
�‡ Non-speech categories using Center Frequency (CF) & Modulation 
Frequency (MF) (Holt & Lotto, 2006)

�‡Video-game approach to induce fast learning  

�‡Procedure: Practice Session (10 trials) �ÆGame Training (20~40 min)
�‡Analysis: Logistic Regression 

- Outcome: Correct vs. Incorrect
- Predictors: Distance from  Centroid (Statistical Regularity)

Distance from MF (y-axis dimension)
Distance from CF (x-axis dimension)
Distance from MDC (CF & MF): boundary defined by 
means of categories 
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Introduction
Categorization o f Speech 
�‡Speech exemplars are treated as functionally equivalent, or categorized 

according to native-language phonetic categories.
�‡Categorization has a profound influence on speech perception, yet learning

mechanisms underlying speech category acquisition are poorly understood.
      - Difficult to control and manipulate speech experience 

 

�‡Here, we exploit non-speech auditory category acquisition as a means of 
understanding mechanisms available to speech category learning

General Method

Research Goal & Prediction

Listeners will not only learn the 
decision boundary of categories due
to the presence of feedback, but also
be sensitive to the statistical 
regularity of category structure with
enough experience during
non-speech category learning.  

Sensi tivi ty to Internal Category Structu re
�‡ Speech categories exhibit graded internal

structure such that some sounds are “better”
 exemplars.

�‡ Both adults and infants exhibit sensitivity to 
internal categorical structure (Grieser & Kuhl,
1989; Kuhl, 1991; Volaitis & Miller, 1992).

  
 

�‡Starling birds also show such sensitivity 
(Kluender, Lotto, Holt, and Bloedel, 1998).

Star ling Birds Experiment (Kluender et al., 1998)

�‡Starling birds trained with explicit feedback to learn
vowel categories
Feedback defined by a decision boundary 
     - All exemplars equivalent - either correct or
       incorrect responses

Experiment 1

�‡N=17
�‡Practice session:

- Arbitrary sound
�‡Randomly sampled stimuli

- 344 stimuli / category
- 8 blocks of training

Results

Block
Distan ce from 

Centroid
Distan ce from

MF
Distan ce from

MDC
1 n. s.
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3

4
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6 n. s.

7

8

p<=.05Multiple Logistic Regression (��)
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Experiment 2 Experiment 3

�‡Practice session
- Anchor: Category prototype (N=8)
- No Anchor: Arbitrary sound (N=7)

�‡Fixed set stimuli
- 86 stimuli / category
- 5 blocks of training

Multiple Logistic Regression (��)

�‡N=12 
�‡Practice session:

- Arbitrary sound
�‡Equally informative dimensions
�‡Randomly sampled stimuli

- 344 stimuli / category
- 8 blocks of training

Multiple Logistic Regression (��)

Conclusions

Distan ce from 
Centroid

Distan ce from 
MF

Distan ce from 
MDC

Block Anc NoAnc Anc NoAnc Anc NoAnc

1 n.s. n.s. n.s.

2 n.s. n.s. n.s.

3 n.s. n.s.

4

5 n.s. n.s.
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Greiser & Kuhl (1989)

Results Results

Distance from Centroid

�‡Reliance on distance from centroid
�‡Dense sampling around  centroid
�‡Sensitivity to distributional characteristics of input

Distance from MF boundary 
�‡Influence of feedback is related to use          

of MF dimension as a decision boundary. 
�‡Several blocks of training is required.

Distance from MDC 
�‡Early phase: CF bias  
�‡Late phase: Use of MF boundary increases

Consistent with Holt & Lotto’s (2006) result
     - Listeners initially rely more on CF.
     - But, category distributions/feedback push 
       to use MF.

Distance from Centroid
�‡Distributional information was used 

earlier for Anchor condition than     
No Anchor condition.

�‡Anchor: sensitive to distributional 
information

Distance from MF boundary 
�‡Both Anchor and No Anchor 

conditions exhibited similar trend of 
using MF decision boundary during 
learning 

�‡No Anchor: learn from feedback

Distance from MDC boundary 
�‡Both conditions used both cues 

(CF & MF) rather than optimal 
decision boundary (MF)

�‡Bias towards CF? (Holt & Lotto, 
2006)

Distance from Centroid

�‡Reliance on distance from centroid 
�‡Dense sampling around centroid
�‡Distributional regularities of categories

Distance from CF & MF 
�‡Feedback is related to use either CF, MF, or integration of both cues.
�‡CF usage is greater than MF.
�‡Listeners may have perceptual bias towards CF in auditory categorization.

�‡In all experiments, listeners exhibited fast learning across training blocks.
�‡Tracking listeners’ learning on a trial-by-trial        basis informs us about the information supporting

learning.
�‡Listeners’ learning throughout training was affected by pre-exposure of sounds (Exp 2: Anchor vs.   

No Anchor)
�‡Use of both acoustic dimensions (CF and MF) even when feedback is related to only MF may inform 

about how general perceptual salience and bias influence learning.
�‡Distributional regularity in input affects auditory category learning, even after percent correct 

performance plateaus.
      - Listeners continue to “tune” their categorization responses to the distributional details of the 
        categories.

References

�‡Investigate mechanisms of auditory category learning
�‡Track listeners’ learning on a trial-by-trial basis during training

- No distinction between training and testing
- Every trial is relevant to data analyses. 
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�‡

Responses show evidence of graded internal
category structure
     - Despite the equivalence of sound/feeback 
       assignments 
Distributional information affected learning
  - Even though no benefit to learn it
     - Not related to feeback
     - Automatic aspect of experience with 
    distributions of sounds?

�‡

�‡

Better categorization of exemplars close to the 
centroid.

�‡

p<=.05 p<=.05

Better categorization of sounds close to
centroid.
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