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ABSTRACT 

A recent development in the f ield of  technical  aids for the 

handicapped is electronic speech synthesis.  Whereas this revolutionary 

advancement may have many benefi ts for persons whose speech is defective 

or for those individuals who have lost  the use of  their  natural  speech 

apparatus through physical  trauma, a sat isfactory analysis of  language 

training models appl icable to the instruction of  the Phonic Mirror 

Handivoice model HC 120 had not yet  been accomplished. 

In the present study,  two non-vocal  cerebral  palsied subjects 

part icipated throughout a series of  three experiments.  I t  was considered 

important to examine intensively the performances of  these selected in

dividuals as they interacted with and learned about the various aspects 

of  a unique form of  vocal  behavior.  In the f i rst  experiment,  a tradi

t ional  paired-associates procedure,  Method A,  was the standard training 

method with which other methods were compared.  Method B was essential ly 

a paired-associates procedure that emphasized the personal histories of  

verbal  behavior for each subject;  Method C establ ished discriminative 

control  over vocal  responses by natural  features of  the environment;  

Method D combined a paired-associates procedure with one in which the 

subject direct ly supplied supplementary verbal  st imuli  as part  of  the 

training procedure.  The cr i ter ion for effect iveness was the number of  

training/test ing cycles required for each to achieve cr i ter ion (of  

100% correct)  on each word l ist .  The results of  these comparisons 

vi  i  
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indicated that none of  the three methods was any more or less effect ive 

than the tradit ional  paired-associates procedure.  

Upon the complet ion of  the second comparison ( i .e . ,  Method A and 

Method C) ,  an informal retention survey was conducted.  The responses 

from both subjects to this survey indicated poor retention for test  st im

ul i  establ ished on early l ists but increasing retention on the more re

cently trained l ists.  

Experiment 2 was therefore designed to determine the repl icabi l -

i  ty of  this retention phenomenon both within and between the two S_'s,  

using Method A,  across three dif ferent word l ists.  This experiment 

showed that when test  st imuli  were presented 2k hours after  training,  

there was l i t t le or no loss of  control  over the appropriate word.  An 

addit ional  f inding was that l i t t le or no retention was exhibited by 

ei ther !S for  words which had not been retested at  the 2k hour interval  

and whose retest intervals were k,  5,  and 6 days.  

A feature of  the Experiment 2 survey was that the variables of  

t ime (elapsed from training to test ing) and addit ional  training were con

founded. Therefore,  Experiment 3,  again using Method A,  was conducted to 

separately (1)  evaluate the effect iveness of  a simple retraining proce

dure on extended retention,  and (2)  examine the effect  of  elapsed t ime on 

discriminative control  over the previously establ ished verbal  responses.  

The results of  the retraining procedure were posit ive.  Whereas previous 

surveys of  Experiment 2 had produced l i t t le or no evidence of  retention 

beyond the k8 hour interval ,  60% of  the test  st imuli  in Experiment 3 dis

criminated their  appropriate verbal  responses.  In contrast,  the word 
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l ists which had not undergone retraining at  the 2k hour interval  nor had 

been fol lowed by addit ional  training of  new word l ists exhibited reten

t ion of  ei ther 0 or 20%. 

Two major outcomes of  the present study were (1)  the four train

ing methods were al l  effect ive,  but not di f ferential ly so,  in teaching 

the numeric language of  the HandiVoice,  and (2)  effect ive retention over 

a number of  days could be achieved by a single retraining session.  These 

f indings offer several  practical  guidel ines for future HandiVoice in

structors to establ ish and maintain a new but important form of  verbal  

behavior.  



CHAPTER 1 

INTRODUCTION 

In recent years an electronic device was developed that produces 

synthetic speech. I t  was advert ised in various professional  journals 

(e.g. ,  Physical  Therapy,  Apri l ,  1978; American Journal  of  Physical  Medi

cine,  Apri l ,  1978) as a revolutionary advance in the f ield of technical  

aids for the handicapped. There is no question that this device could 

have enormous implicat ions for persons whose speech is defective or for 

the many individuals who have lost  the use of  their  natural  speech ap

paratus through physical  trauma. However,  in the face of  the potential  

benefi ts of  this device,  there is at  least one disadvantage.  The user 

must be taught a new form of  vocal  behavior.  Rather than involving the 

normal speech apparatus,  this new form of  vocal  behavior is produced by 

having the user depress a series of  numbered keys.  Pressing these keys 

in the proper three-number sequences wi l l  act ivate the electronic cir

cuitry and produce sounds similar to spoken English words or phrases.  

For the teacher or therapist  interested in this device as an augmentive 

speech system, there are two major considerat ions.  First ,  does the 

individual  or group of  individuals with whom s/he is working require 

"speech prosthesis," or are other forms of  therapy or technical  aids 

more appropriate? Second, i f  speech prosthesis is desirable,  by what 

procedures wi l l  the new form of  vocal  behavior be most effect ively 

1  
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taught,  and by what cr i ter ia wi l l  these procedures be evaluated? The 

present study is concerned with this second question as i t  applies to the 

training of  non-vocal  cerebral  palsied persons. 

Among the many persons for whom speech is lacking or profoundly 

defective are the cerebral  palsied (CP).  McDonald and Chance (1964) have 

described the incidence rate of  cerebral  palsied babies as being three in 

every one thousand births,  and conservative estimates of  the total  cere

bral  palsied populat ion in the United States are general ly about 750,000 

(Boone, 1972).  The precise number of  cerebral  palsied who demonstrate a 

severe speech def ici t  (severe enough to preclude normal use of  the speech 

apparatus for conversation) is as yet  unknown. 

Tradit ional  theories of  cerebral  palsy have attempted to explain 

the variety of  characterist ic movement disturbances by point ing to dif 

ferent locations and amounts of  pathological  injury to brain region(s)  

involved in motor act ivi ty.  The term i tself  indicates a causal  l ink be

tween the "palsy" ( the loss or diminution of  motor function or some type 

of  motor dysfunction) and the "cerebrum" or locus or origin (versus the 

spinal  cord or any peripheral  system).  Arr iving at  a consensus, concern

ing definit ion,  terminology,  and classif icat ion of  cerebral  palsy has 

been hindered by a lack of  communication among researchers and the enor

mous variabi l i ty between aff l icted persons. However,  as Vining et  al .  

(1976,  p.  644) point  out,  "This confusion is understandable since cere

bral  palsy encompasses many facets of  disease but is not a disease state 

with an accepted cause,  pathogenesis,  pathological  picture,  cl inical  

presentat ion,  treatment or prognosis." 
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In spite of  some specif ic disagreements regarding the definit ion 

or classif icat ion of  cerebral  palsy,  most researchers (Bobath and Bobath,  

1975",  Boone, 1972; Vining et  a l . ,  1976) agree that the fol lowing general  

factors are important to the identi f icat ion of  the disorder:  

1.  I t  is a stat ic ( i .e . ,  non-progressive) disorder.  

2.  I t  is a disorder of  motion and posture.  The prominent typical  

symptoms are motor def ici ts including spastici ty,  athetosis,  

ataxia,  r igidity,  or tremor.  

3.  The disorder is due to some kind of  brain insult  or injury.  

k.  The central  nervous system disorder must or iginate in the chi ld 

either before,  during,  or short ly after  birth.  

This f inal  point  concerning the maximum age a chi ld can be,  sustain brain 

damage, and st i l l  be classif ied as cerebral  palsied,  is an undecided 

issue.  For assorted reasons, some researchers chose three years as a 

maximum age; others wi l l  extend the age l imit  to nine years.  The Ameri

can Academy of  Cerebral  Palsy has arbitrari ly set the upper age l imit  at  

f ive years (MacKeith,  MacKenzie,  and Pol ani ,  1959).  

The Speech of  the Cerebral  Palsied 

The severity of  the movement disorder within the cerebral  palsied 

populat ion is extremely variable.  Many such people are walking,  speaking,  

functioning members of  their  communit ies.  Others exhibit  a movement dis

order so severe that dai ly act ivi t ies such as si t t ing,  toi let ing,  feeding 

are precluded. For a large number of  these people,  speech, a social ly 

important class of  behavior,  is  defective as wel l .  These are the 

4  
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individuals for whom special  training programs are required; for them

selves and the people with whom they interact.  

In spite of  this handicap,  the non-speaking cerebral  palsied 

individual  behaves verbal ly.  Although the form of  this behavior is not 

necessari ly vocal ,  many researchers (Bi jou and Baer,  1978; Bloom and 

Lahey,  1978; Skinner,  1957) no longer restr ict  their  definit ions of ver

bal  behavior to those which must involve the act ion of  the vocal  appa

ratus.  Often the verbal  behavior of  the handicapped person is composed 

of  a conglomeration of  i rregular movements and sounds which are often 

assumed to lack "meaning." This supposit ion is not necessari ly accurate.  

Within the proper community,  these incoherent sounds and writhing motions 

are responded to with remarkable consistency.  Unfortunately,  however,  

this community is  general ly made up of  only family members,  teachers,  or 

others who interact with the CP chi ld on a regular basis.  Even among 

these people the most predominant form of  verbal  interaction simulates 

the game of  "Twenty Questions." Under certain circumstances,  the CP 

chi ld wi l l  emit  a sound or a gesture,  possibly in the direct ion of  a 

nearby parent.  The ensuing conversation consists of  a series of  ques

t ions by the capable speaker which continues unti l  ei ther he or she 

guesses correctly (as is confirmed by a sound and/or a facial  expres

sion) or merely gives up.  

The persistence of  this mode of  verbal  interaction can have 

serious consequences.  Observations of  prel iminary subjects indicated 

that the frequency of  social  interactions in which the CP chi ld is any

thing but a l istener is nearly zero.  I t  takes very l i t t le t ime (as we 



who worked with these chi ldren soon discovered) for the capable speaker 

to come under the control  of  the array of  physical  propert ies and behav

iors of  the CP chi ld and begin to ask nothing more than the "yes-no" type 

questions described above.  As a result ,  the range of  overt  verbal  be

havior for the cerebral  palsied is severely restr icted and the extent to 

which that can or has inf luenced other aspects of  his behavior is st i l l  

an open question.  

Augmentive Speech Aids 

The questionable effect iveness of  medical  interventions to al le

viate the problems of  the cerebral  palsied has led to an emphasis for 

developing augmentive or prosthetic devices of  increased sophist icat ion 

(Lundman, Tenenholtz,  and Galyas,  1978; Vanderheiden and Gri l ley,  1976).  

Products as basic as a lap board with words and/or pictures drawn upon 

i t  have evolved into electronic display boards with automated row-column 

scanning.  Other devices currently avai lable on the market require the 

user to depress buttons in a keyboard to generate a printed message or 

l iquid crystal  displays (LCD).  To accommodate the cerebral  palsied and 

others with motor def ici ts,  switches have been developed that are sensi

t ive to a variety of  human movements including tapping,  breathing,  and 

bl inking.  A common feature of  these communication aids is the depen

dence upon a single sensory mode, vision.  None of  them possesses any 

functional  acoustical  propert ies.  The major l imitat ion of the devices,  

therefore,  is that the l istener is required to remain in close physical  

proximity to the speaker in order to part icipate in any verbal  inter

action.  The parent or teacher,  for example,  must stand alongside while 
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the chi ld points to words,  symbols,  or  pictures on a board or waits for 

his typed message to be read.  These are effortful  and, in terms of  t ime, 

costly procedures.  More importantly,  they st i l l  do not al low the chi ld 

to speak for himself .  

The progress made in the area of  synthetic speech generators 

offers potential  solut ions to many of  the problems facing the cerebral  

palsied,  part icularly with regard to independent speech. One such de

vice was used in the present study.  I t  is distr ibuted by HC Electronics 

of  Mil l  Val ley,  Cal i fornia and cal led the Phonic Mirror HandiVoice 

(model HC120).  I t  wi l l  be hereby referred to as simply the HandiVoice.  

The HandiVoice weighs 5 pounds 9 ounces and is 2.71 inches thick,  

11.5 inqhes long and 1.2.  inches wide.  Like a small  cassette tape player,  

i t  is l ightweight and portable.  I ts power source is a rechargeable 

nickel  cadium battery stored within the unit  which wi l l  sustain the unit  

for about eight working hours.  When the voltage output descends to a 

certain point ,  the unit  automatical ly says,  "charge my battery." This 

is the only t ime the unit  wi l l  "speak for i tself ."  An overnight charging 

wi l l  restore i t .  There are four recessed threaded sockets on the under

side which permit  mounting to a f ixed surface for greater stabi l i ty,  or 

to a smaller platform (e.g. ,  a piece of  11 x 7 x 1/2 inch plywood) for 

attachment to a wheelchair .  

The HandiVoice is pre-programmed to produce 891 words,  kS pho

nemes, 13 syl lables (morphemes),  26 letters,  and 16 short  phrases.  

These are accessed by entering the appropriate three digit  code.  The 

calculator- l ike keyboard has 16 keys arranged in a k x 4 matrix on 
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3/4 Inch centers.  Six of  the keys are operat ion modes (ENTER, TALK, TALK 

REPEAT, SCROLL, CLEAR, MASTER CLEAR),  and there are 10 numerals (0 through 

9) .  The unit  also has an LCD window which displays each number in the 

three digit  code as i t  is entered.  For example,  i f  the user wishes to 

report  to his audience that he is using an art i f icial  voice,  he must de

press the buttons 1-0-0 and ENTER. With the aid of  his electronic voice 

he says,  " I 'm using an art i f icial  voice." A technical  descript ion of  the 

electronics of  speech synthesis is beyond the scope of  this paper but is 

avai lable elsewhere (Atmar,  1976; Brantingham, 1979).  Other features in

clude variable pitch,  rate,  and volume controls,  jacks for auxi l iary 

switches and external  speakers and a plast ic template (keyguard) which 

f i ts over the keyboard.  The unit  also has two memories capable of  stor

ing up to 95 codes col lect ively.  

Establ ishing Vocal  Behavior 

A review of  the psychology,  rehabil i tat ion,  and education l i tera

ture revealed no studies that examined instructional  methods which could 

be applied appropriately to teach HandiVoice users to "speak" the numeric 

language of  the device.  Case studies and research proposals (Plumley,  

Medinger,  and LaPointe,  1979; Warrick et  a l . ,  1979) have indicated that 

some CP individuals have learned many of  the numeric codes themselves 

and frequently "speak" without the assistance of  the vocabulary l ists.  

However,  an adequate descript ion of  the condit ions under which these 

individuals spoke or of  the teaching methods used to establ ish the behav

ior was always lacking.  In one case study,  the present author docu

mented the behavior of  a CP youth while he was ini t ial ly learning to 
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operate the HandiVoice (Fiel lo and Butler,  1980).  Although careful  

records were made of .  his act ivi t ies and progress throughout assorted 

training tasks,  no systematic assessment of  the relat ive effect iveness 

of  these tasks was made. 

Method A—Paired-associates.  More than one method may be effec

t ive in establ ishing the vocal  behavior generated through the HandiVoice.  

However,  the manner in which words and their  corresponding codes are 

paired on vocabulary l ists and the fact  that the numeric codes are com

prised of  three numbers (as in tr igrams) are features that might induce 

teachers to implement a paired-associates method of  instruction 

(Underwood, 1967)-  In addit ion,  as one noted researcher in the f ield of  

verbal  learning stated,  paired-associates learning "is the same task as 

learning a foreign language vocabulary lesson such that,  given an English 

word,  the corresponding Spanish word can be reproduced" (Crowder,  1976,  

p.  6) .  One could substi tute "HandiVoice code" for "Spanish word" and not 

change the author's basic formula.  In typical  paired-associates experi

ments (Postman, 1978; Rock,  1967; Underwood, 1964),  l ists of  st imuli  were 

generated ( frequently of  f ive to six i tems) and paired with other i tems. 

The st imulus and response i tems for these experiments have usual ly been 

single letters or numbers,  words,  consonant syl lables (or tr igrams),  or 

number sequences of  various lengths.  These st imulus pairs usual ly were 

presented to subjects one at  a t ime for the learning tr ials.  Later,  

subjects were given only the f i rst  member of  each pair  in the paired-

associate l ist  and instructed to recal l  the other member.  The primary 

dependent measures were the number of  tr ials needed for each subject 



(or group of  subjects)  to reach the cr i ter ion level  and/or the amount of  

words,  numbers,  etc.  recal led on the retention test .  Some examples of  

independent variables have been variat ions of  st imulus dimension,  length 

of  presentat ion of  st imulus pairs,  level  of  learning cri ter ion,  length 

of  retention interval ,  subject act ivi ty during the retention interval  

( to examine retroactive interference),  or subject act ivi ty before the 

learning tr ials ( to examine proactive interference).  For a more complete 

review of  the paired-associates l i terature and a detai led descript ion of  

other independent variables,  see Underwood (1967).  

The process by which paired-associates learning is effect ive is 

operant discrimination.  To establ ish a discriminative st imulus,  a part i 

cular event is arranged to precede a response which,  i f  correct in form, 

wi l l  be closely fol lowed by another event known, through previous experi

mentat ion,  to be a reinforcer.  Through the repeti t ion of  the above 

sequence (known as a three-term contingency),  a history is establ ished 

for the individual  such that the event which has consistently preceded 

the response assumes a control l ing function for that response.  The event 

is now accurately identi f ied as a discriminative st imulus (Skinner,  1953; 

Howell  and Wetzel ,  1980).  The effect  on the organism is that when the 

discriminative st imulus is presented on future occasions,  the l ikel ihood 

that the organism wil l  respond in a part icular fashion (e.g. ,  press a 

bar,  peck a key,  step on a brake pedal ,  say "hel lo," etc.)  is increased. 

The extent of  this discriminative control  is ,  however,  variable because 

i t  is shared with many other variables that exist  within and outside the 

organism at  any given moment (Skinner,  1953,  chapters 7 and 8) .  
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In the paired-associates paradigm, an event (e.g. ,  a writ ten 

word) is arranged to precede another event (e.g. ,  a tr igram or number 

sequence).  The later event already possesses discriminative control  

over the S_'s responses of  reading and/or saying aloud the letter  or num

ber sequence.  Reinforcement is usual ly deferred unti l  the complet ion of  

the tr ial (s)  or experiment and may consist  of  experimenter approval  

and/or extra credit  points.  In the above example,  the writ ten word is 

shown to be a discriminative st imulus when, upon i ts presentat ion alone,  

the S_ responds with the appropriate letter  or number sequence.  At this 

point ,  cr i ter ion is achieved and further training may proceed. 

The similari ty of  the paired-associates procedure to common 

classroom practice and the discrimination paradigm is obvious.  However,  

the method's actual  effect iveness in classrooms has not been studied 

systematical ly,  part icularly for training handicapped students.  In the 

case of  the HandiVoice,  such a study was considered to be a major need. 

Therefore,  to examine the effect iveness of  a paired-associates procedure 

in establ ishing electronical ly assisted vocal  behavior,  a method was 

developed that was similar to those used in previous paired-associates 

studies.  The paired-associates in the present experiment consisted of  

an English word in i ts spoken and writ ten form and i ts corresponding 

HandiVoice code in i ts writ ten form. 

Method A,  then,  was similar to the conventional  rote memorizing 

which is practiced in most schools by longstanding tradit ion.  However,  

i t  has been frequently cr i t icized as a means of  teaching anything but 

isolated facts (Skinner,  1968).  Therefore,  three other training methods 
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were designed and included for direct  comparison. Some of  the methods 

incorporated were modeled after  common classroom teaching practices.  

Others were designed by the investigator and based upon behavioral  pr in

ciples described by Skinner (1953; 1957) and, in a later work,  appl ied 

to the "art  of  teaching" (Skinner,  1968).  

Method B--Personalized Paired-associates.  When verbal  st imuli  

are presented to a l i terate person in the form of a writ ten phrase or 

question,  a condit ion is created which makes a verbal  response l ikely.  

Presumably,  the discriminative function of  these st imuli  was establ ished 

previously within a dif ferent environment—most probably at  school.  

The process through which these st imuli  are presently effect ive is known 

as general izat ion or induction.  Skinner (1953,  p.  13^0 explained that,  

" Induction is simply a term which describes the fact  that the control  

acquired by a st imulus is shared by other st imuli  with common proper

t ies." The fact  that these verbal  st imuli  are presented in a novel  en

vironment by a dif ferent person makes them dif ferent.  Because they are 

more l ike the original  st imuli  than dif ferent ( i .e . ,  they share many 

common propert ies) ,  however,  they share the control  establ ished in 

earl ier  training and the same verbal  response is produced. I f  there are 

addit ional  st imuli  in the form of instructions to "read aloud," the re

sponse may be conspicuous. However,  i f  those instructions were not 

given,  i f  opposing instructions were given ( i .e . ,  to "read si lently") ,  

or i f  they are ineffect ive due to the physical  l imitat ions of  the re

sponding organism, the response (1)  may not occur,  or (2)  may only occur 

privately because the organism is not physical ly capable of  executing 



i ts public version.  The response most typical  of  the non-vocal  cerebral  

palsied person is the "attempt" to speak,  but as mentioned previously,  

his or her sounds function as verbal  st imuli  for only a selected few 

individuals of  the social  environment.  

In Method B,  verbal  st imuli  were del ivered which already pos

sessed a discriminative function for the S_'s verbal  responses.  The 

phrases and questions designed as verbal  st imuli  were the product of  ob

servations done within the S_'s home and school environments while they 

were interacting verbal ly with others.  This procedure dif fered from 

Method A in which vocabulary training was emphasized and verbal  st imuli  

were selected arbitrari ly.  The phrases and questions for both S^1  s were 

considerate of  their  individual  verbal  ski l ls.  For example,  a phrase 

used for S_ #2 was,  "Please help me comb my 0-k-k (hair) ,"  as this was a 

request she made via her communication board almost dai ly.  For S_ #1 ,  

who took great del ight in teasing others and making them laugh, we de

signed the phrase,  "Hel lo you 9-6-5 ( turkey)."  

Method C--Establ ishing Environmental  Control .  Induction also 

can be exploited when natural  propert ies of  the environment other than 

writ ten or spoken st imuli  are brought into the training environment.  

This practice is exemplif ied by the ski l led teacher who constantly 

arranges the physical  environment so that during verbal  training epi

sodes the natural  effects of  words are demonstrated,  or the objects 

which the verbal  responses label  are present.  The discriminative func

t ion for a feature of  the environment,  be i t  an object or an act ion,  

and an individual 's response is establ ished by fol lowing that response 



as consistently as possible with a reinforcer in the presence of  that 

feature (Skinner,  1957) • 

Method C was included to evaluate the relat ive effect iveness of  

having the natural  property or effect  of  a word (al though not the word 

i tself )  establ ished as a discriminative st imulus for an appropriate 

HandiVoice code.  The operat ion of  the device,  therefore,  was to be 

brought under the discriminative control  of  an appropriate feature of  

the environment,  but not a writ ten st imulus.  

Method D--Estab1ishing Mult iple Control .  Verbal  responses are 

l ikely to be a function of  more than one variable at  a t ime (Skinner,  

1953)-  Verbal  behavior,  therefore,  is often under the mult iple control  

of  several  propert ies of  the environment which were present while a re

sponse was being executed and subsequently fol lowed by reinforcement.  

Col lect ively,  these propert ies acquire a discriminative function for a 

selected verbal  response.  In some cases,  the response is not reproduced 

unless the entire condit ion present during original  training is recre

ated.  In others,  only a few propert ies need be present in order to pro

duce the response because they happen to have been establ ished as the 

primary sources of  discriminative control ,  with other variables having 

much less acquired control .  In ei ther case,  when these propert ies are 

introduced at  a later date to an individual ,  the l ikel ihood that the 

response wi l l  occur is increased. The added propert ies provide what is  

cal led supplemental  st imulat ion for the response which is "avai lable" 

due to a prior history of  training.  A common term for this process 
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is "hinting." Hints make use of supplemental st imuli  in rendering a 

response more l ikely.  

Stimuli  which increase the l ikel ihood of a response can be intro

duced by the speaker himself .  A classroom procedure that exploits this 

principle is the practice of providing the student with a vocabulary word 

and then asking him to use i t  in a sentence. When properly conducted, 

this al lows the student to take part in the teaching process by self-

generating supplemental st imuli  on the basis of his private experiences. 

As Skinner (1953, P- 211) stated, "When a man begins to speak or write,  

he creates an elaborate set of stimuli  which alter the strength of other 

responses in his repertoire." The f irst utterance, however,  is under 

the discriminative control of some aspect of the external environment.  

For the present experiment,  the discriminative stimuli  for speech came 

from (1) an immediately prior history of paired-associates training, and 

(2) the experimenter in the form of explicit  instructions to,  "say the 

word in a short phrase using the HandiVoice." Method D, therefore, con

sisted of the combined procedures of Method A and a new one somewhat 

similar to Method B. I ts purpose was to provide supplementary control,  

generated by the S_'s,  which would be similar to that which the person 

might encounter frequently at  home, school,  or in other common daily 

sett  ings. 

The Present Experiment 

The main goal of the present investigation was to evaluate the 

relative effectiveness of each of the above training methods in terms 

of acquisit ion rate of the selected HandiVoice codes. Based on .the 



f indings of previous studies in verbal learning (Crowder,  1976; Slamecka, 

1967)> i t  was predicted that the outcome of Method A training would be 

approximately equivalent to those f indings in terms of acquisit ion rate.  

Because Method B was personalized, i .e. ,  i t  was designed to be consider

ate of the individual verbal abil i t ies of the two S1s, i t  was predicted 

that the acquisit ion rate of the Sjs would be accelerated relative to 

Method A. Since no study was found that specif ical ly examined the ef

fects of a Method C-type procedure, predictions concerning the outcome 

in the present analysis were based upon the assumption that verbal be

havior can be controlled by natural properties of the environment.  How

ever,  the rate at which these properties can acquire this function using 

a training procedure l ike Method C had not yet been determined. The 

f inal training method, Method D, was designed to take the ful lest advan

tage of the individual verbal ski l ls of the S^1  s and a paired-associates 

procedure that was demonstrated in previous studies and the present 

study to be effective, I t  was predicted, therefore, that the fastest 

acquisit ion rate could be achieved through this method of training. The 

primary justif ication for subjecting these four methods to a comparative 

analysis was that the effects of applying them to the training of elec

tronically synthesized speech had not been previously examined. 

Superimposed upon Experiment 1 were informal surveys of reten

t ion at various intervals ranging from one minute to 29 days. Two types 

of tests were administered: an immediate retention test ( IRT) and a 

delayed retention test (DRT).  The informal surveys showed that reten

t ion was markedly affected for al l  methods by the length of the 



retention intervals.  To examine more closely the effects of retention 

intervals of various lengths on performance, an addit ional series of 

experiments was performed. Theoretical concerns also prompted further 

work because the informal init ial  f indings seemed to be opposed to pre

vious results for verbal learning (Underwood, 1967).  

Experiment 2 evaluated the replicabi1ity of the differences 

between the immediate and delayed retention tests.  Since these differ

ences were verif ied, Experiment 3 then more systematically examined the 

effect of t ime ( i .e. ,  length of retention interval)  on the fai lure of 

retention. In addit ion, a procedure for strengthening retention was 

simultaneously evaluated. 



CHAPTER 2 

METHOD 

General Procedures 

The exact schedule and location within which each of the two 

cerebral palsied subjects was seen differed. Sessions for S_ #1 were held 

in a private room located within a laboratory for developmental research 

at 12:30 p.m. This schedule was consistently maintained except for 

occasional changes in the t ime due to confl ict ing appointments or the re

quirements of the experimental procedures. The sessions lasted approxi

mately one hour.  

Due to diff icult ies with transportation and schedule confl icts 

with a summer program, S_ #2 was seen in her home on each scheduled day. 

Care was taken, however,  to ensure that the experimenter and she were 

able to work within a quiet area of the house where they would not be 

disturbed. This was almost always a separate room that was generally 

used as a study room. The sessions with S_ #2 began at 2:00 p.m. on each 

scheduled day and also lasted approximately one hour.  

The number sequences that represented the response units (words) 

were selected at random from the vocabulary l ist  provided by the manu

facturer,  The f irst three numbers of a f ive number sequence were 

selected from a table of random numbers. Due to certain functional 

characteristics of the HandiVoice and some pre-programmed numeric 
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consistencies, some categories of codes were excluded from the sampling 

pool of codes. For example, the sequence 0-0-4 could not be included 

because i ts function was to turn off  the "echo mode" rather than generate 

a word. Likewise, the 45 phoneme codes and the 13 morpheme codes were 

excluded because they produced sounds rather than complete words. In 

addit ion, the codes that corresponded to the letters of the alphabet,  

the numbers, and the pre-programmed phrases (e.g. ,  4-0-0,  " I  need help") 

were excluded because, generally speaking, the sequences within these 

categories al l  began with the same number and fol lowed in orderly pro

gression. , In al l ,  133 sequences were excluded from the 999 available,  

leaving 866 number sequences (al l  of which corresponded to words) to 

choose from. Throughout al l  phases of the investigation, the number 

sequences, after having been randomly selected, were randomly divided 

into two l ists.  These l ists consisted of f ive words each and were the 

objects of the different experimental operations. 

The independent variables consisted of the discriminative condi

t i o n s  w h i c h  v a r i e d  a c r o s s  t h e  f o u r  m e t h o d s .  I n  E x p e r i m e n t s  2  a n d  3 ,  

systematic manipulation of the retention intervals was added. The de

pendent variable consisted of the HandiVoice responses produced by the 

S^1  s. These responses were recorded by the experimenter as they occurred 

within the various experimental condit ions. 

In al l  experiments a form of verbal praise (e.g. ,  "Very good!",  

"That's r ight!",  "Nice job!",  etc.)  fol lowed every occurrence of a cor

rect response. A correct response was defined as the production of a 

word, through the manipulation of the HandiVoice, that corresponded 
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with the stimulus information provided by the experimenter.  Monetary 

reinforcement was disbursed on the f inal test cycle of each l ist  per 

session and consisted of ten cents for each correct response. Rather 

than pay the subjects immediately fol lowing each correct response, a 

hash mark was made alongside the word correctly produced by the s/he 

was praised for responding appropriately and informed that s/he had 

earned another dime. A bonus of 50 cents was given to each contingent 

upon the attainment of the criterion level for each l ist .  Criterion was 

attained when the SJs produced the correct responses to the test stimuli  

100% of the t ime. An incorrect response was fol lowed by a neutral  

phrase (e.g. ,  "No, let 's move to the next word") voiced by the experi

menter in a low, level tone. At the end of each week, the s were paid 

in cash. 

Subjects 

The subjects for this study were two individuals who had both 

been previously diagnosed as cerebral palsied. Although they were simi

lar with regard to their general medical classif ication, they differed 

widely in terms of their age, sex, years and type of education, and the 

specif ic characteristics of the general diagnosis they shared ( i .e. ,  

cerebral palsy).  Due to the extreme physical and intel lectual variabil-

i  ty which occurs within the cerebral palsied population—the present S^1  s 

offering no exception—they wil l  be described on an individual basis.  

Subject #1 

Subject #1 was a 16 year old male who was classif ied as having a 

tension-athetoid type of cerebral palsy with quadriplegic involvement.  



He was predominantly " left  sided" and performed nearly al l  manipulative 

tasks with his left  hand, arm, or foot.  For example, to move about in 

his manual wheelchair,  he pushed the chair backwards with his left  foot 

and an extension of his left  leg, He was able to see where he was going 

by bending at the waist and looking over his r ight shoulder.  Just prior 

to the study, he acquired an electric wheelchair.  The control box was 

mounted on the left  arm of the chair via a special ly constructed mounting 

bar which adjusts to a posit ion which was optimal for him. The switch 

was designed in such a manner so that i t  is considerate of the frequent 

spastic or jerky movements S_ #1 exhibits,  al lowing him only discrete left  

or r ight turns, to go forward at two discrete speeds, and reverse at low 

speed. He could soon operate the "joy stick" of the control box with a 

remarkable eff iciency. 

S_ #1 required assistance on nearly al l  self-care or "average 

daily l iving" (ADL) activit ies.  These included toi let ing, feeding, 

dressing, bathing, and personal grooming. He did drink independently 

with the aid of a Tupperware glass equipped, with a t ightly f i t t ing l id,  

a plastic handle strapped onto the side, and a rubber tube which was put 

through a hole in the l id f i t ted with a rubber grommet. He sat indepen

dently and held his head erect when involved in activit ies such as con

versation or watching television. Often, he was observed scratching his 

face (with his left  hand),  gently holding and manipulating objects such 

as a rubber ball  or similarly sized objects,  holding his mouth closed, 

chewing gum, or swallowing. His appearance was quite normal al l  the 

while.  However,  direct instruction to perform any of those movements 
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generally produced increased muscle tone in the whole body, accompanied 

by spastic,  awkward, and laborious responses. Other body segments such 

as his arms, legs, or head might begin to jerk or f lai l  about in response 

to the same instructions. 

Speaking was generally accompanied by the same amount and type of 

extraneous and obligatory associated body movements as those which oc

curred under the circumstances described above. The result  was a type of 

speech marked by ineffective or interfering movements of the jaw, l ips, 

and tongue, as well  as internal structures l ike the diaphragm and larynx 

that produced irregular breathing patterns and generally unintel l igible 

vocalizations. In addit ion, there was observable hypertonus of the 

muscles in the regions of the neck, shoulders, upper torso, and arms. 

In spite of al l  this,  S_ #1 persisted at vocal speech. For a 

l imited number of words and an even more l imited number of people,  his 

vocalizations were effective ( i .e. ,  invoked the actions of other persons 

in a fair ly specif ic fashion).  With assorted gestures of his arms and 

face, #1 "spoke" to the members of his family and a few close acquaint

ances (e.g. ,  fr iends and teachers whom he knew for several years and 

interacted with regularly).  However,  the majority of the people who 

heard him speak reported that they understood very l i t t le of what he 

said aside from "yes" or "no." Prior to the HandiVoice, the only assis

t ive device #1 used was a board with words and letters printed on i ts 

surface. This communication board was and continues to be a frequently 

used means by which he and many non-vocal persons interact verbally.  

Since the vocal behavior of S #1 was relatively functional with his 
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family members at  home, the communication board remained largely at 

school.  The occasions for verbal behavior outside the home and school 

were rare.  

Approximately 15 months prior to the present investigation, a 

Phonic Mirror HandiVoice was purchased and assigned to S_ #]  as his own. 

Weekly meetings of one hour were set up to monitor his progress and pro

vide an opportunity for everyone involved to evaluate the feasibil i ty of 

the HandiVoice as an effective vocal prosthesis for S_ #1 or others who 

were similarly handicapped. 

Due to the response characteristics of S_#1 and his history of 

interactions with devices that have keyboards (e.g. ,  typewriters and com

puter terminals),  he operated the HandiVoice with the thumb of his left  

hand. A plastic keyguard which snapped over the keys prevented him from 

hitt ing two keys simultaneously and thus reduced the frequency of errors. 

Shortly after acquiring the unit ,  i t  was determined that error frequency 

could be reduced and response rate increased i f  the unit  was posit ioned 

at approximately waist level and 12 inches to the left  of body midline. 

Therefore, a plywood platform upon which the unit  could be mounted was 

constructed and attached to the tubular frame of the S_'s manual wheel

chair directly below the left  arm rest.  For the purposes of the present 

experiment,  whenever S_ #1 was not in his manual wheelchair ( i .e. ,  when 

he used his electric wheelchair) ,  the HandiVoice was placed on a stand 

and posit ioned in a manner similar to that provided by the plywood plat

form. 



Subject #2 

Subject #2 was a 21 year old female who was classif ied as having 

a mixed spastic-athetoid type of cerebral palsy with quadruplegic in

volvement.  She, l ike S_ #1,  owned both a manual and electric wheelchair.  

She l ived in a residential  group home with f ive other variously handi

capped adults,  along with a set of houseparents who supervised and 

assisted in the daily household activit ies.  

S_ §2 was also predominantly left  sided. Her r ight arm, hand, and 

leg remained largely inactive except for within certain activit ies that 

occurred as a part of her physical therapy program. Her left  leg was 

used occasionally to propel herself  backward in her manual wheelchair in 

a manner similar to S_#1. The movement of her left  arm and hand was con

siderably more precise than that of S_ #1 .  She often indicated how many 

of an i tem she wanted (e.g. ,  eggs) by holding up her arm and a certain 

number of f ingers. However,  these movements were of considerably longer 

duration than the normal individual 's movement under similar circum

stances. The spastic component of movement was particularly evident when 

she was involved in a gross motor activity such as standing. When l i f ted 

onto her feet,  her whole body stiffened. The control for smooth movement 

in her arms, legs, head, or face was virtually el iminated. Under these 

condit ions she was not able to perform the movements of the hand and 

f ingers described above because the necessary musculature was involved 

( i .e. ,  already active) in the act of standing. 

Owing (at least in part)  to the less interfering characteristics 

of her type of cerebral palsy, S_ §2 performed many self-care activit ies 



unassisted. She fed herself  with a spoon and/or her f ingers, drank with 

the aid of a straw, washed herself  in the shower or bath, folded clothes 

and occasionally assisted in sett ing the table.  Activit ies that required 

some assistance included toi let ing, dressing, hair brushing, and gett ing 

in and out of cars. 

S_ #2 was also non-vocal.  The majority of her vocalizations con

sisted of laughs, shouts (when apparently angry or frustrated) and cries. 

Occasions upon which vocalizations occurred other than these were extreme 

ly rare.  Her houseparents reported that her signal for them to approach 

her was a rather loud "uh" sound. #2 has undergone extensive training 

at school and home in the use of a communication board. On the surface 

of her board are written approximately 75 to 80 words arranged in alpha

betical order,  the letters of the alphabet,  and a few short phrases such 

as, " I  want," "please bring me," and "go to Hell!".  The dimensions of 

the board are approximately 16 x 20 inches, sized to f i t  comfortably in 

her lap when in use. 

The greater part of S_#2's verbal behavior,  therefore, consisted 

of movements of the left  arm and hand and index f inger in the presence 

of another person who read as she pointed. Oftentimes, the person to 

whom she spoke would guess at the remainder of the message after having 

identif ied only the f irst few words or letters S_ #2 had pointed to.  For 

example, when she pointed to the f irst letter in a person's name, the 

l istener would often complete the name for her by saying i t  aloud. This 

procedure may have contributed to the frequent spell ing errors she made. 

The sentences or phrases S #2 produced often displayed syntactic 



irregularit ies.  She would request,  for example, " I  want go store, 

please." Fairly consistently,  the person who read her message would say, 

"Oh, you want to go to the store? Okay, let 's go." These examples of 

spell ing and syntax errors are provided so that the reader is al lowed a 

sample of the s typical communication efforts.  Given the condit ions 

surrounding these verbal responses, i t  would be diff icult  to assert that 

they were purely a function of some organically based learning deficit  

that may or may not be a product of the cerebral palsy. In addit ion, 

because she was able to read and identify numbers accurately,  there was 

no concern that she was an inappropriate participant in the present 

study. 

By the t ime the present study began, S_ #2 had interacted with 

the HandiVoice for approximately two months. This interaction consisted 

primari ly of evaluations concerning the manual operation of the Handi

Voice and the effects of placing the device at various posit ions relative 

to her body, the identif ication that certain events such as approval and 

money were powerful reinforcers, and the assessment of the various prop

ert ies of the external environment that presently functioned as discrimi

native stimuli  for any form of verbal behavior.  

Experiment 1 

Procedures 

Four training methods were designed and applied to both S^1  s. One 

of these methods (to be referred to as Method A) served as the standard 

method against which the other three methods were compared. The 



comparison sequences, therefore, involved f irst a Method A by Method B 

comparison; second, a Method A by Method C comparison; and third,  a 

Method A by Method D comparison. The basic data for this experiment con

sisted of the number of training/testing cycles required for each to 

achieve the criterion level for each l ist—or cycles to criterion (CTC).  

Criterion was achieved when the produced (using the HandiVoice) the 

appropriate word to the test stimulus for 100% of the words on each l ist .  

A detai led description fol lows of each of the four training 

operations and the testing sequence for each. In addit ion, there is a 

description of a retention survey that was conducted concurrently with 

Experiment 1.  

Method A. Five of the three-number sequences, selected in the 

random manner described previously,  comprised a single l ist .  Each of the 

sequences or "codes" was printed on the lower half  of a 3 x 5 index card 

with i ts corresponding word printed on the upper half .  This was labeled 

"side #1." On the reverse (side #2) the word alone was printed. Before 

beginning the init ial  training, the words were presented to the subjects,  

and they were asked i f  they knew how to "say" the word (with the Handi

Voice) and to do so i f  they could. S_ #1 ,  due to his year of prior experi

ence with the device, could produce approximately 10% of the presented 

words, whereas S_#2, with only approximately two months experience, pro

duced less than 2% of the words presented to her.  Any word that the S^s 

produced correctly or even attempted was excluded from the experiment.  

Method A proceeded when the E_, who was seated directly in front 

of the S, showed side #1 of the index card and pronounced the word. The 



card remained in that posit ion unti l  the S_ entered the appropriate keys, 

pressed ENTER, and thereby "pronounced" the word. This procedure was 

fol lowed for al l  f ive words on the l ist .  The test tr ials were accom

plished by fol lowing a format identical to that of the training tr ials 

except side #2 of the card (the word alone) was presented to the S_ along 

with the E_'s vocalization of the word. This operation constituted a 

single cycle.  The only addit ion to the test tr ials was that each was 

given a maximum of 15 seconds or two attempts to produce the correct re

sponse before going on to the next.  The t ime l imit  was imposed due to 

the l imited amount of t ime within the sessions and was based on previous 

data of the S_'s performance on t imed tr ials.  Because each S_ had con

sistently entered a three-number sequence into the HandiVoice in the past 

in four seconds or less, the 15 second t ime l imit  al lowed them ample t ime 

to make a second attempt at a correct response i f  necessary. For each 

l ist  within each session, word l ists for Method A (and the other methods 

included in the experiment) were cycled a minimum of two t imes. 

Method B. The procedure for Method B was much the same as that 

of Method A. Instead of the single words, however,  a short phrase or 

question was printed on side #1 with the target word replaced by the 

appropriate three-number sequence. Like Method A, f ive words were 

assigned to this method. The words were selected in advance, using the 

procedure described earl ier,  so that phrases could be constructed prior 

to each session. Following a training tr ial  for each of the f ive words, 

a testing tr ial  was conducted to test for discriminative control of the 

phrase or question over the word. To do so, the phrase or question was 



printed on side #2 of the card with a blank l ine drawn in where the code 

previously appeared. The JE read the phrase or question aloud, just as he 

had done during training but did not voice the three-number sequence. 

The abrupt si lence was the signal for the S_ to respond. The number of 

attempts and the amount of t ime al lowed per response was the same as 

Method A. 

Method C. The training tr ials for the l ists within Method C con

sisted of having a 3 x 5 inch index card with a three-number sequence 

written on i t  presented alongside i ts corresponding natural property.  In 

most cases this entai led pairing the code with an object or a picture of 

an object,  but in some cases (e.g. ,  for the words go or up),  i t  required 

a demonstration of the natural effect of the word. In addit ion, the E_ 

would vocalize the three-number sequence or code. Because i t  was not 

always a simple task to f ind or create the natural effect of the target 

word, a few of the randomly selected words were excluded. For example, 

some of the words excluded were appointment,  wore, soar,  and fun. s 

were instructed that they could begin to operate the HandiVoice as soon 

as the had completed vocalizing the code. For example, i f  the object 

was a board, the held up a board, placed the 3x5 inch index card 

alongside i t ,  and said the numbers 5~3~7- I f  the word was hot,  the E^ 

held up a picture of f ire and said the numbers 3~6-l .  £ would then wait  

unti l  entered the numbers into the HandiVoice, depressed the ENTER key, 

and thereby "spoke." E^would then go through the prescribed reinforce

ment procedures (to be described later) ,  and proceed to the next word on 

the l ist .  
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The test tr ials consisted of simply showing or demonstrating the 

identical stimuli  used in training but omitt ing the vocal accompaniment 

of the code. The s response t ime began to elapse as soon as the object 

was shown or the effect of the word demonstrated. 

Method D. The f irst training/testing cycle of Method D fol lowed 

the Method A format.  The second cycle began by having the E_ present the 

3x5 inch index card with the word and code printed on i t  along with the 

request,  "Say the word in a short phrase using the HandiVoice." At this 

point in their training, both S's already were frequently able to do this 

with l i t t le diff iculty.  When the S_ was unable to do i t ,  s/he was al lowed 

to look at the alphabet vocabulary l ist  (provided by the manufacturer) in 

order to f ind the words and corresponding codes needed to complete the 

task. 

The f inal test tr ial  for the second cycle of Method D required 

the S^1  s to repeat each entire phrase they had previously produced. The 

test stimulus consisted of instructions to the S/s to say each of the 

phrases that s/he had produced previously,  immediately fol lowing the E_'s 

vocalization of the phrases one at a t ime. I f  needed assistance with 

a word in a phrase aside from the target word, £ provided that code. 

Testing Sequence 

The testing sequence for Experiment 1 consisted of three stages 

(see Table 1) .  As mentioned previously,  throughout these stages Method A 

(the tradit ional paired-associates paradigm) was compared to Method B 

( in stage 1),  Method C ( in stage 2) ,  and Method D ( in stage 3)-



Table 1.  Number of correct responses by subjects on immediate ( lRT)a  and delayed (DRT)'5  

retention tests 

Comparison Stages 
I  I I  I I I  

Training Methods 
Subject ABABABAB AC AC AC AC AD AD AD AD 

#1 

IRT 

DRT 

Days to 
DRT 

#2 

IRT 

DRT 

Days to 
DRT 

0  0  1 1  0  2  0  1  

55 55 5^ 55 55 55 55 55 

1 1 1 2  0 2  2 2  1 1 0 0  0 0  0 0  

25 24 2 1  18 14 1 2  1 1  

0 0  0 0  0 0  0 0  

22 04 55 55 44 55 

00 02 12 55 10 42 

29 26 23 16 14 1 

^Immediate retention tests began at stage 2 
Delayed retention test #1 fol lowed the completion of stage 2 by both S^'s.  Delayed retention 
test #2 fol lowed the completion of stage 3.  



Responding to each l ist  within each stage had to meet the criterion level 

before the next l ist  was given. 

Five words were assigned to each of the two methods being com

pared within each session. Within these sessions, the separate f ive-word 

l ists were always cycled ( i .e. ,  submitted to a training tr ial  then a test

ing tr ial)  twice, whether or not the achieved criterion after a single 

cycle.  I f  more than two cycles were necessary for the S_ to achieve cri

terion on either l ist ,  the entire procedure was repeated in the subsequent 

session but the order in which each of the methods occurred was alter

nated. For example, Method A was used f irst on day one, fol lowed by 

• 
Method B; on day two, Method B was used f irst fol lowed by Method A. The 

order in which the words and codes were presented within each l ist  re

mained the same. 

Across word l ists,  the order in which each method was trained was 

also alternated. For example, i f  l ist  #1 began training with Method A, 

l ist  #2 began training with Method B. This counterbalancing procedure 

ensured, for each stage, that the methods being compared were submitted 

to training an equal number of t imes within the two posit ions in which 

they could occur.  Except for S_#2, stage 3,  each of the experimental 

stages was composed of four separate l ists per method. Due to factors 

such as the greater number of cycles to criterion required for each l ist ,  

and a confl ict ing vacation plan, the number of l ists per method within 

stage 3 for S #2 was l imited to two. 



Assessment of Retention 

At the onset of stage 2 there was an evaluation of the discrimi

native control that had been established through the various experimental 

operations. After stage 1 i t  was clear that the verbal responses of both 

S_'s could be rather quickly brought under the discriminative control of 

two different stimulus condit ions (Methods A and B).  However,  informal 

probes of these responses at later dates revealed that the control had 

diminished. In some cases, the control was weak in that the S_ produced 

only a single portion of the correct number sequence, or completely non

existent in that the fai led to produce even an approximation of the 

correct sequence. The major concern was st i l l  the comparison of the 

relative effectiveness of the four discrimination operations, but the 

retention aspect was considered to be too important to ignore. In fact,  

data taken from the foregoing procedures prompted experiment #2 to be 

described later.  

Two procedures were developed to test retention of discriminative 

control.  The f irst was a retention test f .hat occurred within that ses

sion in which criterion had been achieved for the l ists of both methods. 

In the test,  presented 3x5 inch index cards to the S_with the word 

alone printed in the center and simultaneously vocalized the word. Prior 

to the test,  S_was instructed that s/he was to attempt to produce the 

word via the HandiVoice as soon as the test stimuli  were presented. 

Furthermore, S_was apprised that rules for this test were to be identical 

to those of the f inal test cycle ( i .e. ,  a maximum of 15 seconds 0£ two 

attempts would be al lowed per word).  Although no money was made 
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contingent upon a correct response, the provided praise whenever the 

responded correctly. .  Both s performed enthusiastically to this "game" 

to be referred to as the immediate retention test ( IRT).  

The second procedure used to evaluate the retention of discrimi

native control was almost the same as the f irst.  The primary difference 

was the amount of elapsed t ime between the IRT and this second or delayed 

retention test (DRT).  This t ime varied for each and depended upon the 

amount of t ime and sessions needed to complete each l ist  to criterion 

within each stage of the experiment.  The delay intervals for DRT #1 

ranged from one to 29 days for §2 and f ive to 25 days for S_ #1; those 

for DRT #2 were two and four days for £ #2 and for S_ #1,  the intervals 

ranged from two to seven days (see Table 1) .  DRT #1 occurred after the 

completion of l ist  #8 (stage 2) and included the l ists used for stage 1 

(1-^f) .  DRT §2 occurred fol lowing the completion of l ist  #12 for S_ #1 

and l ist  #10 for S_#2. I t  is important to note that neither was in

formed of the delayed retention tests prior to the t ime they occurred and 

therefore addit ional or special  preparation by the V s was unlikely.  

Results 

The f indings of Experiment 1 were based on (1) the comparisons 

of the training methods, and (2) the informal surveys of discriminative 

retention. The results of the f irst component of Experiment 1 indicated 

that al l  the methods used to establish discriminative control were 

equally effective. Figure 1 summarizes the data obtained from both S^'s 

within and between the three comparison stages. In the f irst comparison, 

Method A was compared to Method B. In terms of the number of cycles 
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Figure 1.  Number of cycles required for each subject to achieve 
criterion on each word l ist  within each stage of 
compar i  son 



needed to achieve criterion (CTC),  both S^'s responded in an equivalent 

fashion; the mean CTC for _S #1 was 1.8 for Method A and 2.3 for Method B. 

For S_#2, the mean CTC was 3-0 for both methods. When Method A was com

pared to Method C, the CTC for £ #1 decreased to 1.0 for the former meth

od and 1.8 for the latter.  The number of CTC for S_ #2 on this comparison 

remained at 3-0 for both methods. Finally,  Method A was contrasted with 

Method D. Like the previous comparisons, the number of CTC for each 

method within S_'s was either equal or not substantial ly different.  For 

S_ #1 the CTC was 1.8 for each method and for S_ #2 the CTC was 2.0 for 

Method A and 3-0 for Method D. 

The second set of results were taken from the immediate and de

layed retention tests and appear in Table 1.  The performance of both 

SPs on the IRT's demonstrated l i t t le loss of discriminative control.  On 

only a few occasions did either fai l  to respond correctly to a test 

stimulus when i t  was presented as part of a random sequence occurring 

subsequent to the achievement of criterion. 

The data from the delayed retention tests were much more vari

able.  When the DRT occurred 14 days or more fol lowing the achievement 

of criterion for S_ #1 ,  retention was infrequently displayed; for S_#2, 

retention was not displayed at al l .  When the DRT occurred within 14 days 

of criterion performance and at an interval greater than three days, the 

data were similarly variable and indicated a low degree of retention. 

These data provided empirical evidence for what had been previously sus

pected; that long-term retention of HandiVoice codes was not being 

established in training. Furthermore, just as the individual s 



performances were equivalent within and across the comparison stages, 

their performances were equivalent ( i .e. ,  were not differential ly 

affected) on the delayed retention tests.  

D i  scuss ion 

Establishing Discriminative Control.  The results from the com

parison of the four training methods indicated that no one method was 

any more or less effective than another.  This general f inding was un

anticipated. In l ight of some of the presumed advantages posited by 

educators and behavioral theory, Methods B, C, and D should have been 

more effective than Method A. What fol lows is a detai led discussion of 

some factors that may have contributed to the present results.  

Method A, although the most well-established procedure in terms 

of prior laboratory research, has not been explicit ly examined in class

room research. The technical characteristics of the HandiVoice and the 

behavioral characteristics of the CP S_'s created a unique condit ion with

in which the effects of a paired-associates procedure could be reevalu

ated. The acquisit ion data from both S^1  s showed that when Method A was 

used :  the word l ists were learned within a single session ( i .e. ,  in two 

cycles or less) in 17 of the 22 total  sessions. The average number of 

cycles to criterion for Method A was 1 .5 for #1 and 2.8 for #2. For 

both S_'s combined, the average CTC (or the overall  learning rate) was 

2.1.  In a review of earl ier paired-associates experiments in which words 

and numbers were used as stimulus and response i tems, Postman (1978) re

ported that for a group of four S's,  the average required at least four 
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tr ials (comparable to the present cycles) to learn the l ists to criterion. 

In addit ion, the criterion level was frequently only 75"80% compared to 

the 100% level used in the present study. Although these appear to be 

contrary f indings, the differences can be accounted for in terms of the 

particular experimental operations. In previous studies, S_'s were fre

quently "volunteers" from introductory psychology courses. Their parti

cipation was rewarded by extra credit  points.  No study was found in 

which extra credit  points or any other motivating variable was made ex

pl icit ly contingent upon accurate responding or rapid learning. As pre

viously explained, S_'s in the present study were praised and given money 

for responding accurately as well  as progressing rapidly through the 

l ists.  Since the training method was designed to duplicate the tradi

t ional paired-associates procedure, the most reasonable explanation for 

the differences in performance is that the S_'s in the present study were 

operating under more favorable reinforcement contingencies than s in 

previous investigations. There is no reason to suspect that the present 

S^' s were more favorably disposed to this type of task. 

Because the classroom teacher rarely uses money as a reinforcer,  

i t  is possible that s/he may observe rates of learning different than 

those obtained in the present study. I f  praise alone is used, the 

acquisit ion rate may be closer to that of the tradit ional paired-

associates f indings. However,  the teacher who has identif ied a set of 

generalized reinforcers for an individual ( i .e. ,  reinforcers which are 

not dependent upon any single state of deprivation for their effective

ness) may use them in place of money ( i tself  a generalized reinforcer) 



to improve performance (Skinner,  1953).  Therefore, i f  a paired-

associates type procedure is selected by a teacher,  either because "vo

cabulary training" is momentari ly important or because i t  is expedient 

( i .e. ,  i t  requires l i t t le preparation and consideration of the individu

al  student's history of learning),  s/he may feel  the need to compare his 

or her results to those previously obtained under similar condit ions. 

The present data may be of some use in this respect.  

Method B was designed to bring the HandiVoice numeric code under 

the discriminative control of a famil iar phrase or question. These 

phrases and questions were based upon direct observations of the S_'s at  

their schools and homes. On the basis of this famil iarity ( induction),  

one might have expected Method B to be more effective than Method A. As 

mentioned earl ier,  this expectation is based on the assumption that an 

effective language program provides a type of training that is maximally 

considerate of the individual 's past and present contacts with the envi

ronment (Guess, Sailor,  and Baer,  1978).  However,  the data did not bear 

out this assumption. 

A possible explanation for the fai lure to f ind differences be

tween Methods A and B was that both S^1  s were highly verbal and l i terate.  

In terms of acquisit ion rate,  providing this type of discrimination 

training may not be advantageous to a l i terate individual.  Both S_'s had 

histories of academic training such that single and multiple word in

structions had been so effective that l i t t le or no addit ional effect of 

famil iarity was obtained from Method B. I t  remains plausible,  however,  

that Method B may show a greater effectiveness for other populations 
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(e.g., children who do not yet read or people whose conversation skills 

are generally deficient). At this point, further research with subjects 

from these populations is needed to substantiate this hypothesis. 

I t  is frequently important to an individual that a particular 

verbal response is made in the presence of a natural property of the en

vironment. In the present experiment, Method C was a procedure in which 

the printed word was replaced by the actual object the word labeled or 

effect the word designated. The response required to enter a three-

number sequence into the HandiVoice was produced in the presence of a 

non-textual ( i .e.,  not written and in this sense natural) property of 

the environment. Method C, therefore, simulated the frequently used edu

cational practice of teaching students to label or name common objects in 

their everyday environments under appropriate circumstances. The compar

ison of Method C to Method A demonstrated that under the appropriate re

inforcement contingencies, the natural property or effect of a word can 

be established as a discriminative stimulus for responses that lead to 

HandiVoice speech. In addition, this procedure has been shown to be as 

effective (in terms of CTC) as the traditional means of vocabulary 

training. 

Method C provides the HandiVoice teacher with a second alterna

tive to a conventional paired-associates procedure. Furthermore, the 

teacher can be assured that the student will  acquire the new form of 

vocal behavior at a comparable rate. A l imitation of the method is that 

not all  words are amenable to this type of training. Because some words 

do not label objects and their normal functional characteristics are not 
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easi ly demonstrated,  Methods A or B may be more appropriately applied 

under these condit ions.  

A notable advantage of  Method C is  that i t  may be applied to the 

non-reading student.  The student must st i l l  respond appropriately to 

the writ ten and/or spoken numerals 0-9 but many preschool aged chi ldren 

( including those with cerebral  palsy) do this.  Later,  Method C may even 

be combined with other methods used to teach reading and "reading aloud" 

can be accomplished. 

Objects named by students may also be acquired.  Although the 

contingencies for simply naming something and requesting and receiving 

i t  are dif ferent (Skinner,  1957),  in effect ive teaching environments pro

cedures are often combined to create mult iple reinforcement for vocal  

behavior.  The teacher who has control  over the physical  environment can 

arrange for,  using Method C,  immediate and often primary reinforcement.  

For example,  a t imely opportunity to teach the student to say food or 

drink i tems is before lunch when the student is mildly hungry or thirsty.  

Other words such as play,  exercise,  or paint  can be similarly taught when 

the act ivi ty is made contingent upon the vocal  response.  

To be maximally effect ive,  Method C requires careful  management 

of  the physical  environment.  I  terns must be brought into the classroom 

and arranged so that they are present during reinforcement and/or made 

contingent upon the appropriate vocal  behavior.  The classroom may need 

to be extended beyond the wal ls so that natural  effects are easi ly and 

natural ly demonstrated.  Final ly,  teaching can be carr ied over to the 

home environment when objects and events in the home are similar to those 



at school.  Here,  the essential  training ingredients are cooperation and 

consistency between teacher and family members.  

Method D was designed to provide mult iple control  for the vocal  

responses of  the HandiVoice.  That is ,  the discriminative st imuli  for 

entering a part icular code were (1)  the vocal  and writ ten occurrence of  

the word alone,  or (2)  instructions to say a short  phrase which included 

the word.  Method D f i rst  incorporates a procedure of  paired-associates 

that has been demonstrated in previous research (e.g. ,  Postman, 1978) 

and in the present study to be effect ive.  Second, i t  combines this pro

cedure with one in which previously establ ished discriminating condit ions 

for verbal  behavior are included in the training of  new forms of  vocal  

behavior.  Like Method B,  this procedure takes practical  advantage of  the 

student 's learning history with regard to verbal  interactions and brings 

this into the present training situation.  Unlike Method B,  this proce

dure al lows students to maximize the relevance of  the st imuli  by self -

generating them. The third advantage,  therefore,  is that the student 

takes a more act ive role in the teaching process.  He becomes more than 

a recipient of  instructions to behave in a specif ic way.  He can contr i 

bute to the teaching program by providing information to the teacher that 

may indicate what is immediately important to him. Momentary condit ions 

of  deprivat ion (e.g. ,  thirst  or hunger)  can be exploited when made pub

l icly known by the student.  

In the process of  self -generating vocal  behavior while estab

l ishing new words,  older words (or verbal  responses) are undergoing 

change as wel l .  The change is in the direct ion of  strengthening the 



occasions upon which these older forms occur.  As these words continue to 

be discriminated by dif ferent verbal  occasions and fol lowed by reinforce

ment of  various types,  they become less dependent upon any single occasion 

or type of  reinforcement.  The outcome is that the student 's verbal  be

havior appears more rapidly,  consistently,  f luently.  Another effect  of  

Method D is that the responses that are required to produce speech become 

chained (Skinner,  1953; 1957).  The f i rst  response becomes the occasion 

for the second; the second for the third- ,  and so on.  For example,  i f  the 

word to be learned is "pop," the student may request "4-1-5,  2-1-0,  8-2-6" 

( I  want,  a ,  pop).  Previously,  of  course,  the student has been taught to 

say "4-1-5,  2-1-0" when he "wants" something.  The response "8-2-6" can 

be brought under the control  of  the word alone (as in Method A),  a phrase 

or question which the teacher knows the student may often hear or say (as 

in Method B),  or the visual  characterist ics of  a bott le of  pop or a pic

ture of  a bott le of  pop (as in Method C).  Or,  i f  8-2-6 is the target 

response and 4-1-5,  2-1-0 has been previously establ ished, the student 

may self -generate the short  phrase in response to variables which are 

immediately relevant (e.g. ,  sl ight thirst  or the fact  that pop has been 

requested numerous t imes in the past,  al though in dif ferent ways).  The 

response 4-1-5,  2-1-0 (already a functional  unit)  is now introduced by 

the student under the new circumstances involving the HandiVoice as an 

occasion upon which the response 8-2-6 wi l l  be fol lowed by reinforcement.  

In the present experimental  sett ing,  this was praise and money; in a more 

natural  teaching situation this would be the approval  of  the teacher and 

possibly some actual  8-2-6.  



The actual  experimental  outcome of  the Method D/Method A compari

son suggested that both were equal ly effect ive in establ ishing HandiVoice 

speech. This outcome, al though dif ferent from what was predicted,  may be 

related to the dif ferences in the S^'s academic training as was suggested 

as a basis for the results obtained when using Method B.  As with Meth

od B,  further research is needed to clari fy the inf luence of  various 

academic ski l ls a subject may demonstrate upon the subsequent effect ive

ness of  training using Method D. Final ly,  i t  should be pointed out that 

the variables of  (1)  mult iple control ,  which consti tuted the basis for 

Method D,.  and (2)  the requirement of  the S^'s to produce more complex re

sponses were confounded. Recal l  that  the f inal  test  phase required the 

S_'s to produce the target response (word) and the remainder of  the words 

which,  together,  comprised the short  phrase.  I t  is conceivable that at  

early stages of  training,  the requirement to produce the entire phrase as 

the terminal  response rather than just  the word alone may have had an 

interfering function rather than the supplementary function that was 

posited earl ier .  I f  we are to continue to assert  that  Method D training 

is superior to a simpler paired-associates procedure,  then further re

search must f i rst  be conducted to identi fy the variables which were 

responsible for the present data.  Simply al ter ing the response require

ment fork's with l i t t le previous direct  training on the HandiVoice may 

result  in improved performance. Retaining the requirement for advanced 

S_'s may show a similar effect .  These are,  however,  empir ical  questions 

to be resolved by further research.  
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Two points that concern the outcome of  Experiment 1 should be 

emphasized here.  First ,  the data showed that at  least four methods are 

avai lable to teachers which can be effect ive in establ ishing a new form 

of  vocal  behavior.  These methods provide alternatives to teaching stu

dents who may be at  dif ferent levels in their  academic training or,  for 

idiosyncratic reasons, may respond more favorably to one method over 

another.  In ei ther case,  the teacher is offered some data which suggest 

that  he wi l l  not sacri f ice effect iveness by selecting one method over 

another.  

The second point  concerns the consistency of  the experimental  

f indings.  In spite of  the fact  that the present S_'s di f fered widely with 

respect to age,  sex,  culture,  education,  present l iv ing environments,  

etc. ,  their  performances were similar throughout the experiment.  The 

mutual  effect iveness of  the two methods being compared within any stage 

was consistently repl icated for both s.  The major dif ferences between 

S_'s were that the overal l  performance of  S_ #1 was more consistent than 

S_ #2 ( i .e . ,  the data were less variable) ,  and the rate of  acquisit ion 

for S_ #1 was consistently faster than S_#2.  These individual  dif ferences 

may simply ref lect  the separate histories of  the two S_'s.  I f  this were 

the case,  i t  could be postulated that one or more of  the subject charac

ter ist ics named above contr ibuted to the between-subject dif ferences.  

Manipulat ion of  these characterist ics through subject select ion or ex

pl ici t  training to occur prior to experimentat ion would veri fy their  

signi  f icance.  



The important f inding was the similari ty of  main effects of  the 

experimental  variables which occurred in spite of  individual  dif ferences 

between S_'s.  Addit ional  between-subjects repl icat ions of  the present 

data are required to extend these f indings and al low for greater general

i ty of  conclusions concerning future HandiVoice students (Hersen and 

Barlow, 1976; Sidman, I960).  

Retention Surveys.  The retention surveys,  al though informal,  

produced two kinds of  valuable information.  First ,  extended or long-term 

retention of  control  was not establ ished, even over two days.  This f ind

ing simply indicates that the verbal  behavior of  the S_'s in the present 

study was similar to that of  S_'s in previous studies of  verbal  learning 

and retention (Crowder,  1976).  As mentioned earl ier ,  many of  these 

studies have indicated a loss in retention in excess of  ~IS% after only 

2k hours when the learning task involved novel  forms of  verbal  st imuli  or 

novel  combinations of  more famil iar  verbal  st imuli .  The loss of  reten

t ion (or the diminution of  discriminative control)  therefore,  was to be 

expected given the present set  of  experimental  condit ions.  What re

mained to be investigated were the variables which,  for the individual  

student,  maintained the control  of  discriminative st imuli  for verbal  

responses generated through the operat ion of  the HandiVoice.  In addi

t ion,  might these variables general ly affect  non-vocal  individuals in a 

dif ferent manner than persons who have spoken normally for al l  of  their  

1i  ves? 

The second f inding obtained from the informal surveys was that 

the S's performance on these tests was not dif ferential ly affected by the 



original  method of  training.  For example,  words submitted to Method A 

training were reported on the DRT's at  an equal  rate as those which were 

trained using Method C.  There are,  however,  two factors that must be 

taken into considerat ion in interpret ing these data.  The f i rst  is that 

these retention surveys were str ict ly informal;  they were not careful ly 

control led experimental  operat ions.  Their  primary function was to survey 

the long-term effects of  HandiVoice training,  make global  comparisons 

within and between S^1  s with regard to the dif ferent training methods, and 

to confirm the need for further control led experimentat ion.  A second 

factor is the often extensive t ime intervals which intervened between 

achievement of  cr i ter ion and the administrat ion of  the DRT. In some 

cases this interval  was as much as 29 days; in others i t  was only one.  

Because the f i rst  experiment revealed that the dif ferent training 

methods were equal ly effect ive,  and because the informal surveys suggested 

that the variables which affected the retention of  synthetic speech needed 

closer examination,  experiments 2 and 3 were designed. The procedures and 

results of  these experiments wi l l  be described in the fol lowing sections.  

Experiment 2 

Experiment 2 examined more systematical ly some of  the variables 

that appeared to inf luence the retention of  discriminative control .  The 

f i rst  stage of  the experiment was designed to obtain a rel iable assess

ment of  retention for both S_'s at  the 2k hour post-cri ter ion interval .  

Later,  a DRT was administered so that retention could be evaluated at  

four,  f ive,  and six day intervals.  Method A was the single method used 



throughout the experiment 

t ive as the others and i t  

t ime. 

Procedures 

Ten words and their  corresponding codes were selected from the 

numeric vocabulary l ist  in the manner described earl ier  for Experiment 1.  

These words were randomly divided into two smaller l ists and labeled 

l ists A] and A£.  The procedure for establ ishing the writ ten and spoken 

word as a discriminative st imulus for the responses of  entering the 

appropriate number sequences into the HandiVoice was the same as that of  

Method A in Experiment 1.  That is ,  f ive 3 *  5 inch index cards with a 

word and a code printed upon them were shown to the S_ a long with having 

the E^ say the word simultaneously.  The test  st imulus consisted of  having 

the E_ say each of  the words as he presented the card with the word alone 

printed upon i t .  Again,  this procedure was repeated at  least twice or 

unti l  the ^achieved cri ter ion.  After two training/test ing cycles were 

conducted for l ist  Aj ,  the same treatment was given to l ist  A2. Fol low

ing cri ter ion (which never required more than two cycles per l ist  for 

ei ther S) ,  the IRT was given in order to be consistent with the proce

dures used in Experiment 1.  

Twenty-four hours following the above operations, a retention 

test was conducted using one-half of the words. These words were ran

domly selected by simply shuffling the ten cards used on the previous 

day and selecting the top five. This procedure (establishing discrimi

native control for the words, followed by assessment at 2k hours) was 

since Experiment 1 had shown i t  to be as effee-

required the least experimenter preparation 



repl icated for each S_ three t imes.  On the fourth day fol lowing the 

achievement of  cr i ter ion on the third and f inal  l ist ,  a DRT was adminis

tered to the S_" s  for  those words on al l  three l ists which had not been 

tested previously at  the 2k hour interval .  

Results 

The results of  Experiment 2 are shown in Figure 2.  The 2k  hour 

retention phenomenon observed for S_ §2 ( i .e. ,  that discriminative control  

o f  tes t  s t imul i  was not  s ign i f icant ly  a f fec ted  by  the  in terva l  o f  2k  

hours) during the f i rst  experiment was repl icated for both s.  There 

was a sl ight decrease in control  observed for both SJ s  on the second and 

third l ists,  but overal l  the data indicated that the previously estab

l ished control  was st i l l  at  nearly maximum strength after 2k hours.  

The second f inding of  Experiment 2 concerned the results of  the 

delayed retention test  (DRT).  The word l ists which had not been tested 

at  the 2k hour interval  were submitted to a DRT upon the complet ion of  

the entire experiment.  As the performances of  both S^1  s indicate,  the 

control  of  the test  st imuli  establ ished in an identical  manner as those 

used for the 2k hour test  had diminished substantial ly.  In fact .  _S #2 

fai led to produce a single correct response and #1 produced only a 

s i n g l e  c o r r e c t  r e s p o n s e  f r o m  l i s t s  # 1  a n d  # 2 .  

Discuss ion 

The main outcome of  Experiment 2 was the repl icat ion of  f indings 

with regard to retention after 2k hours.  Clearly the overal l  level  of  

retention (83% for each S_) was much higher than that which would be 
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predicted by the paired-associates l i terature (Underwood, 1967)-  How

ever,  the primary purpose of  Experiment 2 was to veri fy and systemati

cal ly repl icate some f indings obtained in the previous experiment.  The 

second set  of  f indings regarding retention at  longer intervals provided 

addit ional  and sl ightly more systematic data than those from the pre

vious retention surveys in Experiment 1.  The effect  of  test ing at  longer 

intervals ( in this case at  four,  f ive,  and six days,  as in Experiment 1)  

st i l l  showed a low level  of  retention.  This was a continuing concern.  

However,  c lear evidence regarding the reasons for this loss of  retention 

was not avai lable because the variables of  t ime alone and addit ional  

training were st i l l  confounded. Separating the effects of  these two 

variables was one of  the goals of  a later study,  Experiment 3-

A second outcome of  Experiment 2 concerned the consistent per

formance of  both S_'s.  Although not shown, both S's achieved cri ter ion 

on al l  three l ists within a single session ( i .e . ,  within two cycles or 

less).  As Figure 2 does show, the performances of  both S_'s throughout 

this experiment were nearly identical  in spite of  al l  the individual  di f 

ferences mentioned earl ier  which may be cause to predict  corresponding 

dif ferences in performance. The consistent performance of  the individual  

S^1  s across the separate tasks indicates that,  in addit ion to the between 

S_ repl  i  cat  ions,  within repl  i  cat  ion was obta ined as wel 1 .  Th i  s was an 

important f inding for any experiment,  part icularly one occurring in the 

early stages of  an experimental  area (Kratochwi11,  1978; Leitenberg,  

1973).  



Experiment 3 

The outcome of  Experiment 2 prompted addit ional  questions of  

experimental  interest.  The f i rst  of  these was: what are the long-term 

( i .e. ,  greater than 2k hours) effects of  a retraining procedure scheduled 

at  a post-training interval  of  2k hours in which the strength of  the 

establ ished discriminative control  is  st i l l  high? Secondly,  does such a 

procedure signif icantly affect  the discriminative control  of  other re

sponses not subjected to a retraining procedure? To evaluate these rela

t ionships,  the f inal  experiment was conducted.  

Procedures 

The same two individuals part icipated as S/s.  Both were advised 

that they would receive the same money ( i .e . ,  10 cents per each correct 

response) for their  efforts throughout the week but were uninformed 

about the nature of  the experimental  procedures.  The tradit ional  paired-

associates procedure (Method A) was used for the reasons mentioned in 

Experiment 2 and for the sake of  experimental  consistency.  In order to 

standardize experimental  control ,  a program was fol lowed such that the 

ini t ial  training began on a Monday and terminated with the f inal  assess

ment operat ion on the fol lowing Friday.  Again,  the word and codes to be 

used for this phase were selected randomly ( fol lowing the procedures used 

for Experiments 1 and 2)  and randomly divided into two separate l ists for 

each S_. For both S_'s,  l ist  A ]  was trained f i rst ,  fol lowed by l ist  A2. 

On Monday, both l ists were presented to each and the words 

establ ished as discriminative st imuli .  For neither S did this require 
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more than two cycles.  On day 2 (Tuesday) only one of  the f ive-word l ists 

for each underwent retraining; for S_ #1 this was l ist A], and for S_ #2 

this was A£.  Retraining consisted simply of  presenting a single cycle of  

training and test ing for the f ive-word l ist .  Day 3 (Wednesday) was used 

as a rest  day and the S_'s were informed that training would resume on the 

fol lowing day.  On day k,  72 hours fol lowing the ini t ial  training,  the 

l ists which had not received retraining were tested.  This test ing proce

dure was conducted in the same manner as al l  previous test ing occasions.  

The word alone printed on a 3 x 5 inch index card was presented to the S_ 

and s/he was al lowed 15 seconds or two attempts to enter the appropriate 

number sequence on the HandiVoice and say the word.  On day 5,  the iden

t ical  test ing procedure was applied to those l ists for each S_which had 

been retrained at  the 24 hour interval .  

Results 

Figure 3 displays the relat ionship between the retraining proce

dure at  the 2k hour interval  and the retention of  discriminative control  

for those l ists 72 hours fol lowing this procedure and 96 hours fol lowing 

init ial  training.  The data points at  day 1 indicate that both S^s 

achieved the cr i ter ion level  (of  100%) for both of  the f ive-word l ists 

within a single session.  On the fol lowing day,  the same level  of  per

formance was achieved by both S_'s on one of  the word l ists after a single 

retraining cycle.  

The data points at  day A indicate the test  performances of  the 

S's on the l ists that did not receive retraining.  For S_ #2 none of  the 
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test  st imuli  ( i .e . ,  the 3x5 cards with the word alone printed on them) 

retained suff icient control  so as to discriminate a single correct re

sponse.  For S_#1 only one correct response was discriminated by the 

f ive test  st imuli .  The effect  of  the retraining procedure is demonstra

ted by the data points at  day 5-  These data points represent the number 

of  correct responses made by the S_'s to the test  st imuli  72 hours fol low

ing the retraining procedure.  Both S_'s produced three of  the f ive possi

ble words on the l ists which they had not seen for 72 hours but had 

undergone retraining.  

Discuss ion 

The effects of  retraining were powerful .  A simple procedure re

quir ing f ive minutes or less,  implemented at  an interval  which had 

earl ier  been shown to have only a sl ight effect  on retention,  resulted 

in retention two to three t imes greater than when i t  had not been imple

mented for a control  l ist .  The effect  observed on the SJs who used the 

HandiVoice was that reviewing the previously learned words before they 

were entirely forgotten increased the l ikel ihood that they would be able 

to say them at  a later date upon request.  The increased proficiency of  

the S_'s on this task certainly just i f ied the brief  period of  t ime re

quired for retraining—about f ive minutes.  

Earl ier  studies in the area of  verbal  learning have examined the 

effects of  retraining or rehearsal  on retention (Brown, 1958).  These 

studies have also shown that task performance is improved fol lowing 

rehearsal .  The pervasive assumption that underl ies these studies,  



however,  is  that rehearsal  strengthens a memory "trace" or "bond" which 

was only weakly establ ished during training (Bower,  Lesgold,  and Tieman, 

1969",  Reynolds,  1977)-  Therefore,  changes in hypothetical  or physical  

(yet  non-identi f ied) structures are held to be the causes for retention.  

An al ternative posit ion taken here is simply that stronger discriminative 

control  was establ ished by repeated training sessions.  The present study 

provided some data to corroborate earl ier  f indings with regard to the 

effects of  retraining.  In addit ion,  a complete descript ion was provided 

of  the circumstances under which learning occurred,  retraining was imple

mented,  as wel l  as the subsequent effects on behavior and the environ

ment.  The primary aim of  the present experiment was simply to demon

strate the functional  relat ionship between a simple retraining procedure 

and the verbal  behavior of  _$'s over an extended interval  of  t ime. 

The effect iveness of  the retraining procedure raises addit ional  

experimental  questions.  For example,  what would be the effect  of  mani

pulat ing the retraining interval? The previous experiments (and this one 

as wel l )  clearly indicated that 2k hours was not suff icient t ime to 

affect  the discriminative control  establ ished in the previous session.  

However,  i t  would be interesting (and potential ly beneficial  to future 

HandiVoice users)  to examine the long-term effects of  retraining at  vari 

ous intervals in which the S_'s indicated that they had forgotten the 

code.  Likewise,  i t  would be of  interest to examine the effects on long-

term retention of  a retraining procedure which occurred long before the 

control  of  the test  st imulus had begun to diminish—say at  six hours.  

Manipulat ing the retraining interval  in this manner could yield cri t ical  



elapsed t imes within which successive training sessions are most effec

t ive for long-term retention.  Certainly these data would have implica

t ions for the practices of  the classroom teacher who saw the student on 

a dai ly basis,  or the therapist  who was able to visi t  with the cl ient 

only periodical ly.  Not only could the effect iveness of  their  training 

procedures be improved upon, but their  t ime would be more eff iciently 

spent.  



CHAPTER 3 

GENERAL DISCUSSION 

The present study produced three basic f indings with regard to 

the acquisit ion and maintenance of  electronical ly synthesized vocal  

behavior.  These were: (1)  that  the entering of  numeric codes into the 

HandiVoice to produce a vocal  response can be trained effect ively by at  

least four dif ferent methods; (2)  that  a response trained under one of  

these condit ions is very l ikely to be reproduced 2k hours later under 

condit ions similar to those present during training,  but i f  the interval  

is longer than 2k hours,  the rate of  correct responses per test  st imuli  

drops rapidly;  and (3)  that  after  72 hours the control  of  test  st imuli  

over their  appropriate responses can be maintained at  a substantial ly 

higher level  when a simple retraining procedure occurs at  2k hours than 

when no retraining occurs.  

In the f i rst  port ion of  the study,  emphasis was placed on devel

oping a training method that might quickly and effect ively expedite the 

learning of  the HandiVoice codes.  Various combinations of  environmental  

features were created and arranged so that they would precede an appro

priate HandiVoice response which was to be fol lowed by two reinforcing 

events for the present S^'s--praise and money. The effort  was to identi fy 

a training technique that could accelerate learning of  the unique numeric 

language. The outcome was that no such technique was found. The 
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standard paired-associates procedure was found to be as effect ive as the 

other more innovative procedures.  As pointed out previously (p.  kk) ,  

however,  the other methods may offer advantages in other areas.  

Many areas regarding the acquisit ion and maintenance of  synthetic 

speech remain to be investigated.  Some of  these were presented in the 

previous discussions.  Others include (1)  the effects of  retraining when 

using Methods B,  C,  or D,  (2)  the relat ive effects of  user age and the 

rate of  acquisit ion of  HandiVoice codes,  (3)  the effect  of  prior "normal" 

speech on acquisit ion rate and retention,  (A) the effects of  dif ferent 

(but yet  to be designed) means of  direct ly assessing synthetic speech on 

acquisit ion and continued use of  the device,  and (5)  the effects of  vari 

ous types of  motor impairments on rate of  acquisit ion and/or amount of  

retent ion.  

Conclusions and Recommendations 

The present study accomplished two major goals.  First ,  various 

methods of  language training were tested in terms of  their  effect iveness 

in establ ishing a unique language consist ing of  number sequences.  The 

main objective was to provide clear descript ions of  these methods of  

training and to generate needed data from systematic experiments.  The 

aim was to offer these data to future researchers and teachers as a 

basis for comparison with addit ional  data in a new but important area of  

verbal  behavior.  I t  was considered important to examine intensively the 

performances of  selected cerebral  palsied individuals as they interacted 

with and learned about the various aspects of  synthetic speech. 



Addit ional  S_'s may have provided similar information with regard to the 

acquisit ion of  numeric sequences but group studies were not deemed neces

sary at  this ini t ial  stage.  

Because many cerebral  palsied persons are essential ly non-vocal ,  

they represent a large populat ion for whom the HandiVoice is a potential  

source of  new behavioi—one which is of  extreme social  relevance.  The 

second goal  was to provide some practical  guidel ines for future Handi

Voice instructors.  Now that some data have been generated to show that 

several  methods can be effect ive (provided that the reinforcers to be 

used are identi f ied and arranged to occur at  the proper moment) ,  teachers 

have mult iple options for training.  The standard paired-associates pro

cedure (often chided as boring) can be replaced, for the present,  by at  

least three other methods. 

The advancement of  electronic technology is rapidly providing 

therapeutic al ternatives to variously handicapped persons. Teachers must 

be made aware of  these devices and their  potential  benefi ts but they must 

also be apprised of  the need for systematic assessment of  the individual  

who is to benefi t .  This recommendation carr ies with i t  the added respon

sibi l i ty that researchers and teachers develop assessment procedures 

which are direct ly related to the task at  hand. I f  the concern is that 

an individual  may not be able to respond under part icular circumstances 

(e.g. ,  to training similar to Method D),  the most effect ive means of  

determining this is to apply these condit ions,  as wel l  as a systematic 

method of  recording the subsequent effects on behavior.  Many excel lent 

references are avai lable which provide suggestions for the implementation 



of training and data col lect ion procedures in both the home and school 

environments (Tharp and Wetzel ,  1969; Patterson, 1977).  

A f inal  recommendation to teachers is that normative information 

concerning the typical  response characterist ics and capabil i t ies of  a 

part icular classif icat ion of  cerebral  palsy be viewed cautiously.  These 

data are frequently unrel iable and misleading.  There is at  present no 

quick and easy diagnostic instrument which wi l l  predict  a person's suc

cess on the HandiVoice.  Therefore,  the determination as to whether or 

not a cerebral  palsied individual  is a suitable candidate for HandiVoice 

training should be based on direct  observations of  that person's behavior 

on careful ly designed tasks such as those used in the present experiment.  

The methods by which an individual  is most comprehensively evaluated are 

necessari ly complex and often dif f icult .  Since the f inal  decision may 

be vi tal  to the individual 's future,  every variable that may affect  this 

decision must be considered careful ly.  
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