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ABSTRACT

Cognitive Impairment is a stage where a person faces
difficulty in processing information, remembering, learning
new things, concentrating or making decisions affecting their
day to day life. These impairments range from mild to severe
stage and in the long term they lead to Dementia and
Alzheimer's disease. A person may have natural decline of
cognition over the age and the nature of impairment changes
from person to person. It’s important to detect and measure
these changes from time to time. The heterogeneous nature of
Cognitive impairment and the natural decline of cognition
over the age makes its detection more difficult. The review
presented here is a study of various non-invasive methods
such as neuropsychological tests, speech and eye dynamics
used to measure cognitive and behavioural changes. These
methods are used in preclinical frontline screening and
diagnosis of impairment and they have their have their own
relative accuracy when used separately. This review explores
a multi-modal approach of combining these cognitive and
behavioural markers to improve detection accuracy.

General Terms
Cognitive Impairment, Cognitive Decline.

Keywords
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1. INTRODUCTION

Cognitive impairment is a decline of Cognitive function such
as executive function, gnosis, language, orientation, attention,
praxis, memory, visual-spatial perception and social
cognition. Cognitive level progressively declines through
several stages as follows:

1) Preclinical Stage is where no symptoms are noticed in a
person but brain changes have begun.

1) Mild cognitive Impairment (MCI) is stage where cognitive
decline is greater than expected for an individual's age and
education level but that does not interfere notably with
activities of daily life. MCI is often a challenging phase and
remains undiagnosed.

IIl) Dementia: Prolonged cognitive impairments lead to
dementia which is a significant decline in areas such as
cognitive skills (memory, speech, thinking), functional
abilities (daily activities such as dressing, eating, walking),
mood and behaviour. Alzheimer's disease is one common
form of Dementia. AD is a progressive, degenerative disorder
that attacks brain’s nerve cells, or neurons, resulting in loss of
memory, thinking and language skills, and behavioral
changes.

Vrushali Kulkarni, PhD
Professor, School of Computer Science and
Engineering
Dr.Vishwanath Karad MIT World Peace University
Pune, India

As per World Health Organization report, the number of
people living with dementia worldwide is currently estimated
as 47 million. It is projected to increase to 75 million by 2030
and number of cases of dementia are estimated to almost triple
by 2050. In India, the current older population of 60 million is
projected to exceed 227 million by 2050, an increase of nearly
3.7 times from today [1]. 4.1 million Of these dementia cases
are found in India. This is approximately 10% of global
dementia cases. Nearly half of global dementia people will
live in Asia by 2050[2].

1.1 Importance of Detection

MCI stage is the earliest stage where the patient or the family
members observe decline in cognitive functionality. In recent
years, even younger people have been found to have
developed dementia which is about 2-8% of the total dementia
cases. Dementia often is seen as a socially undesired trait,
leading to discrimination and social isolation [2]. Due to fear
of social rejection, a person facing mild impairment doesn’t
seek timely medical intervention thereby leading to a delay in
its detection. With a system in place, these people can take the
assessment as soon as they experience the symptoms. In case
of reversible dementia, early detection may assist in reversing
the impairment helping the person to lead a normal life,
whereas in case of irreversible Dementia, an early detection
would help slowdown the progression rate.

The life expectancy of Alzheimer Disease is said to be less
than 7 years [3] once detected. However with its early
detection, the life expectancy for these patients can further be
increased. Early detection will aid caregiver and family
members to plan their timely medication and safety measures.

1.2 Methods of Detection

The symptoms of Cognitive impairment are subtle and varies
from person to person. These symptoms can begin with
physiological changes in the brain causing subsequent
changes in their psychological, cognitive and behavioural
skills/aspects. The behavioural and cognitive symptoms may
become visible a few years before the clinical diagnosis. The
progressive physiological changes in the brain can be
evidenced through clinical tests and neuroimaging scans such
as Cerebrospinal fluid (CSF), blood tests,
electroencephalogram (EEG), magnetic resonance imaging
(MRI), positron emission tomography (PET) and
computerized tomography (CT) scan. Researchers have
shown that these changes may aid in early detection of
impairment. The decline in memory, language, thinking and
judgment can be measured through a person’s speech pattern,
eye movements and responses to globally available
neuropsychological tests.



2. LITERATURE REVIEW

2.1 Neuropsychological Assessment

The current diagnostics use neuropsychological assessment
tests based on questionnaire. These tests help determine which
functions of the brain have been disrupted to what extent and
what these changes mean in the person’s day-to-day life.
These are carried out generally after the brain injury and for
the people with cognitive complaints which approximately
take 10-20 minutes to administer. Author in the paper [4]
reviewed list of screening tests viz. Informant based and
performance based Cognitive Screening Instruments (CSI) [4,
5, 9]. In informant-based CSI, Patient’s close relative is asked
questions covering various cognitive domains, patient’s
behaviour and day to day functionality, whereas in case of
performance based CSls, patient’s self-assessment report is
generated.

2.1.1 Mini Mental State Examination (MMSE)
The cognitive tests are developed and validated to provide
global assessment of cognitive states and one out of those
cognitive tests commonly used is MMSE. This test is easier to
score and it takes about 10 minutes to administer, however it
may not capture early stages of AD. MMSE is found to be the
most extensively studied psychometric screening assessment
of cognitive functioning [5-10]. It is a global cognitive
functioning test covering major cognitive domains such as
Orientation, attention, registration, language and praxis [8].
The MMSE is mapped to different brain areas which helps to
screen and classify MCI into different types of Dementia such
as Fronto-temporal dementia, vascular dementia or semantic
dementia etc [11]. Montreal Cognitive Assessment (MoCA)
and MMSE may be of particular value for MCI diagnosis and
are the most widely usedtests [12]. Table 1 shows Comparison
of some of Performance based CSls such as MoCA [12],
Quick Mild Cognitive Impairment [13], and Abbreviated
Mental Test Score [14] with MMSE based on various
cognitive domains. In the article published by William
Rodman Shanklermalet.al. [6], experimentation is done to
identify the decision rules using Machine learning methods to
distinguish people with early stages of dementia and normal
aging. Decision tree, naive bayes and regression methods
were used on 198 normal and 244 cognitively impaired
persons. MMSE was also used to evaluate cognitive
impairment in highly educated people [7]. In this case, an
archival data were reviewed on 4248 participants enrolled in
the Mayo Clinic. An overall correct classification rate of 90%
was achieved in detecting dementia with the standard MMSE
cut score of 27 (26 or below). One of the limitation of MMSE
is that there is a lack of emphasis on memory (3 out of 30) and
more weightage given to the orientation (10 out of 30) and
Language (8 out of 30). Though MMSE is commonly used
screening test, its result is influenced by age and education. In
paper[9], MoCA seems to be better than MMSE in detecting
MCI among people aged over 60. MOCA addresses additional
frontal-executive function but it is more complex to
administer and score [4].

2.1.2 Clock Drawing Test (CDT)

MMSE requires the patient to have some basic education. On
the other hand, Clock Drawing Test (CDT) is specifically
designed to profile people with low literacy level. The
methods of CDT are viz. free drawn, pre-drawn and set-hands
method which are used to assess Visuo-spatial and executive
control[16].The difference between the drawing and copying
a clock can also be a measure of executive control
function[18].
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Table 1. Comparison of MMSE with other Cognitive
Assessment Tests

Cognitive Assessment Test and Weightage
Domains Assigned for Cognitive Domain
MMSE AMTS | QMC | Mo
| CA
Orientation 10 3 10 6
Working Memory 3 5 5 3
Semantic Memory - - 10 -
Episodic Memory
(Immediate,
Delayed Recall) 3 1 50* 5
Attention /
Concentration 5 1 - 6
Language
(Reading,Writing,V
erbal Fluency in
naming) 8 - 10 3
Abstraction - - - 2
Visual
Construction /
Executive function 1 15 5
Total Score 30 10 100 30

*Score assigned for Immediate Recall-30 and Delayed Recall
-20

Paper [21] discusses various scoring methods of CDT and
their comparative study with respect to performance and
correlation with other screening tests. Here MMSE
performance was found to be good when used along with
CDT. While CDT was found to be useful for screening of
moderate to severe dementia, it may not be so sensitive for
early and mild cases. CDT scores were found to be strongly
correlated with the level of executive function deficits. CDT
and MMSE together detected 95% cases as abnormal as
compared to 47% detected by MMSE alone [19]. This
experiment was carried out for people aged over 60 with MCI
and Dementia. Author of Paper [22] found that free-drawn
CDT version is more cognitively demanding and sensitive for
detecting mild/early cognitive impairment as against an
incomplete-copy version where subjects were given a clock
face with numbers and asked to copy the clock and set the
hands for a specific time. Authors in the paper [15] discussed
various scoring systems and mentioned 4 classes of
interpreting the clock drawing viz. Bizarre clocks, major and
minor spacing abnormality and normal clocks. CDT in
isolation may not be an appropriate screening test to detect
MCI. In another research [17], MMSE, CDT and Verbal
fluency test (VFT) of 247 older persons with nearly equal
number of MCI, AD and healthy controls were carried and
found that all the tests either separately or in combination of
two tests worked well for identification of AD. The same even
gave good specificity for distinguishing MCI from normal
controls but with the low sensitivity.




2.2 Speech

MCI causes slight changes in speech and language and is
known to influence linguistic ability which may aggravate in
later stages of disease. In the early stages, a person may find
difficulty in finding or retrieving a right word in the
spontaneous speech, subsequently in its later stage, followed
by limited and restricted use of words. Eventually, it ends up
with longer pauses, lower speech rate causing changes in
emotional response too. Progression of this deterioration can
be reduced if these changes are caught at its mild stages. To
support this, researchers have explored temporal, acoustic and
linguistic features extracted from speech to detect cognitive
impairment. The goal of following literature study is to find
correlation of acoustic and language features in classifying
MCI, Dementia or AD from healthy controls. These features
are extracted from spontaneous speech or narrative task such
as picture or event description, word list, animal vegetable
naming, paraphrasing etc.

The speech features are extracted using manual and automatic
transcription using Automatic Speech Recognizer (ASR)
trained for a particular language. First attempt [25] is
proposed to extract speech and language features from
spontaneous speech, which are verified using CDR (Clinical
Dementia Rating) scale to evaluate accuracy for MCI
diagnosis. They measured the complexity and information
content of narrative story re-telling from 37 participants with
MCI and 37 healthy controls. SVM classifier is used to
classify the groups with an AUC of 0.73 using only speech
features alone and 0.86 by combining this information with
clinical test scores. A complex network graph [26] is built
using distinct words as nodes which are connected by edges to
their adjacent words. This method performed well for short
transcripts. Acoustic features can even help distinguish
between participants with MCI and elderly controls with a
best accuracy of 80.4% [27]. In this case, the SVM performed
better on manually extracted features than automatically
extracted features using Automatic Speech Recognizer (ASR).
Temporal acoustic features as given in Table 2 extracted from
spontaneous speech could help distinguish MCI and Healthy
control using ASR trained on Hungarian Language [28]. The
vocabulary size in speech can be an early indicator of
cognitive impairment [29]. The gap in content between the
written and spoken narratives can also be one of the markers
to distinguish between healthy and AD/Dementia candidates.
In this case, the model was built using syntactic and lexical
features from verbal utterances. Statistical analysis, NLP
based techniques were carried out on written and spoken
narratives of 22 participants. The gap was significantly larger
in the Low Hasegawa's dementia scale (HDS-R) Group [30].
SVM outperformed over all other experimented machine
learning models. The extracted language features were
coordinated sentences, subordinated sentences, reduced
sentences, number of predicates, average number of
predicates, dependency distance, Number of dependencies,
average dependencies per sentence [30]. Authors in paper [31]
found that the automatic speech analysis could be an
additional objective assessment tool for elderly with cognitive
decline with the classification accuracy of 79% and 65%
between Healthy Controls and MCI. In this paper, a Computer
based analysis system is developed for detection of dementia
using various acoustic and lexical features from spontaneous
speech. [33]. It proved that though language impairment is a
secondary cognitive marker, it provides a great insight for
early Dementia detection with classification accuracy of 81%
in distinguishing individuals with AD from those without AD
based on short samples of their language on a picture
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description task. Author [23] proved that the number of filled
Pauses also display a statistically significant difference
between the speech of the two groups of speakers as MCI and
healthy control. This can be used for early detection of
disease. Table 2 shows various temporal, acoustic and
linguistic features used in the research. To sum up, the speech
and language features along with cognitive assessment tests is
found to improve detection of cognitive impairment.

2.3 Facial Expression

There are some other studies carried out primarily in detection
of impairment in later stages as AD and Dementia. Facial
movements of demented patients in comfort and distress
stimuli are studied to find any distinction [43]. Many people
can smile out of natural frustration and this laughter and smile
is detected using SVM classifier in the ROMEO?2 corpus. It is
a multimodal corpus having audio and video of social
interaction of elderly people with Nao Robot [43]. Social gaze
can also contribute as a marker of disease progression [44]. In
this paper, Gaze behavior is assessed by coders. Trained
coders viewed the recordings and a score of 1 was given if the
participant look his/her partner’s eyes. The relationship
between the ability to identify the emotions and interpersonal
behavior is also explored in dementia of the Alzheimer type
[45]. Impairment in identifying the negative facial emotions
are also experimented.

Table 2. Metrics for Speech and Eye dynamics

Taks Speech Speech
paramet metrics/measures
ers
Speech
Spontaneous Temporal | Articulation Rate, Length of
Speech and utterance, Silent and filled
Story re-telling acoustic | Pauses, Speech rate, Stressed
features word duration, Pauses
Picture / Event from duration , no. of pauses,
Description speech Hesitations rate, Average
Animal/ Syllable Duration, Speech

vegetable naming tempo, Number of phones

Word list recall Frequency of noun, verbs,

function words, words about
emotions, Length of
utterance, Wordcount,
unique words
Number of unique bigrams
Dependency distance, Type
Token Ratio, Verbal fluency

Linguistic
Features

Saccades Orientation,
Outgoing Saccade, Single
fixation, First pass fixation,
Second pass fixation,
Regression, Re-fixation,

Eye dynamics

Observing a Saccadic

visual stimuli Movement
such as an image,
video or follow a Fixation

moving dot Total duration, Total no. of
) Gaze fixations, Total fixation time

Reading a

paragraph

The experiment is carried out on patients with Fronto
temporal dementia (FTD) and AD patients. It is found that
AD patients performed better than FTD patients in emotion




discrimination [46]. Paper [47] built an automatic facial
expression recognition system comparing similarity values of
facial using the Gabor coding. Authors experimented this with
six basic facial expressions (happiness, sadness, surprise,
anger, disgust, fear) and a neutral face for a total of 219
images.

Depression is common in elderly people and person suffering
from cognitive impairment may also have depression [34].
The automated facial image analysis and audio signal
processing have been used to assess depression [48]. Author
made an attempt to address change in symptom severity in a
clinical sample using machine learning. The behavioural
observations may indicate psychological disorders.

2.4 Eye movements

Research showed that episodic and semantic memory changes
can be an early indicator of AD. In addition to this, some
research has shown that visual attention and executive deficit
can help detect the early stages of the disease [50]. Impaired
visual attention can cause mistakes in perceptions in deciding
depth, motion, and color of an object. Degeneration in parietal
lobe can cause defects in fixation. Many researchers compared
eye movements and changes in the saccade of healthy control
with those of AD patients and were able to establish
correlation of eye behavior to cognitive impairment. Eye
tracking approach is used to assess the visual changes and this
technique is less invasive as compared to neuroimagaing. It
does not require additional patient’s responses such as button
presses, to make inference about physical changes. The eye
trackers those are used for data collection are screen based or
head mounted. In the same research, the patients were asked
to fix their gaze to a point or asked to observe a visual
stimulus such as an image, video or follow a moving dot. In
some cases, the eye movement analysis is studied using
paragraph reading.

In researches carried out so far, Saccadic Eye movements are
proven to be an early indicator. Saccades are rapid eye
movements that allow to quickly scan a visual scene. Saccadic
movements can be of following types as when the eye
movements are towards a target then it is called as
prosaccades and when it is in the opposite direction, called as
an antisaccades [51]. In smooth pursuit, participants
continuously follow moving target object. This literature
survey is to understand the eye behavior correlating MCI. It is
found that participants with AD during reading tend to skip
words and have increased number of fixations and regressions
as compare to healthy controls [39]. There is a correlation of
eye movement to memory, attention and executive
impairment and their role in progression from MCI to
ADI[40]. In the paper [41] a classification accuracy of 88.3%
is reported in distinguishing between participants with AD
and healthy controls through eye tracking measures during
reading.

3. DISCUSSION

The neupsychological test such as MMSE can be used as a
baseline. It can be drilled down further to the cognitive
function with poor score, making it an adaptive test. It has
been seen that the work done so far is limited to few number
of participants. So far Speech systems researched are for
Japanese and Hungarian language. There is a very less work
been done in facial expression and in the case of image
features only one feature as smiling ratio is considered for
distinguishing between two groups. There are other untouched
and unexplored areas like hearing, mood, emotion recognition
which can be further analyzed for their influence on
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assessment accuracy and these timely changes would help get
to the progression in the cognitive deterioration.

4. CONCLUSION

As the symptoms of cognitive impairment are very subtle in
nature, a system integrating speech, eye movements and facial
expressions is preferred. This system would be a combination
of indicators reviewed in this paper assuming that the smallest
change in these can contribute to its detection. Further, the
current systems are invasive, expensive and have limited
accessibility to frontline screening tool for Alzheimer disease.
This system will be a preclinical non-invasive tool to assess
the changes in cognition through various computer-based
stimuli.

Further in future with the continuous use of this multimodal
system, we can track the symptoms of progression into
various types of dementia such as fronto-temporal, vascular,
Lewy body etc. This system would record the symptoms
which patients themselves and the people nearby miss.
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