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Abstract 

PennypacKer, Koenig, and Linasley's variability 
procedure was used t o  illustrate the bounce in 
per f  orrnance of e ight  s eve re ly /p ro f  o u n d l y  
handicapped persons when they were trained t o  
assemble two complex vocational tasks via two 
training proceaures (total task presentation and 
Dackward chaining). Prom an analysis of the  
r e su l t s ,  i t  c a n  b e  concluded  tha t  subjects' 
correct performance under the backward chaining 
conaition was significantly more variable than 
when correct responding was controlled by the 
t o t a l  t a s k  c o n d i t i o n .  P r a c t i t i o n e r s  a r e  
encouraged t o  quantify and analyze bounce t o  

l T h e  authors would like t o  acknowledge 
Owen R. White, University of Washington, for 
a s s i s t a n c e  i n  t h e  ana lys i s  of the  data; Jim 
Favell, Nestern Carolina Center,  for editorial 
critique; Meda Smith, Western Carolina Center, 
for typing the  f inal  manuscr ip t ,  a s  wel l  a s  
p rev ious  d r a f t s ;  and Cynth ia  S t i rewal t  for 
assistance in redrafting the design. 

assist in making decisions about the effectiveness 
of training procedures. 

The quantification of behavior change (celeration) 
and variability (bounce) a r e  two of t he  many 
features of the Standard Celeration Chart t ha t  
h a v e  a s i g n i f i c a n t  i m p a c t  on t h e  da i ly  
decision-making behavior of practitioners. The 
relationship between celeration and bounce and 
t o  what extent the bounce is  due t o  celerat ion 
or uncon t ro l l ed  va r i ab i l i t y  i s  an important 
p r ac t i ca l  t r a in ing  issue.  F requen t ly ,  t h i s  
relationship i s  not used t o  its greatest practical 
ut i l i ty--an aid in t h e  a s s e s s m e n t  of t h e  
effectiveness of training procedures. 

Pennypacker, Koenig, and Lindsley (1978) and 
White (Note 1 )  suggest that the more variability 
t ha t  can  be explained by the e f f ec t s  of t h e  
celeration, the more effective the procedure, and 
t h e  g r e a t e r  t h e  p r e d i c t i v e  p o w e r  of t h e  
p r o c e d u r e .  In e s s e n c e ,  measurement  of 
variability during the  t r e a t m e n t  phase  of a 
t r a in ing  program c a n  b e  used  t o  a s s i s t  in 
assessing the effects of procedures on learning. 
T h e  p u r p o s e  of t h i s  pape r  is  t o  expla in  
Pennypacker  e t  al.'s (1972)  p r o c e d u r e  f o r  
measuring and quantifying variability, and t o  
apply this  method t o  t h e  assessment  of t h e  
effectivenss of backward chaining (BC) and total 
task (TT) training procedures  wi th  s eve re ly  
handicapped persons. 

Method 

S u ~ j e c t sand Setting 

The subjects  were eight severely and profoundly 
handicapped  indiv idua ls  l iv ing  i n  a s t a t e  
residential training facility. The five women and 
three men ranged in age from 14 t o  58 years. 
Their 1.q. '~ as  measured by the Stanford Binet 
ranged from 14 t o  27. Six of the subjects were 
enrolled in a vocational training program where 
they sorted plastic spoons, while two adolescent 
subjects  were enrolled in an on-grounds ~ h o o l  
program. 

The setting was a 5 by 4 meter room divided by 
a wall t o  provide two t r a in ing  rooms. The  
settings were tailorea t o  be similar. 

Apparatus 

Two d i f fe ren t  items, a arain and a gate valve, 
were assembled by each subject. Each  i tem 
consisted of seven different pieces. No pieces 
of t h e  t w o  i t e m s  w e r e  i d e n t i c a l  o r  
interchangeable. The drain was composed of a 7 
cm by 3.5 cm d r a i n  head ,  a .65 cm rubbe r  
washer, a 6.5 cm hexagonal lock washer, a 4.5 
cm by l u  crn pipe, a 4 crn slip nut, a 4.5 cm 
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plast ic  washer, and a 4.5 cm ruober stopper. 
The g a t e  valve was composed of a 6 crn turn 
knob, a 1 cm nut, a 2.5 cm cap, a 4 cni by 4 cm 
valve, a 5 cm plastic washer, a 6.5 cm by 7.5 
cm housing, and an 11 cm stem. Each item was 
placed in a wooden training t ray (ti0 cm by 45 
crn) that  had seven dilferent compartments. The 
i tems were organized in the order desc r ibed  
above. Pieces for th ree  drains or three gate 
valves were placed in each tray. 

Procedures 

Experimental design. The exper irn ental design 
was a multielement design (Sidman, 1960; Ullnan 
& Sulzer-Azaroff, 1975). 'Chis design is  also 
refwred to  as an alternating t reatments  design 
(Barlow & hayes, 1979). Figure 1 is a graphic 
depiction of the  display of t he  design, using 
Johnston and P ennypacker's (19 8 U )  notation of 
design elements. The independent variables were 
the backward chaining (BC) and the total task 
(TT) training procedures. Daily c o r r e c t  and 
incorrect  frequencies were collected for each of 
the  two i tems and served as  t h e  d e p e n d e n t  
variaole.  Each subject s tar ted in a baseline 
(i.e., non-training) condi t ion ,  a g a i n s t  which 
progress in the training condition was evaluated. 
T h e  ~ a s e l i n e  cond i t i on  w a s  a l s o  u s e d  t o  
empirically validate t ha t  the learner could not 
assemble t h e  itemis) without training. ?'rials 
w.ere a l te rna tea  as  outlined in Figure 1. For 
example, on the first day of baseline, Subject 1 
s t a r t e d  wi th  Se t t i ng  1, Trial 1, gate valve. 
During that trial the subject was allowed many 
opportunities to  assemble pieces of the item for 
three minutes. The frequency of correct  and 
i n c o r r e c t  p i e c e s  was r eco rded  on a d a t a  
collection form and a corresponding Standard 
Celeration Chart.  Then, Suoject 1 moved t o  
Setting 2, Trial 2, drain. Trial 2 was conducted 
in the same manner as  Trial 1. Sumequent to  
Trial 2, the subject remained in Setting 2 with 
the  a ra in  and completed Trial 3. After Trial 3, 
the subject returned t o  Setting 1 and the ga t e  
valve and completed Trial 4. This completed 
Session 1. 

The secona day of baseline opened with Session 
2, Trial 5 (see Figure 1). Trials 5 and & were 
conduc ted  in setting 2 with the arain, while 
trials ti and 7 were conducted in Setting 1 with 
g a t e  valve. Sessions 1 and 2 were al ternated 
every other day until "steady s t a t e  responding1' 
( t he  celerat ions for the cor rec t  and incorrect 
frequencies were X1) was achieved. Data were 
collected and charted separately for each Trial 
number. 
On the f i r s t  day of training, Subject 1 started 
wi th  sess ion  1 in  S e t t i n g  1 w i t h  t h e  T'1' 
p r o c e a u r e  and t h e  g a t e  va lve .  T h a t  trial 
consisted of one opportunity t o  assemble every 

piece of tha t  item. Irrlrnediately following tne 
completion of T r i a l  1, S u b j e c t  1 rnovea t o  
Setting 2 ana was trained with the BC proceaure 
on the drain. Trial 2 was one opportunity t o  
a s s e m ~ l e  the  l a s t  piece of the item. Sumequent 
to 'Crial 2, the learner immediately went t o  'l'rial 
3 which occurred in the same setting ana with 
the  BC proceaure. After Trial 3, the learner  
returned t o  Setting 1 with the TT condition and 
the gate valve ana completed Trial 4. Session 1 
was completed with the conclusion of Trial 4. 

The second day of training opened with Session 2 
which star ted with l'rial 5. In Session 2, the 
order in which Subject 1 received the  item and 
t r a in ing  p r o c e d u r e  was r eve r sed  from tha t  
received in Session 1. On the third training day, 
S u ~ j e c t1 received the  sequence reported in 
Session 1 and on the  fourth training day t h e  
S e s s i o n  2 s e q u e n c e ,  and  so on f o r  e a c h  
subsequent day in the investigation. As in the  
base l ine  cond i t i on ,  da t a  were collected ana 
charted separately for each 'l'rial number. 

Training proceduresBackward Chaining (BC) and 
Total Task (TT). In t h e  BC p rocedure  t h e  
s u b j e c t  was p re sen ted  wi th  a "comple ted  
assembly" except for the last piece. When tha t  
p i e c e  w a s  c o m p l e t e d  e i t h e r  c o r r e c t l y  or 
incorrectly, the t r ia l  and the  counting period 
were  over .  A t  t h e  t ime  of the  study, the  
authors could not  find published indicators of 
a c c e p t a ~ l e  frequency aims for similar vocational 
tasks. Therefore, subjects were required t o  meet 
a c r i te r ion  of six consecutive cor rec t  pieces 
(wi thout  a s s i s t a n c e )  ac ros s  t r i a l s  b e f o r e  
attempting to  learn the "next to the last" piece. 
On subsequent p r e s e n t a t i o n s ,  t h e  i t em was 
presented t o  the suDject with a l l  but the last 
two pieces completed. The subject fallowed this 
progression until s/he was completely assem bling 
an unassembled item. 

In t h e  TT procedure, every step was trained 
every time and the subject started with the f i r s t  
s t e p  of t h e  task .  When a l l  7 pieces were 
corlipleted either correctly or incorrectly, the  
trial and the counting period were over. A total 
of s ix c o n s e c u t i v e  c o r r e c t  i t e m s  (wi thou t  
assistance) across trials was the criterion. 

Calibration and rel iabi l i ty .  T h e  d a t a  were  
collected by two principal trainers. The trainers 
received approximately 12 hours of training prior 
to  the s t a r t  of "live" data collection. The key 
elements of the calibration training were: ( a )  
frequency of cor rec t  pieces, 0) frequency of 
inccrrect pieces, (c) recording procedure, and (d) 
timing procedure. These elements were trained 
to ensure stability, accuracy, reproducibility, and 
generality of the  record responses (Johnston & 
Pennypacker, 1980). 
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During simulated "live" training (calibration), the 
t rainers  could  i n t r o d u c e  known sou rces  of 
variation t o  provide assurance that the observer 
was exposed to  a lull range of possible values. 
Frequencies were also checked and compared t o  
a mechanically produced recccd be. ,  videotape). 
T h e s e  t w o  c a l i b r a t i o n  p r o c e d u r e s  a r e  
recommended by Johnston and Pennypacker (1980) 
and w e r e  used  t o  ensure accuracy of human 
recording. When the trainers had trained each 
other in two consecutive trials without error, the 
calibration criterion was met. 

For this  investigation there was no measure of 
inter-observer reliability. This decision was  
based on Johns ton  and Pennypacker's (1980) 
statement that, "Using two or more observers t o  
d e t e c t  behavioral events  cannot  provide any 
information about t h e  reliability of any  one  
ooserver's judgmentff (p. 163). 

Measurement and &&antification of Variability 

The  va r  i a ~ i l i t y  (bounce) analysis used in the  
present study was secondary t o  t h e  or ig ina l  
celerat ion analysis. In the celeration analysis, 
Spooner (1381) found the  TT procedure t o  be 
more effect ive than the BC procedure. After a 
thorough examination of t he  variability in the  
data ,  i t  was decided that the variability analysis 
carld be used t o  help assess the effectiveness of 
the two procedures. 

The  procedure described by Pennypacker e t  al. 
(1972) is a measure of the  t o t a l  bounce around 
t h e  ce l e r a t i on  compared t o  the  to ta l  bounce 
including t he  celerat ion (see Chart 1). Other 
i n v e s t i g a t o r s  have used a l te rna t ive  terms to  
d e s c r i b e  t h e s e  bounce  r e l a t i onsh ips .  F o r  
example, Lindsley r e f e r s  t o  the  t o t a l  Dounce 
around the celeration as the "celeration course" 
because of t he  analogy between celeration and 
i t s  bounce and a river and i t s  banks (Graf, Note 
2) .  Johnston and Pennypacker (1980) call the 
total  bounce including t h e  celeration a range 
coefficient.  "The range coeff icient  is readily 
visual ized a s  p ropor t i ona l  t o  t h e  d i s t a n c e  
be tween  t h e  l a rges t  and the  smallest values 
displayed on a logarithmic scale" (Johnston & 
Pennypacker, 1980, p. 360). The ratio of these 
two measures is the percentage of bounce which 
is not accounted for by the celeration. 

Pennypacker, Koenig, and Lindsley's (1972) 
Procedure 

This procedure i s  a straightforward, .powerful 
way of quantifying var iab i l i ty .  I t  1s n o t  a 
s ta t i s t ica l  comparison for  which a researcher  
needs a computer t o  determine the analysis. The 
p r o c e d u r e  i s  conceptualized in the  following 
format: 

1. Measuring "up bounce," "down bounce," 
and "total bounce1' around the celeratlon: 
a. First, draw the celeration line. 
D. Next ,  draw a l ine  parallel t o  the 

celeration line which passes through 
the lrequency that is farthest above 
t he  celerat ion l i n e  ( s e e  C h a r t  1, 
P o i n t  A). The dis tance along any 
aay hne from the celerat lon line t o  
the new line is  the up bounce. 

c. Draw a line parallel t o  the celeration 
l i n e  t h a t  p a s s e s  t h r o u g h  t h e  
frequency tha t  is farthest below the 
celeration l ine (see Chart 1, Point 
B). The aistance along any day line 
from the celeration line t o  the new 
line is the aown bounce. 

d. T h e  t o t a l  b o u n c e  around t h e  
celeration is the total distance along 
any day line that is described by the 
distance of t he  up bounce and the  
down bounce (see Chart 1, Point C). 

2. Measuring t o t a l  bounce including the  
celeratlon: 
a. Draw a horizontal l ine through the 

highest frequency in t h e  s e t  ( s e e  
Chart 1, Point D). 

D. Draw a horizontal l ine through the 
lowest  f requency  in  t h e  s e t  ( s e e  
Chart 1, Point El. 

c. Measure t he  to ta l  bounce including 
t h e  c e l e r a t i o n  a s  t h e  d i s t a n c e  
Detween these two lines (see Chart 
1, Point F). 

3. Finding the  ratio of total bounce around 
celeration t o  t o t a l  bounce  inc luding  
celeration: 
a. T a k e  t h e  measure of to ta l  bounce 

around t he  celeration a s  found in 
Chart 1, Point C and place i t  in the 
numerator of a fraction. 

D. N e x t ,  p l a c e  t h e  m e a s u r e  t h a t  
describes total bounce including t he  
celeration, as found in Chart 1, Point 
I?, i n  t h e  d e n o m i n a t o r  of t h e  
fraction. 

c. Finally, aivide the numeratar by the 
denominator .  T h e  r a t i o  i s  t h e  
percentage of bounce not accounted 
for by the celeration. 

Using Variability as a Measure of the 
Effectiveness of Treatment Procedures 

For the  variability (bounce) analysis, the most 
typical performance for  each individual subject 
was compared across training procedures. This 
was done by comparing the  char t s  for  each of 
the  four t r ia l  numbers, calculating the points of 
least difference and determining the most typical 
t r i a l .  C h a r t  2 shows a summary of the  most 
typical celeration and the "celeration course1' for 
a l l  8 s u b j e c t s  in t h e  BC and TT t r a in ing  
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CHART TRACER (CT-SEN) 
B E H A V I O R  R E S E A R C H  CO 
B O X  3 3 5 1  - K A N S A S  C I T Y  K A N S  66103  
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Chart 2. The Most Typical Celeration and "Celeration Course" for  a l l  8 Subjects in the 
BC and TT Training Procedures. 

Spooner. F. Spooner, D. 8 subjects assemble pieces of 
gate valve and drain 



procedures. Using the median "celeration course" 
for each training procedure, i t  is eviaent that 
the BC procedure is 1.5 t ines more variable than 
the  1'T procedure. The percentage of bounce 
not accountea for by the celeration, for  each 
subject 's most typical BC trial,  was comparea 
with the percentage of bounce not accounted for  
by celeration for each subject's most typical TT 
trial (see Table 1). The range in bounce not  
a c c o u n t e d  fo r  by t h e  c e l e r a t i o n  wi th  TT 
procedure is 16% - 68%, with a median of 41%. 
The range in bounce not  accounted for by the 
celeration with the BC procedure i s  28% - 9 6%, 
wi th  a median of 76%. In a l l  but one case  
(Subject 8 ) ,  t h e  p e r c e n t a g e  of bounce  n o t  
accounted for by celeration was less for the TT 
procedure. Charts  3 and 4 show Subject 2 's  
most typical TT and BC performance (Trial 6 ) .  
In the TT procedure  ( C h a r t  Y ) ,  16% of t h e  
bounce i s  not accounted for oy the celeration. 
On the other hand, for the BC procedureichart  
4) ,  85% of the  oounce i s  not accounted for oy 
the celeration. 

Table 1 

The Correct Celeration and the Percentage 
of Sounce not Accounted for oy Celeration 

Correct Percentage 
Subject Proceaure Celeration of Bounce 

Not Accountea 
for by 
Celeration 

*This is the only case in which the  percentage 
of bounce not accounted for by the celeration is 
less for BC than for TT. 

Discussion 

Variaoility is  a measure t ha t  may be used t o  
assis t  in the assessment of the effectiveness of 
training procedures. Data in this study were 
used t o  i l lustrate  Pennypacker e t  al.'s (1972) 

procedure as a uselul quantification too l  when 
r e s e a r c h e r s  a r e  interested in more than just 
"estimating" variability. The median total bounce 
around celeration was 1.5 times greater for the 
backwara chaming (BC) procedure than for the  
t o t a l  tasK (TT) proceaure. In all  ~ u t  one of 
eight cases, t h e  p e r c e n t a g e  o t  bounce  n o t  
accoun ted  f o r  by the celerat ion for the BC 
procedure was greater  than the  percentage of 
bounce not accounted for by the celeration for 
the TT procedure. 

T h e  r e s u l t s  of t h i s  i nves t iga t ion  c a l l  t h e  
researcher's attention t o  variability (bounce) as a 
rn e a s u r e  of t h e  e f f e c t i v e n e s s  of t r a in ing  
procedures. The relationship between celerat ion 
and bounce and t o  what extent  that bounce is  
due t o  celeration is  an  impor t an t  p r a c t i c a l  
training issue. If bounce around the celeration 
is small and the Dounce including the celerat ion 
i s  l a r g e ,  t hen  a g r e a t e r  proportion of t ha t  
bounce is a c c o u n t e d  f o r  by learn ing .  The  
t r a in ing  p r o c e d u r e  i s  a l s o  exerting greater  
control over suuject responainy. On the  other 
nand, it t he  bounce around the celeration and 
the  oounce including the  celeration a r e  bo th  
large, tnen a grea te r  proportion of that bounce 
is not accounted for by learning. In this  case, 
the  oounce i s  attriuutea t o  uncontrolled sources 
and less control is exerted on responding by the  
training procedure. If the bounce is accounted 
for  by learning, then the  practitioner shoulu 
continue t o  wserve responaing and continue with 
t he  training procedure. If the  bounce is  no t  
a c c o u n t e a  f o r  uy learning, then i t  would be  
necessary t o  plan a program change. 

'fhe iinaings of this  study and Spooner's (1981) 
previous work challenge the continued use of the 
BC proceaure. With this procedure, learning is 
l i ~ e l y  t o  o e  less  ana unaccounted var iab i l i ty  
g r e a t e r  when coinpared t o  t h e  t o t a l  tasK 
proceaure. Practitioners should consider using 
the  to ta l  task procedure because of its effects 
on both celeration and bounce. 
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A COMPUTERIZED M A T t l  DEFICR 
REMEDIATION 

Donna McCarthyJensen 
Kenneth U. Campbell 

North Marion Middle School 

Paul is  a twelve year  ola  l ea rn ing  d isab led  
student.  h e  came t o  the  North Marion Middle 
School resource room for daily instruction over a 
three-month period l a s t  winter until his family 
moved out of the school district. 

In assessing his math %ills, we found that Paul 
was proficient in basic addition and subtraction 
f a c t s .  h e  u n d e r s t o o d  t h e  c o n c e p t  of 
multiplication, but made many errors in see-say 
multiplication lac ts. 

h e  had access to Raaio Shack's TKS-8U hardware 
ana dohn 'I 'rifiletti 's spar^ 8U Computer ized  
Courseware for Instruction in lvlathernatics. 'l'his 
software program presents basic math skills in a 
Precision Teaching format. Inaividual skills are 
timed, with the numoer of ccrrect ana incorrect  
a i g i t s  typea  pe r  minute recorded. When an 
i n c o r r e c t  answer  i s  typed,  t h e  s t u d e n t  i s  
instructed t o  try the proolem again. If a second 
incffrect answer is typed, the  ~nachine  flashes 
the correct answer. 

Paul  had access to the colnputer for an eight to  
ten ~~ i inu t e  time period four days per week. n e  
was put  on the ranaorn X2 drill in January. As 
seen on Chart 1, Paul began in the acquisition 
s tage  of learning, corupleting 29 digits correctly 
with 12 errffs in one minute. After four days 
with no sign of improvernent, an intervention was 
~ ~ r a d e :  P a u l  was to ld  t h a t  h e  cou ld  e a r n  
"computer game tiuiel' if his cor rec ts  went up 
and his incffrects went down. Over four weeks, 
Paul 's cor rec ts  accelerated a t  the rate  of X1.3 
per week t o  SU digits per minute. This cor rec t  
frequency was almost exactly the same as his 
multiplication tool  ~ o v e r n e n t  irequency. His 
incorrects  decelerated during the first week and 
"leveled off1' a t  a ~ o u t  three per minute. 

\Ve a r e  v e r y  e x c i t e d  by t h e  r e s u l t s  of 
computerized instruction skill drills. Precision 
T e a c h i n g  programs c a n  t a k e  a s t u d e n t  t o  
proficiency if the prerequisites for learning the  
specific skill exist. Perhaps ~ e s t  of all, students 
enthusiastically approach each computer session. 

Donna IVlcCarthy-Jensen and Kenneth U. Campbell 
a r e  resource teachers  in Exceptional Student  
Education a t  North Marion Middle School, Ci tra, 
Florida 32627. 

SELF-COUNTING M THE TREATMENT OF 
GILLES DE LA TOURETTE SYNDROME 

William ti. Evans 
University of West Florida 

Susan S. Evans 
Pensacola, Florida 

Gilles de la Tourette symrorlle i s  character ized 
oy a high r a t e  of involuntary physical tics and 
utterances which are often vulgar. The subject 
in this  investigation was a 12 year old student 
who sufierea from this condition. dis  classroom 
behavior was adversely affected by a high rate 
oi utterances of an expletive. As indicated on 
Chart 1, an oDserver recorded the  number of 
times this word was saia during a 5U minute  
c l a s s  per iou .  An initial baseline phase was 
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