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EDITORIAL 


Editor's Comments 
R. M. Kubina Jr. 
Editor 

Kessissoglou and Farrell (1995) asked, 
"Whatever happened to precision teaching?" They 
noted that in the 1980s British journals witnessed 
several articles detailing Precision Teaching and its 
use in education. Speculating about the decline of 
published reports of Precision Teaching, 
Kessissoglou and Farrell surmise that either people 
no longer have interest in Precision Teaching or 
perhaps schools continue to use the method but do 
not publish results. 

It would indeed seem a formidable task to 
investigate the use of Precision Teaching in other 
countries beside the United States of America 
where Precision Teaching remains active with the 
Journal of Precision Teaching and Celeration and 
publications in other mainstream journals (e.g., 
American Psychologist, Teaching Exceptional Children, 
Exceptional Children). Precision Teaching, however, 
does have a distinctive international presence 

and this issue serves as an indication of what 
others have accomplished outside the USA. Ken 
Kerr and Claire McDowell serve as guest editors 
and have six articles and one chart share showing 
how PT research and practice has occurred in 
Ireland. While the venue may differ from the 
United States, the Precision Teachers from Ireland 
show how the Standard Celeration Chart speaks a 
universal language when it comes to data. 
Volume 18, issue 2 also contains a commentary 
from the guest editors, a discussion article, and five 
additional chart shares. 

REFERENCES 

Kessissoglou, S., & Farrell P. (1995). Whatever 
happened to precision teaching. British 
Journal of Special Education, 22(2), 60-63. 

JOURNAL OF PRECISION TEACHING AND CELERATION, VOLUME 18, NUMBER 2,2002, PAGE 1 



GUEST EDITORIAL 


Guest Editors' Comments 
Ken P. Kerr and Claire McDowell 
Guest Editors 

It is fitting that the current volume of the 
Journal ofPrecision Teaching and Celevation (JPTC) is 
prefaced by the recognition of the increasing 
interest in Precision Teaching (PT) in Ireland and 
the context in which it has been promoted. In an 
eloquent description of PT, John 0 .  Cooper (1996) 
stated that "PT stimulates many questions and 
discoveries from students and teachers that result 
in rapid instructional change .... PT seems as if it 
is an uncultivated lovely WILD FLOWER (p.4). 
Due recognition should be given as to how this 
"wild flower" has come to Ireland. Two 
professionals have helped create the environment 
wherein PT has flourished. John 0 .  Cooper, who 
has provided numerous resources to help our 
development, and Mickey Keenan (University of 
Ulster) both deserve credit for cultivating, either 
directly or indirectly, all of the professionals who 
have contributed to this volume. We are thankful 
to both. 

On reflecting upon our current stage of 
professional development we are pleased to say 
that PT has taken root in Ireland. The Saplings 
Model of Education (Co. Kildare) and Abalta 
(Galway) are two centres where PT is used in the 
education of children with autism. In addition, the 
University of Ulster is a central component in 
establishing PT in various areas of research. Further 
work, however, needs to be done to link "applied 
knowledge" with "experimental knowledge." We 
will all benefit from this relationship. 

To look forward is always a difficult 
endeavour. The metaphor as presented by Cooper 
(1996) of PT as a wild flower is useful, particularly 
his comment that one attribute of a wild flower is 
that it is not "aggressively competitive or invasive" 
(p.4). Current practitioners everywhere should 
reflect upon these attributes. In Ireland it has 
become commonplace for parents to resort to 
litigation in order to ensure appropriate (optimal) 
education for children with autism. We, therefore, 
more than others should be mindful of Cooper's 
analogy. Marketing and communication of our 
product is of paramount importance. In a society 
where more than data is needed, we, as PT 
practitioners, need to develop a skill set to generate 
interest in our work (see Binder, 1996). 
Development of resources, such as instructional 
manuals including video footage in PT, along with 
specific publications in areas such as early 

intervention for children with autism are needed 
to sustain interest and foster growth. We look to 
the Standard Celeration Society to help provide 
the necessary environmental support. We also 
recognise that we have a personal responsibility 
to share our knowledge base and a professional 
responsibility to learn more from established 
practitioners so that PT will continue to grow. 

For now, we are proud of our contribution 
to the PT literature. Smyth and Keenan consider 
how controlling the number of practice 
opportunities on component skills will affect 
compound skill acquisition and performance. 
McDowell and Keenan also consider teaching 
sequences using component-compound analysis. 
McDowell, Keenan, and Kerr compare levels of 
dysfluency on three tasks between students with 
Mild Learning Disabilities and typical students. In 
terms of sporting skill acquisition and 
maintenance, McDowell, McIntyre, Bones, and 
Keenan use PT to systematically improve the golf 
swing through fluency tuition. Cobane and 
Keenan focus on how specific practice affects 
positive and negative inners experienced by an 
elderly person throughout the day. Finally, Kerr, 
Campbell, and McCrory introduce The Saplings 
Model of Education and present learning pictures 
from three children in advocating for the use of 
PT with children with autism. The inclusion of a 
chart share also marks our commitment to 
presenting work in progress. It is hoped that the 
reader enjoys our contribution to the PT 
community and we look forward to establishing 
greater links in the future. 

REFERENCES 

Cooper, J. 0 .  (1996). The Standard Celeration 
Society supports Precision Teachers. 
Journal of Precision Teaching and 
Celemtion, 13(2), 4-5. 

Binder, C. (1994). Measurably superior 
instructional methods: Do we need sales 
and marketing (pp. 21 - 30). In Cooper, 
J.O., Heron, T.E., Heward, W.L., Eshleman, 
J.W., & Grossi, T. A. (Eds.).Behavior analysis 
in education: Focus on measurably superior 
instruction. Brooks 1Cole: California. 
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Compound Performance: The Role of Free and Controlled Operant Components* 

Philomena Smyth and Michael Keenan 
University of Ulster at Coleraine 

Precision Teaching methodology promotes fluency building in component behaviors in order to impact 
on the performance of compound behaviors. A review of the literature suggests that component 
behaviors must attain a certain frequency of performance before they can easily coalesce into a behavioral 
compound. The purpose of this experiment was to examine performance on the compound behavior 
when one component was taught to a preset fluency aim range under free operant conditions and a 
second component was taught under controlled operant conditions, through pacing. Results indicate 
that compound performance was improved when tested with one component at the fluency aim range 
and the second component at the paced controlled operant criteria. 

DESCRIPTORS: Component, compound, free operant, controlled operant, momentum 

Precision Teaching methodology has a long 
history of building component skills to fluency in 
order to impact upon the acquisition and 
performance of compound behaviors (Binder, 1993; 
1996). Research has shown that building 
component skills to high frequencies can 
sufficiently impact upon a subsequent compound 
skill to increase its' performance to a fluent level 
without ever delivering instruction on that skill 
(McDowell, 2001). Generally fluency, in the form of 
increased performance frequencies, is required to 
facilitate the easy combining of component 
behaviors into a behavioral compound. Data 
published by Barrett (1979, cited in Johnson & 
Layng, 1992) shows how normal functioning adults 
can perform the compound skill of writing the 
number 4 at an average rate of 100 per minute. This 
is roughly half the rate of performance on the 
component skill of writing the number 1, which 
was performed at the average rate of 210 per 
minute. However it remains unclear if all 
components of a compound skill must be fluent 
before they can combine to produce a compound 
behavior. 

Lindsley (1997) suggests that fluency may 
be related to the area of behavioral momentum. 
Behavioral momentum is the frequency of 
performance "that is established and maintained by 
the contingencies of reinforcement, and its 
resistance to change when responding is 
challenged in some way" (Nevin, 1988, p. 123). 
Behavioral Momentum is comprised of two main 
elements, behavioral "velocity" and "behavioral 
mass." These two elements provide the links to the 
Precision Teaching framework. Behavioral velocity 
refers to rate or frequency of response. Behavioral 
mass refers to an established frequency's resistance 
to change when responding is challenged. The 
fluency products of "Retention", "Endurance" and 
"Application" also refer to resistance to change 
when responding is challenged. Retention refers to 

resistance to change when performance is 
challenged by a period of non-practice. Endurance 
refers to resistance to change when performance is 
challenged by longer performance periods. And 
finally Application refers to resistance to change 
when performance is challenged by more complex 
requirements. 

The links between Precision Teaching and 
the Behavioral Momentum framework provide the 
basis for an examination of the role of free-operant 
fluent components and controlled non-fluent 
components on the acquisition and performance of 
a related compound behavior. Higher rates of 
performance are associated with Application, 
Retention and Endurance, however research within 
the Precision Teaching framework has found that 
the highest rates of performance are not necessarily 
associated with subsequent progression on skills 
(Evans & Evans, 1985). Rather an optimal rate of 
performance may exist that allows a greater 
resistance to change. This rate may be deemed a 
Fluency rate. Conversely, within the Behavioral 
Momentum framework, Nevin (2001) states that 
lower performance rates are more resistant to 
change than higher performance rates, when 
reinforcement rates are equal. The purpose of this 
experiment was to examine compound behavior 
when 2 component skills are taught under differing 
conditions, one free operant and one controlled 
operant in the form of paced responding. A 
compound task was examined to establish if 
component skills performed at different rates 
relative to their Fluency Aim Range can coalesce 
into a compound behavior, and if so does that 
compound behavior display resistance to change in 
terms of Retention and Endurance. 

*This study was supported by a research grant from 
Louth County Council, Republic of Ireland. 
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METHOD 

Participants and Sett ing 
Five school children, two girls and three 

boys, were participants in this experiment. Ashley, 
Bronagh, Gary, Shane and Tony were all seven 
years old at the beginning of the experiment. All 
five participants were students at a primary school 
in Northern Ireland. The students were selected for 
participation in the experiment on the basis of 
teacher assessment. Their teacher identified each of 
the students as experiencing some level of 
difficulty with reading tasks. The sessions were 
conducted in a vacant classroom of the primary 
school. 

Tasks 
Each learner completed practice on two 

component reading skills and one compound 
reading skill; Component skill 1: practice see / say 
consonant-vowel blends. Component skill 2: 
practice see / say consonant-consonant blends. 
Compound skill: practice see/say words that 
contained consonant-vowel-consonant-consonant 
blends. 

Phases and Conditions 
There were five different phases during the 

experiment: Phase 1 involved the collection of 
baseline data on the two component skills and the 
compound skill. Phase 2 comprised of two separate 
conditions, Condition 1was a paced condition. In 
order to respond to the visual stimulus the student 
had to wait until an auditory stimulus was heard. 
Responding to the next visual stimulus was 
contingent upon hearing the next auditory 
stimulus. Condition 2 was a free-operant condition 
where the all the visual stimuli were presented 
together. The student was free to respond to the 
material at his or her own pace, no auditory 
stimulus was present. In this Phase students 
received insfruction on both component skills. 
During practice one component skill was practiced 
under free-operant conditions, the second 
component skill was practiced under paced 
responding conditions. The components practiced 
under free and paced conditions were randomly 
alternated between students. During this phase 
performance was reinforced through the use of a 
token economy, where 10 tokens could be 
exchanged for a choice of 1 item from a selection 
of small toys, novelty stationary items and edibles. 
Reinforcement was contingent upon attaining a 
preset aim. In Phase 3 the compound skill was 
tested under baseline conditions, and checked for 
retention and endurance. In Phase 4 the student 
practiced the previously paced component skill 

under free operant conditions. During this phase 
performance was reinforced in the same manner as 
in Phase 2. In Phase 5 the compound skill was 
tested under baseline conditions, and checked for 
retention and endurance. 

Timings  
Three timing periods were used throughout 

the practice sessions, 30 seconds, 1 minute and 3 
minutes. 30-second timings were used only when 
data indicated that a student had difficulty 
performing a task for 1minute. A 1-minute timing 
period was used as a standard performance period 
throughout the practice sessions. 3-minute timing 
periods were used to check for endurance of 
performance on the compound task. 

PROCEDURE 

Sessions 
Baseline data collection and intervention 

sessions (Phases 1-5) were conducted on a number 
of days each week that suited the schools timetable. 
Sessions were occasionally cancelled due to school 
activities. 

Phase 1: Baseline. In this phase, stimuli were 
presented under free operant conditions. Stimuli 
were presented on cards that were placed in 
random order on the tabletop. For see/say 
consonant-vowel combinations a total of 26 
different combinations were presented. The 26 
combinations were repeated 2 times in random 
order (52 cards in total). For see/say consonant- 
consonant combinations 14 different combinations 
were presented, repeated 3 times randomly (a total 
of 42 cards). For see/say words 31 different words 
were presented, repeated 2 times randomly (a total 
of 62 cards). Before the timing began the student 
was given the following instructions; "I am going 
to point to a card, this card is your starting point. 
When you are ready I want you to say what you 
see on the card, and move on to the next one and 
so on. If you come to the end of the cards I want 
you to return to the start and continue saying what 
you see on the cards." Starting points were chosen 
at random. The timing began once the student 
responded to the first card. All baseline timings 
were of a 1-minute duration. Students received 
only one timing opportunity during a baseline 
session. The number of correct and incorrect 
responses were counted, the student received no 
feedback or instruction at this point. Baseline data 
collection ended when the students' rate of 
responding showed little or no change. 

Phase 2: Paced and Free Operant Responding. 
Condit ion 1 - Paced Responding: In this condition 
stimuli were again presented on cards placed 
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in random order on the tabletop. The same number 
of cards were presented, and repeated, as in Phase 
1. Before a timing began the student was given the 
following instructions; "I am going to point to a 
card, this card is your starting point. When you 
hear the beep I want you to say what you see on 
the card, do not move on to the next card until you 
hear the next beep and so on. If you come to the 
end of the cards I want you to return to the start 
and continue saying what you see on the cards, as 
you hear the beep." 

Starting points were chosen at random. The 
timing began once the student responded to the 
first card. In this condition all timings were of a 1-
minute duration. Students received repeated 
timing opportunities during a paced responding 
session. The number of correct and incorrect 
responses were counted. At the end of the timing 
the student received feedback and instruction. The 
paced responding condition ended when the 
student had responded at a preset Paced Aim 
Range (P.A.R.) for three days (P.A.R was set at 40- 
45, half of the component skills F.A.R., or Fluency 
Aim Range of 80-100). 

Condition 2 - Free Operant Responding: As in 
Phase 1, stimuli were presented on cards placed in 
random order on the desktop. The same number 
of cards were presented, and repeated. Before the 
timing began the student was given the following 
instructions; "I am going to point to a card, this 
card is your starting point. When you are ready I 
want you to say what you see on the card, and 
move on to the next one and so on. If you come to 
the end of the cards I want you to return to the start 
and continue saying what you see on the cards. I 
want you to try to get through as many cards as 
you can." 

Again starting points were chosen at 
random. Timings in this condition were either 30- 
seconds or 1-minute in duration, depending on the 
performance of the student. Students received 
repeated timing opportunities during a free 
operant session. At the end of the timing the 
number of correct and incorrect responses were 
counted and the student received feedback and 
instruction. Free operant conditions ended when 
the student had responded at a preset Fluency Aim 
Range for three days (F.A.R. was set at 80-100 for 
both component skills and compound task). 

Phase 3: Testing, Retention and Endurance. 
Performance, retention and endurance on the 
compound skill were tested under baseline 
conditions. Stimuli were arranged in the same 
manner and similar instructions were delivered. 
Testing of performance on the compound skill 
ended when the student's performance showed 
little or no change for three days. At this point the 

student received no practice opportunities on the 
task for at least 1 week in order to check for 
retention. However due to the applied nature of the 
experiment some no practice periods were longer 
than 1-week. During the endurance check 
instructions varied slightly from those delivered 
during baseline, the performance test and the 
retention check. At this point students were 
informed that the performance period would be 3- 
minutes. As in all conditions, the number of correct 
and incorrect responses were counted at the end of 
all timings. The student received no feedback or 
instruction at this time. 

Phase 4: Free Operant Practice on Previously 
Controlled Component. In this phase the procedure 
followed the same format as in Phase 2, Condition 
2. 

Phase 5: Testing, Retention and Endurance. 
In this phase the procedure followed the same 
format as in Phase 3. 

RESULTS 

Table 4 displays the Phase 1 rate of 
responding for each learner during a 1-minute 
timing on the component skills see/ say consonant 
-vowel blends and see / say consonant -consonant 
blends and the compound task see/say words. 
Skills were practiced under baseline conditions 
during this phase. 

It can be seen from table 1that responding 
for all learners was well below the Fluency Aim 
Range on all skills, with a variable degree of error 
occurring. Baseline rates of responding for each 
learner are shown in Phase 1on Figures 1to 5. 

Table 2 displays the Phase 2 rates of 
responding for each learner on the component 
skills see / say consonant - vowel blends and see / 
say consonant - consonant blends. In this phase the 
learners practiced both skills. However for each 
learner one skill was practiced under free 
conditions and the other under paced conditions. 

It can be seen from table 2 that all learners 
reached both the Fluency Aim Range and the Paced 
Aim Range for both component skills depending 
on the conditions under which they were 
practicing. Each learner's rate of responding on 
both component skills can be seen in Phase 2, 
Figures 1to 5. 

Table 3 displays the Phase 3 rate of 
responding for each learner on the compound task 
see/ say words under baseline conditions. In this 
phase the compound task was assessed during a 1 
minute timing, and checked for Retention and 
Endurance. 

It can be seen from table 3 that the rate of 
responding for all learners had improved from 
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Table 1 

Phase 1baseline performance ranges on component skills and compound task during a 1 

minute timing 

See /Say consonant- See /Say consonant- See/ Say words 

vowel blends consonant blends 

1 1 
Tony 14-17 5-9 

Table 2 

Phase 2 performance ranges on component skills see /say consonant -vowel blends and seelsay 

consonant - consonant blends 

See /Say consonant-vowel blends See / Say consonant-consonant blends 

vl - =  FI 
P"%- -?..v c .E.c z g - 2

k t .  g2 2 3
0 

E0.5
- +U 0 
.".*u 
 g

0 

'- c 
 U 

Ashley Free 30 X 3 Paced 1Minute 

seconds 

1 

Minute 

Free 1 X4 Paced 

Minute 

Free 1 X 3  Paced 1Minute 

Minute 

-
Shane Paed 1 - Free 

Minute 

Tony Pam d 1 - Free 1Minute 

Minute 
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Table 3 

Phase 3 performance ranges o n  the compound task seelsay words 

Phase 3 Performance Assessment Phase 3 Pedormance Phase 3 Performance 

Retention Check Endurance Check 
I I 

2
= 0 

-* w u-0 
-3c 
 g 2 3  
S h gr

U 

Ashley Baseline 14 1 3 Minutes 39 

Minute MinuteI

Baseline 28 1 1 72 3 Minutes 7 1 

Minute Minute 

Gary Baseline 22 1 1 51 3 Minutes---I---
Minute Minute 

Share Baseline 13 1 1 36 3 Minutest
Minute Minute 

Tony 1 1 52 3 Minutes 

Minute Minute I 

Phase 1. It can also be seen from Table 3 that all Table 5 displays the Phase 5 rate of 
learners displayed a good degree of retention and responding for each learner on the compound task 
endurance relative to the 1-minute assessment. see/say words under baseline conditions. In this 
Each learner's rate of responding on the compound phase the compound task was assessed during a 1 
task can be seen in Figures 1to 5, Phase 3. minute timing, and checked for Retention and 

Table 4 displays the Phase 4 rate of Endurance. 
responding for each learner on a previously paced It can be seen from table 5 that the rate of 
component skill, now practiced under free responding for all learners had improved from 
conditions. Phase 3. It can also be seen from Table 5 that all 

It can be seen from table 4 that all learners learners displayed a good degree of retention and 
achieved F.A.R. rate of responding. Each learner's endurance relative to the 1-minute assessment. 
rate of responding on a previously controlled Each learner's rate of responding on the compound 
component skill is seen in Figures 1to 5, Phase 4. skill can be seen in Figures 1to 5, Phase 5. 
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Table 4 

Phase 4 performances ranges on previously paced component 

Learner Component Phase 2 Phase ; Phase 4 Phase 4 Timing Sessions Initial 

Skill Conditior Aim Condition A i m  Durations to Aim Correct 

Used Celeration 

Ashley Consonant Paced Free 1 Minute X 2 

Consonant 

Blends 

Bronagh Consonant Paced Free 1 Minute 

Consonant 

Blends 

Gary Consonant Paced Free 30 second 

1 Minute 

Consonant 

Blends 

Shane Consonant Paced Free 1 Minute 

- Vowel 

Blends 

Tony Consonant Paced Free 1 Minute 

- Vowel 

Blends 
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Table 5 

Phase 5 performance ranges on the  compound task seelsay words 

Phase 5 Performance Range Phase 5 Performance Phase 5 Performance 

C 

8 0 

.E- k %  be B 6 PC' 

.* 3 5  6 % $ 3% 
2 2 zls 

S
pE % 2U 9" -t.cz, 


kshley Baseline 41 1 50 2-3 

Minute 

ronagh Baseline 62 1 91 1-3 

Minute 

Gary Baseline 62 1 80 0-1 

Minutel:Sham Baseline 1 56 0-7 

Minute 

Tony Baseline 1 61 0 -2 

Minute 

DISCUSSION 

The purpose of this experiment was to 
examine the acquisition and performance of a 
compound task when components were taught 
under different conditions, free-operant and 
controlled-operant (paced). The results show that 
performance on the compound skill was improved 
for all participants, relative to previous 
performance, when 1 component skill was 
performed at the free operant Fluency Aim Range 
(F.A.R.) and the second component was performed 
at the controlled operant Paced Aim Range (P.A.R.). 
However results also demonstrate that compound 
performance was further facilitated when both 
components were performed at the F.A.R. 

The average correct performance high for 
all students during baseline, when both 
components were not fluent, was 87 responses per 
minute. When 1component was performed at the 
F.A.R. and the other at the P.A.R. average correct 

1 46 3 Miiutes 45 

Minute 

1 89 3 Minutes 94 

Minute 

1 87 3 Minutes 75 

Minute 

1 54 3 Minutes 50 

Minute 

1 64 3 Minutes 60 

Minute 

performance for all learners was 251 responses per 
minute. This represents an average increase of x2.9 
between compound performance at Phase 1 and 
Phase 3. In addition to this all students, with the 
exception of Shane, retained this rate of 
performance after a period of non-practice. 
Endurance checks showed that the compound task 
could be performed for longer periods of time with 
only 1 component at the F.A.R. However, no 
student reached the F.A.R. on the compound task 
with only 1component fluent. 

The rate of correct responding on the 
compound task improved yet again for all students 
when performance on the second component was 
brought to the F.A.R. The average correct 
performance high for all students on the 
compound task, with both components at the 
F.A.R., was 334 responses per minute. This 
represents an average increase of x 1.3 between 
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compound performance at Phase 3 and Phase 5. 
Retention checks showed that all students retained 
this rate of performance after a period of non- 
practice. Checks for endurance showed that 
compound performance could endure for longer 
periods when both components are performed at 
the F.A.R. Two students reached the F.A.R. without 
any intervention when both components were 
performed at the F.A.R.. Bronagh's performance on 
the compound task reached 91 correct responses 
per minute. Gary's performance on the compound 
task reached 87 correct responses per minute. Of 
interest is the fact that in Phase 2 of the experiment 
the performance of both of these students was 
controlled on the see / say consonant-consonant 
blends component. Of the students whose 
performance was controlled on the component 
see/ say consonant-vowel blends in Phase 2 of the 
experiment, none reached the F.A.R on the 
compound task in Phase 5. 

The results of this experiment confirms the 
findings of McDowell (2001) who found that 
building component skills to fluency can increase 
rate of performance on a compound skill to a fluent 
level without having to deliver instruction on that 
skill. In addition to this the results support the 
methodological practice of increasing frequencies 
in component skills in order to enhance 
performance on compound skills. Of interest is the 
fact that when only one component was performed 
at the F.A.R., with the second being performed at 
the P.A.R., almost all students performed the 
compound task at roughly half the rate of the 
F.A.R. This is similar to the finding of Barrett (1979, 
cited in Johnson & Layng, 1992) where compound 
skills are performed at roughly half the rate of the 
fluent component skill. Based on this similarity in 
findings it would appear that bringing 1 
component (from a choice of 2) to a F.A.R. can 
facilitate compound skill acquisition and 
performance. This may be due to a momentum 
effect in the component at the F.A.R. that 
compensates for a non-fluent component and 
therefore facilitates compound performance. In 
addition to this it appears that performance on a 
compound task in which all components are not 
fluent can still display resistance to change in terms 
of retention and endurance. 

The results of this experiment raise 
questions as to whether all components of a 
compound skill need to be taught to fluency or if 
perhaps certain components play a greater role in 
compound acquisition and performance. Research 
is needed to establish if these effects hold when a 
compound task is constructed from more than 2 
components. The findings of the experiment also 
have important implications in the planning and 

implementation of curriculums. This is particularly 
so for students who are lagging behind their peers 
in the educational process and are playing a game 
of "catch-up." If certain components are more 
important in the acquisition of compound skills, 
the challenge to all educators is to identify which 
ones. 
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Comparison of two teaching structures examining the effects of component fluency on the 
performance of related skills 

Claire McDowell and Michael Keenan 
University of Ulster at Coleraine 

This experiment compared two teaching structures to assess the effects of component skill fluency on 
the acquisition of more complex tasks. A multiple baseline across tasks design was used to assess the 
effects that teaching a component skill to fluency had on rates of responding on a second component 
skill and a compound task (Condition I), and the effects that teaching a compound task to fluency had 
on rate of responding on 2 component skills (Condition 2). The results show that learners in Group 1, 
taught under Condition 1made better overall progress on the three tasks than learners in Group 2 taught 
under Condition 2. Group 1learners not only reached fluency aim on all tasks, but did so with fewer 
teaching sessions, with some participants achieving fluency aim under baseline conditions with no direct 
intervention at all. Learners in Group 2 required more sessions to reach fluency aim on tasks under 
intervention and two learners did not achieve aim on the two component skills. 

DESCRIPTORS: Fluency, compound behaviors, component skills 

Precision teachers stress the key role 
fluency plays in learning, stating that cumulative 
dysfluency ( the accumulation of dysfluent 
component skills) may be the most important 
factor in long-term student failure (Binder, 1996). 
They assert that in order to facilitate learner's 
progression through the curriculum, teachers 
should insure that tasks are analysed to determine 
prerequisite behaviours and component skills. 
Learner's performances on these skills can then be 
tested and they can subsequently be placed 
appropriately within the curriculum structure 
(Resnick, 1967; Resnick & Wang, 1969; Resnick, 
Wang & Kaplan, 1973: Sulzer-Azaroff & Mayer, 
1991). Once taught, fluent components skills then 
combine to generate new composite skills with 
little or no formal instruction (Johnson & Layng, 
1992). 

Early laboratory studies using animals 
demonstrated that trained behaviours combined to 
produce new, more complex behaviours that had 
not been directly trained (Andronis, Goldiamond 
& Layng, 1983). Lutzer and Sherman (1974) 
observed novel, untrained sentence usage by 
children with learning disabilities when sentence 
components were trained. Johnson and Layng 
(1994) have observed the generative effects of 
fluent components in all areas of the curriculum, 
including language, writing and math skills. This 
experiment used a multiple baseline across tasks to 
examine the effects of two teaching structures on 
skill performance. It used the design to examine 
whether an intervention designed to increase 
learners' rate of responding on a component skill 
resulted in increased rate of responding on a 
second component skill and a compound task not 
under intervention. It also used this design to 
examine whether an intervention designed to 

increase learners1 rates of responding on a 
compound task resulted in increased rates of 
responding on two components skills of this task. 
Normally, multiple baseline designs are used to 
show that changes only occur in the behaviour 
under intervention. In this case the design was 
utilised to examine whether change in rate of 
responding would occur in the two tasks not under 
intervention as a result of increased fluency in the 
task under intervention. 

METHOD 

Design 
A multiple baseline across tasks design was 

used to assess the effects of the two teaching 
structures on component skill and compound task 
performance. 

Participan ts and Setting 
Seven primary school children (five males 

and two females) participated in this experiment. 
All had been diagnosed by educational 
psychologists as having mild learning difficulties 
(MLD). Six of the children attended a school for 
children with special educational needs and one 
child (Learner P) attended main stream primary 
school where he attended remedial classes for math 
and reading. For six of the participants, teaching 
and testing sessions were conducted in a small 
room off their main classroom. For Learner P, 
sessions were conducted in a quiet room at his 
home. 

Tasks 
All the children had been identified by 

teachers or parents as having difficulty learning 
and performing particular tasks in the curriculum, 
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notably math or reading. The tasks targeted for 
intervention were the following compound tasks 
and two components skills of these tasks. 

Compound tasks. Learner M - see/write 
answers to x4 multiplication problems, Learners L 
& P - see/write answers to x2 multiplication 
problems, Learner C - seelwrite answers to +2 
addition problems, Learners D, E & J - hear/see / 
point to isolated key words 

Component Skills. Learner M - Component 
Skill 1- see/ dot multiples of 4 on number grid (60- 
80 dots per rnin.), Component Skill 2 - see/write 
answers to add 4 problems (70-90 digits per rnin.), 
Learners L & P - Component Skill 1 - see/dot 
multiples of 2 on number grid (80-100 dots per 
rnin.), Component Skill 2 - see/write answers to 
add 2 problems (70-90 digits per rnin.), Learner C- 
Component Skill 1- see/say numbers 1-50 (60-80 
numbers per rnin.), Component Skill 2 - see/write 
answers to add 1problems (70-90 digits per rnin.), 
Learners D, J & E - Component Skill 1 - see/say 
letter sounds from flashcards (60-80 sounds per 
rnin.), Component Skill 2 - see/ say 2 letter syllable 
sounds from flashcards (60-80 sounds per rnin.). 

Group allocation 
Participants were allocated to Group 1(n-

4) or Group 2 (n-3) on a random basis. Participants 
in Group 1 were taught Component Skill 1 then 
Component Skill 2 before moving on to the 
Compound Task. For the participants in Group 2, 
the order in which tasks were taught was reversed. 
They were taught the Compound task first before 
moving on to Component Skill 2 and then 
Component Skill 1. 

PROCEDURE 

Figure 1shows the procedure followed in 
this experiment.. 

Intervention. Participants were taught 
separately and each attended two, thirty-minute 
sessions per week. During teaching sessions 
participants received instruction, practice, error 
correction, and feedback on the particular 
component skill or compound task under 
intervention. They were then asked to perform the 
task for several 1-minute timings and the best score 
of the session was recorded. Performance was 
reinforced using a token economy where 10 stickers 
could be exchanged for 1item chosen from a range 
of edibles and small toys. Reinforcement was 
contingent upon reaching a daily aim, set at the 
beginning of the session, for the task under 
intervention. 

Testing. At some point during the session, 
the participants performance on the remaining 

Component skills (Group 2) or the remaining 
Component Skill and Compound Task (Group 1) 
were tested during a I-min. timing. During the 
testing period no instruction or feedback was 
given. Testing was carried out either before 
teaching on the target skill, or after it had taken 
place. The order in which skills were taught or 
tested was alternated across sessions for all 
participants to control for practice effects. As each 
participant reached fluent performance on the task 
under intervention and maintained it for 3 
consecutive sessions teaching began on the next 
component skill or compound task. Again, 
performance on the remaining the remaining skill 
not under intervention was tested during each 
session. When fluency aim was achieved and 
maintained for 3 sessions, teaching began on the 
final component skill or compound task. 

RESULTS 

Group 1and Group 2 participants' baseline 
rates of responding, celerations and number of 
teaching sessions to fluency aim for the component 
skills and compound tasks are shown in Table 1. 
Each learner's rate of responding on 2 component 
skills and one compound tasks are shown on 
Figures 2 - 7. 

Group 1 (Condition 1). Math Tasks. Figure 2 
shows learner M's rate of responding on all tasks 
under Condition 1. The top panel shows rate of 
responding on Component Skill 1 under baseline 
and intervention conditions. Intervention resulted 
in 3 consecutive sessions at fluency aim (60-80 dots 
per minute) being achieved in 16 teaching sessions. 
Rate of responding accelerated at xl.1 under 
intervention. The middle panel shows Learner M's 
rate of responding on Component Skill 2 under 
baseline and intervention. Under baseline 
conditions, rate of responding increased from 13 
correct responses per minute to 38 correct 
responses per rnin., a learning celeration of x1.15. 
Intervention resulted in fluency aim (70-90 digits 
per rnin.) being achieved in 12 teaching sessions. 
The bottom panel shows learner M's rate of 
responding on the Compound Task under baseline 
and intervention conditions. Under baseline 
conditions, rate of responding increased from 25 
correct responses per min. to 61 correct responses 
per rnin., a learning celeration of xl.1 Fluency aim 
(70-90 digits per min.) was achieved in 6 teaching 
sessions. 

Figure 3 shows learner P's rate of 
responding on all tasks under Condition 1. The top 
panel shows rate of responding on Component 
Skill1 under baseline and 
intervention conditions. Intervention resulted in 3 
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consecutive sessions at fluency aim (60-80 dots per 
rnin.) being achieved in 13 teaching sessions. Rate 
of responding accelerated at x1.15 under 
intervention. The middle panel shows learner P's 
rate of responding on Component Skill 2 under 
baseline and intervention. Under baseline 
conditions, rate of responding increased from 24 
correct responses per min. to 41 correct responses 
per rnin., a learning celeration of x1.15. 
Intervention resulted in fluency aim (70-90 digits 
per rnin.) being achieved in 11teaching sessions. 
The bottom panel shows learner P's rate of 
responding on the Compound Task under baseline 
and intervention conditions. Under baseline 
conditions, rate of responding increased from 14 
correct responses per min. to 75 correct responses 
per rnin., a learning celeration of x1.2 Fluency aim 
(70-90 digits per rnin.) was achieved under baseline 
conditions without teaching sessions. 

Group 1 (Condition 1) Reading Tasks. Figure 
4 shows learner D's rate of responding on all tasks 
under Condition 1. The top panel shows rate of 
responding on Component Skilll under baseline 
and intervention conditions. Intervention resulted 
in 3 consecutive sessions at fluency aim (60-80 
responses per rnin.) being achieved in 22 teaching 
sessions. Rate of responding accelerated at xl.1 
under intervention. The middle panel shows 
learner D1s rate of responding on Component Skill 
2 under baseline and intervention. Under baseline 
conditions, rate of responding increased from 24 
correct responses per min. to 66 correct responses 
per rnin., a learning celeration of xl.1. Intervention 
resulted in fluency aim (60-80 responses per rnin.) 
being achieved in 2 teaching sessions. The bottom 
panel shows learner D's rate of responding on the 
Compound Task under baseline and intervention 
conditions. Under baseline conditions, rate of 
responding increased from 8 correct responses per 
min. to 52 correct responses per rnin., a learning 
celeration of x1.15 Fluency aim (40-50 responses 
per rnin.) was achieved under baseline conditions 
without teaching sessions. 

Figure 5 shows learner E's rate of 
responding on all tasks under Condition 1.The top 
panel shows rate of responding on Component 
Skilll under baseline and intervention conditions. 
Intervention resulted in 3 consecutive sessions at 
fluency aim (60-80 responses per rnin.) being 
achieved in 10 teaching sessions. Rate of 
responding accelerated at xl.1. The middle panel 
shows learner E's rate of responding on 
Component Skill 2 under baseline and 
intervention. Under baseline conditions, rate of 
responding increased from 16 correct responses per 
min. to 66 correct responses per rnin., a learning 
celeration of x1.4. Intervention resulted in fluency 

aim (60-80 responses per rnin.) being achieved in 
5 teaching sessions. The bottom panel shows 
learner E's rate of responding on the Compound 
Task under baseline and intervention conditions. 
Under baseline conditions, rate of responding 
increased from 8 correct responses per min. to 39 
correct responses per min., a learning celeration of 
x1.2 Fluency aim (40-50 responses per rnin.) was 
achieved in 3 teaching sessions. 

Group 2 (Condition 2) Math Tasks. Figure 6 
shows learner L's rate of responding on all tasks 
under Condition 2. The top panel shows rate of 
responding on the Compound task. Intervention 
resulted in fluency aim (70-90 digits per rnin.) being 
achieved after 19 teaching sessions, a learning 
celeration of xl.1. The middle panel shows L's rate 
of responding on Component Skill 2. Under 
baseline conditions, rate of responding increased 
from 3 correct responses per min. to 37 correct 
responses per rnin., a learning celeration of x 1.05. 
However, despite 8 sessions under intervention, 
fluency aim was not achieved. The bottom panel 
shows rate of responding on Component Skill 1. 
Under baseline conditions, rates of responding 
increased from 22 correct responses per min. to 85 
correct responses per min., a learning celeration of 
xl.1. Fluency aim (80-100 responses per rnin.) was 
achieved under baseline conditions. 

Figure 7 shows learner C1s rate of 
responding on all tasks under Condition 2. The top 
panel shows rate of responding on the Compound 
task. Intervention resulted in fluency aim (70-90 
digits per rnin.) being achieved over 3 sessions after 
33 teaching sessions, a learning celeration of xl.1. 
The middle panel shows C's rate of responding on 
Component Skill 2. Under baseline conditions, rate 
of responding increased from 19 correct responses 
per min. to 34 correct responses per min., a learning 
celeration of x 1. No intervention occurred on this 
skill as it required the entirety of the experiment 
to reach fluency on the Compound Task. Therefore 
fluency aim was not achieved. The bottom panel 
shows rate of responding on Component Skill 1. 
Under baseline conditions, rates of responding 
increased from 19 correct responses per min. to 23 
correct responses per rnin., a learning celeration of 
xl. Again, due to time constraints no intervention 
took place therefore fluency aim was not reached. 

Group 2 (Condition 2) Reading Tasks. Figure 
8 shows Learner J's rate of responding on all tasks 
under Condition 2. The top panel shows rate of 
responding on the Compound task. Intervention 
resulted in fluency aim (40-50 responses per rnin.) 
being achieved over 3 sessions after 28 teaching 
sessions, a learning celeration of x1.2. The middle 
panel shows C's rate of responding on Component 
Skill 2. Under baseline conditions, rate of 

JOURNAL OF PRECISION TEACHING AND CELERATION, VOLUME 18, NUMBER 2,2002, PAGES 16-29 19 



Table 1 

Math Tasks 

[ Learner M I Component Skill 1 I Component Skill 2 1 Compound Task 1 
(Group 1) 
Baseline 1310 15'0 1YO 13iO 1212 2510 
Aim achieved 16 teaching sessions 12 teaching sessions 6 teaching sessions 
Celeration X 1.1 X 1.15 X 1.1 
Learner P Component Skill 1 Component Skill 2 Compound ask 
(Group 1) 1. 
Baseline 2712 3113 1910 2410 140 1411 
Aim Achieved 13 teaching sessions 1 1 teaching sessions Achieved in baseline 
Celeration X 1.15 X 1.1 X 1.2 
Learner L Compound Task Component Skill2 Component Skill 1 

(Group 2) 
Baseline 613 1211 812 310 2011 2210 
Aim Achieved 19 sessions Not reached Achieved in baseline 
Celeration X 1.1 X 1.05 X 1.1 
Learner C Compound Task Component Skill 2 Component Skill 1 

(Group 2) 
Baseline 3/14 15/14 19R 19l2 2212 19112 
Aim Achieved 33 sessions Not reached Not reached 
Celeration X 1.1 X 1 X 1 

Reading Tasks 

[ Learner D 1 Component Skill 1 I Component Skill 2 1 Compound Task I 
(Group 1) 
Baseline 2414 2612 1315 2412 513 814 
Aim Achieved 22 teaching sessions 2 teaching sessions Achieved in baseline 
Celeration X 1.1 X 1.1 X 1.15 
Learner E Component Skill 1 .Component Skill 2 Compound Task 
(Group 1) 
Baseline 2616 2616 911 1613 6/4 815 
Aim Achieved 10 teaching sessions Aim reached in 3 teaching sessions 

baseline 
Celeration X 1.1 X 1.4 X 1 2  
Learner J Compound Task Component Skill 2 Component Skill 1 

(Group 2) 
Baseline 714 615 314 4 5  22/15 3414 
Aim Achieved 25 teaching sessions Aim not reached Aim not reached 
Celeration X 1.2 X 1.1 X 1 
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responding increased from 4 correct responses per 
min. to 48 correct responses per min., a learning 
celeration of x ll.However, despite 4 sessions 
under intervention, fluency aim was not achieved. 
The bottom panel shows rate of responding on 
Component Skill 1. Under baseline conditions, rate 
of responding increased from 34 correct responses 
per min. to 51 correct responses per min., a learning 
celeration of xl. Again, due to time constraints no 
intervention took place therefore fluency aim was 
not reached. 

DISCUSSION 

The purpose of this experiment was to 
investigate the effects that two different teaching 
structures would have on learners' performance of 
component skills and related compound tasks. The 
results from both groups of learners clearly show 
differences in the acquisition of skills under 
Condition 1 (Component 1, Component 2, 
Compound Task) generally made greater progress 
across all 3 tasks than Group 2 participants taught 
under Condition 2. 

Both participants in Group1 (Condition 1) 
who performed math tasks reached aim on all 3 
tasks with fewer teaching sessions than Group 2 
participants who performed these tasks. Learner P 
achieved aim on the Compound Task without any 
direct teaching. Learner L (Group 2) required more 
teaching sessions to reach aim on the Compound 
Task than either Group 1participants, and did not 
reach aim on Component Skill 2. Learner C (Group 
2) required more teaching sessions than either of 
the Group 1 participants to reach aim on the 
Compound Task and did not reach aim on either 
Component Skill 1or 2. Learning celerations were 
generally higher across tasks for Group 1 
participants (Mean x1.19) than Group 2 
participants (Mean x1.05). 

One unexpected finding was that learner L 
reached fluency aim on Component Skill 1under 
baseline conditions. Learning on this task 
accelerated at x 1.1without any direct teaching. 
This effect was not observed in any other Group 2 
participants' performance on component skills. 
One explanation for this finding may lie in the 
nature of the task itself - see/dot multiples of 2 on 
a number grid. The practice effect of completing 
this task during the testing phase of each session 
may have been enough to allow performance to 
become fluent. While the effects of achieving 
fluency aim on the Compound Task may have had 
some influence on this learner's performance of 
Component Skill 1, the fact that learner L did not 
reach fluency aim on Component Skill 2 indicates 
that fluency in performance of the Compound Task 

did not have the same effect on the performance 
of all the components of this task. 

Both Group 1 (Condition 1) participants 
completing reading tasks achieved aim on all tasks 
with fewer teaching sessions than the Group 2 
(Condition 2) participant. Both Group 1 learners 
reached aim on one task without any direct 
teaching. Learner J (Group 2) required more 
sessions under intervention to reach aim on the 
Compound Task and did not reach aim on either 
Component Skill 1or Component Skill 2. Learning 
celerations on all tasks were generally higher across 
tasks for group 1participants (Mean x 1.17) than 
Group 2 (Mean x 1.1). 

While it is impossible to control for all 
variables when conducting research in applied 
settings, there are two areas of concern when 
interpreting these results relating to a possible 
weakness in the design of this experiment. The 
repeated exposure to task materials allowed 
learners many opportunities to perform each task. 
This would no doubt have resulted in practice 
effects influencing all participants' performances 
over time. As stated earlier, practice effects played 
a role in learner Us performance of Component 
Skill 1as she reached fluency aim under baseline 
conditions. However, the fact that participants in 
Group 2 did not reach fluency aim on several tasks, 
and generally had lower learning celerations across 
tasks rules out the fact the practice effects alone can 
account for all progress made on tasks. 

A second area of concern is that the 
instruction and practice learners received in their 
normal classroom setting on a daily basis may have 
had some effect on their performance of these 
skills. Again however, the fact that participants in 
group 2, performing under Condition 2 did not 
reach fluency aim on several tasks, and had lower 
learning celerations across tasks indicates that 
classroom activities did not play a crucial role in 
performance. 

The results for both groups seem to indicate 
that those participants who were taught each 
component skill in succession before moving on to 
a higher-level skill made better progress. They 
generally required less teaching to achieve fluency 
aim as they progressed through the programme. 
On three occasions, aims were achieved without 
any teaching at all. Learning celerations were 
higher as a result of less time being required to 
acquire these skills. Conversely, Group 2 
participants required more teaching to reach 
fluency aims, or did not reach fluency at all in the 
course of the experiment. Learning celerations 
were generally lower as more time was required to 
acquire each skill. 

Practice effects aside, these results strongly 
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Figure 6 
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suggest that fluent component skills have a major 
impact on learning the higher skills that depend on 
them. It would appear from this sample of learners 
that ensuring component skills are taught to 
fluency eases the acquisition of more complex 
skills, with some skills being acquired with little or 
no teaching at all. Oppositely, teaching compound 
tasks to fluency does not ensure that the learner 
will be able to perform the components of that skill 
fluently. These findings support previous evidence 
highlighting the importance of appropriate 
curriculum placement. It would appear that simply 
teaching a composite behaviour to fluency does not 
ensure that all the components of that behaviour 
are firmly established in the learner's repertoire of 
skills. This study emphasises the importance of 
analysing tasks, identifying each component and 
structuring the curriculum so that each component 
is taught to a specific level of fluency before 
moving on to the next. Rather than being seen as 
a lengthy, time costly procedure, the evidence from 
this study suggests that initially ensuring all 
components are in place actually reduces the time 
required to teach more complex skills as the learner 
moves through the curriculum. 

Further research is necessary to strengthen 
this argument. Participants attended two, thirty 
minute sessions per week and only two component 
skills were targeted for intervention. Longer, more 
frequent teaching sessions and the inclusion of 
more components skills may have produced higher 
learning celerations on tasks under intervention, 
which may have resulted in higher celerations on 
tasks not under intervention. Future studies could 
also focus on larger groups and across different 
populations of learners. More important however 
is the fact that studies may need to design for more 
control over practice effects and classroom 
variables to more accurately assess the effect 
fluency in component skills plays in learning and 
performing new tasks. 
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A senior citizen's self-management of positive and negative 
inner behaviours* 

Emma F. Cobane and Michael Keenan 
University of Ulster at Coleraine 

This investigation evaluated a senior citizen's self-management of positive and negative inner 
behaviours, namely thoughts and feelings. Throughout the course of the study every instance of positive 
and negative inners per day was counted, recorded and charted on a Standard Celeration Chart. 
Following baseline (Condition A), the initial intervention strategy involved the introduction of timed 
counting procedures, varying between 30-seconds and 1-minute in duration, during which the 
participant was instructed to freeltally as many positive inners as possible (Condition B). Resultant 
data led to the implementation of response-prompt practice and assessment procedures (Condition C), 
which included SAFMEDS and a personalised response-prompt worksheet designed by the participant 
for use during daily 1-minute counting periods. Behaviour maintenance was determined by a return to 
baseline (Condition A) and subsequent follow-up assessment (Condition D). The main finding was that 
response-prompt procedures (Condition C), particularly the personalised response-prompt worksheet, 
proved most effective in increasing the frequency of positive inners, both during daily 1-minute counting 
periods and throughout the day, whilst reducing the frequency of daily recorded negative inners. The 
implications of these findings in relation to future research and applications are discussed. 

DESCRIPTORS: Inners, inner behaviour, elderly, behavioural gerontology, SAFMEDS, counting periods 

The recurrent theme of inner behaviour 
research, as evidenced in the growing literature, 
has been the overwhelming effectiveness of what 
is, essentially, a fairly simple exercise of self- 
management. By increasing our awareness of those 
thoughts and feelings that have the potential to 
both provide assurance and inner well-being 
alongside those that, in the long-term, are 
potentially harmful and may upset the equilibrium, 
general "mental well-being" can be achieved. 
Research has repeatedly demonstrated how this 
skill can pay substantial dividends in terms of 
"inner" health (Duncan, 1971; Conser, 1981; Calkin, 
1981,1992, 2001; Cooper, 1991; McCrudden, 1989; 
Kostewicz, Kubina & Cooper, 2000). 

Nevertheless, despite the increasing 
popularity of inner behaviour research in recent 
years and the sentiment that precision teaching 
(PT) is ubiquitous in is application across the ages 
(White, 1986), it is surprising that there has been 
relatively little attempt to broaden its application 
to a population for whom the potential benefits are 
great - the elderly. 

Statistics are often interpolated into 
discussions concerning elderly mental health. For 
example, elderly suicide rates in the United 
Kingdom are particularly worrying. The highest 
rate of suicide for any age group is amongst men 
aged 75 and over, research indicating that 60-90% 
of suicides and attempts are made following 
symptoms of depression, pain and feeling unwell 
(Social Services Inspectorate, 1997). 

In highlighting the effects of a growing 
global elderly population, Kubina, Haertel, and 
Cooper (1994) first pointed out the huge potential 

for .an amalgamation of inners research and 
behavioural gerontology. However, despite their 
findings and recommendations, no one has 
followed their lead. The reasons for this apparent 
research caution can only be speculated, but are 
possibly not dissimilar to those that have 
beleaguered the behavioural gerontological world 
for some time (Carstensen, 1988). 

In view of the above considerations, the 
purpose of this study was to examine and evaluate 
the effectiveness of a senior citizen's self-
management of positive and negative thoughts and 
feelings using a variety of PT-directed behavioural 
strategies. 

METHOD 

Participant 
The participant was a female aged 66 years 

who, for the purpose of this study shall be called 
"Kathy." Kathy required assistance in daily living 
throughout the day because of a number of 
medical conditions, including hypertension, 
arthritis, and severe back pain, the latter of which 
greatly impeded mobility. Owing to reports of 
increasing tendencies to focus upon the negative 
aspects of life, often in the form of negative 
thoughts and feelings about herself and situations 
in which she found herself, Kathy willingly agreed 
to take part in the investigation. 

*This study was supported by joint funding from the 
University of Ulster at Coleraine and the Northern Health and 
Social Services Board, Northern Ireland 
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Setting 
Introductory instruction meetings 

concerned with data collection and plotting, and 
follow-up meetings took place in Kathy's home. 
The actual recording of inner behaviour was 
carried out wherever Kathy was throughout the 
day when she experienced those behaviours, be it 
in the home, car, and so on. 

Definition of Target Behaviours 
Both positive and negative thoughts and 

feelings were identified as the target behaviours of 
this investigation. 

As with all inner behaviour, the exact 
nature of the target thoughts and feelings 
experienced was specific to Kathy, thus preventing 
the construction of a definitive list of the 
behaviours to be recorded. However, as a guide, 
positive feelings were defined as pleasant 
emotional states, often accompanied by a physical 
sensation related to the feeling. Examples might 
include "I feel intelligent /pretty / independent / 
happyletc.; "I'm excited"; "I did a really good job", 
whilst positive thoughts were positive self- 
observed ideas not accompanied by a physical 
sensation as to suggest the individual's own 
conviction in the thought. To illustrate, examples 
of positive thoughts include "I am intelligent/ 
beautiful / happy / etc."; "That's a pretty picture"; 
"It's a nice day." 

Negative feelings were identified as 
unpleasant emotional states accompanied by a 
corresponding physical sensation. Examples of 
negative feelings include "I feel stupid /ugly / 
unhappy / etc.; "I'm fat"; "I've really messed things 
up this time"; "No one cares about me." On the 
other hand, negative thoughts were defined as 
negative self-observed ideas not accompanied by 
a physical sensation as to suggest the person's own 
conviction in the thought. Such negative thoughts 
might include "I am incompetent"; "What a wet and 
miserable day"; "That's such a mess." 

Measurement 
The first learning channel set used by Kathy 

was "free/tally," wherein Kathy was required to 
freely think of positive and negative thoughts and 
feelings that were then "tallied" using a notebook 
and pen. Consequently, Kathy obtained a record 
of the number of times both positive and negative 
thoughts and feelings were experienced each day 
(Conditions A & B), either throughout the course 
of the day or during timed counting periods (i.e., 
1-minute; 45-seconds; 30-seconds). With the 
introduction of the second intervention phase 
(Condition C), and the utilisation of the positive 
thoughts and feelings SAFMEDS cards and its 

derivative personalised response-prompt 
worksheet, the "see / say" learning channel was 
adopted, wherein Kathy was instead required to 
read aloud the positive inners printed during the 
counting periods. Kathy used a digital kitchen 
timer to accurately measure the counting periods 
used and all data obtained was plotted on a 
personalised Standard Celeration Chart (SCC). 

PROCEDURE 

Condition A. The purpose of this phase of 
the investigation was to ascertain a steady rate of 
responding for Kathy in terms of the number of 
positive and negative thoughts and feelings 
experienced each day. In this instance the baseline 
phase lasted 14 days, by which time a steady target 
behaviour frequency was established. 

Condition B. In addition to the recording of 
both positive and negative thoughts and feelings 
throughout the day Kathy carried out a daily 1-
minute timing wherein for every positive thought 
and/or feeling experienced during the timing 
period she was asked to make a tally mark (free/ 
tally learning channel), the objective being to think 
of as many positive thoughts and feelings in 1-
minute and thus achieve the aim set at 50-75 
positive thoughts and feelings per minute. Though 
the I-minute counting period was used initially, 
data obtained led to the counting period being 
reduced to 30-seconds, after which a number of 
variations in the counting periods were introduced 
to facilitate the free/ tally of positive inners. 

Condition C. As in Condition B, Kathy 
recorded both positive and negative thoughts and 
feelings throughout the day. However, in this 
instance the daily free/ tally 1-minute timing of 
positive thoughts and feelings was initially 
replaced by a see/say 1-minute timing of positive 
thoughts and feelings using SAFMEDS (Say All 
Fast a Minute Each Day Shuffle) cards. On each 
card a positive thought or feeling specific to Kathy 
was printed. During 1-minute timings Kathy was 
required to see / say as many SAFMEDS as possible 
until aim was consistently met. After a period of 
time the contents of the SAFMEDS cards were 
condensed onto a single A4 worksheet, and the 
learning channel set changed to see/ silent read. 

No restriction was placed on the number of 
times this part of the intervention could be carried 
out each day. Thus, Kathy was free to repeat the 
see/ say or see / silent read exercises as many times 
as she wished; increased practice was entirely 
optional. In such cases the greatest number of 
SAFMEDS responded to in an individual 1-minute 
counting period was recorded on the SCC for each 
day. For example, in a day where the minimum 
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and maximum number of SAFMEDS responses per 
minute is 45 and 77 respectively, the data plotted 
for that day would be 77. 

Condition A .  With the withdrawal of 
positive inners 1-minute timings, Kathy returned 
to the baseline procedure wherein only the number 
of positive and negative inners experienced 
throughout the course of each day was recorded. 
This phase lasted 36 days. 

Condition D. After an interval of 36 days, 
during which no data was collected, a follow-up 
assessment to determine behaviour maintenance / 
retention was carried out over a period of 27 days. 
The procedure outlined in Condition A above was 
followed. 

RESULTS 

Condition A. Charts 1 and 2 show the 
occurrence of positive and negative inners for 
Kathy throughout the entire study. During 
Condition A (Chart 1) the frequency of positive 
inners ranged from 39 to 76 per day (mean = 47.8) 
with a celeration value of t1.15 whilst the 
frequency of negative inners ranged from 68 to 83 
per day (mean = 75.4), decelerating at tl.1.Aside 
from one day when the number of positive inners 
exceeded negative inners experienced (positive = 
76; negative = 68), negative inners were 
consistently higher than positive inners. 

Condition B. Under this condition timed 
counting periods were introduced. Though positive 
inners accelerated at x6.25 (from 8 to 50) during this 
11-week intervention phase, this was the product 
of a number of counting period changes. For 
instance, initially, the 1-minute counting period 
was used, however, given the celeration value of 
x1.0 after 14 days, the counting period was reduced 
to 30-seconds. This, followed by a number of 
variations in the counting periods used, ultimately 
resulted in the overall x6.25 celeration value. 

In terms of the effect of the counting 
periods upon positive and negative inners 
recorded daily, after the first day, between 
Conditions A and B, positive inners had accelerated 
by x1.25, from 39 to 49 per day, whilst negative 
inners decelerated by t1.4, from 75 to 55 per day. 
However, by the end of Condition B positive inners 
had accelerated by x2, with a frequency spread of 
49 to 96 per day, whilst negative inners had 
accelerated by x1.2, from 55 to 67 per day. 

Condition C.  With the introduction of 
SAFMEDS, one day into Condition C the frequency 
of positive inners recorded during the 1-minute 
counting period had accelerated by x1.3, from 50 
to 64 per minute. A steady acceleration of 
responding during the daily counting periods was 

further reflected in the x1.9 celeration value 
obtained by the end of Condition C. 

Initially, both daily recorded positive and 
negative inners accelerated by x1.3 (positive - from 
96 to 129; negative - from 67 to 87). However, 
Charts 1 and 2 clearly illustrate that by the end of 
Condition C negative inners had decelerated by 
s3.0, from 87 to 30 (range = 27-87), whilst the 
acceleration in positive inners made prior to the 
introduction of the response-prompt procedures 
continued throughout Condition C, accelerating at 
x1.8, from 129 to 227 (range = 123-229). 

Condition A. Chart 2 shows the occurrence 
of positive and negative inners during the 
remainder of the study (Condition C continued, 
Condition A, and Condition D). Though little 
significant change in the frequency of positive and 
negative inners recorded throughout the day was 
experienced initially following the return to 
baseline (x1.0 and tl.l respectively), by the end of 
the condition positive inners had accelerated by 
x1.3, from 236 to 305 per day whilst negative inners 
decelerated by t4.5, from 27 to 6 per day (Chart 2). 

Condition D. After a 36-day interval during 
which no data was collected the follow-up 
assessment was carried out. As illustrated in Chart 
2, during this 27-day period positive inners 
accelerated at x1.1 (range = 295-319) with a mean 
of 305 positive inners per day, whilst negative 
inners had a static celeration value of 1.0 (range = 
17-23) and a mean of 21 negative inners per day. 

DISCUSSION 

During the course of this self-management 
of positive and negative thoughts and feelings, 
positive inners recorded during the daily 1-minute 
counting periods accelerated by x15.0 (range = 8-
119). The effect upon inners recorded throughout 
the course of the day was that positive inners 
accelerated by x7.0 (range = 45-319 per day) whilst 
negative inners decelerated by +5.0 (range = 17-83 
per day). These results clearly show that of the two 
interventions used by Kathy to increase the 
frequency of positive inners whilst decreasing the 
frequency of negative inners the personalised 
SAFMEDS-based response-prompt worksheet 
proved most effective. 

Though the freel tal ly positive inners 
intervention (Condition B)  did produce a 
significant acceleration of positive inners during 
the various counting periods, its effect upon 
positive and negative inners recorded throughout 
the day was much less impressive. During this 
condition, and particularly during the longer 
counting periods (>30 secs.) Kathy, experienced 
great difficulty trying to think of as many positive 
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thoughts and feelings as possible, hence the 
various changes in the duration of the counting 
periods used. However, though attempts were 
made to gradually increase the duration of the 
counting periods to the maximum of 1-minute, the 
frequency of positive thoughts tallied during these 
times tended to decrease. Other, more general 
explanations for the ineffectiveness of Condition B 
might include deterioration of recall due to 
increasing age and fewer social opportunities due 
to immobility. 

The SAFMEDS-based response-prompt 
procedures (Condition C) produced not only an 
increase in the frequency of positive inners either 
spoken or silently read during the daily 1-minute 
counting periods but also much less erratic 
responding, the acceleration being steadily 
dramatic. This effectiveness was clear one day into 
Condition C when the frequency of positive inners 
recorded during the 1-minute counting period 
accelerated by x1.2, from 50 to 64 per minute. And, 
as time progressed it became quickly apparent that 
the SAFMEDS cards were having the desired effect. 
This effect was later exemplified with the 
introduction of the SAFMEDS-based personalised 
response-prompt worksheet, which further 
accelerated the frequency of both daily and timed 
positive inners whilst dramatically reducing 
negative inner frequencies per day. 

During the subsequent return to baseline 
(Condition A) it was evident that even with the 
withdrawal of Condition C, the effects of the 
SAFMEDS-based response-prompt worksheet on 
Kathy's positive and negative inners were 
maintained. In fact, negative inners decelerated 
quite dramatically whilst positive inners continued 
to steadily accelerate. It is clear that by this stage 
Kathy had become fluent in focusing upon more 
positive thoughts and feelings, aided by the 
prompts and practice provided in Condition C, to 
the point where negative inners seldom occurred. 

Some 36 days after the return to baseline 
phase had ceased, the follow-up analysis 
(Condition D) indicated that though negative 
inners recorded throughout the day had increased 
slightly, perhaps due to the break in 
experimentation, positive inners continued to 
accelerate steadily. This illustrates how, even after 
such a long period where no data was collected 
and behaviour was not monitored closely, the 
behaviour learned had maintained. This supports 
the findings of Kubina, Haertel, and Cooper (1994) 
alongside the behavioural gerontological literature 
that has repeatedly highlighted the ability of older 
people to learn and benefit from behaviour 
management strategies. 

In contrast to Calkin (1981), whose study 

measured seven different behaviours and treated 
thoughts and feelings separately, this investigation 
had only two measures, namely positive thoughts 
and feelings and negative thoughts and feelings. 
Though there are advantages of such an analysis, 
time restraints ruled this out in this instance. 
However, as Calkin (1981) stated "To count that 
many inners at one time requires practice" (p. 10). 

A further disparity between this 
examination of inners and that by Calkin (1981) is 
that in this instance no specific daily aims for the 
positive inners recorded throughout the day were 
set, though Kathy was aware of some of the general 
aims for positive inners during counting periods 
(i.e., free/write positive thoughts and feelings = 30-
50 per minute; free/say positive thoughts and 
feelings = 50-75 per minute). Calkin believed that 
this procedural inclusion might have played a 
pivotal role in increasing positive inners. However, 
the findings of this study suggest that whilst such 
a procedural inclusion may be useful, it is not 
necessary. Rather, Kathy found that the return of 
information about her progress, both from the 
daily-recorded data and verbally from the 
experimenter, was intrinsically reinforcing, 
encouraging Kathy to strive to improve the 
frequency of positive inners each day. 

In conclusion, though research findings 
suggest that "the behavioural community will 
benefit greatly from improving inner behaviour 
research methods, such as the one-minute counting 
period" (Kubina, Haertel & Cooper, 1994), inner 
behaviour research is continually shunned. 
However, in further demonstrating the 
applicability of inners research to the elderly 
population, whilst highlighting the potential of PT- 
directed SAFMEDS-based behavioural strategies in 
combination with counting periods, the findings 
reported here will contribute to this debate. 
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Comparing levels of dysfluency among students with mild learning difficulties and typical students 

Claire McDowell, Michael Keenan and Ken P. Kerr 
University of Ulster at Coleraine 

This study compared the extent to which two groups of learners, one mildly learning disabled and the 
other typically developing, were dysfluent in a compound task they had difficulty learning and 
performing and two component skills of that compound. The results showed that all fifteen learners 
were dysfluent in both the component skills identified and the compound task itself. Further more there 
were only slight differences in the extent to which either group were dysfluent. 

DESCRIPTORS: Dysfluency, compound behaviour, component behaviour 

Fluency orientated educators have stressed 
the important role fluent component skills play in 
facilitating student's progress through the 
curriculum. They state that students who are 
dysfluent in basic components and prerequisites 
find learning and performing more complex skills 
that depend on these components difficult. They 
highlight that dysfluent behaviour components, 
despite being accurate, accumulate to form an 
unstable foundation of core skills. Through 
classroom-based research they have found that 
dysfluent skills mount and make the acquisition of 
higher composite skills more difficult. Learning 
each new skill becomes more strenuous because 
learners will always experience difficulty with 
certain elements of the task (Johnson & Layng, 
1992). Proponents of fluency call this accumulation 
of dysfluent skills "cumulative dysfluency," and 
believe that it may be the most important factor in 
long-term student failure (Binder, 1996). 

Given the findings of PT research into 
component fluency, conducted with both learning 
disabled (LD) and typical students, it may be 
hypothesised that children experiencing difficulties 
learning new skills may be dysfluent to some 
degree in one or more components of the target 
composite behaviour, irrespective of educational 
labels. This study was conducted in order to assess 
the extent to which a group of students 
experiencing difficulties learning and performing 
compound tasks were dysfluent in the related 
component skills of these tasks. Part of the data in 
this study, Mc Dowel1 and Keenan, (2001) has been 
previously published as "Cumulative dysfluency - 
still evident in our classrooms despite what we 
know" in the Journal of Precision Teaching and 
Celeration." This paper presents more recent data 
collected from a group of typical students and 
compares it with the data from the original article. 

METHOD 

Participan ts 
Group 1 comprised seven learners, (five 

males and two females), who had been diagnosed 
by educational psychologists as having mild 
learning difficulties (MLD). Six of the participants 
(four males and two females) attended a school for 
children with learning difficulties and one (male) 
attended a regular primary school where he 
attended remedial classes for help with reading 
and mathematics. Three of these children had been 
identified by their teacher as having difficulties 
reading key words from their reading series, three 
had been identified as having difficulty learning x4 
multiplication tables, and one had been identified 
as having difficulty learning addition with the 
number "2." The participant's ages ranged between 
8 and 11 years at the time of the experiment. Group 
2 comprised eight typical students (2 females and 
six males) none of whom had been diagnosed as 
having learning difficulties and who attended 
regular primary school. These participants were 
identified by teachers as having difficulties 
learning x3 and x4 multiplication tables. These 
participants' ages ranged from 8-9 years at the time 
of the experiment. 

Tasks 
Target compound tasks were selected based 

on teachers' and parents' recommendations of 
curriculum areas in which learners were 
experiencing difficulty. Fluency aims were set 
based on Precision Teaching (PT) recommendations 
or by having competent performers (university 
undergraduates) perform the skill for several, 1 
minute timings and taking an average of their 
highest scores. Compound tasks and learning 
channel sets were as follows; 

Group 1 (MLD): 
Learner M - see/write answers to x4 

multiplication problems 
Learners L & P - seelwrite answers to x2 

multiplication problems 
Learner C - see/write answers to +2 addition 

problems, and Learners Dl E & J - hear / see / point 
to isolated key words. 
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Group 2 (Typical): 
Learners Mi, N, Da, R & Ch - see / write answers 

to x4 multiplication problems 
Learners S, F & W seelwrite answers to x3 

multiplication problems 

Task Analysis 
Each composite skill was analysed for key 

component skills. Two key component skills of 
each compound task were selected for testing. 
Again, aims were based on PT recommendations 
and on competent performer's average scores 
Component skills and learning channel sets were 
as follows: 

Group 1 (MLD): 
Learner M - Component Skill 1 - seeldot  

multiples of 4 on number grid (60-80 dots per 
rnin.), Component Skill 2 - see/ write answers to 
add 4 problems (70-90 digits per rnin.). 

Learners L & P 
Component Skill 1 - see/dot multiples of 2 on 
number grid (80-100 dots per rnin.) 
Component Skill 2 - seelwrite answers to add 2 
problems (70-90 digits per rnin.) 

Learner C 
Component Skill 1 - see/say numbers 1-50 (60-80 
numbers per rnin.) 
Component Skill 2 - see / write answers to add 1 
problems (70-90 digits per rnin.) 

Learners D, J & E 
Component Skill 1 - see/say letter sounds from 
flashcards (60-80 sounds per rnin.) 
Component Skill 2 - seelsay 2 letter syllable 
sounds from flashcards (60-80 sounds per rnin.) 

Group 2 (Typical): 
Learners Mi, N, Da, R & Ch 

Component Skill 1 - see/dot multiples of 4 on 
number grid (60-80 dots per min) 
Component Skill 2 - see/ write answers to adding 
4 problems (70-90 digits per min) 

Learners S, F & W 
Component Skill 1 - see/dot multiples of 3 on 
number grid (60-80 dots per min) 
Component Skill 2 - see/ write answers to adding 
3 problems (70-90 digits per min) 

PROCEDURE 

Figure 1 shows the procedure used in this 
study. All participants in Group 1 were assessed 
separately and participants in Group 2 were 
assessed in groups of four. All were assessed for 
fluency levels on the compound task by asking 
them to perform that task for 1 rnin on 2 successive 
days. No instruction or teaching occurred during 

these sessions. Scores were charted as rate of 
correct and incorrect responses per minute. All 
participants' performances on each of the 
component skills were tested by asking them to 
perform each of the tasks for 1 minute on 2 
successive days. Again, no teaching or instruction 
took place during these sessions and the order in 
which tasks were presented was randomised to 
control for practice effects. Scores were recorded as 
rate of correct and incorrect responses per minute. 

RESULTS 

Compound Tasks. Figure 2 presents Group 1 
participants' rates of correct and incorrect 
responding on the compound tasks tested over 2 
days. All participants showed varying but 
significant levels of dysfluency in these tasks. The 
range of corrects scores on the seelwrite maths 
tasks (aim 70-90 digits per rnin.) was 3-25. Incorrect 
scores on these tasks ranged from 0-4. The mean 
rate of correct responding on this task was 13 digits 
per rnin., an average of 57 responses less than the 
minimum fluency aim range. The mean rate of 
incorrect responding was 1 digit per min. Correct 
scores on the see / hear / point reading task (aim 40- 
60 words per rnin.) ranged from 5-8. Incorrect 
scores on this task ranged from 3-5. The mean rate 
of correct responding on this task was 7 words per 
min, an average of 33 responses below the 
minimum fluency aim. The mean rate of incorrect 
responding was 4 words per min. 

Figure 3 presents Group 2 participants' 
correct and incorrect scores on the compound tasks 
tested over 2 days. Again the results indicate 
varying, yet significant, levels of dysfluency across 
tasks and participants. The rate of correct 
responding on the x3 and x4 see / write math tasks 
(aim range- 70-90 digits per rnin.) ranged from 8- 
34. The rate of incorrect responding on this task 
ranged from 0-8. The mean rate of correct 
responding for these participants was 24 digits per 
rnin., an average of 46 responses below the 
minimum fluency aim. The mean rate of incorrect 
responding was 1 digit per min. 

Component Skill 1 Group 1 participants' 
correct and incorrect responses during baseline 
testing of Component Skill 1 are presented on 
Figure 4. Correct rate of responding on math 
components ranged from 13-31. Rate of incorrect 
responding on these tasks ranged from 0-12. Mean 
rate of correct responding was 21, some 59 
responses less than the minimum fluency aim for 
3 participants and 39 responses less than the 
minimum fluency aim for 1 participant. Mean rate 
of incorrect responding was 3. Correct responding 
on the reading Component Skill 1 ranged from 22- 
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component skill 1 
(2 sessions) 

Baseline measure of 
fluency level on 

component skill 2 
(2 sessions) 
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34 letters per min. Incorrect responding on this task 
ranged from 2-6 letters per min. The mean rate of 
correct responding was 26 letters per rnin., some 
34 responses less than the minimum fluency aim. 
The mean rate of incorrect responding was 5, 5 
responses above the record floor. 

Figure 5 shows Group 2 participants' 
baseline rates of responding on Component Skill 
1.Rates of correct responding ranged from 17-30. 
Rates of incorrect responding ranged from 0-7. The 
mean rate of correct responding on this task was 
23, some 37 responses below the minimum fluency 
aim. The mean rate of incorrect responding was 0, 
below the record floor. 

Component Skill 2. Figure 6 shows Group 1 
learners' rates of correct and incorrect responding 
on math Component Skill 2. Rate of correct 
responding ranged from 8-24 and incorrect 
responding ranged from 0-2 on this component. 
The mean rate of correct responding was 15 digits 
per rnin., 55 responses less than the minimum 
fluency aim. The mean rate of incorrect responses 
was 0.5. Rate of correct responding on the reading 
component skill ranged from 3-24, and rate of 
incorrect responding ranged from 1-5. The mean 
rate of correct responding was 12 sounds per rnin., 
some 48 responses less than the minimum fluency 
aim. The mean rate of incorrect responding was 3 
per min. Figure 7 shows Group 2 participants' 
correct and incorrect scores on Component Skill 2. 
Rate of correct responding ranged from 6-30 and 
rate of incorrect responding ranged from 0-8. The 
mean rate of correct responding was 20 digits per 
rnin., some 50 responses less than the minimum 
fluency aim. The mean rate of incorrect responding 
was 0, below the record floor. 

Group Comparisons. Baseline measures of 
rates of responding allowed a between-group 
comparison of levels of dysfluency in compound 
math tasks and math components. Figure 8 shows 
Group 1 and Group 2 participants' mean rates of 
responding on all math tasks. On the math 
Compound Task Group 1 participants' rate of 
responding was on average 57 responses less than 
the minimum fluency aim. Group 2 participants' 
rate of responding was on average 46 responses 
less than the minimum aim, a difference of 11 
responses per min. On Component Skill 1, Group 
1participants responded on average 59 responses 
less than the minimum aim. Group 2 participants 
responded at a rate of 37 responses less than the 
minimum aim, a difference of 22 responses. On 
Component Skill 2, Group 1 participants 
responded an average of 55 responses less than the 
minimum fluency aim. Group 2 participants made 
an average of 50 responses less than the minimum 
aim, a difference of 5 correct responses. 

DISCUSSION 

These results show that all seven pupils in 
Group 1 and all eight pupils in Group 2 were 
dysfluent in the compound task being taught in the 
classroom and dysfluent in 2 important 
components of those tasks. The levels of dysfluency 
in the compound task are expected, given that 
these skills had been identified as ones in which the 
participants were experiencing difficulty learning 
and performing. The levels of dysfluency in the 
performance of the component skills by all 
participants are particularly significant however, 
given that these tasks form the foundations of all 
Math and English tasks they will encounter in early 
education. These tasks were no longer under 
instruction in either classroom which indicates that 
their teachers may have been unaware of the extent 
to which the participants were still experiencing 
difficulty performing these basic skills. More 
worrying still is that even if they were aware of 
these difficulties, teachers may have felt unable to 
do anything to remediate these problems. 

Group comparisons on the math tasks show 
that learners with MLD in Group 1 showed 
slightly higher levels of dysfluency on all skills 
than typical learners in Group 2. They were, on 
average, 11 responses more below the minimum 
fluency aim on the Compound Task than group 2 
participants; 22 responses more below the 
minimum fluency aim on Component Skill 1than 
Group 2 participants; and 5 responses more below 
the minimum fluency aim than Group 2 
participants on Component Skill 2. 

As indicated earlier, the differences in the 
levels of dysfluency between groups are perhaps 
not surprising given that Group 1participants have 
been recognised as having learning difficulties. 
However, these results may be indicative as to why 
observed learning difficulties arise and persist in 
some children. Failure to learn and perform basic 
prerequisite skills in early education may 
permanently influence learning and performance 
on all related skills. The higher the level of 
dysfluency in component skills, the more difficult 
it is to learn related skills, which leads to a general 
label of learning failure. 

Given that all fifteen pupils had been 
selected by teachers as showing difficulty 
progressing in a particular area, these results 
support claims made by PT literature, suggesting 
that cumulative dysfluency is, and continues to be, 
an important factor in long-term academic failure 
(Binder, 1996). Despite evidence such as this 
showing the importance of fluent component skills 
before compound skills are taught, regular 
classrooms appear to concentrate on teaching skills 
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to accuracy, in the order the curriculum denotes. 
They do not test students' behavioural repertoires 
for fluency upon entry to the education system and 
so are unaware of, or continue to ignore, the 
accumulation of dysfluent components. Barrett 
(1979) wrote that equating accuracy with mastery 
makes it difficult to detect dysfluency in skills prior 
to its ultimate cumulative effect. Although based 
on a very small sample, these results suggest that 
cumulative dysfluency may very well be a 
contributing factor in educational failure for both 
LD children and their typical peers. An important 
starting point in establishing PT in schools will be 
in the teaching of component skills to fluent levels 
to redress the problem of cumulative dysfluency in 
our classrooms. 
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The Saplings Model of Education: Case Studies in Autism 

Ken P. Kerr, Audrey Campbell, and Shauna McGrory 
The Saplings Model of Education 

The Saplings Model of Education is a school in Ireland which offers children with autism access to 
individualized teaching using the framework of Applied Behavior Analysis (ABA), Precision Teaching, 
and Direction Instruction. This paper presents an outline of the Model, which incorporates teaching, 
training, and research, and delineates key operating principles. Learning pictures for three children with 
autism are also presented for a selection of tasks. 

DESCRIPTORS: Autism, Saplings, Precision Teaching, Education 

A major goal in the education of children 
with autism is the acquisition of behavior which 
will help them learn from their natural 
environment. Autism itself is characterized by 
impairments in social relationships and 
communication together with restricted, repetitive, 
and stereotyped patterns of behavior, activities, 
and interests. Whilst the efficacy of behavioral 
approaches to educating children with autism has 
been clearly shown over the last 20 years (see 
Matson, Benadivez, Compton, Paclawskyj, & 
Baglio, 1996; Kerr, 2000) little has been published 
on Precision Teaching (PT) with children with 
autism (for exceptions see Malabello, 1998; Kubina, 
Morrison, & Lee, 2002). Green (1996) stated that: 

The vast majority of the child's time and 
other resources ought to be invested in 
treatments that have been shown, through 
scientific research, to produce the most 
lasting beneficial effects on the broadest 
range of behavioral deficits and excesses 
that constitute autism. (p. 17) 

Kubina et al., highlight Precision Teaching 
(PT) as a method for providing daily assessment 
of progress which can also assist planning of 
curricular decisions. Adopting such an adjunct 
compliments existing curricula and allows for 
measuring behavior and facilitating decision- 
making. In a similar vein, West, Young, and 
Spooner (1990) reminds us of the importance of 
being aware of the relationship between teaching 
and learning: 

Teachers who are truly interested in 
ensuring that teaching has had the intended 
effect will certainly be interested in precise 
measurements of learning. More important, 
however, they will want to adjust their 
teaching practices when the measurements 
indicate that prior instruction has failed to 
accomplish its objective. Therefore, 
measuring learning is one of the most 
important of all instructional acts. (p.5) 

This is of central importance to practitioners 
working with children with autism. Understanding 
the nature of the teacher-learner dyad results in 
positing questions in regard to whether the pupil 
is learning and the speed of acquisition. Also, 
remedial questions concerning what should be 
done if the pupil is not learning and what level of 
performance should be expected arise from the 
introduction of precision measurement to the 
teaching process (cf. Raybould, 1981). Saplings 
attempts to address these issues for each of the 
children enrolled through the use of PT as an 
assessment through teaching model, thereby 
providing all children with a high level of 
individualized and appropriate education. This 
paper describes our approach to teaching and 
learning and introduces three children from 
Saplings, namely, Rob, Mary, and Mike in order to 
illustrate the type of tasks taught and the 
effectiveness of the teaching. The paper is a 
celebration of all that has been achieved in Ireland 
over the last few years. We recognize the work of 
all tutors and parents in creating the model and 
look forward to developing our skills in the related 
areas of PT and ABA. 

The Saplings Model 
The School and Students.  Saplings is a 

purpose built centre consisting of three large 
classrooms, which accommodate 4 children in each. 
These classrooms can be observed from two 
observation rooms. In addition there are two 
individual tuition rooms and a large playroom 
with a variety of play equipment. Cameras have 
been installed in all rooms to record teaching 
sessions. Outside there is a large play area with a 
trampoline, swings, slides etc. The school is 
situated in a rural area about 30 miles from Dublin. 
Saplings currently have 12 children enrolled on the 
programme (11boys and 1 girl) with age ranging 
from 3 years to 8 years. All children were 
diagnosed with autism by an independent 
educational psychologist prior to enrollment at 
Saplings. The school has 14 tutors, one Supervisor 
and a Director of Education (behavior analyst) and 

JOURNAL OF PRECISION TEACHING AND CELERATION, VOLUME 18, NUMBER 2,2002, PAGES 49-60 49 



operates a 48 week academic year with standard 
school holidays for all staff and children. The 
school day starts at 9:15 for tutors and at 9:30 for 
children and ends between 2pm and 3pm for 
children with tutors staying until 4pm to review 
programs and plan for the following day's lessons. 
Each child has a tailor made individualized 
programme, which covers a wide range of 
educational domains (e.g., language, motor skills, 
social skills, play skills, self-help). The majority of 
children are taught individually in classrooms with 
other children. Direct Instruction programs, 
varying from Reading Mastery, math, and 
language are in place for 7 of the children. All 
children also take part in daily group work tasks. 
The ethos of the school is to provide children with 
autism access to an educational framework which 
allows children to master pre-requisite skills to a 
fluency level. 

The teaching methodology of Saplings is 
based upon the principles of Applied Behavior 
Analysis (ABA) incorporating Precision Teaching 
which allows flexibility in the teaching and 
learning process. All tutors have attended 
introductory courses in ABA and PT. They have 
also been trained in Direct Instruction which 
provides a structured systematic approach to 
academic learning in our school. Tutor training on 
a monthly basis provides ongoing professional 
development for staff which means the children 
receive a high quality of teaching. 

The general model within Saplings is made 
up of essential elements of PT including: 

Pinpoint. Tutors pinpoint or specify the correct 
response to accelerate and the incorrect response 
to decelerate. This allows Individualized Program 
Plans (IPP) to be written for each child which 
highlights a general educational path for each 
child. 

Count. Once pinpointed tutors collect 
information on the behavior. This is counted in the 
form of the correct responses and incorrect 
responses for each skill area. 

Chart. By creating learning pictures we can see 
immediately whether or not progress is being 
made. The use of the Standard Celeration Chart 
allows tutors to make minute to minute changes in 
the teaching process. Scrutiny of progress toward 
learning goals embraces the spirit of early 
intervention. 

Pre-Teaching Assessment - Children are 
presented with each task prior to teaching to 
ascertain current competency for each individual. 
In this way the pitch and pace of the instruction 
can also be considered prior to intervention. 

Intervention. Based upon pre-teaching scores 

interventions are designed. The fundamental 
axiom of the "learner knows best" is adhered to at 
all points of the education planning process. 

Fluency and Cumulative Curriculum Planning. 
Effective planning of a comprehensive curriculum 
to establish key component skills and their 
underlying tool elements to fluency is central to the 
work at Saplings (cf. Johnson & Layng, 1994). 
Mastery of each task is determined by showing 
retention, endurance, and application in relation to 
performance standards whilst showing stability of 
responding. 

Self-Management. Placing the child at the centre 
of the learning process within Saplings is possible 
by allowing all children to choose their rewards/ 
playtime activities. Some of the children use visual 
icons to denote their choice whilst others vocally 
request items. 

Informed Decision-Making: Using Learning Pictures 
Through application of the above 

mentioned elements at Saplings since October 2001, 
we have been able to collect several hundred charts 
showing the progress of the children and tutors in 
implementing PT. The following cases are provided 
to give a flavor of the work and progress we have 
committed to at Saplings. 

Rob. Rob is 4 years 9 months old and was 
diagnosed as having mild to moderate autism at 2 
years 6 months old. He has been attending Saplings 
since 30.10.01 and was engaged in a one-to-one 
home-based ABA program for the year preceding 
his enrollment. His active task list includes tasks 
such as seelsay words, seelwrite letters and 
numbers, and hearlanswer questions on function 
while tasks in maintenance range from see/say 
body parts to hearldo prepositions. Charts 1 - 3 
show the learning pictures before, during, and after 
teaching for the tasks hear-give objects by function, 
see-say clothes, and see-say body part cards. 

Mary. Mary is 4 yrs 6 months old and was 
diagnosed as having autistic spectrum disorder just 
after her 2nd birthday. She has been attending 
Saplings since 30.10.01 and was engaged in a one- 
to-one home based ABA program for one year 
prior to enrollment. Mary's current tasks include 
see / say phonics, see /match non-identical actions, 
hear-give pictures, see /match word to picture and 
see/ write numbers. Charts 4 - 5 show the learning 
pictures before, during, and after teaching for see- 
match non-identical pictures and see-match 
emotion cards 

Mike. Mike is 3 years 8 months old and was 
diagnosed as having mild autism at the age of 3 
years 1 month. He has been attending Saplings 
since September 2001 and had been receiving one- 
to-one tuition at home, based on the principles of 
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ABA, since June 2000. Mike's active tasks include 
see/ count / say sums, see /say sequencing, see / say 
why-because, and hear / put prepositions. Mike's 
tasks in maintenance range from see/ say phonics 
to seelmatch letters to keyboard. Charts 6 -8 show 
the learning pictures before, during, and after 
teaching for the tasks see/ say description based on 
feature, function, and class, hear / answer questions 
on function, and see / say what's wrong or silly. 

Training Courses & Research 
To address the uneven pattern of 

development typical of children with autism, the 
Saplings Model of Education was created to act as 
a school, research centre, and training centre. This 
multifaceted approach is designed to tap into the 
evolving skill sets within education for children 
with autism. Placing our finger on the pulse of 
learning and measuring the outcomes allows 
Saplings to evolve. 12-week training courses which 
provide a basic introduction to ABA have been 
successfully run by Saplings throughout Ireland. 
The essential elements of PT outlined above are of 
central importance in these training courses. 

Currently 3 courses are running across 
Ireland. Saplings aim is to provide ongoing basic 
training to new groups of interested parties as well 
as more advanced courses for those who have 
completed introductory level training. These 
courses are open to all parents and professionals 
with an interest in teaching children with autism 
and related disabilities. The courses cover aspects 
of ABA, verbal behavior, curriculum design, and 
the use of visual aides for children with Autism. 
Courses have been well received and through them 
we aim to promote the interest in, and application 
of, PT in Ireland whilst also empowering parents 
with skills in designing and monitoring effective 
educational programs. 

With regard to research interests, Saplings 
are forging links with universities in order to 
enhance our research potential. Currently at 
Saplings we are investigating the effectiveness of 
video modeling in promoting social interaction and 
social commenting. The implementation of self- 
management packages (e.g., Koegel, Koegel, 
Hurley, & Frea, 1992) are also being explored. As 
Saplings becomes more established, it will be 
possible to investigate further avenues of research 
in a variety of important areas. 

DISCUSSION 

The increasing popularity of behavioral 
interventions for children with autism has been 
well documented (e.g., Matson et al., 1996). Central 
to the arguments for behavioral programs are calls 

for data-based decision making. However, scrutiny 
of many programs under the general name of 
"ABA" often reveals a lack of data used to drive 
the program. This is incompatible with the 
characteristics of ABA utilizing the methods of 
science including description, quantification, and 
analysis (cf. Cooper, Heron, Heward, Eshleman, & 
Grossi, 1994). 

The Saplings Model of Education aims to 
ensure that it does not fall into this trap by keeping 
data based decision making at its core. By 
providing continuing professional training for staff 
and highlighting the importance of evidence based 
practice all of those involved with Saplings are 
keenly aware of this issue. Saplings recognizes the 
importance of "having our finger on the pulse of 
learning" which ties in with Lindsley's (1972) 
argument that by "putting science in the hands of 
teachers and their students" that discoveries on an 
individual level would be possible. All children 
within Saplings have made progress with the 
caveat that progress has been relative to each 
child's starting point. Our collection of learning 
pictures gives us the opportunity to learn from our 
learners and allows us to analyze variables which 
affect learning-teaching. The future for Saplings is 
bright. 
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Teaching component skills to improve golf swing 

Claire McDowell, Chris McIntyre, Robert Bones and Michael Keenan 
University of Ulster at Coleraine 

The golf swing is a complex movement that requires many body parts to operate in a sequential manner. 
This article presents correct and incorrect celeration courses of two component skills of the golf swing, 
namely grip and posture. Using stills from an instructional video, both these skills were analyzed for 
components. The two skills were taught to fluency aims over 3 weeks. Scores from the learner's golf 
games also improved during this study. 

DESCRIPTORS: Golf, component skills, fluency 
The old adage that golf "is a good walk 

spoiled" may be much closer to the truth than 
many people imagine. While golf is one of the 
worlds most popular games it appears to be one 
of the most frustrating in that few people ever 
attain the level of skill or the consistency they 
desire. A direct consequence of this has been a 
deluge of instructional aids such as personal 
lessons with golf professionals, books, and videos, 
all with the purpose to teach the correct way to 
play golf. 

It would seem that one of the problems in 
mastering the game of golf is in the golf swing 
itself. The golf swing is a complex movement that 
requires many body parts to operate in a sequential 
manner. If this sequence is disrupted then the 
desired swing may not be obtained and the golf 
ball may be sent in an undesired direction. Another 
factor, which may be linked to the frustration felt 
by many golfers, is inconsistency. The golfer who 
makes one correct swing may find it difficult to 
repeat it on other occasions. 

In an effort to teach a sequential and 
consistent golf swing several methods have been 
tried. One attempt to teach golf skills came from 
Simek and O'Brien (1981). They task-analyzed the 
golf game into 22 behavioral components. For 
instructional purposes they arranged these 
components into progression from the least 
difficult too the most difficult. That is, a short putt 
being the least difficult, and a 200-yard drive being 
the most difficult. Each component was assigned 
a mastery criterion. For example, the easiest 
component was a 10-inch putt and the mastery 
criterion was 4, 10-inch putts consecutively holed. 
When the participant attained this mastery 
criterion a 16-inch putt was introduced. The 
participant progressed to each new component 
only if the mastery criterion was attained in the 
previous component. 

Simek and O'Brien compared six novice 
golfers who had completed the "behavioral 
progression and mastery" criteria in eight lessons 
against six other novice golfers who undertook 
eight lessons of traditional instruction from a golfer 

who had taught golf for several years. The results 
show that when the twelve golfers played eighteen 
holes the behavioral progression and mastery 
group beat the traditional group by an average of 
seventeen strokes (Martin & Pear, 1996). 

While the "behavioral progression and 
mastery" approach have proved useful in the 
development of complex skills such as golf, more 
recent developments in the study of learning may 
be even more potent. Precision teaching 
emphasizes two areas of learning that the 
behavioral progression and mastery method does 
not. Namely, the development of tool skills and the 
measurement of fluency (accuracy + speed). Many 
fluency-based programs are designed to increase 
the frequency of component skills rather than 
composite performances. Composite performances 
are analyzed for their key component elements and 
the frequencies of these elements are then increased 
to pre-determined frequency aims. Increased 
frequency of the composite performance happens 
as a result of increasing frequency of each 
component skill. This focus on building tool skills 
to fluency is what is known as a generative model 
of instruction (Johnson & Layng, 1992). When 
presented with new environmental requirements 
fluent component skills can recombine in new 
ways that meet the more complex requirements of 
a novel task. 

The purpose of this study was to examine 
how teaching component skills to fluency would 
affect a compound skill. Using stills from an 
instructional video, two components of the golf 
swing, grip and posture were further analyzed for 
components. The correct grip of a golf club 
comprises of four components, including position 
of the fingers and thumbs on the club shaft. Correct 
posture comprises of five components including 
the position of feet and legs, position of club in 
front of legs and angles of arms and shoulders. 

METHOD 

Participant and Setting 
The third author of this paper, a doctoral 
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candidate and right- handed amateur golfer was 
the participant in this study. Analysis, assessment 
and teaching were carried out in a teaching lab at 
the University of Ulster, Coleraine. 

Materials 
Sections on grip and posture from the 

instructional video "Ernie Els - How to Build a 
Classic Swing" were analyzed using a Panasonic 
videocassette recorder, NV-FS88 with jog-shuttle 
facility to freeze frame on specific stills. Stills of 
correct posture were traced from the screen on to 
transparent film. We used a two iron clamped at 
an angle into a retort stand to measure grip and 
posture. 

Pinpoints 
We counted the number of times the golf 

club was gripped correctly in a minute and also the 
number of times the learner could assume the 
correct posture from standing in a minute. For the 
grip to be counted as correct, four criteria had to 
be met. These were; 1)that when gripping the shaft 
of the club the forefinger and thumb of the left- 
hand form an inverted V, which points towards the 
right shoulder. 2) That only the first and second 
knuckles of the left hand are visible once the right 
hand is placed on the shaft of the club. 3) That the 
inverted V formed by the right forefinger and 
thumb points toward the right shoulder. 4) That the 
shaft of the club rests on the second joint of the 
right forefinger (see diagram 1and 2). If one of the 
criteria were not met that grip was scored as 
incorrect. 

For posture to be counted as correct, five 
criteria had to be in the correct position when 
viewed through the traced outline on the 
transparency (see Figurel). These were; 1)that the 
feet and legs were the correct width apart. 2) That 
the club was in the correct position close to the 
right leg. 3) That the right arm was straight and the 
left bent at the elbow. 4) The angle of the right 
shoulder. 5) The position of the head. If any of the 
criteria were not met, the posture was counted as 
incorrect. Throughout this study the learner 
continued to play his daily game of golf and 
recorded scores achieved during games. 

Aims 
Aims for both skills were set by timing the 

length of time the expert from the video took to 
grip the club correctly (3 sec) and the length of time 
it took him to assume the correct posture from 
standing (3.5 sec). We divided sixty seconds by 
each total number of seconds to give an aim and 
set an aim range for each skill with the first aim as 
the mid point. The aim range for grip was 15-30 

corrects per min. The aim range for posture was 15- 
30 per min. 

PROCEDURE 

Analysis 
We began by analyzing the sections of the 

instructional video on grip and posture for 
components of these two skills. Through listening 
to the narrative and watching slowed segments 
and stills of film the first and second authors 
devised four criteria that determined the correct 
grip, and five criteria that determined correct 
posture. The participant was not informed of the 
criteria of the two component skills until the 
intervention. A still frame showing correct posture 
was traced from the screen onto transparent film. 

Baseline 
A two iron was clamped into position using 

a retort stand. The learner was asked to assume 
correct grip on the handle of the club from a 
standing position (with hands by his sides) marked 
on the floor with tape. Timing began once the 
learner stepped from the mark, the timer was 
paused when the learner said, "OK", indicating he 
had assumed the correct grip. The grip was then 
examined by the first and second authors and 
marked as either correct or incorrect if the three 
criteria were present. The learner stepped back 
onto the mark and timing resumed again when he 
stepped off it. This procedure continued until 1 
minute elapsed. Baseline measures for posture 
followed a similar procedure. Again timing began 
once the learner stepped off the mark up to the 
club. He indicated that the correct posture had been 
assumed by saying "OK" and the timer was 
paused. This time the authors viewed the learner 
through the traced outline of the correct posture on 
transparent film. The posture was scored as correct 
or incorrect dependant on whether all five criteria 
were present. The learner stepped back onto the 
mark and timing resumed again when he stepped 
off it. This procedure continued until 1 minute 
elapsed. No instruction, prompts or feedback were 
given at any time during baseline. 

Repeated Practice, Instruction, and Feedback 
After one baseline measure for each skill, 

intervention consisted of teaching sessions where, 
under instruction from the first and second 
authors, the learner would repeatedly practice 
gripping the club. He was given feedback as to 
what criteria were correct or incorrect. The same 
technique was used to teach posture with the 
addition of a floor mat placed in front of the club, 
showing the correct position for both feet. 
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Figure 1 
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Timings 
After teaching sessions on both skills, 1-min 

or 30-sec timings as described for the baseline 
condition were used. The learner could complete 
as many timings for each skill as he wanted. Initial 
timings were 1min for posture and 30-secs for grip. 
However, timings for posture were decreased to 30 
sec after the first session when the learner 
complained of fatigue trying to maintain posture 
for that length of time. 

RESULTS and DISCUSSION 

Charts 1and 2 (Figure2 and 3 respectively) 
present the charted data of the learner's progress 
for baseline and intervention on both skills. Chart 
1 shows correct and incorrect scores for grip. 
Baseline assessment showed that the learner 
gripped the club correctly 6 times and 2 times 
incorrectly in 1-min. In the first timing after 
intervention he scored 10 corrects and zero 
incorrects. His corrects accelerated across 
subsequent sessions, reaching aim on the 4th 
session (18). A maintenance check 4-weeks after 
teaching finished resulted in a further acceleration 
to 30 corrects and 2 incorrects. 

Chart 2 shows the learners correct and 
incorrect scores for posture. Baseline assessment 
shows the learner assumed the correct posture 7 
times and the incorrect posture 3 times in 1-min. 
The first timing after intervention resulted in 8 
corrects and 4 incorrects and corrects continued to 
accelerate until aim was reached on the third 
session. A maintenance check after 4 weeks 
resulted in a further acceleration to 34 corrects and 
2 incorrects. During the course of this program the 
learner's official handicap dropped from 9 to 7. 

These results would suggest that the 
intervention was successful in improving fluency 
in achieving correct grip and posture for this 
learner. The increase in actual game scores further 
suggests that the improvement in these two 
components of the golf swing may have had a 
direct effect on the learner's swing during games. 
Once dysfluent components have been identified, 
repeated practice, instruction, and feedback are low 
cost, efficient strategies that can improve overall 
performance. 
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Evan's Frequency of Hand-Biting During a Six- 
Hour School Day 

Philomena Smyth and Nicola Hardy 
Behaviour intervention Services 

Evan is a six-year-old autistic boy who is a 
student in a small school in Ireland. The school 
employs behaviour analytic principles and utilizes 
the Standard Celeration Chart to measure student 
progress. Evan engaged in a high rate of hand bit- 
ing on a daily basis. Baseline measurements 
showed that Evan could bite his hand up to 154 
times in the six-hour school day. 

The school staff conducted a functional as- 
sessment on Evan's hand-biting behaviour to dis- 
cover possible controlling functions. The results of 
the assessment identified a number of controlling 
variables. Evan would meet a number of "frustrat- 
ing" situations throughout the school day that 
would occasion hand-biting behaviour. These were 
generally situations where he was told "No or 
"Wait" in response to a mand, or where he encoun- 
tered situations where he needed help and was 
unable to ask for it. The chart shows Evans' rate 
of hand-biting decelerated significantly once he 
was taught to ask for help when he met difficult 
situations. The frequency of hand-biting deceler- 
ated yet again when Evan was taught to accept the 
words "No" and "Wait." 

Additional functional assessment identified 
a function whereby Evan would hand-bite in situ- 
ations where he was excited (e.g., bouncing on the 
trampoline). The school staff set up "excited" situ- 
ations where Evan was likely to hand-bite and 
taught him more appropriate ways to express ex- 
citement. This change resulted in further 

- ___ ----
-decleration of Evans' hand-biting. The l a s m t .  

biting frequency 
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Rick's reading progress 

Leah White 
The Pennsylvania State University - University Park 

Rick was a 7-year-old first grade student 
that had difficulty with reading. As described by 
his teacher, he was of average intelligence, but 
struggled with the grade level curriculum. He en- 
joyed playing with other students, but didn't like 
to read during morning center times. Rick could 
read some sight words such as "here, ball, I, to, go," 
and "the." He could also sound out a few other 
words, but his reading ability was lower than most 
of his classmates. He did not know all the letter 
sounds or phonemes, which led to his inability to 
sound out words and read in a fluent manner. The 
goal of the intervention for Rick was to provide in- 
struction and practice with letter sounds and 
sounding out words, thereby improving his read- 
ing ability. 

Rick was chosen to receive additional 
reading lessons from an outside instructor, myself, 
in his small suburban elementary school in central 
Pennsylvania. He was selected because he struggled 
greatly with the reading curriculum. He didn't have 
a support network at home to help him catch up 
and his teacher indicated that the extra help 
provided by the intervention might get Rick back 
on track and develop his reading skills. 

Methods. To begin Rick's intervention, as- 
sessment data was collected to determine areas of 
greatest need. An informal assessment was given 
that measured segmenting words into sounds, tele- 
scoping sounds in a word, saying letter sounds, 
blending or sounding out words and saying them 
fast, reading sight words, and reading connected 
text or oral reading. The fluency aims for the pre- 
vious skills appear in Table 1. Rick was fluent with 
segmenting and telescoping, but struggled with the 
remaining areas in the assessment. When Rick was 
informally assessed he knew most of the conso- 
nants, but his only consistently produced vowel 
sound was short / a / .  Therefore, his instruction be- 
gan with see / say letter sounds, specifically vowel 
sounds. 

The instructor worked with Rick for seven 
weeks. During that time many topics were covered. 
Rick received instruction on, and practice with, 
short vowel sounds, words with short vowel 
sounds, decodable text reading, letter combinations, 
words with letter combinations, and repeated read- 
ings of grade level texts. Each lesson lasted approxi- 
mately 20 minutes and followed the same format. 

The lesson started with instruction in a new 
topic using a Direct Instruction (DI) lesson with a 
model, prompt, and check phase (Carnine, Silbert, 

& Kameenui, 1997). For a sample lesson plan, see 
Figure 1.After finishing the lesson, Rick completed 
exercises designed to build fluency. Before the exer- 
cises began a digital kitchen timer was set with the 
given time for each trial and the instructions were 
read to Rick. The instructions were written on a sheet 
that was read before each day's trials. The trials be- 
gan with the instructor saying "start" and ended 
with a beep from the kitchen timer. The fluency ex- 
ercises were practice sheets, a sheet with several let- 
ters or words that Rick had to read in a set amount 
of time. Each sheet had more letters or words than 
he could read in the set time and he read until time 
was up. Rick did four practices sheets per day: see/ 
say letter sounds, sight words, and two repeated 
readings. His trials for the see / say letter sounds 
were 15 seconds and for the remaining three prac- 
tice sheets he had 20 seconds per trial. He had four 
trials per sheet and his best score of the day was 
recorded on a Daily Standard Celeration Chart. Be- 
tween each trial on a practice sheet if errors were 
made, the instructor pointed them out and guided 
Rick to the correct answer. 

Once a week, Rick was also given a Curricu- 
lum-Based Measurement (CBM) protocol (Deno, 
Fuchs, Marston, & Shin, 2001). These protocols 
measured his oral reading fluency and were chosen 
before instruction began based on an average end 
of the year first grade reading level. He read two 
passages on test day and the best score was charted 
on the Weekly Standard Celeration Chart. Rick had 
20-seconds to read as much as he could and was 
only given one trial per story. 

As reinforcement, Rick used a sticker sys- 
tem. He had a chart with rows of boxes on it. For 
each day that he did good work, which was defined 
as completing all the tests without complaining and 
giving his best effort, Rick earned a sticker to place 
on his chart. At the end of each session Rick and the 
instructor decided whether he had tried his best and 
done the work with little or no complaints. If it was 
decided that Rick had done this, he received a sticker 
that he chose. He then placed it on the sticker chart. 
When a row was completed, he could exchange it 
for a prize from the prize box. If Rick met an aim on 
a practice sheet, he received an extra sticker. When 
the chart was full he was able to trade the chart in 
for a large prize (i.e., a pack of Pokkmon cards). 

Results. On the see / say letter sounds chart 
(Figure 2), Rick progressed from a 16-letter sound 
practice sheet, to 32-letter sound practice sheet, to 
finally reaching fluency in all 40 letter sounds or 
phonemes. On the 16-letter sound sheet Rick's 
corrects increased at a celeration of x 1.3 and his 
errors decreased by a celeration o f t  1.9 until he met 
his aim. Then Rick received a new sheet with 32 
sounds on it. On the new practice sheet Rick met 
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Objective: The student will correctly say 3/3 words with letter combinations on 3 or tfiore days. 

Instructional Monday Tuesday Wednesday 4/24/02 Thursday 4/25/02 
Strands 4/22/02 4/23/02 

"ch" I 

M -each, eat M -chick, lhoose M -boy, ploy M -quick, quiet 

IAcquisition , P/C -beat, beach, seat P/C - chin! chant, chew P/C - toy, soy, joy P/C -quiz, quit, quill 

Maintenance 
I Story Reading: Story ~ e a d i n ~ :  Story Reading: Story Reading: I 

Story 14 Story 15 Story 16 Story 17II 

See/Say Letter Sounds See/Say ~e t t e r  Sounds See/Say Letter Sounds , See/Say Letter Sounds 

I
Fluency Sight Word List Sight Word List Sight Word List Sight Word List 

I I 

(Practice Sheets) Repeated Reading 3 Repeated deading 3 Repeated Reading 3 Repeated Reading 3 

Repeated Reading 4 Repeated Reading 4 Repeated Reading 4 Repeated Reading 4I 

Curriculum Based 
Measurement 15 

Assessment 
Curriculum Based 
Measurement 16 

Note: M = Mgdel: teacher demonstration I 

P/C = Pyompt/Check: student completed with fading assistance I 

I 
I I 



Table 2 

Fluency aims of reading skills 
Skill 
Segmenting Words into Sounds 
Telescoping Sounds in a Word 
Saying Letter Sounds 
Blending Words and Saying Them Fast 
Reading Sight Words 
Reading Connected Text / Oral Reading 

the fluency aim and his errors continued to decline. 
The celeration was x 1.7 for corrects and t 2.8 for 
errors. On the last sheet, which had all 44 phonemes, 
Rick met fluency and maintained his aim of 100- 
150 letter sounds per minute on three consecutive 
days with an acceleration of x 1.0 for corrects and a 
deceleration o f t  1.0 for errors. 

On the sight word practice sheet (Figure 3), 
Rick moved from a sheet with only short / a  / words 
to a sheet with words containing all the short vowel 
sounds. Rick didn't meet fluency on the short / a /  
sheet before moving on, but was close to his aim at 
that time. His corrects improved at a rate of x 3.3 
and his errors diminished at a rate of + 1.6 on the 
short / a  / sheet. These trends continued on his new 
sheet with all the vowel sounds and Rick neared 
fluency as the seven week instructional period 
ended. His corrects accelerated at x 1.3 and his errors 
declined at + 1.55. 

Rick moved forward with the repeated 
readings during the intervention as well. On his first 
story he met his aim in three weeks, with his corrects 
increasing at x 1.3 and his errors decreasing at + 1.8 
(Figure 4). This pattern was present on the third 
story too, with a rapid acceleration in corrects at x 
9.0 and a deceleration to no errors at a rate o f t  4.0. 

The last set of repeated readings showed the 
same progress (Figure 5). His corrects improved at 
x 1.5 and his incorrects declined at a celeration o f t  
2.2, until meeting the aim of 150-250 words per 
minute on the second story. On the fourth story 
Rick's trend was generally upward for corrects with 
an acceleration of x 10.0 and a deceleration in errors 
at a rate o f t  7.8. 

The CBM showed an overall improvement 
in correct words read per minute and a steady 
number of errors made on each story over the 
interventional period (Figure 6). Rick's celeration 
for corrects was x 1.25 and his error celeration was 
x 1.0. 

Discussion. Rick was a first grade student 
who enjoyed coming to school. However, after five 
months of instruction in a general education 
classroom he was unable to read at an appropriate 
grade level. While many of his classmates were 

Fluencv Aim 
40-60 Sounds Per Minute 
40-60 Sounds Per Minute 
100-120 Letters Per Minute 
80-120 Blends Per Minute 
80-100 Words Per Minute 
150-250 Words Per Minute 

reading short stories, Rick was unable to even sound 
out short words. He realized his classmates were 
doing better than he was and yet he couldn't read, 
no matter how hard he tried. 

The instructor was asked to do an 
intervention to give Rick the skills that would enable 
him to read and catch up with his classmates. The 
instructor chose to use parts of three research-based 
procedures: Direct Instruction (Carnine, Silbert, & 
Kameenui, 1997), Precision Teaching (Lindsley, 
1990), and Curriculum-Based Measurement (Deno, 
Fuchs, Marston, & Shin, 2001). After seven weeks 
of additional instruction in the basic skills necessary 
for reading, such as letter sounds and sounding out 
words (Carnine, Silbert, & Kameenui, 1997), Rick 
was able to read decodable text. He became fluent 
with these skills and generalized them to settings 
outside the intervention sessions. For example he 
would use them in class reading centers and when 
working with other adults. 

Rick improved greatly in the see/ say letter 
sounds and sight word practice sessions. His scores 
steatlily rose as shown in Figure 2 and Figure 3. His 
ability to do repeated readings also increased 
dramatically throughout the interventional period 
as show in Figure 4 and Figure 5. However, the 
ultimate goal for the intervention was to give Rick 
the skills necessary to read. Teaching him the basics 
provided the foundation for his reading ability to 
develop. His skills for reading words in context 
showed remarkable progress as depicted in his 
weekly CBM scores (Figure 6). These scores 
recorded Rick's ability to read grade level texts and 
are solid evidence that Rick learned to read using 
the methods described above. 

Rick's reading ability quickly accelerated 
during the intervention. He went from a child that 
didn't enjoy reading and would rather play with 
Pokemon cards to one who did extra trials and 
timed himself to see how far he could read. The best 
effect of the intervention though was on the last day 
as book order forms were being passed out. Rick 
looked at the instructor and said, "I'm going to ask 
my dad to get me some books because I can read 
them now." And you know what, he was right. 
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Tracking Curricular Progress with Precision 

Michael A. Fabrizio, Kristin Schirmer and Kelly 
Ferris 

FabriziolMoors Consulting 

When using any piece of structured curricu- 
lum it is often important to assess the rate students 
are progressing through that curriculum. Progress 
that is too fast may indicate that the student is 
ready to be moved to a more challenging curricu- 
lum or to a higher level within the existing curricu- 
lum. Progress that is too slow may indicate the 
presence of dysfluent component skills in need of 
redress or that another curriculum should be con- 
sidered. 

The chart, Figure 1, is an example of how 
we monitor the progress students make through 
~ i~ec t~Ins t ruc t ioncurricula. The chart represents 
Jon's progress. J o n  was 10 years, 2 months-old 
when he began working in the Comprehension B2, 
a 65 lesson corrective reading program targeting 
comprehension skills. Each lesson of Comprehen- 
sion B2 is composed of 8-10 exercises. Jon worked 
in the curriculum daily during one on one instruc- 
tion with his therapist, Kristin Schirmer. Jon was 
fully included in a general education fourth grade 
classroom for the remainder of his school day. The 
dots on the chart show the cumulative number of 
exercises completed within the curriculum, and the 
X's show the number of exercises completed per 
day. 

As Jon's curricular needs changed, the 
amount of time he worked in Comprehension B2 
changed as well. Initially, he worked in the curricu- 
lum for 10 -minutes. This amount of time varied, 
ranging from 10-minutes to 30-minutes daily. 
Across all the days of timed practice on the chart, 
Jonwa2 allowedto skip an exercise jn a lesson if; 
in the previous lesson, he completed that same ex- 
ercise with no errors. As an example, if Jon com- 
pleted exercise 3 of lesson 42 with no errors, he 
would skip that same exercise in lesson 43 and 
complete it again in lesson 44. This skipping pro- 
cedure helped ensure Jon spent his time working 
on the parts of the curriculum that were difficult 
for him, while still ensuring he contacted the exer- 
cises frequently as they became more and more 
complex. It also provided an incentive for apply- 
ing himself to each task. The better his perfor- 
mance, the fewer tasks he had to do in the subse- 
quent lesson. 
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Teaching Visual Pattern Imitation to a Child with 
Autism 

Michael A. Fabrizio and Kristin Schirmer 
Fabrizio/Moors Consulting 

Learning to recreate patterns they see is an 
important skill for children to learn. Well- 
developed visual patterning skills can be useful in 
learning to play games such as Connect FourTM and 
CandylandTM, in playing with building toys such 
as LegosTM, completing some in-class assignments 
such as parts of worksheets, and even learning to 
cook by following picture cue steps in a recipe. This 
chart shows the progress one youngster with au- 
tism made in learning to reproduce patterns of col- 
ors. 

When the chart began, Max was 5-years 
and 1-month old. He had a diagnosis of mild au- 
tism, and was slated to begin public school by 
spending half of each school day integrated into a 
general education kindergarten classroom and half 
of each day in a self-contained classroom for pri- 
mary-aged children with developmental disabili- 
ties. Max could speak and would often request 
things and actions as well as label items in his en- 
vironment. He spoke in 2-3 word sentences, and 
had particular difficulty with the syntax of spoken 
language such as making pronoun and verb tense 
errors. He could label many colors expressively 
and receptively, as well as numbers, letters, objects, 
and people. 

Max began timed practice on See/ Do Pat- 
tern Imitation on August 12,2002. Initially, he prac- 
ticed reproducing a pattern consisting of 2 colors. 
His therapist presented him with a sheet of paper 
showing colored blocks arranged in pattern se- 
quences. For the first slice, 2 color patterns, each 
sequence consisted of 2 colors (e.g., red-blue-red- 
blue, green-green-yellow-yellow). Max's therapist 
handed him large LegoTM blocks, which he used to 
reproduce the pattern. Because the first slice listed 
on the chart required that no distractor blocks be 
used, Max only had colored LegosTM consisting of 
the colors presented in the patterns. He had the ex- 
act number of LegosTM he needed to complete the 
patterns. Max used different pattern sheets for each 
day of practice across all phases of this chart. 

Each day he practiced, Max's therapist set 
a daily improvement goal that he needed to reach 
to stop practice for the day and earn a special re- 
ward such as playing with a preferred toy with his 
therapist. Max completed 30-second timings, dur- 
ing which his therapist showed him the sheet of 
patterns he was to copy and handed him the blocks 
he needed in order to copy the patterns. As he was 
completing one pattern, his therapist handed him 

the set of blocks he needed for the next pattern on 
the sheet. The movement cycle counted was each 
block moved into place within a pattern. If Max 
saw the pattern red-blue-red-blue, and positioned 
all the blocks in the correct order, he received credit 
for four correct movements. If he saw the pattern 
yellow-yellow-red-red and positioned the blocks so 
that they were arranged yellow-red-yellow-red, he 
received credit for 2 correct (the first and the 
fourth) and 2 incorrect (the second and the third) 
movements. 

During the first slice of the chart (patterns 
consisting of 2 colors with no distractor blocks), 
Max practiced between 2 and 5 times per day. His 
corrects accelerated at X1.7 per week, and errors 
ranged between 0 on most days and 6 per minute. 
When his corrects reached 50 per minute, the slice 
changed to a pattern consisting of 2 colors with 
Max having all the blocks he needed and one he 
did not need to complete the pattern (1distractor). 
His performance jumped down slightly during the 
first day of this phase, but accelerated at X1.9 to a 
high of 60 correct movements per minute with 0 
errors on the third day of practice. He required 3- 
4 practices per day during this phase. 

Because his performance did not jump 
down much when we introduced the 1 distractor 
block, and he surpassed his previous best perfor- 
mance within 3 days of timed practice, we made 
the task considerably more difficult by presenting 
Max with patterns consisting of 2 colors, but giv- 
ing him 8 blocks to use to replicate the pattern - 4 
blocks he needed for the pattern, and 4 blocks he 
did not need. This was the "2 color pattern, 4 
distractors" phase of the chart. His rate of correct 
movements per minute jumped down to 42 on the 
first day of timed practice, and accelerated at X1.15 
across 12 days of practice in 3 weeks to a new high 
of 80 movements per minute. When we first 
changed the phase, his errors jumped up to 8 per 
minute but then jumped down to 0 per minute for 
most days of the phase. He completed 2-5 timings 
per day throughout this phase of the chart. 

Max's family took a vacation for two weeks. 
When they returned, we increased the task diffi- 
culty by using patterns consisting of 4 different col- 
ors and giving Max all the blocks he needed to rep- 
licate the pattern plus an additional 4 blocks he did 
not need. His frequency of correct performance ac- 
celerated from an initial jump down value of 28 per 
minute to an ending frequency of 60 per minute at 
a slow celeration of X 1.05. This slow progress was 
probably due to inconsistent practicing. Where in 
previous phases, Max practiced this skill 3-5 times 
per week, in this phase he practiced an average of 
twice per week. Throughout the phase, he required 
2-5 practices to meet his improvement goals. 
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Following the patterns with 4 colors and 
inclusion of 4 distractor blocks, we began checks 
to evaluate the outcomes associated with fluent 
performance (retention, endurance, stability, and 
application). To evaluate Max's performance for en- 
durance, we tripled the length of the original tim- 
ing interval and presented Max with the same ma- 
terials he used during the last phase of timed prac- 
tice. His performance dropped slightly across the 
course of the 90-second timing, so we went on and 
performed the next evaluation. After the endurance 
check, we had Max complete timing for 30-seconds 
while in the presence of significant distractions. For 
Max, this involved doing the timing upstairs with 
his mother, father, sister, and brother walking 
around the house and the television playing one of 
his favorite movies. Max's performance passed the 
stability check, so we proceeded with an applica- 
tion check. For the application check, we presented 
Max with all new color patterns he had never seen 
and had him complete a timing. He readily per- 
formed the task, matching his performance from 
the last phase of timed practice. Finally, to assess 
skill retention, we stopped all timed practice on 
this skill for 4 weeks. After 4 weeks (the data would 
not fit on the chart), we presented Max with the 
materials from the final slice of the timed practice 
portion of the chart (4 color patterns with 4 
distractor blocks), and had him complete a 30-sec- 
ond timing. He matched his previous performance 
on the first timing, so we stopped the chart and had 
a little celebration. 
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Anna's Food and Stroke Chart 

Malcolm D. Neely 
Federal Way, Washington 

Anna's first stroke was in August of 1999 
and her second stroke was one year later. She lived 
in her hometown nursing facility in Idaho, three 
hundred miles from my home near Seattle. The 
Idaho staff notified me immediately upon the onset 
of those strokes. 

Those strokes paralyzed Anna's left limbs. 
The strokes took additional toll on her memory, as 
well, but her speech remained intact. The Idaho 
staff described Anna's stroke recoveries as mostly 
sleep and depression the first two days, or so, and 
within a week, back to her usual gregarious state. 

I brought my mother to a nursing facility 
close to my home in June 2001. My wife and I 
visited my mother after supper each evening. We 
would share photos and play dominoes with her. 
On February 21,2002, we arrived to find her in bed 
and asleep--then an unusual event. 

The following evening we found Anna in 
the main dining room in her wheelchair totally 
bewildered. She knew nothing of dominoes. Her 
expressive language skills were gone and receptive 
language questionable. Clearly Anna had her third 
major stroke. This nursing home staff was 
unaware. The staff members were unaware, not 
because they did not care, but because there was 
no consistency in patient assignments. Staff 
observations were infrequent and too far apart to 
note change. 

Not only were staff members insensitive to 
Anna's changes, the facility's data collections were 
obtuse and confusing. A copy of the facility's meal 
tally-sheet shows blank no-entries, zeros for 
refusals, hyphens for food not served, and fractions 
for partially eaten portions that vary in serving 
size. Numbers in cubic centimeters (cc's) show 
fluids consumed. All this recorded in day columns 
and meal, food, and drink rows that form 1,147 
boxes on an 8 112" X 11"sheet of paper. No change 
pictures are quickly seen from these observations, 
either. 

Frustrated by the nursing facility 
procedures and measurement systems, I fed my 
mother at most meals and recorded her intake in 
cc's on the Standard Celeration Chart (SC Chart). 
I charted solid intake on one SC Chart, fluid intake 
on one SC Chart, and total intake on a third SC 
Chart. Anna's puree solids SC Chart was the most 
sensitive of the three. 

Anna's Standard Celeration Chart of 
consumed pureed solids shows how dynamic data 
reveal life events or life threatening events. 

Anna's fourth stroke occurred during SC 
Chart week 17. Week 17 shows Anna's eating to 
be an Instant 1500 drop day to zero cc's; a four-day 
X8,000 celeration recovery; and then a return to 
average eating. These charted data matched 
Anna's first two stroke behavior recovery 
descriptions cited by her Idaho nursing staff; and 
by my own descriptive observations of Anna's 
third stroke. Anna's fourth stroke eating picture 
retrojected her first three stroke eating pictures; and 
provided us with a picture of her stabilizing. 

Update. Anna's fourth stroke hit her 
language areas again leaving her able to 
communicate only the most basic one to three- 
word commands. Strokes three and four also 
increased her need to sleep. 

The nursing facility maintains no recorded 
evidence of Anna's having strokes three or four. 

Anna's physician requested all three eating 
and drinking SC Charts. The doctor wanted some 
stroke indication in her professional files. 

Addendum. One other observation that 
should not be over-looked in this chart. Anna took 
Prilosec for acid reflux, vitamin C tablets, and iron 
supplement for a number of years. SC Chart weeks 
6 to 12 shows Anna's puree eating in cc's while 
taking the prescriptions. For a number of reasons, 
the prescriptions were discontinued on Thursday 
of week 12. The data during weeks 12 through 16 
shows Anna's puree intake after the 
discontinuance. The data are a X1.8 step-up and a 
X1.l turn-up from the data weeks of 6 to 12. The 
prescriptions were suppressing Anna's eating. 
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Single vs. Multiple Movement Frequencies: 
How Many Times Should We Measure? 

Dana J. Stevens 
University of Washington 

The purpose of this chart share is to look for 
more efficient ways of monitoring a learner's 
progress. I decided to compare progress records 
based on a single opportunity to complete 
complicated task with a progress record based on 
multiple opportunities to complete the same task. 

The learner, Sam, was an 8-year-old boy 
with autism who was fully integrated into a regular 
2nd grade classroom. The goal of this intervention 
was to teach Sam how to put on his coat 
independently. To begin, a 12-step task analysis 
was created and the method of most-to-least 
prompting selected. During the course of the 
program, a picture script of the task analysis and 
peer modeling methods were also used. Instruction 
took place during naturally occurring school 
opportunities to put on his coat (e.g., preparing to 
go outside for recess, preparing to go home for the 
day). Sam's parents also worked with him at home 
using the same task analysis. 

Three methods of monitoring the learner's 
progress (Figure 1) were implemented throughout 
the program: (1)Single-movement frequencies 
involved charting a single opportunity to complete 
the task each day. Time to completion was recorded 
and additional prompts were counted as 

For the Single Movement Frequency : 

errors. (2) Multiple-movement frequencies were 
also recorded daily and involved charting total 
opportunities and the cumulative time to complete 
putting on his coat across all opportunities. (3) 
Weekly parent reports were conducted to evaluate 
the family's satisfaction with their son's skill 
development. 

Single and multiple-movement frequencies 
showed similar rates of progress and occasioned 
the same instructional decisions, so it appears that 
a little effort could have been saved by evaluating 
his progress only once each day. That may not 
always be the case, however, so I'd recommend 
that single and multiple-movement frequencies 
both be charted when beginning a program. If the 
two charts show the same learning picture, the 
multiple-movement chart could be dropped to save 
time and effort. If the two pictures are different, 
you might want to keep the multiple-movement 
chart to get a more complete picture of learning. 

In addition, I was pleased to note that the 
parent's report of his progress at home confirmed 
that he had learned something useful and was 
using his new skill in places where it was 
important. It is my recommendation to gather the 
same type of feedback whenever possible. 

Correct Frequency = 
Time Required to Complete the Task Once 

# of Extra Prompts 
Error Frequency = 

Time Required to Complete the Task Once 

For the Multiple Movement Frequency : 

3 (the number of times the task was competed) 
Correct Frequency = 

Cumulative Time Required to Complete All 3 Trials 

# of Extra Prompts 
Error Frequency = 

Cumulative Time Required to Complete All 3 Trials 

Figure 1: Three methods of monitoring the learner's progress 
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A Review of Edward R. Tufte's "The Visual Display of Quantitative Information" 

John W. Eshleman 
Atlanta 

Book Reviewed: Tufte, E.R. (1983). The visual display of quantitative infomation. Chesire, Connecticut: 
Graphics Press. Hardbound 

Many methods exist for you to present 
information to others. You can render verbal 
descriptions of the information. You can quantify 
the information and give to others the numbers. 
You can sort and put the numeric information into 
tables. And you can illustrate the information by 
way of picture or graphic. Each method has its 
strengths and weaknesses, depending on how you 
apply the method. Many of us quantify 
information, and find it expedient as well as useful 
to illustrate the information. Accordingly, we resort 
to using charts and graphs, or other types of 
diagrams or figures. The basic idea is to convey 
information to others so that we communicate 
effectively to them. 

Charts, graphs, and even tables of numbers 
as well as verbal descriptions all serve as 
discriminative stimuli. The concept of 
"discriminative stimulus" comes from behavior 
analysis. Basically, it refers to some object or event 
that precedes a behavior in time. A discriminative 
stimulus also, in a loose sense, represents a sign or 
signal to the person to take some action or to make 
some decision. Charts, graphs, and other figures 
can help our reasoning when we need to interpret 
information. They can assist us in making decisions 
based on the information. They can instruct others 
about what we discovered. But charts, graphs, and 
other figures can also distort information, conceal 
information, or be used for persuasion instead of 
honest interpretation. Charts constructed for 
persuasive purpose may deceive people. They may 
make us commit errors in our reasoning. They may 
lead us to make poor decisions. 

What forms the essence of science? To a 
large degree, science consists of how you collect 
information and then put it together so that it may 
be interpreted productively. You need to collect the 
right information. The information will likely 
include measures and quantities, which will allow 
you to make comparisons and decisions. You need 
to make sure that when you quantify information 
that you do so in the most clear, honest way 
possible. This means selecting measures that tell us 
something useful about what it is you are 
measuring. Are you measuring trends? Are you 
comparing values? Do you want to see the effect 
of changing the values of an independent variable? 

Do you want to see how people, behaviors, or 
events distribute themselves? If so, then you need 
the right units of measure. 

Having the right measures helps, but it 
helps further to view these measures so you can 
reason well about what they indicate, and to make 
decisions based on them. While a series of numbers 
may indicate a trend, a trend may be better 
depicted as an angled line. Hence, a chart of those 
numbers works well to let us view the trend, and 
does a better job than the numbers. You can see at 
a glance whether a line is angled upward, flat, or 
downward. Putting numeric measures onto a chart 
or graph represents, then, the visual display of 
quantitative information. 

Nearly 20 years ago Edward R. Tufte 
published a book dealing with the visual display 
of quantitative information. He analyzed what 
makes for a good display, and singled out practices 
that lead away from good displays. What makes a 
chart useful and helpful to the reader? What leads 
the reader astray? What are the do's and don'ts of 
charting? These questions form the topic of Tufte's 
book, one that skilled Precision Teachers and 
researchers will find highly valuable. For the 
person interested in deep issues concerning 
graphical display of quantitative information, 
Tufte's book provides invaluable background 
information. It can also serve as a guide for us to 
check up on our own practices. Is the Standard 
Celeration Chart, by itself, good at helping the 
visual display of quantitative information? Can we 
misuse the chart? Can we lower its effectiveness? 
Can we use it to persuade people about something 
we advocate? Can we conceal what happened? 
Armed with Tufte's book, we can address these 
issues and concerns. 

Tufte divided the book into two main parts: 
Part 1 deals with "Graphical Practice," and covers 
the topics of graphical excellence, graphical 
integrity, and sources of graphical integrity and 
sophistication. Part 2 deals with the "Theory of 
Data Graphics," and covers the topics of data-ink 
and graphical redesign, chartjunk: vibrations, 
grids, and ducks, data-ink maximization and 
gaphical  design, multifunctioning graphical 
elements, data density and small multiples, and 
aesthetics and techniques in data graphical design. 
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Excellence in Gvaphics 
Tufte begins the chapter on Graphical 

Excellence by commenting: "Excellence in statistical 
graphics consists of complex ideas communicated 
with clarity, precision, and efficiency." This forms 
a useful working definition of excellence. It 
indicates, perhaps, a goal we should strive for 
when we use charts. Tufte next identifies nine 
criteria of excellence in graphics used to display 
quantitative information. He states that "Graphical 
displays should: 

show the data 

induce the viewer to think about substance rather 
than about methodology, graphic design, the 
technology of graphic production, or something 
else 

avoid distorting what the data have to day 

present many numbers in a small space 

make large data sets coherent 

encourage the eye to compare different pieces of 
data 

reveal the data at several levels of detail, from a 
broad overview to the fine structure 

serve a reasonably clear purpose: description, 
exploration, tabulation, or decoration 

be closely integrated with the statistical and 
verbal descriptions of a data set." (page 13). 

Without exception, the Standard Celeration 
Chart (Pennypacker, Koenig, and Lindsley, 1972) 
has the potential to meet all of Tufte's criteria for 
graphical displays. The cumulative record as 
developed by B.F. Skinner, an early staple of 
behavior analysis, meets those same criteria as 
well. Both of those charts are standard charts, 
having standard dimensions, whereon the 
"meaning" of dots and lines always runs with 
respect to particular standards. For instance, on the 
Standard Celeration Chart a line drawn from 
bottom left corner to top right corner has an angle 
of 34 degrees, which always represents a celeration 
of X2 (read as "times two.") Any line parallel to that 
standard also has a celeration value of X2. A grid 
of "standard celerations" can be drawn for reference 
celerations; typically this grid includes 
referencecelerations for X4, X2, X1.5, X1.25, X1.1, 
and X 1.0. Similarly, the cumulative record, which 
Lindsley has described on several occasions as a 

"standard frequency chart," also has standard 
reference grids. These grids used to be part of the 
visual display in older publications. A certain angle 
would be a frequency or rate of 1 per minute. An 
angle somewhat steeper would reference a rate of 
2 per minute. A yet steeper line, about the same 
angular distance as from 1 to 2 would reference 4 
per minute, and so on. In addition, both charts 
show data of measures that are at once universal, 
standard, and absolute measures. 

Both the Standard Celeration Chart and the 
Standard Frequency Chart (cumulative record): 

(a) show the data 

(b) induce viewers to think about the substance of 
the graphic rather than the methodology of graphic 
production or design 

(c) clearly avoid distorting what the data say 

(d) present many numbers in a relatively small 
space 

(e) make large data sets coherent 

(f )  encourage the eye to compare different pieces 
of data (indeed, compel such comparisons) 

(g) reveal the data at several different levels of 
detail (e.g., the Standard Celeration Chart 
simultaneously illustrates frequencies, but also 
celerations, and variability, cycles and various 
trends; the Standard Frequency Chart similarly 
illustrates local rates and overall rates.) 

(h) serve a very clear purpose, which is to show 
precisely and unambiguously a clear record of 
behavior and behavior change, thereby permitting 
not only precise and reliable description but also 
allowing for exploration. In the case of the 
Standard Celeration Chart straight line celeration 
predictions can be made. 

and finally, 

(i) both charts are very closely integrated with the 
statistical and verbal descriptions of the data sets. 
In the case of the Standard Frequency Chart 
(cumulative record) in particular, the angled lines 
and tick marks often ARE the data set. Typically, 
precision teachers do not make statistical 
transformation or conversion from numbers to 
graphics. Instead, they record the data directly and 
continuously as dots on the Standard Celeration 
Chart. 
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In contrast, most of the time the various 
other charts and graphs used in behavior analysis 
violate Tufte's suggested standards of excellence. 
Or if they do not violate these standards they may 
fail to meet them. Often, many behavioral 
researchers ignore several of Tufte's standards at 
the same time. Within the same publication the 
same data may be put on charts with different axes, 
but where the grids have the same physical 
dimensions. Axes may be stretched or compressed 
on either or both dimensions, thereby changing 
how the plotted data will look. Small effects may 
appear magnified. Large differences may appear 
muted. Some results such as trends or variations 
in the data may not show up at all. Sometimes the 
variations in design of behavior analytic charts 
unnecessarily induces viewers to spend time 
figuring out what the chart attempts to show. 
-

- Researchers may igrtorepTu4te1s suggested 
standards of excellence for many reasons . These 
may have to do in part to a lack of awareness with 
respect to those standards. Researchers or scholars 
may not have been educated in the issues and 
problems related to graphic display. It may also 
reflect the operation of various macrocontingencies 
operating at the cultural or institutional level. 
Common and accepted practices for particular 
professions, including applied behavior analysis, 
may select against and thus discourage any effort 
to meet any of Tufte's standards. This may be 
especially true if there are political or economic 
contingencies operating that may affect how data 
are displayed graphically. This may even be true 
on a subtle level. For instance, a chart that 
magnified a small effect may help toward 
publication of an article. To what extent such 

pmacrocontingencies exist and play any role can 
only be speculative& thispoint, andis beyond the 
scope of this mini-review -- though it may prove 
an interesting investigation. 

Integrity 
Tufte's second chapter, on Graphical 

Integrity, seems more interesting than chapter one, 
in my opinion. Tufte begins chapter two by 
observing, "For many people the first word that 
comes to mind when they think about statistical 
charts is "lie."" (page 53). This forms a key issue. 
Tufte adds that "a graphic does not distort if the 
visual representation of the data is consistent with 
the numerical representation." (page 55). From 
these observations Tufte introduces the "Lie Factor" 
-- a valuable concept curiously overlooked in Iver 
Iverson's (1988) review of Tufte's book in the 
Journal of the Experimental Analysis of Behavior. 
Tuft& formulaior-theLieFa~torappearsrelatively 
simple: 

size of effect shown in graphic 
Lie Factor = 

size of effect in data 

In his chapter Tufte presents several classic 
examples of severe Lie Factors. For instance, he 
presents a graph published in the New York Times 
(August 9, 1978) pertaining to fuel economy 
standards based on Congressional and Department 
of Transportation data. These were standards that 
car manufacturers would have to meet. The data 
set began with 18 miles per gallon in 1978, and 
incremented to 19 in 1979, 20 in 1980, 22 in 1981, 
24 in 1982,26 in 1983,27 in 1984, and 27.5 in 1985. 
The chart of these data in the Times, however, was 
drawn as perspective of a highway extending to a 
vanishing point in thepdistance, Imagine ap 
perspective drawing of a highway, with the angles 
of the edges of the road converging and meeting 
in the distance. The drawing even included 
shading and the typical dashed lane marker lines 
characteristic of roads. On this chart the fuel 
economy standards were drawn as horizontal lines 
from one side of the road to the other. The line for 
1978 was drawn in the distance, near the vanishing 
point. The lines for subsequent years were drawn 
down the chart, so that the line for 1985 was near 
the bottom of the chart. The long and the short of 
it, so to speak, was that the line for 1978 was 0.6 
inches long, whereas the line for 1985 was 5.3 
inches long. 

The increase in the raw data is computed 
as 27.5 - 18.0 / 18.0 X 100, which equals 53%. Over 
that span of time fuel standards would increase 
53%. However, as Tufte notes, "the magnitude of 
the change from 1978 to 1985 is shorn in the graph 
by the relative lengths of the two lines:" 

5.3 inches - 0.6 inches / 0.6 inches X 100 = 783% 

Visually, then, the graph compels an interpretation 
of a 783% increase in fuel standards, while the 
actual data denoted a 53% increase. Tufte then 
computed the Lie Factor for this chart: 

783Lie Factor = -= 14.8
53 

In other words, the New York Times' graph lied 
about the data by a factor of 14.8 times. 

Since a picture is worth a thousand words, 
the point becomes much more clear if you can see 
t h e  graph that Tufte usesforpanpexample, rather 
than to try to visualize it from the words written 
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above. Tufte includes the charts in his book, for 
which he obtained permission to use them. 

An interesting research task would be to 
ascertain how widespread lie factors are found in 
behavioral research graphical data presentations. 
With standard charts you are unlikely to find lie 
factors, of course. But with the tendency for 
behavioral researchers to draft their own charts and 
graphs the possibility for lie factors certainly 
presents themselves. 

Tufte adds that the ideal Lie Factor has a 
value of 1,which means the size of the effect shown 
in the graphic matches the size of the effect in the 
data. He's not absolutely strict, however, and 
suggests that the range of Lie Factors from .95 to 
1.05 are probably acceptable, and include minor 
inaccuracies in plotting. Tufte suggests that "The 
logarithm of the Lie Factor can be taken in order 
to compare overstating (log LF > 0) with 
understating (log LF < 0) errors" (page 57). He 
adds that most such distortions are those of 
overstating; that Lie Factors as big as 5 are 
relatively common. 

When I first read about Tufte's concept of 
the Lie Factor I immediately thought of Og 
Lindsley's frequent commentary about "fill the 
frame" charts, also known as "stretch to fill" charts. 
Og corrected me by saying that "stretch to fill 
charts" are not indicative of Lie Factors per se. Og 
came up with the terms "stretch to fill" and "fill the 
frame" in response to a general tendency of 
behavioral researchers to draw graphs where they 
"stretch out" or compress the chart axes in order to 
fill up the resulting frame with their data. The 
researcher stretches or compresses one or both of 
the axes of a chart such that a particular effect is 
illustrated. By stretching the vertical axis a small 
effect can be made to appear larger. By 
compressing an vertical axis a large effect can be 
made to look smaller. Likewise, stretching a 
horizontal axis can "attenuate" a trend, giving it a 
lower angle. 

Stretching an axis and filling the frame can 
produce differences to interpretation of results. 
Porter (1985), for instance, discovered that about 
one-third of the effects published in the Journal of 
Applied Behavior Analysis were counter-turns. A 
counter-turn occurs either when a frequency jump 
up is followed by a celeration turn-down, or a 
frequency jump-down is followed by a celeration 
turn-up. Either way, the behavior heads back 
towards its baseline level. The effect is only 
transitory, in other words. Porter discovered these 
counter-turns when recharting behavioral data 
onto Standard Celeration Charts. The effects were 
either invisible or at best barely noticeable in their 
original charts. Whether the researchers created 

charts to conceal the counter-turns remains 
unanswerable, but the outcome is the same. By the 
way the chart is drawn the reader may not notice 
the counter-turn and may therefore not conclude 
that the procedure investigated has an effect 
potentially at variance to what is claimed. 

Related to stretching axes is the practice of 
truncation, where only a segment of an axis is 
shown. This segment, of course, can then be 
stretched out to fill the vertical or horizontal space 
on paper. Stretching and truncation are issues that 
Tufte deals with in a section of chapter two titled 
"Context is Essential for Graphical Integrity." What 
this means is that charts that have had axes 
manipulated to show certain results in a certain 
way are at the very least deceptive to the extent 
that vital contextual information is removed or 
distorted. 

One of the key features of the Standard 
Celeration Chart is that it avoids both stretching of 
axes as well as truncation. Thus, context is always 
preserved. Now, often data on the Standard 
Celeration Chart will not cross all six logarithmic 
cycles. The Chart captures frequencies from .001 
per minute (about once per day) in the lowest cycle 
up six cycles to frequencies of 1000 per minute (a 
X 1,000,000 differential). Because few behaviors 
ever traverse all six cycles there may be a tendency 
to regard the unaffected cycles as superfluous, and 
hence worthy perhaps of being dispensed with. 
Under such a tendency there would be a further 
tendency to stretch out the remaining axes to fill 
the space left by the excised axes. That, of course, 
would defeat the purpose of having a Standard 
chart, as well as violate Tufte's admonition against 
removing context. In any event, even the blank 
cycles provide useful context in that they help 
locate the frequencies of behavior on a standard 
frequency scale. To help make the point, think of 
the location of the visible light portion of the 
electromagnetic spectrum and the value of 
including the whole spectrum for contextual 
purposes. If all you showed was that portion of the 
spectrum pertaining to visible light the viewer 
would not be able to tell where it stood with 
respect to other types of EM radiation. Context is 
valuable. 

Tufte'sTheory of Data Graphics 
The second part of Tufte's book covers his 

theory of data graphics. Here, he discusses vital 
issues such as "data ink," "chartjunk," 
multifunctioning graphical elements, data density, 
and finally aesthetics and technique in graphical 
design. Only some of these issues concern standard 
celeration charting. Furthermore, many of these 
issues will pertain primarily to published charts, 
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not necessarily to those used on an everyday basis 
as working charts. 

Data-Ink 
In the chapter on Data-Ink Tufte presents 

another valuable ratio: The amount of ink used to 
make a graphic that presents data or information. 
Ink that does not present data or information is not 
considered to be data-ink. Note that the word ink 
already suggests something that has been 
published or made ready for archival purposes. 

The data-ink ratio equals the amount of 
data-ink divided by the total ink used to print the 
graphic. As he suggests, one way of viewing this 
ratio comes from how much of a graphic you can 
erase without loss of data or information. Because 
precision teachers use commercially manufactured 
charts, the data ink issue may be of marginal 
concern: People use the same charts and have no 
need to draw their own. Moreover, working charts 
build up a data-set over time. Thus, a chart with a 
lot of unused lines and unused space may seem, 
at first, to have a poor data-ink ratio. But as days 
proceed and frequencies charted, this ratio would 
surely change. 

The data-ink issue may have more 
relevance when precision teachers present or 
publish their results. At chart shares at ABA 
conventions speakers sometimes use the 
transparency templates. Some do not, however. 
Some people simply show the data without any 
grid, which exemplifies the point that Tufte makes 
regarding data-ink. Likewise, in our publications 
our published charts rarely show the internal up 
and down day lines or the horizontal frequency 
lines. Indeed, removing this mass of data-ink 
actually helps viewing the data. 

Chavf Junk 
Chart junk, as best I can tell from reading 

the chapter, concerns various decorations or 
additions made to charts. Such charts become 
cluttered. They may produce unintended optical 
effects, too, such as Moir4 patterns. Again, Tufte 
approaches the issue from the point of view of 
people creating their own charts. 

In precision teaching a blank Standard 
Celeration Chart will contain no chart junk. Is it 
possible to add chart junk to our charts? Possibly 
so. Some people add keys, bulleted information, 
window boxes of explanations, etc., inside the grid 
area of Standard Charts. This makes use of the 
empty space that may well be likely on many 
standard charts. For convention presentation 
purposes this may be fine, if it let's one combine 
talking points with visually-displayed quantitative 
information. However, for publication purposes, 

and indeed for certain key points when presenting 
charts, our best practices may be to reduce or 
eliminate the amount of this potential chart junk. 

Data Density and Aesthetics 
The final chapters of Tufte's book cover 

how much data are shown on a graphic and to 
what extent one should take artistic sensibilities 
into account when developing a chart. For data 
density Tufte offers yet another one of his many 
ratios. The data density equals the number of 
entries in a matrix divided by the area of the 
graphic. The aesthetic issues concern the design of 
the graphic, the selection of letters and numbers 
used, the balance and proportion of scale, the 
professionalism of the drawing and the avoidance 
of chartjunk decorations. Again, in both cases I 
regard Tufte's suggestions as strategic 
considerations for properly communicating 
information without exaggerating or minimizing 
claimed effects. For precision teachers who use 
manufactured Standard Celeration Charts, what 
Tufte suggests in these chapters may prove only of 
marginal significance. Precision teachers do not 
have to draw their own charts. 

Regarding Standard Celeration Charting 
While Tufte's book may have mixed 

significance overall for precision teaching, the 
general suggestions he brings up are instructive. 
The whole point of having a chart is to 
communicate information. Moreover, it is to 
communicate effectively; to induce the reader to 
make certain conclusions. Toward that end, Tufte's 
suggestions can assist people who share charts. 

For precision teaching the general 
guidelines covered in Tufte's book can help us 
clarify what makes for a good chart. Following 
Tufte's guidelines, a properly developed Standard 
Celeration Chart will: 

1.have dates filled out in the blanks across the top; 

2. have the labels filled in across the bottom of the 
chart; 

3. have a pinpoint specified in its appropriate 
blank; 

4. have frequency dots that are dark enough, large 
enough, and otherwise discriminable; 

5. have one or more celeration lines drawn through 
a series of frequency dots; 

6. have a straight-line projection of the celeration; 
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7. have a celeration line that is also dark and thick 
enough to be easily seen; 

8. not have a whole lot of extraneous text, bulleted 
points, or other items or markings within the chart 
frame; and 

9. not have either of its axes truncated or laminated 
in order to "fill the frame." 

There are exceptions to some of these 
suggestions, of course. A chart may have a 
collection of celerations, and thus in that instance 
adding in the frequency dots will produce 
confusion. Likewise, a chart may display a series 
of conditions, starting with a baseline, and thus 
there should be both vertical lines separating the 
different conditions, along with appropriate labels. 

Some people may want to make "pinprick" 
dots, under the belief perhaps that this adds to 
precision. However, very tiny dots are difficult to 
see. Furthermore, the Standard Celeration Chart 
has a multiply divide scale, so having a large dot 
will not detract from precision. Just center it on its 
day line and frequency line. Then, recognize that 
the important difference in frequencies is 
multiplicative. It matters little if a large dot 
standing for 12 per minute correct also covers up 
where 11,10, and 13, and 14 go. 

Another exception concerns an important 
issue regarding "chartjunk." Not all extraneous 
marks on a chart should be considered as junk. 
There are cases where it may be best to reprint an 
actual working chart, rather than "clean it up" to 
make it presentable. A student's chart may have 
doodles, comments, and so on drawn onto it. 
Publishing it "as is" helps preserve the record of 
what actually happened and may help illustrate 
how working charts may look. The real world is 
not always neat and tidy. A working chart 
containing such junk had that junk on it while it 
was being used for making decisions. Therefore, 
publishing one or more working charts as a record 
of what one actually did also preserves some 
honesty about monitoring behavior. 

Conclusion 
Tufte's book presents a number of issues of 

strategic importance to the display of quantified 
information. For our purposes it provides some 
additional arguments that buttress the importance 
of using standard charts. The book provides useful 
counter-arguments to the questionable charting 
practices that exist in behavior analysis and in 
education. Moreover, it casts these issues in a 
colorful, visually interesting volume, one that 
replicates many unusual charts, some of which are 

of historical importance. 
However, the book is not for everyone. 

Beginning charters and people new to precision 
teaching may find the issues either too complex or 
too irrelevant to their needs. Trying to teach them 
Tufte's arguments and suggestions may add 
confusion. Advanced charters and established 
professionals, however, may find greater value in 
Tufte's book, especially when faced with 
countering periodic attacks leveled against the 
Standard Celeration Chart. Or, they may find value 
when trying to explain some subtle charting issues 
to colleagues and to fellow professionals. 

Tufte's book primarily concerns published 
charts. It does not concern itself with what we in 
precision teaching call working charts. Most of 
what Tufte deals with has to do with charts that 
will end up in books, journal articles, or in other 
archival documents. For those purposes it has 
many valuable considerations. However, for 
everyday working charts, which teachers and 
learners use to make decisions, the points made by 
Tufte will seem largely superfluous - unless such 
individuals are tempted to go off and create their 
own charts. There is a certain tendency of people 
to want to do this, and if they do, then what Tufte 
says comes into play at that point. 

Tufte's book does not explain how to draw 
charts and graphs. For that purpose a general 
source such as Robertson (1988) may prove more 
valuable. Moreover, Tufte's book does not contain 
a taxonomy of different chart types, nor coverage 
of the unique properties of each one of the basic 
types of charts. For such purposes a book such as 
Schmid's (1954) may have much more use. Finally, 
Tufte does not address the specific issue of 
standard charts, and the concept of standard charts 
appears not to be a consideration. Thus, the 
rationale for using standard charts, and how to use 
them, will require other sources, such as 
Pennypacker, Koenig, & Lindsley's (1972) 
Handbook of the Standard Behavior Chart. 
However, bearing these deficits in mind, all in all 
Tufte's book would make a valuable addition as a 
resource for established professionals and for those 
who have a specific interest in measurement and 
charting issues and topics. 
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Journal Description 

The Standard Celeration Society publishes the 
Journal of Precision Teaching and Celeration (JPTC) two 
times a year. JPTC provides a forum for research, 
practical applications and discussions of Precision 
Teaching and Celeration technology. JPTC has 
dedicated itself to the promotion and diffusion of 
Precision Teaching and Standard Celeration 
technologies. 

Journal Sections: 

Authors may submit their original contributions to 
one of five sections of JPTC: 

I. Application Articles: "Application articles" 
require: 
(1)Use of Standard Celeration Charts; 
(2)Use of basic charting conventions; 
(See the JPTC guidelines for guidance on the "basic 
charting conventions"); 
(3) Description of variables or procedures 
supporting the interpretation of the data. 

"Application articles" usually represent data from 
applied settings such as schools, clinics, human 
service agencies. 

11. Research Articles: "Research articles" require: 
(1)The use of Standard Celeration Charts; 
(2) Descriptions of the collection and analysis of 
data; 
(3)Use of basic and advanced charting conventions 
and analysis; 
(See the JPTC guidelines for guidance on the "basic" 
and "advanced" charting conventions and analysis); 
(4) Description of variables or procedures 
supporting the interpretation of the data; 
(5)Control for extraneous variables or report of their 
influence. 

111. Discussion Articles: "Discussion articles" offer 
explanations, reviews, and extensions of Precision 
Teaching and Standard Celeration concepts. 

IV. Chart Shares: "Chart shares" contain data 
displayed on Standard Celeration Charts along with 
brief descriptions of the performer, what occurred, 
and other relevant observations. 
[Note: We encourage performers (e.g. students, 
clients, patients) to submit their own charts to the 
chart share section.] 

V. Technical Notes: Brief technical descriptions 
clarifying, elaborating, or reporting upon Precision 
Teaching and Standard Celeration concepts. 

Submission Guidelines: 

To submit a manuscript authors must conform to 
the following guidelines: 
(1) Submit three (3) typewritten, doubled spaced 
copies of the manuscript without author's names 
or affiliations; 
(2) Follow the format outlined in the Publication 
Manual of the American Psychological Association 
(5th edition, 2001); 
(3)Do not exceed 20 words in the article title; 
(4)Include an abstract and do not exceed 250 words 
in the abstract; 
(5) Select 3 to 5 key words that describe the 
manuscript; 
(6) Secure permission for use of copyrighted 
materials; 
(7) Send submissions to: Dr. Richard M. Kubina Jr., 
The Pennsylvania State University, Department of 
Educational and School Psychology and Special 
Education, 231 CEDAR Building, University Park, 
PA 16802-3 109. 

The Editors reserve the right to edit all material 
accepted for publication. 
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BASIC CHARTING CONVENTIONS for the DAILY STANDARD CELERATION CHART 

I
TERM DEFINITION CONVENTION1 


I 


1. CHARTED DAY A day on which the behavior is 1. Chart the behavior frequency on I 


I recorded and charted. I the chart on the appropriate day 
I line.I 


I I 
 2. Connect charted days except acros: 
I 
 I phase change lines, no chance days 
I I and ignored days. 

a) ACCELERATION TARGET Responses of the performer intended 
FREQUENCY to accelerate. I Chart a dot (.) on the appropriate day 
I 

I I 
 line. 
I 


b) DECELERATION TARGET Responses of the performer intended Chart an (x) on the appropriate day 
FREOUENCY to decelerate. I line. 

I 


2. NO CHANCE DAY A day on which the behavior had no Skip day on daily chart. 
I 


chance to occur. I 


I 


I3. IGNORED DAY A day on which the behavior could Skip day on daily chart. 
have occurred but no one recorded it. (Do not connect data across ignored 
I I 

days.)
I 

4. COUNTING-TIME BAR I Desimates on the chart the Draw solid horizontal line from the 
I 


(aka Record Floor) perf&mer's lowest possible Tuesday to Thursday day lines on the 
I 


performance (other than zero) in a 
I 

chart at the "counting-time bar." 
I 
 ;ounting time. Always designated as 
I 
 "once per counting time." 
 I 

5. ZERO PERFORMANCE 
I 

No performance recorded during the Chart on the line directly below the 
1 


Irecording period. "counting-time bar." 
6. PHASE CHANGE LINE 

I 

A line drawn in the space between the Draw a vertical line between the 
I 
 last charted day of one intervention intervention phases. Draw the line 
I phase and the first charted day of a from the top of the data to the 
I Inew intervention phase. "counting-time bar." 
I I 




- - - - - - - 

- -  - 

7. CHANGE INDICATOR 


9. CALENDAR SYNCHRONIZE 

10. CELERATIONLINE 

Words, symbols or phrases written on 
the chart in the appropriate phase to 
indicate changes during that phase. 

A symbol used to represent: (a) the 
desired frequency, and (b) the desired 
date to achieve the frequency. 

A standard time for starting all charts. 

A straight line drawn through 7-9 or 
more charted days. This line indicates 
the amount of improvement that has 
taken place in a given period of time. A 
new line is drawn for each phase for 
both acceleration and deceleration 
targets. (Note: For non-research 
projects it is acceptable to draw free- 
hand celeration lines.) 

Write word, symbol and/or phrase. 
An arrow (r))may be used to indicate 
the continuance of a change into a new 
phase. 

Place the point of the caret ... 
A for acceleration data 
v for deceleration data 
...on the desired aim date. Place the 
horizontal bar - on the desired 
frequency. The caret and horizontal 
line will aeate a "star." 
It requires three charts to cover a full 
year. The Sunday before Labor Day 
begins the first week of the first chart. 
The twenty-first week after labor day 
begins the second chart. The forty-first 
week after Labor day begins the third 
chart. 

Acceleration Deceleration 
Target Target 
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the performer when the 

sees the performer's chart on 
a monthly basis. The person 
may give advice to the 



ADVANCED CHARTING CONVENTIONS for the DAILY STANDARD CELERATION CHART 

TERM 
Frequency: 
1.FREQUENCY CHANGE 

PC) 
(aka frequency jump up or 

jump down) 

Celeration: 
2. CELERATION 
CALCULATION 
(Quarter-Intersect Method) 

3. CELERATION FINDER 

4. PROJECTION LINE 

5. CELERATION 
CHANGE (CC) 
(aka celeration turn up or 

turn down) 

DEFINITION 

The multiply "x" or divide "t" value that compares the final 
frequency of one phase to the beginning frequency in the next 
phase. Compute this by comparing: (1)the frequency where 
the celeration line crosses the last day of one phase -to- (2) the 
frequency where the celeration line crosses thefirst day of the 
next phase. (e.g. a frequency jump from 6/minute to 
18/minute. FC = x 3.0) 

The process for graphically determining a celeration line (aka 
"the line of best fit.") 
(1) Divide the frequencies for each phase into four equal 
quarters (include ignored and no chance days), (2) Locate the 
median frequency for each half, (3) draw a celeration line 
connecting h e  quarter intersect points. 
A piece of mylar with standard celeration lines which can be 
used to compute celeration line values. 

A dashed line extending to the future from the celeration line. 
The projection offers a forecast that enables the calculation of 
the celeration change value. 
The multiply "x" or divide "t"value that compares the 
celeration of one phase to the celeration in the next phase (e.g. 
a celeration turn down from x1.3 to + 1.3. CC= i 1.7) 

CONVENTION 

Place an "FC =" in the upper 
left cell of the analysis 
matrix. Indicate the value 
with an "x" or "s"sign (e.g. 
FC = x 3.0) 

See advanced charting 
conventions sample chart. 

Buy commercially or copy 
and cut out part of the 
vertical axis on the Standard 
Celeration Chart. 
See advanced charting 
conventions sample chart. 

Place an "CC =" in the upper 
middle cell of the analysis 
matrix with the value 
indicated with a x or s sign. 
(e.g., CC = t1.7). 



---- - - --- - -- - - - - - -  

6. CELERATION 
COLLECTION 

7. BOUNCE CHANGE 
(BC) 

8. ANALYSIS MATRIX 

Optional: 
9. FREQUENCY CHANGE 
P-VALUE (FCP) 

10.CELERATION 
CHANGE P- VALUE 

(CCP) 

11.BOUNCE CHANGE P- 
VALUE (BCP) 

+ 

A group of three or more celerations for different performers 
relating to the same behavior over approximately the same 
time period. 

The multiply "xu or divide "+" value that compares the bounce 
of one phase to the bounce in the next phase. Computed by 
comparing: (1) the total bounce of one phase -to- (2) the total 
bounce of the next phase. (e.g., a bounce change from x 5.0 to 
x 1.4, BC = + 3.6) 

The analysis matrix provides the numeric change information 
regarding the effects of the independent variable(s) on 
frequency, celeration and bounce between two phases. 

-

The frequency change p-value is the probability that the noted 
change in frequency would have occurred by chance. (Use the 
Fisher exact probability formula to compute the p-value.) 

The celeration change p-value is the probability that the 
change noted in celeration would have occurred by chance. 
(Use the Fisher exact probability formula to compute the p- 
value.) 
The bounce change p-value is the probability that the change 
noted in bounce would have occurred by chance. (Use the 
Fisher exact probability formula to compute the p-value.) 

Numerically identify the 
high, middle and low 
celeration in the celera tion 
collection and indicate the 
total number of celerations 
in the collection. 
Place a "BC=" in the upper 
right cell of of the analysis 
matrix with the value 
indicated with a multiply "x" 
or divide "i"symbol (e.g., 
BC = $3.6 
Place the analysis matrix 
between the two phases 
being compared. For 
acceleration targets place 
the matrix above the data. 
For deceleration targets 
place the matrix below the 
data. 

Use "FCP =" and indicate 
the p value in the lower left 
cell on the analysis matrix 
(e.g. FCP = .0001). 
Use "CCP =" and indicate 
the p value in the lower 
middle cell of the matrix 
(e.g., CCP = .0001). 
Use "BCP =" and indicate 
the p value in the lower 
right cell of the analysis 
matrix (e.g., BCP = .0001). 
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ERRATUM 


On the front cover the names listed for the article "Currriculum-Based Measurement Reading Scores as 
Dynamic Indicators of Basic Reading Skills" follow: Michael D. Hixson and Margaret T. McGlinchry. As 
spelled in the article on page 10, Margaret's last name should read "McGlinchey." 

On page 40, the "Advanced Charting Conventions" text does not have a "Bounce Change" description. 
The description appears in this Volume. Additionally, minor changes will appear to definitions over time 
and those minor revisions will not appear in the "Erratum" section. 
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EDITORIAL 

Since becoming the editor of the Journal of Precision Teaching and Celeration in 2002, I 
have had the opportunity review all types of Precision Teaching research. True to the defini- 
tion of Precision Teaching, an approach that systematically measures instruction and facili- 
tates decision making, Precision Teaching continues to evolve. The current issues has a num- 
ber of articles that highlight how Precision Teaching stays true to its form but adapts to the 
changing needs of the current educational system. 

Through the application of an intervention method called repeated reading, Sweeney, Ring, 
Malanga and Lambert show celeration and learning pictures of elementary aged students 
who improved their reading. Berens, Boyce, Berens, Doney and Kenzer show how Precision 
Teaching can evaluate retention, endurance and application, three critical learning outcomes 
associated with fluency. The two articles both demonstrate that Precision Teaching 's strong 
measurement system allows a view of behavior not otherwise available. Additionally, the 
articles show how the orderly application of Precision Teaching over many years has resulted 
in a technology of learning born of thousands of standard celeration charted data. 

A tradition that has its roots in a respect for standard displays of behavior, chart shares 
have continued to appear in the Journal of Precision Teaching and Celeration as well as at 
conferences and informal gatherings. The charts in this issue show the diversity of those that 
use Precision Teaching. Anderson and Alber share a chart showing how a 15-year old student 
learned to read better and changed his behavior when it came time for his reading instruc- 
tion. King, Moors, and Fabrizio share a chart that displays a child with autism learning diffi- 
cult prepositions. Fabrizio, Schirmer, Vu, Diakite and Yao present standard celeration charted 
data detailing how two variables affect the joint attention of a child with autism. And last, 
Stevens chart share examines efficient ways of monitoring a learner's progress. 

Richard M. Kubina Jr. 
Editor, The Journal of Precision Teaching and Celeration 

JOURNAL OF PRECISION TEACHING AND CELERATION, VOLUME 19, NUMBER 1,2003, PAGES 2-19 



Using Curriculum-Based Assessment and Repeated Practice Instructional Procedures Combined 
with Daily Goal Setting to Improve Elementary Students Oral Reading Fluency: A Preservice 

Teacher Training Approach* 

William J. Sweeney, Mary M. Ring, Paul Malanga 
The University of South Dakota 

Michael Charles Lambert 
Cleveland State University 

This demonstration project evaluates the effectiveness of repeated reading techniques combined with 
daily goal setting to build oral reading fluency with fourth-grade students. This reading fluency 
demonstration project was a combined effort of the School of Education at The University of South 
Dakota with the teachers in the Sioux City Community Schools. This project was designed to address 
some of the reading needs of students enrolled in one of its elementary schools with a large 
population of academically at-risk students. Thirty-nine fourth-grade students, from two general 
education classes, worked with 8 undergraduate practicum tutors from the university. The practicum 
tutors worked with the students in groups of 1to 4 for approximately 45 minutes focusing on basic 
reading skills. The tutors met with their groups two to three days a week on average for 
approximately five weeks. The experimental design used was an analysis of fluency celerations and 
learning pictures common to Precision Teaching programs. Precision Teaching measurement proce- 
dures were employed to evaluate the repeated readings procedures. Results showed substantial 
fluency improvements with multiplying learning pictures for oral reading passages. The 
implementation of these procedures were effective at improving the students' reading fluency, were 
cost effective in terms of time and resources, and took little time to administer. Implications for 
classroom instruction and adoption of repeated reading procedures for both students academically 
at-risk and teacher training are discussed. 

DESCRIPTORS: Precision Teaching, reading fluency, repeated reading 

Many authorities point out the importance 
of structured, repeated practice for students to as- 
sure proficiency with any skill taught in the class- 
room (Samuels, 2002). High performance athletes, 
musicians, artisans, and accomplished writers all 
understand the importance of prolonged, struc- 
tured, daily practice routines to assure mastery of 
the skills required in their profession. In fact, a 
concert violinist or an accomplished baseball 
pitcher would not think of playing a formal con- 
cert or pitching in a competitive baseball game 
without ensuring that they engaged in sufficient 
daily practice to ensure mastery of their instrument 
or of their fastball. In fact, many adults fondly, and 
sometimes not so fondly, reminisce about the hours 
they spent as a youth practicing their flute, draw- 
ing sketches of a tree, or practicing their wrist shots 
in hockey. Most of these adults will also readily 
acknowledge the importance of these practice op- 
portunities to their ability to excel in a recital, con- 
cert, formal art exhibit, or a competitive athletic 
activity (i.e., game, meet, or race). Unfortunately, 
as Samuels (2002) points out in relation to fluency 
development: "Although there is universal recog- 
nition that fluency (i.e., practice) is important, too 

little is done in the classroom to develop this 
important skill level" (p. 166). 

The National Reading Panel (NRP) reaf- 
firmed the importance of practice and fluency 
building procedures in its final seminal report, 
Teaching Children to Read (2002). The NRP report 
not only discussed the importance of daily prac- 
tice in learning to read the alphabetic and phone- 
mic code as well as building fluency in reading 
textual material, but it also addressed the need for 
fluency building procedures based on research 

*Special thanks is extended to Mr. Doug Robbins, 
Principal, and Jenny Wetz and Laurie Powell, 
Fourth-Grade Teachers, at Smith Elementary 
School in the Sioux City Community Schools for 
their support, hospitality, and willingness to allow 
us to work within their school's on this project. 

*Requests for reprints should be addressed to 
William J. Sweeney, Ph.D., The University of South 
Dakota, Division of Curriculum & Instruction, 
Special Education Program, 414 E. Clark Street, 
Vermillion, SD 57069. 
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findings for adequate understand and comprehen- 
sion of the reading text. Further, the NRP report 
emphasized the need for regular assessment of 
reading fluency in the classroom to assure that stu- 
dents are making adequate progress and to assure 
that if reading problems are exhibited that "timely 
and effective instructional response" or 
remediation is implemented to ameliorate said 
difficulties (p. 7). Even though reading fluency pro- 
cedures are largely overlooked during regular 
reading instruction according to Reutzel and 
Hollingsworth (1993), they are an essential com- 
ponent of good reading instruction. Good read- 
ing instruction assures that students not only cor- 
rectly identify the words within the text but are 
able to do this decoding automatically, therefore, 
allowing the student to divert their attention to 
the meaning of the text rather than concentrating 
on the sounding out of individual words. Thus, 
the introduction of fluency building procedures 
into reading instruction is an essential aspect for 
good teaching in this area as well as a necessity 
for improving the reading performance of students 
in the classroom. 

Samuels (1979) advocated for the incorpo- 
ration of reading fluency (i.e., speed and accuracy) 
procedures during reading instruction. Unfortu- 
nately, as was pointed out earlier, reading quickly 
and accurately are often overlooked outcomes of 
good reading instruction. Authorities say that (a) 
oral fluency is a necessary feature of good read- 
ing, (b) readers can acquire fluency with instruc- 
tion, and (c) fluent reading improves overall read- 
ing ability (Howell & Lorson-Howell, 1990; 
Sweeney, Omness, Janusz, & Cooper, 1992; Teigen, 
Malanga, & Sweeney, 2001). Fluency is a means 
for quickly and easily mastering new skills 
(Lindsley, 1992; Kameenui, Simmons, Baker, 
Chard, Dickson, Gunn, Smith, Sprick, & Lin, 1998; 
Sweeney, 1992; Sweeney, Sweeney, & Malanga, 
2001). Fluent readers become experts because they 
are more proficient at incorporating complex skills, 
assimilating large amounts of content, understand- 
ing knowledge structures, and problem represen- 
tation (Sweeney, 1992; Mastropeiri, Leinart, & 
Scruggs, 1999). In addition, fluency is related to 
the eventual generalization and maintenance of 
reading skills (Levy, Nichols, & Kohen, 1993; Max 
& Caruso, 1998; Sweeney et al., 1992; Teigen et al., 
2001). 

The purpose of repeated readings is to 
build fluency (Samuels, 1979; Rashotte &Torgesen, 
1985). Three components have been emphasized 
in research on oral reading fluency: (a) decoding, 
(b)overall reading speed and accuracy, (c) and the 
relationship between reading fluency and compre- 
hension. Research documents the effectiveness of 

reciprocal peer tutoring and a Precision Teaching 
measurement system with repeated readings to 
improve the reading fluency of elementary and 
severe behavior handicapped learners 
(Dowhower, 1989; Downs & Morin, 1990; Daly & 
Guldswog, 1992; Lee, 1990; Sweeney, 1992; 
Sweeney et al., 1992; Teigen et al., 2001). Additional 
research on potential classroom applications of 
repeated readings reaffirm the robust nature of this 
procedure and encourage more frequent use of this 
instructional method (Bolich & Sweeney, 1996; 
Durgunoglu, Mir, & Arino-Marti, 1993; Homan, 
Klesuis, & Hite, 1993; Sweeney et al, 1992). 

For example, Teigen et al. (2001) imple- 
mented a combined repeated readings procedure 
with an error correction package to improve the 
reading performance of a 10-year-old boy who was 
participating in a summer reading clinic. The com- 
bination of the repeated readings and the error cor- 
rection procedures was successful at increasing the 
number of words read correctly while simulta- 
neously decreasing the words read incorrectly 
across a 10 day instructional period. Additionally, 
Sweeney et al. (1992) showed that repeated read- 
ings combined with Precision Teaching measure- 
ment approaches were responsible for the read- 
ing improvements of a 43-year-old male who was 
diagnosed as functionally illiterate. Not only did 
the repeated readings improve his ability to read 
and understand textual material, but the reading 
instruction was also responsible for his reported 
improvement in self-confidence as it related to 
reading tasks. Further, repeated readings were 
successfully implemented on a classwide basis 
with third- and fourth-grade students while work- 
ing with undergraduate tutors from a local uni- 
versity (Robbins, Sweeney, Ring, &Sweeney, 1999). 

Although the focus of this project was to 
improve the reading performance of the students 
with mild disabilities who were in an inclusive 
setting, the results indicated improvements in oral 
reading fluency all of the students in the classroom. 
The importance of this study was that repeated 
readings and fluency building procedures are ef- 
fective for improving reading performance regard- 
less of whether a student is experiencing reading 
difficulties or are already reading at appropriate 
levels. Thus, teachers who incorporate repeated 
reading procedures and fluency building strate- 
gies as a component of their reading instruction 
are going to improve the reading skills of students 
who are exhibiting reading difficulties, while en- 
hancing the reading performance of those students 
who are achieving adequately in the classroom. 
One of the important difficulties in the integration 
of repeated reading procedures is the need to en- 
sure effectiveness of the fluency building strate- 
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gies. Integrating Precision Teaching measurement 
systems with repeated readings instruction as a 
method to build reading fluency is frequently ad- 
vocated by authorities in the area of curriculum- 
based measurement (Binder, 1990) and curricu- 
lum-based assessment (Sweeney, Ring, Robbins, 
Larsen, & Schnetzer, 1998). Precision Teaching 
measurement provides a frequency of responses 
over time and across days as its measurement unit. 
For example, a teacher can count the number of 
words read correctly or incorrectly and divide that 
number by the time allocated for assessment (e.g., 
one-minute) and come up with a count per minute 
measure. This count per minute measure is then 
charted on the Standard Celeration Chart across a 
series of days, thus providing the teacher with a 
quantifiable visual analysis mechanism that is sen- 
sitive to daily changes in reading performance. The 
teacher then possesses the information necessary 
to determine the effectiveness of the strategies, 
curriculum, and time required to improve a 
student's reading performance. Likewise, if the 
data from the chart indicates deteriorating or stag- 
nate performance, the teacher possesses the im- 
mediate feedback from the student's performance 
that suggest that changes, modifications, or accom- 
modations in the instruction are required. Preci- 
sion Teaching measurement approaches provide 
the teacher with a powerful tool for assessing 
student's reading performance as well as provid- 
ing a feedback mechanism to ensure the effective- 
ness and appropriateness of the instruction. 

Research shows that the immediacy and 
frequency of teacher delivered feedback, such as 
that provided by Precision Teaching measurement 
approaches, is functionally related to improve- 
ments in students' academic achievement (Coo- 
per, Heron, & Heward, 1990; Van Houten, 1980). 
Public posting systems are one measurably effec- 
tive means that are recommended to assist teach- 
ers in providing students with effective and mean- 
ingful feedback on their classroom reading perfor- 
mance (Lambert, Sweeney, & McLaughlin, 1996). 
An important component of many public posting 
systems is academic goal setting or setting instruc- 
tional aims. Unfortunately, few studies or projects 
have appeared in the literature over the past 10 
years documenting the effectiveness of daily goal 
setting for the improvement of reading fluency 
skills in the classroom. 

Cooper, Kubina, and Malanga (1998) pro- 
vided a set of guidelines for chart collections or 
frequency collections by teachers as a means of 
displaying individual student performance on the 
Standard Celeration Chart for the purposes of 
summative evaluation. Although integrating re- 
peated readings and daily goal setting combined 

with Precision Teaching measurement approaches 
was shown as an effective means of improving 
student's oral reading fluency (Robbins et al., 
1999), few recent articles in the literature display 
classwide summaries of improvements in reading 
fluency. Even though the monitoring of individual 
reading performance is at the heart of Precision 
Teaching, an important gap appears to exist in re- 
lationship to displaying a visual summary analy- 
sis of classwide improvements in reading fluency 
performance. 

Purpose. This demonstration project evalu- 
ated the effectiveness of repeated reading tech- 
niques on oral reading fluency for students aca- 
demically at-risk on a classwide basis. A concur- 
rent goal of this demonstration was to document 
the importance and effectiveness of integrating 
procedures for daily goal setting, as part of an over- 
all treatment package, for assisting students at 
improving their reading skills. Finally, this dem- 
onstration project shows the efficacy of using chart 
collections as a means of summative, classwide 
evaluation of the reading fluency instruction. 

METHOD 

Participants. Thirty-nine fourth-grade stu- 
dents, from two general education classes, worked 
with 8 practicum tutors from the university. The 
practicum tutors worked with the students in 
groups of 1to 4 for approximately 45 minutes fo- 
cusing on basic reading skills. Over half of the stu- 
dents from both of these classes had been identi- 
fied with reading problems and were enrolled in 
classes for students in special education, English 
as a Second Language, or Title 1reading. Further, 
the classroom teachers identified several students 
that were not currently enrolled in these remedial 
programs who were at-risk for academic problems 
due to social behavior, attendance, or other behav- 
ioral concerns. 

Setting. This demonstration project took 
place at Smith Elementary School in Sioux City, 
Iowa during the spring of 2002. The school that 
participated in this project is located in a racially 
and ethnically diverse section of the community. 
Roughly 61% of the students come from minority 
backgrounds (i.e., Hispanic, Native American, Af- 
rican American, Vietnamese, etc.) with an unusu- 
ally high percentage enrolled in English as Second 
Language programs. Based upon the school 
district's measure of socio-economic status (i.e., free 
or reduced school lunch programs), close to 68% 
of the students could be considered from economi- 
cally deprived backgrounds (i.e., below what could 
be considered the poverty line). 

Two integrated classrooms of students took 
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part in a combined repeated readings and goal 
setting instructional intervention. The repeated 
readings were conducted in the students' respec- 
tive classrooms or in the hallway adjacent to the 
classrooms. Tutors utilized the hallway because of 
limited space for the small groups and to elimi- 
nate as many auditory distractions as possible. Stu- 
dents from these classes worked in groups of 1to 
4 students with trained undergraduate special 
education practicum tutors. A university supervi- 
sor and the classroom teachers served as mentors/ 
coaches for the practicum tutors. These tutors used 
a combined repeated reading procedure with daily 
goal setting as well as Precision Teaching evalua- 
tion approaches to document the students' 
progress at building oral reading fluency. The 
practicum tutors sat across or perpendicular to the 
students in their respective tutoring groups. 

Movement Cycle/Movemen t Puoceduue. The 
movement cycle for oral reading was the number 
of words orally read during an one-minute tim- 
ing. The learning channels for oral reading were 
see/say (see word/ say word). The corrects were 
the number of words read correctly during the one- 
minute timing. The incorrects were the number of 
words read incorrectly (i.e., omissions, substitu- 
tions, additions, and mispronunciations) during 
the same period. 

The practicum tutor provided a retelling 
procedure for the student following oral reading 
timings. The retelling consisted of a free recall for 
the student in which they would tell all the infor- 
mation and details that they could remember from 
the reading passage. During the oral retell, the tu- 
tors counted key points related to the characters, 
facts, and specific action verbs from the passage. 
Although the oral retells were counted, recorded, 
and charted, they are presented in this article due 
to space limitations. 

PROCEDURE 

General Proceduues. Prior to the beginning 
of the instruction, the classroom teacher filled out 
a brief survey on each student providing an ap- 
proximation of the students' overall reading level, 
vocabulary and sight word recognition level, de- 
coding problems, and any other information nec- 
essary to help the practicum tutor get started with 
instruction. Based upon this information the 
practicum tutor selected three reading passages of 
approximately 150 to 220 words in length (one 
passage below the reported reading level, one pas- 
sage at the reported reading level, and one pas- 
sage slightly above the reported reading level). 
These three passages were used during the initial 
assessment to determine the most appropriate 

passage for instruction using the repeated read- 
ing procedure. Additional curriculum-based mea- 
sures were taken during the initial tutoring ses- 
sion to get a better understanding of each student's 
sight word recognition skills, decoding skills, and 
response patterns, and structural analysis skills. 

After the initial assessment, the practicum 
tutor selected the passage he or she believed would 
challenge the student but could also be used to 
improve their oral reading fluency. Instruction 
consisted of a variety of different decoding, sight 
word recognition, and reading exercises (e.g., 
paired readings, neurological impress, chained 
reading, and specific error correction), which cul- 
minated with a one-minute timing for oral fluency 
on the selected passages. After the repeated read- 
ings timing, the practicum tutor conducted an one- 
minute retelling comprehension probe. 

Goal Setting. The practicum tutor selected 
the most appropriate passage (i.e., approximately 
150 to 220 words) from the initial oral reading flu- 
ency assessment. Prior to the timing, the tutor 
asked the student what his previous best score was 
and then asked the student what his goal was for 
today's reading fluency timing. The practicum tu- 
tor prompted and cued the students during the 
goal setting to ensure that they were selecting a 
reasonable goal for their repeated readings one- 
minute timing. A minimum improvement goal 
from the last session of at least one more word per 
minute was used during the goal setting proce- 
dures. Maximum improvement goals were based 
upon the tutor's judgment of what was a reason- 
able goal for the students' to attain, thus ensuring 
continued intermittent success towards the ulti- 
mate fluency aim range of between 180 to 210 cor- 
rectly read words orally per minute. At the con- 
clusion of the repeated readings, the practicum 
tutor and the student(s) reviewed, recorded, and 
charted their best repeated readings score from the 
day. The tutors celebrated the student(s) accom- 
plishments by rewarding them with stickers or 
other tokens when they met or exceeded their daily 
reading goals. The chart and daily goal setting pro- 
vided an important source of feedback related to 
the student(s) success in meeting their ultimate 
instructional aim of reading 180 to 210 words per 
minute on a selected reading passage (Liberty, 
1972; Liberty, 1975; McGreevey, 1983; White & Lib-
erty, 1976). 

Repeated Readings.The practicum tutors 
began the fluency training by reviewing the pas- 
sage with the student prior to implementing the 
one-minute repeated readings time trial. During 
this review, the tutor corrected any errors and pro- 
vided additional instruction on portions of the 
passage that appeared especially difficult for the 
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student to master. When the tutor believed that 
the student reviewed the passage sufficiently and 
was ready for the one-minute timings, she/he 
cued the student to get ready for their repeated 
reading timing. The tutor set his/her digital count- 
down watch (or kitchen timer) for one minute. 
Then the tutor provided a specific cue, such as 
"Ready? Five seconds, Go!," to let the student know 
when to start reading. While the student read out 
loud, the instructor followed the passage on his 
own sheet marking any errors that needed to be 
corrected following the one-minute timing. Previ- 
ously, the tutor told the student to read out loud 
as fast as he could and if he did not know a word 
to skip it and go on to the next word. When the 
beeper of the watch sounded the student stopped 
reading. Following the conclusion of the one- 
minute timing, the practicum tutor recorded the 
data and corrected any errors, and the student 
determined if he/she met the goal. Often during 
the daily goal setting analysis, the student re- 
quested another repeated readings timing to try 
and better his or her current daily score. Additional 
timings were encouraged when time permitted, 
and the student's best score for the day was 
counted, recorded, and charted. Finally, during the 
daily goal setting portion of the instruction, the 
practicum tutor rewarded the student for meet- 
ing his or her intermittent reading goal and helped 
the student to select new goals for the next instruc- 
tional session. 

RESULTS 

Data from the students' summary charts 
collections (see Charts 1-6) showed substantial im- 
provements in all of the student(s) oral reading 
fluency performance through the use of repeated 
readings and goal setting procedures across mul- 
tiple reading passages. The upward celerations 
that related to the increasing number of correctly 
read words were indicative of climb learning pic- 
tures for the students. Also, many of the student(s) 
oral reading performance more than doubled per 
week, multiplying generally at a X2.0 or greater. 
Some of the students exhibited periodic celerations 
multiplying at X1O.O or more per week. Data also 
indicated that the error correction procedures were 
successful for most of the students. Error responses 
for most students after the initial sessions remained 
below 5 per minute or less for most students. Ad- 
ditionally, the overall performance change for most 
students multiplied by X3.0 to X6.0 in most cases. 
Finally, many of the students met or exceeded the 
terminal instructional aim of 180 to 210 words read 
correctly per minute on not just one passage, but 
often on two or more passages during the five 

week period. 
Because the chart collections are meant to 

display summative, classwide performance in re- 
lationship to the repeated reading and goal set- 
ting instruction, the individual student improve- 
ments may appear difficult to differentiate. There- 
fore, three representative student's charts are also 
provided to show the effectiveness of the instruc- 
tion on individual students. Charts 7 - 9 display 
the individual performance of three students 
across reading passages. Table 1shows the rela- 
tive celeration for correct and incorrect responses 
for each student across multiple reading passages. 
The data indicated accelerating data paths for the 
number of words read correctly as well as deceler- 
ating data or celerations below the record floor 
related to incorrectly read words during the one- 
minute timings. 

DISCUSSION 

This study has remained consistent with 
previous research involving repeated readings for 
the development of oral reading fluency (Biemiller, 
1977; Dowhower, 1987; O'Shea, Sindelar, &O'Shea, 
1985; Robbins et al., 1999; Sweeeny, 1992; Sweeney 
et al., 1992). Although it can not be said that daily 
goal setting was solely responsible for the improve- 
ments of these students in the area of oral reading 
fluency, it can be said that the daily goal setting 
was an important component of the treatment 
package which was responsible for these reading 
improvements. Comments made by the elemen- 
tary students and the affective enthusiasm showed 
by these students about both their tutors and the 
successful performance that they exhibited further 
exemplify the importance of this project for the 
students who participated. In fact, these same el- 
ementary students asked the first author, months 
after the completion of the project, when the uni- 
versity tutors were returning to work with them. 

From a teacher training perspective, this 
demonstration project provided an excellent op- 
portunity for undergraduate practicum tutors to 
gain valuable instructional and curriculum-based 
assessment opportunities in a structured, highly 
supervised, real world setting. The relatively 
simple to follow instructional strategies and the 
straight forward Precision Teaching evaluation 
system provided the undergraduate tutors the 
basic instructional foundations for success when 
working with students with disabilities or who 
were academically at-risk. In fact, comments made 
from graduating students teachers, who had com- 
pleted a similar experience two to three years be- 
fore, reported that the tutoring practicum was 
largely responsible for their understanding and 
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Table 1 

Celeration Values for Correct and Incorrect Responses Across Reading Passages for Individual 
Sample Students 

Passage #I 
Celer. Corrects 
Celer. Incorrects 

Passage #2 
Celer. Corrects 
Celer. Incorrects 

Passage #3 
Celer. Corrects 
Celer. Incorrects 

Passage #4 
Celer. Corrects 
Celer. Incorrects 

Passage #5 
Celer. Corrects 
Celer. Incorrects 

Passage #6 
Celer. Corrects 
Celer. Incorrects 

~~-

Raven Grayson Geoffrey 

X 1.5 
+ 5.0 

X 1.6 
+ 6.0 

X 2.0 
Below 5 

At Aim 
Below 5 

At Aim 
Below 5 

Mallette, & Harper, 2002; Smith, Tyler, Easterling, 
Smith-Davis, Clarke, & Mims, 2002). Unfortu- 
nately, training in developing peer tutoring or co- 
operative grouping strategies are too often only 
the auspices of those in special education and are 
not contained or satisfactorily taught in general 
education teacher training programs (Greenwood 
& Maheady, 1997). Further, by utilizing summary 
chart collections as a potential decision making 
tool, practitioners run the risk of masking or inad- 
vertently missing the fine grained nuances of in- 
dividual daily performance by students related to 
improvements or potential deterioration of oral 
reading fluency. If summary chart collections are 
employed as a the sole decision making tool by 
teachers and other educational leaders, without 
an additional analysis of the individual student's 
performance, they must interpret these results 
with caution due to the same threat posed by sta- 
tistical analysis, i.e., masking the true variability 
across time of the individual student's reading 
performance (Johnston & Pennypacker, 1993). 

integration of specific curriculum, instructional 
materials, and strategies as they progressed 
through their teacher preparation program. In 
short, the opportunity to employ these procedures 
with real students in a supervised setting assisted 
these practicum tutors to gain a greater master and 
fluency of important instructional teaching behav- 
iors. 

Several important limitations need to be 
considered when evaluating the results of this 
study. First, the demonstration project met on av- 
erage twice a week for only 5 weeks. Had the 
practicum tutors been able to continue the inten- 
sive tutoring for a longer period of time, such as a 
year, it is probable that much more substantial re- 
sults may have been obtained. Secondly, the tu- 
tors worked in small groups of 2 to 3 students. 
Working intensively, with highly trained tutors, in 
small groups is often not practical or feasible for 
most general education teachers. Additional train- 
ing and support may enable these teachers to de- 
velop peer tutoring or cooperative grouping strat- 
egies that could adopt or modify these fluency Educational practitioners need to combine the 
building and daily goal setting strategies in the analysis of both the summary chart collections 
regular classroom (Maheady, Michielli-Pendl, with a thorough analysis of individual student's 
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charts to avoid making erroneous conclusion re- 
lated to the effective reading fluency instruction 
on student's actual reading performance. Finally, 
further research needs to be conducted related to 
long term gains of reading fluency instruction, 
generalization of fluency skills into other curricu- 
lum areas, and ways to increase adoption and 
implementation of fluency building and goal set- 
ting procedures by more classroom teachers. 

Repeated readings and oral reading flu- 
ency procedures hold great promise for improv- 
ing the overall reading performance of many stu- 
dents. Through the adoption of repeated reading 
and fluency building approaches, teachers are pro- 
viding students with the tools so that they can au- 
tomatically recognize and decode words within 
the text. When students are able to automatically 
decode words with in a text, they are provided 
with a greater opportunity to focus more of their 
time, attention, and effort in developing adequate 
reading comprehension skills (Allington, 1977; 
LaBerge & Samuels, 1974). Although the outcomes 
of this project for building reading fluency with 
elementary students are very promising, addi- 
tional planning and resources are necessary for 
implementation on a classwide or school wide 
basis. Through effective collaboration between the 
local public schools and universities, the oppor- 
tunity to increase available resources for instruc- 
tional purposes may be realized. Further, the ac- 
tual in school teaching experience in a structured 
and supervised setting provides invaluable expe- 
rience for preservice teachers and optimizes feed- 
back and resources related to effective instructional 
practices provided by teacher training programs. 
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Since the 1970's, proponents of Precision Teaching have cited the relation between fluent performance 
and various long-term academic performance outcomes. Unfortunately, clinical work has mairu'ykm 
used to demonstrate the importance of high correct response frequencies in education. The cunent 
paper describes a technology currently being used in a university-based Precision Teaching center to 
systematically evaluate relations between response frequency and academic performance outcomes 
with school children. Specifically, three studies are reported which evaluate retention, endurance, and 
application as a function of response rate during training. Results indicate that higher rates of 
responding during training yielded better performance during tests of retention, endurance, and 
application. The studies are discussed in terms of technological innovations for educational reform 
and directions for future research. 

DESCRIPTORS: Precision Teaching, fluency, retention, endurance, application 

In the Precision Teaching (PT) literature, 
Retention Endurance Application Performance 
Standards (REAPS) have been described as the 
positive outcomes to fluent performance. From this 
perspective, fluency is defined as a mastery crite- 
rion that requires both accuracy and speed (i.e., 
high correct response frequencies). Proponents of 
fluency-based instruction suggest that fluent per- 
formers are more likely to maintain their accurate, 
high-rate performances over periods of time with- 
out practice (retention) and over long durations 
in the presence of distractions (endurance/stabil- 
ity), as well as acquire complex skills more quickly 
and easily (application/adduction) (Binder, 1996; 
Bloom, 1986 Johnson & Layng, 1992; Lindsley, 
1971). 

As described above, REAPS could have 
great significance for learners in traditional edu- 
cation settings. First, increased skill retention fol- 
lowing extended school absences (e.g., summer 
break) would require that less time be spent re- 
viewing skill objectives from the previous school 
year. Second, behavioral endurance during stan- 
dardized tests could enhance student performance 
by decreasing distractibility and fatigue. Finally 
application outcomes could increase the likelihood 
that learners would continue to excel in and pur- 
sue advanced coursework during their secondary 
or post-secondary educations. Overall, it appears 
that if fluency leads to REAPS, fluency-building 
strategies may be used to complement more tra- 
ditional methods of instruction as a means of pro- 
ducing better learning gains. 

The notion of fluency extends beyond the 
PT literature. Proponents of curriculum-based 

measurement (CBM) also use behavior frequency 
as a basic unit of measurement for evaluating aca- 
demic proficiency (Deno, 1985; Fuchs, Deno, & 
Mirkin, 1984; Marston, Mirkin, & Deno, 1984). 
CBM maintains similarities to PT in that count per 
time per time, or responses per minute per week, 
serves as the basic datum from which educational 
decisions are made. Additionally, from both per- 
spectives, the higher the response frequency the 
more proficient the learner is considered to be. 
Research in CBM indicates frequency of correct 
response is as reliable a measure of academic pro- 
ficiency as commercially available standardized 
test scores, and tends to provide educators with 
more information regarding the specific nature of 
skill deficits (Elliot & Fuchs, 1997; Fuchs & Deno, 
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break) would require that less time be spent re- 
viewing skill objectives from the previous school 
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dardized tests could enhance student performance 
by decreasing distractibility and fatigue. Finally, 
application outcomes could increase the likelihood 
that learners would continue to excel in and pur- 
sue advanced coursework during their secondary 
or post-secondary educations. Overall, it appears 
that if fluency leads to REAPS, fluency-building 
strategies may be used to complement more tra- 
ditional methods of instruction as a means of pro- 
ducing better learning gains. 

The notion of fluency extends beyond the 
PT literature. Proponents of curriculum-based 

measurement (CBM) also use behavior frequency 
as a basic unit of measurement for evaluating aca- 
demic proficiency (Deno, 1985; Fuchs, Deno, & 
Mirkin, 1984; Marston, Mirkin, & Deno, 1984). 
CBM maintains similarities to PT in that count per 
time per time, or responses per minute per week, 
serves as the basic datum from which educational 
decisions are made. Additionally, from both per- 
spectives, the higher the response frequency the 
more proficient the learner is considered to be. 
Research in CBM indicates frequency of correct 
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1992; Wesson, Skiba, Sevcik, King, & Deno, 1984; 
Wilson, Schendel, &Ulman, 1992). However, CBM 
defines fluency as frequencies of correct responses 
that fall at or above the class average (Hintze, 
Conte, Shapiro, & Basile, 1997). Therefore, less 
emphasis is placed on specific performance out- 
comes obtained with individual learners when 
compared with PT methods. 

Although there are differences between 
how PT and CBM use fluency as a measure of 
learning, it is generally agreed upon that fluent 
performances result in long-term benefits to the 
learner. Unfortunately, much of the evidence for 
REAPS has been obtained clinically (Binder, 1996). 
Although clinical evidence is important and 
should not be overlooked, it appears that more rig- 
orous empirical work evaluating the relation be- 
tween increasing response frequencies and REAPS 
is sorely needed. In order to influence a shift in 
traditional educational practices in favor of behav- 
ior analytic approaches that emphasize frequent 
measurement and true skill mastery, outcome data 
across large numbers of learners is needed. 

The current paper describes a technology 
currently being used to examine relations between 
response frequency and REAPS within a univer- 
sity-based PT center. The primary mission of the 
center is to design effective instructional strategies 
for improving the academic performances of stu- 
dents in grades K-12. The center is also commit- 
ted to the use of a scientist-practitioner model of 
psychological practice where data are systemati- 
cally collected for use in: (a) making educational 
decisions, (b) conducting general program evalu- 
ation, and (c) disseminating scientific information 
regarding relations between response frequency 
and academic performance outcomes. 

GENERAL CENTER OVERVIEW 

Students 
Twenty-five students in grades one 

through 10 currently attend the Center for Ad- 
vanced Learning (CAL) for 2 to 6 hours per week 
and receive tutoring in mathematics and reading. 
Each student's curriculum is tailored to meet his/ 
her specific needs and is established from perfor- 
mance on a comprehensive basic skills assessment. 
Each skills assessment is curriculum-based, such 
that tests are generated from local grade-level cur- 
ricula. However, these curricula are broken down 
into basic components so that only finite skills are 
being assessed. Learners' correct responses per 
minute are initially evaluated for grade-level cur- 
ricula. However, if a learner's correct responding 
falls below the established fluency aims for any 
grade-level skills, their performances on skills from 

previous grade levels are evaluated until fluent 
performances are obtained. Skills at the next level 
are then targeted for fluency training. 

Curricula 
Similar to the basic skills assessment, the 

CAL math and reading curricula are composed of 
various programs that represent overall skill ob- 
jectives for grades one through 12. These programs 
are broken down into the basic component skills 
required for performance of the overall skill ob- 
jective, or composite skill. For example, the pho- 
netic reading program is broken down into (a) 
identifying letters, (b) identifying phonics sounds, 
(c)identifying vowel blends, (d) identifying con- 
sonant blends, (e) identifying three-letter words, 
and (f) identifying words for grade levels 1-12 (all 
words can be identified through word-attack 
skills). The stimuli associated with a particularlevel 
in a program are presented on various worksheets 
or sets of flashcards. This levels system applies for 
all math and reading programs included in the cur- 
riculum, with various worksheets and flashcards 
associated with each level. 

A session book is generated for each stu- 
dent. The book includes: (a) a curriculum check- 
list identifying the component skills and overall 
composite skill objectives to be mastered during 
the student's tutoring sessions, (b) paper copies of 
each skill level in a program to be conducted dur- 
ing tutoring sessions, (c) standard celeration charts 
(Pennypacker, Koenig, & Lindsley, 1972) for re- 
cording correct and incorrect response frequencies 
obtained during each program, and (d) a log for 
communicating program changes, directing ques- 
tions to the Case Managers/Advisors, and describ- 
ing problems or highlighting achievements that 
occur during a student's session. Additionally, 
during fluency training sessions, tutors are 
equipped with: (a) digital timers for the accurate 
monitoring of various timing periods, (b) hand- 
held counters for tallying rapid response frequen- 
cies, (c) pencils, erasers, and rulers for charting, 
and (d) boxes of highly preferred stimuli for use 
as rewards. 

GENERAL TRAINING PROCEDURES 

Fluency Training 

Skill introduction. Skill introduction is the 
first step in fluency training. Specifically, each 
student's correct response frequency on an aca- 
demic task is evaluated during 15-s, 30-s, and 1- 
min timings. The timing length that produces re- 
sponse frequencies closest to the fluency range 
determines the interval used for initial training. 
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For example, if a student engages in higher fre- 
quencies on a task during a 15-s timing versus a 
30-s or 1-min timing, then frequency building dur- 
ing 15-s timings is introduced. Thirty-second tim- 
ings are introduced after fluent responding is 
achieved at 15-s and so on until the learner is per- 
forming fluently during 1-min timings. 

Frequency building. Following skill intro- 
duction, frequency building during the previously 
selected timing length commences. During fre- 
quency building, each student is instructed to per- 
form the skill as quickly as possible. Students are 
periodically prompted during the timing to re- 
spond more rapidly ( eg ,  "Go faster" or "Hurry"), 
if pausing or decrements in frequency are observed 
during the interval. 

Tutors deliver verbal praise during the 
course of a timing when a student makes signifi- 
cant improvements in accuracy or frequency as 
compared to his/her previous timing (e.g., "Awe- 
some" or "Great"). Errors are noted, but corrective 
feedback is withheld until the end of the timing. 
At that time, the tutor initiates correction trials for 
all incorrect items. 

A correction trial consists of the tutor in- 
structing the student to respond to the incorrect 
item again, providing immediate praise for a cor- 
rect response or immediate corrective feedback for 
an additional incorrect response. Corrective feed- 
back entails the tutor providing the student with 
the correct response (i.e., modeling), and then re- 
quiring that the student repeat the correct re- 
sponse. The tutor then requires that the student 
respond to the item again, and provides immedi- 
ate praise for the correct response. Correction tri- 
als of this sort are repeated until the student can 
emit independent correct responses to all incor- 
rect items. 

Throughout the course of the training ses- 
sion, students are eligible to receive verbal, tan- 
gible, or edible rewards contingent upon various 
response requirements. The specific contingency 
implemented with each student depends upon nu- 
ances specific to that individual. For example, 
some students show rapid increases in response 
frequencies across days (i.e., high celerations). As 
a result, these students receive reinforcement for 
doublings in performance (i.e., X2.0 celeration) 
throughout the week. However, some students 
require that reinforcement be made contingent 
upon accurate responding before increases in fre- 
quency can be targeted. Other students require 
that reinforcement be made contingent upon on- 
task or compliant behavior. 

In addition, it is standard practice in CAL 
to reinforce a student's performance if fluency is 
achieved during a given timing length and he/ 

she proceeds to a longer timing length (i.e., in- 
creases in endurance). In order for a student to 
proceed to a longer timing length, his/her re-
sponse frequency per minute must fall within the 
fluency range (i.e., divided by .25 and .5 for a 15-s 
and 30-s timing, respectively). Finally, performance 
is reinforced for Phase 1and Phase 2 mastery of a 
skill. 

Phase 1mastery is achieved when a cor- 
rect response frequency falls within the fluency 
range for two consecutive 1-min timings during a 
session. Phase 2 mastery is achieved when a cor- 
rect response frequency falls within the fluency 
range during the first timing conducted on that 
skill during the first session after Phase 1mastery 
has been achieved (generally 2 days apart). If the 
student fails to achieve Phase 2 mastery, then he/ 
she must restart the mastery sequence (i.e., achieve 
Phase 1and Phase 2 mastery on consecutive ses- 
sions). 
Since individualized programs of instruction are 

implemented with all students as a means of en- 
hancing learning, the numbers of timings con- 
ducted on each skill during each session depend 
upon individual performance characteristics. 
Therefore, response opportunities vary across stu- 
dents as a function of their individual performance 
during sessions, and are evaluated as part of the 
data analysis in each of studies reported below. 

General Data Collection Procedures and Calculation 
of IOA 

For all students, frequency of correct re- 
sponses, incorrect responses, and skipped items 
are recorded during sessions using standard 
celeration charts. A standard timings chart is used 
to record the response frequencies obtained dur- 
ing all timings conducted on a particular skill dur- 
ing a session. After all timings have been con- 
ducted on that skill, the highest correct response 
frequency obtained for that skill area is then plot- 
ted on a standard daily chart. Figure 1shows an 
actual daily chart from one of our learners, who is 
also included in the analyses reported below. 

Secondary observers obtain point-by-point 
agreement measures during a portion of all tutor- 
ing sessions. At the completion of the analyses re- 
ported below, secondary observers had obtained 
agreement measures for 782 timings conducted 
throughout the 2001-2002 school year and 2002- 
summer session. Exact agreement scores were cal- 
culated from these measures by first identifying 
the total number of agreements and disagreements 
obtained during the timing. Agreements included 
total number of correct items, incorrect items, and 
skipped items in which the two observers reported 
the same score. Disagreements included the num- 
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ber of correct, incorrect, or skipped items for which 
conflicting scores were reported. Exact agreement 
coefficients were then calculated for each timing 
by dividing the number of agreements by the num- 
ber of agreements plus disagreements and multi- 
plying by 10O0/0. An overall agreement score across 
all timings was then calculated. The average agree- 
ment score across the 782 timings was 96.87'0, and 
ranged from a low of 78% to a high of 100%. 

STUDY 1:RETENTION 

Method 

Participants 
Five students enrolled in CAL were se- 

lected for inclusion in the retention analysis. These 
5 participants were included due to their having 
curricula with at least two programs within a simi- 
lar academic domain having the same fluency aim 
(65 or more responses/min), thus allowing for ap- 
propriate within and between subject compari- 
sons. 

Jack (7th grade), Emily (6th grade), Larry 
(7th grade), and Josie (10th grade) were typically 
developing students receiving instruction in gen- 
eral education classrooms at private schools in 
northern Nevada. Jack and Emily were enrolled 
in CAL to receive skill building in mathematics. 
Larry and Josie were enrolled to receive skill build- 
ing in reading and mathematics. 

Karen was a 4th grade female with mild 
Downs Syndrome in special education at a public 
school in northern Nevada. Karen was enrolled in 
CAL to receive skill building in reading, mathemat- 
ics, and fine motor skills. She was also receiving 
intervention through CAL for disruptive class- 
room behavior (e.g., out-of-seat behavior, noncom- 
pliance, etc.). 

Responses 
For all participants, correct responses per 

minute on basic computation flashcards were in- 
cluded in the retention analysis. Basic computa- 
tion included: (a) addition facts (0-18), (b) subtrac- 
tion facts (0-18), (c) multiplication facts (0-12), (d) 
division facts (0-12), (e) reducing fractions, and (f)  
converting improper fractions to proper fractions. 
All basic computation flashcard tasks entailed the 
same fluency aim of 65 or more correct responses 
per minute. The fluency aim for this skill was es- 
tablished through normative sampling (Binder, 
1996), where the number of computation flash- 
cards completed per minute was evaluated across 
a series of timings conducted with exemplary 
learners, undergraduate tutors, and graduate stu- 
dents affiliated with our center. The distribution 

of scores obtained on this skill area across individu- 
als was evaluated to produce a range of optimal 
frequencies, with 65 facts spoken per minute serv- 
ing as the low-end of the range. 

Reinforcers 
All 5 participants received edible rewards 

(i.e., candy or snacks) for: (a) any increase in re- 
sponse frequency over the previous session, (b) 
achievement of fluent performance during short- 
ened timing lengths (e.g., 15-s. or 30-s. timings), 
(c) achievement of Phase 1 mastery, and (d) 
achievement of Phase 2 mastery. Karen also re- 
ceived edible rewards for staying on-task and fol- 
lowing instructions throughout her sessions (these 
were delivered randomly at the discretion of her 
tutor). 

Retention Probes 
Retention probes were conducted on mas- 

tered and unmastered skills following a naturally 
occurring 1-month break between semesters (i.e., 
winter break). During probes for retention, par- 
ticipants were given up to four opportunities to 
perform the skill as a means of controlling for 
warm-up effects. A probe session could involve 
fewer than four timings if the participant re- 
sponded fluently for two consecutive timings. For 
those participants who had achieved Phase 2 mas- 
tery of a skill prior to the retention period, failure 
to perform fluently during two consecutive probe 
timings resulted in that skill being reintroduced 
during training. 

Data Analysis 
Data for the 5 participants were analyzed 

in terms of median training frequency and total 
number of responses emitted during training. The 
relation of these measures to the percentage of re- 
tention was explored. 

Median training frequency. The median 
training frequency was calculated from all of the 
participants' training data for each separate skill. 
To calculate the median frequency for a skill, each 
score obtained on that skill prior to the retention 
period was entered into a computer database that 
automatically calculated the median measure for 
the distribution of values. This median served as 
a summary measure of the participant's training 
performance for use in comparing training perfor- 
mance with the percentage of retention. 

Total responses emitted. A total responses 
emitted score was calculated from each 
participant's training data to serve as a measure 
of practice. This score was calculated for each par- 
ticipant by summing all of the response frequen- 
cies obtained across all timings prior to the 
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retention period. The total responses emitted cal- 
culation reflected actual responses. Therefore, the 
numbers of responses obtained during shortened 
time periods (i.e., 15-s or 30-s) were not reported 
as count per minute for this calculation. 

Percentage of retention. Percentage of re- 
tention was calculated for each participant's per- 
formance of a skill during retention probes. To 
obtain a more comprehensive measure of perfor- 
mance before and during the probe, the percent- 
age of retention calculation involved dividing the 
average frequency obtained during the retention 
probe (i.e., summing each frequency obtained 
during the probe and dividing by the total num- 
ber included in the sum) by the average of the last 
two training points obtained before the probe. This 
computation yielded a percentage of each 
participant's previous response frequency that was 
maintained following a period without instruction 
or practice. 

RESULTS 

The relation between each participant's 
median training frequency and the percentage of 
their pervious performance retained during the 
probe is reflected in the top panel of Figure 2. These 
data indicate a positive relation between median 
training frequencies and the proportion of previ- 
ous performance retained after a 1-month period 
without practice. In general, it appears that those 
participants emitting response frequencies closer 
to the fluency range on particular skills prior to 
the retention period (Josie, Larry, & Emily), per- 
formed better during the retention probes (over 
100% retention) than participants responding at 
lower frequencies on particular skills. In other 
words, those participants who rapidly progressed 
towards fluency on a particular skill during prac- 
tice, and thus achieved higher overall median 
training frequencies, appeared to retain more of 
their performance following the retention period 
than those who progressed more slowly during 
training. This relation appears to hold true across 
participants and, with the exception of Emily, 
within participants across different basic compu- 
tation programs. 

The relation between each participant's 
practice opportunities, measured as total re- 
sponses emitted, and the percentage of their pre- 
vious performance retained during the probes is 
reflected in the bottom panel of Figure 2. In con- 
trast to the results obtained for median response 
frequencies and percentage of retention, these data 
suggest a negative relation between total re- 
sponses emitted and percentage of retention across 
participants. That is, it appears that those 

participants (Karen and Josie) who engaged in the 
most cumulative practice (3300 and 4300 responses 
respectively) on a particular skill retained less of 
their previous performance. Conversely, those stu- 
dents (Josie and Larry) with the least amount of 
practice (less than 100 responses) on a particular 
skill retained as much or more of their perfor- 
mance. This negative relation holds true across 
participants and, with the exception of Larry and 
Karen, within participants across the different 
computation skills. The results for Larry and Karen 
indicate no relation between amount of practice 
and skill retention. 

DISCUSSION 

The current results indicate a positive re- 
lation between response frequencies emitted dur- 
ing practice trials and retention of academic per- 
formances by school children. It appears that the 
higher the frequency of correct responding dur- 
ing practice, the greater the amount of previous 
performance retained following a 1-month period 
without instruction or practice. The current find- 
ings also indicate a somewhat negative relation 
between amount of practice (i.e., total responses 
emitted) and retention of previous performance. 
It appears that additional practice opportunities 
will not enhance skill retention unless response 
frequencies are fairly close to the fluency range. 
Put differently, engaging in additional practice of 
a skill at low frequencies did not appear to en- 
hance retention following a 1-month period with- 
out practice. These findings suggest that response 
frequencies emitted during practice, rather than 
simply the overall amount of practice, is a more 
critical predictor of skill retention. 

There are some limitations to the current 
study. Firstly, retention probes involved assessing 
performance on basic computation skills follow- 
ing a 1-month absence from instruction or prac- 
tice. Future research should focus on an examina- 
tion of additional skill areas and longer retention 
periods so that the generality of the current find- 
ings can be assessed. Additionally, whether stu- 
dents were actually practicing some skills during 
the retention period is unknown. Therefore, it is 
difficult to determine the effect that extraneous 
practice may have had on the current findings. 

The current results contradict previous re- 
search that has been conducted investigating re- 
lations between practice and retention of academic 
skills. Overlearning, or exposure to varying num- 
bers of practice trials beyond an initial learning 
criterion, has been shown to produce retention 
when measured only as accurate responding (i.e., 
percent correct). In their metaanalysis, Driskell , 
Willis, and Copper (1992) indicate that larger de- -
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grees of overlearning yield greater amounts of re- 
tention at various follow-up periods. In other 
words, learners exposed to more additional prac- 
tice trials during training tend to perform more 
accurately after a retention period. Thus, a posi- 
tive correlation appears to exist between amount 
of practice and skill retention, when retention is 
measured as accuracy-only. Our results suggest 
that this relationship does not hold up when fre- 
quency is included in the measure of retention. 

STUDY 2: ENDURANCE 

Method 

Participants 
According to the criteria described previ- 

ously, seven students enrolled in CAL were se- 
lected for inclusion in the endurance analysis. 

Billy (6th grade), Krissi (4th grade), Joey 
(2nd grade), and Jim (5th grade) were typically 
developing students receiving instruction in gen- 
eral education classrooms at public or private 
schools in northern Nevada. Jack (7th grade), Josie 
(10th grade), and Karen (4th grade), who were in- 
cluded in the retention analysis, were also in- 
cluded in the endurance analysis. 

Responses 
For all participants, vocally identifying 

Arabic numerals was included in the endurance 
analysis. This program requires that students cor- 
rectly name a series of numbers presented on 
sheets, with six columns of 16 numbers on each 
sheet. The numbers presented on each sheet range 
from the one's to the million's place (depending 
upon level of difficulty). In other words, the low- 
est level of the number identification program re- 
quires that students name single digit numerals 
( eg ,  5) and the highest level requires that students 
name numerals to the millions place (e.g., 
1,345,005). Regardless of level, we established the 
fluency aim for this program according to the rec- 
ommendation of at least 100 movements (i.e., dig- 
its) per minute (Haughton, 1971). 

Reinforcers 
The reinforcement contingencies were the 

same as those described for the retention analy- 
sis, with one exception. In addition to rewards de- 
livered contingent upon training performance, 
participants also received highly preferred edible 
rewards for meeting certain performance require- 
ments during endurance probes. These require- 
ments are described in detail below. 

Endurance Probes 
Endurance probes were conducted follow- 

ing mastery of a skill level. In other words, when a 
participant achieved Phase 1and Phase 2 mastery, 
his/her endurance across a 5-min timing on that 
skill was evaluated during the next subsequent 
session. A5-min timing length was selected for the 
endurance analysis so that count per min for each 
minute of the timing could be plotted on a tim- 
ings chart and within-timing celeration evaluated. 
Standard charting convention suggests that at least 
five data points are required for an accurate mea- 
sure of celeration (Pennypacker et al., 1972). In 
addition, relative to 1-min training timings, 5-min 
timings seemed appropriately lengthy for an 
evaluation of endurance performance. 

Prior to conducting an endurance timing, 
the tutor informed the participant that he/she 
would be eligible to choose a prize out of the "en- 
durance box" for engaging in responses per minute 
that fell at or above the fluency aim (total re- 
sponses/5). The "endurance box" contained candy 
bars and other treats much larger in size or value 
than those items typically earned during sessions. 
Due to the length of the timing requirement, the 
aim of these rewards was to motivate participants 
to try their best during the 5-min timing. 

The participant was then presented with 
five different sheets of stimuli (i.e., Arabic numer- 
als from their current level) placed across the table 
in a row, with one sheet of stimuli associated with 
each minute of the timing. Once the timing com- 
menced, the tutor followed along while the par- 
ticipant responded, using identical sheets of 
stimuli for scoring purposes. At the end of each 
minute, the tutor prompted the participant to 
"switch" and respond on the sheet of stimuli asso- 
ciated with the next minute. Throughout the tim- 
ing, the tutor recorded the correct, incorrect, and 
skipped response frequencies for each minute. At 
the end of the timing period, the tutor calculated 
an overall count per minute for the five minutes 
(total response frequency/5). If the participant's 
count per minute for the timing was at or above 
the fluency aim, then the participant was allowed 
access to the "endurance box." 

Data Analysis 
As in the retention analysis, data for the 7 

participants were analyzed in terms of median 
training frequencies and total number of responses 
emitted during training. The median training fre- 
quency and total number of responses emitted 
were calculated in the same manner as described 
in the retention analysis. The relation of these 
measures to frequency per minute across the 5- 
min endurance timing was explored. The 
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frequency per minute for the 5-min endurance tim- 
ing was calculated by dividing the total number 
of responses emitted during the entire timing by 
five. 

Results 

The relation between each participant's 
median training frequency and their frequency per 
minute during the 5-min endurance probe is re- 
flected in the top panel of Figure 3. These data in- 
dicate a positive relation between median train- 
ing frequencies and frequency of responding dur- 
ing a 5-min endurance probe. In general, it appears 
that participants emitting response frequencies 
close to or within the fluency range during train- 
ing, performed at higher frequencies during the 
endurance probes. The lowest frequency per 
minute during the endurance probes was obtained 
with Karen on a skill where her median training 
frequency was also below the aim. Josie engaged 
in the highest median training frequency on a skill 
and also performed at the highest frequency on 
that skill during the endurance timing. This rela- 
tion appears to hold true across participants and, 
with the exception of Billy and Krissi, within par- 
ticipants across different levels of the numeral 
identification program. 

The relation between each participant's 
practice opportunities, measured as total re- 
sponses emitted, and their frequency per minute 
during a 5-min endurance probe is reflected on the 
bottom panel of Figure 3. In contrast to the results 
obtained for median response frequencies and fre- 
quency per minute during endurance probes, 
these data suggest a negative relation between to- 
tal responses emitted and endurance frequency 
when results are analyzed across participants. 
When results are analyzed within participants 
across the different skill areas there does not ap- 
pear to be a relation between these two measures. 
In other words, as with the results for the reten- 
tion analysis, it does not appear that practice alone 
is a good predictor of performance across long tim- 
ing durations. For example, Krissi performed just 
as well during the endurance probe on a skill with 
over 3,000 total responses emitted during training 
as she did on a skill with less than 1,000 total re- 
sponses emitted during training. Additionally, 
Karen showed the best endurance performance on 
a skill with less than 500 total responses emitted 
during training. 

Discussion 

The results for the endurance analysis are 
similar to those obtained for the retention 

analysis. It appears that participants were better 
able to maintain stable, high frequencies of cor- 
rect responses across long timing durations when 
their median training performance was within the 
fluency range. It also appears that practice alone 
was not a good predictor of endurance. In other 
words, when frequency is not included in the 
analysis, amount of practice does not predict how 
well a student will perform over a long timing 
duration. Engaging in high frequencies of re- 
sponding during practice appears to enhance a 
student's endurance, or ability to maintain high 
correct response frequencies over long timing 
durations. 

Some definitions of endurance include re- 
sistance to distractions as well as resistance to fa- 
tigue. The current study only evaluated resistance 
to fatigue through an examination of response sta- 
bility across a timing duration that was five times 
as long as the typical practice timing duration. 
Distractions were not included in the current 
analysis. However, future research should exam- 
ine the effects of distracters on performance dur- 
ing endurance timings using frequencies of cor- 
rect responding as a dependent measure. Future 
research should also examine performance across 
increasingly long timing durations as a means of 
evaluating whether there is a point at which en- 
durance breaks down regardless of median train- 
ing performance. In this way, educators could bet- 
ter understand how to arrange testing or assess- 
ment conditions that encourage a learner's best 
performance. 

STUDY 3: APPLICATION 

Method 

Participants 
Eight students enrolled in CAL were se- 

lected as participants for the application analysis. 
Participants were selected if they had multiple 
application probes conducted across multiple skill 
levels within the composite skill objective defined 
as Identifying Place Value. 
Mike (4th grade), Daryl (4th grade), Emma (4th 
grade) and Nathan (3rd grade) were typically de- 
veloping students receiving instruction in general 
education classrooms at public or private schools 
in northern Nevada. Billy, Krissi, Joey, and Jim, 
who were included in the endurance analysis, 
were also included in the application analysis. 

Responses 
For all participants, vocally identifying 

place value was included in the application analy- 
sis. This program requires that students correctly 
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identify the place values for a series of numerals 
presented on sheets, with six columns of 10 nu- 
merals on each sheet. On each sheet, one digit in a 
numeral is printed in a larger font than the oth- 
ers, indicating to the student that they are to name 
the place value for that digit (e.g., 5, 263 would 
require a response of "thousands"). The numerals 
presented on each sheet range from the one's to 
the million's place (depending upon level of diffi- 
culty). In other words, the lowest level requires 
that students identify numbers in the ones and 
tens places. The highest level requires that stu- 
dents identify numbers in the ones through one 
millions places. Regardless of level, we established 
the fluency aim of at least 90 movements per 
minute (i.e., correct place values) according to the 
recommendations of The Haughton Learning Cen- 
ter, who also provided us with the program. 

Reinforcers 
The reinforcement contingencies were the 

same as those described in the retention analysis. 

Application Probes 
Application probes were conducted at the 

following training milestones: (a) introduction of 
a skill level and (b) achievement of fluent perfor- 
mance during the various timing lengths (i.e., 15- 
sf 30-sf and 1-min timings, respectively). During 
application probes, participants were required to 
perform the next level of a skill beyond their cur- 
rent training level during a l-min timing. For ex- 
ample, if a participant's current training level en- 
tailed identifying place values through the ten's 
place, then his/her application probe level entailed 
identifying place values through the hundred's 
place. Therefore, when participants reached one 
of the milestones described above during their 
current training level, an application probe was 
conducted at the next subsequent level. Data were 
collected during application probe timings in the 
same manner as during training. However, tutors 
did not provide feedback on or reinforcement for 
performance during application probes. 

Results 

Figure 4 depicts response frequencies 
across application probes for all participants. In 
general, it appears that response frequencies dur- 
ing application skill levels increased from the ini- 
tial probe to the final probe. In other words, as 
participants achieved fluency at the various mile- 
stones on skills targeted during training, their per- 
formance on higher-level, untargeted skills also 
increased. There were a few exceptions to this find- 
ing. 

Nathan, Billy, and Jim each showed no change or 
a decrease in response frequency between two 
probe timings on a skill. However, for these stu- 
dents, probes were not conducted at every mile- 
stone and, therefore, a complete data stream was 
not available. For those participants where probe 
data were missing for a particular milestone, flu- 
ent performance was obtained at shorter timing 
lengths when the target skill level was introduced. 
Thus, frequency building initially commenced 
during longer timing lengths (i.e., 30-s or 1-min), 
which prevented application probes from being 
conducted at earlier milestones. Therefore, some 
of the data streams depicted on the figure appear 
incomplete. 

Figure 5 depicts the relation between 
Krissi's training performance on targeted skills and 
her performance during application probes on 
untargeted skills. The figure indicates that as 
Krissi's frequencies of responding on targeted 
skills increased, her frequencies of responding on 
untargeted skills during application probe timings 
increased as well. It is also appears that her time 
to skill mastery (i.e., fluency) for each subsequent 
skill level decreased. For example, she required 
approximately 50 timings to achieve fluency on 
the first skill level (i.e., 1's-1001s), whereas she re- 
quired only 9 timings to achieve fluency on the 
fourth level (1's-100,000's). In this way, it appears 
as though she was able to achieve skill mastery at 
higher levels more quickly following component 
skill mastery. This pattern seemed typical when 
individual performances were analyzed. 

Discussion 

The current results indicate that increases 
in response frequencies on targeted skills may lead 
to increases in frequencies on untargeted skills 
within the same composite skill objective. In other 
words, as participants' performances improved on 
targeted skill levels, corresponding improvements 
were obtained on higher-level skills prior to the 
use of specific frequency-building strategies. 

These data lend support to the notion of 
"curriculum leaping," or acquiring upper level 
skills without direct instruction on those skills 
(Johnson & Layng, 1992). Given this, requiring 
more stringent mastery of component skills (i.e., 
fluency criteria combining accuracy plus speed), 
might lead to greater overall academic proficiency 
and critical thinking skills. As many educators 
have theorized, establishing skills to high frequen- 
cies of correct responding might enable those skills 
to be more readily available for selection by the 
natural environment. Basic tool skills that occur 
at high frequencies are more likely to occur on 
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novel occasions and recombine with other skills 
to form novel and more complex academic reper- 
toires (Johnson and Layng, 1992). 

The current study serves as a stepping- 
stone for more research in this area. Future research 
should include analyses of different skill areas 
across larger numbers of participants as a means 
of evaluating the generality of the findings. Addi- 
tionally, unlike the two studies reported previ- 
ously, practice was not included as a variable in 
the application analysis. As such, it is difficult to 
conclude that increases in response frequency on 
targeted skills were solely responsible for perfor- 
mance improvements on untargeted skills. It may 
be the case that practice alone improves perfor- 
mance on untargeted skills within the same com- 
posite skill objective. Future research examining 
the role of practice on skill application is needed. 

GENERAL DISCUSSION 

Overall, the results of the three studies re- 
ported have important implications for general 
education. If frequency of responding is a critical 
predictor of academic performance outcomes (i.e., 
REAPS), and speed plus accuracy is a more sensi- 
tive measure of academic proficiency than accu- 
racy alone, then fluency-enhancing methods and 
frequency-based measurement systems within tra- 
ditional classrooms might lead to greater learner 
gains. Because accuracy-only measures are most 
commonly used in education, teachers may be less 
able to effectively evaluate their students' profi- 
ciency in basic skill areas. That is, with an empha- 
sis solely on accuracy, response rate and time re- 
quired to achieve fluency are overlooked as criti- 
cal predictors of academic proficiency. As a result, 
students may be advanced to higher-level skill 
areas before true mastery is achieved on prerequi- 
site skills. Although some students can perform 
skills to an accuracy criterion, they may be unable 
to perform these skills at a rapid pace. This deficit 
may impede their performance on standardized 
tests or in more complex skill areas, and lead to 
academic difficulties at higher-grade levels. The 
current findings suggest that a more comprehen- 
sive picture of academic proficiency requires the 
inclusion of frequency and accuracy measures. 

As mentioned previously, educators 
adopting CBM methods depend upon the use of 
frequency measures rather than accuracy mea- 
sures alone. However, mastery criteria continue to 
be based upon class norms or averages rather than 
upon the direct assessment of academic perfor- 
mance outcomes with each learner. In this way, flu- 
ency is defined as average performance rather than 
exemplary performance. Increasing overall 

academic achievement remains a strong commit- 
ment in this country. However, such a goal can- 
not be achieved when class averages remain the 
standard in education. 

In contrast, PT holds exemplary perfor- 
mance as the standard. However, along with hold- 
ing students to higher standards of achievement 
comes the task of devising instructional strategies 
that will enable all students to reach those stan- 
dards. As such, educators at the primary grade 
levels must begin requiring true mastery (i.e., flu- 
ency) of basic component skills before allowing ad- 
vancement to higher-level skills. True mastery 
must be measured in terms of accuracy plus speed 
requirements and defined in relation to specific 
performance standards obtained with individual 
learners (eg., REAPS). Additionally, complex skills 
must be broken down into very basic component 
units and practiced until true mastery is achieved. 

The current results offer a starting point for 
an effective measurement and analysis tool to use 
in general education classrooms. Firstly, frequency 
measures and standard charting practices lead to 
timely and effective decision-making by educators. 
Additionally, by collecting frequent (i.e., daily) fre- 
quency measures during skill acquisition, educa- 
tors could compare training performance with 
other outcome measures so that learning patterns 
across students and skill areas could be discovered. 
Thus, more information regarding the instruc- 
tional conditions that produce the greatest aca- 
demic proficiency could be identified. 

One general limitation of the studies re- 
ported above involves each participant's differen- 
tial progression through the curriculum. For ex- 
ample, some participants had progressed through 
a significant proportion of the curriculum and thus 
possessed a large repertoire of basic skills in which 
fluency had been achieved. As a result, those par- 
ticipants engaged in naturally higher baseline rates 
of responding during the introduction of novel 
skill areas than participants who were not as far 
along in the curriculum. That is, the more experi- 
enced students were initially responding at fre- 
quencies closer to the fluency range and thus did 
not have to make as significant an increase to 
achieve fluency. It may be the case that baseline 
rates of responding prior to fluency training can 
predict REAPS. The relationship of base rates to 
academic performance standards is an area for 
future research we are currently pursuing. 

The current results expand upon clinical 
and empirical work conducted in the areas of PT 
and CBM that emphasize direct measurement of 
behavior (i.e., frequency) as a basic assessment tool. 
In order for educators to better understand the 
conditions necessary for establishing and 

JOURNAL OF PRECISION TEACHING AND CELERATION, VOLUME 19, NUMBER 1,2003, PAGES 20-34 33 



maintaining overall academic proficiency, more re- 
search needs to be conducted in the areas of PT 
and flu-ency-based instruction. With more fre- 
quent and rigorous investigation, it may be pos- 
sible to identify educational technologies where 
academic excellence is the norm rather than the 
exception. We hope that these studies will set the 
occasion for more research in this area. 
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Precision Teaching in a Day Treatment Facility 

Lara L. Anderson and Sheila R. Alber* 
The University of Southern Mississippi 

Red is a 15-year-old boy who is receiving 
services for severe emotional and behavioral prob- 
lems in an outpatient day treatment facility in 
south Mississippi. He has been diagnosed with 
Bipolar Disorder and Oppositional Defiance Dis- 
order. In addition to his therapy, he also receives 
academic instruction for reading, math, and En- 
glish in a self-contained classroom in this facility. 
Red was placed in the 8th grade because of his 
chronological age, however his academic perfor- 
mance ranged from the second to third grade level. 
His academic deficiencies can be attributed to his 
truancy throughout his educational history. 

Upon initial placement in the day treat- 
ment facility, Red's reading deficits were so severe 
that he was unable to identify letter sounds. Acor- 
rective, direct instruction, decoding reading pro- 
gram was implemented for 11 nonconsecutive 
months prior to his participation in this precision 
teaching project. He attended the day treatment 
program for 9 months, and then he was removed 
from the program because he was noncompliant 
with his medication and his parents neglected to 
participate in his treatment. After a 4-month leave, 
he was re-admitted to the day treatment facility 
and continued with the corrective reading pro- 
gram for two more months prior to beginning this 
precision project. 

During the course of his participation in 
the corrective reading program, Red's progress 
was astounding, and certainly alleviated any 
doubts of his ability to learn. He was able to de- 
code words on approximately a 2.7 grade level, 
but his reading rate was very slow and he made 
frequent errors. 

Red's teacher began implementing this 
precision teaching project because it was a require- 
ment in a class she taking towards her Master's 
degree. This was her first experience using preci- 
sion teaching. Prior to implementing the interven- 
tion designed to increase Red's reading rate and 
accuracy, baseline data were recorded for three 
consecutive days. He was instructed to read a pas- 
sage while his teacher timed him for 1-minute and 
recorded the number of words he read correctly 
and incorrectly. His reading rate ranged from 12 
to 14 words per minute with 5 to 9 errors. For this 
project, a reading error was recorded if the Red 
omitted, inserted, substituted, or mispronounced 
words. Hesitations for more than two seconds and 
self-corrects were also counted as errors. 

After collecting Red's baseline data, his 

teacher decided to set the aim at 100 words per 
minute with fewer than 5 errors. The intervention 
designed to increase Red's fluency and accuracy 
was as follows: 

1)The teacher read the reading selection to Red. 
2) Red was directed to silently follow along as 
the teacher read, and circle with a pencil any 
words he did not recognize. 
3) After the teacher read, she used direct instruc- 
tion to teach Red the words he circled (e.g., The 
teacher would say, "That word is morning. What 
word?" and Red would say "morning."). 
4) When she finished going over each word he 
circled, she prompted him to read the words on 
his own. 
5) The teacher continued to review the words 
Red circled until he read the word correctly 
within one second. This usually required two to 
three learning trials for each word. 
6) After he read each word correctly, the teacher 
prompted Red to read the passage as quickly as 
he could and timed him for one minute. 
7) Red entered his own data on the logarithmic 
chart on the computer immediately after he was 
timed. His teacher guided Red to access the 
saved chart, insert the data points (one for 
correct words per minute and one for errors), 
and save the updated information. 
8) Upon completion of this procedure Red was 
rewarded with time to play games on the com- 
puter. 

After 4 sessions of using the above 
procedure, Red stated that he did not want to 
play on the computer as a reward. Instead, he 
said, he would rather spend that time practicing 
reading so that he could increase his speed. So, 
on the ninth session, a phase change was imple- 
mented. The instructional procedures the 
teacher implemented were the same with the 
following exceptions: Red's teacher rewarded his 
participation by allowing him and a peer to 
practice reading together. They took turns 
reading the same passage the teacher used for 
instruction that day. This extra practice lasted 
approximately 10 minutes. 

On the first day of the last phase change 
(the 9th session), Red read 39 words per minute 
and continued to increase his reading rate each 
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session. By the 23rd session he surpassed his aim 
by reading 102 words per minute. Additionally, 
Red made fewer than 5 errors per minute 
throughout the duration of the last phase. This 
was a considerable leap from his first timing 
when he read 12 words correctly and made 7 
errors. 

Throughout this project, Red became 
increasingly more motivated to improve his 
reading rate and decrease his errors. He paid 
close attention to his teacher while she read 
aloud and made sure he marked each unfamiliar 
word. Initially the computer game time helped 
encourage Red's participation and compliance to 
instruction. However Red's continued success 
provided the needed motivation to practice 
reading, and external rewards became unneces- 
sary. 

Red finished this project by meeting the 
aim of one hundred words per minute with 
fewer than 5 errors. Red continues to ask for 
time to read aloud with his reading partner. His 
partner also wanted to chart his own progress, 
and this desire to increase reading fluency and 
plot data has spread to the rest of the students in 
his class. 
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Concurrently Teaching Multiple Verbal Operants 
Related to 

Preposition Use to a Child with Autism 

Amy King, Alison L. Moors, and Michael A. 
Fabrizio 

Fabrizio/Moors Consulting 

Because understanding prepositions is 
useful to students for many skills such as follow- 
ing directions, requesting, and expanding expres- 
sive and receptive language, children should learn 
how prepositions function in language. This chart 
shows the progress a child with autism made in 
learning multiple ways of responding with and to 
prepositions. 

Joe began timed practice on prepositions 
on December 9,2002, when he was 5-years and 3- 
months old. Joe received approximately six hours 
of in-home behavior analytic intervention therapy 
per week. Joe also attended a half-day preschool 
program at a comprehensive early childhood cen- 
ter providing inclusive educational services for 
children with and without disabilities. 

Joe practiced prepositions through the 
See/Say, Hear /Do, and Hear /Touch learning 
channels on this same chart. By varying the learn- 
ing channel during the timing, Joe was able to 
improve concurrently his expressive (See/Say) 
and receptive (Hear/Touch) labeling of preposi- 
tions and his following directions that included 
prepositions (Hear/Do). Each day of practice, Joe's 
tutor set for him a daily improvement goal that he 
needed to reach in order to obtain his choice of 
rewards and finish working on the skill for the day. 

Because we designed this skill using three 
different learning channels, Joe's tutor had to do 
change the cues she used during each timing-she 
had to ask Joe to identify the location of objects 
relative to one another ("Where is the glass?"), to 
touch items ("Find the item that is under the 
book."), and to place objects in relation to one an- 
other ("Put the pen behind your chair."). To avoid 
inappropriate stimulus control, the tutor varied 
the objects and the placement of the objects she 
used during the timing. His tutor used small toy 
figurines and any objects that Joe could put things 
in, on, or under for the initial slice. For example, 
Joe's tutor may have used a box and the lid of the 
box and said to Joe, "put the dog in the box." Once 
Joe put the dog in the box, the tutor would then 
give Joe another direction and vary the object as 
randomly as they could to avoid any pattern. 

The first slice of the chart included the 
prepositions "in," "on," and "under." Joe completed 
two to three timings per day to reach his daily 
improvement goal. He began the slice at 18 cor- 

rects per minute and two errors per minute. His 
corrects accelerated at X1.9 across the four days of 
timed practice to their high and ending frequency 
of 34 per minute, and bounced at X1.3. Joe's errors 
remained steady across the phase at X1.0. Because 
of Joe's steep acceleration in his corrects, his tutor 
moved to slice two, in which she added the prepo- 
sition, "behind." Joe's rate of correct responding 
jumped down by /1.43 and turned down (/1.8). 
Joe met his daily improvement goal in one to two 
timings during this phase. Christmas break oc- 
curred for one week during this phase, but Joe's 
performance maintained after this break. 

Joe's tutor next added three new preposi- 
tions in the next phase of the chart-"in front", "be- 
tween", and "beside" or "next to." At the start of 
this phase, Joe's rate of correct responding did not 
jump, but turned up by X1.04 from the previous 
phase. Joe's rate of incorrect responding also did 
not jump with the phase change, but did turn up 
by X1.74 from the previous phase. Joe required 
three timings per day during this phase to reach 
his daily improvement goal. Joe's corrects reached 
a high and ending frequency of 36 per minute with 
four errors per minute in seven days of practice 
across five weeks. 

In the next phase of the chart, Joe's tutor 
added the preposition "over." Here, again, his cor- 
rects did not jump with the start of the phase 
change, but did turn down by /1.49. Joe's errors 
jumped down at the start of the phase but turned 
up (X2.0) as the phase progressed across the four 
days of timed practice. Joe practiced for three days 
and ended with corrects at 28 per minute with two 
errors. He required three timings per day to reach 
his goal during this phase. Joe went on vacation 
for one week towards the end of the phase. 

When Joe returned from vacation, his tu- 
tor decided to evaluate the fluency of Joe's perfor- 
mance because she was unsure what an appropri- 
ate frequency aim might be for this skill. If Joe's 
performance to date showed the features of flu- 
ent performance-retention, endurance, stability, 
and application-then there was no reason to con- 
tinue daily timed practice on the skill. 

Joe's tutor first completed an endurance 
check on Joe's performance. To do this, she tripled 
the timing interval to 90 seconds and presented 
Joe with the same materials. Joe maintained his 
rate of 34 corrects per minute and four errors per 
minute errors in one timing. After passing the en- 
durance check, his tutor moved to a 30-second sta- 
bility check to evaluate his performance in the 
presence of significant distractions. For the stabil- 
ity check timing, Joe's mother was in the kitchen 
(Joe is easily distracted from work when his mother 
is present), and the tutor played with one of Joe's 
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favorite toys during the timing. Joe passed his sta- 
bility check at 30 corrects per minute and a drop 
down in his rate of incorrects. Next, Joe completed 
an application check. For the application check, 
his tutor asked Joe to identify prepositions in pic- 
tures within a book instead of using actual objects 
as they had been doing throughout the course of 
the chart. Joe passed his application check at 30 
corrects per minute with zero errors on his first 
timing. Finally, to assess the skill's retention, Joe's 
tutor stopped all timed practice on this skill for 
four weeks. After four weeks, Joe's tutor presented 
Joe with the materials from the final slice before 
checks started and had him resume timed prac- 
tice on all prepositions. Joe completed one 30-sec- 
ond timing and achieved 30 corrects per minute 
with two errors per minute. The chart was 
stopped, and we and Joe and did a cheer! 
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Analog Analysis of Two Variables Related to the 
Joint Attention of a Toddler with Autism 

Michael A. Fabrizio 
University of Washington 

FabriziolMoors Consulting 
Seattle, Washington 

Kristin Schirmer 
Fa briziolMoors Consulting 

Seattle, Washington 

Elizabeth Vu 
Seattle Central Community College 

Ami Diakite and Mari Yao 
University of Washington 

Joint attention-the ability to alternate atten- 
tion between people and objects (Adamson & 
MacArthur, 1995)-is important to both language 
and social development and children with autism 
often show deficits in joint attending skills 
(Charman, T., Swettenham, J., Baron-Cohen, Cox, 
A., Baird, G., & Drew, A., 1997; Mundy, 1995; 
Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 
1998); as an example, children with autism may 
have difficulty shifting their gaze between a per- 
son and a toy with which they are playing. This 
chart shows the results of our analysis of the gaze 
shifting performance of a toddler with autism un- 
der analog conditions designed to test the affects 
of two variables on the child's joint attention: toy 
manipulation demands and the child's preference 
for the toy. We present this chart to document how 
precision teachers might display data collected 
during analog analyses on the Standard Celeration 
Chart and to describe clinical procedures for evalu- 
ating the effects of two variables on learner per- 
formance. 

Diagnosed with Autism, Amir was 2-years 
and 9-months old when this chart began and had 
been receiving four hours per day of intensive in- 
home intervention services for one month. His in- 
home intervention team consisted of the authors 
listed above. During a language evaluation, Amir's 
Speech Language Pathologist noticed he seemed 
to have difficulty shifting his attention (i.e., mov- 
ing his head and eyes) from toys he played with 
to people in his immediate environment. Amir's 
Speech Language Pathologist suspected that Amir 
experienced this difficulty shifting attention be- 
cause of the manipulation demands the toys pre- 
sented. She hypothesized that he was unable to 
"break" his attention from toys to attend to adults 
around him when the toys required a great amount 
of manipulation. She suggested Amir receive daily 

formal intervention in shifting attention as part of 
his in-home intervention program because of his 
apparent difficulty with shifting attention and its 
developmental importance. 

Rather than beginning intervention right 
away, however, we chose to examine more closely 
and systematically whether the amount of ma- 
nipulation a toy required affected Amir's attention 
shifting. Because we suspected Amir's preference 
for various toys might also influence how fre- 
quently he shifted his eye gaze away from them, 
we also analyzed how his preference for a toy af- 
fected his attention shifting at the same time that 
we evaluated the effects of toy manipulation. 

We began by generating a list of toys for 
which Amir showed a high preference and a list 
of toys for which he showed little or no preference 
by considering how frequently he chose to play 
with a given toy and how long he interacted with 
it. If he interacted with a toy for long periods and 
consistently chose to play with it, we classified the 
toy as Highly Preferred. If he did not play with 
the toy for long periods or rarely chose to play with 
it, we classified the toy as Less Preferred. We then 
classified each of the same toys according to the 
degree of manipulation they required by consid- 
ering several factors: the number of moving parts 
on each toy, the number of ways he could move 
the parts, and the size of the toy's parts. For ex- 
ample, because picture books consist of a few, large 
parts (pages) that Amir could only turn, we classi- 
fied books as requiring a low level of manipula- 
tion. A Busy Beads toy, by contrast, consists of 
many small moving parts that Amir could move 
in a variety of ways; therefore, we classified Amir's 
Busy Beads toy as requiring a high level of ma- 
nipulation. Once we classified each toy according 
to manipulation requirements and perceived pref- 
erence, we subdivided the toys into four catego- 
ries: (1) Highly Manipulative and Highly Preferred 
toys, (2) Less Manipulative and Highly Preferred 
toys, (3) Highly Manipulative and Less Preferred 
toys, and (4)Less Manipulative and Less Preferred 
toys. We used these categories as the four experi- 
mental conditions for the project. 

After we generated our toy lists, we evenly 
distributed four sessions, each 2.5-minutes long, 
throughout Amir's daily intervention schedule. 
During each of these 2.5-minute long sessions, we 
conducted the analysis. Each day, we gave Amir a 
toy from each list for 2.5 minutes. During those 
2.5 minutes, a member of Amir's intervention team 
(usually the third or fourth author) said Amir's 
name aloud every 60 seconds. The staff member 
counted one attention shift if Amir looked up from 
the toy he was playing with within two seconds 
after hearing his name. If he did not look towards 
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the staff member within two seconds, no attention 
shift was counted. The order in which the toys 
were given to Amir varied randomly each day to 
control for sequence effects. Amir received be- 
tween 9 and 11sessions overall within each con- 
dition. 

Figure one below shows Amir's rate of 
shifting attention plotted as cumulative frequen- 
cies by condition. Because staff members only re- 
quested that Amir look once per minute, and each 
session lasted only 2.5 minutes, the maximum 
counted shifts in attention he could emit was two. 
Because detecting differences between such low 
rates of behavior would be very difficult if plotted 
as per minute frequencies each day, we plotted the 
data cumulatively. 

We employed the Quarter-Intersect proce- 
dure (Koenig, 1972 as cited in White & Haring, 
1980) to calculate celeration values for each of the 
four experimental conditions. Amir's attention 
shifting accelerated at a rate of Xl.9 per week dur- 
ing the Highly Manipulative and Highly Preferred 
condition. During the Less Manipulative and 
Highly Preferred condition, Amir's attention shift- 
ing changed at a rate of X1.8 per week. In the 
Highly Manipulative and Less Preferred condi- 
tion, his attention shifting accelerated at a rate of 
X2.0 per week, and during the Less Manipulative 
and Less Preferred condition, it accelerated at a 
rate of X1.6 per week. 

His attention shifting performance 
changed faster within both conditions where he 
played with highly manipulative toys (X1.9 and 
X2.0) than in either condition using less manipu- 
lative toys (X1.8 and X1.6). When the manipula- 
tion demands of the toy were kept constant and 
low (that is, during both the Less Manipulative and 
Highly preferred and the Less Manipulative and 
Less Preferred conditions), his attention shifting 
performance was better with highly preferred toys 
(X1.75) than with less preferred toys (X1.55). 

Based on these differences, we concluded 
that the level of manipulation demand presented 
by a toy most influenced Amir's attention shift- 
ing-the more manipulative the toy, the better his 
attention shifting performance. This conclusion 
refuted the hypothesis his Speech Language Pa- 
thologist originally developed during her clinical 
examination. We also learned that toy preference 
affected Arnir's attention shifting, but to a lesser 
degree than toy manipulation. When toys required 
less manipulation, toy preference did affect his 
performance-Arnir shifted his attention more fre- 
quently with highly preferred toys than less pre- 
ferred toys when the toys themselves presented 
lower manipulation demands. 

Systematically analyzing how toy prefer 

ence and toy manipulation affected Amir's ability 
to shift his attention presented several advantages 
over immediately beginning formal intervention 
to change his performance. First, evaluating the 
variables' effects gave us important information 
about how frequently Amir was actually shifting 
his attention without intervention. Once counted 
and charted, his intervention team (including his 
Speech Language Pathologist) agreed that his rate 
of attention shifting was adequate and did not 
warrant intervention. Having baseline data that 
indicated no intervention was needed saved us 
time, saved Amir's family money, and most im- 
portantly, saved Amir time. Clinicians often de- 
velop impressions during informal assessment, but 
too often they rush to begin intervention when 
such may be unnecessary. 

Beyond helping us decide not to intervene 
with Amir's attention shifting, had we instead 
found that his performance did warrant interven- 
tion, having evaluated the variables' effects on his 
performance would have provided another ben- 
efit: the data would have allowed us to evaluate 
clearly the effects of any intervention we devel- 
oped. 

Further, the baseline data we gathered 
when we evaluated the two variables separately 
also gave us a good deal of information about 
which variable exerted functional control over 
Amir's attention shifting as well as interactions 
that existed between the two variables. We learned 
that the manipulation opportunities toys offered 
were more important than Amir's preference for 
the toys in controlling his attention shifting. We 
also learned that this control appeared to work in 
an opposite way from what we originally hypoth- 
esized. 

We hope clinicians working with children 
with autism will invest the time needed to collect 
baseline and functional assessment data prior to 
designing and implementing an intervention. Col- 
lecting the data for this project took a total of 100 
minutes (40 sessions at 2.5 minutes per session). 
The analysis took very little time, was easy to do, 
and produced quite a bit of information that 
helped us make better decisions on Amir's behalf. 
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Single vs. Multiple Movement Frequencies: 
How Many Times Should We Measure? 

Dana J. Stevens 
University of Washington 

The purpose of this chart share is to look 
for more efficient ways of monitoring a learner's 
progress. I decided to compare progress records 
based on a single opportunity to complete com- 
plicated task with a progress record based on 
multiple opportunities to compare the same task. 

The learner, Sam, was an 8-year-old boy 
with autism who was fully integrated into a regu- 
lar 2nd grade classroom. The goal of this interven- 
tion was to teach Sam how to put on his coat inde- 
pendently. To begin, a 12-step task analysis was 
created and the method of most-to-least prompt- 
ing selected. During the course of the program, a 
picture script of the task analysis and peer model- 
ing methods were also used. Instruction took place 
during naturally occurring school opportunities 
to put on his coat (e.g., preparing to go outside for 
recess, preparing to go home for the day). Sam's 
parents also worked with him at home using the 
same task analysis 

Three methods of monitoring the learner's 
progress (Figurel) were implemented throughout 
the program: (1)Single-movement frequencies in- 
volved charting a single opportunity to complete 
the task each day. Time to completion was recorded 
and additional prompts were counted as errors. 

For the Single Movement Frequency: 

Correct Frequency = 

(2)Multiple-movement frequencies were also re- 
corded daily and involved charting total oppor- 
tunities and the cumulative time to complete put- 
ting on his coat across all opportunities. (3) Weekly 
parent reports were conducted to evaluate the 
family's satisfaction with their son's skill develop- 
ment. 

Single and multiple movement frequencies 
showed similar rates of progress and occasioned 
the same instructional decisions, so it appears that 
a little effort could have been saved by evaluating 
his progress only once each day. That may not al- 
ways be the case, however, so I'd recommend that 
single and multiple-movement frequencies both 
be charted when beginning a program. If the two 
charts show the same learning picture, the mul- 
tiple movement chart could be dropped to save 
time and effort. If the two pictures are different, 
you might want to keep the multiple-movement 
chart to get a more complete picture of learning. 

In addition, I was pleased to note that the 
parent's report of his progress at home confirmed 
that he had learned something useful and was 
using his new skill in places where it was impor- 
tant. It is my recommendation to gather the same 
type of feedback whenever possible. 

Time Required to Complete the Task Once 

# of Extra Prompts 
Error Frequency = 

Time Required to Complete the Task Once 

For the Multiple Movement Frequency: 
3 (the number of times the task was completed) 

Correct Frequency = 
Cumulative Time Required to Complete All 3 Trials 

# of Extra Prompts 
Error Frequency = 

Cumulative Time Required to Complete All 3 Trials 

Figure 1: Three methods of monitoring the learner's progress 
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Journal Description 

The Standard Celeration Society publishes the 
Journal of Precision Teaching and Celeration (JPTC) two 
times a year. JPTC provides a forum for research, 
practical applications and discussions of Precision 
Teaching and Celeration technology. JPTC has 
dedicated itself to the promotion and diffusion of 
Precision Teaching and Standard Celeration 
technologies. 

Journal Sections: 

Authors may submit their original contributions to 
one of five sections of JPTC: 

I. Application Articles: "Application articles" 
require: 
(1)Use of Standard Celeration Charts; 
(2) Use of basic charting conventions; 
(See the JPTC guidelines for guidance on the "basic 
charting conventions"); 
(3) Description of variables or procedures 
supporting the interpretation of the data. 

"Application articles" usually represent data from 
applied settings such as schools, clinics, human 
service agencies. 

11. Research Articles: "Research articles" require: 
(1) The use of Standard Celeration Charts; 
(2) Descriptions of the collection and analysis of 
data; 
(3)Use of basic and advanced charting conventions 
and analysis; 
(See the JPTC guidelines for guidance on the "basic" 
and "advanced" charting conventions and analysis); 
(4) Description of variables or procedures 
supporting the interpretation of the data; 
(5)Control for extraneous variables or report of their 
influence. 

111. Discussion Articles: "Discussion articles" offer 
explanations, reviews, and extensions of Precision 
Teaching and Standard Celeration concepts. 

IV. Chart Shares: "Chart shares" contain data 
displayed on Standard Celeration Charts along with 
brief descriptions of the performer, what occurred, 
and other relevant observations. 
[Note: We encourage performers (e.g. students, 
clients, patients) to submit their own charts to the 
chart shBre section.] 

V. Technical Notes: Brief technical descriptions 
clarifying, elaborating, or reporting upon Precision 
Teaching and Standard Celeration concepts. 

Submission Guidelines: 

To submit a manuscript authors must conform to 
the following guidelines: 
(1)Submit three (3) typewritten, doubled spaced 
copies of the manuscript without author's names 
or affiliations; 
(2) Follow the format outlined in the Publication 
Manual of the American Psychological Association 
(5th edition, 2001); 
(3) Do not exceed 20 words in the article title; 
(4)Include an abstract and do not exceed 250 words 
in the abstract; 
(5) Select 3 to 5 key words that describe the 
manuscript; 
(6) Secure permission for use of copyrighted 
materials; 
(7) Send submissions to: Dr. Richard M. Kubina Jr., 
The Pennsylvania State University, Department of 
Educational and School Psychology and Special 
Education, 231 CEDAR Building, University Park, 
PA 16802-3109. 

The Editors reserve the right to edit all material 
accepted for publication. 
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BASIC CHARTING CONVENTIONS for the DAILY STANDARD CELERATION CHART 

TERM DEFINITION CONVENTION 
1. CHARTED DAY A day on which the behavior is 1. Chart the behavior frequency on 

recorded and charted. the chart on the appropriate day 
line. 

2. Connect charted days except 
across phase change lines, no chance 
days and ignored days. 

a) ACCELERATION TARGET Responses of the performer intended 
FREQUENCY to accelerate. Chart a dot (e) on the appropriate day 

b) DECELERATION TARGET Responses of the performer intended Chart an (x) on the appropriate day 
FREQUENCY to decelerate. line. 

2. NO CHANCE DAY A day on which the behavior had no Skip day on daily chart. 
chance to occur. 

3. IGNORED DAY A day on which the behavior could Skip day on daily chart. 
have occurred but no one recorded it. ( D ~not data across ignored 

4. COUNTINGTIMEBAR I Designates on the chart the I Draw solid horizontal line from the 
(aka Record Floor) perf&mer's lowest possible Tuesday to Thursday day lines on the 

performance (other than zero) in a chart at the "counting-time bar." 
counting time. Always designated as 
"once per counting time." 

5. ZERO PERFORMANCE No performance recorded during the Chart on the line directly below the 
recording period. "counting-time bar." 

6. PHASE CHANGE LINE A line drawn in the space between the Draw a vertical line between the 
last charted day of one intervention intervention phases. Draw the line 
phase and the first charted day of a from the top of the data to the 
new intervention phase. "counting-time bar." 
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