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Abstract
This paper describes the multimodal annotation of speech, gaze and hand movement in a corpus of longitudinal parent–child interaction,
and reports results on synchrony, structural regularities which appear to be a key means for parents to facilitate learning of new concepts
to children. The results provide additional support for our previous finding that parents display decreasing synchrony as a function of
the age of the child.
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1. Introduction
A cognitive model of language learning ultimately needs to
be dialogue-driven and multimodal to reflect the interaction
of parents and children, involving devices such as words,
gaze and object manipulation, and to reduce the complex-
ity of the grammar induction problem (Clark and Lappin,
2011, p. 207). As a basis for such a model, we have devel-
oped a scheme for annotation of video and sound record-
ings of longitudinal parent–child dyads. A specific phe-
nomenon that we are studying within these dyads is syn-
chrony, ”relatively stable patterns or structural regularities”
(Gogate and Hollich, 2010, p. 496), which appear to be a
key means for parents to facilitate learning of new concepts
to children. As a vehicle for studying this, we use two target
objects in the form of cuddly toys, Kucka (a yellow rabbit)
and Siffu (a black monkey), set in an otherwise free-play
scenario of the parent and child.
To get a handle on synchrony, we annotate dialogue seg-
ments involving uni- or multimodal reference (speech, gaze
and/or hand movement) to either of the two target objects.
The results strengthen the support for our previous find-
ing that parents display decreasing synchrony as a func-
tion of the age of the child (Björkenstam and Wirén, 2012).
Furthermore, we have obtained results using a more fine-
grained annotation scheme for discourse (Björkenstam and
Wirén, 2013). This makes it possible to look separately at
instances of synchrony that occur during the initial mention
of an object in a focus shift and in subsequent dialogue.

2. MINGLE: A longitudinal corpus of
parent–child interaction with multimodal

annotation
The audio and video recordings have been made from nat-
uralistic parent–child interactions in a recording studio at
the Phonetics Laboratory at Stockholm University, using
two cameras (Lacerda, 2009). The speech signals from the
the child and parent were recorded in separate channels via
wireless lavalier microphones. One was attached to a vest
that the child wore during the session, and the other was
clip-mounted on the shirt of the parent. The child and par-
ent were thus free to move around in the studio, and were

provided with toys, including the two target objects Kucka
and Siffu. The scenario was free play, but the parent was
instructed to use the toys. The free play sessions were
typically followed by a session when the parent and the
experiment leader chat informally while working through
the Swedish Early Communicative Development Inventory
(SECDI, a version of the MacArthur Communicative De-
velopment Inventory) with the child in the room. These
sessions have also been transcribed, and provide a valuable
comparison for the parent–child interaction (Björkenstam
et al., 2013).
The tool used for synchronization of video and audio files
as well as multimodal annotation is ELAN1 (Wittenburg et
al., 2006).

2.1. Verbal annotation
All utterances by parents and children are transcribed, and
we also keep an additional record of each spoken mention
of one of the target objects by either parent or child.

2.1.1. Transcription
All utterances by the parent have been orthographically
transcribed, with labels for features like laughter and ono-
matopoeia. The following disfluency categories are an-
notated: truncated words and phrases, prolongations, and
filled pauses. Utterances interpreted as exclamations, ap-
peals or orders are marked with an exclamation mark, and
questions with a question mark. Utterances interpreted as
adult-directed are labeled as such, while the default is child-
directed speech.
In the early recordings, vocalizations by the child are pho-
netically transcribed, and in later recordings as a combina-
tion of orthographic words and non-word vocalizations.

2.1.2. Target object mentions
We define mentions as names (Kucka, Siffu), definite de-
scriptions such as den gula kaninen (‘the yellow rabbit’)
and apan (‘the monkey’), or third person singular pronouns

1ELAN, by The Max Planck Institute for Psycholinguistics,
The Language Archive, Nijmegen, The Netherlands. URL:
http://tla.mpi.nl/tools/tla-tools/elan/



den (‘it’), han (‘he’), and hon (‘she’). The timewise ex-
tent of each verbal mention of the target object by child or
parent are indicated in the annotation.

2.2. Multimodal annotation
A subset of the MINGLE corpus has also been multi-
modally annotated with eye gaze, gestures, and object-
related actions. This subset, called MINGLE-3, consists
of 18 dyads with three children; two girls and one boy
recorded between the ages of 7 and 33 months, with six
dyads per child. The complete duration of the 18 dyads is
7:29 hours and the multimodally annotated parts have a to-
tal duration of 1:39 hours.2 The mean duration of a dyad
is 24:58 minutes, and the mean duration of the multimodal
annotation per dyad is 5:30 minutes. The children were in-
teracting interchangeably with their mothers (10 dyads) and
fathers (8 dyads).
A basic condition for annotating a segment multimodally
is that the parent has mentioned (orally referred to) a tar-
get object using, e.g., the name Kucka. Given that such a
mention exists, the segment starts at or before this point
when one of the target objects is brought into focus by ei-
ther parent or child by means of speech, eye gaze or hand
movement, and ends whenever focus is similarly shifted to
another object. The rationale for this is that what we pri-
marily study is synchrony manifested by the parent, and
that therefore a spoken mention by the parent is a confirma-
tion that the target object is indeed in focus (at least for the
parent).

2.2.1. Gaze
Eye gaze is annotated by marking whether the child (par-
ent) is looking at a) the parent (child); b) Siffu or Kucka; or
c) at any other object.

2.2.2. Gestures
Hand gestures by the parent and the child are annotated ac-
cording to functional categories commonly used in multi-
modal annotation of adult interaction (McNeill, 1992; All-
wood et al., 2007) and adult–child interaction (Parladé and
Iverson, 2011; Stefanini et al., 2009).

2.2.3. Object-related actions
We categorize hand movements involving objects as object-
related actions. Such actions (by both parent and child) are
annotated by marking the timewise extent of the action with
a description of the action and the object. There are three
kinds of objects: a) the parent and the child; b) the tar-
get objects; and c) all other objects. In our data, a typical
object-related action by the parent is to pick up an object
and display it to the child by, e.g., holding it or shaking it
within the visual field of the child. Many of these actions
(e.g., holding objects up) can be categorized as manipula-
tive forms of deixis (McNeill, 1992, p. 327). We include
and describe all actions involving objects, e.g., banging a
toy against the floor or dressing a doll.

2A previously reported study on a subset of this data was based
on annotations with a duration of 40:59 minutes from five dyads
with two children (Björkenstam and Wirén, 2012).

2.3. Discourse annotation
We annotate shifts in focus of attention by categorizing par-
ent object mentions as initial mention or subsequent men-
tion. That is, we distinguish between the first mention of an
object and any follow-up mentions of that object until the
next focus shift. Such focus shifts are detected by combin-
ing the verbal and non-verbal annotation.
Each instance annotated as initial mention is further anno-
tated for initiative as either a bring-in when the parent intro-
duces the object by either a vocal reference or a combined
vocal and non-vocal reference to the child, or a follow-
in when the child introduces the object (by speech, gaze,
and/or hand) and the parent responds by either vocal or vo-
cal and non-vocal means. Note that in the latter case, joint
attention is already established.

3. Synchrony across modalities of
parent–child interaction

In this paper, we are primarily interested in exploring syn-
chrony across modalities as manifested in parent–child in-
teraction. Thus, we discuss speech, eye gaze, and hand
movements by parents and children with respect to the tar-
get objects, and the extent to which references to these ob-
jects are synchronized.
We have grouped the dyads based on the children’s age at
the time of recording, resulting in four data sets represent-
ing the ages 7–9 months, 12–14 months, 16–19 months,
and 27–33 months.

3.1. Analysis of synchrony
The analysis of synchrony is based on the parent’s target
object mention annotation described in section 2.1.2. For
each such mention (row P-Speech in table 1), we determine
if the parent was synchronously looking at and/or manipu-
lating the object.
From the eye gaze annotation described in section 2.2.1.,
we extract information on whether child or parent is look-
ing at the target object in synchrony with the speech (rows
P-Gaze and C-Gaze in table 1). Furthermore, from the an-
notation of gestures (section 2.2.2.) and object-related ac-
tions (section 2.2.3.), we extract information on whether
child or parent is handling the target objects in synchrony
with the speech (rows P-Hand and C-Hand in table 1), e.g.,
by pointing at the object, or by reaching for, holding, shak-
ing, or offering it to the child.
By “synchronously” we mean overlap with a time interval
beginning 0.5 seconds before and ending simultaneously
with the parent’s spoken mention of the object. Overlaps
were given 1 point, and non-overlaps were given 0 points.
The figures in Table 1 are means, and thus reflect the pro-
portions of the data points exhibiting synchrony with the
spoken modality of the parent. Note that the duration of
the recordings vary, since the scenario of the child-parent
interaction is free play.

3.1.1. Synchrony and discourse analysis
During a free play session, the (joint) focus of attention
changes over time as the parent and child play with differ-
ent objects. Our hypothesis was that when a new referent



Table 1: Proportions of synchrony of parent (P) and child
(C) with the spoken modality of the parent (P-Speech)
with respect to target objects for different modalities (Gaze,
Speech, Hand) in MINGLE-3. Boldface indicates statisti-
cally significant difference to boldfaced neighbour.

Child age (months) 7–9 12–14 16–19 27–33
P-Speech 1 1 1 1
P-Gaze 0.49 0.64 0.52 0.47
P-Hand 0.77 0.51 0.28 0.34
C-Speech 0 0.02 0.12 0.08
C-Gaze 0.81 0.73 0.54 0.66
C-Hand 0.44 0.41 0.49 0.50
No. of dyads 5 5 5 3
No. of data points 217 240 153 38
Duration (m:s) 35:46 37:29 15:50 09:48

Table 2: Initial mentions categorized as bring-in: Propor-
tions of synchrony of parent (P) and child (C) with the spo-
ken modality of the parent (P-Speech) with respect to tar-
get objects for different modalities (Gaze, Speech, Hand)
in MINGLE-3. Boldface indicates statistically significant
difference to boldfaced neighbour.

Child age (months) 7–9 12–14 16–19 27–33
P-Speech 1 1 1 1
P-Gaze 0.50 0.64 0.10 0.29
P-Hand 0.98 0.73 0.19 0.43
C-Speech 0 0 0 0
C-Gaze 0.64 0.62 0.29 0.29
C-Hand 0.14 0.18 0.10 0.00
No. of data points 42 55 21 7

is established through an initial mention, this would involve
more synchrony than subsequent mentions, and further, that
parents make use of different strategies when aligning their
speech to the child’s focus of attention as compared to when
trying to get the child’s attention. Tables 2 (bring-in) and 3
(follow-in) show the proportions of initial mentions exhibit-
ing synchrony with the spoken modality of the parent, and
table 4 shows the proportions of synchrony of subsequent
mentions.

4. Discussion
4.1. Synchrony and child age
The results corroborate our previous finding that parents
display decreasing synchrony in terms of hand manipula-
tion of target objects as a function of the age of the child
(P-Hand in Table 1). The differences are statistically sig-
nificant according to a z-test of sample proportions, with
z = 2.6, p = 0.0091 (two-tailed) in a comparison of the
second and first age group, and with z = 4.6, p < 0.0001
(two-tailed) in a comparison of the third and second age
group. For the oldest age group (27–33 months), however,
the tendency seen in the table is that synchrony increases
compared to the previous age group. How should this be
interpreted? The oldest age group includes fewer dyads and
data points than the others, and the difference compared to
the third age group is not statistically significant (z = 0.4,

Table 3: Initial mentions categorized as follow-in: Propor-
tions of synchrony of parent (P) and child (C) with the spo-
ken modality of the parent (P-Speech) with respect to tar-
get objects for different modalities (Gaze, Speech, Hand)
in MINGLE-3. Boldface indicates statistically significant
difference to boldfaced neighbour.

Child age (months) 7–9 12–14 16–19 27–33
P-Speech 1 1 1 1
P-Gaze 0.67 0.76 0.69 0.63
P-Hand 0.33 0.20 0.10 0.25
C-Speech 0.00 0.08 0.24 0.13
C-Gaze 0.90 0.92 0.62 0.88
C-Hand 0.62 0.72 0.83 0.75
No. of data points 21 25 29 8

Table 4: Subsequent mentions: Proportions of synchrony
of parent (P) and child (C) with the spoken modality of the
parent (P-Speech) with respect to target objects for differ-
ent modalities (Gaze, Speech, Hand) in MINGLE-3. Bold-
face indicates statistically significant difference to bold-
faced neighbour.

Child age (months) 7–9 12–14 16–19 27–33
P-Speech 1 1 1 1
P-Gaze 0.46 0.62 0.56 0.48
P-Hand 0.78 0.48 0.35 0.35
C-Speech 0.00 0.02 0.11 0.09
C-Gaze 0.84 0.73 0.56 0.70
C-Hand 0.50 0.44 0.48 0.57
No. of data points 154 160 103 23

p = 0.6773, two-tailed). Still, one might speculate whether
the lack of difference (or seeming increase) corresponds to
an actual change in behaviour.

Anecdotally, when looking at the videos of this age group
(27–33 months old), the children seem to have lost much
of their interest in the cuddly toys compared to when they
were younger. The parents, having been instructed that
some part of the dialogue should be devoted to the target
objects, therefore must exert additional effort to introduce
the toys, and it appears that one means for doing this is in-
creased synchrony. In this case, however, the primary func-
tion of the synchrony is hardly to facilitate language under-
standing as the children have already grasped how the toys
are referred to, but rather to evoke the children’s interest
and attention.

As for the parents’ gaze synchrony, the differences with re-
spect to age groups are not statistically significant, except
between the second and first age group. One factor that
may distort P-Gaze is that the child was occasionally sit-
ting in the lap of the parent, and that hence the child and
parent could not see each other’s faces. Still, it is interest-
ing to see that the maximal gaze synchrony occurs at 12–14
months. At around 9–12 months of age, children begin to
acquire an “understanding of other persons as intentional
agents like the self whose psychological relations to out-
side entities may be followed into” (Tomasello, 2009, p.



21). In particular, this is when children begin to look where
other persons are looking (gaze following).
The synchrony displayed by the children is somewhat sec-
ondary, since the data points investigated are all based on
the parents’ verbal mention of an object. Still, they illus-
trate some key elements of the learning process, such as
the parents’ ability to establish and maintain joint attention,
and to align their speech with the child’s focus of attention
(Estigarribia and Clarke, 2007). The only statistically sig-
nificant difference with respect to the children’s gaze syn-
chrony (C-Gaze) is the decrease between the second and
third age group. The differences with respect to the chil-
dren’s hand movements (C-Hand) are very small, and none
of them are statistically significant. Naturally, very little
child speech (C-Speech) occurs that is synchronised with
parents’ speech, and again no differences are significant.

4.2. Synchrony and discourse
For both bring-in initial mentions (when the parent is try-
ing to shift focus) and subsequent mentions (when, in most
cases, joint attention has already been established), we
find a similar pattern of decreasing speech–hand synchrony
as the children develop (P-hand in table 2 and table 4).
While the proportion of speech–hand synchrony is higher
for bring-in than for subsequent mentions for the first two
age groups, we find the high proportions of synchrony in
subsequent mentions particularly interesting as this shows
the intersensory redundancy available to infants in parent–
child interaction even when joint attention has been estab-
lished.
We find that parents use different strategies when trying to
get the child’s attention as compared to when aligning their
speech to the child’s focus of attention, as shown by the
different patterns of synchrony for bring-in and follow-in
initial mentions. In the first age group, the parents display
98% speech–hand synchrony for the bring-in initial men-
tions (P-hand in table 2), but only 33% for the follow-in
initial mentions (P-hand table 3). There is a decrease over
time for both initial mention types: in the second age group,
the parents display 73% synchrony for the bring-in men-
tions, and 20% for the follow-in mentions. We note that
for follow-in initial mentions, the parents seem to respond
primarily to child eye gaze, but also to child gestures and
manipulation of target objects (especially in the third age
group, 16–19 months). We also find that the parents dis-
play a high proportion of gaze synchrony for this mention
type, and that this does not change over time.

4.3. Conclusion
In sum, additional data and an enriched multimodal annota-
tion provide both a more complete and a more fine-grained
picture of how parents appear to facilitate language learn-
ing for children by means of synchrony. In particular, the
results further strengthen the support for the finding that
parents display decreasing synchrony as a function of the
age of the child.
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