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Abstract

Alzheimer’s disease (AD) is a progressive and fatal brain disease that destroys brain cells, causing problems with memory, thinking and behaviour. The various stages of cognitive decline in AD patients include a linguistic decline. Language is known to be vulnerable to the earliest stages of Alzheimer's disease, and the findings of the Iris Murdoch Project (Garrard et al. 2005) confirmed that linguistic changes can appear even before the symptoms are recognised by either the patient or their closest associates.

      
This paper describes a longitudinal language assessment of Prime Minister Harold Wilson’s speeches (1964-1970 and 1974-1976), extracted from the Hansard transcripts (the edited verbatim report of proceedings in both Houses) to explore possible effects of AD process on his language use. 


We are confident that this longitudinal study and the language-use variables selected may provide us with some new understanding of the evolution and progression of language deterioration in AD.
1. Introduction

Alzheimer’s disease (AD) is a brain disorder –the most common form of dementia named for German physician Alois Alzheimer, who first described it in 1906. The neuropsychological deficits attributable to AD have been documented extensively (Haxby et al. 1988; Almkvist 1994; Kertesz et al. 1994; Greene and Hodges 1996; Varma et al. 1999; Baddeley 2001; etc.). AD is a progressive and irreversible neurological brain disorder, as abnormal changes in the brain worsen over time, eventually interfering with many aspects of brain function. Memory loss is one of the earliest symptoms, along with a gradual decline of other intellectual and thinking abilities, called cognitive functions, and changes in personality or behaviour. 

As the symptoms of dementia can develop slowly and are frequently similar to other conditions it can be difficult to make a person’s diagnosis, particularly in the early stages (Galton et al. 2000). The preclinical stage of AD is inconspicuous and there are almost by definition no reliable and valid symptoms and signs which would allow a very early diagnosis before the manifestation of irreversible deficits (Förstl and Kurz 1999; Spaan et al. 2005; Duchek and Balota 2005). The challenge and importance of pre-diagnostic AD detection is very much related to primary symptom of mild cognitive impairment (MCI), where patients may be aware of their symptoms and able to report on their own cognitive dysfunctions. Some studies have already demonstrated that the use of patients’ language samples dating back years, or even decades, before the clinical confirmation of AD, might be a useful source for detecting MCI (Snowdon 2003; Garrard et al. 2005; Garrard 2009; Lancashire and Hirst 2009). 

2. Language and AD

AD leads to changes in language production at all levels. Various authors have examined and compared the language in normal aged people with AD affected ones. Major changes were found in vocabulary richness (Maxim and Bryan 1994; Lancashire and Hirst 2009): in normal aging, the mental lexicon continues expanding indefinitely; however, lexical retrieval becomes slower. In contrast, AD affected people have more serious problems in lexical retrieval and the mental lexicon becomes eventually inaccessible.


Maxim and Bryan (1994:46; Lancashire and Hirst 2009) also found differences in the use of indefinite words (i.e. thing, matter, something, someone, etc.); a modest increase is found in healthy normal aging, while patients with AD show a dramatic overuse of indefinite words (Nicholas et al. 1985).


Word repetition and phrase repetition have also been found different between normal aging and AD; healthy people evidence some increase; however, AD patients show greater increase in repeating words and phrases (Nicholas et al. 1985; Lancashire and Hirst 2009).


Regarding syntax, Bates et al. (1995) discovered significant differences in normal aging compared to AD; where normal aging has no effect on the range and variability of syntactic structures used, AD patients underused passives and embedded sentences (Ellis 1996).

Discourse also exhibits differences between normal aging and AD. Data obtained from AD patients reveal incoherence, sentence shortening and uncontrollable repetition of a particular response, such as a word, phrase, or gesture, despite the absence or cessation of a stimulus (Harnish and Neils-Strunjas 2008).

These facts suggest that an assessment of dementia might be based in part on an analysis of a diachronic account of the linguistic output by the patient. However, despite the studies above, the evolution of language disturbance in AD patients has rarely been examined systematically, especially in order to detect and analyse MCI at the earliest stages of AD, except for Garrard’s recently published article Cognitive Archaeology: Uses, Methods and Results. (Garrard 2009). Garrard analyses the vocabulary trends in transcripts
 of former British Prime Minister Harold Wilson’s performance in the spontaneous speech throughout his two terms of office (1964-70 and 1974-76). The analysis is based on quantification techniques using the 30 most frequent words and the 30 most frequent content words and comparing them intra-speaker: Harold Wilson 1965-66, 1969-70 and 1975-76; and inter-speakers Harold Wilson (1965-66, 1969-70 and 1975-76) versus the rest of the Members of Parliament (1965-66, 1969-70 and 1975-76). The findings showed that the content of Wilson’s speeches was identifiably different from those of other members of the House throughout his career as Prime Minister. However, the difference was smaller during the months leading up to his resignation –a sign that he was losing his distinctive voice. Garrard (2009) concludes that this could be a symptom of the earliest stages of AD. 


Garrard’s conclusions shed new light in pre-diagnostic AD detection; however, his research also evidences some imprecision and flaws: (i) minor errors in some calculations, such as mean word frequency (41.4 instead of 42.2, as stated); (ii) lack of precision in some statements: “… a set of mid-frequency words to be compared”, which makes it very hard for any researcher to falsify his study; and (iii) probably more sophisticated techniques would have resulted more adequate, reliable and revealing (i.e. multivariate statistical techniques) than the use of just Wilcoxson’s Signed Rank Test and Friedman’s Test. In addition, Garrards’s methodology is very difficult to apply as it requires not just the linguistic data of the potential AD patient but also data of other fellow subjects.
3. Research goal

As Garrard (2009), we shall perform the analysis on the same case study: former British Prime Minister Harold Wilson, a would-be affected AD patient at the time of resignation in 1976. Our analysis, on a longitudinal corpus, aims at identifying and analysing variables likely to be altered due to AD affection at embryonic stages. 
4. Methodology  

This research is based on a case study. A case study may show a correlation between two or more variables/factors, and whether or not a causal relationship can also be proven. Case study is an ideal methodology when a holistic, in-depth investigation is needed, portraying a person’s behaviour, in our case: the linguistic output of a single individual.

Furthermore, our case study method involves an in-depth, longitudinal examination of a single case, contrasting ten periods: 1964-1970 and 1974-1976; where 1964 is Harold Wilson’s first year at office (not affected by AD) and 1976, the year of Harold Wilson’s resignation (potentially affected by AD and showing some signs of MCI).
4.1. The corpus
The corpus has been compiled using Harold Wilson’s oral outcomes –not his fellow MPs–, and extracted from the Hansard. 
The Hansard contains transcripts of all spoken activity in the two Houses of Parliament. Although it cannot and does not always report every single word said by an MP, departures for verbatim are seldom noticeable and may reflect some deletions of repeated words and fillers as well as corrections of departures from grammatical convention (Garrard 2009: 258). 
As noted above, ten comparison periods were chosen: 1964-1970 and 1974-1976. More precisely, we randomly extracted 25,000 tokens for each period. Each period-sample begins at a random sentence-boundary in the period-subcorpus and continued up to the first sentence boundary after 25,000 words.

To focus our analysis on spontaneous speech, we deleted written questions/answers and statements, as these are normally read from texts that may not even have been written by the speaker. So we limited the data to spontaneous speech, containing verbal exchanges (responses, follow-up questions and subsequent exchanges). 
4.2. Variables

This is a most difficult task as we have not found in the literature any studies related to linguistic variables for pre-clinical AD detection, so we a priori selected as independent variables all those variables used in previous or similar studies related to language decline in AD patients. In addition, we also took into account studies on genre, text-type and topic classification. Automatic text classification methods verify which variables have a greater influence on determining the belonging of a particular text to a category or genre and whether these variables work better in isolation or in combination. We are confident that these techniques can fruitfully contribute to our research and shed some light on which independent variables are most prominent or representative to diagnose AD at a pre-clinical stage. This might help us to find out which variables or groups of variables discriminate more reliably between the non-affected AD stage and the affected one.
Table 1 displays all the independent variables selected, the sources these variables have been taken from, and whether these variables have already been applied to AD research or other studies.  
	Independent variable
	Source
	Type of research

	Typology
	Variable
	
	

	Punctuation variables
	Periods, commas, semicolons, colons, hyphens, parenthesis, exclamations, questions
	Biber (1989); Burrows (1987); Cantos (2000); Cantos (in press); Karlgren and Cutting (1994); Kessler et al. (1997); Santini (2007); Stamatatos et al. (1999; 2000a; 2000b)  
	Genre and text classification

	Lexical distribution measures
	Words/period, character/period, standard. Type-token ratio, mean word length, long word counts, hapax legomena, hapax dislegomena, Automated readability index, Coleman-Liau Index
	
	

	Frequency of occurrence of the 30 most frequent words
	The, of, and, a, in, to, it, is, was, I, for, you, he, be, with, on, that, by, at, are, not, this, but, ‘s (genitive), they, his, from, had, she, which
	
	

	Frequency of occurrence of the 30 most frequent content words
	Hon., friend, gentleman, house, question, government, member, made, matter, Sir, time, opposition, members, minister, secretary, statement, answer, matters, questions, country, united, party, clear, defence, make, aware, leader, put, agree, policy
	Garrard (2009)
	AD

	Deictic markers
	Person deixis (subject/object personal pronouns, possessive determiners/pronouns), place deixis (demonstrative determiners/pronouns, place adverbs)
	March et al. (2006, 2009)
	AD

	Use of nouns
	Nouns
	
	

	Use of nouns versus pronouns
	Nouns and pronouns
	
	

	Part-of-speech distribution
	Types and hapax legomena
	Garrard et al. (2005)
	AD

	Syntactic complexity
	Conjunctions
	
	

	Repetition of words/phrases
	Hapax legomena, n-grams (2-12 words)
	
	

	Use of indefinite words
	Any-/some(body, one, thing, etc.), thing(s)
	Nicholas et al (1985); Maxim and Bryan (1995)
	AD


Table 1. Independent variables analysed

5. Results

In what follows, we shall focus only on those variables that have output significant differences between the comparison periods.

5.1. Punctuation variables

Linear regressions on the usage of semi-colons and colons are significant (semi-colons [F=7.24; p<0.05]; and colons [F=36.397; p<0.05]; see Figure 1). 
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Figure 1. Significant punctuation variables 
5.2. Frequency of occurrence of the 30 most frequent words

A significant overuse is found in the use of the singular subject personal pronoun you. Linear regressions on the usage of you with age is significant [F=5.266; p = 0.05] (see Figure 2).
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Figure 2. Significant 30 most frequent word: you
5.3. Deictic markers
Deixis refers to the phenomenon wherein understanding the meaning of certain words and phrases in an utterance requires contextual information. Therefore, the interpretation of that expression is relative to the extra-linguistic context of the utterance, as opposed to anaphora which includes only references to preceding utterances, that is, linguistic co(n)text.


In this case study, we examined the use of person and place deixis (March at al. 2006; 2009). 
5.3.1. Person deixis

We found significant, or near significant, overuses with age in you [F=5.010; p=0.056] and my [F=5.597; p<0.05]; and significant, or very close significant, underuses in we [F=5.274; p=0.051], us [F=5.951; p<0.05] and our [F=5.702; p<0.05] (see Figure 3).
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Figure 3. Significant person deictic markers
5.3.2. Place deixis

Place deixis concerns itself with the spatial locations relevant to an utterance. Similar to person deixis, the locations can be those of the speaker and addressee, or those of persons or objects being referred to. The most salient English examples are the adverbs “here” and “there” and the demonstratives “this” and “that”, though they are far from the only deictic words. In our analysis we have consider (i) demonstrative pronouns/determiners (Dem) and (ii) place adverbs (PAdv). The comparison between Wilson’s first year at office (HW64) and his last year at office (HW76) outputs statistically significant differences regarding place deixis [χ2=49.924; p<0.05]; more precisely, differences are also encountered in individual comparisons: demonstrative pronouns/determiners [Dem: χ2=8.204; p<0.05] and place adverbs [PAdv: χ2=37.574; p<0.000] (see Figure 4). 


Particularly significant are the overuses found in ahead, forward, here, outside, there, together and one salient underuse: opposite.
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Figure 4. Significant place deictic markers
5.4. Use of nouns

The use of total nouns (tokens) is statistically more prominent in HW76 compared to HW64 [Wilcoxon’s Signed Rank Test: p<0.05], whereas the amount of different nouns (types) is not significant [Wilcoxon’s Signed Rank Test: p=0.445]. This means that on average HW64 and HW76 use a similar number of different nouns; however HW76 repeats them at a higher rate. 


A more thorough analysis of noun-use shows (Figure 5) that repetition is particularly outstanding in HW76 regarding singular nouns of direction and common nouns neutral for number.
[image: image5.png]100,0000

80,0000

60,0000

40,0000

20,0000

0,0000

20,0000

-40,0000

|

of

rection

plural  preceeding
T Emn Dt

e
noun, plural - proper noun

J

noun,
singular

temporal  singular

K

1

‘month noun

= Diff % Types (HW64-76)

u Diff % Tokens (HW64-76)





Figure 5. Significant changes in noun-type use


Another important individual difference can be depicted if we compare the data on the 30 most frequent nouns used. Harold Wilson overused in his last year at office the following nouns: friend, member, Sir, matter(s), country and party (see Figure 6).
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Figure 6. Significant noun-overuses
5.5. Syntactic complexity: conjunctions

Syntactic complexity is measured just by means of connectors or conjunctions. Statistically significant differences are found in the use of conjunctions [χ2=48.336; p<0.05]. Individual differences are also evidenced regarding coordinated conjunctions [χ2=8.931; p<0.05] and subordinated ones [χ2=39.313; p<0.05] (see Figure 7).



HW76 exhibits significant overuses in a number of conjunctions: nor, although, as though, so that, than and while. Most notably is the absence in HW76 of the conjunction whether, a very common connector in HW (with an average usage rate of 1.5798%).

[image: image7.png]



Figure 7. Significant overuses in conjunctions
5.6. Repetition of words/phrases

The comparison of phrase-repetition HW with age is very revealing and statistically significant [Friedman Test; χ2=99.154; p<0.05]. Another enlightening finding is the near absence of 9-grams and complete absence 10-grams and bigger n-grams in HW64-75, whereas HW76 shows some preference for the use of these long “prefabricated” chunks. Note also that 7-gram and 8-gram usage in HW64-75 is similar to 11-gram and 12-gram usage in HW76 respectively (see Figure 8).
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Figure 8. N-grams repetition
6. Conclusions and discussion

As Garrard (2009), this research starts with two assumptions: (i) HW76 is a period prior to symptom onset of AD, during which the gradual accumulation of neurodegenerative pathology is not yet accompanied by any apparent cognitive difficulties; and (ii) spontaneous language can reveal early signs of AD: potential pre-clinical markers of cognitive dysfunction.

These two assumptions have led us to analyse the spontaneous speech of former British Prime Minister Harold Wilson, contrasting his 10-year stay at office: 1964-1970 and 1974-1976. 


The result findings have revealed significant changes in a number of linguistic variables that might point towards the presence of some degenerative neuropathology when Wilson announced his resignation in 1976:
1. Possible changes in the organization and structuring of the mental lexicon: (i) average noun-repetition rate is higher in HW76; (ii) higher usage rate of fixed structures (2-8 grams); first-time occurrences of structures with more than nine words (and up to twelve words); (iii) very significant usage increase of some types: you and some hypernym-like nouns (friend, member, matter(s), Sir and country).

2. Potential changes of personality: significant overuses of first person singular (possessive determiner my) and second person singular (personal subject pronoun you); this runs parallel with an important underuse of first person plural (we, us and our); nevertheless, no significant changes are found in the usage of third person (singular/plural) and/or second person (plural).

It seems as if the participant roles become limited just to the speaker (first person singular) and addressee (second person singular). 

3. Latent signs of spatial disorientation: significant overuse of place adverbs and singular nouns of direction.

Spatial disorientation in AD is related to the degeneration of the same pathways linking the hippocampus with the superior parietal and posterior cingulate cortex in the right hemisphere. 

4. Likely symptoms of less lexical and grammatical complexity: (i) less lexical precision, as evidenced by the overuse of hypernyms –a possible indicator of problems in accessing more precise and less frequent words in the mental lexicon; (ii) resort to more common and frequent nouns (higher type repetition rate); (iii) overuse of some conjunctions and syntactic structures: co-ordinated clauses with nor, and subordinated clauses with although, as though, so that and while; and (iv) complete suppression of the subordinator whether, a most common connector (with a usage rate of 1.5798%). 

5. In the early stages, very commonly recognised symptoms are memory loss and impairment of concurrent manipulation of information in working memory. This is evidenced by a number of signs: (i) less usage of related independent clauses not conjoined with a co-ordinating conjunction, as evidenced by the underuse of semi-colons; (iii) absence of literal quotes –a very common practice in HW64 (underuse of colons); (iv) underuse of some interrogatives compared to HW64, particularly yes/no questions and wh-questions. 
Analysis of the data also points towards the hypothesis that Harold Wilson might have been aware of his MCI, and might have started using various surrogate measures of his cognitive reserve as an attempt to cope with his cognitive dysfunctions. These substitute measures might have included the use of pre-existing cognitive processing approaches or enlist compensatory approaches such as (i) accessing more common and frequent words; and (ii) using repetitively “prefabricated” chunk of words. We are confident that Wilson had more cognitive reserve and was “more successful” than other AD affected people at coping with the same amount of brain damage. This might also explain why his fellow MP’s at the House, press, etc., did not realise anything about his onset of AD when he resigned in 1976.
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