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PRAXICON is a Grounded Compositional and Generative concept world 
tightly coupled with programs that perform compositional and generative 
analysis of sensorimotor representations and conceptual structures; it 
allows one to go from the language to the visual to the motoric space and 
through these to the dense semantic world of conceptual structures: 

� It is concept centric
� It aims at including necessary and sufficient information per concept for 
the reconstruction of its meaning
� It embodies an alternative suggestion to symbol grounding: the 
Double-Grounding: Symbols are not simply grounded to sensorimotor 
representations, they CONTRIBUTE to the grounding process by 
lexicalising/morphosyntactically expressing a number of cognitive 
processes on concepts and spatio-temporal modifications of their status. 
Theoretical Premises :
Not all concepts are directly grounded, some concepts are grounded 
indirectly
Sensorimotor representations are universal – Language Representations 
(LRs) are not; having the former as main perspective (sensorimotor 
centric conceptual resource) leads to a “reference-based” rather than 
word-sense based language representation approach. 
Not all concepts need have LRs, or  Visual/Motoric Representations.

Each concept is represented through its LR, VR and/or MR and through 
its network of semantic relations with other concepts. In PRAXICON’s
current version, natural language and gesture symbolic representations
have been included, as well as visual and motoric representations and 
semantic relations. 

The PRAXICON Manifesto

Automatic population of the concept world

PRAXICON has currently been populated automatically drawing from
the COSMOROE annotated corpus of audiovisual documents , the 
POETICON Cognitive Experiments and WordNet . Future versions will 
also include the information from the multisensory, POETICON 
enacted everyday interaction data . In what follows, we give a taste of 
the contents of the PRAXICON, and then we will present how 
PRAXICON is currently being populated by the resources shown in this 
diagram.

This is a concept-centric world, in which the user is free to interact 
with the visual objects and explore all available pieces of information. 
All visual objects can be moved in an unbounded virtual window 
allowing the user to dynamically change the layout of the information 
presented to him/her. By clicking on e.g the "door" entity concept, all 
available types of information are dynamically presented: LR stands 
for language representations of the concept, VR for visual 
representations and Relations for the network of semantic 
relations with other concepts. By clicking on LR, the available 
language representations for the concept appear: in this case there 
is a language representation in Greek (EL) and one in English (EN). 
By selecting each box respectively, the actual words and information 
on their "part of speech" appear. It is "����� " and "door" 
respectively, both nouns. By clicking on VR, all available images of 
the entity appear. In this case, we see the image of a door.

Note: the next version of the PRAXICON will include a shape-based 
visual representation of each object, i.e. a statistically learned, 
compositional representation of object category with images of its 
instances and links to other concepts that form its parts (similarly for 
motoric representations).

Example PRAXICON entries

When clicking on Relations , all available 
semantic relations of this concept to other 
concepts are presented. In our example, 
the "door" is related with a part-whole
relation to another concept, the "door-
knob". By pointing the cursor on the name 
of the semantic relation, one may see an 
explanation of the relation. In our case, 
the "door has a door-knob part". Please 
note: many more relations could be 
included in this concept's semantic 
network.

The development of the PRAXICON grounded, 
compositional and generative concept world



The visual and motoric information of the concept, as well as the relations of the concept to other concepts are expected to compensate for this. 
However, according to the PRAXICON, this concept has no "direct" visual or motoric representations. Let's see why, by exploring the 
RELATIONS of this concept. The concept appears to have an inherent relation, which is the intersection of its Process-Step relation to the 
concepts "open" and "close". Simply put, opening and closing something are steps of the open_close process, and in particular, the open_close
concept INHERENTLY denotes that BOTH steps take place. 

The concept would normally inherit the visual and motoric representations of these related concepts. However, neither open, nor close have any 
direct visual and motoric representations. Further exploration of these concepts will lead to concepts that do get grounded directly. For example, 
by exploring the relations of the "open" concept further, one sees that OPEN is a concept that denotes –among others- the PURPOSE of a very 
specific movement, which is to PULL a DOOR KNOB. 

The "pull_door_knob" concept has direct visual and motoric representations and these are inherited by all previously mentioned concepts. The 
VR is a video of someone pulling a door from the door-knob. The motoric representation (MR) is information on the kinematics of the related 
movement, such as configuration of human body joints in time for performing the movement. This information is available in the concept world, 
while an animation video of these kinematics will be presented in future versions of the interface. Again, please note that other concepts could 
also ground the "open" concept; it's all a matter of coverage of the semantic network of a concept in the database.

In another search scenario, let's imagine that 
one is interested in concepts that are related to 
the movement of opening. By searching for 
"open" in the PRAXICON text-based search 
interface, one is presented with a list of related 
concepts. By selecting the "open_close" 
concept one is ready to explore this concept in 
the visual environment. 

The concept has one LR, which is the Greek, 
composite word "����	�
��
�� “ (“to open and 
close” something), a verb. Of course, this piece 
of information alone, says nothing to non-
speakers of Greek, or to artificial agents 
because they miss the grounding of this 
symbolic representation to sensorimotor 
experience.

Example PRAXICON entries

The development of the PRAXICON grounded, 
compositional and generative concept world



Example PRAXICON entries

Pizza cutter is an entity whose LR lexicalizes a whole inference chain: a pizza cutter is an artifact used in performing a very specific 
movement of cutting and the object of this movement of cutting_with_a_pizza cutter is a pizza. This inference chain is inherently included in 
the meaning of the LR of the entity. It is worth noting that "cutting with a pizza cutter" is a very specific movement of cutting, which is tied to 
the specificities of using this type of instrument. In exploring the movement concept further, one sees that this concept has no
LR/lexicalization (namely, the specific concept is not lexicalised at least in Greek or English). This concept is a MOTORISATION of a 
movement-object complex, that of moving the pizza cutter instrument in a specific way, with the specific purpose of CUTTING. Simply put, 
the MR of the cut-with-pizza-cutter movement MOTORISES a conceptual structure that results from the intersection of two relations of the 
movement with other concepts: the relation with a pizza cutter as the instrument used and the relation with the purpose of the movement 
which is to CUT. This motorisation is analogical to lexicalisation in natural language. In our example, the intersection of the relation of the 
specific concept with the other two is inherently included in the meaning of the MR of the movement.

The development of the PRAXICON grounded, 
compositional and generative concept world



Example PRAXICON entries

In the PRAXICON, one may find information on any type of concept, including purely abstract concepts. For example, poverty is one such 
concept. By exploring it in the concept world, one may see that this is also a concept that has no sensorimotor representations of its own. It 
actually inherits such representations from its network of semantic relations with other concepts.

An aspect of the poverty concept is a poor_building entity, namely, poverty may characterize (or be exemplified through) this type of 
buildings. Therefore, it inherits the visual representation of the poor_building concept. In Greek, the poor_building concept is lexicalised in the 
word "����	
� ". By exploring the semantic network of this concept further, one sees that its type as a building and the fact that it stands as an 
aspect of poverty, are both inherent in the meaning of the concept.

It is evident from these examples that the PRAXICON is a very specific suggestion with regards to how the meaning of a concept could be 
captured and what the grounding of concepts to different representations should entail. We presented, here, some challenging cases that 
are dealt in the PRAXICON with a very specific way. Compositionality in symbolic and sensorimotor representations and generative 
mechanisms in generating and extending conceptual representations are in the heart of the development of this resource. 

The development of the PRAXICON grounded, 
compositional and generative concept world



Populating the PRAXICON
Source 1: The COSMOROE Corpus

One of the main sources for populating the PRAXICON is the 
COSMOROE annotated corpus. The corpus forms part of the 
COSMOROE research framework (www.cosmoroe.eu) which 
comprises of: 
(a) The COSMOROE (CrOSs-Media inteRactiOn rElations)
theoretical and descriptive framework for modelling multimedia 
dialectics, i.e. the semantic interplay between images, language and 
human actions. The framework defines a number of semantic relations 
between different modalities, for formulating multimedia messages. 
(b) The COSMOROE annotation specification scheme &  
guidelines
(a) The COSMOROE annotation support tools (consistency 
checking)
(b) The COSMOROE search engine

The COSMOROE annotated corpus and the search engine where 
developed within POETICON. 

Introduction The corpus

Screenshot from a COSMOROE file annotation session with the 
ANVIL tool (Kipp 2004)

Annotation scheme and process

The COSMOROE annotation scheme used in the COSMOROE 
corpus is multi-faceted; it comprises of

(a)  annotation of time offsets of individual language, image and 
action units, and 
(b) annotation of the semantic relations in which they participate

In particular, the Annotation process includes all following steps:
Speech transcription (includes speaker identification, and acoustic 
events annotation)
Selection of transcribed speech tokens of interest per utterance 
(word, multiword expressions, use of the head-only of a phrase)
Segmentation of images into regions of interest per shot (ROI: 
keyframe region (drawing of object-contour on the keyframe), 
foreground of a shot, background of a shot, mixed/whole shot)
Indication of gestures and other body movements
Labelling of all visual units (images of objects/scenes, gestures, 
body movements) without listening to the speech; cognitive 
categorization is used for labelling (cf. basic-level theory, Rosch 1978)
Linking elements from the above through semantic relations , i.e. 
creation of binary relations (relation triplets) with annotation elements 
that come from different tracks. COSMOROE search engine results page, presenting information related 

to the query “sponge” as retrieved from one of the annotated corpus files.
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Populating the PRAXICON
Source 1: The COSMOROE Corpus

EquivalenceEquivalence: the information expressed by the different 
media is semantically equivalent (paradigmatic 
relations between modalities)

ComplementarityComplementarity: the information expressed in one 
medium is (an essential or not) complement of the 
information expressed in another medium 
(syntagmatic relations between modalities)

IndependenceIndependence: each medium carries an independent 
message, the combination of which creates the 
multimedia message

COSMOROE Relations

COSMOROE Relation Examples

A more…challenging example
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The automatic concept-type decision mechanisms 
attempts to classify the extracted concepts into 
“movements”, “entities”, “features” and “abstract 
concepts”. This is done through rules that rely on the 
annotation structure and take advantage of the 
annotation track of the annotation elements and the 
relations in which they participate, with special focus 
on dealing with figurative relations. The output of a 
part of speech tagger on the language representations 
of a concept could give an indication for the three 
categories; however limited context of visual labels 
(e.g. “triples”) and the fact that part of speech is not 
indicative of the nature of a concept (e.g. “act” both as 
a noun and as a verb refer to a movement) leads to 
inaccuracies. Furthermore, our rough categorisation 
mechanism provides also information on abstract 
concepts. In the example above, it is the relation 
“action for purpose” that points to the “fun” being an 
abstract concept. This information is only used in the 
unique IDs of the concepts in PRAXICON;

Populating the PRAXICON
Source 1: The COSMOROE Corpus

COSMOROE information into PRAXICON

Example Extraction 

Transcript: “You just got some hoops, a ball, you find a court you make your own fun .”

Automatic population of the PRAXICON with the rich information provided by the COSMOROE corpus was a straight-forward process, 
since all conceptual relations in COSMOROE had a direct mapping into the concept world. 

Apart from the relations, COSMOROE provided also a lot of visual representations for the concepts that were created, including both object 
and visual action representations. Symbolic information beyond language, such as emblematic gestures was also included, as well as 
many abstract concepts. 

In what follows, we go through the steps of extracting information from COSMOROE for the PRAXICON, through an example:

This is an extract from a TV travel file; while one extracts many different pieces of information for the 
PRAXICON from this single utterance, we focus on information related to the concept “fun”; from the 
annotation one gets –among others- the following annotation elements (concepts) and relations:

“triples” is movement
“fun” is abstract concept

“boy” is entity
“ball” is entity

ConceptType decision



Populating the PRAXICON:
Sourse 2: WordNet Lexical Database

Introduction

WordNet

� Focusing on the symbolic representations of a concept and especially 
on one of the most "elaborate" types, namely the language 
representations, an interesting question arises: How do people "talk" 
about the world? In the POETICON framework, this is almost equivalent 
to "How do lexical representations are grounded to the sensory-motor 
ones and what does language contribute to this process of grounding?"

� Language representations reflect the way language classifies our 
sensory-motor experiences. In order to ground language and explore its 
contribution to the grounding process, we must first analyse the linguistic 
system itself. The greatest challenge: Attempting to resolve whatever 
language lets vague, underspecified, ambiguous, or "simply" implied.

� Due to its semantic structure, coverage and applicability, we selected 
the WordNet lexical database as one of the most appropriate lexical 
resources, for mining complementary information that will enrich the 
PRAXICON.

WordNet example: synsets for the word"knife"

� WordNet is a lexical database that contains synsets, i.e. sets of words 
that have the same sense. The synset is the central unit of WordNet, 
since it formulates a specific "WordNet concept". Synsets interrelate with 
each other through a well-defined set of relations, forming an "ontology" 
of linguistically expressed concepts.

� Semantic relations exist for synsets of the same grammatical (part-of-
speech, POS) category, as well as for synsets of different POS 
categories. The most interesting, from the PRAXICON point of view, WN 
relations are:

Nouns Verbs Adjectives
Hypernymy and 
hyponymy (placing 
noun synsets in a 
hierarchical structure)

Hypernymy and 
troponymy
(creating a 
similar hierarchy 
of verbs)

Attribute (relating an 
adjective to a noun 
for which the 
adjective is a 
qualitative or 
quantitative value)

Meronymy and 
holonymy (creating 
relational links between 
different nodes of the 
hierarchy)

Turning the "WordNet World" upside-down

� WordNet is primarily a lexical database and as such has a number of 
inherent characteristics that render it not directly applicable for 
populating the PRAXICON. Synsets do not correspond to concepts per 
se, but rather to lexicalised meanings. 

� Actually within the WordNet world, concepts are reduced to lexicalised 
meanings, i.e. to words (word-senses), bound to their morphology, their 
syntactic structure and their position in different language contexts. In 
order to compensate for this and in attempting to extract language 
representations and conceptual relations from WordNet, we had to turn 
the WordNet from a word-sense-based (language-centric) world, into a 
reference-based one.

� We use WordNet as a secondary resource for populating  the 
PRAXICON: An already built PRAXICON Database, created using the 
POETICON data (COSMOROE corpus and cognitive experiments), 
queries the WordNet for additional information, useful to make 
inferences and reason about concepts.

� We automatically alter, re-arrange, augment information extracted 
from WordNet, taking advantage of anything one can dig out of it. 
Therefore we change it, using information from within it.

WordNet Challenges

� In their majority, words contained in WorNet belong to more than one 
synsets and synsets contain words with more than one meanings, 
perceived as members of the specific synset under certain 
circumstances (most of the times defined by pragmatics).

Cases of multiplicity of senses can be distinguished as shown below:

Case WordNet Example
Language changes 
the focus  when 
talking about 
concepts

chop, chop up: "cut into pieces"
chop, hack: "cut with a hacking tool"

Language makes 
generalisations and 
abstractions

pot, flowerpot: "a container in which plants 
are cultivated"

Systematic 
polysemy

bucket, pail: "a roughly cylindrical vessel that 
is open at the top"
bucket, bucketful: "the quantity contained in 
a bucket"

Language functions 
metaphorically

tiger: "a fierce or audacious person"
tiger, Panthera tigris: "large feline of forests 
in most of Asia having a tawny coat with 
black stripes; endangered"

Actual polysemy seal, stamp: "a device incised to make an 
impression; used to secure a closing or to 
authenticate documents"
seal: "any of numerous marine mammals that 
come on shore to breed; chiefly of cold 
regions"

What words tell us about the world



Populating the PRAXICON:
Sourse 2: WordNet Lexical Database

PRAXICON's view of "real polysemy": Different WordNet synsets correspond to different PRAXICON entries

� The "real" cases when polysemy in 
WordNet is true polysemy, i.e. the same 
word-language representation belongs to 
different synsets-corresponds to different 
references. In these cases no further action 
needs to be taken, beyond their recognition

� The cases when polysemy in WordNet is false 
polysemy, i.e. the same words-language 
representations belong to different synsets 
although they correspond to the same reference. 
For example, WordNet considers "knife" as a 
cutting instrument a different concept to "knife" as 
a weapon. However, in both cases it is the same 
reference object that is denoted. The different 
senses reflect different uses. In such cases we 
have developed a mechanism that merges the 
synsets to the same PRAXICON concept.

� Our real challenge is to find and treat:

WordNet synsets are attributed a figurative pointer: “mouse-man” i.e. the 
man who gets easily scared is denoted in the above example 

� The figurative relations between concepts, which are hidden in 
WordNet in multiple senses of a word. In these cases we have 
developed a mechanism that distinguishes figurative versus literal 
senses of a word. Further processing of these figurative senses 
leads to different treatment of metonymy and metaphor in the 
PRAXICON

� The lexicalisation of concepts beyond the syntactic categories, such as 
noun or verb. For example the movement "to hammer" is lexicalised not 
only through a verb, but also through a variety of nouns. We developed a 
mechanism that identifies such alternative language representations in 
Wordnet
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PRAXICON's view of "lexicalisation beyond the POS": WordNet synsets 
of different POS refer to the same PRAXICON entry/concept

PRAXICON's view of "false polysemy": Different WordNet synsets correspond to the same PRAXICON entry

Populating the PRAXICON from WordNet – Workflow Diagram

� Dealing with the above mentioned challenges requires a number of 
processing steps, which will be detailed in future publications. The 
diagram on the left provides an overview of most of the information that 
we extract from WordNet.



POETICON Cognitive Experiments on 
Lithic Tools

Cognitive Experiments

� The main aim of the POETICON experiments on lithic tools was to elicit language references to objects, object features, and object use, as 
well as non-verbal categorisation. Specifically, through verbal reports and following a “thinking aloud” method that lets the participants free to 
verbalise their thoughts while performing their task, we designed experiments that would allow us to explore language and perception related 
issues including:  

A) references to descriptive features, objects names, uses , i.e. how people talk about what they see/do, the analogies they draw etc. 

B) semantic relations between entities/objects, actions and descriptive features ,

C) saliency , i.e. which object aspects are more salient to the observer, 

D) information that an observer uses or requires in order to name an object and/or attribute a use to that object. 

We consider the use of lithic tools as a stimulus in such experiments ideal for targeting the above mentioned interests, due to the fact that: 
these objects are novel objects to the modern man , while at the same time they are man-made , made for particular functions and have 
formed part of the everyday activities of another age.  

Experiment 1

� In this experiment, participants were asked to provide verbal descriptions and possible uses for a set of 22 lithic tools. The images of lithic 
tools used in this experiment were taken from an online museum: “The world museum of man” (http://www.worldmuseumofman.org; last 
accessed on 19/09/2009). 

Experiment 2

� In this experiment, participants were required first to create object categories based on self-generated criteria. There 
were no limitations as to the size of the categories or the criteria to be used for each category. Upon completion of the 
categorization, they were asked to report the members (i.e., objects that belonged to a given category) using the label of 
each stimulus of each category and provide the criteria that were used to create a given category. After that, the 
participants had to describe and provide possible uses for each stimulus presented as in Exp. 1.

� The set-up and stimuli were identical to that of Experiment 1 with the sole difference that the stimuli were now 
presented in printed cards instead of the computer. The visual images were scaled on 10x12 laminated cards. At the back 
of each card a number and letter labeling (e.g., 1A, 2A etc.) was used in order to facilitate identification of a given 
stimulus. 

Experiment 3

� In this final experiment, the set-up was identical to that of Exp. 2 with the sole difference that new stimuli were used and the stimuli were not 
only presented in printed cards, but participants could also touch this set of stimuli. The visual stimuli consisted of 9 different lithic tools that 
were presented in the following manner: a) in isolation on a printed card, b) the actual tool, and c) the image of a hand holding the tool in the 
correct configuration. The lithic tools used in this experiment were provided by Guendalina Mantovani, an archeology graduate. 

� The images were presented on a black background using the MATLAB programming software (Version 6.5) with the 
Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997). Before each image presentation a fixation stimulus followed by a 
noise stimulus (mask) were presented for 200 and 24 ms, respectively. The mask was used in order to avoid interference effects 
between the visual images. The participants responded using a standard computer keyboard; pressing the “SPACEBAR” key 
would start the experiment and the “S” key would advance the experiment to the next image.

� The participants completed one block of 4 practice trials before the start of the main experimental session in order to familiarize 
themselves with the task. The experimental stimuli used for the practice block were different from those presented in the main 
experimental session. The practice trials were followed by 2 sessions of 22 experimental trials. The first block, presented the lithic 
tool stimuli in isolation and the second block, with a hand holding the tool. For both experimental sessions, the presentation order 
of the stimuli was randomized.

� The participants’ task was to: a) provide a detailed verbal description of each object and the possible uses of a 
given object, b) categorize the stimuli based on whatever criteria they wished, b) report the categories and criteria
selected. 

Cognitive Experiments workflow



POETICON experiments on Lithic Tools
Recordings

� The POETICON experiments on lithic tools were recorded in the audiovisual 
recording room, in a specially created setup:

� The participants were seated comfortably at a small table facing straight ahead. 
The visual stimuli were presented on a laptop placed approximately 70 cm in front of 
the participant or in cards, or on the table (actual tool manipulation). 

� The cognitive experiments were recorded through two cameras, a frontal and a 
profile camera. The profile camera was used in order to capture possible 
movements/gestures produced by the participants, while the frontal was used to 
capture facial expressions. 

� Backdrop panels were used to isolate the participant from the experimenter, who 
was in the same room (at the other side of the backdrop panel) watching the exact 
output of the two cameras from two dedicated monitors. Audiovisual contact with the 
participant was also possible from within the video control room. 

Recording setup

Post-processing

� Upon capturing the videos of the cognitive experiments, a series of video 
processing steps were necessary before proceeding to their analysis. This processing 
took place in the video control room of the ILSP studio which has the related 
computational power and software.

� Video Cutting and Synchronization : The participants were required to clap before 
starting the experiment. This allowed us to use the image and the sound of the clap 
to cut and synchronize the frontal and profile cameras. The cutting and 
synchronization was done using Sony Vegas Pro 8.0.

� File compression: The videos were captured without any compression in order to 
maintain the high quality of the audiovisual signals (Video: 25 fps interlaced, 
720x576x24, DV/ Audio: 48,000 Hz, 16 Bit, Stereo, Uncompressed). However, 
reduced quality versions of the audiovisual files were also created for facilitating 
subsequent analysis phases (Video: 25 fps, 320x240x24, Intel Indeo(R) Video R3.2/ 
Audio: 32.000 Hz; 16 Bit; Mono). 

The POETICON cognitive experiments were run in ILSP’s audiovisual studio. The studio is a sound-proof and sound-attenuated space 
comprising of four main rooms: the video recordings room, the video control room, the audio control room and the audio recordings room. 
It is fully equipped for professional recordings and for post-processing of audio and visual signals and it has a complete cable network for 
udio and visual signal transmission from both recording rooms to both control rooms. Both recordings and post processing of the 
POETICON cognitive experiments takes place in the studio.
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POETICON experiments on Lithic Tools : 
Analysis Step 1: Speech transcription

� The tool we used for the speech transcription was Transcriber 
(Barras, Geoffrois, Wu, & Liberman, 2000). This tool allows for 
segmentation of audio files into speech – non speech parts (e.g. 
music, silence), segmentation into speaker turns and utterances and 
annotation of acoustic events (e.g. laugh, phone ring, keyboard 
clicking etc.). 

� The segmentation of the parts into utterances is commonly done 
based on brief pauses in the speech signal. Thus, segmentation is 
done whether or not a sentence/phrase is completed.

Transcription tool

Introduction Transcription methodology

Discussion

� The transcription of the POETICON cognitive experiments has been 
a challenging task; however, it has resulted to a large corpus of 
transcriptions valuable for a number of research strands, such as 
ASR system development, language analysis and modelling of the 
idiosyncrasies of spontaneous speech and others.

� The transcription challenges mainly relate to:

• the large number of files to be transcribed: we conducted three 
sets of experiments, with 2 conditions/sessions in two of them and  
3 conditions/session in one of them, and 40 participants in each
session, i.e. 

[2 experiments x 2 conditions x 40 participants ] +

[1 experiment x 3 conditions x 40 participants ] = 280 files

A total of 280 speech files were transcribed, which is 
approximately 110 hours of recordings. It has been estimated 
that the transcription of a 30 min file takes approximately 3-4 
hours, i.e. the transcription process is more than 5 man-
months of full time work .

• the different speech patterns and thought patterns of each 
participant. For instance, many participants had the tendency to
jump to different thoughts without completing them and then return 
to those thoughts at a later time. Such expression patterns are 
challenging for the appropriate segmentation of the given speech
signal.

A screen shot of the interface of Transcriber. 

� The POETICON lithic tool experiments have been videotaped, 
thus the corresponding data are available in the form of audiovisual 
files.  The participants viewed a series of non-familiar to the modern 
man objects (lithic  tools) and they were asked to verbally describe 
the objects and mention their possible uses (if any).  For eliciting rich 
verbal descriptions, references to the objects and object use, the 
participants were left free to express themselves ; an approach, in 
which the participants provide verbal reports while performing the 
required task. 

� This “thinking aloud” protocol, along with the difficulty and creative 
thinking imposed by the nature of the task, led to data rich in details, 
analogies, paraphrases etc. (cf. “POETICON Cognitive experiments: 
Semantic analysis” document for more details). However, it is exactly 
this method of eliciting verbal reports and the nature of the task that 
also led to a very idiosyncratic speech, rich in disfluencies, such as 
repairs, fillers and prolongation of speech sounds.

� The first step in the analysis of the data was speech transcription. 
This task was done manually due to the limitations of current 
speech-to-text tools  (Automatic Speech Recognition systems-ASR ); 
trained mainly on broadcast news data (read-speech mainly), such 
systems fail considerably in transcribing spontaneous speech, not to 
mention speech that is extremely rich in disfluencies, such as the 
speech of our cognitive experiments.

� For reasons related to the subsequent step of semantic analysis
of the data, we had to deviate from the classical method of 
segmentation of the speech signal into utterances. Specifically:

• this segmentation was done based on the expression of a 
“complete thought”. Therefore, a complete-thought utterance may 
include non-speech parts (e.g. pauses) and may also transverse 
sentence boundaries, comprising thus of a number of sentences 
that complete the subject’s reference to a specific aspect of the 
object described (e.g. analogical naming sentence plus the 
justification sentence provided by the subject, both form a single 
utterance, even if a brief pause has been made in between. Still, 
the pause is annotated, but one does not keep its time offsets.



POETICON experiments on Lithic Tools: 
Analysis Step 2: Semantic annotation

� With the objective of identifying all types of information provided 
by the participants, the semantic analysis had to follow a systematic 
annotation of the verbal reports; the types of information expressed 
verbally have been defined in a specification scheme which is the 
product of an iterative “specify-annotate-tune specification” process. 

Introduction

Semantic analysis

Challenges

� After speech transcription has taken place, the next step in the 
analysis of the POETICON Cognitive Experiments data, is related to 
semantic analysis. The participants were asked to identify the objects 
they were presented with and to talk about their uses. They had no 
idea that they are presented with lithic tools. However, exactly the fact 
that the participants had no idea what these objects are (no related 
expertise in archaeology or related field) led them to be creative and 
provide analogies to modern day objects, to describe the physical 
characteristics of these objects, and talk about a variety of possible 
uses. The participants, actually, provided a wealth of information, both 
in terms of language expression use and in terms of conceptual 
information, that one could directly and indirectly extract from the 
verbal reports. 

Specification scheme & Examples

The Anvil annotation environment (Kipp, 2004) – screenshot: annotation session

Apart from the challenge of semantically annotating approximately 
110 hours of data in an approx. 20xRealtime pace (i.e. more than 
15 man-months of work ) other challenges of the task included:
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POETICON experiments on Lithic Tools
Analysis Step 3: Extraction of relational informati on

(for statistical analysis and population of the PRAXICON)

The third part of the analysis of the POETICON cognitive 
experiments on lithic tools involves an automatic extraction of 
the explicit and implicit (but safely inferred) information 
provided by the participants. The semantic annotation step 
transformed the data into a structured resource, with explicit 
labels of the semantic type of the information provided. While 
this structure serves the extraction of information related to the 
properties, names, and uses of the viewed objects, there is a 
lot of relational information that needs to be mined 
automatically. The semantic annotation provides the 
semantic type of the information, while the relations to be 
extracted and the exact concepts (entities, actions, 
features) that are related are implicit . We have developed a 
mechanism that extracts all such information automatically, 
with a two-fold purpose:

Challenges

Collapsing references to object-regions

Though the annotation allows direct linking of same object-regions mentioned per object viewed by a particular participant, the 
challenge is to link the same regions of a specific object across participants, and if possible across instances of the object category 
viewed. 
Treatment : Merging based on region name and/or spatial reference, taking also into consideration the features attributed to the 
region; common descriptive features will be good indications for merging of un-named regions.

Calculating scores

Calculation of frequency scores for each relation triplet requires different treatment in cases of implicit/inferred information.

Score calculation for implicit information
(i.e., for relations that involve specific lithic tools):

N(relx): frequency of the relation in the descriptions of lithic tools 
belonging to lithic_1 category across subjects.
N(category): number of the lithic tools belonging to lithic_1 
category across subjects.

Score calculation for inferred information   
(i.e., for relations that do not involve lithic tools):

�� (rely) = �� (rely�): frequency of the relation in the descriptions 
of all the lithic tools across subjects.
N(concept_i): frequency of concept_i in the descriptions of all 
the  lithic tools across subjects.
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A. to populate POETICON’s concept world (the PRAXICON) with 
this relational information;

the cognitive experiments data is one more source of data for 
populating the PRAXICON with conceptual information; the data 
provide detailed information on objects and their descriptive 
features, as well as a number of other relations, which is 
impossible to find in any other resource. Furthermore, these data 
can also provide “scores” per relation triplet, which reflect the 
frequency (and thus strength) of each relation instance, based 
on the number of participants who gave this information.

B. to perform a statistical analysis of this relational information per 
relation triplet, per participant/object/session/experiment; 

the results of this analysis are expected to point to specific 
answers on the language and perception related questions that 
motivated our experiments (cf. general description of the 
experiments).

Extraction examples

EN: “We could use it as a knife to cut something because it seems very sharp. ”

EL: “ �� ���������	 
� �� ��
������������	 ��
 ������� ��� 
� ������	 ����
	�	��� ���
	��� ���� ����
�� .”



EN:  “He uses it to scrape because it is so pointed there.”

EL:  “ �� ��
�������	� ��� 
� ���	� 	�	��� 	�
�� ���� ���	��
	�	� .”

EN: “It is triangular and on the one side it is like spiky as   
if it were a tooth. ”

EL: “ 	�
�� �����
��� ��� ��
 ��� ��	��� 	�
�� ��

�������� ��
 
� '
�� ��
�� .”

POETICON experiments on Lithic Tools
Analysis Step 3: Extraction of relational information

(for statistical analysis and population of the PRAXICON)

Extraction examples

EN: “It’s like an object that we throw from far away, with force, it hits the 
animal, the animal dies and with the sharp edge we scrape it’s surface 
to remove the skin.”

EL: “ ��
�� ��
 �
���	��	
� ��� �� �	���	 ��� ������ , �	 ��
��
 , �����	�
�� � � , �� � � �	���
	� ��� �	 �
 ���	�� ��	��� �� ��
���	 �


	����
	�� ��� ��� 
� ��������
���	 �� �!��� ��� .”
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