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Overview

In this study we examine, by computer
analysis, the speech of volunteers
influenced by sub-anesthetic doses of
ketamine, which is often reported to
produce schizophrenia-like cognitive
impairments (e.g., Malhotra et al. 1996;
Adler et al. 1998; Lahti et al. 2001).

We find that sub-anesthetic doses of
ketamine have significant, measurable
effects upon speech. The most
prominent effect is a reduction in the
number of verbs, indicating lower
syntactic and semantic complexity.

The computer techniques used in this
study are likely to be of more general use
in psychiatric diagnosis and drug
evaluation.

Ketamine Experiment

During a placebo-controlled, double-blind experiment
at Cambridge University, healthy volunteers were
asked to describe some pictures from the Thematic
Apperception Test (TAT, Murray 1943/1971) after two
different sub-anesthetic doses of ketamine and after
placebo.

Each volunteer was recorded on 3 occasions at least a
week apart. Volunteers were unaware which dose they
were receiving unless they felt the effects of the drug.

This study’s “low dose” and “high dose” are much
smaller than the usual anesthetic dose, specifically:

Low dose =0.08 mg/kg over 10 min + 0.04 mg/kg/hr x 90 min
High dose = 0.27 mg/kg over 10 min + 0.14 mg/kg/hr x 90 min
Usual anesthetic dose = 1 to 4.5 mg/kg (Physicians’ Drug Hbk. 2003).

Speech was recorded 30 minutes into the experiment.
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Computer Speech Analysis

At the time this analysis was done, 8 volunteers had
been recorded successfully under all 3 conditions with
the dosage regimen just mentioned. The recordings
were transcribed by a linguist who was unaware of the
randomized ketamine dosages.

A computer program was written in Java to tokenize
the text and perform various counts. To determine
part of speech (noun, verb, etc.), each word was passed
to Wordnet 2.0 (http://www.cogsci.princeton.edu)
through its Java interface and the most common part
of speech was counted. This is not strictly correct in all
contexts, but hand counting showed that it was
accurate enough for the present purpose.

Statistics are tabulated in the chart at the right.
Although statistical significance tests are of limited
value with such a small sample, p values were
calculated against placebo with a one-tailed paired t-
test (Microsoft Excel).

Results

None of the ketamine speech samples sounded
abnormal to the “naked ear.” Nonetheless, computer
analysis found three schizophrenia-like features.

More nouns, fewer verbs

The most prominent result was that ketamine, even in
very low doses, significantly decreased the proportion
of verbs and increased the proportion of nouns. Under
the influence of ketamine, speakers tended to name
and describe objects without stating their actions or
relations. Compare the following descriptions from
one volunteer (verbs red, nouns blue):

Ketamine-influenced:

“And a woman looking over a bridge. With, um, docks
and housing in the background. With people and the
docklands. And unloading a boat.”

Placebo:

“Ok, um, appear to be a sort of beach scene. And
there's two women in the picture. Um looks as if
there's water in the background.”

More fillers

Ketamine significantly increased the frequency of
fillers like um, uh in speech.

Questions and self-reference

Although results are not entirely clear, ketamine may
have slightly decreased the percentage of questions
asked by the subject and increased the frequency of
first person pronoun 1.
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Statistical measures of speech with
high, low, or placebo doses of ketamine

More nouns, fewer verbs:

Percentage of words (tokens) that are nouns Percentage of words (tokens) that are verbs

Volunteer Placebo Low Dose High Dose Volunteer Placebo Low Dose High Dose

16.97 23.69 25.78
25.66 24.58 26.67
19.79 20.42 19.08
14.81 18.37 18.98
19.51 20.96 23.46
15.32 22.16 20.75
18.28 20 19.83
18.69 21.77 16.01

A2 O~NOD W

- O
A2 O~NOD W=

- O

p= 0.012 0.038 p= 0.0004

(relative to placebo) (relative to placebo)

33.16 28.51
32.74 30.51
35.29 32.1
34.22 34.08
32.97 30.54
36.49 33.76

33.1 29.57
33.23 28.63

25.78
30.67
32.08
34.72
30.45
31.7
29.44
33

0.007

Filled pauses (hesitations):

Filled pauses (um, uh, etc.) per 100 words
Volunteer Placebo Low Dose High Dose
3.65 4.82 7.76
1.77 5.93 3.11
1.61 0.53 1.73
3.17 4.29 4.56
4.96 3.59 3.7
0.61 2.06 3.77
3.45 4.13 5.22
3.86 5.65 7.26

A2 ONOD W

- O

p= 0.075 0.014
(relative to placebo)

Self-centeredness or awareness of cognitive difficulty:

Occurrences of I per 100 words

Questions in entire speech sample

Volunteer Placebo Low Dose High Dose Volunteer Placebo Low Dose High Dose

0.79 0.4 0.7
1.33 2.12 1.78
0.54 1.59 0.87
1.06 0.82 1.37
2.47 2.7 2.88

0.2 0 0.19
0.69 1.96 2.71
0.89 0 0.66
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Discussion

Ketamine-influenced subjects exhibited impaired
verbal retrieval, a tendency to repeat and grope for
nouns, and a tendency to name objects without
describing their actions. Verbs are inherently more
complex than nouns because of their associated
argument structures and less imageability. Other
brain pathologies show similar lexical impairment,
such as dementia (Silveri et al. 2003, Bak et al. 2001),
Alzheimer's disease (Kim and Thompson 2004 ), and
aphasia (Berndt et al. 2002). Lowered verb percentage
is also an indication of reduced syntactic complexity
commonly found in schizophrenic speech (Morice &
Ingram 1982, Fraser et al. 1986).

Filled pauses increase the latency of response and are a
sign of speech poverty — a representative negative
symptom of schizophrenia. They may be either due to
the difficulty in lexical retrieval, or due to poverty of
content of speech, or due to drug-induced emotional
withdrawal.

Changes in the frequency of questions and first person
pronoun may be due to increased “self-reference”
(Andreasen 1979) and impaired interpersonal
communicative skills often referred to as “theory of
mind” (Premack and Woodruff 1978; Corcoran, Mercer
and Frith 1995, Frith 2004).
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