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Abstract
Language disturbances can be a diagnostic marker for neurodegenerative diseases, such as Alzheimer’s disease, at earlier stages.
Connected speech analysis provides a non-invasive and easy-to-assess measure for determining aspects of the severity of language
impairment. In this paper we focus on the development of a new corpus consisting of audio recordings of picture descriptions (including
transcriptions) of the Cookie-theft, produced by Swedish speakers. The speech elicitation procedure provides an established method of
obtaining highly constrained samples of connected speech that can allow us to study the intricate interactions between various linguistic
levels and cognition. We chose the Cookie-theft picture since it’s a standardized test that has been used in various studies in the past,
and therefore comparisons can be made based on previous research. This type of picture description task might be useful for detecting
subtle language deficits in patients with subjective and mild cognitive impairment. The resulting corpus is a new, rich and multi-faceted
resource for the investigation of linguistic characteristics of connected speech and a unique dataset that provides a rich resource for
(future) research and experimentation in many areas, and of language impairment in particular. The information in the corpus can also
be combined and correlated with other collected data about the speakers, such as neuropsychological tests, brain physiology and
cerebrospinal fluid markers as well as imaging.
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1.

Introduction and Background

Elicitation of spontaneous speech and narrative discourse
samples from (young and/or adult) individuals both healthy
as well as with a variety of mental and cognitive
impairments, at various stages of the pathology and with a
variety of stimuli, have been developed and studied for
several decades (e.g., Bottenberg et al., 1987; Bryant et al.,
2016). Such systematic form of language production can be
a valuable procedure for describing and even quantifying
the degree and severity of e.g. cognitive decline, which
most often1 incorporate a single picture description, a
picture sequence description (e.g., the Dog Story; de Lira et
al., 2011) or a personal opinion on an event or idea. Even
work on normative data has been reported for use in various
narrative discourse tasks. For instance, based on a large
control sample, Richardson & Dalton (2015) created main
concept checklists (information content units) for three
semi-spontaneous discourse tasks, a picture sequence
narrative Broken Window, a storytelling Cinderella, and a
procedure Peanut Butter and Jelly. For a similar purpose,
Catricalà et al. (2017) created their own original picture
Summer Time used as normative data on 134 Italian
subjects pooled across homogeneous subgroups for age,
sex, and education.
Nonetheless, the single black and white picture of the
Cookie-theft from the Boston Diagnostic Aphasia
Examination Battery (BDAE; Goodglass et al., 2001) is
one of the most used stimuli for the assessment of language
production. Other images, such as the picnic picture
(Weissenbacher et al., 2016) from the Western Aphasia
† Deceased November 2017.

Battery (Kertesz, 1982) or the tales of Cinderella, Snow
White, the Seven Dwarfs and the Little Red Riding Hood
(Machado Lima et al., 2014; Silveira & Mansur, 2015)
have also been used in various studies but to a much lesser
extent; for an extended review see Bryant et al. (2016) and
Boschi et al. (2017).
In this paper we describe a Swedish Cookie-theft corpus
developed in the “Linguistic and extra-linguistic
parameters for early detection of cognitive impairment”
project. The project aims to adapt, develop and test
methods that in isolation have shown promising outcomes
on tasks related to early detection of dementia,
differentiating between various dementia types and
controls and explore the cognitive processes that underlie
certain forms of spoken language production.

2.

The Cookie-Theft Stimulus

The single structured stimuli of the Cookie-theft picture
depicts a familiar household event scene in a kitchen which
includes a woman drying some dishes, unconcerned by the
overflowing of water from the sink, and the notable feature
of a child (boy) standing on a stool about to tip over,
stealing cookies (thus the name of the picture) off a high
shelf. The stimuli is considered an ecologically valid
approximation to spontaneous discourse (Gilles et al.,
1996) and have been widely used to elicitate speech from
speakers with different types of language and
communication disorders, including numerous discourse
tasks for the study of various types of dementia. In contrast
to spontaneous speech the Cookie-theft allows control for
content and context. Moreover, the figure is often used
1

Other spoken language elicitation procedures include the
Wechsler’s Logical Memory (Wechsler, 1997), an immediate and
delayed story recall test.
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because of the clear, straightforward drawings that reduce
ambiguity and lessen the effect of memory problems. The
picture allows the variation between speech-styles to be
reduced, and also “minimizes confounds in analysis due to
the controlled nature of the speech content” (Williams et
al., 2010).

2.1

Previous Work Based on the Cookie-Theft

Narratives based on the Cookie-theft picture have been a
source of knowledge for clinical and experimental research
worldwide which also enables potential cross-linguistic
comparisons. The Cookie-theft stimuli has been used to
elicit written narratives, and this can be especially useful
when evaluating people with Alzheimer’s, as written
language has been shown to be impaired even at the early
stages of the disease. E.g., Forbes et al. (2004) reported
significantly worse written discourse production at the mild
and moderate stages of AD compared to healthy controls;
while Kavé & Goral (2016) confirmed that individuals with
Alzheimer’s produce a lower proportion of nouns out of all
other words as well as a higher proportion of pronouns out
of all other words. Although various datasets based on the
Cookie-theft picture are written ones (Croisile et al., 1996
for French and Pekkala et al., 2013 for English); other
combinations exist, such as both written and verbal
(Groves-Wright et al., 2004); as well as audio recordings,
with or without transcriptions which have been collected
and described for several languages (e.g., English, Ripich
et al., 2000; Swedish, Tyche, 2001; German, Bschor et al.
(2001); Spanish, Cuetos et al., 2007; Japanese, Choi, 2009;
Norwegian, Lind et al., 2009 and Hebrew, Kavé & Dassa,
2017). Moreover, the Cookie-theft picture has been
analysed at various linguistic levels (Kavé & Levy, 2003;
de Lira et al., 2014; Yancheva & Rudzicz, 2016) and for
different purposes (e.g., aphasia examination, Gilles et al.,
1996; Ash et al., 2013; acquired brain injuries, Hux et al.,
2008; and normative data collection, Forbes-McKay &
Venneri, 2005).

2.2

Cookie-Theft and Information Content
Units

Information content units, ICUs, refers generally to various
predefined image concepts/objects/facts and actions
describing a picture. With respect to the Cookie-theft
picture content there exist several inventories that try to
capture all possible semantic or information content units,
containing between 7-25 ICUs. Mackenzie et al. (2007)
uses seven such ICUs (‘woman doing dishes’, ‘sink
overflowing’, ‘boy on stool’, ‘children stealing cookies’,
‘girl reaching for cookie’, ‘stool falling’, ‘woman not
noticing’) while Kavé & Levy (2013) proposed 252,
divided into four semantic groups; namely: subjects (‘boy’,
2

The same 4 key categories, but with less ICU content (23), were
identified by Croisile et al. (2016); ‘dishcloth’ was an additional
object used by Croisile et al., while ‘floor’, ‘counter’ and ‘faucet’
were three objects used by Kavé & Levy (2013) but not used by
Croisile et al.
3 A complementary notion to SID is propositional idea density or
PID (i.e. the number of any propositions or ideas expressed in the

‘girl’, ‘woman’), places (‘kitchen’, ‘exterior seen through
the window’), objects (‘cabinet’, ‘cookies’, ‘counter’,
‘curtain’, ‘dishes on the counter’, ‘faucet’, ‘floor’, ‘jar’,
‘plate’, ‘sink’, ‘stool’, ‘water’, ‘window’) and actions (‘boy
taking the cookie’, ‘boy or stool falling’, ‘woman drying or
washing dishes/plate’, ‘water overflowing or spilling’, ‘the
girl asking for a cookie’, ‘woman unconcerned by the
overflowing’, ‘woman indifferent to the children’). If used,
synonymous expressions were accepted for the same
concept (e.g. ‘mammy’ and ‘mother’ and also ‘woman’);
even the wrong word referring to a piece of information is
accepted (e.g., ‘ladder’ instead of ‘stool’; ‘shelf’ instead of
‘cabinet’ or ‘cupboard’)
Moreover, these information units can be identified both
with a top down approach (Croisile et al., 1996) or a bottom
up one, e.g. using clustering word embeddings of the
naming expressions (Yancheva & Rudzicz, 2016). Usually,
subjects are given credit for mentioning the presence of a
given ICU and thus this set of ICUs enables easy
comparison across subjects and easy scoring of the
predefined contents of the picture (Boschi et al., 2017).
Sirts et al. (2017) applies the notion of semantic idea
density3 (SID) on the same image, in which each SID is a
count of the pre-defined information content units and is
computed by counting the number of ICUs mentioned in
the text and then normalising them by the total number of
word tokens.

2.3

Cookie-Theft Datasets

The most extensive dataset of the picture description
publicly available is the DementiaBank4 corpus, a part of
the TalkBank project, collected between 1983-88; (Becker
et al., 1994; MacWhinney et al., 2011). DementiaBank is a
clinical dataset which consists of interview recordings and
transcripts of English-speaking people with AD and a few
with mild cognitive impairment (MCI), describing the
Cookie-theft picture. This dataset has been used in various
studies in the past, e.g. Fraser et al. (2016) achieved
classification accuracies of over 81% in distinguishing
between participants with AD and healthy controls by
computing a number of linguistic variables from the
transcripts, and acoustic variables from the associated
audio files; Orimaye et al. (2017) used DementiaBank to
learn syntactic, lexical, and n-gram linguistic biomarkers to
distinguish the group of probable AD from the healthy
group. Their best diagnostic model significantly
distinguished the two groups using Support Vector
Machines; while Masrani et al. (2017) used the
DementiaBank data for domain adaptation and discourse
features in an attempt to improve classification accuracy
The Cambridge Cookie-theft corpus (Williams et al., 2010)
text, that is, the amount of information that is conveyed relative
to the number of words used to encode it; Chand et al, 2010)
which according to Sirts et al. (2017), is more suitable on datasets
of spontaneous speech on free topics rather than standardised
picture descriptions.
4
DementiaBank: <dementia.talkbank.org/> Visited 20180102.
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is another corpus consisting of samples by healthy
individuals without brain-damage and patients recorded
between the mid-1990s and 2009. The OPTIMA5 (Oxford
Project to Investigate Memory and Aging) transcripts of
connected speech has been also used in several studies.
OPTIMA is a longitudinal study of aging and dementia in
a cohort of elderly, community living volunteers collected
between 1998-2008. For instance, Rentoumi et al. (2014)
used the OPTIMA Cookie-theft descriptions in machine
learning text classification experiments, in order to assign
the samples to one of two pathological groups (mixed
vascular and AD and pure AD) on the basis of lexical and
syntactic features as well as statistical and information
theory characteristics, with high classification accuracy
(75%). The Framingham Heart Study6 is a longitudinal
population-based study established in 1948, a number of
dementia-free sub-cohorts have been followed since the
mid-1970s for development of incident dementia (Seshadri
et al., 2006). A neuropsychological battery administered
three times to these participants included a written
description of the Cookie-theft picture. The purpose of the
Framingham Heart Study was to find an early language
marker of AD by comparing lexical retrieval on these tests
in participants with clear cases of AD compared to that of
participants who did not. Finally, the WRAP (Wisconsin
Registry for Alzheimer’s Prevention) study sample
(Johnson et al., 2017), with recordings and transcriptions of
264 participants (200 cognitively healthy and 64 with early
MCI), was used for determining if participants with very
early, subclinical memory declines were also showing
declines in connected language. Based on these data,
Mueller et al. (2017) showed that participants with early
MCI status declined faster in features of speech fluency and
semantic content than those who were cognitively stable.

with daily life. Still, persons with MCI have difficulties
which are worse than would normally be expected for a
healthy person of their age. In clinical settings patients with
MCI show rates of conversion to dementia of about 12%
per year (Petersen et al., 2001).

2.4

All subjects in the three different groups (HC, SCI and
MCI), were native speakers of Swedish with adequate
hearing and vision, no documented history of neurological
or psychiatric illness, learning disabilities or e.g.
alcoholism according to the inclusion and exclusion criteria
pre-specified, aged 53-79 years old, while 53 of them
(58%) were females. Demographic details and MMSE
scores for all participants are provided in Table 1.

The Swedish Cookie-Theft Corpus
7

The Swedish Cookie-theft corpus described in this paper
consists of data from three subject groups: those with
subjective cognitive impairment (SCI), those with mild
cognitive impairment (MCI), and healthy controls (HC).
All participants were recruited from a longitudinal study in
the region of West Sweden (see Section 3). Note that SCI,
MCI, and AD are on a spectrum of disease progression. SCI
is a common diagnosis in elderly people, sometimes
suggested to be associated with e.g. depression or anxiety,
but also a risk factor for dementia (Jessen et al., 2010). MCI
is a well-defined prodromal state of dementia and appears
to represent a transition between normal aging and early
dementia (Ritchie & Touchon, 2010), in which a person has
minor problems with cognition (e.g., problems with
memory or thinking) but these are not severe enough to
warrant a diagnosis of dementia or interfere significantly
5

OPTIMA: <www.ndcn.ox.ac.uk/research/centre-preventionstroke-dementia/resources/optima-oxford-project-to-investigatememory-and-ageing> Visited 20180102.
6 Framingham Heart Study: <www.framinghamheartstudy.org>
Visited 20180102.
7 We are aware of two more Swedish Cookie-theft collections.
Tyche (2001) collected oral descriptions from 12 MCI and 12

3.

The Gothenburg MCI-study and Related
Ethical Issues

The Gothenburg mild cognitive impairment study
(Nordlund et al., 2005; Wallin et al., 2016) conducts
longitudinal in-depth phenotyping of patients with a wide
range of cognitive impairment (i.e., from very mild to
manifest dementia including, but also including cognitively
normal controls) using neuropsychological, neuroimaging,
and neurochemical tools. The study is clinically based and
aims at identifying neurodegenerative, vascular and stress
related disorders prior to the development of dementia. All
patients in the study undergo baseline investigations, such
as neurological examination, psychiatric evaluation,
cognitive screening, magnetic resonance imaging of the
brain and cerebrospinal fluid collection. At biannual
follow-ups, most of these investigations are repeated. The
Gothenburg MCI-study is approved by the local ethical
committee review board (ref. L091–99, 1999; T479-11,
2011); while the currently described study is approved by
the local ethical committee decision 206-16, 2016. The
project aims at gathering a rather homogeneous group of
participants with respect to age and education level.
Written informed consent is obtained from all participants
in the study while the exclusion and inclusion criteria are
specified according to a predefined protocol.

4.

Population and Socio-Demographic
Characteristics

MMSE, the Mini Mental State Examination, is a paperbased questionnaire and a screening test used to evaluate
cognitive function, where 30 points is the maximum, and
24 or above indicates normal cognition (Folstein et al.,
1975). The difference in age between the groups is not
statistically significant, as determined by a one-way
ANOVA (F (2, 88) = 2.082, p = .131). When comparing
number of years of education, a one-way ANOVA shows
healthy controls; while Cromnow & Landberg (2009) collected
written samples from 96 healthy, Swedish controls, having
Swedish as a mother tongue, absence of clinical manifestations of
linguistic impairment and absence of neurological disease. This
constitutes normative data from speakers without cognitive
impairments and which its purpose was to establish norms.
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that there is a significant difference between the groups (F
(2, 88) = 6.085, p = 0.003). A post-hoc LSD test
demonstrates that there is no significant difference between
the HC and the MCI group, but that there is a significant
difference between the HC and the SCI group (p = 0.001)
and the MCI and the SCI group (p = 0.02). The MMSE
score differs significantly between the three groups, as
determined by a one-way ANOVA (F (2, 88) = 16.978, p <
0.0001). Post-hoc LSD test show that subjects in the MCI
group have significantly lower MMSE scores than the HC
group (p < 0.0001) and the SCI group (p < 0.0001), whereas
there is no difference between the SCI group and the HC
group. To summarise, there is no difference in age between
the groups, but the subjects in the SCI group have a longer
education than the MCI and the HC group. Finally, the
subjects in the MCI group score lower on the MMSE than
the subjects in the HC group and the SCI group.
Mean
Ageyears
Mean
Eduyears
Female
Male
MMSE

HC (n=36)
67.9 (sd 7.2)

SCI (n=23)
66.3 (sd 6.9)

MCI (n=32)
69.9 (sd 5.7)

13.2 (sd 3.4)

16.1 (sd 2.1)

14.1 (sd 3.5)

23
13
29.6 (sd 0.61)

14
9
29.5 (sd 0.90)

16
16
28.2 (sd 1.41)

Table 1: Demographic information for the three groups of
participants. The MiniMental State Exam (MMSE) is a
test of cognitive status and has a maximum score of 30.
The population was selected from an ongoing
epidemiological study in the region, see Section 3. At the
start of the study, each participant was given information
about the purpose of the evaluation, and written informed
consent was obtained in accordance with the protocol
approved by the local ethics committee. Note that the mean
result on the MMSE is above 24 for all groups (a cutoff of
≤ 24 has been proposed for cognitive impairment, with a
score between 25-27 indicating possible cognitive
impairment which should be further evaluated) which
means that all test within the range of normal cognition;
both the MCI and SCI diagnosis are indicative of subtle
cognitive impairment and it is expected that the subjects
perform relatively well on tests such as the MMSE.

5.

Data Collection

During the presentation of the Cookie-theft stimuli the
subjects are asked to describe everything that can be
observed in the picture, and the narrative is recorded. For
the task, the original label on the image’s cookie jar is
translated and substituted from the English "COOKIE
JAR" to the Swedish label "KAKBURK". The samples are
recorded in an isolated environment and the whole task is
designed to evoke a monologue by the participant. The
instruction given to the subject was: “Tell me everything
you see going on in this picture, describe objects and
events. You can go on as long as you prefer and you will
be not interrupted until you indicate that you do not have
anything more to say”. Descriptions were recorded and the

recordings were terminated when the subject indicated
verbally or non-verbally (by becoming silent for a longer
period of time) that the narrative was completed.
Shortest
description
Longest
description
Mean
duration
Total
duration

HC (n=36)
29s

SCI (n=23)
41s

MCI (n=31)
21s

274s

635s

361s

92.3s

123s*

102.3s

3324s

2829s

3173s

Table 2: Duration of the Cookie-theft samples (*the mean
duration for the SCIs is 99.7 seconds if we exclude one
extreme outlier description of 635 seconds)
For the audio capture of the narratives we used a H2n
Handy recorder and the resulting audio files were saved and
stored as uncompressed audio in .wav 44.1 kHz with 16-bit
resolution. The recording is carried out in an isolated
environment at the University lab in order to avoid noise.
A speech pathologist and computational linguist were
present during the recording sessions, providing all
subjects with identical instructions according to a predefined protocol. Information about the length of the
spontaneous speech samples is provided in Table 2.

6.

Transcriptions and Linguistic Analysis

Based on the digitized speech waveform of the Cookietheft audio recordings, manual transcriptions are produced,
that are semi-automatically aligned with the audio signal.
During speech transcription, special attention is also paid
to non-speech acoustic events including speech
disfluencies consisting of filled pauses a.k.a. hesitations
(such as “um” and “uh”), false-starts, word fragments,
repetitions as well as other features, particularly non-verbal
vocalizations such as laughing, sniffing and coughing. A
basic transcription manual, with the various conventions to
be used, is produced which helped the human transcribers
accomplish a homogeneous transcription. For instance, all
numerals should be written out as complete words, while
symbols, such as XML-tags, are used for the encoding of
pauses or transcriber’s comments. Furthermore, for the
transcription the Praat application (Boersma & Weenink,
2013) is utilized; using a 2-tier text grid configuration, one
for broad orthographic transcription (standardized spelling
with manual utterance segmentation) and one for narrow
orthographic transcription, with maintained spoken
language phenomena, such as partial words, see Figure 1.
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Figure 1: Example of transcription of the collected data.

7.

Linguistic Processing, an Overview

In total, there are 19285 tokens in the sample (HC: 8770;
MCI: 5724; SCI: 4791) and 1573 word types (HC: 1077;
MCI: 750; SCI: 734). The transcriptions have been
processed with basic Natural Language Processing (NLP)
tools for Swedish which includes tools for lexical analysis
(lemmatization and multiword expression identification),
part-of-speech annotation, syntactic parsing (both
dependency and constituent-based) and identification of
information content units. Computational models that can
be used to differentiate between the groups are typically
based on various lexical, syntactic, semantic, and discourse
characteristics. Here we provide a very general overview of
the various features we currently extract from the corpus,
both the audio signal (i.e. acoustic and prosodic) and the
transcriptions (i.e. features that follow the lexicon-syntaxsemantics continuum). Results of our linguistic analysis are
reported elsewhere (e.g. Lundholm Fors et al., 2018; Fraser
et al., 2018).
From the transcriptions we extract: (i) lexical distribution
measures (such as type-token ratio, mean word length, long
word counts but also the distribution of lexical and nonlexical fillers or disfluency markers such as “um”, “uh”,
“eh”) and out-of-vocabulary rate (Pakhomov et al., 2010);
(ii) syntactic complexity markers (such as [context free]
production rules; dependency distance; noun phrase
average length and noun phrase density; (iii)
psycholinguistic measures (such as familiarity); (iv)
imformation units (such as content density). Measures that
can give an indication of semantic deficits are important
and likely to be present even in the early stages of MCI. A
large number of acoustic features (such as speech rate,
pause frequency, filled pauses, total pause duration; pitch
and formants) have been proposed as relevant in the
literature (Roark et al., 2011; Ahmed et al., 2013; Yancheva
et al., 2015) and it pinpoints the importance of
distinguishing between vocal changes that occur with
normal aging and those that are associated with MCI (and
SCI).

8.

chosen picture description task will be suitable for
detecting subtle language deficits in patients with
subjective and mild cognitive impairment, is a question we
are currently investigating. We anticipate that a single
image might limit our future findings, however we believe
that the breadth of analysis as outlined above and the
combination of features of both the audio signal (e.g.,
prosody) and text (e.g., information content units) could
provide a solid ground for analysis and experimentation.
Moreover, we also intend to relate the performance of
linguistic variables to available results of the
neurodegenerative testing and other cognitive screening
tools (e.g. MMSE) for the same population.
In parallel with the analysis of the available data, we also
plan to extend this research by repeating the Cookie-theft
experiment (and recordings) in the near future, that is in 18
months after the first recordings took place, and described
in this paper. This might be useful for longitudinal
assessment and comparison of the semi-spontaneous oral
text production and for the evaluation of possible
degradation, maintenance or recovery of skills. Moreover,
we have also concrete ideas on how to complement the
corpus with other types of oral tests we intend to record,
such as semantic word fluency (category animals) and also
spontaneous
speech
production/semi-structured
conversation in which the participants will be encouraged
to talk about a predefined task-oriented dialogue topic such
as a map route (cf. Andersson et al., 1991). These additions
are already approved by the local ethical committee review
board (ref. T021-18). Finally, we also intend to acquire
written descriptions of the Cookie-theft from previous
Swedish studies. This will enable us to have a more
balanced corpus of the Cookie-theft.
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