (Figure 5).

In the first habituation phase, the animal is placed in the open field without any object.
A variable time (10–30 min) is allowed to elapse to become familiar with the environment.
After 24 h, training is performed, during which two identical objects (objects A) are placed
in different positions (position 1 and position 2), and the animal is left inside the box for
5 or 10 min, during which the exploration time (T) is counted. In the next phase, object
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A (which we will call a familiar object) is left, and a new object (object B) is placed in the
other position. Short-term memory is measured one hour and three hours after training,
noting the exploration time of the familiar (TA) and novel (TB) objects. Twenty-four hours
after training, long-term memory is measured, for which object B is replaced by a novel
object (C) and the same procedure is followed. The expected result is that mice without
cognitive impairment explore the novel object more than the familiar one. In contrast, for a
mouse with some impairment in cognitive function, the familiar and the new object will
seem equally novel, and there will be no difference between exploration times.
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Social Recognition Test

The social recognition procedure was introduced by Holloway and Thor [72] and
subsequently developed by Robert Dantzer et al. [73] to study neuropeptidergic regulation
of behavior and memory in rats and mice. The social recognition test focuses on the degree
of familiarity between two individuals. As described in Figure 6, it is performed in a cage
with a window covered by wire mesh [74]. Next to the cage where the test is performed,
there is another circular cage, divided into two chambers with a window covered by wire
mesh. The test begins with habituation, placing the experimental mouse in the main cage
for 10 min to familiarize it with the environment, with the circular chamber remaining
empty. In 5 min sessions, the circular box is rotated to confront the experimental mouse
in the main box with each of the two compartments. Subsequently, a mouse is placed in
one of the compartments of the circular chamber, which we will call “familiar” since it was
in contact with the experimental mouse for five min (a mouse from the same cage can be
used). A new mouse, which has never been exposed to the experimental mouse, is placed
in the other compartment. The experiment is performed four times. In the first three, the
animal is confronted with a familiar mouse, and during these sessions, the mouse becomes
accustomed to this exposure and varies its social investigation (habituation). The camera
is turned around in the fourth exposure, and the new mouse is shown (dishabituation).
In all sessions, the exploration time, the time the animal spends approaching or sniffing
the mating window, is measured. Mice with unimpaired cognitive function will spend
more time sniffing novel mice than familiar mice; those with a cognitive deficit will not
distinguish between familiar and novel mice (their exploration time will be similar).
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Figure 6. Social recognition test. Repeated exposure of the animal to a familiar individual precedes a
final confrontation with an unknown individual, at which time the degree of interaction with the
previous one is compared to the degree of interaction with respect to the previous one.

8.2.2. Spatial Memory
Morris Water Maze

The water maze, designed by Richard Morris [75], is one of the most commonly used
tests to study spatial memory. The test is in a circular pool divided into four imaginary
quadrants (northwest, southwest, northeast, and southeast) with a hidden and partially
submerged moving escape platform. The mobile platform is in one of the quadrants and
should be 0.5 cm below the water. The escape points will be located at seven different
equidistant positions, set randomly throughout the test, and the same ones should be used
for all animals. Numerous visual cues are placed around the pool to facilitate the animal’s
spatial orientation. Light signals are the most used in this type of maze (Figure 7).
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In the first acquisition phase, the animal is introduced with its nose pointing to the
pool walls to search for the platform for 60 to 120 s. The animal is placed on the platform
for 20 to 30 s if it does not find it. An animal is considered to have found the platform when
it remains on it for 5 to 10 s. The animal is removed from the platform and rests for four
min before starting the subsequent trial. This procedure is repeated with each animal for up
to 12 consecutive trials. The animal’s ability to efficiently locate the platform depends on
cues surrounding the pool (at least two cues outside the maze are necessary to identify the
invisible target). This acquisition or learning phase may last several days. Two days after
the end of the previous phase, a final retention test or research trial is conducted without a
platform for 60 to 100 s. If the animal has learned, it will swim longer in the target quadrant,
i.e., where the platform was previously located. The most common behavioral measures
are the escape latency on acquisition trials (time to reach the platform) and the percentage
in the target quadrant during the final test. The acquisition is reflected in the lowest escape
latencies across days and the highest time rate in the goal quadrant.

Barnes Maze

This test allows the study of spatial learning and memory, working and reference
memory, short- and long-term memory, and other more complex tasks in rats and mice.
The Barnes maze was designed by C.A. Barnes, Professor of Psychology at the University
of Arizona [76] and consists of a dry maze where light and noise are used as aversive
stimuli. The animal is forced to escape from these stimuli. The maze consists of an opaque
plastic disk raised off the ground by a tripod (Figure 8). Holes with a diameter of 25 cm
are distributed along the perimeter of the disk, and an opaque plastic escape box is placed
under one of them. Various spatial cues can be placed around the cylinder, which will
remain constant throughout the study, and false drawers can also be placed under some
holes, in which it seems possible to get inside, but whose available space is so small that it
prevents the animal from hiding. A light bulb (about 150 W) and a noise generator (about
80 dB) are the aversive stimuli.

Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 18 of 29 
 

 

are distributed along the perimeter of the disk, and an opaque plastic escape box is placed 
under one of them. Various spatial cues can be placed around the cylinder, which will 
remain constant throughout the study, and false drawers can also be placed under some 
holes, in which it seems possible to get inside, but whose available space is so small that 
it prevents the animal from hiding. A light bulb (about 150 W) and a noise generator 
(about 80 dB) are the aversive stimuli. 

 
Figure 8. Barnes maze. The animal is first positioned in the center of the apparatus and then allowed 
to explore the various orifices upon exposure to aversive stimuli, such as lights and sounds. The 
time it takes to find the exit leading to the refuge box is evaluated. 

The procedure begins with training, which consists of placing the animal in the es-
cape box and leaving it there for 1 min, to continue 1 min later with the different explora-
tion sessions. All sessions begin by placing the animal in the maze’s center inside a “start-
ing chamber,” consisting of an opaque cylinder about 10 cm high. After 10 s, the starter 
chamber is removed, the light and buzzer are switched on, and the animal can explore the 
maze. The stress these stimuli produce will induce the animal to seek an enclosed hidden 
space. The session ends when the animal finds the escape tunnel or when five minutes 
have elapsed and the animal is manually introduced into the tunnel. When the animal 
enters the escape chamber, the aversive stimuli cease, and the animal is left in the dark for 
1 min before being returned to its cage. The escape tunnel is always located under the 
same hole, randomly chosen for each animal. The test is performed over several days until 
there are fewer than three errors in seven or eight consecutive trials. Spatial learning and 
memory are assessed by measuring the time the animal spends finding the shelter box 
and the number of errors before finding it. Each time the animal tries to enter a hole that 
is not the correct one is considered an error. Successive attempts in the same wrong hole 
are considered the same error. 

Object Location Test 
The object location test (OLT) is a simple and effective test measuring hippocampus-

dependent spatial memory in mice, rats, and zebrafish [71,77–79]. This test has been 
widely used to develop different pharmacological or physiological procedures to evaluate 
the involvement of specific genes in this type of memory and learning process [80–82]. 
The performance is like the NOR test, with some critical differences. The animal is invited 
to explore a familiar object located in a new place in the exploration area of an evenly lit 
room. The experiment is performed in several steps (Figure 9). Firstly, the mouse is ex-
posed to an open field to explore it, habituate it to the environment, and reduce any 

Figure 8. Barnes maze. The animal is first positioned in the center of the apparatus and then allowed
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The procedure begins with training, which consists of placing the animal in the escape
box and leaving it there for 1 min, to continue 1 min later with the different exploration
sessions. All sessions begin by placing the animal in the maze’s center inside a “starting
chamber,” consisting of an opaque cylinder about 10 cm high. After 10 s, the starter
chamber is removed, the light and buzzer are switched on, and the animal can explore the
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maze. The stress these stimuli produce will induce the animal to seek an enclosed hidden
space. The session ends when the animal finds the escape tunnel or when five minutes
have elapsed and the animal is manually introduced into the tunnel. When the animal
enters the escape chamber, the aversive stimuli cease, and the animal is left in the dark
for 1 min before being returned to its cage. The escape tunnel is always located under the
same hole, randomly chosen for each animal. The test is performed over several days until
there are fewer than three errors in seven or eight consecutive trials. Spatial learning and
memory are assessed by measuring the time the animal spends finding the shelter box and
the number of errors before finding it. Each time the animal tries to enter a hole that is
not the correct one is considered an error. Successive attempts in the same wrong hole are
considered the same error.

Object Location Test

The object location test (OLT) is a simple and effective test measuring hippocampus-
dependent spatial memory in mice, rats, and zebrafish [71,77–79]. This test has been
widely used to develop different pharmacological or physiological procedures to evaluate
the involvement of specific genes in this type of memory and learning process [80–82].
The performance is like the NOR test, with some critical differences. The animal is invited
to explore a familiar object located in a new place in the exploration area of an evenly lit
room. The experiment is performed in several steps (Figure 9). Firstly, the mouse is exposed
to an open field to explore it, habituate it to the environment, and reduce any potential
stress during the test. After this habituation phase, two identical objects are introduced, and
the mouse is placed in the open field to explore these objects with spatial environmental
cues. The exploration time of each object is recorded. The mouse is removed from the
arena, and one of the objects is moved and placed in another place in the open field. After
a delay period, mice are re-exposed to the arena, allowing free exploration and recording
the exploration time of both objects. Usually, mice prefer novelty, and if they remember the
previous location of the moved object, they will spend more time exploring this object than
the other one. However, if there is any cognitive hippocampus-dependent dysfunction, the
time for exploring both objects will be the same.
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Figure 9. Object location test used to evaluate the spatial memory. During the habituation phase (A),
mice are invited to explore the two objects located in the open field. After a resting period, mice are
re-exposed to the same arena by changing the position of one of the objects (B) and measuring the
exploration time of each one.

8.3. Working Memory

The concept of “working memory” was formulated based on the experiments of David
Olton and Werner Honig in the 1970s. Olton and Samuelson [83] developed a device to
assess memory in the rodent: the radial arm maze. They considered working memory
the animal’s ability to remember which arms it visited in a session. Dudchenko defined
working memory as “short-term recall of an object, stimulus, or location used within a
testing session, but not between sessions” [84]. Adaptations of spatial learning tasks, such
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as the radial arm maze (RAM) or Morris water maze (MWM), are often used to assess
working memory in chronically stressed animals [85].

Delayed alternation is the tendency of rodents to choose alternative arms or locations
of the maze when re-exposed to a device; animals must remember their initial response to
select this alternative response. The delayed spatial alternation task using a T-maze and a
Y-maze is the most used method for testing working memory in rodents and provides a
measure of short-term spatial working memory.

8.3.1. T-Maze

The rodent is first placed at the base of the T, runs up the stem, and enters one of
the arms of the T. Here, the rodent may obtain a reward at the arm’s end. The rodent is
picked up by the experimenter and replaced at the base of the T. The animal will run up
the stem and enter the arm of the T it had not entered on its first run to receive the reward.
Correct arm entry results in a reward, whereas incorrect arm entry results in the absence of
a reward. A delay period can be introduced between the first and the second run, during
which the animal is prevented from entering either arm. Lengthening or shortening the
delay period may modify the task difficulty [84,86].

8.3.2. Y-Maze

This test assesses short-term working memory in mice, measuring spontaneous alter-
nation. An enclosed Y-maze apparatus is used to invite mice to explore all three arms and
is driven by the innate curiosity of rodents to explore the previously unvisited arm [87].
Mice are placed in the central area and are left to explore it. The number of arm entries
and alternations between arms were recorded to calculate the percentage of the alternation
behavior. An alternation is defined as consecutive entries into all three arms. A high
alternation rate is defined as a high proportion of entries into consecutive arms, involving a
standard working memory. In contrast, a low percentage of alternation, defined as a higher
proportion of repeated entries into the same arm, is observed in rodents with impaired
working memory [88–90] (Figure 10).
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Figure 10. Y-maze test. Working memory is evaluated by measuring spontaneous alternation. In (A),
red arrows correspond to the normal consecutive exploration of all three arms. In (B), the black arrow
shows the corresponding arm’s low exploration, indicating spontaneous alternation and working
memory problems.

8.3.3. Eight-Arm Radial Maze Test

Olton and Samuelson developed this test in 1976. It consists of an octagon-shaped
central field with eight radially ejected arms. The maze usually has a dark color. At the tail
of each arm, a food container is designed so that food contents would not be visible from
the central platform. The animal must return to the central platform after inspecting the
food at the end of each arm.

The animal must first get familiar with the environment for three days. The animal
is placed gently into the center of the maze and is permitted to search around the maze
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for 15 min [91]. Training occurs once or twice a day for 5 to 8 consecutive days. At the
end of each session, the animal searches all eight arms of the maze for 10 min. The total
number of entries are analyzed [91]. If working memory is assessed, all the containers
in the arms are full of food, and the animal must search each arm only once. If working
memory is impaired, the animal will search an arm more than once. If reference memory is
assessed, food is placed in only some of the arms, and the animal should only enter those
arms. Entering an arm without food indicates impaired spatial memory [91]. Interestingly,
C57BL/6J mice performed the multiple T-maze tasks better than the CD1 strain [92].

8.4. Associative Learning

Associative learning is an adaptive process that allows an organism to learn to antici-
pate events. An animal’s behavior must be quantified using visual or mechanical measures
of a particular response. Fear conditioning to a cue or context is a form of associative
learning used in many species, including mice, rats, and rabbits [93].

There are different paradigms to keep in mind for the given research needs. The dif-
ference between contextual fear conditioning and cued fear conditioning is that the condi-
tioned stimulus is added to the context in the second. Trace fear conditioning is similar,
except the cue is presented for a period and terminated. Then, following a short interval
(100 mc to 60 s), an aversive stimulus is presented.

8.4.1. Contextual Fear Conditioning

Fenselow first described the contextual fear response as a method to evaluate aversive
learning and memory using modified Pavlovian conditioning [94,95]. Contextual condition-
ing consists of taking an animal and placing it in a new environment, providing it with an
aversive stimulus, and removing it. When the animal is returned to the same environment,
it will generally show a freezing response if it remembers and associates that environment
with the aversive stimulus.

Freezing is a species-specific fear response, defined as “no movement except breath-
ing.” This can last from seconds to minutes, depending on the strength of the aversive
stimulus, the number of presentations and the degree of learning the subject achieves [96].
Since this discovery, different modalities of contextual fear conditioning have become some
of the most widely used methods to evaluate the effect of different pharmacological, physi-
ological, or environmental manipulations on the recall of a traumatic event, which is the
application of electric shock. The one warning is that the mice should be calm and healthy
before testing. Rodents are exposed to a cage with an electrified grid. After a delayed
period, an electric shock is applied, returning the animal to its housing cage immediately
after a period. The intensity of this shock varies between studies and authors, but the foot
shock is generally 0.17–0.8 mA for 1–2 s. [96,97]. In this case, the experimenter is only
interested in observing the fear response. The tone (CS) is not presented in training.

8.4.2. Contextual and Cues Fear Conditioning Test

In this test, the apparatus is a square chamber with an electrified grid floor, a sound
source, and a calibrated shock generator [86]. It is used to measure cue learning and
contextual learning. In this case, the aversive stimulus is presented at the end of a cue
(CS) (light, tone, odor) and is thus paired with the aversive stimulus (US). In the training
session, the animal explores the chamber. A tone (auditory) cue of 70–80 dB is presented
for 15–30 s. A mild foot shock is administered during the last 2 s of the tone presentation
and co-terminates with the tone. The foot shock is generally between 0.17–0.8 mA for
1–2 s. After the shock presentation, an intertrial interval (60–210 s) precedes a second
identical trial. Following the final shock presentation, the house light should remain on for
an additional 60 s to enable removal of the mouse 30–60 s after the last trial. The day after
the training session, the mouse is placed in the chamber and allowed to habituate for 3 min.
The same intensity tone cue used in the conditioning session is then activated for the next
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3 min. The mouse freezing behavior can be captured live or recorded for later analysis.
The test usually takes place over two days.

8.4.3. Step-Down Inhibitory Avoidance

Different researchers described this test in the early 90s [98,99] with some variations,
and it is one of the most widely used methods to evaluate aversive memory retention in
rodents. In all these situations, the test assesses short- and long-term memory after applying
an electric foot shock of low intensity. The test is performed in several steps. Firstly, rodents
are placed on a small platform in a cage connected to an electrified grid in the training
session. The shock is applied when the animal places its four paws in the grid (0.3–0.5 mA
for 2 s). The time it takes the rodent to step down is recorded. The animal returns to its cage
immediately after the shock. After the training session, 1 h, 3 h, or 24 h later, the animal
is re-exposed to the same cage and placed on the platform. The step-down latency time,
the time the animal takes to step down from the platform, is recorded as a direct indicator
or the recall of the electric shock application with a cutoff of 180 s. This is one of the most
widely used tests for assessing cognitive status in rodents. Aversive memory consolidation
processes are involved due to the negative emotional component of applying electric shock.
This latency time will be longer in rodents with cognitive impairment than in those with
normal cognitive function.

8.4.4. Passive Avoidance Test

The passive avoidance test is a one-way test for studying acquired learning and mem-
ory. The animal is conditioned with an aversive stimulus and is subsequently evaluated
if it remembers that experience. A box with two compartments, one light and one dark,
separated by a sliding door, is used to carry out this test. There is a powerful light focused
directly on the mouse in the light compartment, while in the dark compartment, there is a
closed circuit that will produce small electric shocks. The mouse is meant to learn to avoid
the dark compartment where the shock is applied [99].

The test starts with training that consists of placing the mouse in the illuminated
compartment. After 5 s, the door is opened, and the mouse is allowed to go to the dark
compartment (the mouse will spontaneously tend to move to dark spaces, as direct light
causes anxiety). As soon as the mouse enters the dark chamber with all four paws, the door
is closed, and the mouse receives an electric shock of 0.1–0.4 mA for 2 s. Thirty seconds
after applying the shock, the mouse is returned to its cage until the test, which consists
of putting the mouse back into the illuminated chamber and lifting the door separating
the two chambers. The animal is not shocked during the trial and is observed for 5 min,
recording various parameters, including the latency time until it enters the dark chamber (as
a memory indicator), the number of times it crosses from one chamber to the other, the total
time spent in each chamber, and the frequency with which it peers into the dark chamber
until it enters it. The test can be conducted 30 to 60 min after training to assess short-term
memory or at 8 to 24 h to evaluate long-term memory. Other experimental variants of
passive avoidance tests, such as those used in the step-down inhibitory avoidance task, can
be used.

8.4.5. Active Avoidance Testing

The active avoidance test can be classified into one-way and two-way active avoidance.
The difference is that in the one-way active avoidance test, the mouse always receives
the electric shock in the same chamber/location (unidirectional) [100]. In the two-way
active avoidance test, the animal learns, through different cues, to predict the electric shock,
regardless of the test chamber (context) where it occurs (it is bidirectional) [101]. Active
avoidance tests require several learning sessions, unlike passive avoidance tests, in which
the mouse learns in a single session. Still, they allow us to examine complex cognitive
functions and assess memory acquisition and consolidation in the same animal during the
experiment [102].
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The one-way active avoidance test is performed in a box with two compartments
connected by a door illuminated with natural light. A light bulb is placed in one compart-
ment, and when it is turned on, a sound is emitted for 10 s, and the door is simultaneously
opened so that the mouse can change compartments. At the cessation of the light and sound
stimulus, the mouse will receive a 0.1 mA shock for 20 s if it has not changed compartment,
until it escapes to the adjacent chamber. This test, repeated up to 20 times a day at 20 s
intervals, constitutes the training period. The latency time until the avoidance response
(escape to the other chamber) occurs is recorded in each trial. Failure is considered if this
response does not appear. This daily training is repeated until the mouse reaches a criterion
that reflects learning. Learning curves over time reveal the acquisition and consolidation
of avoidance.

Depending on the location, the mouse can receive the electric shock on either side in
the two-way active avoidance test. The animal must resolve a conflict since the chamber
where it received the discharge in the previous trial becomes the safe chamber during the
next trial. Therefore, it has to learn to inhibit its tendency to avoid the compartment where
it has just received a shock and use the conditioned stimulus to predict and avoid a new
shock [101]. This test is performed in a box with two compartments, each illuminated with
a light bulb. The mouse is introduced into one of the two compartments and allowed to
explore it for 5 min. The sound and light system that constitutes the conditioned stimulus
is switched on. An electric shock is applied if the animal does not cross to the adjacent
chamber after 8–10 s. The light, sound, and electric shock cease if the animal crosses to
the other chamber or if 10 s elapse from applying the electric shock. Responses are coded
as avoidance (the mouse travels to the adjacent chamber after the conditioned stimulus
but before the electric shock), escape (the animal crosses to the other chamber during the
electric shock), or failure (the mouse does not travel to the adjacent chamber during the
next 10 s after the electric shock). The learning period consists of performing this test on
the same mouse 70 times for 70 min at 30–90 s intervals. Analysis of the learning curves
reveals information about the acquisition or loss of each response (short-term memory).
Repetition of the test 24 h after the first trial allows us to assess long-term memory.

8.5. Emotional Memory
8.5.1. Aversive Conditioning to Taste

The model of aversive conditioning to taste was created in 1955 by Garcia et al. [103].
To develop aversive taste conditioning, the animal must recognize the conditioned stimulus
and get sick with exposure to the unconditioned stimulus. This association between the
conditioned and unconditioned stimulus must be developed so that the animal avoids it
when the conditioned stimulus alone is presented. The test consists of a first habituation
phase. The animal is left for 24 h without food. This restriction ensures the subsequent
ingestion of an adequate amount, which, in turn, will favor the association between the
conditioned and unconditioned stimulus. After 24 h, each mouse is moved to the test
cage, and a small feeding trough is placed in the center. Its base can be flavored with 1%
vanilla or almond extract and sweetened with 0.25 M saccharin solution. Mice are randomly
assigned one of these two flavors. The food bowl should be weighed before and after the
conditioning phase (30–60 min) to ensure the animal has consumed enough. After exposure
to the conditioned stimulus, each mouse is injected with 0.15 M lithium chloride or sterile
water and returned to its cage. It is kept for an additional 24 h with food restriction until
subjected to the retention test. This test consists of placing two food devices, one with
vanilla aroma and the other with almond extract, for the animal to freely choose. Mice
conditioned to vanilla are expected to prefer almonds, while those conditioned to almonds
should prefer vanilla.

8.5.2. Fear-Potentiated Overreaction

Fear-potentiated overreaction is a Pavlovian conditioned fear test. A fear response
to an acoustic stimulus can be increased when the stimulus is presented with another
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aversive stimulus that generates fear responses [104,105]. The trial is usually conducted for
four days, starting with 5 min of daily acclimatization in the cage where the experiment
is conducted. On the first day, fear responses are measured through a range of intense
acoustic stimuli, applied for 40 ms at different intensities (100, 105, and 110 dB). It is crucial
to test the mouse a few times to avoid frequent presentations that may cause habituation to
these stimuli. On the second day, the same stimuli are applied. Still, in half of the trials, the
acoustic over-jump stimulus is presented immediately, followed by a 12 kHz, 70 dB tone
for 30 s (conditioned stimulus). In the other half, only the acoustic stimulation of the first
day is delivered. Calculating the magnitude of the conditioned stimulus’s response to the
acoustic stimulus when presented alone is subtracted from the response to the acoustic
stimulus when provided with the conditioned stimulus. The resulting value is divided by
the number of responses to the acoustic stimulus presented alone and multiplied by 100.

The tone (conditioned stimulus) is applied on the third day, followed by an electric
shock (unconditioned stimulus). Positive values indicate that the tone increases the initial
startle response; negative values suggest a reduction in the response when the conditioned
stimulus is presented. The association between the two stimuli is repeated 10 times, with 90
to 180 s intertrial intervals. After 24 h, the animals are evaluated for fear-potentiated startle
under the same conditions used on the second day, measuring the startle potentiation
with the same formula used in the preconditioning. In animals that have acquired fear-
potentiated startle, the percentage of potentiation should be higher after conditioning.

9. Conclusions

Properly assessing memory and associated cognitive alteration helps to tailor treat-
ment in patients with neurodegenerative diseases. Neurological examination and tests
facilitate reaching a particular diagnosis and prescribing appropriate treatment to improve
the patient’s quality of life.

This review highlights different diagnostic tests that classify patients according to
the severity and type of cognitive impairment and the stage of the disease. However,
in patients with advanced dementia, basic and specific tests are not valid because of their
low sensitivity to detect changes in the low score range.

Animal models of cognitive disorders play a crucial role in understanding the neuro-
chemical basis of cognitive function/dysfunction. With their use, we increase our under-
standing of the pathophysiological basis of cognitive impairment caused by the simple fact
of aging or associated with different clinical conditions, such as Alzheimer’s disease, Parkin-
son’s disease, vascular dementia, cerebral amyloid angiopathy, prion diseases, amyotrophic
lateral sclerosis, Huntington’s disease, schizophrenia, and other neurodegenerative dis-
eases. The translational approach is essential to gain insight into the brain regions that
neurodegenerative diseases may impact. Clinical diagnosis alone is often inconclusive;
therefore, postmortem anatomopathological studies are necessary to determine the affected
areas. Animal models play a vital role in identifying these areas, as they allow for the
collection of data that is difficult to obtain through human research. Furthermore, using
appropriate animal models helps us identify potential therapeutic targets and test new
drugs’ efficacy.

In recent years, algorithms are being developed by means of artificial intelligence,
using psychometric, imaging, neurophysiological, and sociodemographic data along with
tools such as “supervised learning,” “unsupervised learning,” “deep learning,” or “natural
learning processing.” These can enable early identification of brain structures that decrease
their activity and correlate them with patterns of function and behavior [24], as well as
checking the extent of hypo functioning or injured areas and their progression. It would
even be possible to make predictions based on the data referring to a specific patient’s
evolution [24]. To date, no studies directly compare the diagnostic reliability between
traditional clinical methods and those of artificial intelligence. However, close collaboration
will be necessary, and the cognitive assessment of the future will probably integrate this
new methodology to benefit patients.
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In summary, the purpose of this article was twofold: first, to outline the battery of tests
that professionals use to assess cognitive impairment; and second, to discuss the various
animal tests that researchers can use to evaluate cognitive impairment in animal models
of psychiatric diseases (Table 1). The ultimate goal is to serve as a guide for professionals
and researchers seeking information on the main cognitive tests used in clinical and animal
behavior for detecting cognitive impairment.

10. Materials and Methods

This literature review consisted of an exhaustive search of scientific information
in the MEDLINE (PubMed) database. To identify cognitive impairment, the following
keywords and their combinations were used: “human” AND “cognitive impairment” AND
dementia” AND “animals’ models” To identify methods to measure cognitive impairment,
the following keywords and their combinations were used: “attention”, “learning” and
“memory”, “cognitive impairment” AND human OR animal models; AND “screening tools”
were combined with terms related to the technical approach using the Boolean operator
“AND”; “cognitive impairment” and AND humans OR animals’ models. References of
identified publications were included in the additional searches. Articles published in
predatory journals were excluded in the screening process.

Author Contributions: J.M. designed, coordinated, and reviewed the sections and contents of the
review manuscript. J.M. oversaw the organization to distribute the writing tasks among the authors.
D.N. reviewed the sections and contents of the review manuscript. D.N., A.G., S.M.M., C.D.M., F.N.
and M.S.G.G. performed the literature searches. D.N., A.G., S.M.M., C.D.M., F.N., M.S.G.G. and J.M.
participated in the manuscript writing. All authors have read and agreed to the published version of
the manuscript.

Funding: The preparation of the manuscript was supported by “Instituto de Salud Carlos III” (RD.
PI21/00488), RD21/0009/0008 “Red de Investigación en Atención Primaria de Adicciones”) and
“Delegación del Gobierno para el Plan Nacional Sobre Drogas” (PNSD, 2019I012) from the Spanish
Ministry of Health to J.M.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bird, T.; Miller, B. Alzheimer’s disease and other dementias. In Harrison’s Principles of Internal Medicine; Kasper, D.L., Braunwald,

E., Fauci, A.S., Hauser, S.L., Longo, D.L., Jameson, J., Loscalzo, J., Eds.; McGraw Hill: New York, NY, USA, 2005; pp. 2393–2406.
2. Sarasa, M. Modelos experimentales de la enfermedad de Alzheimer. Rev. Neurol. 2006, 42, 297–301. [CrossRef]
3. Campos-Romo, A. Evaluación de alteraciones motoras en modelos animales de enfermedad de Parkinson. Rev. Neurol. 2008, 46,

167–174. [CrossRef]
4. Ostrosky-Solís, F. Características neuropsicológicas de la enfermedad de Parkinson. Rev. Neurol. 2000, 30, 788–796. [CrossRef]
5. Benito-Leon, J.; Louis, E.D.; Bermejo-Pareja, F. Neurological Disorders in Central Spain Study, G. Elderly-onset essential tremor is

associated with dementia. Neurology 2006, 66, 1500–1505. [CrossRef]
6. Garcia-Ramos, R.; del Val-Fernandez, J.; Catalan-Alonso, M.J.; Barcia-Albacar, J.A.; Matias-Guiu, J. Experimental models of

Huntington’s disease. Rev. Neurol. 2007, 45, 437–441.
7. Ward, J.; Sheppard, J.M.; Shpritz, B.; Margolis, R.L.; Rosenblatt, A.; Brandt, J. A four-year prospective study of cognitive

functioning in Huntington’s disease. J. Int. Neuropsychol. Soc. 2006, 12, 445–454. [CrossRef]
8. Millar, D.; Griffiths, P.; Zermansky, A.J.; Burn, D.J. Characterizing behavioral and cognitive dysexecutive changes in progressive

supranuclear palsy. Mov. Disord. 2006, 21, 199–207. [CrossRef]
9. Mantovan, M.C.; Martinuzzi, A.; Squarzanti, F.; Bolla, A.; Silvestri, I.; Liessi, G.; Macchi, C.; Ruzza, G.; Trevisan, C.P.; Angelini,

C. Exploring mental status in Friedreich’s ataxia: A combined neuropsychological, behavioral and neuroimaging study. Eur. J.
Neurol. 2006, 13, 827–835. [CrossRef]

10. Garcia-Moreno, J.M.; Duque, P.; Izquierdo, G. Neuropsychiatric disorders in multiple sclerosis. Rev. Neurol. 2001, 33, 560–567.
11. D’Angelo, M.G.; Bresolin, N. Cognitive impairment in neuromuscular disorders. Muscle Nerve 2006, 34, 16–33. [CrossRef]

https://doi.org/10.33588/rn.4205.2005229
https://doi.org/10.33588/rn.4603.2007334
https://doi.org/10.33588/rn.3008.99652
https://doi.org/10.1212/01.wnl.0000216134.88617.de
https://doi.org/10.1017/S1355617706060565
https://doi.org/10.1002/mds.20707
https://doi.org/10.1111/j.1468-1331.2006.01363.x
https://doi.org/10.1002/mus.20535


Int. J. Mol. Sci. 2023, 24, 7653 26 of 29

12. Mosconi, L.; Tsui, W.H.; Herholz, K.; Pupi, A.; Drzezga, A.; Lucignani, G.; Reiman, E.M.; Holthoff, V.; Kalbe, E.; Sorbi, S.; et al.
Multicenter standardized 18F-FDG PET diagnosis of mild cognitive impairment, Alzheimer’s disease, and other dementias.
J. Nucl. Med. 2008, 49, 390–398. [CrossRef]

13. Branca, B. Neuropsychologic aspects of post-traumatic headache and chronic daily headache. Curr. Pain Headache Rep. 2006, 10,
54–66. [CrossRef]

14. Hanly, J.G.; Fisk, J.D.; McCurdy, G.; Fougere, L.; Douglas, J.A. Neuropsychiatric syndromes in patients with systemic lupus
erythematosus and rheumatoid arthritis. J. Rheumatol. 2005, 32, 1459–1466.

15. Lackner, J.M.; Lou Coad, M.; Mertz, H.R.; Wack, D.S.; Katz, L.A.; Krasner, S.S.; Firth, R.; Mahl, T.C.; Lockwood, A.H. Cognitive
therapy for irritable bowel syndrome is associated with reduced limbic activity, GI symptoms, and anxiety. Behav. Res. Ther. 2006,
44, 621–638. [CrossRef] [PubMed]

16. Posner, M.I. Attention in Cognitive Neuroscience: An Overview; The MIT Press: Cambridge, MA, USA, 1995.
17. McGhie, A.; Chapman, J. Disorders of attention and perception in early schizophrenia. Br. J. Med. Psychol. 1961, 34, 103–116.

[CrossRef]
18. Dudai, Y. The Neurobiology of Memory: Concepts, Findings, Trends; Oxford University Press: Oxford, UK, 1989.
19. Baddeley, A.D.; Hitch, G. The recency effect: Implicit learning with explicit retrieval? Mem. Cognit. 1993, 21, 146–155. [CrossRef]
20. Kandel, E.R.; Kupfermann, I.; Iversen, S. Learning and Memory. Principles of Neural Science; McGraw-Hill: New York, NY, USA,

2000.
21. Haberlandt, K.; Thomas, J.G.; Lawrence, H.; Krohn, T. Transposition asymmetry in immediate serial recall. Memory 2005, 13,

274–282. [CrossRef]
22. Harvey, P.D. Domains of cognition and their assessment. Dialogues Clin. Neurosci. 2019, 21, 227–237. [CrossRef]
23. Tang-Wai, D.F.; Freedman, M. Bedside Approach to the Mental Status Assessment. Continuum 2018, 24, 672–703. [CrossRef]
24. Graham, S.A.; Lee, E.E.; Jeste, D.V.; Van Patten, R.; Twamley, E.W.; Nebeker, C.; Yamada, Y.; Kim, H.C.; Depp, C.A. Artificial

intelligence approaches to predicting and detecting cognitive decline in older adults: A conceptual review. Psychiatry Res. 2020,
284, 112732. [CrossRef]

25. Grossman, M.; Irwin, D.J. The Mental Status Examination in Patients With Suspected Dementia. Continuum 2016, 22, 385–403.
[CrossRef] [PubMed]

26. Llamas-Velasco, S.; Llorente-Ayuso, L.; Contador, I.; Bermejo-Pareja, F. Spanish versions of the Minimental State Examination
(MMSE). Questions for their use in clinical practice. Rev. Neurol. 2015, 61, 363–371. [PubMed]

27. McCollum, L.; Karlawish, J. Cognitive Impairment Evaluation and Management. Med. Clin. N. Am. 2020, 104, 807–825. [CrossRef]
[PubMed]

28. Carnero-Pardo, C.; Montoro-Rios, M.T. The photo test. Rev. Neurol. 2004, 39, 801–806. [PubMed]
29. Carnero-Pardo, C.; Montoro-Rios, M.T. Preliminary evaluation of a new screening test for dementia (Eurotest). Rev. Neurol. 2004,

38, 201–209.
30. Rami, L.; Bosch, B.; Valls-Pedret, C.; Caprile, C.; Sanchez-Valle Diaz, R.; Molinuevo, J.L. Discriminatory validity and association of

the mini-mental test (MMSE) and the memory alteration test (M@T) with a neuropsychological battery in patients with amnestic
mild cognitive impairment and Alzheimer’s disease. Rev. Neurol. 2009, 49, 169–174.

31. Rami, L.; Bosch, B.; Sanchez-Valle, R.; Molinuevo, J.L. The memory alteration test (M@T) discriminates between subjective
memory complaints, mild cognitive impairment and Alzheimer’s disease. Arch. Gerontol. Geriatr. 2010, 50, 171–174. [CrossRef]

32. Nasreddine, Z.S.; Phillips, N.A.; Bedirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 53,
695–699. [CrossRef]

33. Cummings, J.L.; Mega, M.; Gray, K.; Rosenberg-Thompson, S.; Carusi, D.A.; Gornbein, J. The Neuropsychiatric Inventory:
Comprehensive assessment of psychopathology in dementia. Neurology 1994, 44, 2308–2314. [CrossRef]

34. Pfeffer, R.I.; Kurosaki, T.T.; Harrah, C.H., Jr.; Chance, J.M.; Filos, S. Measurement of functional activities in older adults in the
community. J. Gerontol. 1982, 37, 323–329. [CrossRef]

35. Graf, C. The Lawton instrumental activities of daily living scale. Am. J. Nurs. 2008, 108, 52–62; quiz 62–63. [CrossRef] [PubMed]
36. Mahoney, F.I.; Barthel, D.W. Functional Evaluation: The Barthel Index. Md. State Med. J. 1965, 14, 61–65. [PubMed]
37. Fillenbaum, G.G.; van Belle, G.; Morris, J.C.; Mohs, R.C.; Mirra, S.S.; Davis, P.C.; Tariot, P.N.; Silverman, J.M.; Clark, C.M.; Welsh-

Bohmer, K.A.; et al. Consortium to Establish a Registry for Alzheimer’s Disease (CERAD): The first twenty years. Alzheimers
Dement. 2008, 4, 96–109. [CrossRef] [PubMed]

38. Posner, M.I.; Bourke, P. The Blackwell Dicitionary of Neuropsychology; Beaumont, J.G., Kenealy, P.M., Rogers, M.J.C., Eds.; John Wiley
and Sons Ltd.: Hoboken, NJ, USA, 1999; pp. 122–127.

39. Moscovitch, M.; Umiltà, C. Modularity and Neurospycholgy: Modules and central processes in attention and memory. In Modular
deficits in Alzheimer-Type Dementia; The MIT Press: Cambridge, MA, USA, 1990; pp. 1–59.

40. Farah, M.J. Specialization with visual object recognition: Clues for prosopagnosia and alexia. In The Neuropsychology of High-Level
Vision; Psychology Press: New York, NY, USA, 1994; pp. 133–146.

41. Packard, M.G.; Knowlton, B.J. Learning and memory functions of the Basal Ganglia. Annu. Rev. Neurosci. 2002, 25, 563–593.
[CrossRef]

https://doi.org/10.2967/jnumed.107.045385
https://doi.org/10.1007/s11916-006-0010-6
https://doi.org/10.1016/j.brat.2005.05.002
https://www.ncbi.nlm.nih.gov/pubmed/16039604
https://doi.org/10.1111/j.2044-8341.1961.tb00936.x
https://doi.org/10.3758/BF03202726
https://doi.org/10.1080/09658210344000297
https://doi.org/10.31887/DCNS.2019.21.3/pharvey
https://doi.org/10.1212/CON.0000000000000617
https://doi.org/10.1016/j.psychres.2019.112732
https://doi.org/10.1212/CON.0000000000000298
https://www.ncbi.nlm.nih.gov/pubmed/27042900
https://www.ncbi.nlm.nih.gov/pubmed/26461130
https://doi.org/10.1016/j.mcna.2020.06.007
https://www.ncbi.nlm.nih.gov/pubmed/32773047
https://www.ncbi.nlm.nih.gov/pubmed/15543492
https://doi.org/10.1016/j.archger.2009.03.005
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1212/WNL.44.12.2308
https://doi.org/10.1093/geronj/37.3.323
https://doi.org/10.1097/01.NAJ.0000314810.46029.74
https://www.ncbi.nlm.nih.gov/pubmed/18367931
https://www.ncbi.nlm.nih.gov/pubmed/14258950
https://doi.org/10.1016/j.jalz.2007.08.005
https://www.ncbi.nlm.nih.gov/pubmed/18631955
https://doi.org/10.1146/annurev.neuro.25.112701.142937


Int. J. Mol. Sci. 2023, 24, 7653 27 of 29

42. Foerde, K.; Shohamy, D. The role of the basal ganglia in learning and memory: Insight from Parkinson’s disease. Neurobiol. Learn.
Mem. 2011, 96, 624–636. [CrossRef]

43. McCarthy, R.; Warrington, E.K. The dissolution of semantics. Nature 1990, 343, 599. [CrossRef]
44. Cohen, N.J.; Squire, L.R. Preserved learning and retention of pattern-analyzing skill in amnesia: Dissociation of knowing how

and knowing that. Science 1980, 210, 207–210. [CrossRef]
45. Patnode, C.D.; Perdue, L.A.; Rossom, R.C.; Rushkin, M.C.; Redmond, N.; Thomas, R.G.; Lin, J.S. Screening for Cognitive Impairment

in Older Adults: An Evidence Update for the U.S. Preventive Services Task Force; Agency for Healthcare Research and Quality (US):
Rockville, MD, USA, 2020.

46. Paddick, S.M.; Gray, W.K.; McGuire, J.; Richardson, J.; Dotchin, C.; Walker, R.W. Cognitive screening tools for identification of
dementia in illiterate and low-educated older adults, a systematic review and meta-analysis. Int. Psychogeriatr. 2017, 29, 897–929.
[CrossRef]

47. Devi-Bastida, J.; Dominguez-Luque, P.; Jofre-Font, S. Neuropsychological evaluation of advanced dementia: Are cognitive
assessment psychometric instruments useful? A systematic review. Rev. Neurol. 2021, 72, 239–249. [CrossRef]

48. Huang, Y.C.; Lee, Y.; Lee, C.Y.; Lin, P.Y.; Hung, C.F.; Lee, S.Y.; Wang, L.J. Defining cognitive and functional profiles in schizophrenia
and affective disorders. BMC Psychiatry 2020, 20, 39. [CrossRef]

49. Gomez-Benito, J.; Guilera, G.; Pino, O.; Rojo, E.; Tabares-Seisdedos, R.; Safont, G.; Martinez-Aran, A.; Franco, M.; Cuesta, M.J.;
Crespo-Facorro, B.; et al. The screen for cognitive impairment in psychiatry: Diagnostic-specific standardization in psychiatric ill
patients. BMC Psychiatry 2013, 13, 127. [CrossRef] [PubMed]

50. Ott, C.V.; Knorr, U.; Jespersen, A.; Obenhausen, K.; Roen, I.; Purdon, S.E.; Kessing, L.V.; Miskowiak, K.W. Norms for the Screen
for Cognitive Impairment in Psychiatry and cognitive trajectories in bipolar disorder. J. Affect. Disord. 2021, 281, 33–40. [CrossRef]
[PubMed]

51. Lena, C.; Changeux, J.P. Role of Ca2+ ions in nicotinic facilitation of GABA release in mouse thalamus. J. Neurosci. 1997, 17,
576–585. [CrossRef] [PubMed]

52. LaFerla, F.M.; Tinkle, B.T.; Bieberich, C.J.; Haudenschild, C.C.; Jay, G. The Alzheimer’s A beta peptide induces neurodegeneration
and apoptotic cell death in transgenic mice. Nat. Genet. 1995, 9, 21–30. [CrossRef]

53. Mangiarini, L.; Sathasivam, K.; Seller, M.; Cozens, B.; Harper, A.; Hetherington, C.; Lawton, M.; Trottier, Y.; Lehrach, H.; Davies,
S.W.; et al. Exon 1 of the HD gene with an expanded CAG repeat is sufficient to cause a progressive neurological phenotype in
transgenic mice. Cell 1996, 87, 493–506. [CrossRef]

54. Matsui, M.; Yamada, S.; Oki, T.; Manabe, T.; Taketo, M.M.; Ehlert, F.J. Functional analysis of muscarinic acetylcholine receptors
using knockout mice. Life Sci. 2004, 75, 2971–2981. [CrossRef] [PubMed]

55. Quon, D.; Wang, Y.; Catalano, R.; Scardina, J.M.; Murakami, K.; Cordell, B. Formation of beta-amyloid protein deposits in brains
of transgenic mice. Nature 1991, 352, 239–241. [CrossRef]

56. Tzavara, E.T.; Bymaster, F.P.; Felder, C.C.; Wade, M.; Gomeza, J.; Wess, J.; McKinzie, D.L.; Nomikos, G.G. Dysregulated
hippocampal acetylcholine neurotransmission and impaired cognition in M2, M4 and M2/M4 muscarinic receptor knockout
mice. Mol. Psychiatry 2003, 8, 673–679. [CrossRef]

57. Luquin, M. Modelos experimentales de enfermedad de Parkinson. Rev. Neurol. 2000, 31, 60–66. [CrossRef]
58. Gower, A.J.; Lamberty, Y. The aged mouse as a model of cognitive decline with special emphasis on studies in NMRI mice.

Behav. Brain Res. 1993, 57, 163–173. [CrossRef]
59. Ingram, D.K.; Spangler, E.L.; Iijima, S.; Ikari, H.; Kuo, H.; Greig, N.H.; London, E.D. Rodent models of memory dysfunction in

Alzheimer’s disease and normal aging: Moving beyond the cholinergic hypothesis. Life Sci. 1994, 55, 2037–2049. [CrossRef]
[PubMed]

60. Ingram, D.K.; Spangler, E.L.; Iijima, S.; Kuo, H.; Bresnahan, E.L.; Greig, N.H.; London, E.D. New pharmacological strategies for
cognitive enhancement using a rat model of age-related memory impairment. Ann. N. Y. Acad. Sci. 1994, 717, 16–32. [CrossRef]
[PubMed]

61. Fox, G.B.; LeVasseur, R.A.; Faden, A.I. Behavioral responses of C57BL/6, FVB/N, and 129/SvEMS mouse strains to traumatic
brain injury: Implications for gene targeting approaches to neurotrauma. J. Neurotrauma 1999, 16, 377–389. [CrossRef] [PubMed]

62. Sarti, C.; Pantoni, L.; Bartolini, L.; Inzitari, D. Cognitive impairment and chronic cerebral hypoperfusion: What can be learned
from experimental models. J. Neurol. Sci. 2002, 203, 263–266. [CrossRef]

63. Posner, M.I.; Petersen, S.E. The attention system of the human brain. Annu. Rev. Neurosci. 1990, 13, 25–42. [CrossRef]
64. Robertson, I.H.; Ward, T.; Ridgeway, V.; Nimmo-Smith, I. The structure of normal human attention: The Test of Everyday

Attention. J. Int. Neuropsychol. Soc. 1996, 2, 525–534. [CrossRef]
65. Robbins, T.W. The 5-choice serial reaction time task: Behavioural pharmacology and functional neurochemistry. Psychopharmacol-

ogy 2002, 163, 362–380. [CrossRef]
66. Levin, E.D.; Bushnell, P.J.; Rezvani, A.H. Attention-modulating effects of cognitive enhancers. Pharmacol. Biochem. Behav. 2011, 99,

146–154. [CrossRef]
67. Higgins, G.A.; Breysse, N. Rodent model of attention: The 5-choice serial reaction time task. Curr. Protoc. Pharmacol. 2008, 41,

5–49. [CrossRef]
68. Young, J.W.; Light, G.A.; Marston, H.M.; Sharp, R.; Geyer, M.A. The 5-choice continuous performance test: Evidence for a

translational test of vigilance for mice. PLoS ONE 2009, 4, e4227. [CrossRef]

https://doi.org/10.1016/j.nlm.2011.08.006
https://doi.org/10.1038/343599a0
https://doi.org/10.1126/science.7414331
https://doi.org/10.1017/S1041610216001976
https://doi.org/10.33588/rn.7207.2020416
https://doi.org/10.1186/s12888-020-2459-y
https://doi.org/10.1186/1471-244X-13-127
https://www.ncbi.nlm.nih.gov/pubmed/23648193
https://doi.org/10.1016/j.jad.2020.11.119
https://www.ncbi.nlm.nih.gov/pubmed/33285390
https://doi.org/10.1523/JNEUROSCI.17-02-00576.1997
https://www.ncbi.nlm.nih.gov/pubmed/8987780
https://doi.org/10.1038/ng0195-21
https://doi.org/10.1016/S0092-8674(00)81369-0
https://doi.org/10.1016/j.lfs.2004.05.034
https://www.ncbi.nlm.nih.gov/pubmed/15474550
https://doi.org/10.1038/352239a0
https://doi.org/10.1038/sj.mp.4001270
https://doi.org/10.33588/rn.3101.99654
https://doi.org/10.1016/0166-4328(93)90132-A
https://doi.org/10.1016/0024-3205(94)00384-X
https://www.ncbi.nlm.nih.gov/pubmed/7997063
https://doi.org/10.1111/j.1749-6632.1994.tb12070.x
https://www.ncbi.nlm.nih.gov/pubmed/8030831
https://doi.org/10.1089/neu.1999.16.377
https://www.ncbi.nlm.nih.gov/pubmed/10369558
https://doi.org/10.1016/S0022-510X(02)00302-7
https://doi.org/10.1146/annurev.ne.13.030190.000325
https://doi.org/10.1017/S1355617700001697
https://doi.org/10.1007/s00213-002-1154-7
https://doi.org/10.1016/j.pbb.2011.02.008
https://doi.org/10.1002/0471141755.ph0549s41
https://doi.org/10.1371/journal.pone.0004227


Int. J. Mol. Sci. 2023, 24, 7653 28 of 29

69. Asinof, S.K.; Paine, T.A. The 5-choice serial reaction time task: A task of attention and impulse control for rodents. J. Vis. Exp.
2014, 10, e51574. [CrossRef]

70. Callahan, P.M.; Terry, A.V., Jr. Attention. Handb. Exp. Pharmacol. 2015, 228, 161–189. [CrossRef] [PubMed]
71. Ennaceur, A.; Neave, N.; Aggleton, J.P. Spontaneous object recognition and object location memory in rats: The effects of lesions

in the cingulate cortices, the medial prefrontal cortex, the cingulum bundle and the fornix. Exp. Brain. Res. 1997, 113, 509–519.
[CrossRef] [PubMed]

72. Holloway, W.R., Jr.; Thor, D.H. Social memory deficits in adult male rats exposed to cadmium in infancy. Neurotoxicol. Teratol.
1988, 10, 193–197. [CrossRef] [PubMed]

73. Gheusi, G.; Bluthe, R.M.; Goodall, G.; Dantzer, R. Ethological study of the effects of tetrahydroaminoacridine (THA) on social
recognition in rats. Psychopharmacology 1994, 114, 644–650. [CrossRef] [PubMed]

74. Choleris, E.; Gustafsson, J.A.; Korach, K.S.; Muglia, L.J.; Pfaff, D.W.; Ogawa, S. An estrogen-dependent four-gene micronet
regulating social recognition: A study with oxytocin and estrogen receptor-alpha and -beta knockout mice. Proc. Natl. Acad. Sci.
USA 2003, 100, 6192–6197. [CrossRef]

75. Morris, R. Developments of a water-maze procedure for studying spatial learning in the rat. J. Neurosci. Methods 1984, 11, 47–60.
[CrossRef]

76. Barnes, C.A. Memory deficits associated with senescence: A neurophysiological and behavioral study in the rat. J. Comp. Physiol.
Psychol. 1979, 93, 74–104. [CrossRef]

77. Vogel-Ciernia, A.; Wood, M.A. Examining object location and object recognition memory in mice. Curr. Protoc. Neurosci. 2014, 69,
8–31. [CrossRef]

78. Denninger, J.K.; Smith, B.M.; Kirby, E.D. Novel Object Recognition and Object Location Behavioral Testing in Mice on a Budget.
J. Vis. Exp. 2018, 20, e58593. [CrossRef]

79. Gaspary, K.V.; Reolon, G.K.; Gusso, D.; Bonan, C.D. Novel object recognition and object location tasks in zebrafish: Influence of
habituation and NMDA receptor antagonism. Neurobiol. Learn. Mem. 2018, 155, 249–260. [CrossRef] [PubMed]

80. Iwasaki, S.; Sasaki, T.; Ikegaya, Y. Hippocampal beta oscillations predict mouse object-location associative memory performance.
Hippocampus 2021, 31, 503–511. [CrossRef]

81. Bocchi, A.; Palermo, L.; Boccia, M.; Palmiero, M.; D’Amico, S.; Piccardi, L. Object recognition and location: Which component of
object location memory for landmarks is affected by gender? Evidence from four to ten year-old children. Appl. Neuropsychol.
Child 2020, 9, 31–40. [CrossRef]

82. Bayraktar, G.; Hojgaard, K.; Nijssen, L.; Takeuchi, T. A Within-Subject Experimental Design using an Object Location Task in Rats.
J. Vis. Exp. 2021, 6, e62458. [CrossRef]

83. Olton, D.; Samuelson, R. Remembrance of places passed: Spatial memory in rats. J. Exp. Psychol. Anim. Behav. Process. 1976, 2,
97–116. [CrossRef]

84. Dudchenko, P.A. An overview of the tasks used to test working memory in rodents. Neurosci. Biobehav. Rev. 2004, 28, 699–709.
[CrossRef]

85. Darcet, F.; Gardier, A.M.; Gaillard, R.; David, D.J.; Guilloux, J.P. Cognitive Dysfunction in Major Depressive Disorder. A Transla-
tional Review in Animal Models of the Disease. Pharmaceuticals 2016, 9, 9. [CrossRef] [PubMed]

86. Small, W. Experimental Study of the Mental Processes of the Rat. II. Am. J. Psychol. 1901, 12, 206–239. [CrossRef]
87. Guest, P.C. Pre-clinical Models: Techniques and Protocols; Guest, P.C., Ed.; Springer Nature: Berlin/Heidelberg, Germany, 2019.

[CrossRef]
88. Bak, J.; Pyeon, H.I.; Seok, J.I.; Choi, Y.S. Effect of rotation preference on spontaneous alternation behavior on Y maze and

introduction of a new analytical method, entropy of spontaneous alternation. Behav. Brain Res. 2017, 320, 219–224. [CrossRef]
89. Cleal, M.; Fontana, B.D.; Ranson, D.C.; McBride, S.D.; Swinny, J.D.; Redhead, E.S.; Parker, M.O. The Free-movement pattern

Y-maze: A cross-species measure of working memory and executive function. Behav. Res. Methods 2021, 53, 536–557. [CrossRef]
90. Lainiola, M.; Procaccini, C.; Linden, A.M. mGluR3 knockout mice show a working memory defect and an enhanced response to

MK-801 in the T- and Y-maze cognitive tests. Behav. Brain Res. 2014, 266, 94–103. [CrossRef]
91. Olton, D.S.; Collison, C.; Werz, M.A. Spatial memory and radial arm maze performance of rats. Learn. Motiv. 1977, 8, 289–314.

[CrossRef]
92. Patil, S.S.; Sunyer, B.; Hoger, H.; Lubec, G. Evaluation of spatial memory of C57BL/6J and CD1 mice in the Barnes maze, the

Multiple T-maze and in the Morris water maze. Behav. Brain Res. 2009, 198, 58–68. [CrossRef]
93. Kim, J.J.; Jung, M.W. Neural circuits and mechanisms involved in Pavlovian fear conditioning: A critical review. Neurosci. Biobehav.

Rev. 2006, 30, 188–202. [CrossRef]
94. Fanselow, M.S.; Tighe, T.J. Contextual conditioning with massed versus distributed unconditional stimuli in the absence of

explicit conditional stimuli. J. Exp. Psychol. Anim. Behav. Process. 1988, 14, 187–199. [CrossRef]
95. Fanselow, M.S. Neural organization of the defensive behavior system responsible for fear. Psychon. Bull. Rev. 1994, 1, 429–438.

[CrossRef]
96. Curzon, P.; Rustay, N.R.; Browman, K.E. Cued and Contextual Fear Conditioning for Rodents. In Methods of Behavior Analysis in

Neuroscience, 2nd ed.; Buccafusco, J.J., Ed.; CRC Press/Taylor & Francis: Boca Raton, FL, USA, 2009.
97. Shoji, H.; Takao, K.; Hattori, S.; Miyakawa, T. Contextual and cued fear conditioning test using a video analyzing system in mice.

J. Vis. Exp. 2014, 85, e50871. [CrossRef]

https://doi.org/10.3791/51574
https://doi.org/10.1007/978-3-319-16522-6_5
https://www.ncbi.nlm.nih.gov/pubmed/25977082
https://doi.org/10.1007/PL00005603
https://www.ncbi.nlm.nih.gov/pubmed/9108217
https://doi.org/10.1016/0892-0362(88)90017-7
https://www.ncbi.nlm.nih.gov/pubmed/3211096
https://doi.org/10.1007/BF02244996
https://www.ncbi.nlm.nih.gov/pubmed/7855227
https://doi.org/10.1073/pnas.0631699100
https://doi.org/10.1016/0165-0270(84)90007-4
https://doi.org/10.1037/h0077579
https://doi.org/10.1002/0471142301.ns0831s69
https://doi.org/10.3791/58593
https://doi.org/10.1016/j.nlm.2018.08.005
https://www.ncbi.nlm.nih.gov/pubmed/30086397
https://doi.org/10.1002/hipo.23311
https://doi.org/10.1080/21622965.2018.1504218
https://doi.org/10.3791/62458
https://doi.org/10.1037/0097-7403.2.2.97
https://doi.org/10.1016/j.neubiorev.2004.09.002
https://doi.org/10.3390/ph9010009
https://www.ncbi.nlm.nih.gov/pubmed/26901205
https://doi.org/10.2307/1412534
https://doi.org/10.1007/978-1-4939-8994-2
https://doi.org/10.1016/j.bbr.2016.12.011
https://doi.org/10.3758/s13428-020-01452-x
https://doi.org/10.1016/j.bbr.2014.03.008
https://doi.org/10.1016/0023-9690(77)90054-6
https://doi.org/10.1016/j.bbr.2008.10.029
https://doi.org/10.1016/j.neubiorev.2005.06.005
https://doi.org/10.1037/0097-7403.14.2.187
https://doi.org/10.3758/BF03210947
https://doi.org/10.3791/50871


Int. J. Mol. Sci. 2023, 24, 7653 29 of 29

98. Izquierdo, I.; Izquierdo, L.A.; Barros, D.M.; Mello e Souza, T.; de Souza, M.M.; Quevedo, J.; Rodrigues, C.; Sant’Anna, M.K.;
Madruga, M.; Medina, J.H. Differential involvement of cortical receptor mechanisms in working, short-term and long-term
memory. Behav. Pharmacol. 1998, 9, 421–427. [CrossRef]

99. Kameyama, T.; Nabeshima, T.; Kozawa, T. Step-down-type passive avoidance- and escape-learning method. Suitability for
experimental amnesia models. J. Pharmacol. Methods 1986, 16, 39–52. [CrossRef]

100. Weinberger, S.B.; Koob, G.F.; Martinez, J.L., Jr. Differences in one-way active avoidance learning in mice of three inbred strains.
Behav. Genet. 1992, 22, 177–188. [CrossRef]

101. Clincke, G.H.; Wauquier, A. Pharmacological protection against hypoxia-induced effects on medium-term memory in a two-way
avoidance paradigm. Behav. Brain Res. 1984, 14, 139–142. [CrossRef]

102. Thomas, S.A.; Palmiter, R.D. Disruption of the dopamine beta-hydroxylase gene in mice suggests roles for norepinephrine in
motor function, learning, and memory. Behav. Neurosci. 1997, 111, 579–589. [CrossRef]

103. Garcia, J.; Kimeldorf, D.J.; Koelling, R.A. Conditioned aversion to saccharin resulting from exposure to gamma radiation. Science
1955, 122, 157–158. [CrossRef]

104. Brown, J.S.; Kalish, H.I.; Farber, I.E. Conditioned fear as revealed by magnitude of startle response to an auditory stimulus. J. Exp.
Psychol. 1951, 41, 317–328. [CrossRef] [PubMed]

105. Davis, M.; Astrachan, D.I. Conditioned fear and startle magnitude: Effects of different footshock or backshock intensities used in
training. J. Exp. Psychol. Anim. Behav. Process. 1978, 4, 95–103. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/00008877-199809000-00005
https://doi.org/10.1016/0160-5402(86)90027-6
https://doi.org/10.1007/BF01066996
https://doi.org/10.1016/0166-4328(84)90181-5
https://doi.org/10.1037/0735-7044.111.3.579
https://doi.org/10.1126/science.122.3160.157
https://doi.org/10.1037/h0060166
https://www.ncbi.nlm.nih.gov/pubmed/14861383
https://doi.org/10.1037/0097-7403.4.2.95
https://www.ncbi.nlm.nih.gov/pubmed/670892

	Introduction 
	Cognitive Function: Attention, Learning, and Memory 
	Human Cognitive Assessment 
	Anamnesis 
	Physical Examination 

	Cognitive Function Screening Tools 
	Basic Cognitive and Functional Tests 
	MMSE 
	Phototest 
	Eurotest 
	Brief Cognitive Screening Test (Mini-Cog) 
	Memory Alteration Test (M@T) 
	Montreal Cognitive Assessment (MoCa) 
	Neuropsychiatric Inventory Questionnaire (NPI-Q) 
	Functional Activities Questionnaire (FAQ) 
	Lawton and Brody Scale for Instrumental Activities of Daily Living 
	Barthel Index 


	Advanced Cognitive Evaluation and Specific Tests 
	Attention and Executive Function 
	Perception and Orientation 
	Praxias 
	Memory 
	Language 

	Cognitive Assessment in Special Populations 
	Cognitive Assessment of the Very Elderly Population 
	Cognitive Assessment in Low-Literacy Patients 
	Cognitive Assessment of Patients with Advanced Dementia 
	Selective Neuropsychological Studies in Psychiatric Populations 

	Experimental Animal Assessment 
	Behavioral Tests for Evaluating Cognitive Disorders in Animal Models 
	Assessment of Attention 
	Pre-Attention: Prepulse Inhibition 
	Attention 

	Evaluation of Learning and Memory 
	Non-Spatial Memory 
	Spatial Memory 

	Working Memory 
	T-Maze 
	Y-Maze 
	Eight-Arm Radial Maze Test 

	Associative Learning 
	Contextual Fear Conditioning 
	Contextual and Cues Fear Conditioning Test 
	Step-Down Inhibitory Avoidance 
	Passive Avoidance Test 
	Active Avoidance Testing 

	Emotional Memory 
	Aversive Conditioning to Taste 
	Fear-Potentiated Overreaction 


	Conclusions 
	Materials and Methods 
	References

