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(Embodied) Language 
Comprehension

• Methods and recent insights into how “we understand 
language” 

• Language is “embodied” & “situated”: 

• Language is inseparably bound to our body and our 
physical interaction with the world 

• Language is typically used and understood in context
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“Embodied”
“To say that cognition is embodied means that it arises from 
bodily interactions with the world. From this point of view, 
cognition depends on the kinds of experiences that come 
from having a body with particular perceptual and motor 
capacities that are inseparably linked and that together form 
the matrix within which memory, emotion, language, and all 
other aspects of life are meshed. The contemporary notion of 
embodied cognition stands in contrast to the prevailing 
cognitivist stance which sees the mind as a device to 
manipulate symbols and is thus concerned with the formal 
rules and processes by which the symbols appropriately 
represent the world.” (Thelen et al., Behav. & Brain Sciences, 2001)
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“Situated”
• “… the majority of contemporary findings in sentence 

processing point to a richly interactive cognitive 
processing system in which structural constraints and 
contents-based constraints have roughly equal timing 
and importance in their influence on real-time 
sentence comprehension. In this emerging theoretical 
framework, it is expected that any given linguistic 
process of interest will be best understood when 
analyzed not in isolation but embedded in the context 
in which it is typically situated.” (Spivey & Huette, in “Visually 
situated language comprehension”, 2016)
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Overview of course
• 29.04.2016: Word learning 1 

• 06.05.2016: Word learning 2 (verbs) 

• 13.05.2016: Embodiment 1 

• 20.05.2016: Embodiment 2 

• 27.05.2016: NO CLASS 

• 03.06.2016: Adult language 
comprehension: The VWP 1 

• 10.06.2016: Adult language 
comprehension: The VWP 2

• 17.06.2016: Common Ground and 
Perspective-taking 

• 24.06.2016: Speaker/Listener information 1  

• 01.07.2016: Speaker/Listener information 2 

• 08.07.2016: Social factors in language 
processing 

• 15.07.2016: NO CLASS 

• 22.07.2016: Applications in embodied 
language processing 

• 29.07.2016: EXAM
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Learning (a) language
• All (normal) human children...  

• learn a language. 

• can learn any language they are exposed to. 

• learn all languages at basically the same rate. 

• follow the same stages of language acquisition. 

• But what is learned? And how exactly?
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What is learned
• The sounds of a language (phonetics)  

• The sound patterns of a language (phonology)  

• Lexical items (words, morphemes, idioms, etc)  

• Rules of word-formation (morphology)  

• How words combine into phrases/sentences (syntax)  

• How to derive meaning from a sentence (semantics)  

• How to properly use language in context (pragmatics)  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Stages of learning
•  0-6 months: Prelinguistic 

• no babbling yet 
• sensitive to native vs non-native sounds 

•  6-12 months: Babbling 
• pitch and intonation resemble native language 

• 12-.. months: One-Word 
• “holophrastic” sentences 
• competence better than performance 

• 18-24 months: Two-Word 
• ~50 words, “telegraphic” sentences

Lexical items / Words
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Acquiring words & 
meanings

• Children learn single words 

• Children learn the meaning of words 

• What is the meaning?? 

• “mummy”, “dog”, “tail”, “empty” 
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Acquiring words & 
meanings

• “mummy” 

• “dog” 

• “tail” 

• “empty”
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Word-to-World Pairings
• Children acquire a word by 

learning a word-to-world 
mapping - through experience 

• Problems: 

• Hypothesis space is huge: 
Which word refers to which 
“thing”? 

• Subset problem: Wrong choice 
impedes falsification

“The grapes look yummy!”“The fruit      look yummy!”
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Early hypothesis space…

• Maybe not as big as 
one might think 

• Initially hands and 
mouth play an important 
role as well
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2 IEEE TRANSACTIONS ON AUTONOMOUS MENTAL DEVELOPMENT, VOL. 1, NO. 2, AUGUST 2009

Fig. 1. Multicamera sensing system. The child and the parent play with a set
of toys at a table. A mini-camera is placed onto the child’s head to collect visual
information from a first-person view. Another camera mounted on the top of the
table records the bird’s-eye view of the whole interaction.

[18]. Therefore, the present study focuses on large body move-
ments, such as head turns and manual actions, and we consider
the possible additional contributions of more subtle eye gaze
shifts in discussions of the findings.

II. MULTICAMERA SENSING ENVIRONMENT

To capture the global changes in the information available
to the child’s visual system as a result of the child’s own body,
head, and hand actions, we developed a new measurement
device that records the available visual information from the
child’s perspective: as shown in Fig. 1, a mini-camera mounted
on a headband. For a stable record of the information available
in the environment independent of the child’s movements, we
used an additional camera placed above the table.

A. The Environment

The study was conducted in a m m room. At the
center of the room was a cm cm cm table painted
a nonglossy white. A high chair for the child and a small chair
for the parent were placed facing each other. The walls and floor
of the room were covered with white fabrics. Both participants
were asked to wear white shirts as well. Thus from both cam-
eras, white pixels can be treated as background while nonwhite
pixels are either objects on the table, or the hands, or the faces
of participants.

B. Head-Mounted Camera

A lightweight head-mounted mini-camera was used to record
the first-person view from the young child’s perspective which
was mounted a sports headband placed on the participant’s fore-
head and close to her eyes. The angle of the camera was ad-

justable. Input power and video output went through a camera
cable connected to a wall socket, which was long enough to not
cause any movement restriction while the participant was sit-
ting down. The camera was connected to a multichannel digital
video capture card in a recording computer in the room adjacent
to the experiment room.

The head-mounted camera had a visual field of approximately
70 , horizontally and vertically. In a recent study, Yoshida and
Smith [18] demonstrated the validity of this method for cap-
turing the child’s view of events. Using a similar context of
tabletop play, they compared the direction of eye gaze as judged
from frame-by-frame coding of the contents of the head camera
to frame-by-frame coding of direction of eye gaze (recorded
from a second camera fixed on the child’s eyes). They found
that 90% of head-camera video frames corresponded with these
independently coded eye positions; the non-corresponding mo-
ments were brief, as well as rare (less than half a second). Their
results indicate that at least, in the table top and toy play context,
the contents of the head camera provide a good approximation
of the visual information available to the child as a function of
head and body movements.

C. Bird’s Eye View Camera

A high-resolution camera was mounted right above the table
and the table edges aligned with edges of the bird’s eye image.
As shown in Fig. 1 (right), this view provided visual information
that was independent of gaze and head movements of a partic-
ipant, and therefore, it recorded the whole interaction from a
third-person static view. An additional benefit of this camera
is its high-quality video, which made the image segmentation
and object tracking software work more robustly compared with
the head-mounted mini camera that was light-weight, but with
a limited resolution and video quality.

III. EXPERIMENT

A. Participants

We invited parents of toddlers in the Bloomington, IN, area to
participate in the experiment. Fifteen children contributed data
(six additional children were recruited, but either did not tolerate
the head camera or were excluded because of fussiness before
the experiment started). For the child participants included, the
mean age was 21.3, ranging from 19.1 to 23.4 months. Ten of
the included children were female and five were male. All par-
ticipants were white and middle-class.

B. Stimuli

Parents were given a maximum of six sets of toys (three
toys for each set) in a free-play task. The toys were either
rigid plastic objects or plush objects with a simple and a single
main color—factors that aided computalized automatic visual
processing.

C. Procedure

Three experimenters conducted the study: one to distract the
child; another to place the head-mounted camera on the child;
and a third one to control the quality of the video recording. Par-
ents were told that the goal of the study was simply to observe

(Yu et al., IEEE Trans. on Auton. Mental Dev., 2009)
(Yu & Smith, Cognition, 2012)
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The Visual World & 
Grounding Language

• The visual world plays an important role in grounding 
language:  

• Children observe and experience concrete objects and 
events > mental representations 

• Naming these objects and events is the first linguistic 
activity children perform 

• This is how the arbitrary system of language is grounded 
in, i.e., connected to, the world (cf. lectures on 
Embodiment)
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The Visual World as 
Diagnostic Tool

• The visual world paradigm is a good diagnostic for 
language-learning studies: 

• Looking at entities or events after they have been 
mentioned signals understanding 

• E.g. in baby studies: gaze one of few possibilities to 
measure language processing (preferential looking) 
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The Visual World as 
Information Source

• The visual world is a very important information cue for 
language learners, even more so than for native 
speakers : 

• On-line compensation for knowledge gaps 

• Word-learning cue
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The Visual World as 
Information Source

• Word learning 
• Observational learning 

• Using the visual context and the embedding of the new 
word in linguistic context for inferencing
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Fast-‐Mapping	  (Carey,	  1978)
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The	  monkey	  is	  
observing	  a	  dax.

There’s	  a	  dax!

Cross-‐Situational	  Word	  Learning	  (Quine,	  1960;	  Yu	  &	  Smith,	  2007)
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There’s	  a	  dax!

Social	  Cues	  (e.g.,	  pointing,	  gaze;	  Baldwin,	  1993;	  Tomasello,	  2000)
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Is that it?

• Fast mapping vs CrossSWL 

• CrossSWL can deal with uncertainty 

• But: Multiple hypotheses would need to be tracked…  

• Is that really the case?
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Propose-but-verify

• Tracking only a single hypothesis to keep memory 
load feasible (Medina et al. ,2011; Trueswell et al., 2013) 

• Unrealistic to assume that a learner can keep track of 
everything!
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Single Hypothesis Tracking

• Trueswell et al. (2013) 

• No memory for unselected potential referents 

• Only last selection memorized 

• Propose-but-Verify Account



The	  monkey	  is	  
observing	  a	  dax.

There’s	  a	  dax!
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correct alternative on the next learning instance since it too has the correct referent present in the dis-
play. We tested this hypothesis by calculating the average proportion of correct responses on in-
stances 2–5, split by whether the participant had been correct or incorrect on the previous learning
instance for that word (Fig. 2B). That is, for learning instance N, we graph average accuracy as a func-
tion of correctness on instance N ! 1. We have collapsed across instances 2–5 rather than plotting
each separately because of the relatively low number of observations that would result from such a
division of the data (though see Experiment 3 below for such an analysis on a larger number of
subjects).

This figure plots the average of participant means, with error bars indicating a ± 95% confidence
interval. Thus, if the error bar does not touch the .20 proportion line (which in this case is 1-in-5
chance performance), then participants were found to behave above chance, as tested by a one sample
t-test (2-tailed) on participant means. The same patterns of significance were also found in tests of
item means against chance levels. We therefore discuss significance based on the error bar patterns
and do not report these other tests of chance performance.2

As can be seen in the figure, participants were above chance only after guessing correctly for a gi-
ven word. After guessing incorrectly, participants randomly selected a referent, resulting in 1 out of 5
(.20) performance. Thus, even though the Target referent (e.g., a bear) had been present the last time
participants heard the word in question (i.e., ‘‘zud’’) and it was present again on the current instance,

A B

Fig. 2. Mean proportion of correct responses. Participant means. Error bars indicate ± 95% C.I. (A) As a function of learning
instance. (B) As a function of whether the participant had been correct or incorrect on the previous learning instance for that
word. Number of participants contributing to bars from left to right: 15 out 15, 15 out of 15 (Experiment 1).

Table 1
Learning in the aggregate: Effect of learning instance on accuracy (Experiment 1).

Effect Estimate S.E. z-value p-value

Intercept !1.16 0.21 !5.51 <.0001*

Instance 0.21 0.07 3.25 .001*

Note: Results of multi-level logit model with crossed random slopes and intercepts for both Participants and Items. The lmer
function in R was used [syntax: Accuracy " 1 + Instance + (1 + Instance|Participant) + (1 + Instance | Item)]. Model was a better
fit than a corresponding model that did not include Instance as a fixed effect, based on a chi-square test of the change in !2
restricted log likelihood (v2(1) = 7.55, p = .006). Instance variable was centered.
* Statistically significant.

2 Unless otherwise noted, subject and item mean tests confirmed the error bars in all accuracy contingent analyses reported
below in Experiments 2 and 3. Also, given the nature of contingency analyses, it is possible for a subject not to contribute to a
subject mean. We therefore include in the figure caption the number of subjects out of the total that contributed to the mean in all
accuracy-contingent response figures in this paper.
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Single Hypothesis Tracking
• Trueswell et al. (2013) 

• No memory for unselected potential referents 

• Only last selection memorized 

• Propose-but-Verify Account 

• Too fragile to account for learning of ambiguous words 

• Memory for all past selections? (Robust Propose-but-
Verify Account)
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!”Oh$look!$A$heek!”$

+"

(Koehne, Trueswell & Gleitman, CogSci 2013)
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*	  2-‐8	  other	  trials	  in	  between!	  
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The telephone is 100% 
referent: it occurs every 
time, “heek” is 
presented
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Condi&on	  PPPAAA:	  
50%	  referent	  present	  
in	  first	  three	  exposures	  

The chair is the 50% 
referent for “heek", it 
occurs in half of the 
six heek trials
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Condi&on	  PAPAPA:	  
50%	  referent	  present	  
in	  first,	  third,	  and	  fiMh	  
exposure	  
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Condi&on	  AAAPPP:	  
50%	  referent	  present	  
in	  last	  three	  exposures	  
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Condi&on	  APAPAP:	  
50%	  referent	  present	  
in	  second,	  fourth,	  and	  
sixth	  exposure	  
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Test phase

• What is the “heek”? 

• Telephone not 
depicted! 

• Second best 
candidate detected? 
(even though there 
was perfect referent)

+"

?"
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Predictions
• Selection of 50% referent (chair) in test: 

• Cross-Situational Account - Independent of condition and 
learning path 

• Fragile Propose-but-Verify Account - Only if it was the very 
last proposal for a noun, i.e., only possible in Conditions 
AAAPPP and APAPAP 

• Robust Propose-but-Verify: Only if it was proposed at 
some point during learning, possibly the more recent the 
better
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Results

34%$

27%$
23%$

16%$

chance$
12.5%$

*$
***$

***$
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Results
• The 50% referent (chair) was only selected if it had been 

selected in previous encounter, independent of 
Condition (PPPAAA, PAPAPA, APAPAP, AAAPPP)

• Supports the Robust Propose-but-Verify Account 

• Selecting the 50% referent (chair) was still above 
chance when learners had additionally chosen the 
100% referent (telephone) two to five times 

• Multiple-Proposal Memory rather than Multiple-Hypotheses 
Memory
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Learning mechanisms

• Cross-situational word learning  

• Multiple hypotheses 

• Fast mapping 

• Fragile vs Robust Propose-but-verify (multiple proposals 
can enter memory) 

• Fast mapping - slow learning…
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Back to children

• Fast mapping and disambiguation 

• Is the tendency to assign novel words to novel objects in 
place from the beginning? 

• Does the ability to disambiguate relate to word learning 
(i.e. word-object association later on) ?
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the relation between skill in referent selection and mea-
sures of overall expressive vocabulary size in children from
18 to 30 months?

2. Experiment 1

The goal of this preliminary study was to demonstrate
that 18-month-olds, the youngest children tested in the
disambiguation task in Experiment 2, could learn the asso-
ciation between a novel word and a novel object when this
link was taught ostensively in an unambiguous labeling
situation. The first experiment used exactly the same stim-
uli used with 18-month-olds in the second experiment, ex-
cept for the teaching trials. In Experiment 1, each of the
two novel objects was presented on its own during label-
ing; in Experiment 2, a novel object was paired with a
familiar object during labeling. Although several previous
studies have found evidence of novel word retention after
ostensive labeling in a preferential looking task with chil-
dren from 14 to 18 months of age (Gurteen, Horne, & Erja-
vec, 2011; Houston Price, Plunkett, & Harris, 2005; Schafer
& Plunkett, 1996; Yoshida, Fennell, Swingley, & Werker,
2009), they used different criteria for determining above-
chance performance than those used here.

2.1. Method

2.1.1. Participants
Participants were 24 18-month-old children

(M = 18.9 months; range = 18.4–19.6, 5 F). Parents re-
ported that all participants were typically developing chil-
dren from families where English was the dominant
language, and that no child heard a second language for
more than 7 h a week. Six participants were excluded from
the final analyses because they did not contribute at least
three usable trials in each experimental condition.

2.1.2. Visual stimuli
The visual stimuli were pictures of six familiar objects

(car, cup, book, ball, cookie, shoe) and two novel objects
(see Fig. 1), each centered on a grey background in a
640 ! 480 pixel space.

2.1.3. Verbal stimuli
The speech stimuli were sentences consisting of brief

carrier frames each ending in the name for one of the six
familiar objects or two novel objects (e.g., modi and dofa),
followed by simple questions that served to introduce pro-
sodic variability across trials (e.g., Where is the car? Can you
see it?). A female native speaker of American English first
recorded multiple tokens of each sentence. Exemplars cho-
sen for the final stimulus set were selected based on acous-
tic measurements of the carrier phrase and the noun. The
duration of the target nouns was equated to the mean
duration of all nouns (M = 785 ms) and the intensity of
the phrases was normalized using Praat speech analysis
software (Boersma, 2002).

2.1.4. Procedure
Accuracy in identifying the correct target picture was

assessed using the LWL procedure (see Fernald, Zangl, Por-

tillo, & Marchman, 2008). Children sat on their caregiver’s
lap and viewed pictures of objects as they listened to
speech naming one of the pictures. On each trial, either a
single picture or a pair of pictures was presented on the
screen for approximately 6 s, with the speech stimuli start-
ing after 2 s, followed by 1 s of silence. Each infant was pre-
sented with 28 trials, consisting of three different trial
types (Fig. 1): On eight Ostensive Teaching trials, each novel
object served as the target four times, with a single novel
object presented during labeling. On eight Retention trials,
the two novel objects were presented side by side, with
each serving as target four times and on twelve Familiar-
Word trials, each familiar object was paired once with an-
other familiar object and once with a novel object. The
Ostensive Teaching trials preceded the Retention trials.
The Familiar-word trials were interspersed with Ostensive
Teaching and Retention trials. The target object was named
only once per trial. Pairings of novel and familiar objects
were counterbalanced across participants. Side of presen-
tation of target object was randomized, with the constraint
that the target did not appear on the same side of the
screen in more than two consecutive trials. To maintain
attention, five filler trials with colorful pictures of more
complex scenes were interspersed throughout the session,
accompanied by encouraging phrases such as ‘‘Hey, look at
that! That’s cool!’’ Caregivers wore opaque glasses so that
they could not influence infants’ looking to the correct pic-
ture throughout the 5-min procedure.

Participants’ eye movements were video-recorded and
coded with a precision of 33 ms by observers who were
blind to trial type. Inter- and intra-observer reliability
checks were conducted for all coders. For 25% of the sub-
jects, two measures of inter-observer reliability were as-

Fig. 1. Trial types in Experiments 1 and 2. Six familiar objects and two
novel objects were used as visual stimuli in each experiment.

42 R.A.H. Bion et al. / Cognition 126 (2013) 39–53
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18, 24, 30 months 
old children tested 

in looking-while-
listening procedure

older children, or children with larger vocabularies, were
more accurate on both Disambiguation and Retention tri-
als, then this result could be attributed to differences in
either age or vocabulary. To address this issue, we ran a lin-
ear regression with accuracy on Disambiguation trials pre-
dicting accuracy on Retention trials, controlling for both
age and vocabulary. Again, children who spent a greater
proportion of time looking at the novel object on Disam-
biguation trials were better at remembering the link be-
tween the novel word and the novel object at test,

independent of their age and vocabulary size, b = 0.43,
t(60) = 3.06, p = 0.003. Fig. 5 shows that the relation be-
tween Disambiguation and Retention was significant or
marginally significant at all ages, although strongest at
24 months. Using the Fisher r-to-z transformation, we con-
firmed that the correlation coefficients were not signifi-
cantly different from each other at the different age
points (for all comparisons, p > 0.5). Taken together, these
analyses suggest a relation between children’s ability to
find the referent of a novel word in an ambiguous situation
and their ability to remember the association between the
novel word and the appropriate novel object.
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Fig. 3. Overall accuracy of responses on Familiar-word, Disambiguation, and Retention trials, by children at 18, 24, and 30 months of age. Curves show the
mean proportion of trials on which children were fixating the target picture at each 33-ms interval as the stimulus sentence unfolded, measured from the
acoustic onset of the noun. Error bars indicate standard errors from the means and are graphed every 400-ms. In all age groups, children were above chance
on Familiar-word trials. At 24 and 30 months, children were above chance on Disambiguation trials. Only at 30 months were children above chance on
Retention trials.
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Fig. 4. Mean accuracy on Familiar-word, Disambiguation, and Retention
trials, for the three age groups. Error bars represent standard errors of the
mean over participants. Children were more accurate on Familiar-word
than on Disambiguation trials, and more accurate on Disambiguation
than on Retention trials, and they made comparable gains with age across
conditions.

Table 1
Mean, standard deviation, t statistics, and p value for comparisons against
chance (0.50) of accuracy on Familiar-word, Disambiguation, and Retention
trials, for the three age groups.

Condition and age M SD df t p

Familiar-word
18 months 0.66 0.08 21 9.93 0.001
24 months 0.76 0.10 24 12.85 0.001
30 months 0.82 0.08 19 17.67 0.001

Disambiguation
18 months 0.52 0.14 21 0.59 0.562
24 months 0.65 0.13 24 5.34 0.001
30 months 0.68 0.14 19 5.90 0.001

Retention
18 months 0.49 0.20 21 0.26 0.797
24 months 0.51 0.15 24 0.47 0.642
30 months 0.59 0.18 19 2.11 0.049
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Summary
• Children acquire words and their meaning in various 

ways:  

• through one-time associations (“proposals”), 

• using disambiguation to exclude referents, 

• that are refined (“verified”) probabilistically, across situations 

• What about abstract words without direct empirical 
mappings?



(Embodied) Language Comprehension Word Learning

References

• Bion, R., Borovsky, A., and Fernald, A. (2013). Fast mapping, slow learning: Disambiguation 
of novel word-object mappings in relation to vocabulary learning at 18, 24, and 30 months. 
Cognition 126, p.244-262.  

• Köhne, J., Trueswell, J., Gleitman, L. (2013) Multiple porposal memory in observational word 
learning. Proceedings of CogSci’13. 

• Spivey, J. and Huette, S. (2016)  Toward a situated view of language. In: Visually Situated 
Language Comprehension. Knoeferle, P., Pyykkönen-Klauck, P., and Crocker, M. (Ed.). John 
Benjamins Publishing Company. 

• Thelen, E., Schöner, G., Scheier, C., & Smith, L. B. (2001). The dynamics of embodiment: a 
field theory of infant perseverative reaching. The Behavioral and Brain Sciences, 24(1). 

• Yu, C. and Smith, L. (2012). Embodied attention and word learning by toddlers. Cognition 
125, p.39-53.


