Symbolic Gestures enhance Foreign Language Vocabulary Learning

Manuela Macedonia, Karsten Muller, & Angela D. Friederici

MAX-PLANCK-GESELLSCHAFT

Introduction

Vocabulary acquisition represents a major challenge
in foreign language learning. A long tradition in cog-
nitive psychology has shown that verbal information
is better retained if accompanied by self-performed
co-speech gestures [1]. Similarly, recent studies have
also demonstrated an enhancing role for gestures in
foreign language learning [2]; specifically, the use of
gestures during word learning facilitates new vocabu-
lary retrieval even if the words are abstract and must

Behavioral Study

Methods

Participants

33 subjects (mean age 23.17, M=25,SD =1.61, 17 females, 16
males)

Task

Foreign language vocabulary learning

Stimuli

92 single words from Vimmi, an artificial corpus conforming with
Italian phonotactic rules

Training material

5-sec instruction videos representing an aspect of the word’s
semantics and 1-sec audio files in foreign language (Vimmi)
Design: within subjects design

Training conditions

Symbolic gestures and random gestures accompanying the
single words in the foreign language

Training procedure

Participants cued to imitate 5-sec instruction videos for a total
training time of 2 hours daily for four days. 46 words were
trained with symbolic gestures and 46 were trained with
random gestures.

fMRI Study

Methods

Participants

18 randomly selected subjects who participated in the be-
havioral experiment (mean age 23.44, M=25,5D=1.38, 10
females, 8 males).

Stimuli

Written words and audiofiles. 96 learned words, 23 un-
known items, 23 silent periods; no training videos shown.
Task in the scanner

word recognition. Instruction: “If the word you hear and
read is unknown to you, press the key with your left hand”.

fMRI Data Acquisition & Analysis

3-T scanner (Bruker Medspec 30/100)

20 axial slices, 4 mm thick, 1T-mm interslice distance, FOV
19.2 cm, data matrix of 64 x 64 voxels, inplane resolution
of 3 x 3 mm; every 2 sec during functional measurements,
BOLD sensitive gradient EPl sequence, TR =2 sec; TE =30
msec ; flip angle = 90°; acquisition bandwidth = 100 Hz.
high-resolution whole-head 3-D brain scans: 128 sagittal
slices, 1.5-mm thickness, FOV 25.0 x 25.0 x19.2 cm, data
matrix of 256 x 156 voxels.

fMRI data analysis
LIPSIA software package [6], Bayesian probability analysis [7]

Conclusion

The behavioral part of this study has shown that co-
speech gestures must be congruent, and hence have
symbolic value, in order to enhance verbal learning.

The fMRI-experiment has demonstrated that symbolic
gestures create a motor program connected with the
word. Random gestures accompanying words fail to do
this: instead they cause interference and involve brain
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be combined with an arbitrary gesture [3]. This is con-
sistent with a growing body of evidence indicating that
multisensory training has an impact on learning [4].
However, if gestures are only observed, i.e., not self-
performed, the impact on memory diminishes [5]. If
the memory gain due to gesturing resides only in the
motor component, random gestures might show the
same effects as symbolic gestures by adding motor
complexity to the verbal code.

Behavioral testing
Retrieval assessed daily through single-word translation
tests.

Results

Items encoded with symbolic gestures were significantly
better retrieved in both translation directions at all time
points, F (1,32) =20.40, p < 0.001 (aggregated data).

A follow-up test after ~60 days revealed dramatic informa-
tion decay for the words encoded through random ges-
tures.

Conclusion

Performing symbolic gestures during learning has a signifi-
cantly better impact on memory for new vocabulary items
(1st to 4th day and after ~ 60 days) compared to using
random gestures.

Results and Discussion

Symbolic gestures connected with words map motor pro-
grams in motor cortices in a somatotopic way [8].

Activity in premotor cortex is induced by unintentional
motor simulation processes occurring even without
visual cue of the action [9].

« Activity results from resonance of the network [10].

Random gestures connected with words cause interfer-
ence and activate a network for cognitive control.

- The brain detects conflicting factors and incongruence
(anterior cingulate gyrus, BA 32 [11], posterior cingulate
gyrus, BA 18, inferior parietal junction BA 9 [12]).

- The brain tries to integrate the different sensorial infor-
mation components (cuneus, BA 19 and superior tem-
poral gyrus, BA 22).

- The brain does not succeed in integrating the informa-
tion and suppresses [13] the conflicting information
component (frontopolar cortex, BA 10), i.e. the random
gesture.

areas engaged in cognitive control. These areas detect
and suppress conflicting information components.
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Hypothesis

FOR
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LEIPZIG

Symbolic co-speech gestures accompanying new words have an impact on
memory. Random gestures might show the same effect as symbolic gestures.

Predictions

Symbolic gestures accompanying new words in the foreign language en-
hance learning. They create sensorimotor networks. Random gestures
being inconsistently paired with the words might show the same behav-
ioral effect and also create sensory motor networks.

" Fig. 1: Images from the videos used for the two
training conditions: symbolic (here the word
bridge, a bow with both hands) and random
gestures.

The videos showed an actress performing the
gestures to be imitated.
The written word appeared at the bottom of
the screen with its German translation and was
, played aloud.
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Fig. 3: fMRI study results: Main contrast for symbolic gestures vs. random gestures.
Motor encoding through symbolic gestures elicits activity in the dorsal pre-motor
cortices (BA6). Random grooming gestures create a bilateral large-scale network
mirroring cognitive control. Color-coded regions show clusters with high Bayesian
posterior probability of condition.

4)

o
-

% signal change
o

-n
s

o "

*

O
=

1 3 5 7 9 11
time (sec)
symbolic gestures (SYM)

- random gestures (RAN)
-+ silence

o
o
o)

% signal change
o

'--D
am?®
*

o
o
°)

time (sec)

symbolic gestures (SYM)

— random gestures (RAN)
-+ silence

Fig. 4: Areas in the motor cortices of significant signal intensity changes (in red).
Time courses are given for the most significant voxel of each cluster.
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Fig. 5: fMRI main contrast result [Symbolic Gestures — Random Gestures]



