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ABSTRACT 

The literature on children's singing reveals that, for each age 

group, there are some children who cannot sing 'in-tune'. These 

children are labelled 'poor pitch singers' (p.p.s). The literature 

suggests that singing 'in-tune' is not simply a question of 'can' or 

'cannot', but rather a hierarchy of skill with several levels of 

competence. In general the numbers of pop.s. within sample populations 

declines with age, with boys outnumbering girls by 2 or 3:1. 

The traditional method of treating this disability, although 

implying that improvement is possible, has only shown limited success. 

Reference to the psychological Ii terature on feedback, ho,,,ever, 

suggests that, (1) learning can only take place ,yhen Knowledge of 

Results (KR) is present, and (2) variety of experience rather than 

repeated measures of the same kind may be more conducive to producing 

'novel' patterns of behaviour. 

Applying these findings to the mechanism of singing, a schema 

theory of how children learn to sing in-tune is proposed, and its 

hypotheses subjected to empirical evaluation. 

A group of sixty-six p.p.s., aged seven years, were divided 

randomly between six treatment groups, two of 'l7hich were controls. 

Visual feedback and KR were provided by the use of an 

electrolaryngograph coupled to an oscilloscope 0 Both these variables 

were manipulated against high and low variability of practice. 

Results indicate that Knowledge of Results (KR) may be crucial for 

p.p. s. to become pitch accurate, especially where the KR is combined 

with a high variability of practice. 
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INTRODUCTION 

Aristotle, in his 'Politics', regards music as a 'stimulus to 

goodness' because of its effect on both the character and the mind. In 

particular, 

• •• actual participation in performing .... s going· to make a big 

difference to the quality of the person that will be produced.' 

and so, 

••• they should while young do much playing and singing.' 

(Politics, Book VIII, Chap. 6) . 
In expressing these sentiments he echoes the philosophy of one of 

his predecessors, Plato, who wrote, 

'Musical training is a more potent instrume~t than any other, 

because rhythm and harmony find their way into secret places of the . 
soul, on which they mightily fasten, imparting grace.' 

(Republic, Book III) 

Throughout this century there has been research interest in the 

processes involved in that part of musical behaviour which Aristotle 

terms 'playing and singing'. In particular, from the 1950's onwards, 

many researchers have investigated 'singing' as this is the form of 

musical expression first attempted by children in both home and school. 

Three major investigations into the singing abilities of large 

populations of children have been undertaken, the first two by Bentley 

(1954 and 1957) and the third by Roberts (1972). Each of these studies 

has shown that there are significant numbers of children reported as 

singing 'out-of-tune' • These children are unable to replicate 

accurately the pitch of some simple melody. Other researches provide 

13 



support for this flnding, (e.g. Joyner 1969, 1971, Plumridge 1972, 

Welch 1978). 

At first it was thought that poor pitch singing was attributable to 

poor auditory acuity and that children who sang out of tune were 

deficient in their pitch discrimination ability, producing low scores 

on a battery pitch discrimination test (Bentley 1968 p. 55). 

Subsequent research by Roberts and Davies (1976 p. 41) casts doubt 

about this. They report, 

, • •• one certainly cannot yet say that children sing out of tune 

because they cannot discriminate pitch: in both our study and 

Joyner's many of the monotone children did well on the recognition 

tests yet sang abysmally.' (ibid) 

Roberts and Davies (op-cit. p. 42) suggest improvement in the accuracy 

of voice production will come about, 

... when the child starts to listen to the pitch fluctuations of 

his own voice and starts to realise he can already control the 

'rise' and 'fall' of pitch.' 

They believe techniques designed to supply additional feedback about 

the consequences of muscle adjustments should help. (ibid) 

The aim of the present research is to try, through the use of a 

reedback model of behaviour, to identify those mental processes which 

are involved in the accurate vocalistion of a melody. 
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CHAPTER 1: THE LITERATURE ON POOR PITCH SINGING 

1.1 DEFINITION 

A variety of terms have been used to describe those unable to 

vocalise a given pitch accurately. Fieldhouse (1937 p. 58) refers to 

'growlers' and , t ,. , grun ers , 1.e. • •• children who persisted in singing 

out of tune.' Bentley (1968 p. 9) prefers the term 'monotones' as 

being less derogatory, though he specifies that by this he does not 

mean the child who only sings 'one single pitch sound', but the child 

who has not 'coincidence at the unison'. Joyner (1969 p. 119) and 

C1eall (l?70 p. 59) use the term 'tone-dumb' rather than tone-deaf, 

'because', Cleall argues, 'their condition is caused chiefly by 

inexperience in the making, rather than the hearing of sound.' 

Roberts (1975 [a] p. 24) thinks that, 'none of the above labels is 

adequate to describe the condition', and quotes Anderson (1937 p. 63) 

to show, 

. . . a reduced vocal range is common, but not necessarily confined 

to a single note.', (as Bentley conceded in choosing his term 

'monotone' ). 

Roberts originally preferred the term 'poor pitch singer', (p.p.s.), 

~ .. since it describes the phenomenon behaviourally, without 

-, 
implying any specific locus of disability, perceptual or motor.' 

(ibid) 

In subsequent research he used the term 'Imperfect pitch singer' as he 

regards this as a more 'neutral' description, (1977 p. 2). , Imperfect 

pitch singers' are defined as, 

'children who sing badly out of tune, even within their vocal 

range. ' 

16 



Each of the above terms has different inferences, being the 

products of particular views of the origins and nature of the problem 

of inaccurate vocalisation. Gould (1969 p. 15) sees this kind of 

singer as a 'problem singer', while other American researchers describe 

the phenomenon behaviourally, using the term 'uncertain' singer. Cobes 

(1972 p. 28) uses this term for those of her subjects, 

•••• who sang three uncertain pitches out of four.' 

The criterion for an 'uncertain' pitch was a sound, 

•••• at least a half-step sharp or flat.' 

For the purpose of this research Robert's term 'poor pitch singer' 
. 

(p.p.s.) will be used. It best represents the aspect of the problem on 

which the research will focus. 

1.2 PREVIOUS RESEARCH 

The previous research into poor pitch singing has been fully 

detailed in Welch (1978, i 979 [a], 1979 [b]). Rather than reproduce 

the same information, a summary of the main research findings is given 

below, (see List of relevant papers for detail). 

1.2.1 Summary of main research findings 

(i) The changing definition of poor pitch singing (p.p.s.) 

The first investigations of p.p.s. were based on a theory of 

musical abilities being dependent on the psychological attributes of a 

musical sound, i. e. pitch, loudness, duration and timbre. Poor pitch 

singers were reported to be deficient in their discrimination of one or 
---

more of these attributes, (Fieldhouse 1937, Anderson 1937, Pollock 

1950, Bentley 1968). 
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Subs~quent research has shown: 

(a) there are varying degrees of disability, and the more complex 

and detailed the categorisation employed by the researcher, 

the higher the percentage of the child population with faulty 

singing, (Joyner 1969, Roberts 1972); 

(b) poor pitch singers may not necessarily be deficient in pitch 

discrimination, but rather have inadequate control over the 

voice mechanism in reproducing vocally a given pitch, (Jones 

1974, Yank Porter 1977, Welch 1979 [b]). 

Indeed, there is evidence to show that pitch discrimination is a 

function of, and dependent on, vocalisation. Leont'ev (1969 p. 431) 

reports, 

'The inclusion of vocal activity (singing) in the process whereby 

the basic frequency of a tone is perceived produced a distinct drop 

in the thresholds of discrimination.' 

He concludes, 

'unless vocal activity is included in the receptor system, the 

capacity to judge tones properly does not devel~p.f 

p. 433) 

(op.cit. 

This would appear to imply that there is a strong connection betvTeen 

the stimulation of the auditory cortex and innervation of the organs 

used in vocalistion. 

(ii) Factors influencing performance 

Research has shown that several factors influence singing ability 

of 'tvhich only some are 'musical'. 

(a) Rate of maturation and concomitant physiological changes 

e.f!~_c.t __ ~Jack __ of control in both speech and song. 
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Klemish (1974 p. 44) reports second grade children better able than 

first grade children to identify patterns as being the same or 

different, and better at identifying melodic direction. 

Warren Joseph (1965 p. 97) details the physical differences between 

groups of boys, and contrasts the earlier physical. development of one 

bodily type (mesomorphs) compared with another (ectomorphs). 

Mesomorphs are characterised by having bone and muscle developing 

quicker; square, hard, solid bodies, with a heavy skeleton, and broad 

hips and shoulders. Boys of this bodily type reach the peak of their 

growth ope year earlier on average than the taller, thinner 

ectomorphs. Warren Joseph reports voice pitch (speech) changes as 

growth occurs. 

Similarly Curry (1940) cites evidence to show two definite peaks of 

vocal hoarseness in boys. The first at the age of seven (66% of 

subjects, N = 575); the second around thirteen to fourteen ye~rs (58% 

of subjects) when the vocal folds thicken. 

Proctor (1980 p. 57) also reports that the length of the vocal fold 

increases as the larynx grows through the age of puberty. 

(b) Teacher and group approvaI is important in the values and 

attitudes the child brings to the activity of singing. 

Greer, Randall and Timberlake (1971 p. 17) found that the groups 

which were 'rewarded' for attending behaviour improved in vocal 

intonation compared with a 'non-rewarded' group. There was no 

significant difference between the scores of different 'rewarded' 

groups. 

Greer, Dorow and Hanser (1973) report, 

'the data point. to teacher approval, specifically the contingent 
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use of high approval, as the influential instructional variable.' 

(op.cit. p. 42) 

Radocy (1975 p. 120) showed that discrimination ability was 

sometimes subject to peer group influences, and that any uncertainty in 

the subject about sensory inputs tended to produce a greater conformity 

with the dominant group opinion. 

(c) There are links between speech problems and singing problems. 

Gould (1969 p. 15) surveyed 602 schools throughout the United 

States by questionnaire. He reports, 

'Often speech and language problems were involved in singing 

difficulties.' 

Joyner (1969 p. 117) tested the vocal intonation of thirty-two 

teacher-assessed poor pitch singers from a Boy's Grammar School who had 

been identified by their teacher. He found only 50% were 'always 

completely untuneful'. Testing revealed, however, 

, • •• a surprising and general poverty of voice production,' among 

all subjects. 

Robinson (1963), a music therapist in a child care institution, 

reports that the children, 

, • •• ei ther sang as near-monotones, or had vocal ranges too short 

for the songs they chose.' (op.cit. p. 8) 

When certain of these children were selected as needing intensive help, 

t... in this group were the lowest-pitched voices and the poorest 

singers.' (op.cit. p. 9) 

Robinson cites this as evidence of an emotional problem with these 

particular children. It is not suggested that ali children who sing 

out-of-tune are emotionally disturbed, but rather to show, 'poverty of 
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voice production' (in Joyner's terms) may be evident in both speech and 

song. 

Proctor (1980 p. 97) reports an incidence of 24.6% speech problems 

among 10,000 eleven year old school children. He suggests correct 

speech production should be taught in schools, and 'subjects should 

learn to modulate the pitch of the voice.' (ibid) 

He believes correct speech will help singing (op.cit. p. 99). 

(d) Studies of the child's vocal range indicate that the range of 

pi tches produced comfortably increases wi th maturation, but 

that the range of published music used in schools often 

exceeds these comfortable range~. 

There are also slight sex diffe.rences with girls attaining a wider 

range earlier than boys. The summation given in Fig. 1 is of a group 

of recent researches with a total sample of nearly 3,000 children. 

(iii) The assessment of poor pitch singing 

Procedures used in attempts to quantify the proportion of the child 

population who are poor pitch singers fall into two main ~ategories: 

(a) those carried out by the researcher personally with 

individual subjects; and 

(b) those using questionnaires to sample a much larger school 

population. 

(a) Individual assessment by researcher 

This form of assessment can be classified into three main types; 

i.e. those using songs:- the children were asked to sing a well-known 

song and this performance was rated either by the experimenter or by 

referral to a panel of judges, (Anderson 1937 p. 61; Kirkpatrick 1962, 
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p. 886; Joyner 1971 p. 69; Plumridge 1972 p. 17). 

those using smaller musical units:- the children were asked to sing and 

replicate musical intervals. As with complete songs this performance 

was rated. Madsen, Wolfe and Madsen (1969 p. 23) used two diatonic 

scales, B and CD, sung in both directions. Greer, Randall and 

Timberlake (1971 p. 12) used a smaller musical unit. Each subject had 

to sing four ascending two-note intervals. These were ascending major 

seconds, major thirds, perfect fourths, and perfect fifths. Each 

response was tape-recorded and rated. 

Cobes (1972 p. 28) and Yank Porter (1977 p. 70) used the vocal 

production of the smallest musical unit, i.e. the note, as did Jersild 

and Bienstock (1934 p. 484) in the 'earliest investigation of p.p.s. in 

the literature. In each case subjects listened as one note was played, 

then they attempted to match this pitch vocally. Those with low scores 

were rated as poor pitch singers. 

those using a specially designed test battery:-

Gould (1969 p.13) used the 'Gould Speech and Song Response Test' 

which was developed especially for his investigation. The test was 

presented on a tape and responses rated by a panel of judges, (no 

further details given). 

Klemish (1974 p. 37) also devised a special test battery. This 

consisted of seven sections; three of these required vocalisation, and 

the others were concerned with perception alone. 

Welch (1978 p. 127) used five items based on song fragments 

well-known to the subjects as they were drawn from music regularly used 

in school assemblies. Children who scored less than 30% accurate 

intonation were designated poor pitch singers. 
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(b) teacher-assessed on behalf of the researcher 

In this form of assessment the researchers have usually sent out a 

questionnaire to all the schools within a given area. The person in 

charge of music \~ithin a particular school is requested to assess the 

children's singing ability according to some specified criteria. 

Fieldhouse (1937 p. 58) asked class teachers 

, • •• to refer children whom they would exclude from their singing 

classes on the grounds of inability to participate, if such a 

procedure were permitted.' 

The total sample was fifty children-

Bentley (1954 p. 13, 1957 p. 82) was the first researcher to sample 

a large population. To do this he used a form of questionnaire 

requesting, 

••• the number of children \\7ho 'perslstently sing out of tune', 

the figures to be given separately for boys and girls, and.in year 

age ranges from seven to thirteen wi th NIL returns where 

appropriate.' (1954 p. 13) 

Gould (1969 p. 14) also used a questionnaire asking for the 

percentage of children in each school grade who 'could not carry a 

tune'. He received replies from 602 different schools. 

Jones (1971 p. 186) using a smaller sample, echoed, Fieldhouse and 

asked teachers of four classes to recommend students of average ability 

who seemed to have singing difficulties. 

Finally, Roberts (1972, 1975 [a.], 1975 [b» carried out a major 

survey of children within a five mile radius of Chester College. 

The previous researches of Bentley (1954, 1957), Joyner (1969) and 

Gould (1969), indicated that poor pitch singing came in various forms. 
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Bearing these previous researches in mind Roberts listed six different 

categories of poor pitch singing on his questionnaire. He also aided 

the teacher making the assessment by defining each type of p. p. s. as 

well as a 'normal' singer. 

Comparing the two main methods of assessment outlined above, i.e. 

(a) researcher assessment, (b) teacher assessment, it is obvious each 

type has advantages and disadvantages. The use of a questionnaire 

allows the researcher to sample a large number of children, much larger 

than could be done by that person alone wi thin a limi ted period of 

time. There are, however, certain problems inherent in this type of 

assessment. Firstly, the definition(s) used by the researcher are open 

to different interpretations by the teacher or person actually carrying 

out the assessment. It is difficult to see how the researcher can 

control this variable. Secondly, perhaps related to the first, both 

Joyner (1969 p. 116) and Roberts and Davies (1976 p. 41) report 

children being 'mistakenly classified' when subjects reported as being 

poor pitch singers began remedial treatment. It would seem probable 

that ind! vidual assessment by the researcher is the best method of 

providing a coherent sample, especially if they are to be both the 

subject of statistical investigation and used in the evaluation of 

remedial singing techniques. 

(iv) The incidence of poor pitch singers 

There have been five major surveys of the incidence of poor pitch 

singing in large numbers of the child population. Three have been 

undertaken in this country; two by Bentley (1954 and 1957), and one by 

Roberts (1972). The other two were undertaken in the U.S.A. by Romaine 

(1961) and Gould (1969). All used teacher-assessed questionnaires. 
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The incidence of poor pitch singers reported within any giv~n 

sample of the school population is heavily depepdent on the definition 

and criteria applied by the researcher. The more specific the 

definition and the more sub-divisions provided, the greater the 

percentage of children from the total school population reported to 

have faulty singing. 

Bentley (1954, 1957) requested the teachers to discriminate between 

singers and those 'persistently out of tune'. He reports an overall 

incidence of 11% of the sampled population. Joyner (1969, 1971) had . 
three categories of disability and reports 26.2% 'monotones'. Roberts 

(1972) provided for five discrete types of poor pitch singing and 

reports an overall incidence of 31.06%. 

By contrast, when the sung response was rated individually by the 

experimenter rather than by the teacher, individual vocalisation by 

subjects indicated a lower incidence, (Plumridge 1972 p. 54). . Perhaps 

this is a more accurate assessment than that using a teacher-assessed 

questionnaire, (e.g. Bentley 1954, 1957). Despite these differences of 

initial position there is nevertheless a general agreement in the 

resulting evidence on the following points:-

(a) more boys than girls are classified as poor pitch singers. 

The ratio for each age group is between three or two boy poor 

pitch singers to one girl. Girls attain a wider vocal range 

earlier than boys and therefore the criteria used in the 

assessment of p.p.s. will be affected. Boys labelled as poor 

pitch singers may well be 'singers' but with a limited range 

not classified by the assessment procedure; 
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(b) the incidence of both boy and girl poor pitch singers 

decreases with age throughout the primary school and in to 

the secondary school; 

(c) it has been show'n that children from lower-class backgrounds 

are more likely to be poor pitch singers, (Kirkpatrick 1962 

p. 886). Additional support for this finding is provided by 

Sergeant and Thatcher (1974 p. 55) who argue tha.t, 

• • • music as a form of behaviour, appears to be more 

characteristic of higher socio/cu1tural and economic groups 

than of groups lower on these scales.' 

1.2$2 Techniques employed in the remedial training of poor pitch 
singers 

The techniques employed in the remedial training of poor pitch 

singers to get them to vocalise 'in-tune' fall into three broad 

categories: 

(i) building outwards from one 'personal' note; 

(ii) making use of special 'rewards' for more accurate singing; 

and 

(iii) changing the mode of signal presentation. 

(i) Building outwards from one 'personal' note 

One early example of research using this technique is the 

investigation by Wolner and Pyle (1933). The detail is as follows: 

'To acquaint the pupils practically ~rlth the meaning of pitch 

and to get some foundation on \07hich to work, the pupils were 

trained to reproduce vocally middle C as heard on the piano. 

This training required almost infinite patience and 
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direction. After the reproduction of C was mastered with a 

fair degree of certainty, the pupil was trained to reproduce 

D. Then drill would follow on the sequence C-D-C-D, and on 

up and down the major scale, depending on the amount of 

improvement in each case.' (op.cit. p. 603) 

An improvement was noted by Wolner and Pyle. Then, once the step 

by step intonation was accurate, the pupil was drilled to sing 

intervals. The words 'high' and 'low' were introduced, and the piano 

accompanied the voice both wi thin and outside the vocal range, (up to 

three octaves above and one and a half below middle C). Then major and 

minor scales were added, diatonic and chromatic. Finally those 

children who had achieved all this successfully began to be introduced 

to songs, (op.cit. p. 604). 

The method employed by Wolner and Pyle (1933) was copied by other 

researchers with some slight alterations. Joyner (1969) reports that 

after eight weeks intensive training, following the same pattern 

detailed above, the average gain in vocal range for his 'grade A' 

monotones was between seven and nine semitones, (op.cit. p. 118). 

These 'grade A' monotones were children who initially could only sing 

in-tune at low pitches • Likewise Joyner reports, 'some limited 

. 
improvement', in the vocal intonational accuracy of those subjects with 

a more extreme disability. Joyner makes special mention of the general 

'poverty of voice production', (ibid),- and this is a point taken up by 

Gould (1969 p. 19). Gould recommended that a remedial programme should 

first concentrate on the control of the voice in speech, and only then 

progress to song activities. He believes, like Joyner (1971 p. 130) 

that, 
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••• remedial 'work can be given most effectively in early 

childhood, probably the earlier the better.' (Gould, 1969 p. 20) 

Progress from speech to song activities should be made 'at first at 

the pitch level which the child could match.' (op.cit. p. 21) 

Like Wolner and Pyle before him, Joyner used middle C as his 

starting point. Gould is less specific than this, only indicating the 

lower part of the range. Support for this viewpoint is provided by 

Welch (1978), whose summation of vocal range studies indicates CD 

(267 Hz) to be the approximate centre of the majority of children's 

singing and speech ranges, (op.cit. p. 89). 

When Roberts (1972) carried out a programme of p.p. s. remedial 

training he used a 'personal note' as his starting point. This 

'personal note' would be a comfortable starting point for each subject, 

'This note was regarded as a base from which the child's singing 

voice could be extended.' (Roberts and Davies 1976 p. 33) 

In this respect Roberts was following the tradition outlined by 

Wolner and Pyle, but tailoring the method to suit each individual 

subject better. 

(ii) Making use of 'special rewards' for more accurate singing 

As in the first section above, the researcher sought out a 

particular note which, once sung accurately, could act as a foundation 

for in-tune vocalisation. In addition, however, other researchers have 

elaborated on this procedure by adding special 'rewards' for accuracy. 

These include being paid money (Madsen, Wolfe and Madsen 1969); or 

being allowed to listen to 'pop' music (Greer, Randall and Timberlake 

1971); or having coloured lights illuminated, (Cobes 1972, Jones 1979). 
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The .purpose of ·these 'rewards' was to bring about accuracy more 

quickly and positively by increasing the subject's motivation. In each 

case, the specially rewarded groups all performed significantly better 

than the 'unrewarded ' control groups. This seems to indicate that 

teacher interest, expectancy, and approval are highly potent factors in 

the efficacy of any remedial programme. 

(iii) Changing the mode of signal presentation 

Finally, there are several studies where the mode of signal 

presentation was a bone-conducted rather than the normal air-conducted 

signal. Bone conduction of sound takes place when the signal is 

presented directly onto the skeletal frame of the subject, usually via 

the skull, rather than being presented through the outer ear as in 

normal listening. The bone is set in motion by the signal and the 

sound waves pass through the skull to the fluid of the inner ear, 

by-passing the outer and middle ears. Here the sound wave is 

transformed by the cochlea into an electrical signal and transmitted to 

the brain via the auditory nerve, (see Bekesy 1971 p. 95 for a more 

detailed analysis). 

Moss (1973) had his subjects blowing on a pitch pipe clenched 

between their teeth and concluded that this produced a significant 

improvement in the accuracy of intonation. Roberts (1977) conducted a 

series of bone conduction experiments but the results were 

inconclusive. Some of the uncontrolled variables were eliminated in 

subsequent research by Welch (1978) who compared signal presentation by 

bone conduction with air conduction. Both groups were found to have 

improved in accuracy; it was concluded that 'atterition' to the signal 

was more important than the mode of presentation. 
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More recently,' however, Busch (1980) produced a significant 

improvement in his subject's singing by a technique involving direct 

contact between the subject's head and that of the experimenter. When 

the subject was out-of-tune, a 'buzz' (i.e. a physical sensation of 

beats) is produced between the two. Thus there is a physical sensation 

of being 'in-tune'.* 

1.3 CONCLUSION 

Poor pitch singing is a phenomenon which exists in a significant 

number, (though a minority), of schoolchildren. 

Research indicates that there is probably a continuum of ability, 

with complete out-of-tuneness at one extreme and the ability to 

reproduce pitches merely by thinking about them (often called 'absolute 

pitch') at the other, (see Shuter-Dyson and Gabriel 1981, pp 222-223). 

Research has shown it is possible to improve vocal performance and 

logically therefore, to move along the continuum. 

* The present writer has informally experimented with this method and 

found that subjects with treble voices only indicate a sensation 

when the experimenter sings at their pitch, i.e. using a 'falsetto' 

voice. 
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CHAPTER· 2: THE LITERATURE ON FEEDBACK 

2.1 THE ORIGINS OF FEEDBACK THEORY 

In 1948 Wiener argued that the principles underlying 

servo-mechanisms could be applied to human biological systems. A 

servo-mechanism, 

• • • is essentially a machine which is controlled by the 

consequences of its own behaviour.' (Annett 1969 p. 16) 

An important design feature of such mechanisms is the feedback loop 

which provides information about performance to the control mechanis:.:J. 

(see Fig. 2). 

-input-1 ~~ABLEI __ ~>IHOTOR J VARIABLE 
SENSOR I ,. 

LOAD ~ -output~ 

feedback -

(Annett 1969 p.17) 

Fig. 2. Plan of a simple servo-mechanism. 
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The most important facet of the above mechanism is the feedback 

loop which provides information to the control instructing it to vary 

the motor output to match the variable load. So a feedback-controlled 

mechanism can maintain a set level of output regardless of fluctuations 

in the 'load' imposed by the environment, e.g. as with a thermostat in 

a heating system. 

Wiener showed the general relevance of servo-theory to biology, 

neurophysiology and psychology. He cited the case of the disease 

'tabes dorsalis' which has the effect of blocking proprioceptive 

feedback from the limbs, making such movements as pointing in a 

specific direction with closed eyes uncontrollable. 

Since then research has shown -how interfering with the feedback 

loops affects basic perceptual and motor skills. Yates (1963 p. 213) 

has shown that delayed auditory feedback makes coherent speech 

difficult. Smith (1972 p. 939) has shown how distorting the retinal 

image affects motor co-ordination. Sussman (1972 p. 263) details the 

large number of differing feedback mechanisms involved in speech. 

Constant feedback is provided about the spatial position, direction and 

velocity of movement of the various structures involved. For example, 

the central nervous system constantly monitors the spatial position of 

. 
the jaw so that it always converges on a relatively invariant initial 

target position from various pre-speech origins. Selective anaesthesia 

of these speech feedback channels brings about gross distortion of 

speech. (See Fourcin and Fry, 1979 pp. 481-484, for a more detailed 

exposition of the feedback circuits used in the control of speech 

movements.) 
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2.2 KNOWLEDGE OF RESULTS AND FEEDBACK 

In the above section on the origins of feedback theory (2.1), the 

term 'feedback loop' is used to explain how information from one part 

of the mechanism is relayed to another in order that performance can be 

mon! tored and regulated. Subsequent research into feedback has 

concentrated almost exclusively on examining the feedback loops 

involved in motor behaviour. As the literature has grown, so has the 

terminology associated with feedback. Some confusion has arisen where 

different researchers use the same term for different features, or 

different terms for the same feature. 

One of the first researchers to examine feedback in this country 

was Annett (1969). He discriminated between different types of 

feedback according to their source. He regards all information about 

behavioural performance as Knowledge of Results (KR). In order to be 

more precise about the different ways performance is assessed. by the 

central nervous system, Annett (1969 p. 26) distinguishes between 

intrinsic and extrinsic feedback. 

2.2.1 Intrinsic feedback 

Annett cites research to show movements of the skeletal musculature 

~lways involve two sets of muscles, one set contracting and the other 

opposing the contraction. 

'A system of reciprocal innervation is necessary if any such 

movement is to be carried out smoothly and efficiently and this 
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* 

involves an inte~-muscular feedback loop.'* (ibid) 

The principle of an inter-muscu1ar feedback loop and reciprocal 

innervation is shown in the diagram (Fig. 3) detailing a simple 

spinal reflex of the knee, (adapted from Samson Wright 1966 

p. 241: see ref. under Keele and Neil). Stimulation of the end of 

an afferent nerve reflexly produces excitation of two efferent 

neurons. One (positive) contracts the knee flexor muscles, and at 

the same time the other (negative) inhibits the knee extensor 

muscles. (This simple spinal reflex can be modified, and in some 

cases overriden by the cerebral cortex exciting inhibitory neurons 

which are part of the nervous system, but not shown in the present 

diagram. ) 

, 
1 

'w 
~ ,:z. 
f~ 
,~ , 
• . .. -

knee 
flexor 
muscles 

-

~ 

Fig. 3. An inter-muscular feedback loop. 
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He regards this inter-muscular feedback loop as intrinsic to the 

movement, 

••• it operates at a subcortical level and is not readily 

susceptible to manipulation.' (ibid)* 

Another form of 'intrinsic' feedback working at a higher level 

involves receptors in the musculature and joints. These register 

movement and resistance to movement. This form of 'intrinsic' feedback 

is subject to experimental manipulation. For example it is possible to 

vary the forces resisting the movement by increasing the amount of 

friction associated with that movement. 

2.2.2 Extrinsic feedback 

At the next highest level other sensors come into play, such as the 

eyes, and the feedback loops from these are also open to experimental 

manipulation. Any such manipulation or addition to the 'intrinsic' 

feedback loops may be called extrinsic KR or augmented feedback. 

'The most common example is the addition of information regarding 

the standard of performance.' (Annett 1969 p. 27) 

Additional information may include rating the performance according 

to some numerical scale, or verbal encouragement such as, 'You are 
, 

doing well'. Most of the research on feedback dealt with by Annett is 

concerned with this type of 'extrinsic' KR which is normally present 

* Neurological research by Ludel (1978 p. 43) has shown an axon 

belonging to a particular neuron may be 'excited' or 'inhibited' 

according to the kind of transmitter produced at the synapse. This 

basic neurological unit function is part of the 'intrinsic' 

feedback system. 
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for the' training period only, after which the subject must rely on 

'intrinsic' forms of feedback. 

Annett sees the problem for the experimenter as being, 

, 
• • • how extrinsic KR* can be used to facilitate transfer to 

standard conditions where intrinsic KR only is available.' (ibid) 

Annett's terminology, although a useful conceptual device in 

helping his readers to understand the different levels at which 

feedback functions, has not been taken up by subsequent researchers. 

The main body of research into feedback has been carried out in the 

U.S.A. and there the agreed terminology is slightly different. One of 

the most influential researchers -in this area is Schmidt who has 

stimulated much subsequent research by his work. 

2.2.3 Schmidt's terminology 

Whereas Annett regards all information about behavioural 

performance as Knowledge of Results, Schmidt (1975 [a) p. 86) 

distinguishes between 'feedback' and 'knowledge of results'. 

'Knowledge of Results' (KR) is usually defined as, 

.... the information provided by the experimenter concerning the 

subject's success •••• KR can have nearly any degree of exactness; 

it usually refers to how the subject did in terms of the score he 

is trying to achieve and comes artificially from the experimenter 

or teacher.' (ibid) 

* For Annett, KR (Knowledge of Results) is synonymous with feedback. 
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Thus' Knowledge of Results is provided by the experimenter. If it 

is not, this does not mean the subject has received no information 

about his performance. As Annett has pointed out there are other 

sources of information located "tyithin the physical structure. Both 

types of 'intrinsic' feedback detailed 

propriocepti ve feedback by Schmidt (1975 

by Annett are labelled 

[b] pp 236/7). The sense 

receptors provide kinaesthetic information such as that regarding the 

pressure on the limbs and their location in space. When Knowledge of 

Results is withdrawn the subject must rely on his evaluation of the 

remaining forms of feedback in order to maintain performance. Schmidt 

(1975 [bJ p. 237) labels this evaluation in the absence of KR 

subjective reinforcement. 

Annett's 'extrinsic' feedback is redefined by Schmidt according to 

its source. Feedback from the major organs of the sensory apparatus, 

such as the eyes and vestibular apparatus is termed exteroceptive 

feedback. Information provided by the experimenter is regarded as 

'Knowledge of Results'. 

2.2.4 Definitions of feedback used in this thesis 

For the purpose of this thesis the following terms will be defined 

according to use in the most recent literature, i.e. 

proprioceptive feedback information about performance provided by 

sense receptors located within the 

musculature. (e.g. see Fig. 3) 
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exteroceptive feedback 

Knowledge of Results 

subjective reinforcement 

information about performance provided by 

the major sense organs, i.e. the eyes, 

ears, mouth, nose, hands and vestibular 

apparatus. 

information about performance provided by 

the experimenter or other external source. 

information about performance from 

proprioceptive/exteroceptive sources when 

KR is withdrawn; a subjective evaluation 

of performance. 

2.3 THE MAIN FINDINGS FROM THE LITERATURE ON KNOWLEDGE OF RESULTS 

2.3.1 No learning without KR 

One of the earliest experiments ,(Y'as carried out by Elwell and 

Grindley (1938) who investigated the effect of KR on learning and 

performance. Twenty-five subjects had to manipulate two handles to 

move a light source across a target towards its centre. The movements 

were recorded by a pencil attached to the frame but hidden from the 

subject, (op.cit. p. 41). When the subjects released the handles the 

light came on giving them KR as to the accuracy of their response. The 

no-KR group had this mechanism switched off. Results showed that this 

group was the most inaccurate. They also found that when KR was 

withdrawn after 200 trials for a further 100 trials t~ere was a 'marked 

deterioration' in performance, (op. cit. p. 49). They conclude, 

'(a) No improvement in accuracy of performance occurs without 

Knowledge of Results, 

(b) that improvement occurs with Knowledge of Results, and, 
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(c) that removal of Knowledge of Results after skill has been 

acquired leads to a deterioration of performance.' (op.cit. p. 

53). 

In a similar experiment Poulton (1957 [aD investigated the visual 

information that a subject requires in order to track an independently 

moving triangular marker by using another marker which could be 

manipulated by the subject. Maki~ use of hidden lights and reflective 

mirrors allowed either marker to be masked. When one of the markers 

was intermittently masked subjects became less accurate in following 

the movement of the target marker. Tracking was most accurate when 

both pointers could be seen all the time, (op.cit. p. 194). 

Bilodeau, Bilodeau and Schumsky (1959) studied a positioning task 

in which 160 subjects had 20 trials to learn to move a rod a given 

length without visual cues, (i.e. blindfolded). 

'The S' s task was to learn to displace the lever by a certain 

amount. Unknown to S, a displacement of 33° of arc constituted a 

perfect pull of the lever. Whenever KR was given, it followed the 

pull by about 5 sec; "10 units high" and "8 units low" are examples 

of KR.' (op.cit. p. 142) 

The only information available to the subjects about the accuracy 

bf their responses was provided by the experimenter, (i.e. as KR). 

There were four condition groups. Of these, one group received KR 

after every trial, and another group received no KR at all. Results 

showed that there was no improvement in positional accuracy without KR 

(op.cit. p. 144). The group who received KR on each trial showed the 

greatest improvement. The two other groups who were given partial KR 

for 2 and 6 trials before it was withdrawn performed better than the 
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group receiving no KR at all, but less well than the group who received 

KR throughout. It was also noted that the subjects who were given no 

information at all by the experimenter regarding their perfor~ance 

produced movements which became more and more consistent, but still 

incorrect. (This particular finding may be significant in explaining 

why some poor pitch singers appear to be content with producing an 

incorrect, out-of-tune response [\velch 1978 p. 151]. It may be that 

they lack 'Knowledge of Results' as to the accuracy of their 

vocalisation, or are unable to process the information they are 

receiving, and so are unable to show any improvement.) The research by 

Bilodeau, et aI, (1959) indicates that subjects cannot produce 

'correct' responses without KR, as' both the 'correct' response and KR 

are controlled by the experimenter o 

Similar findings are reported by Newell (1974). In this experiment 

140 subjects, aged 13 years, were put into seven treatment groups. 

Their task '\Tas to move a slide 24.03 em. in 150 msec. over 77 trials. 

One group had KR on all trials; another, no KR at all; and the 

remaining five groups had KR withdrawn after 2, 7, 17, 32 and 52 trials 

respectively. Results showed that all groups who received KR improved 

their performance, (op.cit. p. 238). When KR was withdrawn early in 

prac tice there was some deterioration in. accuracy, but the two groups 

who received KR. for 32 and 52 trials maintain ed performance over the 

remaining trials. The no-KR group showed no improvement in accuracy 

over trials, but did produce consistently incorrect scores, (as was 

reported by Bilodeau et al [1959]). 

A variation of learning \-7ith KR is to provide additional 

(augmented) feedback. Adams, Goetz, and Harshall (1972) conducted a 

42 



study of visual, auditory and proprioceptive feedback using a 

self-paced linear positioning task. In addition to KR, visual cues 

(watching the movement), auditory cues (hearing the slide), and 

proprioceptive cues (i.e. attaching a spring to the slide to increase 

resistance) were provided. Results showed that the subjects produced 

the most accurate responses when feedback was augmented. On the KR 

withdrawal trials, all groups had a decrement in performance although 

it was least marked in the group who were able to continue to use the 

information from the additional sources, (op. cit. p. 394). The 

greatest pecrement in performance was shown by the group who had 

augmented feedback on the learning trials but then had it removed when 

KR was withdrawn, i.e. moving from a learning situation with high 

information to one with low information. 

2.3.2 The absolute frequency of KR is more important than the relative 

frequency 

Research by Bilodeau and Bilodeau (1958 [a]) has shown that the 

absolute frequency of KR (i.e. the total number of KRs given within a 

trial sequence) determines the degree of learning in the performance of 

a particular task. Subjects were 273 basic trainee airmen at Lackland 

Air Force Base. Each had to move a vertically suspended lever which 

was shielded from view. Subjects had to move the lever as close as 

possible to a target amount of movement (33.57° of arc), but they were 

only informed as to the degree of error, not what the target movement 

was. Their task was to minimise this reported error, (op.cit. p. 

380). In one condition KR was provided after every--trial, and in other 

experimental conditions, after every third, fourth, or tenth trial. 

Practice went on until all subj~cts had completed ten trials with KR. 
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Results showed that for all groups performance improved only on those 

trials immediately following KR, (op.cit. p. 382). The relative 

frequency of trials on which KR was provided, being measured by the 

difference betw'een conditions in the number of no-KR trials between the 

KR trials, was sholYn to be non-significant. It is the absolute 

frequency, being the total number of individual ratings of response, 

which is significant, 

••• the learning effect of a KR is the same whatever the 

dispersion of KR, provided number of previous KR's is held 

constant.' (op.cit. p. 383) 

Further support is provided by Larre, (1961, unpublished thesis, 

Tulane Univ., cited by Bilodeau 1969 pp 277/8), who showed that 

subjects improved performance in a linear positioning task only on 

trials with KR. Responses ,without KR, being dispersed between 

responses with KR, had no significant effect on performance. An 

example of Larre's trial sequence would be, 

etc. 

Similarly Bourne, Guy and Wadsworth (1967) investigated a sorting 

task in which subjects were given feedback as to the accuracy of 

response. Subjects had to sort a group of cards into four categories. 

They report, 

, 1 . • •• so V1ng the problem requires a certain number of trials with 

feedback which is essentially invariant over changes in relative 

frequency.' (op.cit. p. 225) 

This suggests that the most important factor in solving the problem 

was the absolute number of trials on which KR was given. They report 
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this as being more' important than the type of KR provided (in this 

case, positive - 'correct', or negative - 'wrong', or both), and more 

important than the dispersement of the KR trials wi thin the trial 

sequence. 

One piece of evidence which contrasts slightly with the above 

researches is presented by Taylor and Noble (1962) ,.;rho investigated 

different percentages of KR (i.e. 25%, 50%, 75% and 100%) on a 

four-unit trial and error learning sequence. The 92 subjects had to 

press a key to match an abstract symbol to a visual display pattern. 

During th~ learning trials all subjects had the same number of trials 

with KR, but differed in the number of trials T~thout y~. For example, 

those with 100% KR were given details of performance on trials, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

and those with 25% KR on trials~ 

1, 6, 11, 13, 18, 23, 26, 32, 33, 38, 42, 45, 51, 54, 60. 

The results show the final level of attainment of the three partial 

groups to be about the same (80/~), but inferior to the continuous group 

(96%), (op.cit. p. 33). 

It would seem therefore that learning can take place despite some 

trials not having KR, and it does not seem to matter how many non-KR 

trials there are between those receiving KR, but that the most 

effective learning will take place with KR after every trial. 
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2.3.3 The significance of the interresponse interval (1): post-KR 

delay is a signlficant interval in learning, but KR delay is not 

The customary sequence of events within a learning trial are as 

follows*, (Fig. 4). 

r interresponse I 
KR post-1ill 
delay delay 
~~ 

~I""----' I 1\1 r----"'I L 1\_. ___ . _ . 
Rl KRl R2 KR2 

,;) 
L~ ____ --~y------------

Trial 1 

time 
) 

R n 

Fig. 4. standard sequence of event~ occurri~g lvithin a learning trial. 

* This sequence is adapted by the present author from 1. Bilodeau 

(1966, 1969 p. 259). The original shows KR as IF, i.e. Information 

Feedback. For the purposes of this study IF has been changed to KR 

to keep the terminology consistent. 
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(i) KR delay interval 

The tradi tional concept of learning in behavioural conditioning is 

the S~R bond (stimulus--+response). This concept was based on 

early work by physiologists on the 'reflex', i.e. 

'a response which is almost invariably initiated by a specified 

stimulus.' (Annett 1969 p. 16) 

Hull (1943) detailed in his 'Principles of Behaviour' how the 

strength of the relationship between Sand R depends on reinforcement. 

Research into animal behaviour has shown that a laboratory rat can be 

taught to press a bar when a buzzer is sounded. The 'reward' for this 
. 

response, (regarded as reinforcing), is usually the presentation of 

food when the response is completed, (Borger and Seaborne 1966 p. 25). 

If the delay between the response and the reward is increased, the 

learning of the response is retarded. 

When research into Knowledge of Results was undertaken, a similar 

finding was expected. Greenspoon and Foreman (1956) used eight 

subjects in each of four delay groups. They reported significant 

differences among delays of 0, 10, 20 and 30 seconds, and slower rates 

of learning with increasing delay, (op.cit. p. 228). Although these 

findings agree with similar animal experiments, subsequent research 

'produced conflicting evidence. 

The first major study was conducted by Bilodeau and Bilodeau (1958 

[b]) who report on five experiments involving 793 subjects which sought 

to evaluate KR delay, post-KR delay, and the intertrial interval. They 

rejected the findings of Greenspoon and Foreman because of weaknesses 

in their research design, i.e. in the linear positioning task employed, 

subjects maintained hand position on the lever between trials. 
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Bilodeau and Bilodeau felt this provided additional feedback to the KR 

and contaminated the results. So in their own research three similar 

tasks were used; knob turning, level pulling and stick displacing, but 

subjects had to remove their hands back to a resting position between 

trials. After the lever was displaced by the subject KR was given as 

to accuracy of response. KR was delayed from 3-5 seconds up to seven 

days. The results showed that KR delay was non-significant in the 

performance of manual positioning tasks, (op.cit. p. 611). 

'The present findings show that a simple response can be related to 

its KR over much longer time intervals than hitherto believed.' 

(op.cit. p. 610) 

Bilodeau and Bilodeau report that delay of KR is not analogous to 

the delay of reward (food, water) in animal studies. 

'The evidence indicated that the critical variable is the 

intertrial interval, for performance varied inversely with its 

duration.' (op.cit. p. 611) 

They contrasted a group who had failed to learn having received 

immediate KR followed by a 24 hour intertrial interval) whereas 

learning was apparent in another group who had KR \-71 thheld for 24 hours. 

The finding that KR delay is a non-significant variable in learning 

, 
simple motor tasks had the proviso that the delay interval between the 

response and its KR be free of any activity of a similar nature to the 

task. 

This proviso was supported in subsequent research by Champion and 

McBride (1962). They used 80 subjects who had to learn a language 

orientated paired -associate task. During KR delay subjects ei ther did 

nothing or read aloud a list of words. They report that the latter 
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'filled' KR delay produced a significant impairment of performance, 

(op.cit. p. 591). 

Boulter (1964) reported a task where 80 subjects in four condition 

groups had to move a lever horizontally 3" without any visual and 

auditory cues· After a delay interval the experimenter provided KR in 

terms of unidentified units of distance away from the correct lever 

posi tion, e. g. '15 long', '10 short', or 'correct'. All groups had a 

20 second delay between Rl and KR
l

, (op.cit. p. 283). When 

compared with a control group who had immediate KR after the response 

(i.e. zero delay), there was no significant difference in performance, 

(op.cit. p. 285). 

It would seem, therefore, that Knm07ledge of Results is not 

'rewarding' in the same sense as food is for the rat. KR provides 

'information' about how the ~ubject has performed, (Annett 1969 p. 

147). A further reason for doubting a link between animal and human 

studies is that the human may understand that the delay is part of the 

experimental process, whereas the animal's behaviour is need-orientated 

rather than goal-orientated. 

Schmidt and Shea (1976) conducted a similar experiment to Boulter 

(1964). Instead of requiring the subjects to move 'briskly' to the 

target position, the subjects were instructed to move the lever 'very 

slowly' , and the starting positions were varied to prevent 

pre-programmed movements. They report, 

'Even with these methodological changes, there was no evidence that 

the delay variable was relevant for learning in positioning 

responses.' (op.cit. p. 129) 

Research has shown 'KR delay' only becomes significant if it occurs 
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after more than one" response, i.e. if another response occurs between 

the first response and its KR (see Fig. 5). 

r--- ..... ., .. . ----a 

KR1 

R 
n 

Fig. 5. An example of manipulation of the tKR delayt interval. 

KR 
n-1 

Bilodeau (1956) used 336 subjects whose task was to displace a 

lever. She reports, 

••• error increases with increasing trial delay •••• These 

effects of trial-delay are consistent with the position that the 

O-delay KR serves a directive function, telling S how his response 

differs from the required response and indicating the magnitude and 

direction of response-change needed to make the next response more 

accurate than the last.' (op. cit. p. 436) 

Thus increased trials delay interfered with the learning of the 

task; the greater the delay of KR over trials, the slower the learning. 
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(ii) Post-KR delay interval 

The previous section (2.3.3(i)) details how one part of the 

interresponse interval, that of KR delay, appears to be a 

non-significant variable in human learning. The other part of the 

interresponse interval is post-KR delay; this being the amount of time 

from KR until the subject's next response. Hhen Bilodeau and Bilodeau 

(1958 [b]) carried out their five studies of simple motor learning they 

reported that the post-KR interval might retard performance if it were 

sufficiently long, (op.cit. p. 611). The rationale for this statement 

can be ex.trapolated from their experimental design and the results of 

their investigation. If the KR delay interval is short this logically 

implies that the post-KR delay interval is longer, assuming fixed 

intertria1 intervals are used. Therefore if the trial sequence 

contains short KR delay intervals within relatively long intertrial 

intervals, there will also be long post-KR intervals. For example, in 

the sequence below, (see Fig. 6) using fixed intertrial intervals with 

short KR delay, the intertrial interval is 23 sec. and the post-KR 

delay 20 sec. compared with a short KR delay interval of 2 sec. 

As previously reported, the main finding of the Bilodeau and 

Bilodeau (1958 [b]) research was that the intertria1 interval was a 

significant factor in skills learning because performance varies 

inversely with its length. Implicit in this finding is the notion that 

performance ,;vill also vary inversely with the length of the post-KR 

delay (providing the KR delay interval is short). This hypothesis was 

examined by Bourne and Bunderson (1963) using a concept identification 

task. Each subject (N = 216) was presented with a series of geometric 

designs, each of which was a combination of the levels of two relevant 
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1 sec. 2 sec. 20 sec. 1 sec. 2 sec. 20 ~c. 

KR delay.: ....... post-KR delay.: 

L intertrial interval-1 

Fig. 6. An example of 'short' KR delay and 'long' post-KR delay 
intervals. 

and ei ther one or five irrelevant binary stimulus dimensions, such as 

form (square - triangle) and orientation (upright - tilted figures). 

To identify the category to which each design belonged, subjects 

pressed one of four unlabelled response buttons. Mter each response 

KR was provided by the illumination of a light over the correct 

button. KR. was delayed either 0, 4, or 8 seconds, and the post-KR 

delay interval was 1, 5, or 9 seconds. They report delay was not 

significant in the variance in performance, but that the post-KR delay 

interval was significant. Increasing post-KR delay produced a uniform 

linear decrease in the mean number of errors, (op.cit. p. 4). Also the 

more complex the task the greater the effect of lengthening post-KR. 
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delay. These findings appear to be at variance with the conclusion 

made by Bilodeau and Bilodeau (1958 [b]) that a long post-KR delay 

might retard performance. It would seem that a certain amount of time 

is needed to process KR and the more complex the task the longer the 

time needed. Because of the close connection between post -KR delay 

within an intertria1 interval which has short KR-delay the findings of 

Bourne and Bunderson and that of Bilodeau and Bilodeau appear to be 

incompatible. 

Further research, however, was undertaken by Weinberg, Guy and 

Tupper (1964) using post-KR delay intervals of 1, 5, 10 and 20 seconds 

. 
on learning a simple motor positioning task. They found increasing 

post-KR delay facilitates performance up to an optimum of 5 seconds. 

Delays of 5, 10 and 20 seconds produced no significant difference in 

learning levels, but a post-KR delay of only one second produced a 

significantly worse performance, (op.cit. p. 98). The notion that some 

minimum amount of time must be available to process KR inforillation in 

simple motor tasks and that one second does not seem to be sufficient 

was confirmed by Bourne, Guy, Dodd, Justesen (1968), in a follow up 

study to Weinberg, et ale The Weinberg, et aI, findings are strictly 

comparable to the results of Bourne and Bunderson. They further 

suggest that, 

••• intratria1 learning in simple motor tasks is effectively 

complete after some short time (approximately 5 sec.).' (op. ci t. 

p. 99) 

This would imply that over longer intertria1 intervals, such as 

those employed by Bilodeau and Bilodeau (1958 [b]), 'some forgetting 

may occur', (ibid). 
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More support is provided by Jones (1968) who reports that 

lengthening the post-KR delay interval by up to 6 seconds on a 

conceptual identification task significantly facilitated learning. He 

states, 

'It is reasonable to consider the unfilled post - IF interval [i.e. 

post-KR interval] analogous to a study period.' (op.cit. p. 91) 

This would allow the subject sufficient time to process the KR 

before making the next response. Rogers (1974) has indicated that 

there appears to be a relationship between the amount and detail of 

informatiqn provided, the length of the post-KR interval, and task 

performance, i.e. the more precise the KR, the longer the post-KR 

interval needs to be if accuracy of performance is to be maintained. 

Subsequently Gallagher and Thomas (1980) used a linear ballistic task 

to compare the effect of varying the post-KR interval with children 

aged 7 years, 11 years and adults. Results showed that given 

sufficient time to process KR (i.e. 12 secs.) the children's 

performance was not significantly different from the adults. The 7 

y.o. were least accurate when the post-KR interval was shortest (i.e. 3 

secs.). Thus the age of the subjects may be a factor in determining 

optimum post-KR delay intervals. 

The general findings of the above researches are as follows: 

(a) the post-KR delay interval has been shown to be a significant 

f ac tor in the learning of both simple motor tasks and more 

complex conceptual identification tasks; 

(b) there would appear to be an optimum minimum and maximum 

amount of time in which the KR for a response made can be 

processed, allowing for the degree of precision of the KR, 

and the age of the subjects. 
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· (iii) Reaction Time (RT) 

One area of research can be seen as complementing the finding that 

post-KR delay intervals need to be of a certain minimum time, and also 

might have an important bearing on the ability to respond vocally to an 

audi tory signal. This area concerns the amount of time required for 

feedback to be processed by the central nervous system before a 

response to that feed back can be initiated. The delay in response to 

an unanticipated signal is termed reaction time (RT). 

Slater-Hammel (1960) studied the time required to stop a 

pre-planned movement. Subjects had to hold a finger on a reaction key 

while watching a clock whose hand made one revolution per second. The 

clock started at 0 and the subject's task was to lift the finger off 

the key at exactly 800 msec. (0.80 sec.). Occasionally, however, the 

clock hand would stop before reaching 800 msec., in which case the 

subject had to inhibit the response and do nothing. As the clock 

stopped closer and closer to 800 msec. subjects were unable to inhibit 

their response. When the clock stopped 160 msec. before the 800 msec. 

mark, subjects could inhibit their finger movement only 50% of the 

time, (op.cit. p. 217). This suggests that subjects 'ordered' the 

finger response 160 msec. before the finger movement. 

Further support was provided by Henry and Harrison (1961 p. 351). 

Subjects had to make an arm movement to trip a string in front at 

shoulder height. After the signal to begin, on some trials a signal to 

stop was given. This stop signal came on from 0.10 to 0.40 seconds 

after the start signal. They report that subjects were unable to stop 

their movements unless the 'stop' signal came on before they had begun 

the movement, i.e. during its reaction time. 
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Similarly Keele and Posner (1968) reported on reaction time in the 

proc"essing of visual information. Subjects had to move a stylus from 

one small target to another in either 0.15, 0.25, 0.35, or 0.45 sec. 

After practice Keele and Posner would turn off the light on some trials 

as the stylus left the starting position. They then compared the 

errors in hitting the target with and without vision. When the 

movement time was 0.15 sec. subjects hit the target equally well 

regardless of visual cues, (op.cit. p. 363). As the movement times 

increased, however, responses became more accurate with vision than 

without. . They conclude that as subjects could not use vision to 

control rapid movements in 0.15 sec. the time required to make 

corrections in response to visual feedback is apparently between 0.15 

and 0.25 seconds. 

The main feature of these -researches is that a certain amount of 

time is necessary for subjects to respond to visual and ?uditory 

information. One interpretation of such studies is by Schmidt (1975 

[a] p. 137) who suggests, 

••• the first 0.20 or 0.30 sec. of any movement must be 

'pre-programmed'. This means that any information from the 

environment that indicates that the performer should change the 

response from that originally intended cannot be responded to until 

the movement has been under way for 0.3 to 0.5 sec.' 

If this is the case, these studies of reaction time pose 

implications for singing in-tune. It is possible to hypothesise that 

the subject must first 'think' of the required pitch of the note to be 

sung, then run off a motor programme to execute this pitch vocally, and 

then adjust this pitch to the mental image once the auditory feedback 
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has been processed. If it takes up to 0.5 sec. before any corrections 

can be made, it seems likely that the young, inexperienced singer 

learning to sing in-tune will need considerable practice before control 

over the mechanism involved is assured. As singing is usually a group 

activity it is likely that the auditory feedback will be 'contaminated' 

by other pitches which further hinder the ability to process the 

incoming signal. 

2.3.4 The significance of the interresponse interval(2): the inter

tr~al interval is significant if KR delay is short 

A more detailed model of the sequence of events in a discrete 

learning trial, based on the differentiation between 'intrinsic' and 

'extrinsic' feedback has been proposed by Annett (1969 p. 40), (see 

Fig. 7). This was adapted fro1ll the model by Bilodeau detailed above, 

(i. e. Fig. 4, 2.3.3). 

Fig. 7. 
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, • • .' S is the signal to produce the movement (R). At the end of R 

the movement is terminated by intrinsic feedback (IF) and after a 

short delay the subject is given extrinsic feedback or knowledge of 

results (KR). After a further delay, a second attempt is made.' 

(op.cit. p. 39) 

Annet t shows the relationship bet\veen intrinsic and extrinsic 

feedback, (i.e. between proprioceptive/exteroceptive feedback and 

Knowledge of Results). The response is terminated by IF (i.e. 

proprioceptive or exteroceptive) whilst the extrinsic feedback (KR) can 

only affect the next response, 

••• or the possible use the subject makes of IF associated with 

the next response.' (op.cit. p. 40) 

He stresses that KR comes not simply after a response but between 

responses. He also notes that the interval between KR and the next 

response (post-KR delay interval) will get smaller as the res~onse-KR 

interval gets larger if fixed intertrial intervals are used. 

Bilodeau (1969 p. 276) has suggested a way in which this post-KR 

interval can be kept constant, i.e. by giving a reminder of the KR 

before the next response. This holds the post-KR delay interval 

constant from the reminder even though the interresponse and delay 

intervals vary, (see Fig. 8). 

Annett (1980, private correspondence) suggests that any 

experimental design making use of the delay intervals in feedback 

orientated learning trials should ensure that the KR delay interval and 

post-KR delay interval remain constant so that the number of variables 

involved are known. 
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post-KR interval 
~nstant 

KR1 

(repeated) 

etc. 

Fig. 8. An example of a trial sequence 1vhich contains a constant 
post KR delay interval. 

Research has shown that varying the post-KR delay interval and the 

intertrial interval has a significant effect in learning trials. 

Performance varies inversely with the length of ~he intertrial 

interval, and there is an optimum period for the post-KR delay 

interval, (Bilodeau and Bilodeau, 1958 [aJ p. 611; Weinberg) Guy and 

-Tupper 1964 p. 98). Further research on the intertrial interval which 

clarifies the Bilodeau and Bilodeau finding was conducted by Denny, 

Allard, Hall and Rokeach (1960 p. 327). 

They replicated an earlier experiment by Saltzman, Kanfer and 

Greenspoon (1955) who reported no significant difference in task 

performance ,.,hen the intertrial intervals were varied. When Denny, et 

aI, replicated this experiment, they altered the KR by giving it in 
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unspecified units (i.e. 'glubs') rather than inches. They report that 

the intertrial interval was significant if delayed by 20 seconds 

(shorter time intervals were non-significant). They concluded that 

because Saltzman et al had used units of measurement which were known 

and understood by their subjects (i.e. inches) they were able to 

remember these units better over longer periods than the unspecified 

'glubs', and this negated the long intertrial intervals in the 

experimental design. 

2.3.5 Tha effects of KR withdrawal 

Research has shown KR to be essential for learning and producing a 

'good' performance (as defined by the experimenter). Once Knowledge of 

Results is withdrawn the subject must rely on subjective reinforcement, 

(i.e. a subjective evaluation. 'Of performance), in order to maintain 

performance at the prescribed level. 

Schmidt and White (1972) had ten subjects practise a rapid discrete 

linear tracking task, attempting to produce a 9.5 inch movement with a 

mounted slide in exactly 150 msec. Over two days of practice, KR was 

provided on trials 1-10, 21-120 and 121-140 (the last group being on 

the second day) • The no-KR trials were 11-20, and the next day 

. 
l4l-l70~ Before KR "V'as given, subjects had to guess the accuracy of 

their response. Schmidt and White report, 

'Errors decreased markedly over the first 20 trials, and then 

showed a gentle downward trend throughout the first day. There was 

a slight decrement in performance on the first two blocks of Day 2, 

but this was followed by a continuation of the slow downward trend 

displayed on Day 1.' (op.cit. p. 147) 
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After 170 trials they report a mean time difference in accuracy of 

only 7 msec. They also report the expected deterioration in 

performance on both sets of KR withdrawal trials did not materialise; 

' ••• Ss displayed no worsening of performance and even continued to 

learn slightly, suggesting that the error detection mechanism acted 

as a substitute for KR.' (op.cit. p. 143) 

They postulated the development of an error detection mechanism 

because, as practice continued, there was an increasing correspondence 

between the actual errors and the subjects' estimation of them. 

In a ~econd experiment they report that the withdrawal of KR early 

in practice, after the second trial, produced a deterioration in 

performance. 

It would seem that subjects are capable of maintaining performance 

when KR is withdrawn providing. sufficient trials have been completed 

with KR thus allowing an error detection mechanism to operate, (i.e. as 

subjective reinforcement). 

2.4 CONCLUSIONS 

2.4.1 The meaning of the term 'feedback', as it appears in the most 

recent literature, is to do with information provided by the physical 

sense receptors located throughout the body to the higher regions of 

the central nervous system. Information as to the performance provided 

externally, usually by the experimenter, is termed 'Knm.;rledge of 

Results' • 

Research indicates that it is difficult for a subject to 

achieve a specific goal without KR, although alternative forms of 

feedback, (sometimes termed additional or augmented feedback), from 
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visual, auditory and proprioceptive sources can partially offset KR 

withdrawal provided sufficient KR trials have ta~en place. 

The absolute frequency of KR, being the total number of 

individual ratings of response, rather than its relative frequency, 

determines the degree of learning in the performance of a particular 

task. There is some evidence, however, that learning is most efficient 

if KR is given after every response. 

2.4.4 KR is seen as occurring between responses. 

(a) the time interval between the first response and its KR is 

termed the KR delay interval. This interval has been shown to 

a non-significant factor in performance, providing KR fo1101.15 

the response it is related to, without either any other 

trials, or any other activity intervening; 

(b) the time interval between the KR and the follmving response is 

termed the post-KR delay interval. Research has shown that 

this interval is significant, as it appears a certain minimum 

amount of time has to be allowed for the processing of the 

information contained in the KR. Research has indicated that 

the optimum length of this interval is about 5 seconds; 

(c) studies of reaction time compliment these findings; 

(d) the intertrial interval, being closely related to the post-KR 

delay interval if KR delay is short, has also been sho~m to be 

significant. The longer the intertrial interval becomes the 

slower the learning takes place, probably because 'forgetting' 

becomes a factor. 
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There appears to be no deterioration in performance if KR is 

withdrawn after sufficient trials. An error detection mechanism has 

been postulated to explain this lack of performance deterioration. 

/ 

.----
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CHAPTER 3: RECENT DEVELOPMENTS IN FEEDBACK - THEORIES OF MOTOR LEARNING 

In recent years, research in learning in motor tasks has made a 

great contribution to our understanding of feedback in human 

behaviour. The bulk of research in this area has been generated by the 

theories of Adams (1971) and Schmidt (1975). Adams (1971) was the 

first to propose a theory of motor behaviour which was based on an 

existing body of carefully controlled research in motor learning, i. e. 

that dealing with slow, graded, linear-positioning tasks. The Adams 

(1971) theory sought to explain the learning of novel motor tasks as 

well as the performance of already acquired skills. When the theory 

was subjected to empirical evaluation some of the research findings 

were found to conflict with its underlying principles. This led Pew 

(1974) to suggest a modification of the theory; and then Schmidt (1975) 

to propose a new theory which incorporated Adams' (1971) theory, Pew's 

(1974) modifications, and other more recent data. This chapter .details 

the development of these theories of motor learning because of their 

possible implications for singing as a form of motor behaviour. 

3.1 THE ADAMS' CLOSED-LOOP THEORY OF MOTOR LEARNING 

The first attempt to produce a theory based on a body of empirical 

. 
evidence was made by Adams (1971). He examined research in motor 

learning which dealt with the learning of slow, unpaced, graded linear-

positioning tasks. Adams chose to discuss his theory in terms of these 

responses because the literature concerning them is extensive, (the 

first systematic examinations of feedback in motor behaviour were 

conducted by Bilodeau and Bilodeau in the 1950's). Adams attempted to 

explain the findings by proposing two types of motor memory, termed the 
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memory trace and the'perceptual trace (op.cit. p. 111). 

The memory trace is postulated as being a simple motor programme 

which is responsible for initiating the movement, choosing its initial 

direction, and determining the earliest parts of the movement. Adams 

theorised the 'memory trace' developing as a product of Knowledge of 

Results and practice. 

He proposed the perceptual trace as being responsible for guiding 

the limb to the correct location on the trackway. It takes over from 

the 'memory trace' and is developed as a product of past experiences of 

feedback from earlier responses. The input from the eyes, ears, and 

proprioceptors is compared during the movement to the perceptual trace 

to determine if the limb is in the ·correct location. Repeated correct 

responses eventually form a narrow distribution of similar traces in 

the memory and the dominant mode of that distribution comes to 

represent the 'perceptual trace'. Feedback and repetition strengthen 

the perceptual trace and allow the subject to become more accurate. 

Below is Annett's (1969) model of the sequence of events in a 

discrete learning trial with the 'memory' and 'perceptua~' traces from 

Adams (1971) theory added (Fig. 9). The theory is not explicit as to 

the exact moment the perceptual trace takes over in the response from 

the memory trace. 

If the 'perceptual trace' takes over early in the response as Adams 

suggests then feedback from exteroceptors and proprioceptors should 

occupy a larger shaded area in the above model than in Annett's 

original because feedback guides the limb to the perceived correct 

location before terminating the response. 
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proprioceptive / exteroceptive 
feedback terminates response, (Annett). 

( adapted from Aru1ett 1s (1969) model, 
see 2 11 3.4. ) 

Fig. 9. The memory trace and perceptual trace of Adams l (1971) theory 
within a learning trial. 

3.2 AN EVALUATION OF ADAMS' THEORY 

Schmidt (1975 [b]) details the impact Adams' (1971) theory had in 

. 
the field of motor research. The advent of a testable theory meant 

that wi thin two years more than twenty articles concerned wi th its 

evaluation appeared. AI though there 1o!aS a general agreement on the 

separation of the 'motor' and 'perceptual' traces (e.g. reviewed by 

Kelso 1978, p. 70), other features of the theory were seen to be weak. 
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3.2.1 The 'error detection' mechanism 

A major feature of Adams' (1971) theory is that, 

t ••• it provided a means for subjects to determine, in the absence 

of KR, his error for the response just produced, to use this 

information (termed 'subjective reinforcement') as a means for 

maintaining performance or even to continue to learn wi thout KR.' 

(Schmidt 1975 [b] p. 228) 

Adams proposed that the subject used the 'perceptual trace' combined 

with feedback during the movement to guide the limb to the correct 

location. Any error was a function of the mismatch between the 

'perceptual trace' and feedback of the actual performance, and this 

allowed the subject to correct the movement. Thus the subjec twas 

capable of producing his own error detection mechanism. If KR was 

withdrawn performance could be maintained and learning could continue. 

Schmidt conducted two experiments to test the basic premise of 

Adams' theory, and to see if the theory was applicable to rapid as well 

as slow motor performance tasks. In the first experiment, Schmidt and 

White (1972) used ten subjects who practised 170 trials of a discrete 

rapid ballistic response, attempting to produce a 9.5 inch manual slide 

movement in exac t1y 150 msec. KR was present except on trials 11-20 

and 141-170; (a detailed analysis of this experiment has been given in 

section 2.3.5). 

In the case of rapid (ballistic) responses, Schmidt and Hhi te 

(op.cit. p. 144) postulate, 

• • • the memory trace must execute the response alone because the 

feedback from the movement will not have time to be used in 
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conjunction with the perceptual trace to govern that response* ••• 

and the perceptual trace will have nothing to do with executing the 

response. The perceptual trace in this case is used as an error 

detection mechanism in which the feedback from the movement is 

compared w:i. th the stored feedback representation of the correct 

response. In ballistic [i.e. rapid] responses, therefore, the 

memory trace executes the response and the perceptual trace 

determines its correctness, providing clearly separate roles for 

the two states unlike the somewhat ambiguous roles in the case of 

slow positioning.' 

So wi th rapid responses the 150 msec. movement can be carried out 

by the memory trace whose strength can then be assessed by the actual 

error, while the perceptual trace can be assessed by the subject's 

ability to recognise his error after the completion of the movement. 

Schmidt and ~.Jhi te found an increasing correspondence between the actual 

errors and the subject I s estimation of them as practice continued. 

When KR was withdrawn on trials 11-20 and 141-170 subjects performed as 

accurately as they had done previously with KR, and even showed some 

slight improvement. The correlation between the actual error and the 

subjective error on the tasks rose from .27 to .80 over the two days of 

the experimental procedure, (op.cit. p. 149). They concluded, 

'The results generally supported Adams t theory.' (ibid) 

In the second experiment Schmidt and Russell) (1972 unpublished: 

detailed in Schmidt 1975 [b] p. 228) returned to the slow linear 

positioning task \vhich had formed the empirical basis for Adams' 

theory. Subjects were given 100 positioning trials, with KR after each 

* viz. studies of reaction time (RT); see section 2.3.3 (iii) 
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trial. After the movement had been made, and before KR was given, each 

subject had to estimate the accuracy of their response. Schmidt (1975 

[b] p. 228) states, 

'The measure of the error detection mechanism was the correlation, 

computed wi thin subjects, betvleen the actual and judged error on 

the last 20 trials. T 

He reports that the highest correlation ,.;ras .40 and that many of the 

results were negative, 'with the average being .21' (ibid). 

This finding, unlike that of Schmidt and White (1972) runs contrary 

to Adams' theory. Schmidt (1975 [bJ) believes it is not possible in 

this slow linear task for the subject to generate a 'sensitive' error 

signal between the perceptual trace and incoming feedback once he has 

removed his hand from the lever. Schmidt argues that the subject will 

only remove his hand when he has moved to a position he recognises as 

accurate, i.e. when his error detection mechanism signals zer0 1 but in 

reality, he may still be incorrect. Once the hand is removed it does 

not seem possible to generate an additional error signal that is 

sensitive to the difference between the position on the trial and the 

correct position.* It would seem that without KR it is not possible on 

this slow linear task for the subject to become more accurate over 

trials. 

* This would seem to require a perceptual correlation of the incoming 

KR, and without physical contact with the lever, this runs contrary 

to the theory. 
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3.2.2 'Perceptual trace' development 

Adams' theory proposed that the 'perceptual trace' is formed from 

feedback traces associated with having moved to the correct location. 

As stated above (3.1) repeated correct responses eventually form a 

narrow distribution of similar traces in the memory, and therefore 

repetition of the correct response appears to be essential to the 

learning process. 

Williams and Rodney (1978 p. 26) queried this principle of 

'errorless practice' in the formation of the 'perceptual trace'. They 

compared the principle of errorless repetitive practice to practice 

along a continuum. around the target location, hypothesising that this 

may facilitate learning because a knowledge of the target in its 

surroundings develops (ibid). One hundred subjects practised a linear 

positioning task and were divided into four condition groups i.e. 

(i) those experiencing the 'target only'; i. e. only a 20 em. 

movement (Target Only group); 

(ii) those experiencing 'an ever-narrowing approach to the 

target', culminating in two responses to the target (Target 

Approached group); 

(iii) those experiencing 'an organised sequence of decreasing over

and undershoots' (Interpolated Organised group); 

(iv) those experiencing a 'random presentation of locations about 

the targe zone' (Interpolated Random group). 

Both groups (iii) and (iv) did not move to locations within + 4 em. of 

the target (see Fig. 10 below). 
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Learning Trial Locations (centimetres from the start) 

for Each Treatment Condition. 

Conditions Trials 

TARGET 

EXPERIENCED 

TARGET NOT 

EXPERIENCED 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

{
Target Only 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

Target Approached 35 5 30 10 28 12 26 14 26 14 24 16 24 16 20 20 

{
Interpolated Organised 35 5 30 ,10 28 12 28 12 26 14 26 14 24 16 24 16 

Interpolated Random 14 10 14 35 28 24 28 30 12 5 12 26 16 26 16 24 

( Williams and Rodney,1978 p.27) 

Fig. 10. The Williams and Rodney ( 1978 ) learning trial 

locations for each of the four treatment conditions. 



There were two phases in the experiment, (a) the learning phase 

consisting of 16 trials with KR, and (b) the test phase with 20 

KR-withdrawal trials. All subjects were blindfolded and KR was 

provided by the movement being constrained by a block, and, once the 

movement was completed, the subject was told the response distance in 

cm. During the test phase, the adjustable strI' was removed and no KR 

was given. 

The results show (op.cit. p. 28) that during the test phase when 

attempting a 20 cm. target movement the groups were nearly equal on the 

first block of four trials. On further blocks of trials, however, the 

Interpolated Random group sustained the accuracy of their response, 

while all other groups showed an increasing decrement away from the 20 

cm. target response. 

Williams and Rodney (op.cit. p. 34) conclude, 

• The salient feature emerging from the present experiments is the 

capability of subjects to perform a slow positioning movement 

without any direct experience of movements to that location or its 

immediate surroundings.' 

It would seem therefore that Adams' theory of a 'perceptual trace' 

being dependent on repeated sensations of the correct response is not 

~upported. 

3.2.3 A summary of (1), the main features of Adams (1971) closed-loop 
theory of motor learning; and (ii) conflicting empirical research 
evidence 

(i) the main features of Adams' (1971) theory of motor learning 

(see Fig. 11) 
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Fig. 11. it schematic representation of the main features of Adams' (1971) theory. 



(ii) conflicting empirical research evidence; 

(a) Schmidt and Russell (1972) report a low correlation 

between subjective and real error on a slow linear 

positioning task. Schmidt suggests this is evidence that 

the subject cannot generate a sensitive error signal and 
r ' 

develop the perceptual trace OL.::e the hand is removed 

from the lever and exteroceptive/proprioceptive feedback 

is terminated; 

(b) Williams and Rodney (1978) found the principle of 

'errorless repeti ti ve practice' to be an inferior 

learning condition to a random presentation of locations 

about the target; (this finding is echoed by other 

researchers such as Moxley (1979), Zelaznik, Shapiro, and 

Newell (1978), and Carson and Wiegand (1979). Their 

empirical data will be examined in the evaluation of 

Schmidt's theory, section 3.6). 

In order to explain the research finding which have not fitted in 
-'" r 

with Adams' theory of motor learning, two researchers, Pew (1974) and 

Schmidt (1975 [bJ) have sought to adapt the theory and incorporate 

features from other areas of psychology. 

3.3 PEW'S MODEL OF VOLUNTARY HOTOR CONTROL 

Pew (1974) utilises the concept of schema learning in his model of 

voluntary motor control. 

Earlier, Evans (1967 p. 87) had defined a schema as, 

'a characteristic of some population of objecfs. It is a set of 

rules which would serve as instructions for producing (in essential 
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aspects) a population prototype and object typical of the 

population. ' 

Pew proposes, 

••• that a particular movement pattern, an instance, is selected 

from the generalised schema for movements of that particular class, 

such as signing one's name or drawing a circle, and it is the 

specific instance that actually gets translated into real 

movements.' (op.cit. p. 28) 

He incorporates Adam's 'perceptual trace' into the schema by 

postulating a further consequence of the selection of an instance, 

and, 

'... it is that an image of the sensory consequences of actually 

producing that movement is also generated.' (ibid) 

'It is the perceptual trace that makes possible the detection and, 

occasionally, the correction of errors in movement sequences prior 

to or in the absence o'f confirming knowledge of results about the 

success or failure of the pattern to achieve its goal.' (ibid) 

Pew then proposes a model in which schema memory is the generalised 

source of stored information about the organisation of movements with 

respect to particular goals (see Fig. 12 below). In the model the 

environment provides a stimulus for a particular movement. A specific 

instance is selected from the 'schema memory' for execution. 

'The instance may be thought of as a stored representation of a 

path in space through which the' members of the body will move.' 

(op-cit- p- 31) 

Pew likens the schema instance to a 'computer programme waiting to be 

read - ' This programme generates a temporal string of motor commands 

which in turn activate the muscles-
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An essential part of the process is the signal and parameter 

comparator \vhich receives information about the goal to be achieved, 

and feedback from the various sense receptors, and proprioceptors. The 

schema also generates an image of the expected sensory consequences of 

the movement (Adams' 'perceptual trace') which is compared with the 

actual sensory consequences. Pew states th,.t these actual sensory 

consequences will be provided by different levels of feedback, (op.cit. 

p. 33) i.e. from the wider environment, from the exteroceptors such as 

the eyes and ears, and the proprioceptors located in the muscle 

mechanism. 

The results of this comparison may only be minor adjustments to the 

motor string, or more significant adjustments, in which the schema 

itself is modified. 

similar nature. 

This, in turn, will affect future movements of a 

3.4 EMPIRICAL EVIDENCE SUPPORTING THE SCHEHA CONCEPT AB UTILISED IN 

PEW'S MODEL 

Posner and Keele (1968) conducted an expe.riment to evaluate the 

hypothesis that information which is common to the individual instances 

can be abstracted and stored in some form, (i.e. as a 'schema'). 

-Groups of subjects (N = 36, 32, 30) underwent three experiments in 

which they had to classify high and low variability distortions of dot 

patterns. There 

variability), and 

were two 

a control 

experimental 

group~ The 

groups (high and low 

experimental groups \Vere 

presented with six distortions of each of four different dot pattern 

prototypes (i.e. 24 in all). The prototype patterns were a triangle ~) 

the letters M and F, and a random pattern, all made from nine dots. 
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First, the subjects. were trained to classify distortions of nonsense 

patterns without ever being shown the prototype from which the patterns 

were distorted (see diagram, Fig. 13). Then the subjects were tested 

for: 

(a) recognition of the distortions they had learned, 

(b) recognition of nel., distortions of the same set of 

prototypes, and 

(c) recognition of the prototypes themselves. 

The results showed (op.cii. p. 361), 

(i) the subjects were better at recognising the distortions of the 

prototype they had learned than new distorted patterns; and (ii) 

the prototypes on lv-hich all the distortions were based, (which the 

subjects had never seen) were recognised as well as their 

distortions. They also found (iii) that subjects who had been 

trained "lith the patterns of a high variability did better on 

transfer than those trained with patterns of a low variability. 

(This particular finding is supported by the Williams and Rodney 

(1978) experiment detailed in 3.2.2 above, i.e. high variability of 

movement allowed subjects to accurately move to a novel location, 

not previously experienced.) 

The Posner and Keele (1968) experimental data indicated that 

subjects could correctly classify dot patterns that they had never seen 

before (i.e. the prototypes), implying that they had generated an 

abstraction, or schema of the dot patterns of a given category 

(generated from the distortions), and were able to use this stored 

information, this 'schema', to recognise the prototype when it was 

later presented. 
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I / \ ___ 
KR1 -AI 

1 

subject classifies 
distortion, presses 
button. 

Fig. 13. Posner and Keele (1968): experimental procedure and sequence of 
events in a learning trial. 

In two follow up experiments utilising the same dot patterns, 

Posner and Keele (1970) tested the schema notion to see if it was 

affected by a delay interval. In these experiments half the subjects 

performed the pattern recognition tests immediately after learning, and 

the other half waited for one vleek. The results showed that the only 

significant difference between the two groups was the loss in 

--
recognition of the old distortions over one week, but little change in 

schema recognition (op.cit. p. 308). This "\:vould seem to indicate that 
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subjects can abstract information about a central tendency, and that 

this abstraction, or schema, is less subject to loss over time than the 

original material from which it was generated. 

Thus there is empirical evidence to support the main feature of 

Pew's model. The model, whilst utilising the idea of a 'perceptual 

trace', (in accord with Adam's [1971] theory), introduces schema 

theory, specifically 'the schema', to account for subjects' reported 

ability to deal with novel motor tasks, (evidence of which runs 

contrary to Adams' theory). 

Both the closed-loop theory of motor learning proposed by Adams 

(1971) and the concept of 'schema' introduced in a model of voluntary 

motor control by Pew (1974) have been incorporated into a schema theory 

of discrete motor skill learning by Schmidt (1975 [b]). 

3.5 SCffi~IDT'S SC~1A THEORY OF DISCRETE MOTOR SKILL LEAP~ING 

In the introduction to his schema theory, Schmidt (1975 [b]) 

acknowledges the work of both Adams (1971) and Pew (1974) as they 

provide concepts which he utilises in the new theory, 

... Adams (1971) for his application of closed-loop theory to 

learning of motor skills, Pew for the suggestions about the 

application of the schema to motor skills.' (Schmidt 1975 [b] p. 

231) 

Schmidt then details the schema motor theory which attempts, 

. . . to deal with discrete tasks, that is, those that have a 

recognisable beginning and end and are usually quite short in time 

(e.g. less than 5 sec. in duratio~).' (op.cit. p. 230) 
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3.5.1 !he motor programme 

In the first part of his theory Schmidt proposes 'generalised' 

motor programmes for a given class of movement. He believes the motor 

programmes must be 'generalised' in order to avoid the problems of 

storage implied by theorising the oppo si te, i. e. that every movement 

must have its own individual motor programme. Schmid t dra'iols 

inferential support for the notion of 'generalised' programmes from the 

work of MacNeilage and MacNeilage (1973). Their investigations into 

speech production revealed 100,000 phonemes in the English language, 

and Schmidt argues that an individual motor programme for each phoneme 

would present severe storage problems if mirrored by other areas of 

motor activity. Therefore it would seem desirable, 

• •• to postulate mechanisms that do not require this level of 

storage., (op.cit. p. 239) 

He continues, 

'These generalised motor programmes are assumed to be able to 

present the prestructured commands for a number of movements if 

specific response specifications are provided.' (ibid~ 

The 'response specifications' are dra-vTn up according to the 

movement target, and are influenced by other parameters which can be 

varied before the movement begins, such as the use of different forces, 

or different speeds. For example, a motor programme for throwing a 

ball in a specified direction could be modiiied by specific 

instructions to throw fast or slow. 

During the movement itself minute control corrections can be 

carried out via the inter-muscular and intra-muscular feedback loops. 

Granit (1970) provides evidence of these in his investigations into the 
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neurological control. of movement. He reports neurological evidence to 

show minute control corrections can be made, and that these can occur 

very rapidly, within 30-50 msec. via spindle-initiated feedback loops. 

Sussman (1972 p. 262) researched into similar closed-loop feedback 

systems related to speech, and reports that the three dimensional 

arrangement of the lingual muscle-spindle netwf)rk also operates within 

a rapid timespan. 

Further support for postulating 'generalised' motor programmes can 

be drawn from the application of the schema concept to motor behaviour. 

3.5.2 The schema 

(i) History 

The original concept of schema was first proposed by Head (1920 p. 

605) when he discarded the notion of individual images or traces for 

each separate movement which had been first proposed by Munk (1890). 

Head cited evidence of neurological damage as showing that after 

certain brain lesions patients who closed their eyes were unable to 

give an accurate account of limb movement, (the disease Tabes Dorsalis 

cited by Werner in his theory on servo-systems has similar symptoms). 

Head proposed a 

... combined standard, agai nst which all subsequent changes of 

posture are measured before they enter consciousness.' (ibid) 

This 'combined standard' he labelled 'schema'. 

The defini tion of a schema, and· its attributes, was subsequently 

modified by Bartlett (1932) l.,rho found some of Head's terminology 

difficult to pin down; 

'It is at once too definite and too sketchy.' (1932 p. 201) 
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to, 

and, 

Bartlett modified the definition of the concept of schema to refer 

••• an active organisation of past reactions, or of past 

experiences, which must always be supposed to be operating in any 

well-adapted organic response. That is, whenever there is any 

order or regularity of behaviour a particular response is possible 

only because it is related to other similar responses which have 

been serially organised, yet which operate, not simply as 

individual members coming one after another, but as a unitary mass.' 

'All incoming impulses of a certain kind or mode, go together to 

build up an active organised setting.' (ibid) 

So it is possible for an individual to perceive a set of visual 

stimuli and classify these stimuli correctly without having previously 

received the particular set of stimuli in question. 

(ii) Application 

The Posner and Keele (1968, 1970) experiments into pattern 

recognition provide empirical support for schema theory (see section 

3.4 above). 

Schmidt (1975 [bJ p. 234) draws the following conclusion from their 

research, 

'These data clearly suggest that subjects store both the patterns 

seen and the schema (the abstractions) of the pattern (although at 

different strengths), and that the schema allows subjects to 

recognise the prototype pattern without ever having seen it 

previously. ' 
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Schmidt subsequently extends the notion of schema to the area of 

motor response production and motor response recognition. 

3.5.3 The motor response schema 

Schmidt (op.cit. p. 235) states, 

'When the individual makes a movement that attempts to satisfy some 

goal, he stores four things; (a) the initial conditions; (b) the 

response specifications for the motor programme; (c) the sensory 

consequences of the response produced; and (d) the outcome of that 

movement. ' 

He then details each of these: the initial conditions consist of 

information from the various receptors prior to the response; the 

response specifications consist of assessing a priori specific aspects 

of the response required, e.g. its speed, and these are used to modify 

a general basic motor pattern; the sensory conseguences are 'an exact 

copy of the afferent information provided on the response', being 

information from the proprioceptors and exteroceptors; and the outcome 

of that movement being the success of the response in relation to the 

intended outcome judged by both KR (when present) and subjective 

reinforcement which utilises other sources of feedback (proprioceptive/ 

exterocepti ve) • 

Schmidt postulates that a succession of like movements will allm~ 

the subject to abstract information about the relationships among these 

four inputs, in the same w'ay as the subjects were shown to have 

abstracted information in Posner and Keele's (1968) dot pattern 

recognition experiments, 

behaviour, i.e. 

but with 
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••• it is the r~lationship among the arrays of information that is 

abstracted rather than the commonalities among the elements of a 

single array.' 

This relationship is the schema and is more important to the 

subject than is any of the stored instances. 

Schmidt (op.cit. p. 238) provides a model to show the motor 

response schema in relation to the various events occurring within a 

trial. 

The motor response schema itself is made up of two schemata, the 

recall schema and the recognition schema. In the above model (Fig. 14) 

these have been combined to give 'greater clarity. 

(i) Recall schema (see Fig. 15) 

This is a product of the relationship between the past 

response specifications and the past outcomes. Using this 

relationship and 'taking into account the initial conditions 

the subject determines which set of specifications will 

achieve the desired outcome. Once the specifications have 

been determined the subject executes the motor programme and 

the movement is carried out. 

'Because the specifications may have never been used in 

exactly this way before, the movement that results may be 

novel, in that it may, strictly speaking, never have been 

executed before.' (op.cit. p. 236) 
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Fig. 15 The recall schema in Schmidt's theory. 
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(ii) Recognition schema (see Fig. 16) 

This is a product of the relationship between the past 

outcomes and the past sensory consequences. At the same time 

as the subject generates the response specifications (through 

the recall schema), he also generates the expected sensory 

consequences of the movements. 

categories, 

These fall into two 

(a) the expected proprioceptive feedback from the muscles and 

joints, as well as anticipated information from the 

vestibular apparatus; 

(b) the expected exteroceptive feedback from the eyes, and 

ears· 

During the movement each of 

consequences is compared with 

these 

the 

expected 

actual 

information. Schmidt (op.cit. p. 237) postulates, 

sensory 

sensory 

••• a resulting mismatch in the expected and actual 

sensory consequences produces an error that is fed to the 

schema, providing information (subjective reinforcement) 

as to the outcome of the response produced.' 

It is thought that the strength of the recognition memory 

should increase as a function of both KR in initial practice, 

and the quality and amount of feedback received on each trial. 

(iii) The labelling of error signals 

Schmidt's theory (op.cit. p. 238) 

signal produced by a comparison 

proposes that 

of actual and 

sensory consequences exists in two possible states: 

89 

the error 

expected 



( 

PAST ACTUAL 

OUTCOMES 

DESIRED OUTCOME 

INITIAL 

CONDITIONS 

RECOGNITION SCBEHA 

PAST 

SENSORY 

EXPECTED, SENSORY CONSEQUENCES 1 

Fig. 16 The recognition schema in Schmidt's theory. 

'(a) the raw sensory signal that arises from the comparison of 

expected and actual consequences, and 

(b) this raw signal after it has been labelled and converted 

into a reportable form.' 
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Schmidt's two tier error signal would appear to be based on 

Bartlett's original concept (1932 p. 304) of man organising his actions 

by reflecting on their 'image' in the mind and adding more precision to 

this reflection by the use of 'words'. 

Schmidt's theory proposes the subject uses the raw sensory signal 

in situations where he needs to reduce his error signal to zero in 

positioning tasks. The labelled error signal is termed ' subjective 

reinforcement' and can serve as a substitute for Knoweldge of Results, 

although it is less accurate. 

So the error labelling system is a separate schema in its own 

right. The incoming KR is compared to the stored past sensory signals 

and labelled. The schema is built up through the relationship between 

the KR and sensory data, 

'Thus in later practice, the subject can attach a label to a 

new sensory error signal that he has not experienced 

previously, and the result is subjective reinforcement. Of 

course, the essential ingredient for the error labelling 

system is KR, and without it subjects cannot develop the 

schema for labelling new errors.' (op.cit. p. 239) 

(iv) Producing a movement 

Schmidt (op. ci t. pp. 239/240) then details how the schemata 

operate in producing a motor response. The movement process 

begins, 

• •• with the specification of a desired outcome and 

subsequent determination of the initial conditions. From 

the relationship established in past responses between 

outcomes and response specifications [the recall schema J 
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new specifications for the motor programme are 

selected. ' (See Fig. 15.) 

'Also, at the same time, the relationship between past 

outcomes and sensory consequences [the recognition 

schema] allows the selection of the expected 

proprioceptive feedback and exteroceptive feedback. When 

these processes have occurred, the movement can be 

initiated by running off the motor programme.' (See 

Fig. 16.). 

'Immediately following the initiation of the motor 

programme, the impulses begin to flow out to the muscular 

system ynth all of the details of at least the first 200 

msec. of the movement specified. As the movement is 

carried out, sensory receptors in the body provide 

information about the movements occurring'. (Fig. l7(i))* 

'The feedback information is fed back to the expected 

proprioceptive and exteroceptive feedback states 

respectively, and the discrepancy these 

anticipated and actual states represents an error in 

responding.' (Fig. l7(ii)). 

'The raw error is fed back to the schema so that in 

positioning movements, for example, additional 

adjustments can be made to reduce the error to zero. 

This error is also fed to the error labelling system, 

where the subject assigns a reportable label to it, and 

* The diagrams in this section have been put in to illustrate the 

text and are drawn from Schmidt's model of the events occurring 

within a learning trial (see Fig. 14). 
92 



RESPONSE SPECIFICATIONS I 

}lOTOR PROGRAHHE 

I LHffiS I----------~> PROPRIOCEPTIVE j FEEDBACK 

I ENVIRONHENT I,-------~,.I EXTEROCEPTIvE I 
_ FEEDBACK _ 

Fig. 17(i). Schmidt's model of event occurring within a trial. 

EXPECTED EXPECTED 

EFB. PFB 

PROPRIOCEPTIVE .. ~ ,. RECOGNITION 
~ ,. 

E FEEDBACK R SCHEMA 

R (part of the 

>1 EXTEROCEPTIVE 

I 
0 motor response 

, R schema. ) ;>@ ~ 
FEEDBACK 

Fig. 17 (ii) 

93 



this resulting subjective reinforcement is then fed back 

to the schema as subjective information.' (Fig. 17(iii). 

'The final source of error is the information that the 

experimenter or teacher provides for the subject after 

the movement) termed KR. It arises from the measured 

outcome of the response, ••• and is already in a form 

that is interpretable as a deviation from the desired 

outcome. The KR information, in addi tion to being fed 

back to the schema for updating the schema rules, is fed 

to the error labelling system to enable this system to 

improve its accuracy in labelling future error signals 

arising from the deviations of proprioceptive and 

exteroceptive feedback from their respective anticipated 

states ••• ' (Fig. 17(iv». 
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Finally, the actual outcome is stored, based on KR. when it is 

present, but based on subjective reinforcement if KR. is not present. 

The memory traces representing the various sources of information are 

hypothesised to be relatively weak so that rapid forgetting of them can 

be expected over time. They exist long enough for schemata to be 

updated, and by contrast, it is the schemata which are assumed to be 

stored more permanently, although some forgetting of them over time 

could be expected. 

(v) Novelty: open versus closed skills 

Schmidt's theory, as stated above, provides an explanation for any 

novel movements made by a subject in that the combination of the 

various schema inputs allows the subject to produce a nel.;r response 

specification based on the organisation of previous experience. This 

is therefore an advance on both Adams' (1971) theory, and also Pew's 

(1974) model of motor behaviour. 

Poulton (1957 [b] p. 467) has also examined novelty in movement. 

He classified movements as either 'open' or 'closed'. 

open movements: are those required when the environmental 

conditions are never constant and thus the movement must 

sometimes be a novel one for the subject. 
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closed movements: are those required when both the goal and 

environmental conditions are relatively constant. With 

closed skills the subject need only learn one movement that 

satisfies the goal, but with open skills in a changing 

environment the subject must be able to produce novel 

responses. 

In terms of Schmidt's theory the subject produces response 

specifications and the expected sensory consequences on the basis of 

his evaluation of the environment. For Schmidt, open skills are 

regarded as 'closed skills with environmental uncertainty added,' 

(op.cit. p. 241). 

(vi) Summary 

'The recall schema depends on the actual outcome (Y~ or 

subjective reinforcement), the initial conditions, and the 

response specifications, with the rule updated after each 

trial by an integration of this new information into the 

existing schema... the recognition schema develops using the 

initial conditions, the sensory consequences, and the actual 

outcome integrated into the existing recognition schema.' 

(op.cit. p. 242) 
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3. 6 AN EVALUATION. OF SCHMIDT t S THEORY* 

3.6.1 The independence of the recall and recognition schemata 

Schmidt (1975 [b] p. 247) writes, 

• •• recall memory is the state that produces the movement, and 

recognition memory is the state that determines whether the subject 

can recognise the movement was correct.' 

It is postulated in Schmidt's (1975) theory that the learner 

improves recall ability by associating KR with the response 

specifications (efferent commands) during learning. KR is important in 

the early stages as it allows the subject to build up a schema which 

can then produce response specifications even in the absence of KR. 

KR. is also compared to sensory feedback to develop recognition 

memory and allow the subject's performance to be evaluated. Schmidt 

proposes that sensory feedback is an essential factor in the 

development of the recognition schema but not the recall schema. 

Newell and Chew (1974) investigated the effects of feedback on 

recall and recognition in a linear ballistic movement task, i. e. moving 

a slide 24.03 cm. in 150 msec. The elimination of feedback on test. 

trials by removing visual and auditory information resulted in 

decreased recognition performance, (measured by the difference betvleen 

?bso1ute and estimated errors), but did not decrease the movement 

accuracy (i.e. the absolute error), (op.cit. p. 248). This finding 

supports the hypothesis that, in the case of rapid positioning tasks, 

recall and recognition are separate memory states. This finding also 

suggests that reaction time (RT) in movement is a product of what 

* This evaluation will be carried out in some detail in order that 

the theory can be applied to singing in Chapter 5. 
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Schmidt terms the 'recall' schema. The movement is so rapid, i.e. 150 

msec., that visual and auditory feedback channels do not have time to 

operate during the task. They can only provide information once the 

rapid movement has finished. In terms of Schmidt's theory such 

channels are used by the subject to determine if the movement achieved 

the goal. Eliminating such channels means that the 'recognition' 

schema cannot be updated. 

Koch and Dorfman (1979) also investigated the effects of feedback 

on recall and recognition by varying visual, auditory, and tactile 

feedback, and KR-delay. They conducted two experiments, the first 

involving a linear ballistic movement in 200 msec; the second a 

non-ballistic movement in 500 msec. Two separate groups of sixty 

students took part. In contrast to the Newell and Chew (1974) study, 

the results showed KR-delay and feedback variables had no effect on 
. 

recognition performance (as judged by estimated error) in the 200 msec. 

task. The only effect the variables had was on the training trials for 

the 500 msec. task. Although the experimenters find these results 

difficult to explain, they suggest that the results, 

••• do not support the separation of the memory state that is 

responsible for movement production from that responsible for error 

detection.' (op.cit. p. 32) 

They further suggest, 

'The measures of rec~ll and recognition memory favoured by many 

researches absolute error and absolute actual-estimate 

differences - are not independent of each other.' (op.cit. p. 33) 

Finally they conclude, 
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• •• even if there should be a theoretical separation of the t\.,ro 

states, it is only logical to make them independent constructs for 

a short period in the development of any skill.' (ibid) 

More positive support is provided by Wallace and McGhee (1979) who 

used a ballistic positioning task to test the independence of the 

recall and recognition-schemata. Thirty blindfolded subjects either 

had to learn to move a slider to a criterion position on the trackway, 

(the Movement Group), or 'practised finding and grasping the handle of 

the slide which had been previously positioned in various locations by 

the experimenter, (the End-Position Group). All subjects were given 15 

prac tice trials, 50 KR trials, and 10 no-KR test trials. Following 

Schmidt's (1975) theory Wallace and McGhee (op.cit. p. 143) postulated 

that the End-Position Group ,.,ould develop recognition memory of the 

location of the goal movement, but, 

'recall memory would' not be sufficiently developed because 

appropriate response specifications were denied.' (ibid) 

Thus on the no-KR test trials subjects who had only experienced 

t end-posi tioning' should produce an inferior performance to the 

control. For the 10 no-KR test trials, all subjects had to move the 

~lide along the trackway as quickly as possible, (i.e. in approximately 

200-300 msec.), to produce a 15 cm. movement. Scores were recorded to 

the nearest .5 cm. Subjects also had to estimate their error. The 

absolute error was taken as a measure of recall performance (despi te 

the reservations of Koch and Dorfman); and the objective error/ 

subjective error differences as a measure of recognition performance. 

Results showed (op-cit. p. 145) that the Movement Group subjects 
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performe~ significan~ly better than the End-Position Group on the no-KR 

phase, and that their objective-subjective error correlation was also 

significantly better. These results give some support to Schmidt's 

(1975) theory by indicating the development of a strong recall ability 

among Movement Group subjects during practice. The End-Position Group 

did not generate the same strength of recall schema. Wallace and 

McGhee (ibid) could only offer qualified support as they were unsure of 

the effects of having subject-generated positions for the Hovement 

Group, but experimenter-generated positions for the End -Posi tion 

Group- Only the Movement Group could 'preselect' their movements- So 

in order to alleviate this possible bias Wallace and McGhee conducted a 

second experiment with a further twenty-six subjects. 

In this experiment the End-Position Group put their hands on the 

. slides which 'Y'ere then moved passively by the experimenter until the 

subjects told them to stop- . The arm was supported by a mechanical 

device enabling the subjects to relax. An EEG with visual display 

attached to the arm indicated any tensing of the arm during the 

movement. All subjects received 25 KR trials followed by 10 no-KR 

trials. The results showed both groups reduced their absolute error 

over the KR trials. The Active group then performed significantly 

better than the Passive group over the no-KR trials (op.cit. p. 147) • . 
The Passive group did, ho~.;rever, show a significant improvement as the 

no-KR trials progres sed. For both groups there rJas . no significant 

difference on the objective-subjective error correlations. 

In support of Schmidt's theory both groups developed strong 

recogni tion schemata during the KR phase, and the Active group showed 

superior recall ability over the Passive group on the first KR 

101 



withdrawal trials. puring the learning (i.e. KR) trials Passive group 

subjects \>lere denied response specifications, and Wallace and McGhee 

hypothesised that this is why their recall performance on the initial 

KR withdrawal trial was inferior. Perhaps an explanation for the 

improvement by the Passive group during the KR withdrawal trials is 

that they used their recognition schemata bull t up over KR trials to 

evaluate the sensory feedback from the initial KR withdrawal trial and 

thus could determine movement error. This in turn allowed them to use 

the modified schema to evaluate their next response. (The finding that 

the recall and recognition schemata are closely dependent on each other 

is more in line with the Koch and Dorfman (1979) conclusion mentioned 

earlier in this section.) 

These two experiments conducted by Wallace and McGhee provide 

support for Schmidt's (1975) theory, i.e. 

and, 

... response specifications are important for recall but not 

recognition development. In both experiments Active group subjects 

[originally designated Movement group] were superior in recall 

performance during final KR withdrawal trials compared to subjects 

v-lho had not actively produced movements down the trackway during 

initial KR trials.' (Wallace and McGhee p. 149), 

... recognition memory developed in all groups regardless of 

whether response specifications were generated during initial KR 

learning trials.' (ibid) 

This last conclusion is to be expected as, in Schmidt's (1975) 

theory, recognition memory is not dependent on response specifications 

(see 3.5.3 (ii)). 
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Wallace and McGhee (1979) also point out that the ability of the 

Passive group to improve over no-KR trials suggests that recall memory 

can be developed wi thout prior ac ti ve practice if recognition memory is 

strong, and possible the theory proposed by Schmidt should allow that 

sensory feedback can influence the recall schema. 

An alternative interpretation, however, CJuld be that the recall 

schema can develop over relatively few trials, a proposal which has not 

yet been empirically tested; or that the experimental design used by 

Wallace and McGhee was faulty. Even though the Passive group were 

relaxed as their arms moved along the trackway there would still be 

both proprioceptive and visual feedback during the movement, and both 

channels would allow subjects to evaluate the distance moved. 

(Research by Adams, Gopher, and Lintern, which will be evaluated later) 

has shown how important visual feedback is in controlling movement.) . 
The above researches, taken together) provide strong, if qualified, 

support for the independence of the recall and recognition schemata in 

motor skill development. 

3.6.2 Research related to the recall schema 

McCracken and Stelmach (1977 p. 195) tested Schmidt's recall schema 

postulation, specifically, 

••• that variability of practice is a critical feature in 

determining recall schema formation', 

because, 
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• •• variability in practice leads to a stronger memory 

representation and better performance on a new instance within the 

response class under recall (no-KR) conditions.' (ibid)* 

To test the variability of practice hypothesis the experiments 

contrasted continuous repetition in practice with non-repetitive 

practice, as being the two logical extremes of a dimension of 

variabili ty in training, (ibid). Subjects had to move a slide from a 

microswitch to a barrier to break a contact in exactly 200 msec. 

Forty-eight subjects assigned to three groups. The 

'high-instance' group performed \vithout any repetition of distance over 

300 trials; the 'low-instance' group only used one distance over 300 

trials; and a control group performed one distance over 75 trials. TI1e 

results showed, 

'learning took place for all groups, I (op.cit. 198), 

with the high-instance group having significantly greater error than 

the other groups over the training trials. When all groups transferred 

to a new instance within the response condition (50 cm.) ,dthout KR for 

a further 30 trials, the high variability group performe0 significantly 

better than the other two groups, (op.cit. p. 199). This finding 

supports Schmidt's notion of recall schema development (see note 

below) • When tested two days later, however, the performance had 

deteriorated, being roughly equivalent for all three groups. This was 

not expected, as Schmidt (1975 [b] p. 234) indicates tha~ the strength 

of the recall schema should be maintained over time. McCracken and 

* Schmidt (1975 [b] p. 245), 

'One important prediction is that increasing either the 

amount or the variability of previous experiences leads to 

increased schema strength.' 
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Stelmach (op. cit. p: 199) make several suggestions for explaining this 

finding. First they think it conceivable that the memory 

representation of groups was different and that further increases in 

the recall period may have revealed a divergence after some 

consolidation of learning, (unfortunately this was not tested). 

Secondly the complexity of the task (i.e. a variety of movements), may 

have needed more practice trials than were given if a strong recall 

schema memory were to be developed; and thi rdly, the experimenters 

suggest that their particular apparatus provides very little auditory 

feedback, which, in turn, would limit the development of the 

recognition schema. On transfer to the novel task the interdependence 

of both recall and recognition schemata, (as suggested by Koch and 

Dorfman [1979]) would imply any underdevelopment of one would affect 

the other. 

More positive support is provided by Merton (1972 p. 4) who had 

subjects write their signatures according to two 

specifications, one well practised, the other novel. 

different 

The first 

signature had to be normal size, as on a cheque, the next ten times 

larger, as on a blackboard. The results showed that both types of 

signatures could be recognised as belonging to the same hand although 

quite different musculature was involved. Schmidt Cop.cit. p. 24 /+) 

sees the movements as all run off by a large motor programme with 

varying response specifications. 

Schmidt (1976 p. 53) suggested, 

••• experiments should be attempted using more novel tasks, 

perhaps with younger children in whom such schemata [i.e. recall] 

would have more opportunity to be strengthened.' 
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Moxley (1979) incorporated Schmidt's suggestion in an experiment to 

test the variability of practice hypothesis. Eighty schoolchildren 

aged six to eight years were asked to perform a complex motor task 

which involved throwing a shuttlecock at a carpeted target two metres 

away (see Fig. 18). The subjects were in two groups. One group had 40 

practice trlals from one location, (Low VariabO_lity group). The other 

group had 10 practice trials from each of four locations around the 

target, (High Variability group). All subjects had 40 practice trials, 

followed by 10 test trials from a new location. Visual feedback was 

available to all subjects on all trials. The results showed no sex 

differences in accuracy of response, but the practice condition was 

significant. The High Variability group showed a continuous 

improvement in accuracy through both prac tice and test trials. In 

contrast the Low Variability group only improved on the practice 

trials, and had a severe deterioration in performanc.e on the test 

trials. Moxley concludes, 

. . . practice from a variety of locations facilitated performance 

when the subject was transferred to a novel location than did 

practice from a fixed location.' (op.cit. p. 67) 

These results produced, 

... clear evidence in support of the variability of practice 

hypothesis of Schmidt's (1975) schema theory.' (ibid) 

Moxley's experiment is of special interest because of the number of 

novel factors introduced into the experimental design. Firstly, he 

chose children rather than adults as subjects, reasoning that they 

might bring to the task schemata which are less- developed than in 

adults, and therefore more readily exhibit signs of schema 
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development. Secondly, unlike much previous research, the initial 

condi tions were varied for the High Variability group by having them 

move to differing locations around the target. Previous motor skill 

research has concentrated on the target being moved \vhile the subjects 

remain in a static position. Thirdly, a more complex motor skill is 

demanded when throwing a shuttlecock than in moving a slide along a 

trackway as in linear positioning tasks. 

Both Moxley (1979) and Herton (1972) provide evidence supporting 

Schmidt's (1975) theory in which the recall schema is formed from the 
/ 

relationship between the ini tial conditions, past outcome s, and past 

response specifications. In addition, the notion that variabili ty of 

practice increases the schema strength gained empirical support. 

3.6.3 Research related to the recognition schema . 
The dot-pattern recognition experiments conducted by Posner and 

Keele (1968, 1970) provide empirical support for the notion of the 

recognition schema, (the research is detailed above in the analysis of 

Pew's (1974) model, see section 3.4). The research indicates that 

subjects can store abstractions of patterns better than the patterns 

themselves. This abstraction is the schema and consists of a set of 

rules for determining whether or not a new pattern is a member of a 

class of objects described by the schema rule. Schmidt has modified 

this definition of the schema to account for 'novel' movements. Posner 

and Keele (1968 pp. 361/2) suggested that the schema represents the 

central tendency of the past sets of stimuli. Schmidt (1975 [b] p. 

246) believes that the schema represents, 
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••• the relati"onship among a number of sources of information 

stored on each trial, and in the motor recognition case, these are 

the actual outcome and the actual sensory consequences. Renee, the 

schema notion is extended from becoming the central tendency of a 

set of stimuli to the relationship between paired members of two 

sets of stimuli.' 

Support for this modified defini tion of the schema is provided by 

Williams and Rodney (1978). As mentioned in the evaluation of Adams' 

(1971) theory, (see' section 3.2.2), their research showed blindfolded 

subjects attempting to learn a criterion position along a trackway in 
. 

four diffe rent vlays. The Target Only (TO) group moved 16 times to a 

stop at the criterion position, whereas the Interpolated Random (IR) 

group made 16 movements to ten randomly ordered stops which surrounded 

the criterion position. The IR group was instructed that the criterion 

position was in the centre of the 10 positions presented. On transfer 

to 20 test trials with the stop removed and without Knowledge of 

Results, both the TO and IR groups performed initially with nearly 

equal absolute errors· On subsequent trials the IR group shmved no 

performance decrement \¥hereas all other groups showed increases in 

absolute error (op.cit. p. 29). 

Williams and Rodney offer the explanation, 

, ••• the Interpol2.ted Random group had to form their own hypothesis 

about the relationship of the target within the 10 presented 

locations.' (ibid) 

In terms of Schmidt's theory, the practice positions performed by 

the IR group enabled subjects to develop a recognition schema for the 

locations along the track~¥ay. The reduced variability for the Target 

109 



Only group did not 'permit this schema development. On the transfer 

trials the Interpolated Random subjects could generate the expected 

sensory consequences associated with the criterion position, (even 

though it was a novel location for them). They then had to match the 

actual proprioceptive feedback with the expected proprioceptive 

feedback. 

For Williams and Rodney (1978 p. 34) their results support the 

general plausibility of Schmidt's theory to the extent that, 

••• there is a clear need to reconsider the necessity for 

errorless repetitive practice.' 

Further support is provided by Wrisberg and Ragsdale (1979). They 

tested the applicability of the schema notion to 'open' skills, using a 

differentiation postulated by Poulton (1975 [b]). He differentiated 

bet'veen tasks according to their environmental situation, (see 3.3. 5(v) 

above). 'Open' skills are demanded when the environment is dynamic, so 

that the subjects must adjust their responses to changing situations. 

At the other extreme are 'closed' skills which are performed in a 

relatively constant environment. Tasks requi ring be llistic slide 

movements such as in the Williams and Rodney experiments would, 

according to Poulton's taxonomy, required 'closed' skills. 

The 'open' skill required by Wrisberg and Ragsdale (1979) was the 

execution of a motor response coincident with the lighting of the last 

of a series of runway lights whose apparent velocity was 4023 mm/sec. 

The experiment involved 48 subjects (24 of each sex). Each subject was 

seated at one end of the 64 lamp runway and perpendicular to the light 

sequence with the dominant eye in line with the runway lamps. Practice 

trials (to familiarise subjects with the procedure), required a 
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response' with the preferred index finger to a light pattern moving at 

an apparent motion of 2682 mm/sec. Knowledge of results was provided 

during the practice trials. The subjects were divided into four groups 

and each group had a different combination of stimulus variability and 

response requirements. The High-Light-Speed Variability groups were 

presented with one of four stimulus velocities on each of the forty 

training trials. The Low-Light-Speed Variabili ty groups received one 

of the same four light speeds on all the trials. The response 

requirements during the training period, (i.e. after the practice 

trials), were to either visually track and press the button with the 

non-preferred hand (High Response), or to visually track only and not 

make a physical response (Low Response). Following training all 

subjec ts had a further five no-KR trials with a 'novel' light speed. 

Results showed that the lowest error on the 'novel' trials was from th~ 

group l\Tho had received High Stimulus Variability and High Response 

requirements during training. The other three groups did not differ 

significantly from each other, (op.cit. p. 162). The experimenters 

conclude that the results were consistent with the prediction of 

Schmidt's (1975) theory that schema strength is a function of the 

amount and variability of perceptual motor involvement during training 

~op.cit. p. 163), and, 

.. - variability of practice and transfer to a novel situation 

holds for the performance of 'open' skills as well as for certain 

'closed' skills-' (op.cit. p. 166) 

Another interesting experiment was conducted by Zelaznik, Shapi ro, 

and Newell (1978). They investigated the development of the 

recognition schema by allowing subjects to experience the sensory 
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consequences of a mGvement (through audition) before requiring them to 

make the actual movement. In this novel experiment subjects were first 

given the auditory sensory consequences of a rapid timing task in 

conjunction with KR which detailed the movement time. The movement 

distance was 10 cm. and the criterion target time for this distance ~"as 

130 nlsec. In other \>lOrds, first the subjects heard the sound of a 

slide movement, then they were told the distance of that movement, and 

finally they attempted to reproduce physically this movement distance 

in a set time. Sch.midt'! s theory allows for the schema to be the 

product of a range of inputs, and the variability of practice 

hypothesis "Tas tested by vary"iug the auditory signal. One group 

experienced only a single auditory signal, that associated with a 

movement time of 130 msec. (the criterion), and this group was compared 

wi th two other groups who experienced a range of either 6 or 30 

movement times around the criterion. After these learning trials, all 

subjects received 20 no-I<R' trials during which they attempted to move 

the lever 10 em. in the target time of 130 msec. Results showed that 

initially on the first no-KR test trials both treatment groups (varied 

and constant) continued to improve. * Then the constant condition group 

failed to maintain performance and moved away from the target time • 

.The varied condition groups \"ho had never experienced the criterion 

time maintained perfonnance. This is seen as, 

* This is the only evidence within the motor literature discovered by 

the author that learning can continue in the absence of KR. One 

can only explain it as a product of the unique experimental design, 

in which a strong recognition memory utilising strong exteroceptive 

feedback was generated by the subjects. It would seem that 

subjects continued to improve because of the strength of this 

schema. 
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, . 
••• strong support for the notion of a schematic representation in 

recognition memory,' (op.cit. p. 319), 

as, 

'the assumption is that subjects in the variability conditions 

developed a stronger rule relating the sensory consequences \vith 

the outcome of the response, allowing the generation of a better 

error signal.' (ibid) 

Thus the variability in auditory feedback resulted in a stronger 

schema. 

The variability of practice hypothesis was also investigated by 

Carson and Wiegand (1979). In common with the Moxley (1979) experiment 

(detailed in 3.6.2 above) they used children as subjects. Ninety-two 

pre-school children aged three to five years were given a task of 

tossing a bean bag with the non-dominant hand onto a coloured target 

area in the middle of a carpet. There were three treatment groups-

The Specificity group received practice with the criterion weighted 

beanbag (2llg). The Low Variability group also received practice with 

one bean bag but of a different weight (6lg). Subjects in the 

High-Variability group received randomly assigned practice trials for 

each of four diffeent weighted bean bags (Sg, l2Sg, 227g, and SlSg), 

none of which was the criterion weight. Performance was rated on 

nearness to the target centre in three test situations. Task A 

consisted of tossing the criterion bean bag; task B of tossing a novel 

weighted bean bag (420g); and task C tossing a small yarn ball (170g) 

at a wall-mounted archery target. 

On task A (criterion weight) the High Variability and Specifity 

groups performed significantly better than the Low-Variability and 
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cont rol groups. On task B (novel weight) the High-Variability group 

performed significantly better than the other two groups. On task C 

(novel task) the High-Variability group once again performed 

significantly better than the remaining groups. 

'The results support the variability of practice hypothesis. 

Analysis of data revealed the High-Variability group could transfer 

to the criterion weighted bean bag (task A) without prior practice 

with that weight as well as the Specifity group whose subjects had 

received 100 practice trials with the criterion weight.' (op.cit. 

p. 249) 

These data suggest that the High-Variability group were able to 

develop a recognition schema for this motor task based on their 

experience with varie.d practice conditions. 

Carson and Wiegand also found, 

'After a 2-week retention interval there was a decrement in 

performance in all groups except the High-Variability group.' 

(op.cit. p. 250) 

This finding suggests that the recognition schema was maintained 

over time for the High-Variability group, and is in accord with 

Schmidt's theory, (1975 [b] p. 234). The finding is also in contrast 

. 
to that of McCracken and Stelmach (1977) who report in their 

investigation on the recall schema (see section 3.6.2) that subjects 

did not maintain performance on a re-test two days later. One possible 

explanation for these conflicting data lies in the age of the 

subjects. McCracken and Stelmach used subjects just beginning 

university, whereas Carson and Wiegand used pre-school subjects who are 

the youngest the present author has come across in the motor skill 
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literatu):,e. Schmidt. has suggested elsewhere (1976 p. 53) that young 

children who bring less experience to the learning situation will be 

more susceptible to stronger schema development than adults. 

A further explanation is related to the experimental design. In 

the HcCracken and Stelmach experiment KR was withdrawn on the test 

trials and was not available on the re-test. Carson and ~Viegand, 

however, had Knowledge of Results built into their experimental 

design. Each of their young subjects had strong visual feedback and KR 

provided by the target at which they were aiming. It was not possible 

to remove the target, thus not possible to withdraw KR without altering 

the experimental method. Schmidt's (1975) theory offers an explanation 

for why these pre-school subjects maintained performance over time. 

'If KR is ,vi thdrawn, the subject has information about response 

correctness from subjective reinforcement based on proprioceptive 

and exteroceptive feedback, and performance can be maintained. If 

sufficient KR practice precedes KR withdrawal, the subject should 

be able to continue to learn wi thout KR, since subjecti ve 

reinforcement can provide a substitute for the ~ctua1 outcome 

information that KR, when present, provided.' (op.cit. p. 242) 

In the Carson and Wiegand experiment KR and subjective feedback 

(through strong visual cues) are virtually identical and thus subjects 

are more likely to maintain performance than on a task where KR is 

withdraHn. 
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3.6.4 Research related to the error detection mechanism 

'One of the main predictions of the theory is that error detection 

will increase with KR practice.' (Schmidt 1975 [b] p. 249) 

In 1972 Schmidt and White examined the evidence for an error 

detection mechanism (see also 3.2.1). In their experiment subjects 

practised 170 trials of a discrete ballistic response attempting to 

produce a 9.5 in. manual slider movement in exactly 150 msec. with KR 

present except on trials 11-20 and 141-170. The correlation between 

absolute and subjective errors was initially low at .27. In later 

practice, however, the correlation rose to .80, (op.cit. p. 148). 

Further support is provided by two similar experiments conducted by 

Schmidt and Wrisberg (1973). Subjects had to perform a discrete 

ballistic response, moving a slide a distance of 26 in. from right to 

left in 200 msec. The two experiments were identical in design except 

a .01 sec. timer was replaced in the second experiment by a dig! tal 

electronic msec. counter. The error detection mechanism was tested by 

the within-S correlation between objective time and sl'bjective time. 

On KR trials the groups who received visual and auditory feedback in 

addition to KR displayed a slightly higher correlation than those with 

'limited feedback but the difference was not significant. There was a 

significantly improved correlation, however, in all groups over trials 

(op.cit. p. 160), indicating subjects were becoming mOle sensitive to 

the direction and magnitude of their errors. When KR was withdrawn, 

all groups deteriorated in accuracy of performance, although subjects 

who had received visual and auditory feedback maintained performance 

slightly better than those who had not. This suggests that the error 
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detection mechanism" is stronger in subjects who 

information about their performance from a variety of 

difference between groups was only significant in the 

experiments. 

have received 

source s • TIli s 

second of two 

So the Schmidt and Wrisberg data agree with the earlier findings of 

Schmidt and White (1972) concerning the development of an error 

detection mechanism over trials. The mean differences bet\veen 

objective and subjective timing of the movements are slightly larger in 

the Schmidt and Wrisberg research (around 12 msec.) than those reported 

by Schmid~ and White (around 7 msec.). Schmidt and Wrisberg (1973 p. 

160) suggest that this may be due to the slightly longer movelll,~nt 

distance, i.e. 26 inches compared with 9.5 inches. ,Both researches 

support the notion that the schema for error labelling increases in 

strength over trials. In Schmidt's terminology, past sensory signals 

had been stored along with the actual sensory consequence (based on KR) 

and a schema rule was built up over time that related the KR received 

to the signals received. 

Additional support is provided by Newell (1974) (for details of 

research see 2.3.1). He also used a discrete ballistic response, 

(24.03 cm. movement in 150 msec.), and different treatment groups had 

kR withdrawn at specific stages during the trial sequence. Results 

showed, (op.cit. pp. 238/9): 

(a) all KR groups produced a smaller absolute error over trials 

than the no-KR group; 

(b) the greater the number of trials with KR the smaller the 

decrement in performance when KR was withdrawn; 

117 



(c) the estimated error of the no-KR group initially showed a 

slight deterioration but then remained constant. 

It would seem that all subjects were capable of generating their 

own error signal schemata. When KR was given there was an increasing 

correlation between estimated and absolute error over trials. If 

sufficient KR had been provided subjects were capable of maintaining 

performance over the remaining trials 1;vhen KR was withdrawn, but not 

capable of continuing to improve. In the same way subjects who had no 

KR at all appeared to generate error labelling schemata which allmved 

them to produce a consistent, though inaccurate, performance.* On the 

trials wi thout KR, subjects had to rely on subjective reinforcement) 

being a product of the relationship between the expected 

proprioceptive/exteroceptive feedback and the actual feedback. 

In accordance with Schmidt's theory (1975 [b] p. 239) the subjects 

did not continue to improve their performance once KR was wi thdrawn 

because, 

... the essential ingredient for the error labelling system is KR, 

and without it subjects cannot develop the schema for labelling new 

errors· ' 

The sensory consequences of the correct response are required to 

strengthen the recognition schema, and the subject has no way of 

learning the correct location without the guidance provided by KR. 

* This finding and conclusion would seem to have a significant 

importance when related to singing in-tune. Without KR, accuracy 

of performance in terms of absolute pitch must be very difficult if 

not impossible for some children. This notion will be developed in 

a subsequent chapter (see 5.4). 
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••• after the. recognition schema is developed withdrawing KR 

provides a basis for continuing to respond with the former level of 

accuracy, but any improvement, except by accident, is not 

possible.' (op.cit. p. 250) 

According to Zelaznik et al (1978), (see section 3.6.3), the only 

qualification to Schmidt f s statement would be that an experimental 

design utilizing strong exteroceptive feedback which is given before, 

as well as during the response ~ can continue to produce some initial 

improvement even when KR is wi thdra'ivn. 

Another experiment which is sympathetic to the above qualification 

was conducted by Wrisberg and Schrddt (1975). They investigated motor 

learning without post-response KR. Blindfolded subjects moved a lever 

17 em. to a stop and then attempted to replace the lever in the correct 

. position with the stop removed after an interval of 5 or 50 sec. 

Results indicated that learning without KR is possible provided 

subjects are given the criterion for the movement before each trial, 

(op.cit. p. 224). Vlrisberg and Schmidt hypothesise that when subjects 

moved to the criterion position at the beginning of the trial feedback 

resulting from this experience is stored. The desired outcome is thus 

presented wi th the expected sensory consequences at the onset of the 

task. Once this information is compared to the actual sensory 

consequences, the recognition schema can be updated, allowing an 

improved response on the next trial despite the la2k of KR after the 

response. 

Finally Adams, Gopher, and Lintern (1977) have investigated the 

effects of visual and proprioceptive feedback on motor learning. 

Subjects (N = 210) had to move a slide 20.3 em. in their own time. 
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After e~ch movement. subjects estimated their error and then KR was 

given by the experimenter as to the accuracy of the slide position, 
. 

(e.g. 5 units short). Visual feedback was manipulated by making each 

subject perform the movement looking through a one-way mirror which 

could be illuminated from either side. Visual feedback of the movement 

was dependent on the side of the mirror illuminated. Proprioceptive 

feedback was manipulated by hooking a spring to the slide which 

resisted the movement. Subjects either had 15 or 150 acquisition 

trials before KR was withdrawn. Results showed that when the feedback 

conditions remained constant, KR withdrawal produced significantly 

greater errors in those groups with neither visual feedback nor 

enhanced proprioceptive feedback (via the spring); and also 

significantly greater errors in those subjects with enhanced 

. proprioceptive feedback but no visual feedback. Of those groups who 

had visual feedback, KR withdrawal after 15 trials produced a slight 

regression, but after 150 trials performance was maintainted, (op.cit. 

p. 15). For those groups whose feedback conditions were changed on the 

KR withdrawal trials, the greatest deterioration was shoFn by those who 

had strong visual feedback on acquisition trials and then none when KR 

was withdrawn (op.cit. p. 17). All feedback groups had estimated 

errors less than the actual errors, (there were no significant 

differences between groups). Visual feedback was a variable which only 

affected absolute error, not estimated error. 

The above results of the Adams et aI, experiment indicate that 

visual feedback is a significant factor in controlling movement. 
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'Whether it was -acquisition or KR-withdrawal trials, error was lO\i 

when vision was present and comparatively high when vision was 

absent. Theoretically this means that proprioception is weighted 

less than vision in the perceptual trace, [i.e. recognition 

schema], but its weight is not zero because proprioception was 

found to playa part in the regulation of mvvement.' (op.cit. p. 20) 

It would seem therefore that vi sual and proprioceptive feed back 

interact in regulating movement with vision the dominant partner. 

3.6.5 Summary 

In conclusion, there is considerable empirical support for 

Schmidt's (1975) schema theory of discrete motor skill learning. This 

theory is the most significant recent addition to the general 

literature in learning, (Annett 1980, private correspondence). In his 

introduction, Schmidt acknowledges both Adams (1971) and Pe~., (1974) for 

providing concepts which he has incorporated into his theory. 

The main features of this theory can be summarised as follows:-

(i) When an individual makes a movement that attempts to satisfy 

some goal he stores four things, 

(a) the initial conditions; 

(b) the response specifications for the motor programme; 

(c) the sensory consequences of the response produced; and 

(d) the outcome of that movement. 

(ii) The motor response schema 'is formed by the relationships 

between the different pieces of stored information. This 

schema is subdivided into, 
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(a) the re~all schema, which is formed from the relationship 

between the initial conditions, past outcomes, and the 

past response specifications. The invidual then 

determines which set of specifications will achieve the 

desired outcome. Because the specifications may have 

never been used in exactly this way before, the resultant 

movement may be novel, in that it may never have been 

previously executed. Variability of practice is a 

critical feature in determining the formation and 

strength of the schema; 

'(b) the recognition schema, which is formed from the 

relationship between the initial conditions, past 

outcomes, and past sensory consequences. The individual 

then uses the recognition schema to generate the expected 

propriocepti ve and exteroceptive feedback. Any mismatch 

between the expected and actual sensory consequences 

produces an error which is fed back to the schema. 

Variability of practice is again seen as an essential 

feature in determining the strength of the schema 

formation; 

(c) the error labelling schema is proposed as a separate 

schema. It is formed by the relationship between past 

sensory signals and actual sensory consequences (based on 

KR). The individual. labels signals from these 

expected-actual comparisons. The essential ingredient 

for the error labelling system is KR. --
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(iii) Learning arises out of the error information being fed back 

to the schemata. The response specifications and initial 

conditions are stored when the movement is selected, and the 

actual proprioceptive and exteroceptive feedback are stored 

as the movement is progressing. Finally the actual outc'ome 

is stored, based on KR when present, but based on subjective 

reinforcement when KR is not present. These sources of 

information are then used to update the schema rules. 

(iv) Subsequent research using adults and children, open and 

closed, slow and rapid tasks, has so far shown the theory to 

be basically sound with perhaps some minor qualifications: 

(a) there is some evidence of the two schemata (recall and 

recognition) interacting, with sensory feedback 

indirectly affecting the recall schema (Koch and Dorfman 

1979; Wallace and McGhee 1979); 

(b) changing the sequence of events within the learning trial 

by presenting strong exteroceptive and/or proprioceptive 

feedback of the criterion response before the subject is 

asked to respond can help to minimise the effects of KR 

withdrawal, or even lack of KR during acquisition, 

(Zelaznik, Shapiro J and Newell 1978; Wrisberg and Schmidt 

1975); 

(c) visual feedback has been shown to dominate proprioceptive 

feedback in linear motor tasks, (Adams, Gopher, and 

Lintern 1977). 

Nevertheless, the majority of researches have produced data 

supporting the theory. 
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The . following chapters will outline the mechanism of sound 

production via the larynx, and relate this information ,~ith Schmidt's 

(1975) theory to singing in-tune. 
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CHAPTER 4: THE PHYSiOLOGICAL AND NEUROLOGICAL STRUCTURES INVOLVED IN 

SINGING 

4.1 The 'exciter' : the breathing mechanism 

4.1.1 The upper airways 

4.1.2 The lower airways 

4.1.3 The air pump 

4.2 The 'vibrator' : the larynx structure 

4.3 The amplifiers and resonators: sound production 

4.4 Frequency control and the ear 

4.5 Areas of the brain involved in sound production 
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CHAPTER '4: THE PHYS10LOGICAL AND NEUROLOGICAL STRUCTURES INVOLVED IN 
SINGING 

This chapter describes the various parts 'of the body which are 

involved in producing vocal sound (see Fig. 19). 

nasopharynx 

soft palate 

tongue--------__ ~~~- epiglottis 

vocal folds------------~h ~. ____ ~~--------larynx 
trachea 

lung lung 

Fig. 19. The vocal instrument. (Greene, ~.972· ;>.2.) 

In order for the vocal instrument to produce musical sound, three 
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conditions must be met, i.e. 

(i) the air must be 'excited'; 

(ii) the 'excited' air must pass through a mechanism whlch 

vibrates; 

(iii) the resultant airwaves must be amplified and resonated.* 

4.1 THE 'EXCITER': THE BREATHING MECHANISM 

4.1.1 The upper airways (Fig. 20) 

frontal 
sinus 

t---t--- eustachian tube 

--1--- nas opharynx 

.--+--- soft palate 

pharynx 

Fig. 20. The nasal passage as vie1ved from the midline 

of the head. (adapted from }fun~n 197q p.20; and 

Proctor 1980 p.19.) 

* This analysis is based on a linear model of speech production, e.g. 

Troup, 1982 p. 3. 
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The air first enters the nasal passage which extends from the 

nostrils nearly halfway through the head to the pharynx. The nasal 

septum divides the nasal passage into two roughly equal parts. The 

passage begins at the nostrils and terminates in the nasopharynx where 

the two airways merge into one. One of main roles of the nasal passage 

is to modify the incoming air by raising its temperature and saturating 

it with water vapour before it reaches the lungs, (Proctor 1980 p. 

45). In addition, the nasal airways are lined with a mucous membrane 

containing fine hairs (cilia) which act as a filter system. They 

purify the air by attracting the various particles and bacteria which 

pass through them. In the nasopharynx the air passage bends 

downwards. It is here that the eustachian tubes enter from the middle 

ear, (their prime function is to regulate air pressure to the middle 

ear). On ei ther side and above the nasal passages are the paranasal 

sinuses, airspaces in the bones of the face, which are also lined \"i th 

mucous membrane and which 'communicate "vlth the nasal airways through 

small openings, (Proctor op.cit. p. 20). One of their purposes is to 

provide resonance for the voice. Below the nasal passage is the 

pharynx, which, unlike the former, is a much less rigid structure 

capable of a wide range of shape changes related to movements of the 

tongue and soft palate. These changes in turn affect the character of 

the sound originating in the larynx (Manen 1974 p. 26). 

4.1.2 The lower airways 

The larynx lies below the pharynx (see Fig. 19), and is part of 

--
cylindrical tube (trachea) leading to the lungs. The trachea divides 

into the two main bronchi which in turn divide again and again, each 
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time getting narrower. 

branches of the bronchi. 

4.1.3 The air pump 

The lungs surround these intrapulmonary 

Air is drawn into the lungs as a result of movements of the chest 

wall and diaphragm. Both the lungs and chest wall are effectively 

elastic in that they can be expanded and reduced. If they were free 

from restriction, the elastic tissue of the lungs would have a natural 

tendency to be slightly smaller than when at rest; and the chest wall 

would have a natural tendency to become larger. Thus each exerts an 

opposite tendency on the other. The two structures, chest and lungs, 

are prevented from pulling apart by.the thin layer of fluid which fills 

the potential space surrounding the lungs on all sides. The pumping 

action which is necessary for air to be drawn into the lungs is 

controlled by the intercostal muscles, (lying between the ribs), and 

the diaphragm. The abdominal muscle is involved but to a less extent, 

(Campbell 1968 pp. 135-140). 

'Speaking and singing are by-products of expirator~' airflow when 

that flow passes through sufficiently adducted vocal folds to 

produce audible waves. Thus breathing and the mechanism which 

produces it are fundamental factors in phonation ••• ' 

••• the respiratory mechanism provides the airflow for the 

generation of sound in the larynx.' (Proctor op.cit. p. 34) 
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4.2 THE' VIBRATOR.' : THE LARYNX STRUCTURE 

arytenoid 
cartilages-

~~---------thyroid cartilage 

-vocal ligaments 

Fig. 21 (i). The larynx as seen from above. 

thyroid 
cartilage 

" " J.t. 

" " 

(thyroid cartilage 

'" ,-

moves in this direction 
in phonation to stretch 
the vocal folds.) 

I~-+-----arytenoid cartilage 

---- cricothyroid joint 

cricoid cartilage 

Fig. 21 (ii) The larynx as seen from the side. 

(adapted from Proctor 1980 p.28.) 

130 



According to Bosma (1975 p. 489), 

'The respiratory tract is a system for pulmonary ventilation with 

the larynx a unit within that system, on the one hand providing a 

valve closing off the lungs and lower airways, and on the other 

hand allowing for a partial closure for sound production with 

airflow. ' 

The larynx is suspended in the neck by ten extrinsic muscle 

groups. These muscle groups hold it firmly against the vertebrae; 

other intrinsic muscles force the vocal folds to close like a valve, 

(Proctor op.cit. p. 27). Within the larynx structure its 'keystone' is 

the cricoid cartilage which forms a complete strong ring, (see Fig. 

2l(i)). 

'It articulates with the thyroid and arytenoid cartilages and 

attaches below to the first cartilage of the trachea.' (see Fig. 

21 (ii)). 

'The vocal folds stretch from the arytenoid posteriorly to the 

inner surface of the thyroid in front. The folds join in front but 

can be parted in back to form a triangular glottic pathway.' (ibid) 

(see Fig. 2l(iii)). 

The arytenoid cartilages rest on sliding joints on the top of the 

~ricoid. They can slide to and from each other, can rotate from side 

to side, and can tilt upwards and backwards. At anyone time their 

exact position is determined by the balance of pull of several 

muscles. Normally, during breathing, they lie apart from one another. 

In phonation, however, the vocal folds (ligaments) are apposed. 
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thyroid 

~ 

vocal fold-------r+--

arytenoid 

Fig. 21 (iii) The norm~lly open glottis. 

'Cricothyroid muscles pull the thyroid cartilage fon7ard and rotate 

it downwards in the front tOvlard the cricoid. This lengthens the 

vocal folds.' (ibid) (see Fig. 21(ii)). 

Sensory nerves convey to the brain the position and motion of the 

joints as well as the musculature, (most motor activity being relayed 

via the recurrent laryngeal nerve). The cricothyroid muscles which 

move the thyroid cartilage are supplied by the sensory fibres of the 

superior laryngeal nerve. Fine control within the musculature is 

provided by the muscle spindles, (Baken 1971 pp 204-210). 

4.3 THE AMPLIFIERS AND RESONATORS: SOUND PRODUCTION 

In the human voice the vibrating vocal folds are the generators of 

the fundamental frequency and overtones, (Hirano 1974 p. 89). The 
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airways above the l.arynx are the amplifiers. The lip s , tongue, and 

soft palate tune the amplifiers to produce the variations in sound 

which compose speech or song. 

To produce sound the vocal folds are brought together in the 

midline through the action of the muscles controlling the motion of the 

arytenoid cartilages over the upper surf ace of the cricoid, (Hirose 

1976 p. 334). The contraction of different sets of muscles alters the 

way the folds are joined and produces changes in pitch and quality of 

sound, (see Fig. 22).* 

Proctor (op.cit. p. 60) details the current understanding of how 

the. vibratory process ymrks based on the 'myoelastic theory' proposed 

by Van den Verg (1958). The theory postulates that, 

'the vocal folds are approximated in the midline with just 

sufficient force for the build up of the desired subglottic 

pressure. When that pressure is achieved the folds part slightly 

and air flows between them. Immediately the elasticity· of the 

folds combines with a negative pressure force in the airstream 

resulting from airflow (known as the Bernoulli effect) to bring the 

folds together. This process repeats itself at the frequency of 

the desired pitch.' (Proctor, ibid)** 

* Research by Berry et al, (1982 p. 72) indicates that anyone 

auditory target may be achieved by different muscle patternings in 

the control of the vocal tract. 

** Subsequent mathematical modelling by Titze (1980, 1983) has shown 

how the flow-induced oscillation of the vocal folds interacts with 

the acoustic loading of the vocal tract. This interaction has also 

been empirically demonstrated by MacCurtain (1982). 
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A B c 

D E 

Fig. 22. Diagrrumnatic presentation of some of the possible 

configurations of the glottic opening with the 

ar)~enoids below the vocal folds. 

(Proctor 1980 p.56) 

A The configuration of normal phonation making possible 

vibration of entire length of vocal folds, 

B Improper closure which can lead to leakage of air 

posteriorly. 

C Very loose clos ure, some variant of ~vhich may be 

whispering. 

D Tight approximation of arytenoids, possible mechanism 

for falsetto voice. 

E High M~cular tension in vocalis muscle added to 

tight arytenoid closure, possible mechanism for 

high pitched falsetto squeak. 

There will also be many intermediary positions. 
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Khambata (1977 1?' 59) believes that the ainvays below the larynx 

act as important resonators for the voice. The term 'chest register' 

has been used to distinguish this resonator from those in the upper 

airways. 

Proctor (1980 p. 57), however, disagrees, 

'That there must be a fluctuating pressure in the tracheobronchial 

tree corresponding in frequency to the pitch of the voice seems to 

be true. But these small pressure fluctuations can have little 

effect upon the very large volume of air in the lungs... • It is 

my belief that the tracheobronchial airways offer little 
. 

significant contribution to the resonance of the voice.' 

He cites evidence to show that it is the physical structures of the 

upper airways, i.e. the mouth cavity, pharynx, nasopharynx, nasal 

passages, and sinuses which are the main resonators of the voice. Each 

chamber reacts to various harmonics of the fundamental frequency. 

Groups of these amplified harmonics are labelled formants. Ordinarily 

at least two such formants are present in each spoken vowel sound. 

'The vowel [a:] for example produces characteristic frequency bands 

in the region of 800 c.p.s. and 1,100 c.p.s. The formants of vowel 

[i:] in the region of 280 Cop.s. and 2,500 

p. 13). 

4.4 FREQUENCY CONTROL AND THE EAR 

, c.p.s. Greene (1972 

The natural frequency of the voice, i.e. the frequency band within 

which it usually operates, is dictated by the natural, resting length 

and mass of the vocal folds, (McGlone, Richmond, Bosma 1966 p. 109). 

Other factors influencing this frequency include age, sex, and physical 
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size. The length of the vocal folds increases as the larynx grows 

through the age of puberty, (Warren Joseph 1966 p. 140). Thus children 

have shorter vocal folds than adults. When the folds are tensed the 

frequency of the sound produced alters. The tension may be increased 

by the contraction of anyone of several muscles, (e.g. vocalis, 

cricothyroid). Both lengthening and tensing the vocal folds results in 

a redistribution of their vibrating mass. This, in turn, raises the 

perceived pitch be increasing the fundamental frequency (Sonninen 1956 

p. 102). 

Proctor (1980 p. 59) notes that the amount of subglottic pressure 

can also have an effect on the frequency of their vibration but only 

marginally. The subglottic pressure has been shown to be largely 

responsible for controlling the intensity or loudness of the tone. For 

a constant intensity there must be constant subglottic pressure despite 

the amount of air escaping 'Yrith each vibration. This constant pressure 

is a product of the action of the muscles of the chest wall, and of the 

diaphragm, on the lungs. 

Attached to the muscles and cartilages involved in phonation are 

sensory nerves which convey information to the brain as to their exact 

position. Evidence of this proprioceptive feedback system is largely 

provided by the many studies utilising selective anaesthesia to disrupt 

the feedback. Gould and Tanabe (1975 p. 337) for example have shown 

that selective anaesthesia of the individual laryngeal nerves disturbs 

speech patterns in the subjects. 

The most important regulator of frequency, however, is the auditory 

feedback system. 
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cochlea 

semicircular 
canal 

vestibule of the 
inner ear 

audi tory __ _ 
nerve 

nasopharynx 

eustacian tube 

ossicles of the 
iddle ear 

external ear 
(auditory canal) 

ear drum 
(tympanic membrane) 

Fig. 23. The ear. (adapted from Bek~sy 1971 pp94/95; 
Greene 1972 p.7; Ludel 1978 p.193.) 

The vibrating vocal folds produce sound waves which travel through 

the air to the ear· Here the outer ear focuses the vibrations into the 

auditory canal. The sound waves start the tympanic membrane vibrating, 

and these vibrations are transmitted via the bones of the middle ear 
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(the ossicles) to the fluid of the inner ear. One of the ossicles (the 

stapes) acts on the fluid like a piston. The fluid responds by moving 

a thin membrane called the basilar membrane. The lat ter, in turn, 

finally transmits the stimulus to the organ of Corti which is contained 

within the cochlea. The organ of Corti contains the endings of the 

auditory nerve, and it is here that the physical vibration, (the 

ini tial vocal sound wave), is transformed into an electric potential 

which is transmi tted to the audi tory cortex in the brain, (Ludel 1978 

p. 230). Research by Bekesy (1971 p. 99) has shown that stimulation of 

specific points on the organ of Corti has produced neural acti vi ty in 

specific points in the auditory area of the cortex. The structure of 

the ear is such as to extract the greatest amount of energy from the 

sound waves striking the ear drum, (tympanic membrane). 

Sound is also transmitted directly to the inner ear by bone 

conduction, (Fourcin and Fry 1979 p. 483). The sound waves generated 

by the ·larynx and amplified by the upper airways cause the physical 

structure of the body, especially the head, to vibrate. The vibrations 

of the jawbone are transmitted directly to the fluid surrounding the 

inner ear. Therefore, during speaking and singing the subject hears 

sound from two different directions; one via bone conduction, and the 

other via air conduction. According to Bekesy (op.cit. p. 95) the bone 

conduction is responsible for the transmission of the low frequency 

components of the vocal folds' vibrations. 

Bekesy (op.cit. p. 96) indicates that as soon as the subject begins 

to sing, the onset of the sound conveys the frequency to the ear, 

(perceived as pitch), and the tension of the vocal folds is immediately 

adjusted if the pitch is perceived as incorrect. 
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'Thi.s requires an exceedingly elaborate and rapid mechanism.' (i-bid) 

Support for the notion of a complex mechanism is indicated by 

research into delayed auditory feedback. Experiments of this type show 

that disturbing the auditory feedback disrupts normal vocal sound 

produc tion. The experimental methods used involve various procedures 

such as auditory masking with white noise, or relaying the subject's 

voice back to him after a delay of several seconds, (e.g. Rostron 1976 

p. 308; Sussman 1972 p. 264). 

The vocal mechanism and the production of voiced sound are governed 

by the dominant feature of the central nervous system, the brain. 

4.5 AREAS OF THE BRAIN INVOLVED IN SOUND PRODUCTION 

In the 1860' s a Frenchman, Paul Broca, noted that damage to a 

. particular region of the cerebral cortex consistently gave rise to 

aphasia, i.e. an inability to form coherent speech~ 

This region is on the side of the frontal 

lobe of the dominant hemisphere and is called the anterior language 

area, or Broca's area. Broca found that aphasia only resulted when 

this area on the left hand side of the brain was damaged. Similar 

damage on the right hand side left speech intact. Subsequent research 

nas shown 97% of human subjects have speech areas in the left 

hemisphere, (Penfold and Roberts 1959). 

Another kind of aphasia was identified in 1874 by a. German, Carl 

Wernicke. This aphasia is associated with damage to another part of 

the left hand side of the brain close to one of the main folds between 

the primary auditory cortex and the angular gyrus. This region is 

called Wernicke's area· It is linked to Broca's area by a bundle of 
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nerve fibres 'the arcuate fasciculus', (see Fig. 24). 

A model of language production has been built up from an analysis 

of lesions affecting these parts of the brain. 

Broca's area 

motor cortex 

primary auditory 
cortex 

arcuate fasciculus 

Wernicke's area 

primary 
visual cortex 

Fig. 24. 'Speaking a heard word' (adapted from Gesch1vind 1979 p161 
& p163. ) 
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'In this model the underlying structure of an utterance arises in 

Wernicke's area. It is then transferred through the arcuate 

fasciculus to Broca's area where it evokes a detailed and 

coordinated programme for vocalision. The programme is passed on 

to the adjacent face area of the motor cortex which activates the 

appropriate muscles of the mouth, the lips, the tongue, the larynx, 

and so on. 

Wernicke's area not only has a part in speaking but also has 

a major role in the comprehension of the spoken word and in reading 

and writing. When a word is heard, the sound is initially received 

in the primary auditory cortex, but the signal must pass through 

the adjacent Wernicke's area if it is to be understood as a verbal 

message. When a word is read the visual pattern (from the primary 

visual cortex) is transmitted to the angular gyrus, which applies a 

transformation that elicits the auditory form of the word in 

Wernicke's area. Writing a \vord in response to an oral instruction 

requires information to be passed along the same pathways in the 

opposite direction: from the auditory cortex to Wernicke's area to 

the angular gyrus.' (Geschwind op.cit. p. 161) 

Although it would seem reasonable to expect words which are sung to 

follow the same kind of pathway as words which are spoken, (i.e. from 

Wernicke's area to Broca's area, to the part of the motor cortex 

responsible for vocal utterances), there is research evidence to show 

that other areas of the brain are involved in musical processes. 

Williams (1979 p. 116) cites evidence to show that some aphasic 

patients, (i.e. with speech disorders), suffering from left-hemisphere 

damage are still able to sing. Therefore one must hypothesise that it 
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is not Wernicke's and Broca's areas which are most involved in singing, 

but rather other areas perhaps on the opposite side of the brain. 

Certainly, during speech, computer brain-scanning techniques have shown 

that the areas of the brain immediately corresponding to Broca's and 

Wernicke's area in the right hemisphere are also activated, (Lassen, 

Ingvar, Skin~j, 1978 p. 57). 

Other evidence supporting the right-sided equivalent of Broca's and 

Werminicke's as being responsible for sustained pitches (as in singing) 

is provided by Gardner, (1977 p. 301). He has assembled a large body 

of research into the effects of brain damage on musical performance. 

Gardner cites research in which a group of patients 1vith right temporal 

lobe damage, (i.e. opposite Broca's area), performed significantly 

worse on Seashore's battery of music perception tests than those with 

. damage to Broca's area. Gardner (op.cit. p. 302) also cites evidence 

concerning aphasia to show, 

and, 

t Even subjects who are able to say almost nothing can emit an 

entire melody; and not infrequently, they can sing words that they 

are unable to emit in the absence of the melody. ' 

. . . patients with severe memory disorders who have not learned 

their doctor's name after months, can learn a body of information 

or facts when these are embedded in a melody. On the other hand, 

patients wi th right-hemisphere disease, whose mneumonic and 

linguistic skills are not notably altered, may lose the melody in 

their voice and thus be unable to sing.' 

There are several case histories of subjects who have suffered 

amusia which shed further light on the cortical areas and processes 
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involved in singing:* The composer Ravel had a Wernicke's aphasia of 

moderate intensity. Among other losses of ability he was unable to 

sing aloud from a score, (op.cit. p. 334). Similarly, an accordion 

player who suffered a lesion in the right frontal area of his brain 

could speak clearly but was unble to sing or play his accordion, 

(op.cit. p. 336). Another patient, a professional violinist, suffered 

a severe aphasia and right -side paralysis associated wi th a left-sided 

cortical lesion. Testing revealed that his previous perfect pitch 

ability, (i.e. the ability to label heard pitches according to the 

equal-tempered scale), had disappeared, and that he often named a note 

a fourth higher or lower than that which had been played, (op. cit. p. 

337). 

A possible explanation for this confusion can be derived from what 

is known about the physical structure of musical pitches. Helmholtz, 

in his 'Sensations of Tone' (1875), pointed out that all musical 

instruments produce complex vi brations which are not single notes. A 

string or column of air does not have only one vibration over its full 

e1ngth, but can vibrate in halves, thirds, quarters, and so on, being 

twice, three times, and four times the frequency of the basic note, 

(term~d the fundamental). These higher notes are called harmonics or 

partials, (McLaughlin 1970 p. 26). Each fundamental has its 

characteristic group of harmonics, especially so when the timbre of a 

musical instrument can make the fundamental sound even more individual 

because of the instrument's structure and predisposition to amplify 

certain harmonics. Fundamental notes which are a fourth away from each 

* These are extracted from the many collected by Gardner (1977 pp. 

333-349). 
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other have more harmonics in common than notes which are alphabetically 

closer in the scale, e.g. G and C are more closely related than G and 

A. One can hypothesise that the ability to discriminate and fix labels 

to certain pitches depends on the individual's ability to distinguish 

between one complex vibration and another. If the ability to name 

pitches from memory, (termed 'perfect pitch'), is based on the ability 

to discriminate and identify the characteristic 'thumb-print' of one 

fundamental and its harmonics from another, it is reasonable to expect 

damage to the part of the brain responsible for labelling auditory 

inputs, (i. e. the left hemisphere), to affect the ability to label 

pitches. Research by Kimura (1967 pp. 163-178) has shown the right 

hemisphere is usually responsib1~, (in right-handed people), for 

discriminating pitch and melodic pattern, and the left hemisphere for 

processing words and nonsense syllables- Therefore damage to the 

language centres would affect an individual's perfect pitch abili ty. 

The damage was obviously not total as the subject was only confused on 

pitches which had similar harmonic structures. 

Among the other case histories recorded by Gardne ... ", two are of 

special interest. A thirty-four year old worker with a right 

hemisphere lesion found himself unable to sing or whistle tunes, but 

could still identify melodies. This would suggest that the area of the 

brain responsible for classifying sound is separate from the area 

responsible for sound production, (Gardner op.cit. p. 338). (This 

agrees with the hypothesis for the ioss of perfect pitch ability put 

forward above. The identification of melodies would involve their 

labelling within the left hemisphere.) 

Finally, an amateur musician who suffered a right-hemisphere tumour 
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lost the ability to sing at the correct pitches. The melody only 

improved when he included the lyrics, (op.cit. p. 339). 

Further evidence about the separate functions performed by each 

hemisphere is provided by the researches of R. W. Sperry, (detailed by 

Gardner, op.cit. p. 358). Since the 1950's he has used a split-brain 

surgical technique as a treatment for epilepsy. This involves 

separating the two hemispheres by severing the corpus callosum, the 

bundle of nerve fibres which join the two halves together. A 

bi -product of the treatment was that it allowed Sperry and his 

colleagues to study the roles assumed by each of the separate 

. 
hemisphers. Their findings indicate that the major role of the left 

hemisphere is in language processing, and that the right hemisphere is 

more concerned in the processing of spatial patterns and shapes. More 

importantly, they found that the hemisphere dominant for a given 

function tends to control the motor perfOrTIlanCe relative to that 

function. This \.;rould suggest musical activities such as singing are 

controlled by the hemisphere dominant for melody and pitch, i.e. the 

right hemisphere. 

There is thus considerable evidence that the right side of the 

brain plays a significant part in singing. Many patients with left 

hemisphere lesions have severely restricted speech but may still be 

able to discriminate pitch and sing accurately. Nevertheless, musical 

disturbances are not completely independent of speech disturbances as 

there is often a slight impairment of one alongside a much larger 

defect of the other. 

The left side of the brain seems to be more important for the 

complex musical skills such as are involved in reading music, 

145 



composition, and the classification/labelling of musical percepts; 

whereas the right side of the brain appears to- be more concerned with 

the melodic component and motor acts related to music, (which include 

singing) • 

Gardner (op.cit. p. 344) draws support for this view from the 

studies involving dichotic listening, (in which different messages are 

presented simultaneously to the rival hemispheres). 

'Such studies have confirmed with comforting regularity the 

dominance of the right hemisphere in most persons for aspects of 

melodic and timbre recognition and production.' 

A review of the literature on right-left differences from dichotic 

listening techniques by Scheid and Eccles (1975 pp. 26-28) produced 

similar findings. 

The most recent research has continued to support this viewpoint 

but with some minor qualifications. Deutsch (1978 p. 559) found 

better than right-handed at left-handed subjects significantly 

remembering and comparing tones which were separated by an unrelated 

sequence of pitches. A test tone was presented and fo11o'ived by a 

sequence of six interpolated tones and then by a second test tone. The 

test tones were ei ther identical in pitch or differed by a semitone. 

Subjects had to indicate on paper whether the test tones were the same 

or different. Deutsch (op.cit. p. 560) suggested that this left-handed 

superiority, (i.e. right-hemispheric dominance), might generalise to 

other auditory or musical situations. 

This suggestion was taken up by Craig (1980 p. 613) who tested the 

left-handed superiority hypothesis in rhythm perception. Subjects had 

to distinguish between different rhythms played simultaneously, (i. e. 
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using four-beat dichotic rhythm patterns). Left-handed subjects were 

significantly better at tapping out rhythms, and identifying which 

rhythm was being played to which ear. Craig (op.cit. p. 618) suggests 

that these results show that left-handed subjects should be more 

accurately described as bi-dominant, i.e., 

••• better able to analyse simultaneout stimuli and integrate 

differential information from them into a coherent structure.' 

He sees left-handedness as a cancellation of the asymmetry in the 

brain in right-handed subjects rather than dominance in the other 

direction. 

Regardless of the interpretation of the results they still support 

the notion that the areas of the right side of the brain process 

melodic and rhythmic stimuli. Craig's research suggests that 

left-handed people are better able at utilising the bi -lateral links 

for the processing of musical inputs. 

Singing, then, would appear to be mainly a right-hemisphere 

activity unless the melodic component is attached to some verbal or 

visual code, (through the use of a written text or notation), then the 

left hemisphere's ability to translate and make sense of verbal input 

is also required. Lassen, Ingvar, and Skinh¢j have shown that reading 

aloud calls for simultaneous activity in seven discrete cortical areas, 

(i.e. the visual association area, the frontal eye field, the 

supplementary motor a.rea, Broca's area, the mouth area of the motor 

cortex, the auditory cortex including Wernicke's area, and the 

primary visual cortex - 1978 p. 57; 1979 private correspondence). When 

a melodic component is added, combined with other aspects of musical 

performance, the act of singing aloud from a musical score becomes very 

complex indeed. 
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4.6 SUMMARY 

When a subject attempts to vocally reproduce a pitched stimulus the 

following sequence of events is thought to take place (Fig. 25). 
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Fig. 25. Sequence of events when a subject attempts to vocally 

reproduce a pitched stimulus. 

Stage 1 - monitoring 

The positions of the physical 
structures involved in singing 
are monitored by the cerebral 
cortex, (utilising proprioceptive 
feedback. ) 
The auditory stimulus is received. 

Stage 2 - preparation 

The muscles a.re activa.ted to 
fix the physical structures 'in 
their required position in order 
to produce the specified pitch. 
Air is taken into the lungs. 
( utilising proprioceptive 

feedback. ) 

1 

Stage 3 - phonation 

The steady expiratory airflow" 
excites the preset vocal folds, 
and a sound is produced. 
(utilising proprioceptive 
feedback. ) 

1 
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Stage - 4 amplification and resonation 

The sound wave is amplified and 
resonated by other physical structures 
to produce a definite pitched sound. 

[SI!SES I 

NASAL PASSAGES I"'~---'-L--li NASOPHARYNXI 

f 0",-0( -----II MOUTH 1",--------1 PHARYNX I 
(lips ,tongue, i 
soft palate.) 

! 

stage - 5 initial perception 

The amplified/ resonated sound waves 
travel to the inner ear and organ of 
Corti; 

(a) through the air, and the 
outer and middle ears, 

(b) through the bone structure. 

(utilising exteroceptive and 
proprioceptive feedback.) 

! 
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stage - 6 cortical perception 

The physical sound waves are 
transformed into electrical 
signals by the organ of Corti 
"Ti thin the cochlea, and 
transmitted to the auditory 
cortex and the right hemisphere, 
(i.e. non-dominant hemisphere). 

stage - 7 pitch adjustment 

The incoming signal is compared 
with the initial stimulus model. 
Proprioceptive feedback loops ar~ 
utilised to change the position of 
the physical structures if any 
mismatch is perceived. 
The comparison is probably made 
by the right-hand equivalent of 
Wernicke's area; and the correction 
initiated by the right-hand equivalent 
of Broca's area. Further adjustment 
,dll require both exteroceptive and 
proprioceptive feedback loops. ) 

I MOUTH I 

signal 
comparator 
mechanism 

The following chapter will examine these events and related them to 

Schmidt's schema theory of motor learning in order to explain how 

children develop a signal comparator mechanism and gain the ability to 

sing in tune. 
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CHAPTER 5: A SCHEMA· THEORY OF LEARNING TO SING IN-TUNE: 
AN APPLICATION OF SCHMIDT'S (1975) THEORY 

5.1 INTRODUCTION 

The previous chapters have examined the existing literature in four 

areas, i.e. concerning (1) poor pitch singing; (2) the principal 

features of feedback in learning; (3) recent theories of motor 

learning; and (4) the physiological/neurological processes involved in 

singing. In this chapter each of these separate threads is drawn 

together in order to hypo~hesise a theory of how the individual learns 

to sing in-tune; and also to relate this hypothesis to previous studies 

that have utilised remedial techniques with poor pitch singers. 

5.2 THE THEORY 

In the summary to the previous chapter (4.6) the sequences of 

events thought to occur in the voiced reproduction of a heard pitched 

stimulus was given. Within this sequence the cerebral cortex is 

thought to play the significant role in, 

(a) the reception and encoding of the pitch stimulus; 

(b) the adjustment of the voice mechanism so that the aural 

stimulus can be vocally reproduced; and 

(c) the monitoring of this vocal reproduction so that any 

perceived mismatch with the original stimulus can facilitate 

further adjustment of the voice mechanism. 

The literature on the physiological/neurological structures 

involved in singing indicates that singing is a highly complex form of 

motor behaviour. Steady pitched sound can only be produced if there is 

a sequential activation of the muscles responsible for the movement of 

the abdomen, lungs, larynx, pharynx, tongue, lips, soft palate, and 
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nasophar.ynx. Schmidt (1975 [b]) has produced a theory which attempts 

to explain the psychological structures governing motor behaviour, 

especially in relation to novel tasks. This theory may be useful in 

explaining the complex motor behaviour necessary for singing in-tune. 

Schmidt's (1975 [b]) schema theory of discrete motor skill learning 

uses the notion of a schema to postulate 'generalised' motor programmes 

which are responsible for classes of movement, e.g. throwing a ball. 

The motor programme is made up of a number of prestructured commands, 

or response specifications, detailing the nature of the movement. This 

programme is based on an abstraction of the characteristics of previous 

similar movements. The researches by both Posner and Keele (1968, 

1970) into the organisation and processing of visual stimuli, and 

Williams and Rodney (1978) into the variability of practice hypothesis, 

provide empirical support for this schema notion. 

Schmidt's theory attempts to explain how a recall memory system 

produces a movement, and hm{ a recognition memory system is used to 

evaluate the correctness of the response. In addition, an error 

labelling schema is postulated to explain how subjects ~ationalise and 

monitor performance both in the presence and absence of Knowledge of 

Results. Subsequent empirical data from Wallace and McGhee (1979), 

Moxley (1979), and Carson and Wiegand (1979), among others, supports 

the general features of the theory. It is proposed, therefore, to draw 

on these general features of Schmidt's (1975 [b]) theory in order to 

explain how the individual learns to sing in-tune. 

5.2.1 The motor response schema 

Schmidt's (1975 [b] p. 235) hypothesis is that when a subject makes 
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a movement that attempts to satisfy some goal, he stores four things:

(a) the initial conditions, 

(b) the response specifications for the motor programme, 

(c) the sensory consequences of the response produced, and 

(d) the outcome of that movement. 

The application of these constructs to singing gives rise to the 

following definitions:-

(a) The initial conditions 

Before the subject attempts to reproduce vocally a heard pitched 

stimulus, information is required concerning the preresponse state of 

the muscular system. The importance of such information in muscular 

responses has been detailed by Granit (1977 p. 165) who has shown that 

when the preresponse information is denied to the cerebral cortex, the 

motor response, 

••• still appears and in gross outline is similar to the normal 

version but is now much retarded and prolonged. It may be twice as 

late and twice as long.' 

In singing, the initial conditions are related to the preresponse 

state of the parts of the body which are involved in the production of 

voiced sound, known collectively as the voice mechanism, i.e. the 

preresponse state of the sound energy source, (the lungs, and the 

muscle groups involved in inhilation/expiration); the sound mechanism, 

(the larynx); and the sound resonators, (the soft tissue and related 

cavities which are responsible for amplifying and modifying the sound 

waves) • So information is provided about the amount of air in the 

lungs, and this amount may be compared with the amount the subject 

regards as necessary for sustained vocal pitch production. Sense 
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receptors wi thin the joints and musculature provide information about 

the position of the main structures of the larynx, including the 

position of the vocal folds and arytenoid cartilages, e.g. Dejonkere 

(1982 p. 49) reports that proprioceptive feedback is necessary from 

both the laryngeal muscles and the laryngeal mucosa if rapid pitch 

adjustments are to be made. Any anesthetisation of either type of 

laryngeal proprioceptors affects the speed of production. 

Proprioceptive feedback also provides information about the position of 

the soft tissue such as the tongue, soft palate, and lips in relation 

to their ~equired positions. * The ini tia1 condi tions are used to plan 

the movement and are stored. 

(b) The response specifications for the motor programme 

Any single musical sound has certain physical attributes. These 

are frequency, intensi ty, duration, and spectral envelope, and they 

give rise within the listener to the psychological phenomena of pitch, 

loudness, pulse and rhythm, (including the perception of the length of 

the tone and its organisation into patterns of sound), and timbre. 

Before the subject initiates the motor programme to imi tate vocally a 

pitched stimulus, certain variable elements of the response are 

specified. The subject may specify the timbre embraced by differing 

vowel sounds, or the rhythmic patterning and length of the response, or 

how loud to make the response. After the response these specifications 

are stored. 

* Fourcin and Fry (1979 p. 484) report three feedback circuits in 

speech. They differentiate between ' proprioceptive feedback' and 

'tactual feedback' - the latter being related to feedback from the 

tongue tip, gums, and inside of lips. In this chapter, however, 

such feedback circuits are included in the term 'proprioceptive 

feedback' in order'to ease tne theoretical exposition. 
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(c). The sensory consequences of the response 

After the response the subject stores the actual feedback received 

from both the exteroceptors, such as the eyes and ears, and the 

proprioceptors. In singing the vocal mechanism produces sound waves 

which are conveyed to the inner ear where they are transformed into an 

electric potential and transmitted to the auditory cortex. The 

physical vibration of the cochlear fluid of the inner ear is achieved 

in two ways: (i) by the sound waves travelling out from the mouth and 

nose into the air and then being processed through the outer and middle 

ears - termed 'air conduction'; (ii) by the sound waves travelling 

directly through the musculature and bone tissue to act directly on the 

inner ear - termed 'bone conduction'. Bekesy (1971) provides evidence 

to show that bone conduction is responsible for the lower frequency 

components of the voiced sound, and that air conduction is responsible 

for the higher frequency components. Thus, in Schmidt's terms, the 

sensory consequences of the response are an exact copy of the afferent 

information provided on the response. Auditory feedback is provided by 

both air and bone conduction, and proprioceptive feedba~k is received 

from the musculature and joints of the voice mechanism. (This muscular 

feedback has been labelled the singer's extra sense by Ocker (1982 p. 

~52) i.e. muscle-sense or 'Muskel Sinn'). 

(d) The outcome of the response 

The fourth source of information stored after the m.ovement is the 

success of the response in relation to the outcome originally 

intended. In singing the subject judges the accuracy of the vocal 

response by comparing it to the initial pitch stimulus. This judgement 

will be based on Knowledge of Results (KR) when present, or the 
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subjective reinforcement the subject obtains from the other sources of 

feedback. Knowledge of Results provides an independent evaluation by 

some external source as to the accuracy of performance. This KR is 

usually in a verbal form, e.g. 'You were a little flat', but it need 

not be. Subjective reinforcement takes place when the subject must 

evaluate the accuracy of the response in Lie absence of KR. The 

subject has to relate the ac tual auditory feedback and proprioceptive 

feedback to that which was expected. The accuracy of the outcome 

information is dependent on the amount and quality of the feedback. 

Schmidt's theory proposes that the above four sources of 

information initial conditions, response specifications, sensory 

consequences, and response outcomes - are stored together after the 

movement is produced. 

When a number of like movements have taken place the subject begins . 
to abstract information about the relationship among the four sources 

of information. This is the motor response schema, and it is, 

• • • the relationship among the arrays of information that is 

abstracted rather than the commonalities among the elements of a 

single array.' (Schmidt op.cit. p. 235) 

The strength of the relationship among the four elements will 

increase with successive like responses. This motor response schema is 

made up of two parts, i.e. two schemata, one responsible for the 

execution of a movement, and the other for the judgement as to its 

accuracy. 
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5.2.2 Response production 

When the subject has to make a sung response to a pitched stimulus 

he begins with two inputs to the schema, i.e. the desired pitch, and 

the initial conditions of the vocal mechanism. The relationship 

between the past response specifications and the resultant past actual 

outcomes is used to determine w'hich set of response specifications will 

achieve the desired pitch. Once the specifications have been 

determined the motor programme can be executed and the subject will 

produce a sung response. The relationship which is responsible for 

determining the specifications necessary for achieving the desired 

outcome, i.e. for response production, is termed the recall schema 

(Fig. 26). The past actual outcomes, past response specifications, and 

initial conditions may never have been combined in this way before, so 

the new response specifications may be novel for the subject, and will 

produce a novel response. 

5.2.3 Response recognition 

At the same time that the subject uses the recall schema to 

generate the response specifications, he also generates the expected 

sensory consequences of the re sponse, i. e. '\That it will feel and sound 

l.ike. The expected sensory consequences fall into two categories: 

(i) The expected proprioceptive feedback from the various sense 

receptors located within the joints and musculature of the 

voice mechanism (relaying information about changes in angle, 

and tension respectively) as well as the anticipated 

information from the vestibular apparatus. (The vestibular 

system is the collective term for the semicircular canals and 
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otolith organs which 

of the head. They 

are 

are 

responsible for detecting movements 

joined to the bony wall of each 

cochlea and contain the same fluids as those which fill the 

cochlea. The vestibular system is crucial to the ability to 

maintain normal erect posture and to adjust posture during 

movement, (Ludel 1978 pp. 322-336).) 

(ii) The expected exteroceptive feedback from the ear via air and 

bone conduction. The expected sensory consequences are a 

product of the relationship between past sensory consequences 

and past actual outcomes, modified by the initial conditions 

and the desired outcome. This relationship is responsible 

for response recognition and is termed the recognition schema 

(see Fig. 26). 

During the response each of the expected sensory consequences is 

compared to the actual sensory information. Any mismatch produces an 

error signal which can be fed back to the recognition schema to provide 

information about the actual outcome. This error labelling is 

postulated in two states, either (a) as a raw sensory signal, or (b) 

this raw signal after it has been labelled and converted into a 

reportable, i.e. quantifiable, form. Schmidt (op.cit. p. 239) 

postulates this error labelling system (b) as a separated schema. The 

experiments conducted by Schmidt and others into motor performance all 

differ in one significant aspect from the interest of the present 

study. In the visual field the raw sensory signal can be utilised to 

reduce the error signal to zero by moving an object towards a target. 

The majority of experiments into motor performance utilise linear 

positioning tasks where subjects move a slide along a fixed trackway. 
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When the slide is in its correct targeted position the error signal 

will be zero. 

In the auditory field, however, it is difficult to see how the 

subject can utilise the raw sensory signal to reduce his error signal 

to zero unless the schema is already sufficiently established to allow 

the subject to know when he is singing in-t .. me or not. it is not 

possible to 'see' if the sung response is accurate, as the stimulus and 

response happen and are separated over time, and memory is therefore 

involved, i. e. usually the subject has to remember the stimulus while 

he makes his response. With linear psoi tioning tasks vi sual feedback 

is present throughout the trial sequence, the subject can I see' the 

consequences of motor acts. Without KR provided by an external source, 

and unless the stimulus is continuous, in singing the subject cannot 

utilise the raw auditory error signal on its own. The subject has to 

judge his sung response against what he remembers the pitch stimulus to 

have been, and then convert this error into some reportable form. TIlis 

is termed 'subjective reinforcement', and this translated notion as to 

the accuracy of performance will be fed back to the recognition schema-

One prediction of the theory is that the strength of the 

recognition schema should increase as a function of both KR in initial 

practice and the quality and amount of feedback received on each 

trial. The sensory signals received are compared to the KR received, 

and, providing sufficient trials have elapsed, the subject can maintain 

the accuracy of the error labelling schema. 
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Fig. 26. The recall and recognition schemata. 
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5.3 SUGGESTED SEQUENCE OF EVENTS OCCURRING L~ A DISCRETE VOCAL 
PITCHED IMITATIVE RESPONSE TO A PITCHED AUDITORY SIGNAL 

When a subject attempts vocally to reproduce a pitched stimulus the 

following sequence of events is postulated to occur, (see Fig. 27). 

The process begins with the subject first hearing a pitched target 

stimulus. Before any vocal reproduction of the stimulus can take place 

the subject must monitor the initial conditions of the vocal mechanism 

to determine their spatial position and whether or not the air pump has 

sufficient air for phonation. The desired outcome and ini tal 

conditions are fed into the schema 0 The response specifications for 

the voice programme are thep decided on, being based on the 

relationship between previous response specifications and past 

outcomes. At the same time the schema generates the expected sensory 

consequences of the response, i.e. the expected proprioceptive and 

exteroceptive feedback. These are based on the relationship between 

past outcomes and past sens9ry consequences. When these processes have 

occurred the voice programme can be initiated. 

Efferent signals are sent out to the muscle groups controlling each 

of the organs involved in si nging. Air is pumped from the lungs 

through the larynx where the adduction of the vocal folds produces a 

vibrating column of air. This, in turn, is amplified by the structures 

of the throat and head to produce a note of specific frequency. The 

studies of reaction time suggest that at least the details of the first 

180-200 msec. of the voice programme are specified. As the programme 

is carried out, sense receptors in the joints and musculature provide 

proprioceptive information about the resultant movements. 

At the same time, the vibrating air flow produces two forms of 

exteroceptive feedback as the voiced note travels to the ear by both 
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Fig. 27. The suggested sequence of events occurring in a 

discrete vocal pitched imitative response to a 

pitched auditory signal. 
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air and bone conduction. As has been stated earlier, the bone 

conduction mechanism is responsible for the lower frequency components 

of the signal and the air conduction for the higher frequency 

components. Both types of exteroceptive feedback and the 

proprioceptive feedback are compared to the expected exteroceptive and 

proprioceptive feedback, and any discrepancy between the anticipated 

and actual feedback represents an error in the response. In simple 

motor tasks, such as positioning a moveable slide towards a target, 

this raw error is fed back to the schema so that subsequent movement 

can reduce this error to zero. This can only happen if the desired 

outcome or target is present both before and after, if not during, the 

response so that the subject can compare the response against the 

criterion. In vocali sation, however, the stimulus usually decays or 

ceases over time. It often has a pre-determined length and is not 

usually present after the subjec t has at tempted vocally to copy it, 

(unlike a visual target which is omnipresent), so it is impossible for 

the subject to make use of this raw error signal to reduce his error to 

zero unless the stimulus is a continuous signal. (Therefore in Fig. 27 

the raw error signal is indicated by a dotted line only, rather than an 

unbroken line.) 

The difference between the intended and actual feedback states is 

therefore usually analysed by an error labelling system, where the 

subject assigns a reportable label to it. The labelled error is fed 

back to the motor response schema as 'subjective reinforcement', 

so-called because it is a subjective rating as to the accuracy of the 

vocal response. 
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The -final source of information about the accuracy of the response 

will be provided by some external source, usually the person or machine 

which has provided the initial stimulus. This information, (termed 

'KR'), is fed back to the schema to provide information about the 

'actual outcome' and also to the error labelling schema to improve the 

accuracy of the subjective reinforcement. In the absence of KR the 

subject must rely on subjective reinforcement in judging the actual 

outcome against what was intended. The smaller the amount of KR 

provided about the response, the less likelihood there is that the 

error labelling schema will be able to feed accurate ratings of 

response back to the motor response schema. 

5.4 THE POOR PITCH SINGER Ahl]) SCHEMA EFFICIENCY 

One can speculate that because music in general, and singing in 

particular, is usually a group ac ti vi ty in primary school, the amount 

of KR customarily provided about the accuracy of each vocal pitched 

imitative response for each individual child is minimal, and, 

therefore, the error labelling schemata generated by the children for 

making judgements about the accuracy of their responses will also be 

faulty. Evidence from the motor response Ii terature supporting this 

view is provided by Newell (1974; see 3.6.4) whose experiments 

utilising a ballistic positioning task showed that subjects who had to 

perform without KR did not become more accurate but did become more and 

more consistent. This would seem to indicate that a faulty error 

labelling schema had been generated and that without KR subjects could 

not learn to produce the required response. 

More specific evidence from the literature on poor pitch singing 

166 



indicates that remedial techniques utilising KR have all had some 

degree of success. Studies by Wolner and Pyle (1933), Joyner (1969, 

1971) , Gould (1969), Jones (1971, 1974, 1979), Roberts (1972), Co bes 

(1972), and Welch (1978) (see 1.2.2), although utilising various modes 

of signal presentaion, have each shown that the majority of the sampled 

poor pitch singers became more able to sing in-tune when each vocal 

response to a pitched stimulus was individually rated. 

Evidence provided by Bentley (1966), Joyner (1971), and Roberts 

(1972) also indicates that, of the children who sing out-of-tune, a 

significant proportion (up to one third) are always completely 

untuneful with 'little variation in pitch', (e.g. Roberts 1975 [aJ 

p. 24). This may be interpreted as evidence of faulty schema 

development, i. e. the children's vocal responses become more and more 

consistent but still inaccurat~. Without KR it does not seem likely 

that the children will be able accurately to label any perceived pitch 

errors in their singing. 

This points to the crucial importance of the error labelling schema 

for the poor pitch singer in normal classroom conditions. A lack of KR 

leads to a faulty schema development in labelling errors and a too 

heavy reliance on deficient subjective reinforcement. Any remedial 

t>rocedure must therefor provide sufficient KR for error signals to be 

labelled accurately. It must also be noted that Shea (1977) and 

Winther and Thomas (1981) report that the level of cognitive and motor 

performance appears to be directly related to the 'meaningfulness' of 

the error labelling, i. e. the more meaningful the error label, the 

greater the increase in measured cognitive and motor performance. This 

would suggest that, in any remedial singing programme, the KR must be 
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presented in a form ,,,hich is readily accessible to the poor pitch 

singer. 

The recognition schema could also be improved if it were possible 

to utilise the raw error signal rather than having the poor pi tch 

singer rely entirely on subjective reinforcement. In manual 

positioning tasks the raw error signal is used to reduce the error to 

zero because a visual target is present throughout the learning trial 

sequence. One can therefore hypothesise that learning would become 

more efficient for the p. p. s. if the audi tory stimulus could also be 

present t~roughout the trial sequence, or perhaps better still, if the 

auditory signal and response had some visual correlate. Research by 

Adams, Gopher, and Lintern (1977) (see 3.6.4) has shown that visual 

feedback is a significant factor in controlling movement, and that 

actual error is lower when visiQn is present, suggesting proprioception 

is weighted less than vision in the recognition schema. Within the 

p.p.s. literature both Cobes (1972) and Jones (1971, 1974, 1979) have 

utilised visual feedback to improve vocal accuracy. Cobes (1972) used 

illuminated lights to indicate a more correct response, and Jones 

(1971, 1974, 1979) combined illuminated lights with a vertical keyboard 

to provide a visual correlate of auditory space. 

Complementary research into computer aided speech training for the 

deaf by Nickerson, Kalikon, and Stevens (1976) indicates that visual 

displays of speech can improve accuracy of phonation even in the 

absence of auditory feedback. 

Also the research by Williams and Rodney (1978), Hoxley (1979), and 

Carson and Wiegand (1979) indicates that the strength of the 

recognition and recall schemata will depend on the variability of 
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practic~ in the aequisition and development of sung responses to 

pitched stimuli. Both Roberts (1975 [b]) and Joyner (1969) report a 

lack of transfer in learning from gaining mastery over one sung pitch, 

(either middle 'C', 256 Hz, or a 'personal' note), to other pitches on 

either side. The only comparable finding within the motor schema 

literature is reported in a study by Van Rossum (1980). He utilised a 

procedure in which two groups of pre-school children threw wooden balls 

at a target with either the preferred or non-preferred arm. He found 

that the youngest children (mean age 4y 9m) exhibited no transfer of 

learning from using one arm to the other, but that a moderate 

relationship be t~veen arm performance (p. < .02) was shown by the older 

group (mean age 5y 11m). He· concluded that the youngest children did 

not see the common elements in the task, and therefore used two 

"different motor schemata, whilst the older children used the same motor 

schema in both versions of the task, Cop.cit. p. 147). 

He hypothesises that the results may indicate a progression from 

specific schemata to more general schemata which have a wider 

application. If this is the case, the lack of transfrr reported by 

both Roberts (1975 [bJ) and Joyner (1969) could be interpreted as an 

indication of weak schema strenth despite having undertaken a remedial 

singing programme. This, in turn, could strengthen the argument for 

variability of practice in motor tasks to increase schema strength. 

The variabili ty of prac tice hypothesis indicates that suojects will be 

more able to transfer to different pitches if they have had a variety 

of inputs, i.e. explored vocally a variety of high and low pitches. 

One can hypothesise a remedial programme for poor pitch singers, 

therefore, to be more successful if the schemata are developed from a 
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variety of stimuli rather than concentrating on a single pitch and then 

working outwards away from it by pitch steps. The problems of 

attempting to match vocally a heard pitch are exacerbated by the 

addition of words. The processes described above are only concerned 

wi th the emi ssion of vocal pitch utili sing a particular vowel sound. 

The literature concerning singing and the cerebral cortex (see 4.5) 

suggests language and pitch are dealt with by separate hemispheres. 

One can hypothesise, therefore, that some children may find singing 

words more difficult than single tones because the links between the 

two hemispheres have had insufficient reinforcement. Anderson (1937), 

. 
Robinson (1963), and Joyner (1969, 1971) each report that subjects who 

were labelled 'out-of-tune singers' frequently had 'monotonous' 

speech. This may be seen as evidence that the relationship between the 

pitch processing and speech centres is less well developed for these 

children, and that remedial singing techniques aimed at strengthening 

this relationship may have some success in improving sung intonation. 

Empirical support for this hypothesis may be drawn from the research of 

Gould (1969) and Romaine (1961) who both report that children can be 

taught to sing in-tune via speech games which explore variations in 

pitch. It must be noted, however, that this is a remedial technique 

~hich utilises a more complex form of behaviour both motor and 

. cerebral/cortical than the vocalisation of a single pitch, and would 

therefore involve more feedback channels than those outlined in Fig. 

27. At present, however, the main consideration of this thesis is with 

the processes involved in vocal pitch production without the additional 

complicating factor of language. 
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5.5 CONCLUSION 

The poor pi tch singer is seen as being unable to utilise the raw 

error signal produced by a comparison of actual and expected 

proprioceptive and exteroceptive feedback due to the nature of the 

training method where the pitch stimulus has to be remembered while the 

subject attempts to copy it vocally. The subj ct therefore has to rely 

on the error labelling schema to evaluate his response and this is also 

seen as deficient because of the lack of KR provided by the teacher. 

One can hypothesise that successful remedial training of the p. p. s. 

should incorporate two elements, (i) a strong visual component which 

will allow the subject to utilise the relative strength of the visual 

cortex, and (ii) variability of practice so that the schemata are 

broadly based and of use in novel vocal tasks. 
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CHAPTER .6: EVALUATION OF THE SCHEMA THEORY OF I.EARNING TO SING IN-TUXE 

6.1 INTRODUCTION 

The schema theory of learning to sing in-tune which was elaborated 

in the previous chapter, is based on a series of interrelated 

hypotheses - Because of the complexity of this interrelationship, any 

complete empirical evaluation of the theory would require a 

many-f ace ted and comprehensive re search programme. This might range 

over several disciplines including psycho-motor, neurological, 

physiological and psychological studies, involving resources of both a 

technical and temporal nature- Some of these would be outside the 

scope of the present project. Another limiting factor arises from the 

likelihood that certain hypotheses ~re more fundamental than others, in 

that they provide the basis for subsequent secondary hypotheses. So an 

initial or fundamental hypothesis may, by implication) indicate the 

validity of other succeeding hypotheses, or vice versa. It would seem 

necessary, therefore, to delineate those key hypotheses on which the 

theory rests, and subsequently construct empirical situations which 

will allow their evaluation to take place, rather than a~tempt a total 

evaluation. It may be found, however, that not all the hypotheses are 

equally susceptible to empirical evaluation. 

6.2 HYPOTHESES 

6.2.1 Principal hypotheses 

The fundamental hypotheses of the theory are constructed around the 

notion of the schema. Principally, the recall schema is hypothesised 

as being responsible for response production (see- section 5.2.2) and 
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this hy.pothesis is' numbered [Pl]*, and the recognition schema is 

hypothesised as being responsible for response recognition [P2]. The 

empirical evidence concerning these principal hypotheses has been 

reported in a previous chapter (see 3.6), and with a few modifications, 

the schema notion and the theoretical separation of the motor response 

into two parts, recall and recognition, is supported by subsequent 

studies, (see summary 3.6.5). 

The recall and recognition schemata, being twin facets of the motor 

response schema, both rely on the relationship between a variety of 

inputs for their formation. The theory hypothesises that these inputs 

are: 

(a) the initial positions of tpe voice mechanism, 

(b) the response specificatons for the motor programme, 

(c) the sensory consequences of this action, and 

(d) the outcome of the movement. 

These inputs are an integral part of the recall and recognition 

schemata and are embraced within the hypotheses numbered [PI) and 

[P2). Without anyone of these inputs, the schema genE.ration will be 

deficient compared to when they are all present. This is not to say 

that a deficiency of input leads to a lack of schema formation, but 

rather that it leads to the generation of a less efficient schema, i.e. 

of less use in dealing with novel tasks. 

6.2.2 Secondary hypotheses 

Re: (a): Futher analysis of the role of each input within the 

schemata generation produces several related subsidiary hypotheses. 

* P = Principal hypothesis, S = Secondary hypothesis. 
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The majority of these are concerned with the sensory consequences of 

the action and the evaluation of the movement outcome. One reason for 

this may be that there is already a body of research data relating to 

the significance of the afferent pre-response information, (schema 

input (a) above), cited by Sussman (1972) and Granit (1977) among 

others, (see 2.1 and 5.2.l(a»). This empiric...Ll data, being generated 

by clinical studies, provides sufficient evidence to allow our 

understanding of the role of the pre-response information in schema 

formation to be less hypothetical. There is general agreement that 

limiting the initial pre-response information in some manner inhibits 

the mechanism cont rolling the movement. One method of limi ting this 

afferent information is by the selective use of anaesthetic, e.g. the 

anaesthetising of the hypoglossal pathway from the tongue to the brain 

severely affects speech production. Unfortunately, there may be a 

spread of effect into other feedback channels so, as a tool for 

evaluation, this technique has its limitations. 

Re: (b): The response specificatons (input (b» are hypothesised, 

in turn, to be partly based on the initial conditions, so any 

deficienty in the quality of afferent information as detailed above 

will affect the motor programme responsible for initiating the 

movement. Empirical support for this assumed link is provided by 

Sussman and Smith (1971 p. 685) who report a differential velocity of 

jaw closure dependent upon vowel context. For the low front vowel 

lae I, the jaw executed a faster rate· of return in closing compared to 

the high front vowel Ii I. This w'ould seem to indicate that the 

neuromotor command centre is being provided with information as to the 

position of the jaw prior to issuing the command for elevation. 
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Reaction time studiE:!s also provide inferential support for the notion 

of organised response specifications in that they imply that a certain 

minimum amount of time is required for processing the incoming 

information before initiating a response, or before the modification of 

an ongoing response. This notion also concords with Rostron's (1976) 

theory that pitch control in the human voice is a product of 'envelope 

control', i. e. the sung pi tch is sampled typically every 1.5 secs 

rather than cycle by cycle, (op. ci t. p. 307). Rost ron reports that 

delays in auditory feedback up to 120 msec. did not produce an 

increased lack of pitch control, and concludes, 

'There was no indication that exceptionally fast control 

corrections can be made in vocal pitch regulation.' (op.cit. p. 305) 

If this is correct, the singer must have predetermined response 

specifications prior to the co~encement of any vocalisation. In the 

case of rapid pitch changes such as are required in the scalar passages 

of such Baroque composers as Bach and Handel this might imply a 

pre-rehearsed set of responses. These response specifications will be 

the product of the relationship between the inital conditions of the 

voice mechanism, and previous like responses acquired through rehearsal 

and performance of similar musical passages. 

Re: (c) : The sensory consequences of this action (input (c)), 

hypothesised as being based on differences between actual and expected 

feedback, generate several subsidiary hypotheses. These hypotheses, 

and the empirical data from which they are extrapolated, are as 

follows:-
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[Sl J 'The strength of the recogni tion schema should increase as a 

function of both KR in ini tial practice and the quality and 

amount of feedback received on each trial.' 

Empirical data is provided by each of the researches into motor 

perf romance skills which have KR on acquisition trials as part of their 

experimental procedure. In each case subjects either maintain accuracy 

of performance on KR-';vithdra\val trials or deteriorate less if 

sufficient KR trails have taken place, provided there has been strong 

exterocepti ve feedback (both visual and audi tory), as well as 

proprioceptive feedback, (e.g. Schmidt and White, 1972; Schmidt and 

Wrisberg 1973; Newell 1974; Newell and Chew 1974: more specific 

support for the notion of the recognition schema has already been 

reported in 3.6.3). 

[S2J 'There are two forms of [auditory] exteroceptive feedback 

being products of air and bone conducted sound.' 

Although the distinction between air and bone conducted sound has 

been used since 1827 in the clinical diagnosis of hearing disorders 

(Tonndorf 1972 p. 197), it '>vas Bekesy (1932) and Lowy (1942) who 

originally elaborated the theory behind this phenomenon. Bone 

conduction refers to the response of the bones of the skull to sound 

~aves generated by the voice mechanism, this is in contrast to air 

conducted sound which travels to the inner ear via the ossicular 

chain. This has since been demonstrated clinically by Sataloff (1966 

p.lO) and Tonndorf (1972 p. 203). The bones of the skull vibrate 

differentially according to the frequency of the signal, i.e. the 
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higher the frequency, the more complex the response. * Bekesy (1971 

p. 95) reports that bone conduction is responsible for the 

'low-f requency components of the vocal cords' vibrations.' Subsequent 

analysis reported by Moore (1977 p. 27) indicates that although the 

sound waves travel to the inner ear by both the bone structure and the 

ambient air, there is no difference in response within the cochlea, 

[S3] 'Vision is weighted more than proprioception in the 

recognition schema.' 

The empirical basis for this hypothesis arises out of the research 

of Adams, Gopher, and Lintern (1977). They report that when vision and 

proprioception were weighted separately in their experimental 

procedure, those groups who had increased proprioceptive feedback 

(through the attachment of a spring to the moveable slide) but no 

·visual feedback on acquisition trials made significantly greater errors 

once KR was wi thdrawn than those groups for whom vision was present, 

(see 3.6.4). Indirect support for the weighting of exteroception 

against proprioception is provided by Zelaznik, Shapiro, and Newell 

(1978). The report that strong exteroceptive feedback (~n the form of 

auditory feedback) allmved subjects to continue to improve the accuracy 

of their positioning responses even when KR was withdrawn, compared 

with those groups who only had proprioceptive feedback during 

acquisition. One reason for this may be that subjects are more used to 

utilising exteroceptive feedback channels (both visual and auditory), 

rather than proprioception, but if normal exteroceptive feedback is 

deficient for some reason, e.g. in those people who have hearing or 

* A review of the theory underlying bone-conduction and its 

relationship to singing is contained in Welch (1978 pp. 136-139). 
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sight disorders, then these subjects may more readily utilise 

proprioceptive feedback channels to compensate. Such reliance on 

proprioception rather than exteroception may bring about a significant 

increase in its importance to motor behaviour. 

Further support for the Adams, et al (1977) findings is provided by 

Carson and Wiegand (1979). Their experiments indicate that the visual 

feedback component within a variably-weighted bean bag throwing task, 

allowed subjects to maintain accuracy of performance even after two 

weeks had elapsed from the initial experimental period. 

Re: (d) : Finally, the 'outcome of the movement' is hypothesised 

as being based on KR when present, and sUbjective reinforcement when 

not. Secondary hypotheses relating to the outcome of the movement and 

their empirical bases are as follows: 

[S4] 'The accuracy of the outcome information is dependent on the 

amount and quality of the feedback.' 

One of the main findings within the literature on Knowledge of 

Results (see 2.3.1) is that there is no learning ~.,ithout KR. This 

finding stems from the earliest research of Ehvell and Grindley (1938), 

the pioneering work of Bilodeau and Bilodeau (1956, 1958 raJ, 1958 [bJ, 

1966, 1969) among others, and the latest researches arising from the 

work of Adams (1971) and Schmidt (1975 [bJ). Without KR on acquisition 

trials, subjects do not improve movement accuracy, and subjects only 

maintain performance when KR is withdrawn if (a) sufficient trials have 

elapsed, (e.g. Newell 1974), and (b) if the normal proprioceptive 

feedback channels are augmented by vision and audition, (e.g. Adams, 

Goetz, and Marshall 1972; Zelaznik, Shapiro, an<f Newell 1978). It 

follows, therefore, that subjects are more likely to maintain 
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performance if they have received KR of sufficient quantity and 

quality, which in turn, will allow them to generate accurate outcome 

information. 

[S5] 'Provided sufficient trials have elapsed the subject can 

maintain accuracy of the error labelling schema.' 

The basis for the standard evaluation of the error-labelling schema 

is the difference between actual and perceived errors, and the 

researches of Schmidt and White (1972) and Schmidt and Wrisberg (1973) 

indicate that there is an increasing correlation between the two over 

trials. They also report that subjects showed a deterioration in 

performance when KR was withdrawn. It would seem likely that the 

reason for this is that the error labelling schema was not suffici.ently 

strong for performance to be maintained. The theory hypothesises that 

a variety of inputs will generate a variety of error signals, and it is 

the interrelationship between these signals which allows subjects to 

maintain the accuracy of the error labelling schema. Research evidence 

supporting this hypothesis is provided by Adams, Gopher, and Lintern 

(1977) with their investigation into the relative importance of visual 

and proprioceptive feedback (detailed above); and also by McCracken and 

Stelmach (1977) who report that subjects with high variability of input 

perform significantly better in novel movement tasks than those 

subjects who only experienced one distance input on learning trials. 

and 

[S6] 'The error labelling is postulated in two states, (a) as a 

raw sensory signal, or (b) this raw signal after it has been 

labelled and converted into quantifiable form.' 
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[S 7} , Given a visual target, subjects can utilise the raw error 

signal and they do not have to rely on a memory-induced 

'labelled' error signal.' 

The empirical data for both these hypotheses may be examined 

together. In Schmidt's original theoretical exposition (1975 [b] 

p. 238) he makes the distinction between an experimental procedure 

which has the target present throughout, and an experimental procedure 

in which the target is present on acquisition/learning trials only and 

is then removed for the test trials. In the former case subjects have 

to reduce their perceived error to zero; in the latter case, subjects 

have to rely on their memory of where the target was positioned. }~ny 

of the earlier feedback experiment~ in which a slide is moved along a 

trackway to a stop, (e.g. Boulter 1964; Weinberg, Guy, and Tupper 1964; 

Schmidt and White 1972), require subjects first to utilise a raw error 

signal, and then, once the stop is removed, to rely on subjective 

feedback. An intrinsic part of subjective feedback is the ability to 

determine the error in performance between one's memory of the requ:i.red 

target position compared with the response position. 

Two recent experiments in which the target is not removed on test 

trials but is omnipresent are those of Moxley (1979), and Carson and 

Wiegand (1979). In both cases the young subjects are required to throw 

an object at a target (the object being a shuttlecock or bean bag). 

The experimenters were not concerned with their subject's ability to 

remember a target position but rather to compare two types of training 

procedure in order to shed light on how schemata are formed. 

These experiments and other utilising the same variability of 

practice procedure give rise to two further hypotheses which are seen 
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as applying to schemata formation in general. 

[S8] 'Schema strength will increase 

These are, 

with successive like 

and 

responses, i. e- responses of the same type, but not 

necessarily identical.' 

[S9] 'The schema will be of more use in novel tasks if based on 

variability of practice rather than errorless repetitive 

practice. ' 

Taken together, these two hypotheses are complementary_ They state 

that subjects are likely. to become more skillful at a particular 

movement task if they produce a group of responses which are of the 

same order, but also, that they are more likely to be able to produce 

novel movements within the same order if they have experienced a group 

of responses of differing ratl;er than similar magnitude. Empirical 

support for this position is provided by McCracken and Stelmach (1977); 

Williams and Rodney (1978); Zelaznik, Shapi~o, and Newell (1978); 

Wrisberg and Ragsdale (1979); Carson and Wiegand (1979); and Moxley 

(1979). They have each compared the effect of a variety of schema 

inputs in a movement training programme to that of a single input. In 

each experiment those subjects who had variability of practice on 

acquisition trials were significantly better at maintaining performance 

once KR was withdrawn on test trials- In addition, the same subjects 

also performed significantly better when they transferred to a related 

but novel task. 

So 'variability of practice' is seen to have two significant 

features. Firstly, learning produced by this training procedure has 
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been found to be more permanent, and secondly, there may also be a 

spread of effect into other related motor skills. 

6.3 EVALUATION OF HYPOTHESES 

Within the schema theory of learning to sing in-tune the problem 

for the poor pitch singer is hypothesised as being caused by a 

deficiency in feedback, in that vocal performance is not rated 

accurately (see 5.4). The theory hypothesises two reasons for this. 

Firstly, the p.p.s. must remember the target stimulus while attempting 

to reproduce it vocally, and secondly, if the child is singing within a 

group, it is likely that an obJective rating of the response (in the 

form of KR) will not be provided. 

Therefore, it would seem necessary to concentrate the empirical 

evaluation of the theory on the development of the error detection 

schema, (hypotheses [S6] and [S7]). In addition, those hypotheses 

relating directly to schemata formation ([S8] and (S9]) are seen as 

providing a logical alternative to the standard format of p.p.s 

remedial training. This is because there is considerable research data 

to suggest that variability of practice in training produces stronger, 

more efficient schemata. The standard format of p.p.s. remedial 

training requires the subject first to vocalise one pitch accurately, 

(e.g. 'middle C' - Joyner (1969); a 'personal' note - Roberts (1972)), 

before moving by step to another pitch. The logical opposite of this 

would be to present the subject with a succession of different pitch 

stimuli around the eventual target pitch. This, theoretically, will 

allow the subject to generate a schema representing the auditory space 

involved. One deficiency, however, of this experimental design arises 
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from a comparison with the variability of practice procedure originally 

postulated by Williams and Rodney (1978). In their experiment subjects 

were able to reproduce accurately the variety of movements required by 

the experimenters. Their task was to move a slide along a linear 

pathway to a variety of preset posi tions. But when this experimental 

paradigm is translated to the auditory sphe.·e, a difficulty arises 

because the p.p.s. cannot sing in-tune accurately, and so logically, 

cannot accurately reproduce a variety of pitch stimuli. It would seem 

unlikely that the schemata generated under such haphazard conditions 

will be any better than those generated from attempts to match vocally 

a single pitch. A solution, however, may lie in the application of the 

rationale underlying the hypotheses [S3J, [S6J and [S7Js i.e. to alloH 

the pitch target to be visually present throughout the learning trials, 

thus utilising the relative weighting of vision compared vrith 

proprioception, which will also enable the p. p. s. to use the raw error 

signal rather than the 'labelled' error signal which is memory 

induced. It is suggested, therefore, that an experimental procedure 

which incorporates the variability of practice hypothesis in 

conjunc tion wi th the utili sation of a raw error signal Ivill allmo
, the 

formation of the error labelling schema to be empirically tested. The 

empirical evaluation of the hypotheses relating to [S3J - weighting of 

visual feedback, [S6] and [S7] error labelling utilising visual 

feedback, and [S8] and [S9J schema formation and variability of 

practice will be detailed in the following chapter. 

184 



CHAPTER 7: AN EMPIRICAL INVESTIGATION INTO THE SCHEMA THEORY OF HOW 
WE LEARN TO SING IN-TUNE 

7.1 Method 

7.2 

7.3 

7.1.1 Subjects 

7.1.2 Procedure 

7.1.3 Decision 

Results 

7.2.1 Observations 

7.2.2 Analysis of 

Discussion 

7.3.1 General 

7.3.2 The results 

7.4 Conclusions 

data 

and the 

7.5 Educational implications 

schema theory 

185 



CHAPTER -7: AN EMPIRICAL UrVESTIGATION INTO THE SCHEMA THEORY OF HOW 
WE LEARN TO SING IN-TUNE 

7.1 METHOD 

7.1.1 Subjects 

Sixty-six subjects took part in the experiment. They were drawn 

from five Primary Schools situated in residential areas of private and 

council housing in South West London. The schools were chosen for the 

heterogeneous nature of their intakes, as judged by the variety of 

social and ethnic backgrounds of pupils, and because of availability of 

access to them for the experimenter. It was judged to be important 

that the subjects should have had sufficient contact with the 

experimenter prior to the commencement of the screening and subsequent 

testing to minimise any possibility of anxiety on the part of the 

children that might affect their performance during testing. 

Accordingly, the experimenter visited the schools on a number of 

occasions prior to the experimental work and worked in the classrooms 

alongside the class teachers. 

Two hundred and twelve child ren aged between 7 and 8 years (i. e· 

born 1.9.74 - 31.8.75) were tested for pitch accuracy during singing 

tasks. 

The reasons for choosing this particular age range were:-

(a) by the age of eight years the adenoids have usually atrophied 

(Jolly, 1968); any possibility that hearing disorders (such 

as serous otitis media) might contribute to poor pitch 

singing would therefore be reduced. Inspection of the 

subjects' medical records revealed that each had been 

screened within the previous twelve months and that none had 

hearing disabilities; 

186 



(b) the subjects were of sufficient age to comprehend and act on 

the instructions given within the experiment, which 

necessitated identification and discrimination of colours and 

numbers; 

(c) previous research into the incidence of poor pitch singers 

indicates that their numbers as a proportion of each age 

group sampled declines with age. (Evidence suggests that up 

to 30% of seven year old sample populations have this 

disability, but only 10% of eleven year olds.) 

The identification of poor pitch singers from within this group of 

seven year olds was undertaken by the experimenter in three stages. 

Initially all the children from which the subjects were ultimately 

drawn were taught in class groups the two songs used for the 

identification. Both songs wel"e taught in keys thought to be within 

the 'comfortable' vocal range 1imi ts for this age group, (as judged by 

the literature on children's vocal range - see Welch, 1979 [b])* The 

class groups were then subdivided into smaller groups of five or six 

and the songs were repeated. Finally each child ~.yas tested 

individually by the experimenter for ability to reproduce the song 

accurately • The experimenter sat at the keyboard with the child 

. 
standing alongside. 

The two songs were:-

-
(i) the first line of 'Kum ba yah' in the key of B; and 

(ii) a short song (4 bars) 'Here we go' in the key of C (see 

Fig. 28) • 

* 'comforta ble' vocal range for seven year olds is B to 

- Welch (1979 Jb] p. 30). 
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The first song was chosen after discussion with the classteachers 

because it was well known to the children, and the second song was 

chosen for its simplicity and limited range, (i.e. a major 3rd). 

On the basis of performance of these songs, each child was then 

assigned to one of two groups, 'singers' or 'poor pitch singers', 

according to the degree of vocal pitch accuracy. Children with no 

major pitch errors were designated as 'singers', and children who made 

gross pitch errors in the reproduction of the songs were designated as 

'poor pitch singers'.* 

The numbers and percentages of both singers and poor pitch singers, 

by sex and by school, are as follows, (see Table 1). 

The figures of Table 1 reveal that the ratio of singers to poor 

pitch singers in each of the five schools varies between 2 and 3:1, and 

that two-fifths of the boys but only one fifth of the girls Here poor 

pitch singers - a ratio of approximately 2:1 (p.p.s by sex). 

This proportion of poor pitch singers observed in the sample 

population (31.6%) is comparable to that reported by previous 

researchers, i.e. 

* The literature concerning poor pitch singers reveals that some 

children only sing in-tune at low pitches - (labelled Grade 'A' 

monotones by Joyner, 1969, or Grade 'B' by Roberts, 1972). The aim 

of this present identification procedure, however, was not to 

identify this type of r singer' but rather to discriminate between 

those children who sang in-tune and those who did not. 

Accordingly, both the singers who were in-tune regardless of pitch 

level, and those only in-tune at lower pitches, were included in 

the group labelled 'singers f. No distinction was made between 

these two types of 'singer' because they differed only in degree of 

singing ability. 
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Here we go, Soft and slow, Hak-ing pat-terns in the snow". 

Fig. 28. Singing~ test items. 
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I-' 
1..0 
o 

Singers 

p.p.s 

Total 

Singers 

p.p.s 

Total 

! 

School 1 . School 2 School 3 
male female male female male female 

10 (62.5%) 16 (84.2%) 19 (63.3%) 21 (84%) 17 (68%) 1- 6 (76.2%) 

6 (37.5%) 3 (15.8%) 11 (36.7%) 4 (16%) 8 (32%) 5 (23.8%) 

16 (100%) 19 (100%) 30 (100%) 25 (100%) 25 (100%) 21 (100%) , 

N=35 N=55 N=46 

School 4 School 5 ' I All schools 
male female male female I male female m&f 

'f 

17 (53.1%) 8 (80%) 10 (58.8%) 11 (64.7%) 73 (60.8%) 72 (78.3%) 145 (68.4%) 

I 

15 (46.9%) 2 (20%) 7 (41.2%) I 6 (35.3%) 1147 (39.2%) 20 (21.7%) 67 (31. ')%) 

32 (100%) 10 (100%) 17 (100%) 17 (100%) 120 (100%) 92 (100%) 212 (100%) 
- --- - -- ----- ----- -~ 

L-____ --

N=42 N=34 

Table 1: Details of sample: numbers and percentages (by sex) 
of singers and poor pitch singers 



Bentley (1954, 1~57) reports 18.7% of his 7+ sample are 'monotones'; 

Gould (1969) reports 34.6% of his 7+ sample are 'uncertain singers'; 

Joyner (1969, 1971) reports 26.0% of his 7+ sample are 'monotones'; 

and 

Roberts (1972) reports 26.6% of his 7+ sample are 'poor pitch 

singers' • 

The general ratio of boy to girl p.p.s. agrees with that found by 

the above researchers, i.e. approximately 2 or 3:1 (Welch 1978 p. 66). 

Of the sixty seven children designated as poor pitch singers in the 

present s~udy (nine from School 1, fifteen from School 2, thirteen from 

School 3, seventeen from School 4, and thirteen from School 5), testing 

revealed two levels of out-of-tuneness, t,vo degrees of 

disability. It was found that some of these children were initially 

difficult to categorise becaus~ of fluctuations in their vocal pitch 

matching abili ty. In order to ensure that in any subsequent 

sub-division of this sample each group would cuntain equal proportions 

of both types of disability, each poor pitch singer was re-tested and 

assigned to one of two categories of levels. The first (p.p.s. [a)) 

sang with some variation of pitch, and because of the low key centres 

chosen for the two songs, sometimes 'coincided' with the required 

pitch. The second (p.p.s. [bJ) exhibited virtually no variation in 

vocal pitch and hardly ever coincided with the pitches contained in the 

two songs. These two types of poor pitch singing can be represented 

schematically as follows (see Fig. 29). 
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pitch of 
melody 

Examples of 
poor pitch singing 
contours. 

, , '- ... - -~ 
/ , --,----' ....... - -ra} 

~Q --------------- ... - ~--------~ - .. -., -- --- - ----------

Fig. 29. A schematic representation of the kinds of relative 

pi tch contours of a tUlle fragment and the tlVO types 

of poor pitch singing. 

As can be seen, both of these types of p. p. s. were 0 It-of-tune, but 

they differed in their degree of out-of-tuneness. The numbers of 

children within each of these two sub groups (p.p.s. raJ and [b]) were 

~s follows, (see Table 2):-

Table 2: 

Male Female Total 

27 15 42 
N=67 

20 5 I 25 

Numbers (by sex) within each of the two 
categories of p.p.s. 
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The initial di·fficulties encountered by the experimenter in 

classifying the degree of disability may have arisen from its nature, 

i.e. because singing seems to be a contimuum of ability, analysis of 

any given point along this continuum becomes imprecise because of the 

relative insta bili ty of the vocal pitch performance. Several children 

were more or less accurate when asked to repea_ one of the test songs, 

and it may have been only on the third or fourth attempt that effective 

judgements could be made. 

Care was taken to ensure that groups were matched for variance of 

disability. 

The sixty-seven subjects Here then randomly distri buted between the 

six experimental treatment groups. These groupings enabled a two 

factorial (treatments x levels) design to be employed in the 

experiment. The independent variables were (a) variability of practice 
, 

(two levels) , (b) no visual feedback or KR" , visual feedback; and 

Knowledge of Results (three treatments). 

(a) Levels: variability of practice 

The purpose of this condition was to evaluate possible advantage of 

a learning procedure which allows the subject to at tempt matches of 

several pitches located either side of a target pitch without 

attempting trials of the target pitch itself, over the reverse variable 

condition, a procedure in which the subject made trials against the 

single target pitch itself, and no other pitches. 

(b) Treatments: 

(i) no visual feedback, no KR 

These were the two control groups. 

(ii) visual feedback 
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The 'purpose of this condition was to test whether or not additional 

feedback, being a visual representation of the subjects' vocal 

performance (but not of its relationship to the target pitch), would be 

beneficial in matching auditory targets. 

(iii) Knowledge of Results (KR) 

The purpose of this condition was to assess the effect of knowledge 

of the degree of success of the sUbject's tonal approximation to the 

target pitch. This information was also presented visually. 

The experimental design \Vas therefore (Fig. 30):-

Treatment I Treatment II Treatment III 

No-VK VF KR 
No-KR 

Condition Condition Condition 
Level I LV 1 3 5 

Condition Condition Condition 
Level II HV 2 4 6 

Fig. 30. The experimental design 
where 

LV = Low variability of practice or repeated trials of a single 

target pitch. 

HV = High variability of practice or trials of several pitches. 

VF = Visual feedback or the visual representation of pitch (as a 

correlate to auditory space). 

KR = Knowledge of Results (as defined in (iii) above). 
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Groups of subjects were assigned randomly to conditions so that: 

Group 1 (No VF, No KR/LV) had low variability of practice 

only. 

Group 2 (No VF, No KR/HV) had high variability of practice 

only. 

Group 3 (VF/LV) had low variability of practice coupled with 

visual feedback 

Group 4 (VF/HV) had high variability of practice coupled 

with visual feedback. 

,Group 5 (KR/LV) had lmv variability of practice coupled with 

visual feedback and Knowledge of Results. 

Group 6 (KR/HV) had high variability of practice coupled 

with visual feedback and Knowledge of Results. 

The null hypothesis for this experimental situation predicted that 

manipulation of these experimental conditions would not affect accuracy 

of approximation to the target stimulus by p.p.s. subjects, i.e.: 

No VF, No KR/LV = No VF, No KR/HV = VF/LV = VF/HV = KR/LV = KR/HV. 

Before the sixty-seven poor pitch singers \Vere distributed bet\veen 

these six groups the headteachers of the schools were asked to comment 

on the suitability of each child to undertake the experimental 

procedure. In School 2 one child was identified as having sho"m 

abnormal behaviour, i. e. being very ",i thdrawn, nervous and unable to 

concentrate for any length of time. As a result of this information a 

small individual test was made with this subject before the main 

procedure began to see if he could understand what he was required to 

do. When confronted by the experimental apparatus he became very 

nervous, using rather agitated speech and continually looking around 
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the room. It was therefore decided to exclude this particular subject 

from the experiment. 

The remaining sixty-six were then randomly assigned among the six 

numerically equal groups (eleven per group) ensuring that wherever 

possible, each group contained the same proportions of boy:girl p.p.s., 

and same proportions of disability types [a] and [b], (see Table 3), 

i. e. , 

boy girl = 8 3 or 7 4 

p.p.s. [a] p.p.s. [b] = 8 3 or 7 4 

(The discrepancy in the unequal distribution of both girls/boys and 

p.p.s [a]/p.p.s [b] was a result of their unequal numbers, i.e. 46 boys 

and 20 girls, being 43 p.p.s. [a] and 23 p.p.s [b].) 

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 

m f m f m , f I m f m f m f 

p.p.s. 5 3 5 3 4 3 4 3 5 2 5 1 
, a ' 

p.p.s. 3 0 3 0 3 1 3 1 3 1 3 2 
'bY 

Table 3: Dist ri butlon of sample \-li thi n each treatment condition 
by sex and level of disability 

Each subject undertook thirty learning trials followed by ten test 

trials, the details of 'il7hich are given below. 

Procedure 

The sequence of events within the thirty learning trials varied 

with the grouping, being dependent on the availability of Knowledge of 

Results. The sequence of events for the different groups is as 

follows, and is contrasted with the customary sequence of events for 
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learning trials as detailed in the feedback literature by Annett (1969 

p. 40), (see Fig. 31 (i), (ii), (iii).) 

The rationale for the length of the intertrial interval (see Fig. 

31 (ii) & (iii)) and its subdivisions is provided by the experimental 

data on feedback reviewed in Chapter 2. This data suggests that the 

critical element within the standard sequence of events occurring 

within a learning trial is the post-KR delay interval, and that the 

optimum length of time for this interval is about 5/6 seconds (e.g. 

Weinberg et aI, 1964 p. 98; Jones 1968 p. 91) • This length of interval 

allows sufficient time for information regarding the accuracy of the 

response to be processed, but not so long that this outcome information 

decays before the onset of the next ·trial. 

In the present experiment the design allO\"ed for a four second (4 

sec.) pitch stimulus followed by a six second (6 sec.) interval during 

which the subject attempted to make an imitative response. If it is 

assumed that the response began no earlier than approximately 0.5 sec. 

after the stimulus had ceased, (Scf>..111idt 1975 [aJ p. 137), then the 

subject had up to 5.5 seconds in '''hich to respond. The length of the 

response within this 6 second interval would not be significant 

provided that it was sufficiently long to allow the subject time to 

make any adjustment deemed necessary, either through the application of 

KR or, (in the absence of KR), subjective reinforcement. (In the 

actual experiment the test responses were timed by an Apple II 

microcomputer and ranged from .5 to 4 sec. with a mean around 1.5 sec.) 

As can be seen from Fig. 31 (iii), for the visual feedback and KR 

groups there was no KR delay interval or post-KR delay interval 

following the response. This was because the method of providing the 
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.. 

post KR 
delay 

II \A I 
KR1 

Fig. 31(i). Customary sequence of events occurring within a learning . 
!rial. ( Annett, 1969 p.lio.) 

I 
I 

'4 . I 6 sec. 14 sec~ •• ", ___ ...;;...~..;;...;. __ .... I 

I C I 
I f I 
I I 
l 
I, I 
I intertl'ial interval • 
" ~I 
<~------~----------------~~ 

1 ___ 

.Fig. 31 (i.). Sequence of events occurring 'vi thin a learning trial in the 
present-experiment for the No-V}', No-KR groups ( i and 2T. 

, intertfial interval 
.( I 

: 4 sec. I 6 sec .. 
.< "t" 

S1 R1 

,.,' 
f 

I 
~I 

\ / 
VF 

or VF + KR 

S2 R2 

\ / 
VF 

or VF + KR 

Fig. 31 (iii) .. Sequence of events occurring \Vi thin a learning trial in the 
,present experimentlfor both visual feedback v~ and 
Knowledge of Results KR groups, 3 &: 4; 5 & respectively). 

198 



visual feedback and KR was virtually instantaneous wi th the onset of 

the vocalised pitch, (through the coupling of a laryngograph wi th an 

oscilloscope). Thus the subjects in the KR groups (5 & 6) had an 

instantaneous visual correlate of any pitch error, i.e. pitch 

difference between the stimulus and their vocalised response. 

Nevertheless, the optimum length of the post-KR delay interval (5/6 

sec. ), as suggested in the feedback literature, was incorporated into 

the present experimental design in case an interval of this length was 

significant wi th regard to the optimum amount of time required by the 

brain to process error information. 

The pitch stimuli for all groups were recorded onto a stimulus tape 

and relayed to the subjects via earphones from a cassette tape 

recorder. The stimuli were generated on an Apple II ALF music 

synthesizer (10-5-16) with 'A' standardised at 440 Hz. They were first 

stored on floppy disk, and then transferred to three cassette tapes, 

one each for the High and Low Variability groups, and one for the test 

trials of both. 

The LV (Low Variability) groups 1,3,5 had thirty learning trials, 

in three blocks of ten, of a single pitch stimulus f 

~= .. ~ 

Each trial lasted ten seconds, and during the trial the stimulus 

note was presented for 4 sec. followed by a 6 sec. interval in which 

the subject attempted an imitative vocal pitch response. There was a 

one minute interval between blocks. Group 3 (VF/LV) were given visual 

feedback of their sung responses via an oscilloscope coupled to a 

laryngograph, and Group 5 (KR/LV) were given similar visual feedback 
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but in addition had' a visual target, i.e. a red line, on the screen, 

(see Fig. 32a). 

The HV (High Variability) groups 2,4,6 also had thirty learning 

trials in three blocks of ten, of six (6) pi tches, none of which was 

closer than (+) a major third of the target pitch f. lbe choice of 

these six pi tches arose from the direct transfer of the Williams and 

Rodney (1978) experimental design to a musical situation but with the 

constraints imposed by the literature on children's vocal range. 

In the experiment conducted by Williams and Rodney (1978 p. 27), a 

20 em. drill condition was contrasted to a random series of over- and 

undershoot locations, avoiding any movement s wi thin + 4 cm. from the 

target. In the present experiment., however, it was not possible to 

construct an experimental situation that was exactly comparable to 

these slide movements because of the limitations imposed by the vocal 

range of the subjects, i.e., 

if 1 semitone represented 1 cm, and the 'target only' groups had a 

pitch target of f, ~ then the pitch equivalent of the 

Williams and Rodney 'High Variability' group woul~~ have had to 

match vocally pitches in the D to II' ~ Tllis range g . 
pitch range can be compared to the reported 'comfortable' vocal 

range of the majority of Primary School children (up to age 11+) of 

A-c' ~(WelCh 1978 p. 97). 

Therefore, the subjects in the HV groups needed to have this high 

variability within a comfortable vocal range. This was done by first 

replicating the minimum distance a~'7ay from the target location (+ 4 

em.), i.e. by having no pitch locations within + 4 semitones of the f 

target - dl> and a ~ b¥ . Then, working outwards by step away 

200 



from these pitches for a further 3 semitones, the 'comfortable' limits 

of the child's vocal range are approached, i.e. Bb and c'. 

ij-ff--t.-_~J = r --~ -b-c:J -- - -

The insertion of the intervening tones produced a series of six tones, 

none of which was within a major third (+ 4 semitones) of the target 

pitch, and ranging up to a perfect 5th on either side. 

These six tones for the HV groups 2,4,6 were therefore:-

(target pitch f) 

') 

i j /' = .L - t---- .= ~ 1{ "'\ 6l 
= _\.. ~/ ± W-fa~ 

t. 
tIt 

.-- ---.. --\ 
G;j 

! 

a b c' 

These tones appear to be the nearest approximation to the 

conditions for lVilliams and Rodney HV group allowing for the 

constraints of vocal pitch range-

The six tones were then randomised over the thirty learning trials, 

each tone appearing five times, by first numbering the designated 

pitches 1 to 6, and then fixing their sequence by reference to a RAt'ID 

corporation random number table, (see Fig. 33). 

Each of the three HV treatment groups had the above sequence of 

pitches, but in addition, Group 4 (VF/HV) had visual feedback provided 

by the oscilloscope, and Group 6 (K.J'l/HV) had six coloured lines drm,m 

on the screen to represent the six pi tches. (A matrix of the pi tch 

stimuli for each of the six groups is given in Fig. 34 below.) 
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LV 

Fig. 32 (i). Visual target for KR!LV group 5. (actual size) 

.,,~---------

HV 

Fig. 32 (it'). Visual target for KR/HV group 6. , 202 
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Treatment I Treatment II Treatment III 
No visual feedback Visual feedback Knowledge of 

No Knowledge of Results Results 

Level I Group 1 Group 3 Group 5 
No-VF, No-KR VF KR 

Low Variability si ngle targe t single target si ngle targe t 
pitch pitch pitch 
(f) (f) (f) 

Level II Group 2 Group 4 Group 6 
No-VF, No-KR VF KR 

High Variability six target six target six target 
pitches pitches pitches 

(Bb, B~) d~, 
a, b, c') 

(B~, Bq, db, 
a, b, c') 

(Bb, Bq, d/7, 
a, b, c') 

Fig. 34. The pitch stimuli for each of the six learning condjtions 

The visual targets for both the KR groups are given 011 p,202. Group 5 

"(LV) had a single target line (Fig. 32 (i» and group 6 (HV) had six 

target lines (Fig. 32 (ii». 

After the thirty learning trials both HV groups (2,4,6) and LV 

groups (1,3,5) had a further ten test trials on the target pitch f (350 

Hz) with no visual feedback or KR available. Responses were recorded 

on cassette via the laryngograph for subsequent evaluation of error 

scores, (see below). 

The apparatus used in the experiment consisted ofa stereo AKAI 

cassette recorder w"hich presented the stimulus tones via earphones to 

the subjects. Each subject was also crmnected to an 

electro-laryngograph which provided visual feedback for both the VF and 

KR groups (3 & 4, 5 & 6) via a TRIO dual-trace oscilloscope (model 

CS-1566A). For the No-VF, No-KR groups the oscilloscope was switched 

off, but the subjects remained connected to the laryngograph. 
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Plate 1. The experimental apparatus, showing the two cassette 

recorders, the oscilloscope, and the electrolaryngograph • 

. "v";:,"::'>0."h" i-;+\/,'F 'c<', :'",: 
" y . , 

"" "" _, -v, ,; , ~ 

Plat e 2. Subject vocal ising and watching the sound appear as 

an Fx trace on the oscilloscope screen. 
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The electro-laryngograph operated on the basis of a constant 

voltage monitoring of trans1aryngea1 electrical conductance (MacCurtain 

and Fourcin 1981 p. 51). Gold-plated guarding electrodes were placed 

on either side of the thyroid cartilage. On the one side of the 

thyroid cartilage a constant voltage was applied at a frequency of 3 

MHz whilts on the opposing side an identical electrode arrangement was 

connected to a low impedence current detecting circuit. A wave form 

was displayed on an oscilloscope which was the result of the current 

flowing laterally through the laryngeal assembly, (Fourcin and Abberton 

1972 p. 165). This wave form has been termed Lx and in normal voicing 

is in three distinct parts, (see Fig. 35). 

L 
x 

t 
t. 
f 
I , 

1 2 3 

Fig. 35. Schematic representation of the Lx waveform~ 
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Firs'tly, there is the relatively sharp rise produced by the rapid 

closi ng of the vocal folds (1); secondly, there is the more gradual 

fall associated with the parting of the folds due to an increase in the 

sub-glottic pressure (2); and finally (3) there is the flatter base to 

the waveform which corresponds to the interval during which the glottis 

is open and the vocal folds are out of contact (Fourcin and Abberton 

op.cit. p. 167). Plate 3 (a.b.c.d.) shows four photographs of 20 msec. 

segments taken from an LX display of the experimenter singing four 

notes three octaves apart, from Low Bass EE (83 Hz) ~ !i: j:- to 

I@ ~ Soprano e' (660 Hz) 

The shape of the waveform is primarily determined by the contact 

between the vocal folds. Increased soft tissue contact produces 

increased current flows, and therefore a larger waveform. 

Of particular relevance to the present experimental procedure was 

the other function of the electro-laryngograph, which enables the 

frequency of vibration of the vocal folds to be displayed as a pi tch 

trace, (usually shown on a second oscilloscope placed next to the 

first). The regular vocal fold closure produces a definite vocal pitch 

(termed Fx) which is based on the frequencies generated in the vocal 

tract. by the excitation of the vocal folds, (Fourcin and Fry 1979 

p. 491). This Fx trace was used in the present experiment to provide 

visual feedback of the sung response.* Below, Plate 4 shows the Fx 

* As the visual feedback was provided on a dual-trace oscilloscope 

the Fx display was on channel 1 and used throughout the thirty 

learning trials for the VF and KR groups (3,4, and 5,6), and the Lx 

display was on channel 2 but not utilised during this experiment. 
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o 
1..0 

Plate 3 (previous page) 

a b 

c c 

(a) Lx waveform of experimenter singing at 83Hz. (Photographs show 

20 msec. of sung pitch). Each wave form represents one closure of 

the vocal folds. 

(b) Lx waveform of experimenter singing at 165Hz; (a rise of an octave in 

pitch from the previous photograph shows twice as many vibrations per 

20 msec.) 

(c) Lx waveform of experimenter singing at 330Hz. 

(d) Lx waveform of experimenter singing at 660Hz; (in falsetto register). 



display of the phrase 'Good morning, everybody' spoken by the 

experimenter. The photograph shows 4 seconds of the Fx with the three 

words being the continuous line in the middle. 

The electro-laryngograph, therefore, is capable of displaying on an 

oscilloscope the Fx (vocal pitch) generated from the Lx (vocal fold 

activity). The primary use for the Lx display has been in the 

diagnosis of speech disorders, i. e. \.,hether or not these are caused by 

dysfunction in the movement of the vocal folds; and the primary use for 

the Fx display has been "in the training of deaf children to produce 

more socially acceptable speech. This is usually done by imitation of 

patterns fixed to the screen. The deaf children are then able to see 

their own utterances against this pitch model, (King and Parker 1980 

p. 184). 

In the present experiment all the subjects w"ere connected to the 

electro-laryngograph in order to (i) record their sung responses during 

the final ten test trials," (ii) ensure that all subjects underwent the 

same physical sensations of singing with electrodes placed on the neck, 

and (iii) give those subjects in the visual feedback and KR groups a 

visual correlate of their vocal response (Fx) to the pitch stimuli. 

All the subjects 1;07ere seated facing the oscilloscope screen at 

25-30 cm. distance with their eyes at a 90° angle. The electrodes were 

found to give a good signal if placed on the neck with the subject's 

chin down. With three subjects some initial difficulty was experienced 

as they appeared to have had relatively short necks and several 

attempts were necessary before the best electrode position could be 

founq. 
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Plate 4: 

211 



The . subjects' sung responses over the final ten test trials were 

recorded on a PHILLIPS cassette tape recorder (Model N2225) via the 

laryngograph. 

Accuracy of response was analysed and measured by processing the 

recorded responses through an Apple II 48K disk-driven microcomputer 

linked up to an RNID speech processor with TV display. * This gave a 3 

octave display combined with a 3 sec. timebase. Each response was put 

on the screen, and a cursor linked to a hand control was moved along 

the response trace to record the range of frequencies. Auditory 

feedback to the experimenter was also provided via the speaker in the 

cassette recorder so it was possible to judge aurally at which point 

the response stabilised and the succeeding second (approximately) ,.,as 

sampled along its length to record the range of frequencie s exhi bi ted. 

Where a shorter response than a second was exhibited the whole response 

was monitored but with the initial transients and final decay 

discounted. The example give helm., is a computer printout showing the 

method of revealing the frequency range during the sung response. This 

example (from subject 6, test trial 6) contains four par~s, sampling at 

1183 ms, 1218 ms, 1253 ms, and 1371 ms through the response (Fig. 36 

These give readings of 354 Hz, 351 Hz, 346 Hz, and 355 Hz 

respectively. The response is shown as the heavier erratic horizontal 

line, and the movement of the cursor along the response is shown by 

vertical lines. 

* The assistance of Mr. Richard Wright of the Royal National 

Institute for the Deaf (RNID) with this evaluation procedure is 

gratefully acknowledged. 
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Fig. 36 (a,b,c,d.): Co-:nputer print-outs showing an example 

(at four points) of how the frequency range of a vocal response 

was sampled. 

(The response 1S indicated by the erratic horizontal line, and 

the sampling cursor by the vertical lines.) 
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Each of the ten test trial responses was measured for each subject 

making a total of 66 x 10 = 660 response ratings. With the exception 

of two subjects whose pi tch responses were unstable, subjects were very 

consistent and produced stable responses at approximately the same 

pitch for all of their ten test trials. In these cases it was 

therefore relatively easy to sample the responses, but for the former 

two subjects a judgement had to be made of the most stable part of the 

response and the frequency range was then examined at that part. The 

results of this evaluation for all subjects are given in the Appendix 

(1). Once the frequency data for each response were known it was then 

possible to work out the mean frequency of the response and from this 

generate an error score being the difference between the mean 

frequency of the response and the target frequency (f = 350 Hz). 

For example, subject 6, response 6:-

frequency range = 346-356 Hz 

mean frequency = 351 Hz 

error score = + 1 c.p.s. (i.e. 351 Hz minus 350 Hz)* 

The ten error scores for the test trials were then totalled and the 

mean error score for that subject generated from these. Then, because 

pitch ·is a logarithmic scale, and distances above and below a target 
. 
pitch cannot be meaningfully compared in terms of Hz, it was necessary 

to transform these mean errors from Hz to fractions of a musical scale 

(cents) using another computer programme. So each mean error score in 

* Error scores rather than raw scores were necessary because subjects 

could be either above (sharp) or below (flat) the target pitch, and 

any computation which aggregated raw scores could give a false 

reading of vocal pitch accuracy somewhere in between. 
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Hz was transformed 'to cents (1 cent = 1/100 of a semi tone) • Finally 

the mean error scores for each treatment group were calculated (see 

Table 4; also Appendix 1) in order to allow an analysis of variance to 

be computed. 

Decision 

The null hypothesis of the experiment contained three elements: 

(i) that the two levels of Low Variability and High Variability 

of practice in the thirty learning trials would have no 

effect on the performances of subjects on the ten 

post -training trials, i. e· that mean pi tch errors between 

attempted approximations and the f target of subjects in 

-groups 1, 3 and 5 (Low Variability) 'vould not be found to 

differ from those of groups 2, 4 and 6 (High Variability); 

(ii) that provision of visual feedback and/or Knowledge of Results 

during learning trials would have no effect on levels of 

performance on post-training trials, i.e. that performances 

of subjects in groups 3 and 4 (visual feedback) would not 

differ significantly from those of groups 5 and 6 (visual 

feedback + Knowledge of Results) and that neither of them 

would differ from those of the control conditions of groups 1 

and 2 (No-VF, No-KR). 

(iii) that there would be no interaction between levels of 

variability of practice and types of treatment, i.e. no 

differences would be observed betT..veen any two single groups 

of subjects, nor between anyone single group and the 

remaining five. 
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. 
A statistical decision as to whether obtained data Supported the 

null hypothesis, or caused it to be rejected,. would thus depend on 

appraisal of the differences between group means via the betw'een groups 

and within groups variance (the F ratio). The most appropriate 

statistical procedure would thus be a levels x treatments (2 x 3) 

Analysis of Variance, (Bruning and Kintz, 1968). 

7.2 RESULTS 

7.2.1 Observations 

Most of the children found no difficulty in producing a tone of 

steady pitch on both the learning and test trials- A few showed signs 

of vocal strain at various times during the training/testing procedures 

and these children were instructed to be more gentle. This was 

important as the strain often produced the bi -product of loss of Fx 

signal due to stretching of the neck and raising of the laryngeal 

assembly which meant a loss of good contact with the electrodes. 

The amount of time spent by each child taking part in the 

experimental procedure varied between twenty to twenty-five minutes 

depending on (a) the amount of familiarisation that was deemed 

necessary to put the children at their ease, and (b) the ease with 

. 
which it was possible to find the correct neck placement of the 

laryngograph electrodes- Placement was sometimes difficult because 

some children had very small necks, whilst others had a higher 

laryngeal posi tion (up under the jaw) when they began sustained sound 

than when at rest. Once a strong signal was being generated on the 

oscilloscope the children were allm17ed a further period of 

familiarisation with the apparatus and most took a keen interest in 
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what was happening, e.g. 'Is it a computer? What's it do? What's that 

funny line?' During this familiarisation period each subject was asked 

questions about themselves, their activites that morning/afternoon, 

favourite television programmes, favourite food, etc. This led on to 

some sound activites, such as counting up to five, the difference 

between saying, 'No, no, no, no, no' (a continuous line), and saying 

'Yes, yes, yes, yes, yes' (a broken line) 'Wh t d d , a soun oes a cow 

make?', 'Can you imitate the sound of a police car?', 'What sound does 

a cat make?' (one child replied 'c for cat'!). These activites 

encouraged the subjects to make sustained sounds and proved to be a 

successful way into the singing activities. A few children did appear 

to be a little nervous at first bu~ this did not seem to affect their 

ability to take part, although they did tend to produce shorter, 

quieter responses than the less-nervous children. The children were 

also asked to speak about anything they wished and watch it appear 

simultaneously as a pattern on the oscilloscope screen. TI1is produced 

the response from one small boy of 'Hello, mum!'. 

After the familiarisation process each subject then ~ad the thirty 

learning trials under the various treatment conditions. Those in the 

visual feedback and KR groups (3, 4, 5, 6) made co~nents such as 'This 

is fun', '00, I did it wrong', 'I tried to make it [the sound] go down 

a bit', and 'I keep getting it wrong'. Several children laughed out 

loud ~lhen they saw their first sung responses. 

It was suggested to each subject that they could respond to the 

or Sl'ngl'ng to '00' or 'ah'. Most pitch stimulus ei ther by humming, 

subjects seemed to prefer to hum, perhaps because this gave them a 

physical sensation (due to bone conduction) that ~yas similar to that 
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produced' by the stimulus tone on the headphones. Comments were made 

such as, 'Mm is easier'. 

Each subject was told by the experimenter 'I am going to play you 

some sounds which I want you to copy. First listen to the sound and, 

when it has finished, I want you to copy it. When you hear the next 

sound, stop singing, listen again, and then copy that sound'. The 

subjects were also shown a visual plan of how they were to respond, i.e. 

Listen SING Listen SING Listen 

The subjects in the HV group who had KR provided (group 6) were 

also shown a sequence of thirty coloured cards both before and during 

the training procedure. This sequence was made up of six colours which 

corresponded to the six coloured target lines on the screen (see 

previous Fig. 32 (b)) • The purpose of this was to help the child 

discriminate easily which coloured line was the target on that trial. 

Before the training began the subjects had to name each coloured card 

and point to the corresponding line on the oscilloscope screen· This 

was done in order to ensure that no child who was colour blind took 

part in the experiment. But for any subjects who might have had some 

. 
selective colour perception difficulty not detected by this method, 

additional information to the subject was provided by numbering each 

colour both on the cards and on the screen· 

The use of small headphones allowed the KR subjects to receive some 

additional KR from the experimenter over the first few learning trials, 

such as, 'You were a little below the yellow line,' or 'Did your sound 
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line match the red line?' or 'Try to make a line which is exactly 

behind the blue line.' 

It was found 

(groups 2, 4, 

that over 

6) showed 

the learning trials all the HV subjects 

flexibility in voice pitch responses, 

(regardless of the degree of their initial singing disability). It was 

interesting to note that only one subject in group 6 managed to respond 

accurately over the complete range of the six target pitches (a 9th) 

and even he was not accurate on every response. Nevertheless, even if 

they were still inaccurate, their voices generally moved in the right 

direction,of the pitch stimulus and this appeared to be most marked for 

the KR/HV group (6) who l;.;rere receiving the greatest outcome information 

out of the three HV groups. 

(It was necessary to interrupt the test trials on only one 

occasion, and this was when one boy who was obviously working his 

tongue too hard dislodged one of his teeth which shot across the 

table. The resultant loss of tone and attention necessitated a quick 

mouthwash before the test trials could be recommenced~) 

Analysis of data 

From the foregoing, it will be seen that the data resulting from 

the experiment comprised six populations of error scores, one for each 

of the six experimental groups. The error scores represented the mean 

pitch deviation in cents of the ten test trials for each subject within 

that group (see Table 4). 
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Treatment I Treatment II Treatment III 
No-VF, No-KR VF KR 

Group 1 Group 3 Group 5 
495 526 351 34 317 24 
395 32 6 301 59 39 

Level I LV 326 52 11 810 38 39 
494 339 4 61 58 18 
125 111 349 35 25 42 

607 60 2 

Group 2 Group 4 Group 6 

Level II HV 

299 11 37 470 7 
3 68 50 6 15 
7 10 347 120 6 
7 111 632 12 116 

720 44 706 302 104 
16 438 

Table 4: Mean error scores for each subject 
within each treatment group (cents). 

where LV = Low Variability 
HV = lligh Variability 
VF = Visual feedback 
KR = Knmvledge of Results 

107 
11 
29 
18 

4 
8 

Since the direction of the error, above or below the pitch of the 

target, was not a concern. of the experiment, the error scores of a 

group could be regarded as a distribution of scores about the group 

mean and comparison of the performances on the test trials of the six 

groups could then be undertaken by normal parametric means. 

Accordingly, the data was first subjected to an Analysis of 

Variance (treatment by levels). The results of this analysis are shown 

in Table 5. 

Source SS df ms F p 

Total 3023091.7 65 
levels (LV/HV) 27368.6 1 27368.6 0.72 n·s· 

treatments 459824.4 2 229912.2 6.04 p<.005 

treatments x 251165 2 125582.5 3.3 p<.l 

levels 
Error 2284733.7 60 38078.9 

Table 5: Analysis of variance: treatments x levels data 
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· 
The' above analysis reveals a significant difference for the 

treatments (i.e. between groups 1/2, 3/4, 5/~) of p<. 005, but no 

significant difference for the levels (i.e. between groups 1/3/5 and 

2/4/6) or for the interaction between treatments and levels (p<:.l). 

In view of the significant values of F found in this analysis, 

interest now centred on the location of the differences, i.e. between 

which experimental groups/conditions they occurred. Follow' up analysis 

by a series of t-Tests was therefore carried out. The results of these 

are shown in Tables 6 and 7. 

Groups 1/2 

Groups 3/4 

Groups 5/6 

Treatment I 

Groups 1 & 2 
No-VF, No-KR 

(M=218.1) 

t = 15.6 

t = 168.7* 

Treatment II 

Groups 3 & 4 
VF 

(M=233.7) 

t = 184.3* 

Treatment III 

Groups 5 & 6 
KR 

(M=49.4) 

*=significant at p«.05 level 

Table 6: t - Tests for differences among treatments 
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Group 1 

Group 1 
(M=318.4) 

Group 2 
(M=117.8) 

Group 3 t=134.6 t= 66 

Group 6 t=279.8** t=79.2 

Group 3 
(M=183.8) 

t=145.2 

Group 4 
(M=283.S) 

t=245*';: 

Group 5 
(M=60.1 ) 

Group 6 
01=38.6) 

*= significant at p<.02 level 
**=significant at p«.Ol level 

Table 7: t - Tests for differences among the six group means 

Table 6 reveals no significant difference between groups 1/2 and 3/4, 

but significant differences for both 1/2 and 3/4 against groups 5/6 (p< 

.05) • Thus the two KR groups (5 and 6) were significantly more 

accurate over the final ten test trials (where KR was not available) 

than the other four groups who had had no KR in their 1earni ng 

conditions. 

Table 7 further reveals that there were significant differences 

between the two control groups who had neither visual feedback nor KR 

(i.e. groups 1 and 2) at the p< .02 level; and also bet;·'een group 1 

(No-VF, No-KR/LV) and the two KR groups 5 and 6 (p < .01). Group 4 
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(VF/HV) was also significantly different at the p~.Ol level from both 

KR groups 5/6. 

Finally, the data was subjected to t-Tests for differences between 

two independent means to ascertain any sex differences over the final 

ten trials, as well as any differences between the two categories of 

disability (i.e. bet\veen p.p.s 'a'/p.p.s. 'b'). Results show that 

there was no significant difference between the means for boys (N=46, 

M=176.1) and girls (N=20, M=146.5) where t=. 0087. But the means for 

the two pop.s. groups were significantly different, i.e. p.p.s. 'a' 

(N=43, M=120) and p.p.s. 'b' (N=23, M=255.3) significant at p<.02 

(t=2.6) level. That is, in general, the p.p.s. 'a' subjects were more 

accurate over test trials than the p.p.s. 'b' subjects. A further 

t-Test, however, on the within subject scores for the p.p.s. 'b' 

subjects revealed that those children who had received KR (groups 5/6) 

were significantly more accurate over the final ten test trials than 

the p.p.s. 'b' subjects in the other treatment groups (sig. diff p< 

• 001, where p.p.s. fb' groups 1-4 mean = 42.2~ . 

p.p.s. 'b' groups 5-6 mean = 392.3Serror in cents, t=4.42). 

In more gross musical terms, those children who began the training 

yrocedures with the greatest degree of disability produced mean errors 

of less than a quartertone after learning trials with KR, and mean 

errors of approximately four semi tones after learning trials without KR. 

The greatest individual mean errors were shown by subjects 33 and 

44 (both boys). Over the final ten test trials subjec t 33 was 720 

cents below the f target (flat), and subject 44 was 810 cents above 
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(sharp). These errors can be represented on a musical staff as follows 

(see Table 8). 

rJ 
/1 

f 

( ~ ~\ 

'= '7 -
-

tJ 
~-

Subject 33 
Mean error 

(Treatment condition) 
2 

~ -

target pitch 

~ 
Subject 44 
Mean error 

(Treatment condition) 
3 

Table 8: Largest individual Pitch errors over final ten test trials 

7.3 DISCUSSION 

General 

An analysis of the above data suggests that the null hypothesis (as 

postulated in 7.1.3) be rejected because of the significant differences 

between the treatment groups. Those groups who were given extrinsic 

feedback in the form of Knowledge of Results were the most accurate at 

matching the f (350 Hz) pitch target on the final ten trials. The 

effect of KR on the degree of vocal pitch accuracy is reflected in the 

above results regardless of the sex of the subjects or the level of 

their disability. In fact, there is evidence to show that the KR was 

most effective with those children who exhibited originally the 

greatest disability, i.e. those children designated as p.p.s. 'b'. The 

difference between the scores of the p.p.s. 'b' children in the KR 

groups and those in the no-KR groups achieved a p<. 001 level of 

significance, compared with an overall KR sig. difference of p~.05. 
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It should also b~ noted that the final mean errors in cents for the 

experimental subjects sho"., that many children were extremely close to 

the target pitch over the test trials, with almost half being \Vithin a 

quartertone. This would seem to suggest that children who are 

out-of-tune when singing normal examples of song material (containing 

both a variety of pi tches and \:ords) can becomE' much more accurate when 

the task is confined solely to the area of (simple) pitch production, 

e.g. single pitches. It may ...vell be that the hemispheric 

differentiation between the processing of melodic and language inputs 

(detailed in Chapter 4) is not sufficiently co-ordinated in the p. p. s. 

child so that accurate singing of both words and melody becomes 

problematic. This hypothesis that the complexity of the task of 

singing both words and pitches presents a problem for some children is 

supported by the empirical data of the VF/HV group (4). This group of 

children ... .,ere presented ,.yith visual feedback of their sung responses to 

six different pitches. Tney were given no information as to the 

accuracy of their responses, and in fact the visual feedback without KR 

seemed to be counterproductive.* Several children in this group 

appeared to be so dominated by the sight of the visual reproduction of 

their sounds that they appeared to ignore the variety of the stimuli 

and instead they concentrated on fixing their responses within a 

particular area of the screen, i.e. regardless of the pitches that they 

* This is contrary to the findings of Adams, Goetz, and Marshall 

(1972, p. 394) who report that subjec ts produced the most accurate 

movement responses ... .;hen feedback was augmented (i.e. by the 

addition of visual feedback) • (In their experiment, hm.,ever, 

visual feedback was not separated from Kno"vledge of Results.) 
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were hearing. It is interesting to note that the group \-1ho had no 

visual feedback (or KR) but did have a high variability of practice 

(group 2) were significantly more accurate (p <:.02) than group 1 

(no-KR, no-VF and low variability), and just failing significance (at 

the p<.l level) with the visual feedback group (4). The failure of 

the levels (high vs. low variability) to reach significance appears to 

be largely due to the difficulties experienced by the group 4 children 

(VF/HV) in making sense of the variety of pitch stimuli without having 

had accurate outcome information. Both groups 2 and 6 shm-1ed that a 

variety of pitch stimuli were no worse for the training of p.p.s. 

subjects than the traditional drill condition on a single pitch, (and 

in many cases appeared better). It .may well be that a different set of 

pitch stimuli for the HV group would have produced different effects 

and perhaps the difficulty the subjects had in matching the pi tches 

over a 9th from Bp to c' implies that a smaller range might have been 

more conducive to vocal accuracy and efficient schemata. Nevertheless, 

the results show that Knowledge of Results (vlhen present) appears to 

outweigh variability of practice at least in the preseLt experimental 

situation. It is also noted that in accordance with the findings 

reported in the feedback literature, subjects w'ho received no-KR Here 

-less accurate than KR subjects but nevertheless were very consistent, 

(similar findings have been reported by Bilodeau, Bilodeau, and 

Schumsky 1959 p. 144; and Newell 1974 p. 238). This finding supports 

the hypothesis that the error labelling schema is reliant on an 

external rating of performance (KR) if errors are to be reduced. 

Otherwise, in the absence of KR, the subject imposes his o\-1n definition 
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of his error (as subjective reinforcement) \vhich allO\ols him to become 

more and more consistent. 

It would seem therefore, that without accurate outcome information , 

the poor pitch singer \\1ill remain out-of-tune. 

The results and the £ChiL~:1a theory 

The above data is generally supportive of the several hypotheses 

contained within the schema theory for learning to sing in-tune. 

Firstly, the theory proposes that the recall and recognition 

schemata, being twin" facets of the motor response schema, are the 

psychological mechanism responsi"ble for in-tune singing. As such, both 

rely on the relationship between a variety of inputs for their 

formation, and that without anyone of these inputs the schema 

generation will be deficient compared to when they are all present. 

Of particular interest to the present investigation was the testing 

of two of these schema inputs, i. e. 'the sensory consequences of the 

motor action', and 'the outcome of the movement'. 

The sensory consequences of the motor action are hypothesised as 

being based on the difference between actual and expected feedbac.k. 

The outcome of the movement is therefore a rating of performance 

derived from these sensory consequences, being a product of the 

subjective evaluation of the accuracy of the response and KR if present. 

It was proposed (see 6.2.2) that the strength of the recognition 

schema should increase as a f unc tion of both KR in initial pr"ac tice and 

the quali ty and amount of feedback received on each trial, (labelled 

subsidiary hypothesis, no. 1 = [Sl]. Previous research indicated that 

subjects who had received sufficient KR on learning trials either 
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maintained performance or deteriorated less when KR was tvi thdrawn. In 

the present experiment the data is fully in agreement with this 

hypothesis. The subjects in groups 5 and 6 who received KR on learning 

trials maintained accuracy of performance once KR was withdrawn 

compared with the no-KR groups (1-4). 

It was further proposed [S3] that vision is weighted more than 

proprioception in the recogni tion schema. This supposition, hov;fever, 

was not supported by the present experimental data without some 

qualification. The subjects who were given visual feedback of their 

responses on learning trials were not more accurate on the test trials 

than those who had received no vi sual feed back. It was only when KR 

was added to the visual feedback that the subjects became more pitch 

accurate. In the case of the high variability visual feedback grOl1p 

(4) many of the subjects performed less well than those high 

variability subjects \vho only had auditory feedback (2). Therefore, 

vision only appears to be weighted more than proprioception if it is 

used as a means of providing Knowledge of Results. Visual feedback 

alone do~s not seem to be sufficient to allO\v out-of-tune subjects to 

become pitch accurate. This is because there is not qualitative rating 

of the outcome of the sung movement from visual feedback alone. This 

Iinding is also in accordance with another subsidiary hypotheses [S4] 

which proposed that, 'the accuracy of the outcome information is 

dependent on the amount and quality of the feedback.' To this one must 

add the proviso, 'as long as the feedback is meaningful. ,* The VF 

* Thus agreeing with the findings of Winther and Thomas (1981) that 

accuracy of error labelling depends on the degree of 

'meaningfulness' of the feedback. 
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subjects did have more feedback than the no-VF subjects but it ~ .. as 

meaningless to them so their error detection schemata could not be 

updated correctly with accurate outcome information. It was the KR 

which gave meaning to the visual feedback. 

Another point of interest concerns those subjects who, despite a 

lack of KR over the thirty lea.rning trials, were nevertheless very 

close to the 'f' pi tch target on the test trials. It can only be 

supposed that although these children were classified by the 

experimenter as poor pitch singers before the commencement of the 

learning trials, the simplicity of the vocal task itself allowed 

greater accuracy. They were out-of-tune on a more complex vocal motor 

task containing '-lords and music prior to the learning trials, yet 

appeared to have brought sufficient vocal experience to this simpler 

task of sustaining a single pitch as to become virtually 'in-tune'. 

For these children it would seem that their motor response schemata may 

have been sufficiently strong to allow them to become pitch accurate 

without KR by the use of their inner error detection mechanism 

'subjective reinforcement'.* 

The case, however, for no learning to take place 'vi thout KR is more 

strongly supported by the comparison of those other subjects \ .. ho began 

the experimental procedure with a more severe disability. For these 

* It may also be seen as evidence of two schemata, i. e. one for 

singing pitches without words, and another for singing pitches with 

words. The former, having few schema inputs, is more developed in 

these relatively accurate p.p.s. subjects, but the more complex 

nature of the latter (pitches and words) means that this schema is 

less \vell developed. It may then be dependent on maturation for 

the common elements of these two schemata to be combined (as 

suggested in ball-throwing tasks by Van Rossum 1980). 
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children the presenCe of KR appeared to be crucial to their abili ty to 

sing in-tune because they outperformed children with a similar 

disability in the no-KR groups and maintained performance even when KR 

was withdrawn (sig. diff. P~.OOl). 

This finding also has particular relevance to the part of the 

schema theory dealing with error labelling. It was postulated that 

error labelling could be in two states, i.e. (a) as a raw sensory 

signal, and (b) this raw signal after it has been labelled and 

converted into a quantifiable form, [S6J. It was further hypothesised 

that, given a visual target, subjects could utilise the raw error 

signal and not have to rely on a memory-induced 'labelled' error signal 

[S7]. Subjects in the present experiment who were able to utilise a 

raw error signal were those in the KR. groups 5 and 6 because the 

presence of visual targets on the oscilloscope screen allowed them to 

reduce their pitch errors to zero. All the other groups would have had 

to rely on 'labelled' errors, (subjective ratinJs as to the accuracy of 

the response), because they would have had to remember the pitch target 

and then compare it to their own response seconds later. The 

significant difference between the scores for the KR. treatment 

condi tion and the other two treatments supports this notion of two 

~rror labelling states. 

Finally, the schema theory proposes that schema strength \"ill 

increase with successive like responses [S8J and the schema will be of 

more use in novel tasks if based on variability of practice rather than 

errorless repeti ti ve practice [S 9] • It is possible to look at these 

last two subsidiary hypotheses together. Virtually all the subjects, 

across treatments, were very consistent over the final ten test trials 
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regardle'ss of ho~~ accurate they were. This suggests that ea.ch chi ld 

had a sufficiently strong motor response schema to enable them to 

produce consi stent vocal pitches. The strength of the schema ta does 

not seem to be the problem for the poor pitch singer but rather it 

appears to be the quality of the schema inputs which determine response 

accuracy. 

This schema quality appears to be better if generated by a variety 

of inputs because group 2 (no-VF, no-KR/HV) were significantly more 

accurate (p~.02) than group I (no-VF, no-KR/LV) on the test pitch If' 

despite the fact that group I subjects had already practised the target 

pitch for thirty trials yet the group 2 subjects had not 

(intentionally) sung within four semitones of it. 

The strength of variability of practice over a drill condition to 

the same target only lessens when KR is present (viz. the similari ty 

between group 5 O~R/LV) and group 6 (KR/HV), although group 6 (HV) was 

marginally more accurate than group 5 (LV». It is not possi ble to 

assess the merits of variability of practice against errorless 

repetitive practice because the very nature of the disability of poor 

pitch singers makes errorless repetitive practice a tautological 

condition. 

But ~1There no quali ti tati ve Kno~vledge of Results can be given to the 

p.p.s. the experimental data suggests that variability of practice on a 

variety of pitches will be more beneficial in generating the sense of 

auditory space which it is suggested is a prerequisite for locating 

vocally anyone particular pitch. 
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7.4 CONCLUSIONS 

The main hypotheses contained within the schema theory of how 

children learn to sing in tune are generally supported by the empirical 

investigation with the following modifications:-

(1) In the absence of KR, variability of practice in learning to 

sing in-tune appears to produce more efficient schemata than 

a drill condition to a single target pitch. 

(2) When KR is present it is a stronger factor in learning than 

variability of practice. 

(3) The provision of vi sual feedback alone does not seem to be 

significant in learning to sing in-tune. 

It is concluded that children who sing out-of-tune can become pitch 

accurate if the learning condition contains both qualitative 

information about pitch error, and sufficient practice for this 

information to be applied, preferably utilising a variety of pitch 

stimuli. 

It would also seem necessary to ensure that poor pitch singers are 

given simple vocal tasks (e.g. without the addition of words) at the 

onset of any remedial learning procedure in order that the 

psychological error detection mechanism be allowed to develop without 

too many parameters being varied at the same time. The poor pi tch 

singer needs certain parameters to be held constant while others are 

varied for the motor response schema to be developed efficiently. 

The theory needs to be subjected to further empirical investigation 

in order that its hypotheses continue to be tested and modified. It is 

hoped that this will lead to a greater understanding of the poor pitch 

singer's disability, so that not only better remedial techniques are 
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devised i but also that singing as an activity is not conducted in such 

a manner as to produce p.p.s. in the first place. 

Finally, it is suggested that the findings conce rning variabili ty 

of practice and Knowledge of Results have a much wider application to 

learning in other areas of human behaviour. 

7.5 EDUCATIONAL IMPLICATIONS OF THE RESEARCH 

1. During the conduct of the learning trials it was noted that many of 

the subjects exhibited undue vocal effort when singing. Several 

previous researchers such as Robinson, Joyner, and Gould have made 

similar observations. This trait was allied to a gene ral poverty 

of voice in normal speech. The psychological and physiological 

links bet\¥een speech and song schemata are such that it may not be 

possible to effect change within one facet of voice production 

without the other also being affected. It may be possi ble to use 

this link to advantage and it is suggested that poor pitch singers 

may be helped in their singing by being taught correct speech 

production. Modulation of the voice in both spe2ch games and 

simple pitch-matching exercises are likely to develop the correct 

balance between air flow and resonance· 

Q. Singing appears to embrace a continuum of ability. Development of 

mastery in the matching of a melody by the voice is seen as a 

gradual process, with reproduction of the general ffip.lodic outline 

being achieved before accurate matching of each of the component 

pitches. The teacher will need to be aware of this continuu3 and 

regard a child who shows evidence of being at the earlier stages of 

it as a client for development, rather than necessarily revealing 
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an irretrievab1e lack of ability in music. In the present 

experiment where no KR was available variability of practice ,~as 

found to be a more favourable learning condi tion than repeated 

trials to a simple standard stimulus. In other words, those 

children who modulated the pitch of their voices rather than 

practised a single pitch were best able to reproduce accurately a 

new pitch. Simple devices such as singing games incorporating this 

principle could readily be developed by the teacher. The theory 

(and consequent empirical evidence) suggests that it need not be 

necessary for vocalisations to be exactly pitch accurate for the 

. 
singing schemata to be developed and extended. 

3. The vocal range evidence suggests that the range of comfortable 

pitches produced by the child increases with maturation throughout 

the Primary School years. Teachers should therefore make allowa~ce 

for these comfortable range limits when choosing their singing 

repertoire. This should not mean that, of necessity, the musical 

choral tradition of this country be overthro1;ffi, but rather that one 

could select pieces from this tradition which reflect the 

children's point on the singing continuum (as outlined in (2) 

above). There seems little point in selecting music which, because 

of its pitch range or key centre, automatically turns singing into 

a minori ty pastime for the most vocally able. The aim of music 

education should be to develop the singing ability of all children, 

so that they all progress along the continuum. The empirical 

research contained within this thesis suggests that progress can be 

made, even with children who exhibit major singing disabilities, if 

sufficient qualitative KR is available. 
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4. Whenever possible it is suggested that each poor pitc~ singer be 

given accurate outcome information (KR) as to the accuracy of their 

vocal responses in singing tasks. This may involve the use of 

verbal labels by the teacher as to the child's accuracy. If so, 

Cobes (1972) has suggested that the most efficacious forJl of ver~~l 

labelling with p.p. s. is to 'shape' their sung responses in t1Y'. 

requi red pi tch di rec tion. That is, the teacher does not labal 

responses as being correct or incorrect, but rather, 'That was 

better (or closer); that was worse (or further away).' Such v.~rbCll 

'shaping' is probably best done in a group rather than "".-ith th2 

whole class because any outcome information based on a class 

response will be determined by the teacher's aural pen:eption of 

the sung group mean rather than the pitch error of any indi vidu~,l 

class member. 

The advantage of 'shaping , as a teaching method is that it 

need not require the child to understand any technical or 

quantitative terminology about the actual size of the pitC:l error. 

Terms such as 'better' and 'worse' are thus seen to be more 

meaningful than 'right /wrong' or 'sharp /flat '. Thus the quali ty of 

the outcome information can be improved and the error labellL-lg 

schemata be made more efficient. 

5. The empirical evaluation of the schema theory of hO';1 children learn 

to sing in-tune supports the general hypotheses contai neu wi thi n 

the theory, i. e. that singing in-tune is subjec t to cogni ti. \-c: 

processing of proprioceptive and exteroceptive 

Out-of-tune singing is seen to be a product of either inadequClLe 

i f ti or inadequate Variety of experience, outcome norma on, or 
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possibly both. 'The fault appears to lie in the control mechanis:J 

of the voice rather than in anyone of its constituent anatomical 

parts. It seems that the schemata of the poor pitch singer are not 

sufficiently strong nor broadly based enough to cope with the 

number of variables contained within a song (of which pitch is only 

one). When these variables are limited (such as in the task of 

singing simple tones) the p.p.s. becomes much more accurate. This 

is borne out by the number of subjects in the present research who, 

although inaccurate during the original screening procedure on the 

reproduction of a melody, did not really exhibit p. p. s. behaviour 

in the experimental situation when required to match single tones. 

It is suggested, therefore, that teachers recognise the central 

importance of the psychological control mechanisms to singing 

in-tune. 
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00 

APPENDIX 

Test Trials (mean range in Hz) 

Subject 1 2 3 4 5 678 9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

245 

346 

235 

348 

291.5 291.5 288.5 

347 348.5 347.5 

293.5 286.5 281 292.5 294.5 

289 285 312.5 296.5 285.5 

349.5 352.5 362.5 352.5 355 

352.5 349.5 352.5 346.5 352.5 

352.5 326 

290 332 

323 

276 

347 

284 

301 

278.5 

351 353 354 352 351.5 

356.5 353.5 340.5 352 346 

349 345.5 341 346.5 351 

360.5 346 351.5 357.5 344 

377 355 349.5 422.5 334 

288 287.5 288 280.5 287.5 

351 

314.5 

350 

354 350.5 338.5 347.5 

283 280 

351.5 344 

241.5 247 242 

341 342.5 348 

397.5 400.5 425 

276 272 

332.5 338 

252 232 

350.5 353.5 

420 423·5 

222.5 

346.5 

291 

280.5 

359.5 

351 

334 

298 

352 

347.5 

3L~8.5 

349.5 

351 

290 

322 

279 

348 

243.5 

348 

IDl.S 

300.5 

349.5 

273.5 

284.5 

354.5 

350 

355.5 

301.5 

349.5 

349 

351.5 

345.5 

347 

287.5 

333.5 

275.5 

365 

24L~. 5 

352 

437 

235 

348 

282 

287.5 

362 

349.5 

355.5 

294.5 

355.5 

347 

348 

355.5 

238 

349.5 

279.5 

293 

361.5 

348.5 

346.5 

285.5 

353 

347 

348 

353 

375.5 326.5 

282 285.5 

347.5 340.5 

258 272 

346 354 

245.5 241 

353.5 350 

430 428 

Mean error over trials Treatmer 

10 frequency Hz cents group 

277 262.4 

348 347.8 

277 285.1 

293.5 290.8 

360 356.9 

353 350.5 

351 339.2 

297.5 293.8 

350.5 352.2 

358.5 349.8 

350 347.9 

352.5 351.5 

376 361.4 

281.5 285.8 

330.5 341.5 

269.5 277.9 

354.5 348.3 

234.5 242.3 

338.5 3lj7.7 

422.5 42].5 

• 

86.7 

1.4 

64.1 

58.5 

7.7 

1.3 

10.0 

55.5 

3.0 

0.5 

1.3 

2.3 

495 

7 

351 

317 

37 

6 

50 

299 

15 

3 

6 

11 

12.2 .59 

63.4 347 

7.7 38 

71.3 395 

0.9 • 4 

106.9 632 

1.5 7 

72.3 326 

1 

6 

3 

5 

4 

3 

4 

2 

6 

2 

6 

3 

5 

4 

5 

1 

3 

4 

2 

1 

It 
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N 
<..J 
\0 

Test Trials (mean range in Hz) 

Subject 1 2 3 4 5 678 

21 

22 

23 

24 

25 

26 

27 

28 

29 

, 30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

253.5 257.5 261.5 261 

336 338.5 339.5 344 

323 337.5 344.5 349 

282.5 282.5 282 289 

341 348 349 351 

258.5 

340.5 

360 

283.5 

350 

266 554.5 541 550.5 585 

343 351 349.5 355 363 

338 

334 

343.5 338 

347 362 

332.5 339 

348.5 351 

273.5 270.5 265 265 241.5 

372 375 365 375.5 373 

243.5 231 230.5 231 228 

357.5 358 349 365 355.5 

343.5 348.5 346.5 358 355 

377.5 397 367 371.5 352 

257.5 254.5 254 256 

364.5 355.5 355.5 361 

356 340.5 361 356 

348.5 348 354.5 355 

256.5 

354.5 

356.5 

351.9 

346 340 346 341.5 337.5 

263.5 

340 

354 

281 

348.5 

555.5 

355 

329.5 

365.5 

276.5 

377.5 

230 

361.5 

353.3 

360.5 

263 

354.5 

360 

345.5 

336 

255.5 

333 

353 

285.5 

351 

581 

356.5 

334.5 

357.5 

271.5 

380 

227.5 

357 

352.5 

364 

258 

363 

362.5 

353.5 

347 

264 

330.5 

350.5 

285.5 

349.5 

546.5 

366 

334.5 

351 

269 

378 

228.5 

358.5 

357.5 

359.5 

258 

357.5 

352 

356 

345.5 

9 

275 

337.5 . 
348 

290 

346 

529 

350.5 

343 

361.5 

258 

367.5 

228 

356.5 

355 

386 

268 

350 

356 

353.5 

345.5 

10 

Mean error over trials Treatme 

frequency Hz cents group 

275 262.5 

338 337.7 

358 347.8 

291.5 285.3 

349.5 348.3 

543 525.2 

353 354.3 

341.5337.4 

363.5 354.1 

271.5 266.2 

371.5 373.5 

225.5 230.4 

356 324.9 

354.5 352.4 

373 370.3 

251 257.6 

355.5 357.1 

357.5 355.8 

349.5 351. 5 

338.5 342.3 

86.7 

11.5 

1.5 

63.9 

0.9 

176.0 

5.0 

11.8 

4.9 

83.0 

24.3 

118.9 

24.3 

3.2 

21.6 

91.6 

7.9 

6.6 

2.3 

6.9 

494 

58 

7 

349 

4 

706 

25 

60 

24 

470 

116 

720 

125 

16 

104 

526 

39 

32 

11 

34 

1 

5 

2 

3 

6 

4 

5 

3 

5 

4 

6 

2 

1 

2 

6 

1 

5 

1 

2 

3 



N 
~ 
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Test Trials (mean range in Hz) 

Subject 1 2 3 . 4 5 6 7 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

333 

358 

295 

349 354 

368.5 354 

294 292 

346 355 

364.5 359.5 

292 295 

532 545 552.5 540 556.5 

364 354.5 380.5 367.5 375.5 

367.5 386 

354.5 355 

373 

362 

351.5 353.5 359 

350.5 353.5 352 

364.5 353 

352 354 

386.5 368 

356 

358 

352 

357.5 

349.5 352 

352.5 349 

357 349 

371 

355 

342 357.5 354.5 351 350.5 

295 306.5 285.5 292 291 

357 349.5 346 352 351 

410 424 447.5 418.5 405.5 

518.5 360 373 369 355 

261 

306 

266.5 262.5 271 

309.5 311.5 349 

271 

326 

358 352.5 350.5 347.5 350 

355 367 368.5 362 356 

352.5 347 

356.5 

292 

566 

376 

366.5 

355 

355 .. 5 

353 

353.5 

355.5 

349.5 

294.5 

354 

418 

350.5 

265.5 

326.5 

339.5 

358 

359.5 

293 

561.5 

380 

372 

360 

358 

346 

350 

350 

349 

294 

352 

438.5 

351.5 

277 

329.5 

342.5 

355.5 

8 9 

363.5 355 

365.5 

293 

586 

369.5 

371 

372.5 

358.5 

350.5 

349 

352 

357.5 

291.5 

349 

434.5 

334 

269 

347 

355 

349.5 

383 

293 

576 

365 

359.5 

365 

360 

351 

'351.5 

352.5 

347.5 

291.5 

350.5 

448 

356 

278.5 

322.5 

358 

352.5 

Mean error over trials Treatme 

10 frequency Hz cents group 

350.5 350.6 

364 363.3 

296 293.5 

563.5 557.6 

411 374.3 

365 371.5 

366 359.8 

360 357.1 

356 351.4 

357 355.1 

351 352.8 

353 351.2 

291.5 293.3 

355 351.6 

404 425.8 

355 372.2 

289 271.1 

347 327.4 

355 350.8 

358 358.2 

1.3 6 

14.1 68 

55.7 301 

208.4 810 

25.1 120 

22.3 107 

10.6 52 

7.9 39 

2.2 11 

5.9 29 

3.8 18 

2.0 10 

55.9 302 

2.4 12 

75.6 339 

23.0 III 

78.1 438 

21.8 III 

1.6 8 

9.0 44 

4 

2 

3 

3 

4 

6 

1 

5 

6 

6 

5 

2 

4 

4 

1 

2 

4 

1 

6 

2 



N 
~ 
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Subject 

61 

62 

63 

64 

65 

66 

1 2 

353 351 

353 351 

244.5 240 

344.5 335 

354.5 348.5 

363 354 

Test Trials (mean range in Hz) Mean error over trials 

3 4 5 6 7 8 9 10 frequency Hz 

370 365.5 372.5 364 355.5 361 357.5 366.5 361.7 12.4 

354 354.5 350.5 352 355.5 350.5 353 355 352.9 3.7 

288.5 229.5 226.5 219 251.5 225 239.5 295.5 245.9 103.3 

344 325 334 355.5 341 335.5 352.5 354.5 342.1 7.1 

349.5 350.5 346.5 339 357 355 356 340 349.6 0.4 

354 360.5 365 358 350.5 355 363 356 357.9 8.7 

Table of mean frequency ranges for each response & mean error over trials 

for the test trials of each subject 

cents 

61 

18 

607 

35 

2 

42 

Treatme 

group ~ 

3 

6 

1 

3 

5 

5 



BIBLIOGRAPHY 

Adams, J.A. (1971) 

'A closed -loop theory of motor learning.' Journal of ~fotor Behavior 

1971. 3. pp 111-150. 

Adams, J.A., Goetz, E.T., and Marshall, P.H. (1972) 

'Response feedback and motor learning.' 

Psychology 1972. 92. (3) pp 291-397. 

Journal of Experimental 

Adams, J.A., Gopher, D., and Lintern, G. (1977) 

'Effects of visual and proprioceptive feedback on motor lea:tni ng. ' 

Journal of Motor Behaviour. 1977. 9. (1) pp 11-22. 

Anderson, T. (1937) 

'Variations in the normal range of children's voices; v:lriations -Ln 

range of tone audition; variations in pitch discrimination.' Ph.D. 

Thesis, Edinburgh. 1937. 

Annett, J. (1969). 

'Feedback and human behaviour.' London, Penguin Books, 1969. 

Baken, R.J. (1971) 

'Neuromuscular spindles in the intrinsic muscles of a hwnan larynx.' 

Folia Phoniat. 1971. 23. pp 204-210. 

Bartlett, F.C. (1932). 

'Remembering: A study in experimental and social psychology.' 

Cambridge, Cambridge University Press, 1932. 

Bekesy, G. von (1932). 

'Zur Theorie des HOrens bei der Schallaugnahme durch Knockenlei tung. ' 

Poggendorff's AnnIs. Phys. Chern. 13. Sere 5. 1932 pp 111-136. 

242 



Bekesy, G. von (1971). 

'The Ear' in 'The Biological Bases of Behaviour,' London, Open 

University Press, 1971, pp 93-105. 

Bentley, A. (1954). 

'Children who sing out of tune.' Music in Education, London, Novello, 
Mar/Apr. 1954 pp 13-14. 

Bentley, A. (1957). 

'Children who sing out of tune.' 

Music in Education, London, Novello, July/Aug. 1957 pp 82-83; Sep./Oct. 

1957 p 116. 

Bentley, A. (1966). 

'Musical Ability in Children and its Measurement.' 

1966. 

Bentley, A. (1968) 

London, Harrap I 

'Monotones. ' Music Education Research Papers No.1, London, Novello) 

1968. 

Berry, R.J., Epstein, R., Fourcin, A.J., Freeman, M., MacCurtain, F., 

Noscoe, N. (1982). 

'An Objective Analysis of Voice Disorder: Part One.' British Journal 

Disorders of Communication. 1982. 17. 1. pp 67-76. 

Bilodeau, E.A., and Bilodeau, I. McD. (1958 [a]). 

'Variable frequency of Knowledge of Results and the learning of a 

simple skill.' Journal of Experimental Psychology, 1958. 55. 4. pp 

379-383. 

Bilodeau, E.A., and Bilodeau, I. McD. (1958 [b]). 

'Variation of temporal intervals among critical events in five studies 

of Knowledge of Results.' Journal of Experimental Psychology, 1958. 

55. 6. pp 603-612. 

243 



Bilodeau, E.A., Bilodeau, I. McD., Schumsky, D.A. (1959). 

'Some effects of introducing and withdrawing Knowledge of Results early 

and late in practice.' Journal of Experimental Psychology, 1959. 58. 

2. pp 142-144. 

Bilodeau, I. McD. (1956) 

'Accuracy of a simple positioning response wi th va riation in the nllillbe r 

of trials by which Knowledge of Results is delayed.' American Journal 

of Psychology, 1956. 69. pp 434-437. 

Bilodeau, I. McD. (1966).· 

'Information feedback.' In: E. A. Bilodeau (Ed.) 'Acquisi tion of 

skill.' New York, Academic Press, 1966. pp 255-296. 

Bilodeau, 1. McD. (1969). 

'Information feedback.' In: E. A. Bilodeau (Ed.) 'Principles of skill 

acquisition.' Ne-.;y York, Academic Press, 1969. pp 255-285. 

Borger, R., and Seaborne, A. E. M. (1966). 

'Psychology of Learning. I London, Penguin Books, 1966. 

Bosma, J. F. (1975). 

'Anatomic and Physiologic Development of the Speech Apparat us. ' In! 

D. B. Tower (Ed.) 'The Nervous System', New' York~ Raven Press, 1975 

pp 489-491. 

Boulter, L. R. (1964) • . 
r Evaluation of mechanisms in delay of Knowledge of Results.' Canadian 

Journal of Psychology. 1964. 18 (4). pp 281-291. 

Bourne, L. E., and Bunderson, C. V. (1963). 

'Effects of delay of informative feedback and length of postfeedback 

interval on concept identification. ' Journal of Experimental 

Psychology, 1963. 65 (1). pp 1-5. 

244 



Bourne, L. E., Dodd, D. H., Guy, D. E., and Justesen, D. R. (1968). 

'Response-contingent intertrial intervals in concept identification.' 

Journal of Experimental Psychology, 1968. 76. pp'60l-608. 

Bourne, L. E., Guy, D. E., and Wadsworth, N. (1967). 

'Verbal-reinforcement combinations and the relative frequency of 

informative feedback in a card-sorting task.' Journal of Experi:::cental 

Psychology, 1967. 73. pp 220-226. 

Bruning, J. L., and Kintz, B. L. (1968). 

'Computational handbook of statistics.' Illinois' Scott, Foresman and 

Co., 1968. 

Bus c h , B. ( 1 980) • 

'Teachi ng the non-singer to sing: a different approach.' Paper to 

ISME Conference, Warsaw, 1980. 

Campbell, E. J. H. (1968). 

'The respi ratory muscles.' Annals New York Academy of Science. 1968. 

155. pp 135-140. 

Carson, L. M.) and Wiegand, R. L. (1979). 

'Motor schema formation and retention in young chl1dren: a test of 

Schmid t ' s schema theory.' Journal of Motor Behavior 1979. 11. 4. 

pp 247-251. 

Champion, R. A., and McBride, D. A. (1962) . 
'Activity during delay of reinforcement in human learning.' Journal of 

Experimental Psychology 1962 63 (6). pp 589-592. 

Cleal1, C. (1970). 

'Voice Production in Choral Technique.' London, Novello, 1970. 

Co be s, C. J. ( 1 9 7 2 ) • 
. ' 'Bull. 'The Conditioning of a Pitch Response using uncertaln slngers. 

Cnl. Res. Mus. Ed., 1972. 30. pp 28-29. 

245 



Craig, J. D. (1980).' 

'A dichotic rhythm task: advantage for the left-handed.' 'Cortex' Vol 

XVIe Dec. 1980. pp 613-620. 

Curry, R. O. L. (1940). 

'Mechanism of the Voice.' London, Churchill, 1940. 

Dejonkere, P. (1982). 

'Some electromyographic data about auditive and proprioceptive 

mechanisms for pitch control in singing.' Proceedings, 2nd Conference 

International Decade of Research in Singing, Rot terdarn. June 1982. 

pp 43-51. 

Denny, M. R., Allard, M., Hall, E., Rokeach, M. (1960). 

'Supplementary report: delay of knowledge of results, knowledge of 

task, and intertrial interval.' Journal of Experimental Psychology. 

1960. 60. 5. p 327. 

Deutsch, D. (1978). 

'Pitch Memory: An Advantage for the Left-handed.' Science Vol. 199. 

3. Feb. 1978. pp 559-560. 

Elwell, J. L., and Grindley, G. C. (1938). 

'The effect of knowledge of results on learning and performance.' 

British Journal of Psychology, 1938. 29. pp 39-54. 

Evans, S. H. (1967) • . 
'A brief statement of schema theory.' 

pp 87-88. 

Fieldhouse, A. E. (1937). 

'A study of backwardness 

Thesis, London, 1937. 

in singing 

246 

Psychonomic Science, 1967. 8. 

among school children.' Ph.D. 



Fourcin, A. J., and Abberton, E. (1971). 

'First Applications of a New Laryngograph.' Medical and Biological 

Illustration, 1971. 21. 3. pp 172-182 (offprint dated Harch 1972). 

Fourcin, A. J., and Fry, D. B. (1979). 

'The generation and reception of speech.' In: J. Ballantyne and J. 

Groves (Eds.) 'Scott Brm.;n' s Diseases of the Ear, Nose and Throa. t. I 

Vol. 1. Basic Sciences, London, Butten.;orth 1979. pp 407-504. 

Gallagher, J. D., and Thomas, J. R. (1980). 

'Effects of varying post-KR intervals upon children's motor 

performance.' Journal of Motor Behavior, 1980. 12. 1. pp 41-56. 

Gardner, H. (1977). 

'The Shattered Mind.' London, Routledge and Kegan Paul. 1977. 

Geschwind, N. (1979). 

'Specializations of the human brain.' Scientific America.n~ Sep. 1979. 

241. 3. pp 158-168. 

Gould, A. o. (1969). 

'Developing specialised programs for singing in the elementary 

school.' Bull. Cnl. Res. Mus. Ed. 1969. 17. pp 9-22. 

Gould, W. J., and Tanabe, M. (1975). 

'The effect of anaesthesia of the internal branch of the superior 

Jaryngea1 nerve upon phonation.' Folia Phoniatr. 1975. 27. pp 337-349. 

Granit, R. (1970). 

'The Basis of Motor Control.' New York, Academic Press. 1970. 

Granit, R. (1977). 

'The Purposive Brain.' London, The HIT Press. 1977. 

Greene, M. C. L. (1972). 

'The Voice and Its Disorders.' London, Pitman. 1972. 

247 



Greenspoon, J., and Foreman, S. (1956). 

'Effects of delay of knowledge of results on learning a motor tas~.' 

Journal of Experimental Psychology. 1956. 51. pp 226-228. 

Greer, R. D., Dorow, L., and Hanser, S. (1973). 

'Music Discrimination Training and the Husic Selection Behavior of 

Nursery and Primary Level Children.' Bull. Cnl. Res. Mus. Ed. 1973. 

35. pp 30-43. 

Greer,. R. D., Randall, A., and Timberlake, C. (1971). 

'The Discriminate Use of Music Listening as a Contingency for 

Improvement in Vocal Pitch Acuity and Attending Behavior.' Bull. Cn!. 

Res. Mus. Ed. 1971. 26. pp 10-18. 

Head, H. (1920). 

'Studies in Neurology.' Oxford, Oxford University Press. 1920. 

pp 605-606. 

Helmholtz, H. (1875). 

'The Sensations of Tone.' New York, Dover Publications (republished 

1954). 

Henry, F. M, and Harrison, J. S. (1961). 

'Refractoriness of a fast movement.' Perceptual and Hotor Skills. 

1961. 13. pp 351-354. 

Hirano, M. (1974) • . 
'Morphological structure of the vocal chord as a vibrator and its 

variations.' Folia Phoniatr. 1974. 26. pp 89-94. 

Hirose, H. (1976). 

'Posterior cricoarytenoid as a speech muscle.' Ann. Otol. 85 (3 

. pt. 1). pp 334-342. 

248 



Hull, C. L. (1943) •. 

'Pri nciples of Behaviour·. A ltd n n ro uc tion to Behaviour Theory.' New 

York, Appleton-Century Crofts, 1943. 

Jersild, A. T., and Bienstock, S. F. (1934). 

'A study of the development of children's ability to sing.' Journal of 

Educational Psychology. 1934. XXV. 7. pp 481-503. 

Jolly, H. (1968). 

'Diseases of Children.' Oxford, Blackwell Scientific Publications, 

1968. 

Jones, M. (1971). 

'A Pilot Study in the Use of a Vertically-Arranged Keyboard Instrument 

with the Uncertain Singer.' 

pp 183-194. 

Jones, M. (1974). 

Jnl. Res. Mus. Ed. 1971. XIX. 2. 

'A study in the Use of a Vertically-Arranged Keyboard Instrument with 

the Uncertain Singer.' Unpub. Ph.D. Thesis, Florida State, see review 

by M. Peterson, Bull. Cnl. Res. Mus. Ed., 1977. 53. pp 96-99. 

Jones, M. (1979). 

'Using a vertical-keyboard instrument uith the uncertain singer.' Jnl. 

Res. Mus. Ed. 1979. 27 (3). pp 173-184. 

Jones, R. E. (1968). 

'Effects of delay of informative feedback, post-feedback interval, and 

feedback presentation mode on verbal paired-associates learning.' 

Journal of Experimental Psychology. 1968. 77. 1. pp 87-93. 

Joyner, D. R. (1969). 

'The Honotone Problem.' Paper to International Seminar on Experimental 

Research in Music Education, University of Reading 1968, Jnl. Res. Mus. 

Ed. 1969. 17. 1. pp 115-124. 

249 



Joyner, 'D. R. (1971)'. 

'Pitch Discrimination and To 1 M d na iemory an their Association with 

Singing and the Larynx.' M.Phil. Thesis, Reading, 1971. 

Keele, C. A., and Neil, E. (1966). 

'Samson \-lright' s Applied Physio logy. ' 

University Press. 1966. 

Keele, S. W., and Posner, M. I. (1968). 

11 th edi tion. London, Oxford 

'Processing of feedback in rapid movements.' Journal of Experimental 

Psychology. 1968. 77. pp 155-158. 

Kelso, J. A. Scott (1978). 

'Recognition and recall in slO\" movements: separate memory states?' 

Journal of Motor Behavior. 1978. 10. 1. pp 69-76. 

Khambata, A. S. (1977). 

'Anatomy and Physiology of Voice Production: The Phenomenal Voice.' 

In: M. Critchley, R. A. Henson (Eds.) 'Music and the Brain.' Q1ap. 5. 

pp 59-77. Springfield. 

Kimura, D. (1967). 

'Functional Asymmetry of the Brain in Dichotic Listening.' Cortex, 

1967. 3. pp 163-178. 

King, A., Parker, A. (1980). 

'The relevance of prosodic features to speech work \"ith hearing 

impaired children.' In: F. M. Jones (Ed.) 'Language and Disability in 

Children.' M.T.P. Press, 1980. pp 179-201. 

Kirkpatrick, W. c. (1962). 

'The relationship between the singing abi1i ty of pre-kindergarten 

children and their home environment.' Diss. Abs. 1962. 23. 3. p. 886. 

250 



Klemish,. J. (1974) •. 

'Treating the uncertain singer through the use of the tape recorder.' 

Bull. Cnl. Res. Mus. Ed. 1974. 37. pp 36-45. 

Koch, C. G., and Dorfman P. w. (1979). 

'Recall and recognition processes in motor memory: effects of feedbac~ 

and Kno\vledge of Results delay.' Journal of Hotor Behavior, 1979. Il

l. pp 23-34. 

Larre, E. E. (1961). 

'Interpolated activity before and after knowledge of results.' Ph.D. 

Thesis, Tulane 1961. 

1969. 

In: 1. McD. Bilodeau 'Information Feedback', 

Lassen, N. A., Ingvar, D. H., and Skinhmj, E. (1978). 

'Brain Function and Blood Flow.' Scientific American, 1978 Oc t. 239. 

4. pp 50-59. 

Leont'ev, A. N. (1969). 

'On the Biological and Social Aspects of Human Development: The 

Training of Auditory Ability.' In: H. Cole, and 1. Maltzman (Eds.) 'A 

Handbook of Contemporary Soviet Psychology.' New York. Basic Books. 

1969. 

Lowy, K. ( 1 942) • 

'Cancellation of the electrical cochlear response with air- and 

bone-conducted sound.' Journal of P..coustic S02iety of America, 1942. 

14. pp 156-158. 

Ludel, J. (1978). 

'Introduction to Sensory Processes.' San Francisco, W. H. Freeman & 

Co., 1978. 

MacCurtain, F. (1982) 

'Pl 1 f t i fl encl"ng vOl"ce quall"ty.' Ph.D. Thesis, London, 1aryngea ac ors n u 

1982. 

251 



MacCurtain, F., and Fourcin, A. (1981). 

'Applications of the electro-laryngograph 

Voice Foundation, 1981. pp 51-57. 

wave 

MacNeilage, P. F., and HacNeilage, L. A. (1973) 

form di splay. I 

, Central processes controlling speech production during sleep 

waking. ' 

thinking. I 

In: F. J. HcGuigan (Ed. ) , I The psychophysiology 

Ne\v York, Academic Press, 1973. 

Madsen, C. K., Wolfe, D. E., and Madsen, C. H. (1969). 

The 

and 

of 

'The Effect of Reinforcement and Directional Scalar Methodology on 

Intonational Improvement. I Bull. Cnl. Hus. Ed. 1969. 18. pp 22-33. 

Manen, L. (1974). 

'The Art of Singing. I London, Faber Husic Ltd., 1974. 

McCracken, H. D., and Stelmach, G. E. (1977). 

'A test of the schema theory of discrete motor learning.' Journal of 

Motor Behavior, 1977. 9. 3. pp 193-201. 

McGlone, R. E., Richmond, W. H., Bosma, J. F. (1966). 

'A physiological model for investigation of the fundamental frequency 

of phonation.' Folia Phoniatr. 18. pp 109-116. 

McLaughlin, T. (1970). 

'Music and Communication. I London, Faber and Faber, 1970. 

Merton, P. A. (1972). 

'Ho~v ~ve control the contrac tion of our muscles.' Scientific American, 

1972. 225. pp 3-10. 

Mo 0 r e, B • C. J. ( 1 97 7 ) • 

'Introduction to the Psychology of Hearing.' London, Mac~'U_llan, 1977. 

252 



Moss, B. (1973). 

'A study in the use 

out-of-tune singers.' 

of bone conduction hearing as id an a to improving 
Ph.D. Thesis, Miami, 1973. 

Moxley, S. E. (1979). 

'Schema: the variability of practice hypothesis.' Journal of }lotor 
Behavior, 1979. 11. 1. pp 65-70. 

Munk (1890). 

'tiber die Functionen der Grosshi rnrinde: Gesamrnelte Mi t teilungen rui t 

Ammerkungerr.' Berlin, 1890. In: Bartlett, F. C" 'Remembering', 

Cambridge, 1932. 

Newell, K. M. (1974). 

'Knowledge of results and motor learning.' Journal of Motol.' Behavior, 

1974. 6. 4. pp 235-244. 

Newell, K. M., and Chew, R. A. (1974). 

'Recall and recognition in motor learning.' Journal of Motor Behavior ~ 

1974. 6. 4. pp 245-253. 

Nickerson, R. S., Kalikow, D. N., and Stevens, K. N. (1976). 

'Computer-aided speech training for the deaf.' Journal of Speech and 

Rearing Disorders, 1976. 41. 1. pp 120-132. 

Ocker, C. (1982). 

'Problems of subglottic pressure from the view of 
. , 

a SInger. 

Proceedings, International Decade of Research in Singing, Rotterdam, 

June 1982. pp 152-155. 

Penfold, W., and Roberts, L. (1959). 

'Speech and Brain Mechanisms.' Princeton University Press, 1959. 

Pew, R. w. (1974). 

'Human perceptua1-motor performance. 
, In: B. H. Kanto\.]i t z (Ed. ) , 

'Human information proce s si ng : tutorials in perforn.JI1c:e and 

cogni tion.' New York, Erlbamn, 1974. pp 1-39. 

253 



Plumridge, J. M. (1972). 

'The range and pitch levels of children's voices, in relatio~ to 

published material for child"ren's voices.' Dip. Diss. Adv. Study of 

Education, Reading, 1972. 

Pollock, T. (1950). 

'Singing disabili ty in schoo 1 children,' H. Ed. Thesi s, Durha1'l, 1950. 

Posner, M. 1., and Keele, S. H. (1968). 

'On the genesis of abstract ideas. ' Journal of Experimental 

Psychology, 1968. 73. 3 (1). pp 353-363. 

Posner, M., 1., and Keele, S. H. (1970). 

'Retention of abstract ideas.' Journal of Experimental Psychology, 

1970. 83. 2. pp 304-308. 

Poulton, E. c. (1957 [a]). 

'On the stimulus and response in pursuit tracking.' 

Experimental Psychology, 1957. 53. 3. pp 189-194. 

Poulton, E. c. (1957 [b]). 

Journal of 

'On prediction in skilled movements,' Psychological Bulletin, 1957. 

54. pp 467-473. 

Proctor, D. F. (1980). 

'Breathing:l Speech, and Song.' Vienna, Spl:inger-Ve rlag, 1980. 

Radocy, R. E. (1975). 

fA Naive Hinority of One and Deliberate liajority ~'lismatches of Tonal 

Stimuli.' Jnl. Res- Hus. Ed. 1975. 23. pp 120-133. 

Ro be rt s, E. (1972). 

'Poor Pitch Singing. A survey of its incidence in school children and 

its response to remedial training.' H.A. Diss., Lverpool, 1972. 

254 



Roberts, E. (1977). 

'Tone-Deafness in Children: Studies of Remedial Treatment.' Ph.D. 
Thesis, Liverpool, 1977. 

Roberts, E., and Davies, A. (1975 [a]). 

'Poor Pitch Singing: A survey of its incidence in school children.' 

Psychology of Music, 1975. 3. 2. pp 24-36. 

Roberts, E., and Davies, A. (1975 [b]). 

'Poor Pitch Singing: Response of Monotone Singers to a Program of 

Remedial Training.' Journal Res. Mus. Ed., 1975. 23. pp 227-239. 

Roberts, ~., and Davies, A. (1976). 

'A method of extending the vocal range of "monotone" schoolchildren. I 

Psy. Mus., 1976. 4. 1. pp 29-43. 

Robinson, D. (1963). 

'The Hi thdravm Child and Monotonism.' Bull. Nat. Ass. Mus. Therapy, 

1963. Vol. XII. 3. pp 6-16. 

Ro g e r s, C. A. ( 1 974 ) • 

'Feedback precision and postfeedback interval duration.' 

Experimntal Psychology, 1974. 102. pp 604-608. 

Romaine, H. B. (1961). 

Journal of 

'Developing Singers from Non-Singers. An investigation of a speec:h 

control remedial procedure.' D.Ed., Columbia, 1961 • . 

Rostron, A. B. (1976). 

'Pitch control in the human voice.' Quarterly Journal of Experimental 

Psychology, 1976. 28. pp 305-310. 

Saltzman, I. J., Kanfer, F. H., and Greenspoon, J. (1955). 

'Delay of re~vard and human motor learning.' 
Psychol. Rep., 1955. 1. 

pp 139-142. 

255 



Sataloff, J. (1966).' 

'Hearing Loss.' Philadelphia, J. B. Lippincott & Co., 1966. 

Scheid, P., and Eccles, J. c. (1975). 

'Music and speech: artistic functions of the htunan brain.' 

1975. 3. 1. pp 21-35. 

Schmidt, R. A. (1975 [aJ). 

'Motor Skills.' New York, Harper and Rmv, 1975. 

S c hmi d t, R. A. (19 75 [b]).· 

Psy. ~~us. 

fA Schema Theory of Discrete Hotor Skill Learning.' Psy. Revie,v, 1975. 

82. 4. pp 225-260. 

S c hmi d t, R. A. (1 9 7 6 ) • 

'The schema as a solution to some persistent problems in motor learni n; 

theory. ' In: G. E. Stelmach (Ed.), 'Motor control: Issues and 

Trends.' New York, Academic Press, 1976. 

Schmidt, R. A., and Russell, D. G. (1972). 

'Movement velocity and movement time as determi ners of the c1esree of 

pre-programming in simple movements. ' Journal of Experimental 

Psychology, 1972. 96. pp 315-320. 

Schmidt, R. A., and Shea, J. B. (1976). 

'A note on delay of kno\vledge of results in positioning responses.' 

Journal of Motor Behavior, 1976. 8. 2. pp 129-131. 

Schmidt, R. A., and White. J. L. (1972). 

'Evidence for an error detection mechanism in motor skills: A test of 

Adam's closed-loop theory.' Journal of Motor Behavior, 1972. 4. 

pp 143-153. 

Schmidt, R. A. , and Hrisberg, C. A. (1973). 

'Further tests of the Adams' closed-loop theory: Response-producej 

detection mechanism. 
, 

feedback and the error 
Journal of ~otor 

Behavior, 1973. 5. pp 155-164. 

256 



Sergeant., D. C., and-Thatcher, G. (1974). 

'Intelligence, Social Status and Musical Abilities.' 

pp 32-57. 

Shea, J. B. (1977). 

Psy. Mus. 2 (2). 

'Effects of labelling on motor short-term memory.' Journal 0:': 

Experimental Psychology: Human Learning and Memory, 1977. 3. pp 92-99. 

Shuter-Dyson, R., and Gabriel, C. (1981) 

'The Psychology of Musical Ability.' London. Methuen. 1981. 

Slater-Hammel, A. T. (1960). 

'Reliability, accuracy and refractoriness of a transit reaction.' 

Research Quarterly, 1960. 31. pp 217-228. 

Smith, W. M. (1972). 

'Feedback: real-time delayed vision of one's m",n tracking behavior.' 

. Science, 1972. 176. pp 939-940. 

Sonninen, A. A. (1956). 

'The role of the external laryngeal muscles in length-adjustment of tLe 

vocal chords in singing.' Acta Otolaryngol. Suppl., 1956. 30. pp 

1-102. 

Sussman, H. M. (1972). 

'What the tongue tells the brain.' Psychological Bulle ti n, 1972. 77 . 

4. pp 262-272. 

Sussman, H. M., and Smith, K. U. (1971). 

'Jaw movement under delayed auditory feedback.' 

Acoustic Society of America, 1971. 50. pp 685-691. 

Taylor, A., and Noble, C. E. (1962). 

JO·lrnal of the 

, d' 'h l' n htlman trial-and -error learni rg Acquisition an ext1nct10n p enomena 

under different schedules of reinforcing feedback.' 

Motor Skills, 1962. 15. pp 31-44. 

257 

Perceptual 3,,; 



Titze, r. R. (1980) 

'Comments on the myoelastic-aerodynamic theory of 
phonation. ' J. 

Speech Hearing Res. 1980. 23 (3). pp 495-510.· 

Ti t ze, 1. R. (1 983 ) 

'The importance of vocal tract loading in maintaining vocal fold 

oscillation. ' Proceedings Stockholm Husic Acoustics Confe':"c"c~. 
1983. (in press) 

Tonndorf, J. (1972). 

'Bone Conduction.' In: J. V. Tobias (Ed.), 'Foundations of ~fo.icrn 

Auditory Theory.' Vol II, 1972. pp 197-235. 

Troup, G. J. (1982) 

'The Physics of the Singing Voice.' 

1982. vi (1) pp 1-26. 
Journal of Research in Singing, 

Van den Berg, J. (1958). 

'Hyoe1astic-aerodynamic theory of voice production.' J. Speech Hearing 

Res., 1958. 1. pp 227-244. 

Van Rossum, J. H. A. (1980). 

'The level of organisation of the motor schema.' Journal of Ho tor 

Behavior, 1980. 12. 2. pp 145-148. 

Wallace, S. A., and McGhee, R. C. (1979). 

~The independence of recall and recognition in motor learning.' 

Journal of Motor Behavior, 1979. 11. 2. pp 141-151. 

Warren Joseph (1965). 

'A summation of the research pertaining to vocal gro,vth.' Jnl. Res. 

Mus. Ed., 1965. 13. 2. pp 93-100. 

Warren Joseph (1966). 

'Vocal growth in the human adolescent and the total growth proce 55. 

Jn1. Res. Mus. Ed., 1966. 14. pp 135-141. 

258 



Weinberg, D. R., Guy, D. E., and Tupper, R. W. (1964). 

'Variation of postfeedback interval in simple motor learning.' 

of Experimental Psychology, 1964. 67. 1. pp 98-99. 

Welch, G. F. (1978). 

Journal 

fA study of some aspects of children's singing.' M.A. Thesis, London, 

1978. 

Welch, G. F. (1979 [a]). 

'Poor pitch singing: a review of the literature.' Psy. Hus., 1979. 7. 

1. pp 50-58. 

Welch, G. F. (1979 [bJ). 

'Vocal range and poor pitch singing.' Psy. Hus., 1979. 7. 2. pp 13-31. 

Wiener, N. (1948). 

'Cybernetics or Control and cOTfl'Ilunication in the Animal and the 

Machine.' New York, hliley, 1948. 

Williams, M. (1979). 

'Brain Damage, Behaviour, and the Hind.' Chichester, Wiley, 1979. 

Williams, I. D., and Rodney, M. (1978). 

'Intrinsic feedback, interpolation, and the closed-loop theory.' 

Journal of Hotor Behavior, 1978. 10. 1. pp 25-36. 

~inther, K. T., and Thomas, J. R. (1981). 

'Developmental Differences in Children's Labelling of Movement.' 

Journal of Motor Behavior, 1981. 13.2. pp 77-90. 

Wolner, H., and Pyle, H. H. (1933). 

'An Experiment in Indi '.idua1 Training of Pitch-Deficient Children.' 

Jnl. Educ. Psy., 1933. 24. pp 602-608. 

259 



Wrisberg, C. A., and 'Ragsdale, M. R. (1979). 

'Further tests of Schmidt's schema theory: development of a Sch'2:-:a 

rule for a coincident timing task.' Journal of Motor Behavior, 1979. 

11. 22. pp 159-166. 

Wrisberg, C. A., and Schmidt, R. A. (1975). 

'A Note on Motor Learning Without Post-Response Knowledge of Results.' 

Journal of Motor Behavior, 1975. 7. 3. pp 221-225. 

Yank Porter, S. (1977). 

'The Effect of Multiple' Discrimination Training on Pitch-~latching 

Behavior of Uncertain Singers.' 

pp 68-81. 

Jn1. Res. Mus. Ed., 1977. 25. 1. 

Yates, A. J. (1963). 

'Delayed auditory feedback. ' 

pp 213-232. 

Psychological Bulletin, 

Ze1aznik, H. N., Shapiro, D. C., and Newell, K. M. (1978). 

1963. 60. 

'On the structure of motor recognition memory.' 

Behavior, 1978. 10. 4. pp 313-323. 

Journal of Motor 

260 


	308592_0000
	308592_0001
	308592_0002
	308592_0003
	308592_0004
	308592_0005
	308592_0006
	308592_0007
	308592_0008
	308592_0009
	308592_0010
	308592_0011
	308592_0012
	308592_0013
	308592_0014
	308592_0015
	308592_0016
	308592_0017
	308592_0018
	308592_0019
	308592_0020
	308592_0021
	308592_0022
	308592_0023
	308592_0024
	308592_0025
	308592_0026
	308592_0027
	308592_0028
	308592_0029
	308592_0030
	308592_0031
	308592_0032
	308592_0033
	308592_0034
	308592_0035
	308592_0036
	308592_0037
	308592_0038
	308592_0039
	308592_0040
	308592_0041
	308592_0042
	308592_0043
	308592_0044
	308592_0045
	308592_0046
	308592_0047
	308592_0048
	308592_0049
	308592_0050
	308592_0051
	308592_0052
	308592_0053
	308592_0054
	308592_0055
	308592_0056
	308592_0057
	308592_0058
	308592_0059
	308592_0060
	308592_0061
	308592_0062
	308592_0063
	308592_0064
	308592_0065
	308592_0066
	308592_0067
	308592_0068
	308592_0069
	308592_0070
	308592_0071
	308592_0072
	308592_0073
	308592_0074
	308592_0075
	308592_0076
	308592_0077
	308592_0078
	308592_0079
	308592_0080
	308592_0081
	308592_0082
	308592_0083
	308592_0084
	308592_0085
	308592_0086
	308592_0087
	308592_0088
	308592_0089
	308592_0090
	308592_0091
	308592_0092
	308592_0093
	308592_0094
	308592_0095
	308592_0096
	308592_0097
	308592_0098
	308592_0099
	308592_0100
	308592_0101
	308592_0102
	308592_0103
	308592_0104
	308592_0105
	308592_0106
	308592_0107
	308592_0108
	308592_0109
	308592_0110
	308592_0111
	308592_0112
	308592_0113
	308592_0114
	308592_0115
	308592_0116
	308592_0117
	308592_0118
	308592_0119
	308592_0120
	308592_0121
	308592_0122
	308592_0123
	308592_0124
	308592_0125
	308592_0126
	308592_0127
	308592_0128
	308592_0129
	308592_0130
	308592_0131
	308592_0132
	308592_0133
	308592_0134
	308592_0135
	308592_0136
	308592_0137
	308592_0138
	308592_0139
	308592_0140
	308592_0141
	308592_0142
	308592_0143
	308592_0144
	308592_0145
	308592_0146
	308592_0147
	308592_0148
	308592_0149
	308592_0150
	308592_0151
	308592_0152
	308592_0153
	308592_0154
	308592_0155
	308592_0156
	308592_0157
	308592_0158
	308592_0159
	308592_0160
	308592_0161
	308592_0162
	308592_0163
	308592_0164
	308592_0165
	308592_0166
	308592_0167
	308592_0168
	308592_0169
	308592_0170
	308592_0171
	308592_0172
	308592_0173
	308592_0174
	308592_0175
	308592_0176
	308592_0177
	308592_0178
	308592_0179
	308592_0180
	308592_0181
	308592_0182
	308592_0183
	308592_0184
	308592_0185
	308592_0186
	308592_0187
	308592_0188
	308592_0189
	308592_0190
	308592_0191
	308592_0192
	308592_0193
	308592_0194
	308592_0195
	308592_0196
	308592_0197
	308592_0198
	308592_0199
	308592_0200
	308592_0201
	308592_0202
	308592_0203
	308592_0204
	308592_0205
	308592_0206
	308592_0207
	308592_0208
	308592_0209
	308592_0210
	308592_0211
	308592_0212
	308592_0213
	308592_0214
	308592_0215
	308592_0216
	308592_0217
	308592_0218
	308592_0219
	308592_0220
	308592_0221
	308592_0222
	308592_0223
	308592_0224
	308592_0225
	308592_0226
	308592_0227
	308592_0228
	308592_0229
	308592_0230
	308592_0231
	308592_0232
	308592_0233
	308592_0234
	308592_0235
	308592_0236
	308592_0237
	308592_0238
	308592_0239
	308592_0240
	308592_0241
	308592_0242
	308592_0243
	308592_0244
	308592_0245
	308592_0246
	308592_0247
	308592_0248
	308592_0249
	308592_0250
	308592_0251
	308592_0252
	308592_0253
	308592_0254
	308592_0255
	308592_0256
	308592_0257
	308592_0258
	308592_0259

