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ABSTRACT

We investigated Zipf's law in fluent and non-fluent aphasics’ spontaneous
speech in English, Hungarian, and Greek. A previous study showed that the word
frequency distribution in Dutch non-fluent aphasic speech conforms to Zipf’s law,
although with a different slope. In this project we investigated to what extent
these results can be generalized to other languages and to fluent aphasic speech.
The results suggest that both the fluent and the non-fluent aphasic speech of
English, Hungarian and Greek conform to Zipf's law, and that differences in slope
can be related to a language’s morphological properties and a group’s particular
language impairments.

1. Introduction

Zipf’s law is a power law that characterizes the word frequency distribution
in a corpus of natural language (Zipf, 1949). More specifically, it describes the
rank-frequency distribution of words in a text. In the formula used to express
this distribution (Formula 1), f, is the frequency of the rth word, given that the
words of the text are ordered by decreasing frequency. Therefore, in Zipf’s law,
the frequency of any word in a text is inversely proportional to its rank. Cisa
constant, dependent on the text size (i.e. number of tokens). For large corpora,
it is usually found that o = 1.
Formula 1: Zipf’s law
C
s
Word frequency distributions systematically deviate from Zipt’s law for the
first few ranks, as Zipf’s law overestimates their frequency. Mandelbrot (1953)

CONTACT Kyriaki Neophytou @ Kyriaki.neophytou@nyu.edu
*This research was conducted at the Utrecht Institute of Linguistics.

© 2017 Informa UK Limited, trading as Taylor & Francis Group


mailto: Kyriaki.neophytou@nyu.edu
http://www.tandfonline.com

JOURNAL OF QUANTITATIVE LINGUISTICS e 179

therefore added an extra parameter to Zipf’s law to accommodate for this dis-
crepancy, namely 8 (Formula 2, henceforth ZML). By adding this parameter,
Mandelbrot achieved a better fit of real linguistic data compared to the tradi-
tional Zipf’s law. This extra parameter has a heavy influence on the value of f,
for low rank numbers, those with the highest frequency (which were overesti-
mated by the traditional Zipf’s law), but only a small influence on the higher
ranks (for discussion see Mandelbrot, 1953; Vogt, 2004). Usually, it is found
that the highest frequency words are function words, as they are, among other
things, responsible for the formation of grammatical structure (e.g. Caplan,
1987). Since f helps to calculate a more accurate « by accounting better for the
high frequency of the function words, it is plausible that the S-values are closer
linked to grammatical structure rather than the structure of the lexicon per se.
Formula 2: Zipf-Mandelbrot law (ZML)

C
T

ZML has been shown to apply to many different texts from various languages,
including Greek (Hatzigeorgiu, Mikros, & Carayannis, 2001), Hungarian,
German (Németh & Zainkd, 2002), Spanish, Irish and Latin (Ha, Stewart,
Hanna, & Smith, 2006). It is almost exclusively studied in written texts, and
much less frequently in spontaneous, spoken language (some exceptions being
Ridley, 1982; Ridley & Gonzales, 1994). Zipf’s law has been minimally inves-
tigated in impaired speech as well. Piotrovskii, Pashkovskii, and Piotrovskii
(1994) and Piotrowski and Spivak (2007) studied word frequency distributions
in Russian, in speech from people with schizophrenia, Down syndrome chil-
dren and women 1-2 weeks before and 3-4 days after giving birth, a period
during which the authors consider women to be under ‘birth stress. However,
the sample sizes per text were highly diverse in these studies, rendering it
hard to compare the observed values. Howes and Geschwind were the first
who studied Zipf’s law in aphasic speech in English (Howes, 1964; Howes &
Geschwind, 1964), followed by van Egmond, van Ewijk, and Avrutin (2015)" in
Dutch. In this paper, we focus on spontaneous speech from people with apha-
sia, a language disorder most commonly acquired after a stroke or a trauma.
Aphasic speech sounds distinctively different compared to healthy speech, but
still little is known about the underlying properties of it.

Aphasia can be divided into several sub-types, depending on the exact
impairments. The broadest distinction made is the one between fluent and
non-fluent aphasia. Non-fluent aphasic speech, like the speech from Broca’s
aphasic people, is usually described as effortful and telegraphic, with multiple
omissions and/or substitutions, mostly of functional categories (Goodglass,
Fodor, & Schulhoft, 1967). As a result, non-fluent aphasic speech sounds mark-
edly different from healthy speech, but it is still meaningful. On the contrary,
fluent aphasic speech, like the speech from Wernicke’s aphasic people, usually
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sounds effortless and continuous. Nevertheless, it is hard to follow: paraphasias
and neologisms are included while content words are omitted or substituted
(Bastiaanse, 2011; Wernicke, 1874), thus creating incomprehensible phrases
and sentences.

The difficulties of non-fluent aphasic people in speech production are
thought to be due to the reduction of processing resources, not to the loss of
syntactic abilities (Avrutin, 2006). Previous studies show that the syntactic pro-
cesses are intact in people with non-fluent aphasia (e.g. Zurif, Swinney, Prather,
Solomon, & Bushell, 1993). The problem is that they are slower. The brain
injuries in these patients affect the amount of available processing resources.
In order to compensate for the reduction of those resources, more processing
time is required, thus causing the various distortions in speech.

The language problems of fluent aphasics are also thought to relate to the
processing system and not to the lexicon itself, but they surface very differently.
The content words that fluent aphasics have problems with are mostly finite
verbs (Bastiaanse, 2011). Specifically, the variability in finite verbs is reduced
compared to the variability in infinitive verbs. This shows that there is no lexical
retrieval problem in non-fluent aphasics, but either a grammatical complexity
problem or an integration problem. Since, similarly to non-fluent aphasia, the
problem is not in the lexicon itself, the processing system is likely to be respon-
sible for the linguistic difficulties of fluent aphasic people as well.

The only study on Zipf’s law (using the formula that more accurately accounts
for the high frequency words) in aphasic speech so far is by van Egmond et al.
(2015) on a group of Dutch non-fluent aphasic patients. The results show that
the speech from non-fluent aphasic people, although sounding markedly differ-
ent from healthy speech, still conforms to Zipf’s law but with a different slope.
Given equal size samples, this difference in slope reflects the fact that speech
from aphasic speakers includes less different word types (i.e. less variation of
linguistic items) and that these types are used more frequently compared to
normal speech. van Egmond et al. (2015) argue that these findings provide an
insight into the origins of Zipf’s law: they suggest that it is the organization of
the mental lexicon, which is intact in this group of people, that renders language
to conform to Zipf’s law.

The study by van Egmond et al. (2015) provided evidence that Zipf’s law
applies to the speech of non-fluent aphasic patients in Dutch. Therefore, the aim
of the current study is twofold. First, we aim to see to what extent the non-fluent
aphasic speech findings can be generalized to other languages. Second, this
study seeks to explore Zipf’s law in fluent aphasic speech for the first time.
We investigate whether fluent and non-fluent aphasic speech share the same
properties or not. To this end, we examine both the fit and the slope of the
rank-frequency distribution.

We first ran a within-language analysis to test whether the word frequency
distribution in the speech of aphasic patients and healthy people has significant
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differences in a language other than Dutch; namely, English. Following the find-
ings by van Egmond et al. (2015), it was expected that the fit to ZML should not
differ among the different groups. The slopes of the distribution, however, were
expected to vary. Given equal sample sizes, non-fluent aphasic patients were
expected to produce fewer different word types than healthy controls, but to use
the produced items more frequently. Therefore, we predicted that non-fluent
aphasic speech would have a steeper slope compared to healthy speech. Fluent
aphasic patients, on the other hand, were expected to produce more different
word types than healthy controls, due to the fluent nature of their speech and
the production of neologisms and paraphrases. Therefore, we predicted that
fluent aphasic speech would have a less steep slope compared to healthy speech.

Secondly, we investigated the properties of ZML in aphasic speech, both
fluent and non-fluent, across different languages; more specifically, Greek,
English and Hungarian. In this between-languages analysis, similarly to the
within-languages analysis, we did not expect to find any differences in the fit
to ZML, but we did expect to find differences in slope between the different
languages. Languages differ on various levels, ranging from alphabet to
phonology and morphology. Even in the same language, an older and a newer
version of it may differ to a great extent. A previous study by Bentz, Kiela, Hill,
and Buttery (2014) showed a difference in the parameters of ZML between
Old English and Modern English, a difference that lies in the morphological
variability of these two historical versions of English. Specifically, a language
with poor morphology, like Modern English, displays a steeper slope than
a language with rich morphology, like Old English. In the current study we
investigated whether fluent and non-fluent aphasic speech also reflects this
difference in morphological variability among the different languages we tested.
Given that ZML is intact in aphasic speech, we expect to find that speech from
the morphologically simple English has a steeper slope compared to speech
from the morphologically complex Hungarian and Greek.

2. Methods
2.1. Data

All spontaneous speech transcripts were taken from AphasiaBank (MacWhinney,
Fromm, Forbes, & Holland, 2011), an online database with speech from aphasic
patients in different languages. We selected all texts that fitted two criteria: the
speech had to be spontaneous and non-directed (i.e. an unstructured inter-
view) and the patient’s aphasia type should be clearly categorized into fluent or
non-fluent. This resulted in English transcripts from fluent aphasic, non-fluent
aphasic and healthy speakers; and Greek and Hungarian transcripts from fluent
and non-fluent aphasic speakers (English: Bates, Friederici, Wulfeck, & Juarez,
1988; Hungarian: MacWhinney & Osman-Sagi, 1991; Greek: Goutsos, Potagas,
Kasselimis, Varkanitsa, & Evdokimidis, 2011). No healthy speech samples were
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included in the corpus for Greek, whereas the healthy Hungarian speech sam-
ples that were included in the corpus were collected through directed speech
tasks, and therefore did not meet our data inclusion criteria. Detailed infor-
mation for the participants can be found in Appendix 1.

All conversations were in CHAT-format (MacWhinney, 2000). In the anal-
ysis for each conversation, the speech from the investigator was ignored. Thus,
similarly to the van Egmond et al. (2015) study, the analysed speech was as it
naturally occurred but it does not form continuous streams of speech.

2.2. Analysis

As the parameters of ZML are highly dependent on text size, we selected the
same number of tokens from each participant. In order to have equal size
samples, the first 200 words were analysed. This number was the balance
between both including as many speech samples as possible and including as
many words as possible, because many participants’ recordings were relatively
short.

For the within-language analysis, the comparisons were made between
fluent, non-fluent and healthy speech for English only. For the between-lan-
guages analysis, the comparisons were made between fluent aphasic speech
and non-fluent aphasic speech for all three languages.

First, rank and frequency were logarithmically transformed. Then, the R?,
the alpha- and the beta-values were calculated through maximum likelihood
estimation. The R?-values were used to define whether ZML applies. Although
it is still a matter of debate of when it can be claimed that ZML does not apply,
the closer the R*>values are to 1, the better the fit to ZML is. These values were
also statistically compared to see if any of the groups displayed a significantly
lower fit than the others. The alpha values were statistically compared between
groups. The beta-values, which, as discussed, are mainly based on the first
few ranks, were calculated but not further analysed. In these samples, the
number of ranks is so small that statistical analyses are unreliable.

For the within-language analysis we conducted a simple ANOVA analysis,
since there was only a single independent variable: group. For the between-
languages analysis we conducted a factorial ANOVA because there were two
independent variables: group and language.

3. Results

Mean outcomes per group and the minimum and maximum value per group
are given in Table 1. Detailed results per speaker are provided in Appendix 2.

A box plot depicting the outcomes for « for the three groups in English is
given in Figure 1. A box plot depicting the outcomes for « for the two groups
in English, Greek and Hungarian is given in Figure 2.
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Table 1. Mean values, SD, minimum and maximum values per group, per outcome value.

R? a
Language Group N Mean SD Min Max  Mean SD Min Max
English Control 26 0972 0.019 0.897 0989 0.685 0976 0.57 0.976
Non-fluent 26 0.968 0.019 0.927 0.99 0928 1993 0.593 1.993
Fluent 24 0971 0.016 0919 0988 0.801 1.162 0.582 1.162
Greek Non-fluent 5 0957 0.019 0.943 0.99 0713 0.826 0.608 0.826
Fluent 12 096 0.016 0933 0978 0662 0.808 0.563 0.808
Hungarian  Non-fluent 5 0963 0.01 0955 0977 0.689 0.798 0.63 0.798
Fluent 5 0964 0.015 0942 0978 0.725 0.84 0.563 0.84
2,57
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Figure 1. Boxplot: a for English control speakers and fluent and non-fluent English aphasic
speakers. (Stars indicate the significant differences between groups.)

3.1. Within-language Analysis

The within-language analysis concerned the text samples from English fluent
and non-fluent aphasic speakers and control speakers.

R?

From Levenes test, we were able to conclude that there was homogeneity of var-
iance, F(2,73) = 0.44, p = 0.43. Using simple ANOVAs, no difference between
groups was found. Thus, R* was equally high for all groups. The lowest R? value
that was found for any of the texts is 0.897, which was for one of the control
speakers.
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Figure 2. Boxplot: a for English, Greek and Hungarian fluent and non-fluent aphasic
speakers. (Stars indicate the significant differences between groups.)

Alpha

Levene’s test showed that there was no homogeneity of variance, F(2, 73) =
4.96, p = 0.04. Reciprocal transformation of the data solved this, F(2, 73) =
2.06, p =0.14.

Simple ANOVA analysis revealed that there existed a significant difference
between groups, F(2,73) = 13.06, p < 0.001. Post hoc tests using the Bonferroni
correction showed that both the non-fluent group (p < 0.01) and the fluent
group (p < 0.05) displayed a significantly higher alpha compared to the control
group. The fluent group and non-fluent group did not differ significantly from
each other.

3.2. Between-languages Analysis

The between-languages analysis concerned the text samples from English,
Hungarian and Greek fluent and non-fluent aphasic speakers. It should be
noted though that, as the Greek non-fluent aphasic group and the Hungarian
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fluent and non-fluent aphasic groups were rather small, statistical analyses are
only a tentative indication of the strength of the effect.

RZ

From Levene’s test, we were able to conclude that there was homogeneity of
variance, F(5, 71) = 0.46, p = 0.81. Using factorial ANOVAs, no difference
between groups was found. Thus, R?> was equally high for all groups. The lowest
R?value that was found for any of the texts was 0.897, which was for one of the
English control speakers.

Alpha
Levene’s test showed that there was homogeneity of variance, F(5, 71) = 1.58,
p=0.18.

Factorial ANOVA analysis revealed that there was a significant effect of
language, F(5, 71) = 6.19, p = 0.003. There was no significant main effect of
group and no interaction effect between language and group. Post hoc tests using
the Bonferroni correction showed that Greek and English were significantly
different from each other (p = 0.003), with English displaying higher alpha
values. The difference between English and Hungarian approached significance
(p = 0.06), with English tending to have higher alpha values. No significant
difference was found between Hungarian and Greek.

4. Discussion
4.1. Within-language Analysis

The high R* values and the fact that no significant differences between the
various groups were found suggest that speech from all groups conforms to
ZML. Although the speech from fluent aphasic people and non-fluent apha-
sic people sounds markedly different from the speech of healthy speakers,
this difference is not in any way reflected in the fit of their frequency distri-
butions to ZML. These results confirm the earlier findings by van Egmond
et al. (2015) for Dutch non-fluent aphasic speech. More importantly, they
provide evidence that this finding applies cross-linguistically and to fluent
aphasic speech.

The statistical analysis of the alpha values shows that both fluent and non-fluent
aphasic speech display a steeper slope compared to healthy control speech. These
results suggest that although the speech from all three groups conforms to ZML,
the linguistic impairments of the two aphasic groups still affect the parameters
of their word frequency distribution. The steeper slope of the non-fluent aphasic
speech is in line with the van Egmond et al. (2015) findings for Dutch. These results
are also in accordance with the results by Piotrovskii et al. (1994) and Piotrowski
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and Spivak (2007) who studied Zipf’s law in other impaired populations (discussed
above) and reported steeper slopes than the average natural language texts.

The results for the fluent aphasic speakers were not as expected. The healthy
control speech was expected to have a steeper slope compared to the fluent
aphasic speech, but the results show a significant effect in the opposite direction.
This means that both groups of aphasic speakers perform the same way. As this
is the first study investigating ZML in fluent aphasic speech, further research
is required to find out why this might be so. ZML only concerns quantitative
data. However, a qualitative investigation into the difference between fluent and
non-fluent aphasic speech in light of these findings may be needed to explain
them. Such line of research should try to identify differences in the nature (i.e.
neologisms and paraphasias versus existing words) and the linguistic properties
(i.e. the linguistic category) of the items the two aphasic groups are producing.

4.2. Between-languages Analysis

Adding to the within-languages analysis for English, the between-languages
analysis revealed that the speech from Greek and Hungarian aphasic speakers
also conforms to ZML. All R? values were very high, thus providing evidence
that the fit to Zipf’s law is a cross-linguistic phenomenon, independent of the
linguistic impairments manifested in fluent and non-fluent aphasia.

The comparisons of the alpha values revealed a significant effect of language.
Specifically, English has a steeper slope than Greek, and a trend for a steeper
slope compared to Hungarian, while Greek and Hungarian show no significant
difference between them.

Bentz et al. (2014), in a comparison between Old English and Modern
English, showed that a language with poor morphology displays a steeper slope
(i.e. higher alpha values) than a language with rich morphology. Thus, the
morphologically poor Modern English has a steeper slope than the richer Old
English. We suggest then that the current results could reflect this difference
in the morphology of the three languages we studied. English is a morpholog-
ically poor language, especially when compared to Greek (and Hungarian). In
Greek, nouns and adjectives are marked for number, gender and case, while
verbs are marked for tense, person and number. However, in English, nouns
and adjectives are only marked for number, and verbs are (only to some extent)
marked for tense and person. This difference in grammatical encoding strategies
is mirrored in the length difference of the tails of the frequency distributions,
with English having a significantly steeper slope than Greek. We speculate that
the reason why we did not find a statistically significant difference between
English and Hungarian is because the Hungarian sample was too small (only
10 participants), and not because of morphology. Greek and Hungarian, both
morphologically rich languages, show no significant difference in alpha values
between them.
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Contrary to our predictions, but similar to the findings for the within-
language analysis, the comparison of the alpha values between fluent and non-
fluent aphasic speech revealed no significant difference between the two. We
speculate that the small speech sample sizes (i.e. 200 words) might not include
as many paraphasias and neologisms for the fluent aphasic group and as many
repetitions for the non-fluent aphasic group as needed to yield the predicted
difference. Therefore, as discussed before, further investigation is needed to
look into the nature and the linguistic properties of the items the two groups
produce to identify the exact differences and similarities between the two.

4.3. Further Implications for Aphasia

Previous studies have shown that natural language texts conform to the specific
word-frequency distribution defined by Zipf’s law. This law has been observed
to exist in many languages with varying morphological properties. Based on
these findings, we expect that the text produced by any unimpaired language
system will follow a Zipfian word-frequency distribution. If this system is not
functioning properly, though, we do not really know what the properties of the
output of such system will be. One would expect it to be disorganized, lacking
basic structure and disobeying fundamental linguistic rules.

However, it all depends on the nature of the impairment and the aspects of
the system that it is touching upon. If the impairment is such that it affects the
core aspects of the language system, like the structure of the lexicon and the
selection and short-term storage of the lexical items, then we would expect a
distorted Zipfian distribution in the output. Nonetheless, the current findings
suggest that this is not the case either for fluent or non-fluent aphasic speech.
Although the former includes paraphasias and neologisms and the latter is
effortful and telegraphic, both of them conform to Zipf’s law. These findings
suggest that something deep, underlying the observed impairments in aphasia,
is still intact. If the whole system was disrupted, the speech of these people
would not match the word-frequency distribution of healthy, control speech.
The next steps should then be to identify what exactly is affected in aphasia
and what language properties are still untouched.

5. Conclusion

In this paper we investigated the frequency distribution properties of aphasic
speech, both fluent and non-fluent, in English, Greek and Hungarian. Van
Egmond et al. (2015) reported that Dutch non-fluent aphasic speech conforms
to Zipf’s law. That was the first study to provide this kind of evidence for any
type of aphasic speech. The current study shows that it is not only non-fluent
but also fluent aphasic speech that conforms to ZML, and that this applies
across languages with varying morphological complexities.
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The variations in slope that we report in this study between the non-fluent
aphasic and healthy speech, with non-fluent aphasic speech having a steeper
slope than the healthy speech, are in line with the particular language deficits
in this group. However, the finding that the fluent aphasic speech also had a
steeper slope than the healthy speech was unexpected. A qualitative investiga-
tion into the difference between fluent and non-fluent aphasic speech in light
of these findings is needed to explain them.

The variations in slope between English and Greek appear to reflect the lan-
guage-specific morphological properties of the two languages. This is supported
by the trending difference between English and Hungarian, which is expected
to reach statistical significance with bigger sample sizes. At the same time,
we would also like to see whether the frequency distributions of languages of
increasing morphological complexity show scalar differences in the parameters
of ZML, an interesting topic for further research.

To conclude, this is the first study to provide cross-linguistic evidence that
aphasic speech, both fluent and non-fluent, although sounding markedly dif-
ferent from healthy speech, conforms to Zipf-Mandelbrot’s law. We take these
findings as an extra step in revealing what exactly is impaired in aphasia, inde-
pendently of its type. If the language system of an aphasic person is completely
disrupted it would not adhere to fundamental aspects of natural speech, such
as the Zipfian distribution of word-frequency. As we have shown in the present
study, this is not the case.

Based on these findings, we can follow two different lines of research, both
equally important. On the one hand, we need to work further into understand-
ing what makes the speech of the aphasic population sound so distinctively
different from healthy speech. Since their speech conforms to Zipf’s law, we
expect that some other language properties are responsible for the observed
output. On the other hand, these findings raise more questions regarding the
lexicon and its properties on a more general, cognitive level. The lexical system
cannot be solely defined by its frequency distribution properties. There are
other aspects of this system that are yet to be defined and connected to each
other for a complete picture of lexical access and language production. These
two lines of research complement each other, as each step forward in one will
help to better understand the other.

Note

1. The frequency distribution of aphasic speech was first investigated by Howes
and Geschwind (Howes, 1964; Howes & Geschwind, 1964). Unfortunately, they
did not use Zipf’s law, but a cumulative version concerning the percentage of
words that occur with frequencies up to and including each frequency value.
This formulation is not very sensitive: disruptions in the higher frequency
classes are easily concealed if the lower frequency classes do follow a Zipfian
distribution. van Egmond et al. (2015) were the first to study Zipf’s law in
aphasic speech as such.
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