Cognitive mechanisms underlying speech sound discrimination: a compar ative
study on humans and zebra finches

Merel A. Burgering®2 Carel ten Cate?2 & Jean Vrooment

1Department of Cognitive Neuropsychology, Tilburgikémsity, Warandelaan 2, 5000 LE Tilburg, the Nelteds
2 Institute Biology Leiden (IBL) Leiden Universit@ylviusweg 72, 2300 RA Leiden, the Netherlands
3Leiden Institute for Brain and Cognition (LIBC), iden University, Leiden, the Netherlands

m a. burgering@il burguniversity. edu,

c.j.tencate@i ol ogy. | eidenuniv.nl,

j . vroonenen@i | burguni versity. edu

Abstract

Speech sound discrimination in different speciesrssin many
ways comparable to that of humans. Yet it is urraldaat type
of cognitive mechanisms are involved and whetheséhare
shared among species.

To examine this, we trained human adults and lfzdbra
finches) to discriminate two pairs of synthetic esge sounds
that varied either along one dimension (vowel or stthe
speaker) or along two dimensions (vowel and speaker
information needed to be integrated or combinedpj&ts
were assigned to one of the four stimulus-respomesgpings.
Once training was completed, we tested generadizat new
speech sounds that were either more extreme or more
ambiguous than the trained sounds. Generalizatometv
sounds would reflect if they apply a rule or refyan exemplar-
based memory.

Humans learned the one-dimensional mappings fasder
the two-dimensional mappings. Zebra finches learadd
mappings equally fast, but showed the same tendascy
humans. During the test, zebra finches performedeineral
higher on the trained sounds than on the extrem@& an
ambiguous test-sounds, whereas humans performaerhag
the extreme and trained test-sounds than on thagaois
sounds. Humans had great difficulty with the tdsk tequired
combining dimensions to form categories. These lt®su
demonstrate that birds rely on exemplar-based meméh
some evidence for rule learning, whereas humans usé if
possible.

Index Terms: categorization — information-integration —
speech perception — comparative cognition — sodgbirzebra
finches — human - XOR
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A variety of animal species can be trained to disicrate
human speech sounds and form speech sound catefdrié
recent study showed that zebra finches maintagridigation
between vowels when words were spoken by new speake
from the same sex or the other sex, which revealsapability
to generalize [2].

However, what type of cognitive mechanismseute this
discrimination and generalization and whether atsnand
humans share these mechanisms is yet unclear. ihgam
categorize sounds can be achieved via differenhargsms,
such as exemplar-based memorization, prototypeitegrrule-
based learning or information-integration (II) [3].

I ntroduction

To examine the cognitive mechanisms underlyingtaugi
categorization, we developed a rule-based stimdspense
(SR) mapping, wherein the subject either had torufisnate
the sounds based on the vowel (/i/ vs. /e/) orhensiex (male
vs. female) of the speaker (hereafter: speakedtition, we
developed two-dimensional SR-mappings: an |l tasét an
exclusive-or (XOR) task that required the use ofthbo
dimensions to classify the stimuli.

Via a two-alternative forced-choice task with cotiee
feedback, we first trained birds and Dutch adutsdtegorize
four sounds based on one or two dimension(s). Gnadeing
was completed, we tested generalization to newcspseunds
from a matrix of sounds based on male-female andi//e
continua. These sounds were either more extrem&ge mo
ambiguous or intermediate between the trained souRdr
rule-based memory, we expected faster learningdspeene-
dimensional mappings and generalization to neweextrand
intermediate sounds. For exemplar-based memorgxpected
no significant differences in learning speed betwbe various
mappings, and similar generalization on ambiguounsl a
extreme test-sounds.

2. Methods

2.1. Subjects & apparatus

Thirty-six adult zebra finches from the Leiden Usnisity
breeding colony were individually housed in an oper
conditioning chamber in a sound-attenuated roomredh
horizontally aligned pecking sensors in the baclk whthe
cage, a fluorescent lamp, a food hatch, and a speakre
connected to an operant conditioning controllet tegistered
all sensor pecks. Pecking the middle sensor dic@tesound.
Depending on the sound, the bird had to peck theteight
sensor. A correct response resulted in temporasgl Bzcess
and an incorrect response led to a short periatiddness.

For humans, sixty students from Tilburg Universitgre
individually tested in a dimly lit sound-attenuatem. After
a sound was presented through headphones, theijnti
responded by pressing one of two buttons on a nsgpbox
after which they received immediate corrective besaxk.

2.2 Stimulus material

Three stimulus matrices of morphed speech sound® we
constructed with Tandem-STRAIGHT, each based omr fou
different natural speech recordings from an easliedy [2]wet
andwit spoken by a male and a female speaker. Sounds were
decomposed into fO trajectory, a time-frequency aavd
aperiodicity spectrogram, and next female-male inaat for



wet andwit were created by manually mapping time-frequency

anchors of matching features in the spectrograntheftwo
sounds. Next, the female-male continua were matdhed
similar way to createvet-wit morphs. Four training-stimuli and
twelve test-stimuli, including more extreme, amlugs and
intermediate sounds were used for all experiments.

2.3 Design & procedure

The subjects were randomly assigned to one of dbe $R-
mappings: based on vowel, speaker, XOR or Il. Etesk was
completed by 15 humans and nine birds.

All subjects were trained to sort four tragisounds into
two categories (see figures 1 and 2). After perfognat >0.75
for three days (birds) or one training-block of %2als
(humans), the subject was tested on the trained remmd
reinforced test-sounds.

2.5 Analyses

Learning speed was defined as the number of tihials
(birds) or trainingblocks (humans) required to reegterion of
>0.75 correct.

For the test, the proportions ‘correct’ foffelient sound-
groups were calculated by taking the average scofdbe
proportion of responses to a particular sound gaupach side
of the midline between the differentially reinfodcgtimuli (e.g.
taking the average of the proportion of pecks tdremewit’
and ‘extremenet’ for the vowel test). The proportions correct
for the trained sounds included non-reinforcedsrimly.
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Figure 1:Subjects weretrained to sort four training sounds
(Tr1, Tr2, Tr3, Tr4 for the vowel-, speaker- or XOR-task)
into two categories. Upon reaching criterion they were
tested on the trained and non-reinforced sounds, including
intermediate sounds for the vowel (Int) and speaker task
(Int). In the vowel task, Tr1 and Tr3 were assigned to one
category and Tr2 and Tr4 to the other category. In the
speaker task, Trl and Tr2 were assigned to one category
and Tr3 and Tr4 were assigned to the other category. Inthe
XOR training, Tr1 and Tr4 were assigned to one category
and Tr2 and Tr3 to the other category.
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Figure 2: $ibjects were trained to categorize four training
sounds (Tr5, Tr6, Tr7 and Tr8 for the Il-task) into two
categories. Upon reaching criterion they were tested on
trained and non-reinforced sounds. Here, Tr5 and Tr7,
were assigned to one category and Tr6 and Tr8, were
assigned to the other category.

3. Results & conclusion

Humans learned the one-dimensional SR-mappings
(categorization based on vowel or speaker) faktar the two-
dimensional mappings (the Il and XOR task). Zebinahes
learned all mappings equally fast but showed thees@ndency
as humans. During the test phase, birds usuallforpeed
higher on the trained exemplars than on the extreme
ambiguous test-sounds whereas humans mostly peform
higher on the extreme and trained test-sounds tmarhe
ambiguous ones. These results reflect that birgsmere on
exemplar-based memory than humans. In the ruledbizsk
based on speaker, birds also show generalizatiormfre
extreme and intermediate sounds. Compared to Hitdeans
showed more generalization in both rule-based td$émans
had great difficulty with the XOR task, presumablgcause
they confused the SR-mapping. These results denadashat
birds rely on exemplar-based memory with weak evidefor
rule learning, whereas humans prefer rule-basedhites if
possible.
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