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Auditory learning, an improvement of sound detection or discrimination with practice, 

has been used to study basic mechanisms of perceptual processing (Gibson, 1967; 

Goldstone, 1998; Hawkey et al., 2004) and as a tool for enhancing language skills 

(Tallal et al., 1996; Clopper and Pisoni, 2004; Moore et al., 2005b). It has relevance to 

speech perception in both these domains. Speech consists (Evans, 1992; B. Moore, 

2004), at its most simple, physical level, of a series of frequency bands of acoustic 

energy that can be simultaneously and somewhat independently starting, changing 

and stopping over time. The auditory system plays an essential role in separating and 

enhancing the frequency and temporal components of speech and the extent to which 

it is successful in those tasks is partly dependent on practice. Of course, speech 

perception has multiple layers of complexity, but auditory learning appears to play a 

role in them all. A familiar example is the discrimination of similar sounding 

phonemes (e.g. /r/ - /l/; Logan et al., 1991; Bradlow et al., 1999). Unlike native 

speakers of English, who learn to distinguish these phonemes during the first few 

months of life, native Japanese speakers learning English as a second language (L2) 

do not. However, they may be actively trained both to perceive and produce this non-

native contrast. Recent studies using auditory learning to enhance native language 

skills in typically developing (Moore et al., 2005b) and language impaired (Merzenich 

et al., 1996; Tallal et al., 1996) children have also reported positive outcomes on a 

wide range of speech perception indices. 

While the basic idea that auditory learning can aid speech perception is generally 

agreed, the means and extent of the learning are robustly debated. In this article, I will 

focus on the mechanisms of auditory learning, drawing mainly on behavioural data. I 

will first show that learning a relatively simple auditory skill (phoneme 

discrimination) can improve performance on a much broader measure of speech 

perception (phonological awareness). I will then show that auditory perceptual 

learning can occur very quickly and use that example to discuss some possible 

underlying neural mechanisms. Finally, I will show the extent to which different types 

of training tasks promote auditory learning. Together, these experimental studies 

support the view that training is acting at a level of processing I tentatively 

characterize as task-specific auditory attention and that ‘perceptual’ learning is more 

dependent on the perceived task than on the perceived stimuli. 

Unfortunately, the relation between auditory learning and speech perception is 

sometimes confused with another controversy, the extent to which auditory 

processing abilities predict and contribute to speech perception. While these are 

related issues in practice, drawing on common mechanisms of explanation, they are 

logically distinct. According to one currently popular and plausible idea, poor 

auditory processing and language impairment may be independent markers of a 

general, neurodevelopmental delay (Bishop and McArthur, 2004; Wright and Zecker, 

2004). Nevertheless, it is possible that auditory learning could enhance auditory 

processing alone, promote auditory processing and broader language skills, or 

improve an even broader range of sensorimotor skills. The findings presented here do, 

in fact, support a broader rather than a narrower range of benefits.
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Phoneme learning and phonological awareness 

A difficulty interpreting previous auditory learning literature has been either the 

breadth or narrowness of the training stimuli employed. Thus, Merzenich, Tallal and 

colleagues used a range of training tasks including simple tone discriminations, 

phonemes, words and acoustically modified sentences to show improved language 

skills in children with specific language impairment (SLI). In contrast, one set of 

studies by Pisoni and colleagues (e.g. Bradlow et al., 1999) focussed entirely on the 

learning of the /r/ - /l/ contrast.  

In this study (Moore et al., 2005b) we trained mainstream children (n = 18) aged 8-9 

y.o. on a series of 11 phoneme contrasts embedded in a computer game. Despite the 

relatively constrained training protocol, we used both narrow and broad outcome 

measures: performance on the discrimination tasks, a ‘Word Discrimination Test’ 

(WDT; same/different pairs of words incorporating the trained phoneme), and the four 

receptive language tests from the Phonological Assessment Battery (PhAB; 

Frederickson et al., 1997). Control children (n = 12) took the outcome tests (WDT, 

PhAB) but not the training. The main, surprising results showed that children 

dramatically improved their performance on the PhAB tests (Fig. 1) but did not show 

marked or, in most cases, significant improvements on the actual discrimination tasks 

or the WDT (data not shown).  
Fig 1: Phonological awareness (PhAB, 

composite, age equivalent) in children 

before (Pre), immediately after (Post) and 6 

weeks after (Delayed) 6 hours training ( 3 x 

30 min sessions per week for 4 weeks) using 

the ‘Phonomena’ phoneme discrimination 

game (©MindWeavers Ltd). Mean 

phonological awareness increased by 2.3 

years age equivalent and persisted beyond 

the training period (from Moore et al., 

2005b).  

These results show that relatively brief and focussed auditory training can help 

develop broad speech perception skills, without necessarily improving the narrow 

ability to perform the sound task.  

Rapid auditory perceptual learning 

A commonly held belief is that auditory and other forms of perceptual learning 

require a great deal of training. This belief appears to come from two sources. First, 

the design of perceptual learning studies in humans typically (e.g. Irvine et al., 2000; 

Delhommeau et al., 2002) uses pre- and post-training ‘tests’ of performance that may, 

themselves, produce significant learning. Thus, learning beyond that acquired during 

the pre-training test may require a misleadingly large amount of additional training to 

become apparent. Second, some animal studies of the neural mechanisms of sensory 

learning  have used microelectrode mapping methods to demonstrate shifts in the 

cortical representation of the trained ability (e.g. Recanzone et al., 1993). This is a 

relatively low resolution technique that may require disproportionate amounts of 

training to show significant shifts in representation with learning and the results of 

which are now proving controversial (see Brown et al., 2004; Smirnakis et al., 2005). 
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Other methods used in studies of animal learning have shown very rapid learning 

(Weinberger and Diamond, 1987; Gilbert et al., 2001; Weinberger, 2004).  

Given the presumed desirability for training speech perception using a range of 

stimuli, we examined the speed of auditory learning by training naïve, adult, typically 

hearing listeners on a two tone frequency discrimination task (Amitay et al., 2005a; 

Hawkey et al., 2004) or on several other control tasks. We found (Fig. 2) rapid 

perceptual learning that mostly occurred within 600-800 trials of training. 

Fig 2: Speed and specificity of auditory 

learning. Some (n=11) listeners trained on 

frequency discrimination throughout all 6 

blocks (200 trials/block). Others (n = 12) 

trained first on a nearly identical intensity 

discrimination task for 2 blocks before 

transferring to frequency training. Most 

frequency learning occurred at the same 

rate (see ‘Intensity (moved)’) during the 

first 3-4 blocks of frequency training, even 

when preceded by intensity training, 

suggesting training was task specific and 

not due to ‘procedural’ learning (from 

Hawkey et al., 2004). 

These data suggest that, to promote maximum learning efficiency, it may be better to 

use many stimuli for shorter periods of training than to use one type of stimulus for a 

longer period. More by luck than design, this was the approach we took in our 

phoneme learning studies. 

Is harder better? 

It is generally assumed that tasks that are either too easy or too difficult will not 

sufficiently engage the listener to produce optimal learning, but this assumption lacks 

quantitative, experimental validation. Our most recent experiments (Amitay et al., 

2005b; Moore et al., 2005a) have again used pure tone frequency discrimination 

(around 1kHz) to study the extent of auditory learning under various training regimes. 

In the first experiment, three probe tests (30 trials each, adaptive staircase) were 

interspersed with two sessions of training (400 trials each). Three groups (each n = 

12) of typically hearing adult listeners trained with adaptive staircases, tracking 50, 75 

or 95% performance levels (A50, A75, A90). Three groups trained with constant 

stimulus separations of 0, 7 or 400 Hz (B0, B7, B400). Of four control groups, C1 

trained adaptively around 4kHz, C2 passively heard tones while playing Tetris, C3 

just played Tetris, and C4 did not train. All groups except C4 showed some training. 

All adaptive groups and the two most difficult constant stimulus groups (B0, B7) 

showed similar, high levels of training. The easiest constant group (B400) and the 

other three controls all had similar, low levels of training, showing that passive or off-

frequency hearing and visual attentiveness promote listening. Group B0 was the big 

surprise; a high level of training without a physical stimulus difference. In a second 

experiment, two groups of listeners (each n = 20) trained on condition B0. One group 

(DF) was asked to discriminate frequency and the other (DI) was asked to 

discriminate intensity, even though the stimuli were identical and the task was 

impossible. Both groups were then probed on a frequency test. Only those in group 
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DF showed any training. Thus, using identical stimuli, the instructions alone 

determined the existence and the type of training effect. These results show that 

‘perceptual’ learning is more dependent on the perceived task than on the perceived 

stimuli. 

Conclusions 

Demonstrations of improved speech perception following various sorts of auditory 

training are now beginning to be analysed to establish which elements of the training 

are effective. As has been known for some time, diversity of the training stimuli 

appears to be important – different voices and different speech tokens - although it 

isn’t yet clear what range of either is necessary or sufficient. Use of a broad stimulus 

set is also indicated by the finding that most training occurs quickly, but is 

nevertheless specific. However, engagement with the training task is critically 

important. This should be aimed at providing the maximum challenge for a given 

individual and targeting that challenge towards specific tasks (e.g. prosodic features 

of speech, L2 phoneme contrasts). 
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