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(57) ABSTRACT 

The present invention is a method and system for detecting 
linguistic markers as signs and indicators of mental illness, 
even prior to onset of symptoms of the mental illness. The 
linguistic markers may be detected in diachronic analyses of 
writing or speech samples. In particular, the present invention 
may identify lexical and syntactic changes in language due to 
mental illness. To recognize such changes the present inven 
tion may utilize complete, fully parsed texts or speech repre 
senting a number of measures. The identification of markers 
may provide a means of detecting mental illness early on 
based on a person's use of language. The language may be 
presented as spontaneous speech or writing, and may include 
samples of speech and/or writing occurring over time. 
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METHOD AND SYSTEM OF LONGITUDINAL 
DETECTION OF DEMENTA THROUGH 
LEXCAL AND SYNTACTIC CHANGES IN 

WRITING 

FIELD OF INVENTION 

0001. This invention relates in general to the field of lin 
guistic detection of mental illness and more particularly to 
utilizing lexical and syntactic measures in writing to detect 
dementia. This invention also relates for computer systems 
for detection of cognitive mental illness based on textual 
analysis. 

BACKGROUND OF THE INVENTION 

0002 Neurologically, one of two networks dominate the 
activities of the brain: a default mode (medial and pre-fron 
tal), which operates during waking life and does not focus on 
a known task, but is characterized as mind-wandering; and a 
cognitive control network (temporal), which operates during 
conscious execution of a specific task. It is in the default mode 
that language reflecting a person’s unguarded language facil 
ity unconsciously is expressed. 
0003 Prior research suggests that schizophrenia and clini 
cal depression co-occur when a decrease in regulation of the 
default mode network by the cognitive control network 
occurs. Researchers further Suggest that cognitive deficits 
that may provide early warning mechanisms for mental ill 
ness, for example, such as dementia or Alzheimer's disease 
(AD), may be detected by analyzing changes reflected by a 
person's use of language over time. However, a person 
affected by certainmental illnesses may be able to conceal, at 
least early stage, cognitive deficits by applying conscious 
strategies and tools. This attempt to hide the deficits can 
therefore hinder early detection of such mental illnesses. 
0004 Detection, and in particular early detection, of men 

tal illness can be a critical tool. As an example, forms of 
dementia, including AD, are among the most prevalent geri 
atric conditions affecting a large proportion of the aging 
population. Clinical assessment of dementia, involving sev 
eral diagnostic procedures, may be highly stressful for the 
individuals undergoing diagnosis. So far, a definitive diagno 
sis can be made only post mortem. But while there is no 
proven cure for many types of dementia, a correct, timely 
diagnosis is of great importance. A sufficiently early diagno 
sis of mental illness. Such as dementia and AD, may even 
make prevention possible. 
0005. Some mental illnesses are believed to begin years 
before symptoms appear. For example, some researchers, 
have found that Alzheimer's pathology likely begins many 
years before the onset of symptoms and that it may even begin 
decades before onset. 
0006 Such researchers suggest that diagnosis of the dis 
ease through the use of biomarkers before symptom onset 
may be a means of prevention (Blazer and Steffens 2009). 
0007 Recent studies further suggest that early diagnosis 
of Some mental illnesses can also be achieved through lin 
guistic analysis. The fact that the disease negatively affects 
the linguistic abilities of patients in both speech and writing 
presents the possibility of developing non-intrusive evalua 
tion techniques that require minimal involvement from the 
patients, by looking for diachronic changes in their writing. If 
a person's corpus of writing is available, for example, Such as 
in an online format (which may include a lifetime corpus of 
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writing), researchers posit that this could be used in conjunc 
tion with clinical assessments or on their own as an early 
detection tool. 
0008 Prior art methods of linguistic early detection of 
dementia generally Summarize lexical and syntactic changes 
in healthy aging and in dementia; a more-detailed discussion 
is given by Le (2010). Kemper et al. (2001) and Burke and 
Shafto (2008) report that in healthy aging, vocabulary 
increases through the middle adult years, but then may start to 
decline. In dementia, Vocabulary declines much more rapidly, 
especially the use of low-frequency and more-specific words 
(Bird et al. 2000, Maxim and Bryan 1994, Burke and Shafto 
2008), a consequence of which is that the patient’s noun-to 
verb ratio changes as more low-image verbs are used (Bird et 
al. 2000). Moreover, lexical repetitions increase (Nicholas et 
al. 1985; Smith et al. 1989; Holm et al. 1994, Cook et al. 
2009); ideas from previous utterances are often reiterated in 
the same words, phrases, or even short sentences, either as 
perseverations or as markers when other lexical items are not 
available (Maxim and Bryan 1994: 183); fillers (“um”, “ah’) 
and dysfluencies increase (Burke and Shafto 2008). 
0009. The syntactic complexity of language, defined by 
measures Such as clauses per utterance, declines with age in 
both spoken and written language (Burke and Shafto 2008). 
Maxim and Bryan (1994) report that left-branching clauses in 
English are more difficult for elderly adults to process than for 
a younger control group. Kemper et al. (2001), in a longitu 
dinal study following linguistic changes in healthy elders and 
dementia patients, found decline in grammatical complexity 
to be far more rapid in the latter. Bates etal. (1995) found that 
use of the passive Voice, in particular, was affected, with 
healthy elders producing fewer than a younger control group, 
and Alzheimer's patients far fewer again. Moreover, the AD 
group used more agentless passives (e.g., “John was fired” or 
“John got fired) than either of the control groups, and also 
relied heavily on the get form of passive. 
0010 Researchers creating prior art diagnosis methods 
generally agree that any decline that may occur in normal 
aging is accelerated in the presence of mental illness, for 
example, Such as dementia and AD. The distinguishing fea 
ture between a disease-related linguistic deficit and the natu 
ral decline associated with advancing age, then, is the rate of 
change, which is more gradual and less severe in healthily 
aging adults. In the case of mental illness, and dementia in 
particular, deficits in lexical features may be more prominent 
than in Syntactic ones, since a core of linguistic ability is 
possibly spared until the later stages of the disease progres 
Sion. The prior art does not offer an accurate system or 
method of diagnosis of mental illness utilizing linguistic 
markers. 

SUMMARY OF THE INVENTION 

0011. In one aspect, the present disclosure relates to a 
computer-implemented method of detecting one or more lin 
guistic markers as signs and indicators of mental illness, 
comprising the steps of utilizing a computer for collecting 
one or more speech or text samples from a user; operating the 
one or more processors of the computer for applying one or 
more analyses to the one or more samples, or to a portion of 
the one or more samples to identify the one or more linguistic 
markers and generate analysis results; reviewing the analysis 
results for diachronic changes to generate diachronic change 
results for each of the one or more analyses; aggregating the 
diachronic change results to determine if the user is affected 
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by mental illness; and providing diagnosis stating the deter 
mination of mental illness to the user. 
0012. In one aspect, a computer-implemented method of 
detecting or diagnosing cognitive deficit or mental illness is 
provided, comprising the steps of: 

0013 (a) utilizing one or more computers, or an inter 
connected network of computers, for collecting two or 
more speech or text samples from a Subject, and to 
determine a date for each sample and place the samples 
in a timeline based on the date for each sample; 

0014 (b) utilizing one or more computers, or an inter 
connected network of computers, to apply to the samples 
or to a portion of the samples one or more analytical 
operations, each analytical operation relating to a lin 
guistic or syntactic operation for analyzing linguistic 
expression to detect one or more linguistic markers con 
stituting indicators of the cognitive deficit or mental 
illness, thereby generating analysis results for each ana 
lytical operation; 

0015 (c) analyzing the text samples and the timeline so 
as to determine the rate of change over time across the 
samples for each analytical operation, and thereby gen 
erating rate of change results for each analytical opera 
tion; and 

0016 (d) aggregating the rate of change results, and 
analyzing the aggregated rate of change results for the 
Subject in order to generate early detection information 
or diagnosis information for the cognitive deficit of men 
tal illness. 

0017. In another aspect, the method comprises the step of 
accessing or calculating a normalized rate of change for each 
analytical operation that is applicable to the Subject, and 
comparing the normalized rate of change to the rate of change 
results in generating the early detection information or diag 
nosis information. 
0018. In yet another aspect, the method comprises the step 
of determining the applicable normalized rate of change for 
each analytical operation, based on one or more parameters 
associated with the subject. 
0019. In a still other aspect, the method comprise the step 
of pre-processing the two or more samples based on require 
ments of one or more textual analysis tools embodying the 
analytical operations. 
0020. In another aspect, the method comprises the further 
step of analyzing the two or more samples to establish a 
selection of one or more analytical operations from a group of 
analytical operations that will provide optimal early detection 
information or diagnosis information. 
0021. In a still other aspect, the method comprises the 
steps of: (i) pre-processing the two or more samples to elimi 
nate any non-spontaneous linguistic expression from the 
samples, and (ii) generating spontaneous speech samples for 
analysis. 
0022. In another aspect, the method comprises the step of 
applying one or more spontaneity analysis operations that 
include parameters for identifying text or portions of text that 
are relatively unguarded or indicative of free flow of lan 
guage, thereby indicating spontaneous speech. 
0023. In yet another aspect, the method comprises the step 
of acquiring the two or more samples from one or more of the 
following sources: (a) documents written by the Subject, Such 
as using a word processing utility; or any documents written 
by the person by hand, and converted to machine language 
using a suitable conversion utility; (b) emails written by the 
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Subject; (c) entries, posted by the Subject in, a Social network 
ing website; (d) blogs posted by the Subject; (e) comments 
posted by the person on any Internet website; or (f) micro web 
communications or other text-based communications com 
posed by the person. 
0024. In one aspect, a computer-implemented method of 
detecting or diagnosing cognitive deficit or mental illness for 
at least one Subject is provided, comprising the steps of: (a) 
capturing one two or more samples of the language expres 
sion of the user using a one or more computers, or an inter 
connected network of computers; (b) filtering the two or more 
samples for relevance for detecting lexical and/or syntactic 
changes of interest for the purpose of detection/diagnosis; (c) 
analyzing the filtered samples using one or more textual 
analysis tools for detecting lexical and/or syntactic changes in 
language expression of the Subject that are relevant to cogni 
tive deficit or mental illness; (d) calculating an actual rate of 
change for the detected lexical and/or syntactic changes; (e) 
comparing the actual rate of change to a relevant rate of 
change profile for the person (based on personal parameters 
Such as age): (f) based on this comparison generating an early 
detection or diagnosis output for the cognitive deficit or men 
tal illness. 

0025. In another aspect, the method comprises the further 
steps of (i) utilizing an analyzer to analyze the samples in a 
pre-processing stage, and optionally also based on a profile 
for the Subject, and (ii) intelligently selecting one or more 
textual analysis tools for generating optimal early detection 
or diagnosis results. 
0026. A computer network implemented system for 
detecting or diagnosing cognitive deficit or mental illness for 
at least one Subject, the system comprising: (a) one or more 
server computers, or a network of interconnected server com 
puters, connected to the Internet, and (b) including being 
linked to a server application or application repository oper 
able to provide: (i) one or more language expression capture 
tools, for writing or speech, that capture two, or more samples 
of expression of language of the Subject, and filter the samples 
for relevance for detecting lexical and/or syntactic changes of 
interest for the purpose of detection/diagnosis, and for deter 
mining a date for each sample and placing the samples in a 
timeline based on the date for each sample; (ii) an analyzer 
that is operable to: (A) apply to the samples or to a portion of 
the samples one or more analytical operations, each analytical 
operation relating to a linguistic or syntactic operation for 
analyzing linguistic expression to detect one or more linguis 
tic markers constituting indicators of the cognitive deficit or 
mental illness, thereby generating analysis results for each 
analytical operation; (B) analyze the samples and the timeline 
So as to determine the rate of change over time across the 
samples for each analytical operation, and thereby generating 
rate of change results for each analytical operation; and (C) 
aggregate the rate of change results, and analyzing the aggre 
gated rate of change results for the Subject in order to generate 
early detection information or diagnosis information for the 
cognitive deficit of mental illness. 
0027. In another aspect, the system includes a computa 
tional linguistics natural-language-processing system oper 
able to apply a lemmatizer for pre-processing of text, a parser 
for breaking down text to sentence fragments, and syntactic 
pattern-matching rules. 
0028. In another aspect, the analyzer is further operable to 

filter language expression that is spontaneous 
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0029. In yet another aspect, the system incorporates one or 
more language processing components. 
0030. In a still other aspect, the system provides accurate, 
non-invasive early detection or diagnosis of cognitive deficit 
or mental illness. 
0031. In one aspect, the system is a clinician decision 
Support system that provides a clinician dashboard enabling a 
clinician to review a Subject, profile and select and run ana 
lytical operations for early detection or diagnosis results for 
the subject. 
0032. In this respect, before explaining at least one 
embodiment of the invention in detail, it is to be understood 
that the invention is not limited in its application to the details 
of construction and to the arrangements of the components set 
forth in the following description or illustrated in the draw 
ings. The invention is capable of other embodiments and of 
being practiced and carried out in various ways. Also, it is to 
be understood that the phraseology and terminology 
employed herein are for the purpose of description and should 
not be regarded as limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033. The invention will be better understood and objects 
of the invention will become apparent when consideration is 
given to the following detailed description thereof. Such 
description makes reference to the annexed drawings 
wherein: 
0034 FIG. 1 is a flow chart of a method of an embodiment 
of the present invention. 
0035 FIG. 2 is a representative system diagram of a com 
puter network implemented system in accordance with the 
present invention. 
0036 FIG. 3 is a computer system resource diagram for 
illustrating a possible implementation of the present inven 
tion as a clinician system. 
0037 FIG. 4 is a diagram illustrating a possible generic 
computer system implementation of the technology 
described in this disclosure. 
0038. In the drawings, embodiments of the invention are 
illustrated by way of example. It is to be expressly understood 
that the description and drawings are only for the purpose of 
illustration and as an aid to understanding, and are not 
intended as a definition of the limits of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0039. An early stage detection or diagnosis system and 
method for cognitive deficit or mental illness is provided. 
0040. The system includes or is linked to (A) one or more 
textual analysis tools configured to detect lexical and/or syn 
tactic changes in language expression of a person. The textual 
analysis tools may incorporate prior art techniques for ana 
lyzing language expression to detect or diagnose cognitive 
deficit or mental illness. In addition, the present disclosure 
provides novel and innovative textual analysis methods for 
this purpose, and textual analysis tools based on these meth 
ods. 
0041. The system is further configured to (B) compute an 
actual rate of change for the lexical and/or syntactic changes 
for a person, (C) compare the actual rate of change to a 
relevant rate of change profile for the person (based on per 
Sonal parameters such as age), and (D) based on this com 
parison generate a diagnosis output. 
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0042. The system, in one implementation, is implemented 
as a computer system that includes two main components: (a) 
a language expression capture tool (writing or speech) that 
captures samples of expression of language of at least one 
person, and filters the samples for relevance for detecting 
lexical and/or syntactic changes of interest for the purpose of 
detection/diagnosis, and (b) an analyzer that is operable to 
analyze the captured and filtered samples based on operations 
(B), (C), and (D) referred to above. 
0043. The method of the invention may be understood as a 
computer implemented method for detecting or diagnosing 
cognitive deficit or mental illness in at least one user includ 
ing the steps of: (1) capturing one or more samples of the 
language expression of the user, (2) filtering the one or more 
samples for relevance for detecting lexical and/or syntactic 
changes of interest for the purpose of detection/diagnosis, (3) 
analyzing the filtered samples using one or more textual 
analysis tools for detecting lexical and/or syntactic changes in 
language expression of a person that are relevant to cognitive 
deficit or mental illness, (4) calculating an actual rate of 
change for the detected lexical and/or syntactic changes, (5) 
comparing the actual rate of change to a relevant rate of 
change profile for the person (based on personal parameters 
Such as age), and (6) based on this comparison generating a 
diagnosis output. 
0044) The filtering of the samples may be based for 
example on filtering language expression that is “spontane 
OUS 

0045. The analyzer may incorporate one or more existing 
language processing components. 
0046. The textual analysis methods and tools enable the 
definition of a set of “markers' for one or more cognitive 
deficits or mental illnesses. The analyzer tracks these markers 
across a plurality of samples that are time stamped for assem 
bly of a timeline, thereby enabling the calculation of the 
relevant rate of change across the timeline. The methods and 
system disclosed enable non-invasive early detection or diag 
nosis of a number of cognitive deficits or mental illnesses in 
an accurate way and therefore provides a highly innovative 
and useful contribution to the art. 

0047 One contribution of the present invention is novel 
and innovative methods describe below for detecting linguis 
tic markers as signs and indicators of cognitive deficit or 
mental illness. 

0048. Another important contribution is the practical com 
puter implemented system described for collecting samples 
of linguistic expression and analyzing these (as described 
below) in order to enable the generation of accurate early 
detection or diagnosis information. 
0049. One aspect of the present invention is a method and 
system for detecting linguistic markers as signs and indica 
tors of mental illness, even prior to onset of symptoms of the 
mental illness. The linguistic markers may be detected in 
diachronic analyses of writing or speech samples. In particu 
lar, the present invention may identify lexical and syntactic 
changes in language due to mental illness. To recognize Such 
changes the present invention may utilize complete, fully 
parsed texts or speech representing a number of measures. 
The identification of markers may provide a means of detect 
ing mental illness early on based on a person's use of lan 
guage. The language may be presented as spontaneous speech 
or writing, and may include samples of speech and/or writing 
occurring over time. 
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0050. The present invention may involve a capture tool for 
capturing linguistic expression (whether verbal or in writing), 
whereby one or more samples of speech or writing is Supplied 
by a person and the samples may be collected and stored. The 
collection and storage of samples by the capture tool may 
occur over time. The present invention may further include an 
analyzer operable to determine whether each of the captured 
samples is spontaneous on the part of the person providing the 
sample. A filter may be applied whereby speech or text 
deemed not to be spontaneous may be deleted, or otherwise 
distinguished from collected speech or text that is deemed to 
be spontaneous. The determination that identifies each 
sample as spontaneous or not spontaneous may involve the 
application of particular spontaneity criteria. 
0051. The present invention may be applied to identify 
signs of mental illness, for example, Such as dementia and 
AD, at an early stage or at least up until writing and/or speech 
is still possible by the person. The analysis of the one or more 
samples of writing and/or speech provided by the person may 
involve identifying lexical and syntactic markers that include 
at least one of the following: vocabulary size; repetition; word 
specificity; word-class deficit; fillers (such as “ah' or “um'); 
grammatical complexity; and the use of passive Voice. These 
markers may be utilized as measures to identify the onset of 
mental illness. 
0052 One implementation of the present, invention may 
further apply corpus linguistics and/or text-analysis tools 
operable to undertake concording of words and phrases to the 
determination as to whether a person is affected by mental 
illness. A computational linguistics natural-language-pro 
cessing system operable to apply a lemmatizer, parser, and 
Syntactic pattern-matching rules may be utilized in Such an 
implementation of the present invention. 
0053 Collectively the elements of the present invention 
may be incorporated into a non-invasive diagnostic tool for 
early onset of mental illness, for example. Such as dementia or 
AD 

0054 The discussion of the present invention herein will 
focus upon embodiments of the present invention utilized to 
determine whether a person is affected by dementia and/or 
AD specifically. This discussion is provided for the sake of 
clarity and specificity in the description of the invention pro 
vided herein. However, a skilled reader will recognize that 
Such embodiments of the present invention are merely 
examples of the present invention and that other embodi 
ments of the present invention addressing other cognitive 
deficits or mental illnesses may be possible. 
0055. In one implementation of the present invention, the 
analysis of the samples of speech and/or writing provided by 
a person may be reviewed to look for particular types of 
linguistic expression. For example, a major loss in vocabulary 
(revealed by type/token ratio and word-type introduction 
rate); an increase in repetition offixed phrases and of content 
words within close distance, a deficit in noun tokens and a 
compensation in verb tokens, and a pronounced increase in 
fillers may demonstrate a linguistic decline. Such linguistic 
expression may further indicate evidence of dementia. 
0056. The present invention may include measures and 
markers that are operable to distinguish disease-related lin 
guistic decline from the natural effects of healthy aging. For 
example, low-specificity nouns and verbs may be considered. 
Low-specificity nouns and verbs may behave contrary to 
expectation for disease-related linguistic decline and that 
caused by the effects of healthy aging. A decrease in the trend 
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of use of low-specificity nouns and verbs may occur in a 
healthy aging, person, whereas an increase of use of Such 
nouns and verbs may occur in a person affected by AD. 
Generally, the syntactic results may be interpreted in accor 
dance with measures and markers set to recognize that in AD 
patients syntax resists change longer than lexis. A skilled 
reader will recognize that a number of markers and measures 
may be included in the present invention and that each of 
these may work independently and collectively to identify a 
person who is affected by dementia and/or AD. 
0057 Additional measures and markers that may be uti 
lized in the present invention include measures of word speci 
ficity and a repetitiveness index that factors in phrase length. 
Other aspects of syntactic complexity, Such as gapping and 
conjunction, may further be included, as these aspects of 
Syntactic complexity may be reduced in AD. Semantic indi 
cators, in particular, measures of semantic coherence and 
measures of propositional density or idea density (Kemperet 
al. 2001) may further be included in the present invention. 
0058. The present invention may utilize either speech 
samples or text samples. For embodiments of the present 
invention that utilize text samples, the measures and markers 
may be applied to any type of writing, including published 
writing and ordinary functional daily writing (office memo 
randa, letters, etc). It may be possible to identify persons 
affected by AD by utilizing text archives and applying the test 
of the present invention to analyze these texts as well as 
current texts provided by the person. The availability of texts 
for analysis should increase in future years as the creation of 
electronic texts becomes a part of everyday life, and therefore 
the quantity of text samples that a person may have available 
to provide for analysis by the present invention may increase. 
0059. The measures and markers of the present invention 
may be amended to address the linguistic characteristics of 
the communication media as communication media changes 
and evolves over time. For example, the measures and mark 
ers may be amended from those utilized to analyze hand 
written letters from earlier decades to accurately assess new 
types of communication media, Such as shorthand communi 
cation in text messages, Twitter, etc. 

Language Expression Capture Tool 
0060. The language expression capture tool of the present 
invention, which may be implemented as a text capture tool. 
The text capture tool may generally be a system that captures 
text or speech associated with an individual over time. For 
example, the text capture tool may be a keystroke capture 
utility, or a computer program operable to capture email, 
electronic documents and other text generated by the person. 
A skilled reader will recognize that other text capture tools 
may also be incorporated in, or utilized by, the present inven 
tion. 
0061 The text or speech may be captured by the text 
capture tool in its entirety, or a portion of the text or speech 
may be captured. The text or speech captured by the text 
capture tool may be provided to the spontaneity analysis tool. 
The spontaneity analysis tool may analyze the text or speech 
as described herein. The analysis may determine if the text or 
speech is spontaneous. 

Spontaneity Analysis Tool 

0062 One aspect of the present invention that applies the 
spontaneity analysis tool may do so to identify 'spontaneous 



US 2016/0171 172 A9 

speech” because spontaneous speech, if captured, may be 
analyzed so as to identify a series of indicia, occurring over 
time that point to a person being affected by AD. Spontaneous 
speech may be identified by the application of certain criteria 
to the text or speech sample. For example, spontaneous 
speech may represent the expression of a Subjects innervoice 
as it flows naturally, as opposed to composed, edited or writ 
ten text. The use of spontaneous speech samples by the 
present invention may enable the identification of the indicia 
for dementia or AD, for example, such as indicia which have 
been identified by neurological and medical researchers that 
may be incorporated in the present invention as measures 
applied by the spontaneity analysis tool. 
0063. It should be understood however, that a spontaneity 
analysis is an optional aspect of the present invention, and 
merely an example of filtering of language expression 
samples for the purposes of the solution described herein. 
0064. In natural conversation, as well as the creative flow 
that characterizes unconstrained writing, a person may not be 
conscious of what he says until he has articulated his 
thoughts. For example, a person may hear his own speech at 
about the same time as one or more other persons participat 
ing in the conversation also hears the person’s speech. Thus, 
spontaneous speech may be a type of language emanating 
from a “flow” state. Spontaneous speech may be less likely to 
be shaped consciously by external influences, such as some 
one else’s writing, or the person’s conscious analysis and 
editing of an utterance. A person may employ the step of 
editing of an utterance as a strategy and/or tool to mask the 
degradation of that person’s language processing. A person 
may also have several various styles of writing. However, 
when a person speaks or writes naturally, the resulting speech 
or writing may be closer to the native language of the person’s 
mind. The resulting speech or writing may further be reflec 
tive of the current ability of the person’s mind to process 
language. As such, the resulting speech or writing, which 
represents spontaneous speech, may provide a useful basis for 
an analysis of the present invention to monitor the linguistic 
indicia, including measures and markers, as described herein. 
0065 One aspect of the present invention may be a system 
configured and operable to capture a sample of writing or 
speech that is the articulation of at least one person. The 
present invention may apply a spontaneity analysis to the 
sample to review the language of the sample and identify the 
sample as a whole, or portions of the sample, that meet the 
spontaneity criteria for spontaneous speech. For example, the 
spontaneity analysis may identify whole or portions of the 
sample to be wholly, or relatively, unguarded or indicative of 
free flow of language. As another example, the spontaneous 
speech may be unguarded speech, uttered naturally with an 
inner voice that uses the mind's native language, captured in 
writing or orally. Samples, or portions of samples, identified 
as spontaneous speech may be further stored, or provided 
directly to the further text analysis tools of the present inven 
tion, as a suitable underpinning for processing based on the 
dementia and/or AD indicia, measures and markers, as 
described herein. 

0066. After the spontaneity analysis one or more smaller 
data sets of analysis databased on the text or speech originally 
provided to the spontaneity analysis tool may be stored in a 
storage means, such as the storage means where texts or 
speech are stored following capture by the capture tool. 
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Textual Analysis Tools 
0067. A historical analysis may be applied to any one or 
more stored texts or speech samples. The historical analysis 
may be operable to detect changes in language processing by 
a person, as are identified by an application of the measures or 
markers of the present invention by the historical analysis. 
This historical analysis may thereby determine if a person is 
affected by dementia and/or AD. 
0068 An aspect of the present invention may apply a 
current analysis to a text or speech sample that is provided to 
the present invention recently or in a current session. The 
current analysis may review the sample and utilize measures 
and markers, discussed hereinto determine linguistic patterns 
or aspects that identify the person as being affected by demen 
tia or AD. 
0069. One implementation of a computer system of the 
present invention is shown in FIG. 1. In a first step, one or 
more text (or speech) samples 10 may be captured from one or 
more persons. The capture of the samples may be undertaken 
by using a language expression capture tool (also referred to 
as a text capture tool), for example, such as a computer 
program, or a software utility that is part of a computer 
program, said program or Software utility being operable to 
access sampletext or speech communications of a person that 
may be stored or provided in a variety of media and via a 
plurality of platforms. For example, the text capture tool may 
be operable to access any of the following types of text 
samples: (i) documents written by the person, such using a 
word processing utility, or any documents written by the 
person by hand; (ii) emails written by the person; (iii) entries 
posted by the person in a social networking website; (iv) 
blogs posted by the person; (V) comments posted by the 
person on any Internet website; (vi) micro web communica 
tions such as TWEETSTM drafted by the person; and (vii) any 
other text-based communication by the person. 
0070 The text capture tool may also include, or be linked 
to, a conversation-recording device operable to record speech 
in a digital form. In order to translate recorded speech to a 
textual format, the text capture tool may also include, or be 
linked to, an application of speech-to-text component oper 
able to capture natural speech in a text format. 
0071. The text capture tool may also include, or be linked 
to, an optical character recognition (OCR) component 12 
operable to capture text from pages of hand-written text, and 
thereby create an electronic document based on the text from 
the hand-written text. 
0072 The sample may be reviewed and potentially con 
Verted in a pre-processing stage 14. An analyZeror analysis or 
engine of the present invention may implement one or more 
routines for pre-processing the sample. 
0073. In implementation of the invention, text may be 
lemmatized as a first pre-processing step. 
0074 The pre-processing stage may be undertaken to con 
vert the sample into a format; that is processable by the parser 
(16). A skilled reader will recognize that the pre-processing 
stage may be required or may not be required, and the sample 
may be converted or not converted, depending on the particu 
lar language or format of the sample. Samples in a format and 
language that is processable by the parser (16) will not require 
a pre-processing stage or any conversion, whereas samples in 
a format and language that is not processable by the parser 
(16) will require a pre-processing stage and conversion. 
0075. The parser 16 may be operable to apply a syntactic 
analysis to the sample. The operation of the parser (16) may 
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not be dependent on the sample being limited to spontaneous 
speech. The parser (16) may be operable to break-down the 
text to sentence segments. The sentence segments may be 
utilized by one of the textual analysis tools of the present 
invention to undertake a sentence-by-sentence analysis of the 
sample. For example, in one aspect of the present invention, a 
Charniak parser may be utilized. A skilled reader will recog 
nize that a variety of parsers may be utilized by, or incorpo 
rated in, the present invention. 
0076 One or more textual analysis tools 18 of the present 
invention may be applied to parsed or unparsed text, as appro 
priate to each analysis that is to be undertaken by each of the 
one or more textual analysis tools. The textual analysis tools 
may each utilize particular measures and markers to analyze 
one or more samples, or portions of one or more samples. 
Generally, textual analysis tools may be operable to analyze 
one or more samples in a variety of manners. For example, an 
analysis tool may analyze one or more samples on a sentence 
by-sentence basis, an analysis tool may also analyze one or 
more samples on a text-by-text basis. The one or more 
samples analyzed may be samples from one or more persons. 
Each textual analysis tool may generate results. These results 
may be further refined through particular calculations, such as 
statistical calculations 20. 

0077 Analysis of the one or more samples by the one or 
more textual analysis tools, may occur simultaneously, or 
Subsequently. The textual analysis tools may each apply par 
ticular linguistic measures or markers to ascertain aspects of 
the one or more samples. For example, one aspect of the one 
or more samples that may be calculated is the syntactic com 
plexity identified in the one or more samples. This may be 
calculated for each sample, and/or an average may be calcu 
lated for two or more samples over a specific period of time. 
Calculations for individual samples, and/or averages for two 
or more samples over particular periods of time, may be 
compared to each other to calculate further results of the 
present invention analyses. A skilled reader will recognize 
that calculating averages as results may not be possible for 
each textual analysis tool to undertake, in accordance with the 
form of the sample utilized, the type of analysis end the 
particular measures and markers applied by the textual analy 
sis tool. 

0078. As another example of an textual analysis tool 
applied by the present invention, an analysis of two or more 
samples for particular measures or markers may produce 
certain results. Results derived from the analysis of each of 
the two or more samples for specific measures or markers 
may be calculated to represent statistical results, for example, 
Such as statistical results indicating if any significant (non 
random) change exists between at least two of the two or more 
samples. A statistical operator may be utilized in this textual 
analysis tool, as may be linear regression. A skilled reader 
will recognize that other statistical methods may be applied 
by the textual analysis tools of the present invention as appro 
priate to each type of analysis and each sample that is ana 
lyzed. 
007.9 The results of the textual analysis tools, including 
any statistics or other calculations, may be utilized by an 
aggregate analysis toot 22. The aggregate analysis tool may 
aggregate the results generated by the analysis tool and may 
identify diachronic changes exhibited in the samples. The 
diachronic changes may further be reviewed to determine if a 
person is exhibiting signs of being affected by dementia and/ 
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or AD. Based upon this analysis a diagnosis 24 may be gen 
erated indicating if a person is diagnosed to be affected by 
dementia and/or AD. 
0080 Results of the textual analysis tools may be stored to 
the data storage means as well. In this manner the analyzer 
may be linked to, or otherwise connected to, a series of 
attributes of composed or edited linguistic expression, stored 
to a database (“composition attributes'). The analyzer may be 
operable to dynamically look up the composition attributes, 
and analyze the text based on the measures and markers 
generated by the textual analysis tools. 
I0081. As another example of an analysis tool applied by 
the present invention, a spontaneity analysis may be applied 
to each sample. The spontaneity analysis may occur prior to 
any parsing or other analysis of the text. The spontaneity 
analysis may be implemented as part of the analyZeror analy 
sis engine of the present invention, and may function to ana 
lyze the samples to filter and otherwise remove components 
of the sample that have attributes that Suggest that the com 
position or editing of the sample occurred so as to contradict 
spontaneity of the sample. As described above, the spontane 
ity analysis may remove or otherwise filter samples, or por 
tions of samples, that do not represent spontaneous speech. 
Due to Such filtering samples, or portions of samples that do 
not represent spontaneous speech may not be further ana 
lyzed by any of the other analysis tools of the present inven 
tion. 
I0082 One aspect of the present invention may further be 
linked or otherwise connected to at least one data storage 
means. The data storage means may include a database, and 
may further include one or more servers that are located in 
close-proximity, or remotely from each other. The samples 
may be stored in a data storage means after one or more of the 
following steps: text capture; OCR; text-preprocessing; pars 
ing; and spontaneity analysis. 

System 

I0083. The system of the present invention may include 
several elements. One aspect of the present invention may 
include a computer operable to process one or more software 
applications. The computer may be linked to several ele 
ments, including elements located locally and remotely to the 
computer. The computer may also, or alternatively, incorpo 
rate or otherwise integrate, one or more of the elements of the 
present invention. One aspect of the present invention may 
include at least the following elements connected to or inte 
grated with the computer: a conversation-recording device, 
for example, such as a small microphone recorder, having 
functionality similar to a Holter monitor for cardiac patients; 
a speech-to-text Software application; a tool for collecting and 
storing one or more speech samples in electronic format, Such 
as tweets, text messages, and other correspondence or docu 
ments; an analytic system operable to analyze a corpus of 
spontaneous speech and/or writing samples (“samples') 
associated with an individual, including: a grammar analysis 
tool operable to analyze the grammar of language (which may 
be written or oral language); a spontaneity analysis tool oper 
able to analyze spontaneously-flowing utterance in the 
samples; a language parser operable to parse the one or more 
samples based on the grammar of the sample to generate 
language portions for analysis; and an analysis tool operable 
to analyze the language portions to identify language con 
structs typical of dementia and/or AD, and analyze these 
language constructs againstone or more criteria based on use 
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of language and associated with dementia and/or AD so as to 
generate one or more analysis results for enabling a diagnosis 
for dementia and/or AD for the individual. 
0084. A skilled reader will recognize that other elements 
may be included in, or connected to, the present invention, for 
example, such as: other analysis tools; aggregation tools to 
aggregate results of the present invention; a statistical calcu 
lator operable to calculate statistics based on the results of the 
analysis tools; a diagnosis presentation tool operable to 
present a diagnosis to a user of the system; a data storage 
means operable to store data generated by, or provided to, the 
system; and other elements. 
0085. A skilled reader will further recognize the variety of 
measures and markers that may be applied by the analysis 
tools of the present invention, as well as the possible uses of 
the measures and markers by the analysis tools of the present 
invention. The following provides an example of some of the 
types of measures and markers that may be incorporated in 
the present invention and how these may be utilized by the 
present invention. In particular, the examples provide a 
description of the possible lexical and syntactic measures of 
the present invention. A skilled reader will recognize that 
these are provided as examples of possible measures and 
markers of an aspect of the present invention and that other 
aspects of the present invention are possible. 
I0086 Moreover, the examples below discuss comparisons 
between results of the analyses. In aspects of the present 
invention results between two or more samples, whether 
within a single analysis or between analyses of samples, may 
be compared. The present invention may further include spe 
cific target, or ranges of results, and may uses these targets or 
ranges as the basis for a comparison of the results of one or 
more samples, or one or more analysis. Comparisons may 
generally be utilized by the present invention as an indication 
as to whether lexical or syntactic measures based on a sample 
represent evidence that should be utilized in a determination 
that a person may be affected by dementia or AD. Examples 
of Such comparisons are provided below, although a skilled 
reader will recognize that other comparisons are also pos 
sible. 
0087 What follows are a number of methods for detecting 
lexical end/or syntactic changes in language expression of a 
person that Suggest cognitive deficit or mental illness. The 
methods are explained in part by explaining samples of lin 
guistic processing and how these may be analyzed by opera 
tion of the present invention by providing textual analysis 
tools based on the methods described, configured in a manner 
that is known to those skilled in the art. As explained above, 
the analyzer in accordance with the present invention incor 
porates both lexical level measures for analyzing text and 
Syntactic measures for analyzing text. The measures 
described below are examples of measures that may be imple 
mented to the computer system of the present invention. It 
should be understood that the computer system of the present 
invention is not limited to the use of any particular combina 
tion of lexical level and syntactic measures. 

Lexical Level Measures 

0088. Utilizing one or more of the samples provided by a 
person to the present invention, an aspect of the present inven 
tion may look for changes over time in each of the measures 
utilized by an analysis tool. For example, the present inven 
tion may perform simple linear regression of the measure 
against the person’s age, and may test each regression model 
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for a statistically significant relationship between the per 
son's age and the value of the measure. As a more specific 
example, the present invention may test the correlation 
between measures utilizing the Spearman rank-order corre 
lation coefficient method. 

I0089. Some of the measures that the present invention may 
apply may be sensitive to text length of a sample and therefore 
require a cut-off threshold. For example, in the case of 
vocabulary richness, a 60,000-word novel may not have twice 
as many unique word-types as a 30,000-word novella, since 
the number of word-types does not grow linearly with the 
number of word-tokens. This is so as the second half of the 
60,000-word novel is bound to “reuse' many word-types of 
the first half. Samples that meet the text length requirement 
may be grouped into a dataset. For example, should each 
sample in a dataset contain at least 55,000 tokens, for length 
sensitive measures it may be possible to consider only the first 
55,000 tokens of each text, and exclude samples, that don’t 
meet the length requirement and which would consequently 
lower the token count. 

0090 Word-type/word-token and word-token/word-type 
ratios may be used to measure richness of Vocabulary. A 
word-frequency profile shows the distribution of observed 
frequency of words by frequency rank—how many word 
types occur once (hapax legomena), twice (hapax legomena), 
etc.—and is described further by measures of central ten 
dency (the mean), of dispersion from this mean value (stan 
dard deviation), of asymmetry or skewedness (indicating 
whethera distribution peaks to either side), and of peakedness 
or kurtosis (the pitch or shallowness of the distribution curve). 
0091. These descriptive statistics may indicate where, in 
the course of texts composed over time, Vocabulary changes 
OCCU. 

0092 Because, in the first few sections of a text, new 
words occur very often, as the text gets longer, words repeat 
themselves more and more. Therefore it is important to com 
pare texts (or text samples) of comparable sizes. However, 
sometimes the only available texts are of different sizes then 
variant TTR (type token ratio) measures exist that reduce the 
difference between texts of different sizes. The Carroll TTR 
divides the types by the square root of twice the tokens in 
order to do so. In 1944 G. Udney Yule developed another 
measure—his characteristic K-to estimate Vocabulary rich 
ness independent of text size. 

(2) indicates text missing or illegiblewhen filed 

(0093 Gustav Herdan (1966: 101-4) extended this mea 
Sure: it is the results of dividing by the mean frequency of 
word-types—the result of the standard deviation (from the 
mean frequency of word-types), itself divided by the square 
root of the total word-types. 
0094 For example see: Herdan, Gustav. Quantitative Lin 

guistics. London: Butterworths, 1964; Pollatschek, Moshe 
A., and Yehuda T. Radday. “Vocabulary Richness and con 
centration in Hebrew Biblical Literature.” Association of Lit 
erary and Linguistic Computing Bulletin 8.3 (1981): 217-31; 
Yule, G. Udney. The Statistical Study of Literary Vocabulary. 
Cambridge: Cambridge University Press, 1944. 
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Vocabulary Size 
0095 One aspect of the present invention may measure the 
vocabulary size of each novel by the TTR, and by the word 
type introduction rate (WTIR). The TTR may be the number 
of unique lemmatized word-types divided by the total number 
of word-tokens. The WTIR may be the cumulative number of 
unique lemmatized types computed at every 10,000-token 
interval. 
0096 Generally, in persons affected by dementia and/or 
AD, an unusually low rate of Vocabulary growth may occur 
compared to works of healthy persons (and when compared to 
other works of the person when he was healthy). The low rate 
of vocabulary growth may be concentrated at a period in time 
so that the TTR results show a decline in vocabulary that 
occurred abruptly. Employing similar methods, a longitudi 
nal approach of the present invention may reveal additionally 
that the decline is severe at the onset of symptoms of dementia 
and/or AD occurs. This can be compared to a healthy person 
who may experience a progressive move of TTR results into 
the lower range, indicating a progressive impoverishment of 
Vocabulary. 
0097. It should be understood that it is useful to implement 
as part of the present invention one or more mechanisms to 
analyze fluctuations between for example a first sample and a 
Subsequent second sample. For example, a Sequential 
Vocabulary-Gain-and-Loss Measure may be used to analyse 
the fluctuation invocabulary between one text (A) and the text 
that—chronologically—Succeeds it (B). Specifically, it indi 
cates which words in initial-textA are not in its successor-text 
B, and which words in B are not in A. This measure does not 
register a permanent gain or loss in Vocabulary. That is 
because individual words lost in one transition, from A to B, 
are sometimes gained in a Subsequent transition, say from B 
to C. However, by Summing the absolute gains and losses over 
a chronologically-ordered series transitions of text to text, the 
Sequential Vocabulary Gain-and-Loss Measure may indicate 
a person's enhancing, steady-state, or losing trend in Vocabu 
lary usage over time. AD patients typically use strategies to 
overcome memory loss over time. Reliance on writings of 
others or on writing tools like thesauri will result in gains in 
vocabulary, but they may be short-lived. As strategies them 
selves are forgotten, so chronologically-successor texts may 
gradually exhibit losses in Vocabulary that exceed all gains. 
0.098 Gained-and-lost-word lists at each transition from 
text to text may also mark the temporal boundary when cer 
tain classes of words begin to increase and decrease. 
0099. This measure appears in Microcomputer Text 
analysis System version 2.0 (Lancashire and Presutti 2012). 

Lexical Repetition 

0100 While a person sometimes uses deliberate repetition 
for effect, an increasing rate of lexical repetition may indicate 
a reduced vocabulary or word-retrieval difficulties. Two 
analyses may be applied by the present invention to determine 
whether lexical repetition occurs in one or more samples: 
global and local. 
0101. A global analysis may measure a person’s tendency 
to repeat by counting global word n-gram repetitions, that is, 
phrases containing from 2 to 11 words that occurat least twice 
at any point in a text. In this context “phrase' references word 
n-grams, not syntactic constituents. The present invention 
may extract all fixed phrasal repetitions, as defined by word 
length and frequency, in the first of a specified length of 
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tokens of each sample. Maximals may be defined to be the 
longest repeating fixed phrases in a text that are not found 
inside any other repeating fixed phrase, and associates may be 
defined to be substrings of maximals that occur more fre 
quently than those maximals. 
0102) A local analysis may measure local repetition: the 
proportion of lemmatized open-class words (i.e. nouns, con 
tent verbs, adjectives, and adverbs) repeated within a set 
number of Subsequent open-class words, computed over the 
number of all content words in each sample. 
0103) The present invention may identify a correlation 
between rates of leixcal repetition of a specific distance and 
the other vocabulary measures, for example, such as PR 
(phrasal repetition), TTR and WTIR at a set number of tokens 
in a sample or dataset. Repetition rate may be negatively 
correlated with vocabulary size. 

Lexical Specificity 
0104. The present invention may approximate lexical 
specificity by computing the proportions of indefinite nouns 
and of high-frequency, low-imageability verb tokens in each 
sample. A higher proportion may be recognized by the 
present invention to indicate greater reliance on generic 
words and, consequently, a lower overall specificity rank. For 
example, the present invention may consider indefinite 
nouns, such as “thing(s)', 'something”, “anything”, “noth 
ing' and a specific number, Such as 35, of high-frequency 
verbs of relatively low specificity, in their base and conju 
gated forms. As an example, the present invention may utilize 
the following high-frequency verbs of relatively low speci 
ficity: 

0105 be, come, do, get, give, go, have, know, look, 
make, see, tell, think, want, ask, feel, find, forget, hap 
pen, hear, like, live, mean, meet, put, remember, run, say, 
seem, speak, Suppose, take, use, walk, wonder. 

0106 The present invention may generate approximations 
to be significantly correlated with the lexical repetition mea 
Sure and negatively correlated with the Vocabulary measures 
that may identify that a larger vocabulary entails fewer lexical 
repetitions and less reliance on common verbs of low speci 
ficity. 

Word-Class Deficit 

0107 The present invention may recognize proportions of 
each word class over the entire length of each sample, interms 
of both word-tokens, in order to look for signs of deficit in or 
reliance on individual classes, and word-types, in order to 
measure Vocabulary size of open classes. 
0108. The present invention may identify changes in the 
proportions of nouns, pronouns, content verbs, adjectives, 
and adverbs, in terms of token count and type count. The 
present invention may further generate results of one or more 
statistical significance tests for each word class of interest, as 
well as a report of the correlation coefficients between the 
different word classes. 
0109 The analysis of the present invention may utilize 

full, context-aware part-of-speech tagging, to discover longi 
tudinal variations in the datapoints. The present invention 
may identify a decline in noun-token proportion and a rise in 
Verb-token proportion and recognize these trends as statisti 
cally significant, for example, such as with P-value below 
0.05. Statistical tests of the present invention may also show 
a negative correlation between the noun and verb proportions 
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of samples. Such correlations may occur in semantic demen 
tia patients in that the apparent noun deficit may be compen 
sated for by a rise in verbs. 
0110. The present invention may consider proper nouns 
together with common nouns, and may identify a strong 
negative correlation between noun-token proportion and pro 
noun-token proportion for samples. Based upon this analysis 
the present invention may identify that the deficit in nouns is 
remedied by increased use of pronouns, in addition to the 
previously mentioned rise in verb proportion. 
0111. The present invention may further consider types 
instead of tokens to identify an opposite tendency. Noun 
proportions may increase while verb proportions decrease in 
samples. Based upon this consideration, combined with the 
Vocabulary and high-frequency verb results, the present 
invention may identify that a decline in vocabulary may be 
more dramatic for verbs than for nouns, causing an increase in 
noun-type proportion (which does not necessarily signify a 
growth in noun Vocabulary) in certain samples. 
0112 The present invention may further consider a dis 
connection between type and token exists in the proportions 
of adjectives and adverbs. While the adjective token propor 
tions remain relatively stable, wide variations may occur in 
type proportions for samples. An abrupt drop may be indica 
tive of a person affected by dementia or AD. 
0113. The present invention may also consider adverbs 
and determine whether there is a significant increase in the 
use of adverbs in a sample. 
0114. The present invention may consider the correlation 
coefficients between different word classes in token and in 
type. For example, a rise of verb-token proportion may be 
positively correlated with the rise of adverb-token proportion. 
High-frequency verb results in a sample that further shows a 
reliance on common, less-specific verbs may represent an 
increased usage of adverbs that may represent a remedy for 
the reduced number of specific verbs available in a person’s 
active vocabulary. 

Fillers 

0115. Another lexical measure that may be applied by the 
present invention is the proportion of words identified in 
part-of-speech tagging as interjections and fillers. In written 
samples of text, these words largely appear in quoted dia 
logues, but in any person's attempt to create or recreate a 
dialogue, the chosen conversational styles in their samples 
will arguably reflect, to some extent, their own styles. None 
theless, this measure may reflect a person's stylistic choice 
rather than a cognitive decline and the present invention may 
interpret this measure cautiously. 
0116. The filler measure may be moderately correlated, 
with statistical significance, with other lexical measures. For 
example, for the filler measure the correlation may be nega 
tive for the vocabulary measures—type/token ratio (TTR) 
and word-type introduction rate (WTIR)—and positive for 
lexical repetitions (LR), phrasal repetitions (PR), indefinite 
nouns (IN), and high-frequency verb proportions (HFV). The 
results may indicate that a high rate of fillers represents word 
finding difficulty, which reduces vocabulary size, increases 
repetitions, and leads to a greater reliance on generic verbs. 

Syntactic Measures 
0117 The present invention may apply syntactic measures 
that operate on parse trees, one for each sentence in a text, as 
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may be parsed by the parser of the present invention. A simple 
linear regression may be performed on each set of results and 
each set of results may be tested for statistical significance. 
Correlation between measures may be computed, for 
example, such as with the Spearman correlation coefficient 
method. 

Syntactic Complexity 

0118 Syntactic complexity may be assessed by the 
present invention by several measures, as described herein, 
which have been shown to be sensitive to the effects of aging. 
However, any quoted dialogue in written samples may com 
plicate analysis of syntactic complexity because spoken lan 
guage tends to have lower complexity, with shorter sentences, 
fewer embedded clauses, less complex grammar, and more 
fragments. Based on these characteristics of dialogue, the 
proportion of dialogue in each sample may partly determine 
the complexity Scores for the sample. The present invention 
may perform separate syntactic analysis on the quoted-dia 
logue portions of a sample and the narrative portions of a 
sample. In some sample however, separation of dialogue from 
narrative may not be possible. Consequently, the results of 
these measures may be interpreted cautiously by the present 
invention. 

0119 Mean Length of Utterance (MLU) and Mean Num 
ber of Clauses per Utterance (MCU): For each sentence parse 
tree, the number of words and the number of clauses (main, 
subordinate, and embedded) are counted. (Contractions, such 
as "Isn't' and “they’re', count as two words: the stem and the 
contracted clitic.) MLU and MCU are the respective averages 
over all sentences in a text. The MLU results of samples may 
show increasing tendencies. The MCU data may show a sig 
nificant overall increasing trend for some samples. 
I0120 Parse Tree Depth and Yngve Depths: The parse tree 
depth measure may compute the average maximum depths of 
the parse trees of the sentences in each complete sample. This 
may reflect the average number of embedded structures in a 
sentence, in order to approximate syntactic complexity, rely 
ing on the assumption that deeply nested levels of embedding 
are associated with complex sentences. The average 
unweighted parse tree depth of a sample may indicate a brief 
rise in the early samples, a steep drop in later samples. 
0121 The present invention may recognize that equal 
weight should not be assigned to left-branching and right 
branching structures, because, given the nature of the many 
languages, left-branching structures are more complicated 
and put a heavier requirement on working memory. There 
fore, the present invention may utilize an asymmetric mea 
Sure that compensates for left-branching structures, for 
example, such as the Yngve (1960) measure, which assigns a 
higher score for left-branching syntax than for right-branch 
1ng. 

0.122 D-Level: Originally constructed by Rosenberg and 
Abbeduto (1987), the D-Level scale is a psycholinguistics 
based ranking of sentence types into eight levels of increasing 
syntactic complexity. Cheung and Kemper (1992) and Cov 
ington et al. (2006) addressed some problems in the original 
scale and proposed modifications to better model incremental 
levels of complexity. The present invention may apply a 
D-Level scale based on the revised version of D-Level by 
Covington et al. The present invention uses pattern-matching 
to determine whether a parse tree matches the constructions 
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indicative of each level. Each parse tree may be given a score 
between 0 and 7, and these scores may be averaged over the 
entire sample. 
0123. In the present invention few of the syntactic com 
plexity measures may yield statistically significant results. 

Passive Voice 

0.124. The present invention may approximate the fre 
quency of passive voice usage by counting the number of 
sentences containing a "be'-passive, a 'get'-passive or a past 
participle verb followed by a “by'-phrase. Bare passives 
(those not headed by “be' or “get such as the verb 
“headed in this clause) often cannot be distinguished from 
the perfect use of past participles if not accompanied by a 
“by'-phrase. The same pattern-matching algorithm used for 
the D-Level measure may be utilized to identify the three 
passive forms. The measure of the present invention may 
generate a report of the percentage of sentences containing 
passive forms over the total number of sentences, as well as of 
the percentages of each passive form over all passive sen 
tences. Note that, because a passive sentence may contain 
both a "be'-passive and a "get-passive, the percentages of 
“be’- and "get-passives for each sample, do not necessarily 
Sum to 100%. 
0.125. The present invention may recognize that this mea 
Sure is moderately correlated with most syntactic complexity 
measures for some samples. This Suggests that access to 
passive forms may be affected by the overall complexity of 
one's syntax. 

Generating Results 

0126 Collectively the lexical and syntactic measures 
applied by the analyzer of the present invention generate 
results. These results may be reviewed by a user of the com 
puter system of the present invention, and may in particular be 
compared to results from other samples, or to set targets or 
ranges. The review may generate, a determination as to 
whether a person is affected; by dementia and/or AD fig 
example. The determination may be presented to a user, who 
may be the person who provided the sample, a clinician, a 
researcher, or another person authorized by the person who 
provided the sample to view the determination, or any other 
data of the present invention, including any reports generated 
by the system. 
0127. The present invention may also generate reports of 
the results or analyses of the present invention. These reports 
may also be presented to a user, who may be any of the users 
described above. A skilled reader will recognize that a wide 
variety of reports that may be generated by the present inven 
tion. 
0128. A skilled reader will also recognize the variety of 
presentation means that the present invention may utilize to 
present any results, determination, diagnosis, reports, or other 
data or instructions relating to the present invention to a user, 
who may be any of the users described above. For example, 
the presentation may be on a display means, such as a screen 
of a computer, or another electronic device (e.g., tablet, cell 
phone, Smart phone, e-Reader, or any other electronic 
device), a printed document, or any other presentation means. 
To facilitate certain presentation means the system may 
require a link to or other connection to particular elements, 
Such as a printer a computer screen, an electronic device, or 
other presentation means. The link or other connection 
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between the present invention to such presentation means 
elements may be via a wired or wireless link or type of 
connection. 

I0129. The results generated by the present invention based 
on the lexical and syntactic measures, and/or other measures 
and markers utilized by the present invention may be com 
pared, or matched. The following provides an example of the 
matching that may be applied by one aspect of the present 
invention. A skilled reader will recognize that this is merely 
an example and the other aspects of the present invention are 
also possible. 

Matching Patterns and Parse Trees 
0.130. A pattern-matching algorithm, or other calculation, 
may be applied by the present invention to syntactic mea 
Sures, for example, Such as D-Level score and passive pro 
portion. The pattern-matching algorithm may assign scores to 
sentences that match predefined patterns. Each pattern may 
describe the structural, syntactic and, optionally, lexical prop 
erties required in a matching parse tree. 
I0131. In one implementation of the invention, for each 
sentence type specified in the revised D-Level scale and each 
passive structure, the present invention may define one or 
more patterns that describe the necessary and Sufficient con 
ditions for a matching parse tree (each parse tree corresponds 
to one sentence in the datasets). When a match is found, the 
algorithm may assign a score to the sentence. In the case of 
D-Level, this score may be, for example, a value between 0 
and 7, corresponding to the eight levels of the scale. For 
passive proportion, the score may be binary, for example, 1 
for a tree containing an identified passive structure, and 0 
otherwise. 
0.132. Two modes of pattern-matching may be imple 
mented: root-match (the pattern has to match the tree from the 
root node) or branch-match (the pattern can match any Sub 
tree). The present invention may also implement a set of 
special pattern symbols to specify the exact match location in 
a parse tree. 

Language: 

I0133) A syntactic complexity analyzer may be integrated 
in the present invention. The syntactic complexity analyzer 
may be in several programming languages, for example, Such 
as: Scheme, which offers several following advantages. Such 
as simplicity of recursing down a parse tree given the nature 
of the language, and the parse tree format (determined by the 
parser) is conveniently a well-defined nested list in Scheme: 
object-oriented Python wherein a preprocessing stage 
becomes necessary in which the input parse trees and pat 
terns, read as “flat strings, and transform these into leveled 
data structures with the advantage that it can process multiple 
input files in batch mode, quickly and conveniently; or any 
other Suitable language. 

Parse Tree Format: 

I0134. A parse tree may be defined recursively for the 
present invention as either a leaf node, which consists of a tag 
and a value, or a non-leaf node, which consists of a tag and a 
list of other nodes (i.e., its subtrees). The format utilized may 
reflect this recursive structure, and may also be the standard 
output format of most parsers. The tags may be standard 
part-of-speech tags, for example, such as are used by the Penn 
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Treebank (with some additional tags used by the Charniak 
parser), and the values may be simple word tokens. 

0.135 Leaf node: (tag value) 
I0136. Non-leaf node: (tag child-node, child-node... 
child-node) 

0.137 The following is an example of a well-formed parse 
tree (*): 

0138 (S (NP (PRP This)) (VP (VBZ is) (NP (DTa) (JJ 
simple) (NN example))) (...) 

Basic Pattern Format: 

0.139. A basic pattern may have the same format as a parse 
tree, with the exception that the values of its leaf nodes can be 
omitted. More specifically: 

0140 Leaf pattern 1: (tag value) 
0141 Leaf pattern 2: (tag) 
0142. Non-leaf pattern: (tag child-pattern child-pat 
tern ... child-pattern) 

0143. The parse tree (*) given above may be a pattern 
itself, and so are the following, with varying degrees of speci 
ficity: 

10144) (S (NP (PRP)) (VP (VBZ) (NP (DT) (JJ) (NN)))) 
(0145 (S (NP this) (VP (VBZ is) (NP (NN)))) 
0146 (VP (VBZ) (NP (NN))) 
10147 (NN) 

0148. A set of special symbols may be available to specify 
further requirements on a matching parse tree. 

Basic Pattern Matching Rules: 
0149. At the leaflevel, a leaf pattern may matcha leaf node 
if they have the same tags and the same values. Value match 
ing may be case-insensitive, while tags may be required to be 
an exact match. If the value of the leaf pattern is omitted, then 
only the tags may be considered—the pattern may accept any 
value at the corresponding location in the parse tree. At the 
non-leaf level, informally, a pattern may match a parse tree 
from the root if they have the same tags, and each child node 
of the pattern matches, in order, the corresponding node in a 
subset of the child nodes of the parse tree, which are not 
necessarily adjacent (sibling) nodes. 
0150. In the second mode of matching (branch-matching), 
a pattern may match a parse tree either from the root node or 
from an embedded node at any sub-level down the parse tree 
according to the same root-matching rules. 
0151. The basic pattern examples, provided herein, may 

all match the parse tree (*) in branch-matching mode, while 
only the first two patterns may match from the root. On the 
other hand, the parse tree may not match any of the following 
patterns in either mode, because of Some mismatched com 
ponents, which can be tags, values, or levels of embedding. 
These components are underlined. 

0152 (S (NP (NNP)) (VP)) 
0153 (S (NP) (VP (VBZ) (NP (DT the) (JJ (NN)))) 
0154 (S (VBZ)) 
O155 (RB) 

Special Symbols: 

0156 The basic pattern-matching rules may be operable to 
specify the exact tags, values, and embedding levels required 
in a parse tree; however, apart from the optional value speci 
fication, matching may operate on a literal basis. Two types of 
special symbols may be introduced, which add flexibility to 
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the pattern-matching algorithm, analogous to the power of 
regular expression over literal string matching: 

0157 Content symbols may replace node tags or leaf 
values. If a single underscore (“ ”) replaces a node tag, 
this matches any tag at the corresponding location in the 
parse tree. If a square-bracketed list of node tags (or leaf 
values) is encountered, any of these tags (or values) can 
match the tag (or value) at the corresponding location in 
the parse tree. 

0158 Structural symbols may optionally be added in 
front of a child-node pattern to specify additional infor 
mation about the syntactic structure of the match. The 
implemented syntactic symbols are either unary or 
binary. The format of a non-leaf pattern now becomes 
(with square brackets indicating optional arguments): 
I0159 (tag unary-symbol pattern binary-sym 
bols pattern patterns ...) 

Example 
0160. As an example of the present invention the inventors 
undertook a test, as described herein. This test represents 
merely an example of one possible aspect of the present 
invention. Other aspects are possible. 
0.161 The example of the present invention involved the 
analysis of samples that included: 20 of Iris Murdoch's 26 
novels, published between ages 35 and 76 M=52.7; 16 of 
Agatha Christie's novels written between ages 28 and 82 
M=59.0; and 15 of the novels of P. D. James, published 
between ages 42 and 82 M-63.9). Apart from Christie's 
Curtain, written during the war but published only in the 
mid-1970s, it is assumed, given no evidence to the contrary, 
that each novel was written just prior to the year of its publi 
cation. All texts belong to the same genre, prose fiction, and in 
all cases, the novels span the author's career. 
0162 The text of two of Christie's novels. The Mysterious 
Affair at Styles (1920) and Secret Adversary (1922), tame 
from Project Gutenberg; all the others were scanned and 
converted to plain text with commercial optical character 
recognition (OCR) software (the Christie novels with 
OmniPage Professional 15.0, and the others with ABBYY 
Fine-Reader 9.0 Professional Edition). In this example OCR 
errors in spelling and punctuation were corrected manually, 
and then common error patterns were corrected semi-auto 
matically with an interactive Script. 
0163 The experiments undertaken required various levels 
of processing of the resulting text files, ranging from simple 
unlemmatized word sequences through lemmatized 
sequences and part-of-speech tagging to complete syntactic 
analyses. Given the plain text file of a novel, punctuation 
marks and clitics were separated from the word tokens to 
which they are attached (e.g. “I’m”, “is nt”, “Johns'), and 
the words were lemmatized with WordNet’s morphy method 
in the Natural LanguageToolkit (Bird et al., 2009). Sentence 
boundaries were determined with a rule-based, deterministic 
algorithm. Then a parse tree was generated for each sentence, 
using the Charniak (2006) parser, which includes part-of 
speech tagging as a Subprocess. Finally, a script was run on 
the parse trees to correct common patterns of error made by 
the parser. 
0164 Lexical and syntactic analyses were then carried out 
on the words and on the syntactic trees of the texts of each 
author. These analyses included analyses of Vocabulary size, 
oflexical repetition, of lexical specificity, of word-class defi 
cits, of filler words, of syntactic complexity, and of the use of 
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the passive voice. The data resulting each analysis for each 
author was then analyzed diachronically to determine, by 
means of a linear regression, whether there were statistically 
significant changes over time. These tests determined that the 
texts of Iris Murdoch followed the patterns associated with 
Alzheimer's disease, and it is known that Murdoch indeed 
died of Alzheimer's disease. The tests determined that the 
texts of P. D. James followed the patterns associated with 
healthy aging without Alzheimer's disease, and it is known 
that P. D. James has aged healthily. The tests determined that 
the texts of Agatha Christies followed the patterns associated 
with Alzheimer's disease, and it has long been Suspected by 
Christie's biographers that she suffered from Alzheimer's 
disease. 

Further Implementation Detail 
0.165. The computer system of the present invention may 
be implemented using a number of different possible com 
puter architectures. 
0166 In one aspect, as illustrated in FIG. 2, the present 
invention may be implemented as a computer network imple 
mented system that includes two main functional components 
(a) a language expression capture tool or utility, or text cap 
ture utility 30that captures samples of expression of language 
(writing or speech) of at least one person, and filters the 
samples for relevance for detecting lexical and/or syntactic 
changes of interest for the purpose of detection/diagnosis, and 
(b) an analyzer 32 that is operable to analyze the captured and 
filtered samples based on lexical and syntactic operations 
described herein. 
0167 As shown in FIG. 2, the text capture utility 30 and 
the analyzer 32 may be implemented as part of a server 
application34. The server application 34 is linked to a server 
computer 36, however, the computer system of the present 
invention may be executed on both centralized computers and 
distributed, decentralized computer systems. The server com 
puter 36 may be a web server for example, as shown in FIG. 
2. 
0168 The server computer 36 may be linked to a database 
37 for storing the various samples, for example in a structured 
database that Supports rapid search and retrieval operations 
for the analytical operations described. 
0169. The Internet or any other private or public network 
(for example a company's intranet) may be used as the net 
work to communicate between the centralized servers and the 
various network connected devices or distributed computing 
systems that interact with it. 
0170 FIG. 2 illustrates for example a first group of net 
work-connected devices associated with a plurality of users 
who may be associated with the computer system of the 
present invention for the purposes of capture of their linguis 
tic expression, for the purpose of early detection or diagnosis 
in accordance with the present invention. In one aspect of the 
invention, the server application 
0171 The computer devices 38 or distributed systems may 
enable the monitoring and capture of linguistic expression of 
one or more users, for example users registered to the server 
computer 36, for example using a registration utility that is 
part of the server application 34. The registration utility may 
for example obtain the consent of users through a "click 
accept form to the connection of the server application 34 
(for example using a suitable application programming inter 
face) to various applications or accounts of the user, so as to 
obtain samples of linguistic expression for the user for 
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example from their messaging utilities 40 or social network 
ing platforms 42 such as for example FACEBOOKTM, TWIT 
TERTM or others. It should be understood that linguistic 
expression through the platforms may include significant 
amounts of spontaneous linguistic expression as communi 
cations through these platforms tend to be informal and rela 
tively unfiltered. 
0172. The server application 34 may also provide one or 
more other tools for obtaining relevant information, such as 
for example an upload utility uploading for example scanned 
writings or recorded speech for the user. It should be under 
stood that various other mechanisms for obtaining samples of 
linguistic expression may be used sand integrated with the 
computer system of the present invention. 
0173 FIG. 2 also shows a plurality of network connected 
devices that may be associated for example with clinicians 44 
who may access the output of the computer system in order to 
apply their skills and expertise to use the output in order to 
help users understand the detection or diagnosis results and 
the implications for them. The server application 34 in one 
implementation provides access to a clinician dashboard 46 
that enables clinicians for example to (a) selectively apply 
lexical/syntactic operations, (b) set attributes for analyzing 
text samples based for example on patient attributes, (c) set 
attributes for early detection or diagnosis reports, (d) access 
detection or diagnosis results, (e) run further analytical opera 
tions depending on review of detection or diagnosis results, 
(f) access one or more operations of a treatment suggestion 
engine in order to assemble a treatment plan report, and so on. 
0.174. It should also be understood that the computer sys 
tem may be implemented in a way that enables the results to 
be processed by the computer system for consumption by 
users themselves, as an early detection system. The results or 
the way in which they are processed may be filtered to avoid 
undue alarm of users. Various triggers may be incorporated 
into the system such as an alert to a health care provider to the 
user, based on consent provided by the user previously 
through the server application 34. The server application 34 
may include a user dashboard 48 that may include for 
example a subset of the features of the clinician dashboard 46, 
designed and presented for use by users. 
0.175. The server application 34 may include or connect to 
a variety of different applications, utilities, or features that a 
person skilled in the art may adapt for use in connection with 
the present invention. For example the server application 34 
may include a web presentment utility (not shown) to deliver 
various web pages for Supporting the operations described 
herein. It should be understood that the analyzer 32 may be 
implemented as an analytics engine 50 that Supports the vari 
ous lexical and syntactic operations described herein, and the 
related textual analysis tools described above. The analytics 
engine 50 may also be configured aggregate information (in 
cluding from the detection or diagnosis results) for example 
to establish trends. Trend information may be used for 
example for example to develop insights into development or 
treatment of cognitive deficits or mental illness. 
0176 It should be understood that the computer system of 
the present invention may also be implemented using various 
client server models. For example the computer system may 
include a client application that may be installed on any 
computer device used by a user (for example a tablet com 
puter, a desktop computer, and a mobile device) and may be 
operable to capture and optionally also filter linguistic, 
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expression of interest and communicate this information 
from time to time to the server computer 36. 
0177. It should be understood that the computer system of 
the present invention may also be implemented using various 
application service provider (ASP) processing, models or 
Software-as-a-service (SaaS) application delivery models. 
0178. In another aspect of the invention, the computer 
system of the present invention may also be implemented as 
clinician computer system, as shown in FIG.3. A computer 52 
which may be a suitable desktop computer, is provided with 
or linked to a computer program 54 that incorporates the 
features of at least the analyzer 32 described above and 
optionally also the text capture utility 30. The description of 
one possible implementation of a clinician computer system 
in accordance with the present invention follows. 
0179. In one aspect of the present invention, the computer 
system may be understood as a decision Support system 
where the computer system of the present invention produces 
results that may be used by a clinician for example to Support 
decisions made in connection with diagnosis of cognitive 
deficits or mental illness. 

0180. In one aspect of the computer system of the present 
invention, a possible clinician system is described, as shown 
in FIG. 3. A computer 52 may be any manner of computer 
system suitable for running the computer program 54 of the 
present invention and for enabling a clinician user to interact 
with the various utilities of the computer program 54 includ 
ing one or more management interfaces for accessing the 
functions described. For example, the computer 52 may be a 
desktop computer or a tablet computer. 
0181. The computer program 54 may include an input 
component 56 that allows the clinician or other user to enter 
the patient data that the computer system will analyze. In one 
implementation, the input component 56 presents one or 
more screens that request the clinician to provide, or the input 
component 56 connects with another system Such a patient 
record management system (not shown) to obtain, patient 
information Such as the patient's name, date of birth and other 
information that may be required. 
0182. The input component 56 in one implementation 
guides the clinician user through obtaining samples of 
patient’s writing at differentages. In one aspect, it is assumed 
that each sample is in a separate file (but an additional method 
that extracts several samples from a single file may be used). 
For each sample, the clinician may specify the file name, the 
date of the writing sample that it contains, and what pre 
processing, if any, the file requires. The date of the sample 
may be specified precisely (as for example 23 Mar. 1987), or 
imprecisely (as for example late 1987 or 1987-88). 
0183 The pre-processing of each sample may include 
extraction of raw text from a file whose format may be PDF or 
MICROSOFT WORDTM. The computer 52 may link to a 
scanner 58 for example for scanning documents. In addition, 
the input component 56 may include or link to an optical 
character recognition (OCR) utility 60 for enabling text to be 
read from a scan or image. In one aspect, the input component 
56 may implement a method that automatically determines 
what kind of file is given and hence what kind of pre-process 
ing is required. Because these are inherently imperfect pro 
cesses, this component may also allow the clinician or other 
user to optionally inspect the output of the pre-processing to 
Verify its quality and to make corrections necessitated by 
errors in the pre-processing, Such as the correction of OCR 
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errors or the removal of formatted elements such as tables and 
headings that were mistaken for text by the pre-processing 
component. 
0184. In another particular aspect, the input component 56 
may also implement a method that allows the clinician or 
other user to specify for each sample the language in which it 
is written, and it may also implement one or more methods 
that automatically identify the language in which the sample 
is written, there being many known methods for Such identi 
fication. The computer system may ensure that the analysis is 
carried out only for a set of samples of the same language (as 
comparisons across different languages are not necessarily 
meaningful), and it may ensure that the methods used in the 
analyzer are appropriate for the language in question—for 
example, the use of a German parser if the text is in German. 
At present, only English is considered in the embodiment of 
the computer system of the present invention, but the skilled 
reader will recognize that the methods of analysis are inde 
pendent of any particular language and that the computer 
system may be embodied for languages other than English 
when provided with a part-of-speech tagger, a parser, and, if 
necessitated by the nature of the language, a word segmenter 
for any particular language. 
0185. In the particular embodiment of the present inven 
tion described herein, the analyzer 62, in one aspect of the 
invention, allows a clinician or other user to initiate the quali 
tative and quantitative analysis of each writing sample indi 
vidually and to initiate the quantitative analysis of the com 
plete set of samples. 
0186 For example, qualitative (syntactic) analysis may 
include for example part-of-speech tagging and parsing, of 
each sample. Because these are stochastic and inherently 
imperfect processes, the clinician or other user may option 
ally inspect the output of this analysis in order to verify its 
quality and to correct any errors that were made. 
0187. The analyzer 62 may use the methods described in 
this disclosure for quantitative analysis of each sample. 
0188 In another aspect of this implementation, the com 
puter program 54 may present one or more user interfaces that 
enable a clinician or other users to select samples, or one or 
more Subsets of samples, for diachronic quantitative analysis 
for example. It should be understood that the present inven 
tion contemplates the computer program 54 providing a cli 
nician dashboard that may be implemented by skilled pro 
grammers and user interface designers to enable intuitive use 
of the solutions described herein. 

0189 The computer program 54 may also include one or 
more tools for displaying results of the computer system of 
the present invention. For example, for each measure of the 
quantitative analysis, the system may, at the option of the 
clinician or other user, present any or all of the following 
information: (a) a table showing the value of the measure for 
each sample or a specified Subset of the samples, (b) a graph 
showing the value of the measure for each sample or a speci 
fied Subset of the samples, (c) a table Summarizing the value 
of the measure over time as seen in the samples, (d) a graph 
Summarizing the value of the measure over time as seen in the 
samples, (e)ananalysis of the change in value of the measure, 
including the slope of a linear regression line and an analysis 
of the statistical significance of said slope, (f) a Summary of 
the quantitative analysis, (g) an interpretation of quantitative 
analysis, and/or (h) a formatted presentation, Suitable for 
printing, of any or all of the information described above. 
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0190. In one example of implementation of the invention, 
an example is provided to illustrate the implementation of 
various aspects of the textual analysis tools described. 
0191 For example, what follows is a textual analysis tool 
for measuring the gradual Vocabulary losses of novelists. The 
particular application is referred to as “MTAS 2.0. MTAS 
2.0 newly measures the Vocabulary changes between one text 
(A) and the text that—chronologically—succeeds it (B). Spe 
cifically, it tells us which words in A are not in its successor 
novel B, and which words in B are not in A. It gives two lists 
of words, counts, and a graph. 
0.192 In one aspect of implementation of this textual 
analysis tool, it generates an EXCELTM with a distribution 
graph that shows the analysis results across several samples. 
This allows the discovery insights such as for example that 
patterns of vocabulary loss over the course of a Subjects onset 
of AD for example. The textual analysis tool may also gen 
erate for example data that indicates what kind of words are 
being lost and not regained. In other words, the textual analy 
sis tools may be configured in order to incorporate a variety of 
Vocabulary richness measures which may reveal various 
insights in to cognitive deficits and mental illnesses. The 
explanation of this aspect serves to explain that the computer 
system of the present invention may not only be used as an 
early detection and diagnosis system, but also as a research 
tool. 

0193 In another aspect textual analysis fools in accor 
dance with the present invention may be configured to 
enables users to control the sections of a text to be analyzed, 
e.g. first X words, last X words, slices ofy words throughout, 
the graphing of user selected words within one or more 
defined texts or defined text portions. 
0194 The present system and method may be practiced in 
various embodiments. A Suitably configured computer 
device, and associated communications networks, devices, 
Software and firmware may provide a platform for enabling 
one or more embodiments as described above. By way of 
example, FIG. 4 shows a generic computer device 100 that 
may include a central processing unit (“CPU”)102 connected 
to a storage unit 104 and to a random access memory 106. The 
CPU 102 may process an operating system 101, application 
program 103, and data 123. The operating system 101, appli 
cation program 103, and data 123 may be stored in Storage 
unit 104 and loaded into memory 106, as may be required. 
Computer device 100 may further include a graphics process 
ing unit (GPU) 122 which is operatively connected to CPU 
102 and to memory 106 to offload intensive image processing 
calculations from CPU 102 and run these calculations in 
parallel with CPU 102. An operator 107 may interact with the 
computer device 100 using a video display 108 connected by 
a video interface 105, and various input/output devices such 
as a keyboard 110, mouse 112, and disk drive or solid state 
drive 114 connected by an I/O interface 109. In known man 
ner, the mouse 112 may be configured to control movement of 
a cursor in the video display 108, and to operate various 
graphical user interface (GUI) controls appearing in the video 
display 108 with a mouse button. The disk drive or solid state 
drive 114 may be configured to accept computer readable 
media 116. The computer device 100 may form part of a 
network via a network interface 111, allowing the computer 
device 100 to communicate with other suitably configured 
data processing systems (not shown). One or more different 
types of sensors 130 may be used to receive input from 
various sources. 
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0.195 The present system and method may be practiced on 
virtually any manner of computer device including a desktop 
computer, laptop computer, tablet computer or wireless hand 
held. The present system and method may also be imple 
mented as a computer-readablefuseable medium that includes 
computer program code to enable one or more computer 
devices to implement each of the various process steps in a 
method in accordance with the present invention. In case of 
more than computer devices performing the entire operation, 
the computer devices are networked to distribute the various 
steps of the operation. It is understood that the terms com 
puter-readable medium or computer useable medium com 
prises one or more of any type of physical embodiment of the 
program code. In particular, the computer-readablefuseable 
medium can comprise program code embodied on one or 
more portable storage articles of manufacture (e.g. an optical 
disc, a magnetic disk, a tape, etc.), on one or more data storage 
portioned of a computing device, such as memory associated 
with a computer and/or a storage system. 
0196. It will be appreciated by those skilled in the art that 
other variations of the aspects described herein may also be 
practiced without departing from the scope of the invention. 
Other modifications are therefore possible. 
0.197 For example, the system and method disclosed 
herein may be applied to enable the analysis of linguistic 
markers in a variety of languages to detect signs of mental 
illness. The invention is not limited to a particular language; 
however, some modification of the steps or measures 
described may be necessary to provide the results described in 
languages other than English because of differences between 
languages, such as for example syntactic differences. For 
example, if the text samples are in French, then pre-process 
ing may take into account the declensions and other charac 
teristics of the French language, the parser may be a parser for 
the French language, and the indefinite nouns and high-fre 
quency verbs may be those of the French language. Addition 
ally, if the input is in a language such as Chinese that does not 
mark word boundaries in text, then the additional pre-pro 
cessing step of determining the word boundaries, using any of 
the methods already developed or later developed for this 
purpose may be taken. If the input is in an agglutinative and/or 
highly morphologically inflected language such as Finnish, 
then the additional pre-processing step of lemmatizing the 
inflected and agglutinated words may be taken 
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We claim: 
1. A computer-implemented method of detecting or diag 

nosing cognitive deficit or mental illness comprising the steps 
of: 

(a) utilizing one or more computers, or an interconnected 
network of computers, for collecting two or more speech 
or text samples from a subject, and to determine a date 
for each sample and place the samples in a timeline 
based on the date for each sample: 

(b) utilizing one or more computers, or an interconnected 
network of computers, to apply to the samples or to a 
portion of the samples one or more analytical operations, 
each analytical operation relating to a linguistic or syn 
tactic operation for analyzing linguistic expression to 
detect one or more linguistic markers constituting indi 
cators of the cognitive deficit or mental illness, thereby 
generating analysis results for each analytical operation; 
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(c) analyzing the text samples and the timeline so as to 
determine the rate of change over time across the 
samples for each analytical operation, and thereby gen 
erating rate of change results for each analytical opera 
tion; and 

(d) aggregating the rate of change results, and analyzing 
the aggregated rate of change results for the Subject in 
order to generate early detection information or diagno 
sis information for the cognitive deficit of mental illness. 

2. The method of claim 1, comprising the step of accessing 
or calculating a normalized rate of change for each analytical 
operation that is applicable to the Subject, and comparing the 
normalized rate of change to the rate of change results in 
generating the early detection information or diagnosis infor 
mation. 

3. The method of claim 2, comprising the step of determin 
ing the applicable normalized rate of change for each analyti 
cal operation, based on one or more parameters associated 
with the subject. 

4. The method of claim 1, further comprising the step of 
pre-processing the two or more samples based on require 
ments of one or more textual analysis tools embodying the 
analytical operations. 

5. The method of claim 1, comprising the further step of 
analyzing the two or more samples to establish a selection of 
one or more analytical operations from a group of analytical 
operations that will provide optimal early detection informa 
tion or diagnosis information. 

6. The method of claim 1, further comprising the steps of: 
pre-processing the two or more samples to eliminate any 
non-spontaneous linguistic expression from the samples, and 
generating spontaneous speech samples for analysis. 

7. The method of claim 6, comprising the step of applying 
one or more spontaneity analysis operations that include 
parameters for identifying text or portions of text that are 
relatively unguarded or indicative of free flow of language, 
thereby indicating spontaneous speech. 

8. The method of claim 1, comprising the step of acquiring 
the two or more samples from one or more of the following 
SOUCS 

(a) documents written by the Subject, Such as using a word 
processing utility, or any documents written by the per 
Son by hand, and converted to machine language using a 
suitable conversion utility; 

(b) emails written by the subject; 
(c) entries posted by the Subject in a social networking 

website; 
(d) blogs posted by the subject; 
(e) comments posted by the person on any Internet website; 
O 

(f) micro web communications or other text-based com 
munications composed by the person. 

9. A computer-implemented method of detecting or diag 
nosing cognitive deficit or mental illness for at least one 
Subject, comprising the steps of 

(a) capturing one two or more samples of the language 
expression of the user using a one or more computers, or 
an interconnected network of computers; 

(b) filtering the two or more samples for relevance for 
detecting lexical and/or syntactic changes of interest for 
the purpose of detection/diagnosis; 

(c) analyzing the filtered samples using one or more textual 
analysis tools for detecting lexical and/or syntactic 
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changes in language expression of the Subject that are 
relevant to cognitive deficit or mental illness; 

(d) calculating an actual rate of change for the detected 
lexical and/or syntactic changes; 

(e) comparing the actual rate of change to a relevant rate of 
change profile for the person (based on personal param 
eters such as age); 

(f) based on this comparison generating an early detection 
or diagnosis output for the cognitive deficit or mental 
illness. 

10. The method of claim 9, comprising the further steps of 
(i) utilizing an analyzer to analyze the samples in a pre 
processing stage, and optionally also based on a profile for the 
Subject, and (ii) intelligently selecting one or more textual 
analysis tools for generating optimal early detection or diag 
nosis results. 

11. A computer network implemented system for detecting 
or diagnosing cognitive deficit or mental illness for at least 
one subject, the system comprising: 

(a) one or more server computers, or a network of inter 
connected server computers, connected to the Internet, 
and 

(b) including being linked to a server application or appli 
cation repository operable to provide: 
(i) one or more language expression capture tools, for 

writing or speech, that capture two or more samples of 
expression of language of the Subject, and filter the 
samples for relevance for detecting lexical and/or syn 
tactic changes of interest for the purpose of detection/ 
diagnosis, and for determining a date for each sample 
and placing the samples in a timeline based on the date 
for each sample; 

(ii) an analyzer that is operable to: 
(A) apply to the samples or to a portion of the samples 

one or more analytical operations, each analytical 
operation relating to a linguistic or syntactic opera 
tion for analyzing linguistic expression to detect 
one or more linguistic markers constituting indica 
tors of the cognitive deficit or mental illness, 
thereby generating analysis results for each analyti 
cal operation; 

(B) analyze the samples and the timeline so as to 
determine the rate of change over time across the 
samples for each analytical operation, and thereby 
generating rate of change results for each analytical 
operation; and 

(C) aggregate the rate of change results, and analyzing 
the aggregated rate of change results for the Subject 
in order to generate early detection information or 
diagnosis information for the cognitive deficit of 
mental illness. 
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12. The system of claim 11, wherein the language expres 
sion capture tool is operable to capture one or more of the 
following types of text samples: 

(a) documents written by the Subject, Such as using a word 
processing utility, or any documents written by the per 
Son by hand and converted to text using a suitable con 
version utility; 

(b) emails written by the subject; 
(c) entries posted by the Subject in a social networking 

website; 
(d) blogs posted by the subject; 
(e) comments posted by the person on any Internet website; 
(f) micro web communications or other text-based com 

munications composed by the person. 
13. The system of claim 11, wherein the system includes a 

computational linguistics natural-language-processing sys 
tem operable to apply a lemmatizer for pre-processing of text, 
a parser for breaking down text to sentence fragments, and 
Syntactic pattern-matching rules. 

14. The system of claim 11, wherein the analyzer is further 
operable to filter language expression that is spontaneous. 

15. The system of claim 11, wherein the analyzer incorpo 
rate one or more language processing components. 

16. The system of claim 11, wherein the system provides 
accurate, non-invasive early detection or diagnosis of cogni 
tive deficit or mental illness. 

17. The system of claim 11, wherein the system is a clini 
cian decision Support, system that provides a clinician dash 
board enabling a clinician to review a subject profile and 
select and run analytical operations for early detection or 
diagnosis results for the Subject. 

18. The system of claim 17, wherein the clinician decision 
Support system guides the clinician through a workflow for 
obtaining samples of the Subjects linguistic impression in 
order to enable the analyzer to produce the early detection of 
diagnosis results. 

19. The system of claim 17, wherein the clinician decision 
Support includes a treatment suggestion engine that analyzes 
the early detection or diagnosis results, and based on analysis 
Suggests a treatment plan for acceptance or modification of 
the clinician. 

20. The system of claim 11, wherein the system is config 
ured for use by the subject, and the system enables the subject 
to link sources of samples to the system, thereby enabling the 
system to capture samples over time, and generate and makes 
accessible to the Subject the early detection of diagnosis 
results. 


