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Editor's Comments 

Claudia E. McDade 

Fall, 1993 brings us to an issue of the Journal of Precision Teaching which describes the use 
of Precision in acquiring, improving, and retaining skills in handwriting, letter recognition, basic 
mathematics, reading, writing, studying, and reasoning. Subjects ranged from kindergarten 
through entering college freshmen. Two articles generated by faculty and students from the 
Department of Special Education at Gonzaga University indicate that Precision Teaching is 
alive and thriving in Washington under the mentoring of Bill Sweeney. Mary Brunner co- 
authored an article with T. F. McLaughlin and Bill to report the results of her work with her son 
to improve his handwriting. Kelly Whalen, Robert Willis, and Bill Sweeney assisted a high 
school student with behavior disorders in improving his fraction problem-solving fluency. 
Important considerations between fluency building and endurance are addressed in this article. 

Retention of skill over time is addressed in an article by Dan Bullara, John Kimball, and John 
Cooper who assisted an elementary school student in developing his addition skills and 
verified his maintenance of the skill level three months later. A Chart-Share by Ann Poe 
describes application of the Morningside model of math fluency to two children of the C e ~ t e r  
for Individualized Instruction's faculty. Changes resulted in more fluent performances. 

Electronic presentation of instruction and monitoring of performance are addressed in an 
article by Colleen Stump, Randall Boone, Kyle Higgins, and Angela Notari. They u s e j  
hypermedia to assist kindergarten students in developing letter recognition. Entering co l l eg~  
freshmen used computer-assisted instructional packages, as well as small group instruction, to 
develop their basic skills as described in a Chart-Share about a program piloted at Jacksonville 
State University. 

A note about the Standard Celeration Society: dues for the 1993-94 academic year are 
payable now through January 31, 1994. Please send them with the applicationlrenewal for rn 
on page 52 of this issue to Peggy (AlbrechtIGaylor) Anderson. These funds are critical for the 
Journal "s continuation and for planning the next International Precision Teaching Conference 
in Seattle, WA in Spring, 1995. 

Manuscripts are still needed!! For consideration in the Spring, 1994 issue, get vour 
manuscripts and Chart-Shares to us by February 1,1994. 
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Using 1-Minute Time Trials and 4-Minute Practice Sessions to 
Improve a Student's Performance of Fraction Problems 

Kelly P. Whalen, Robert J. Willis, and William J. Sweeney 

This study examined the use of time trials with a high school student with behavior disorders for improving his math fluency 
in fraction problems. The target behavior was the number of correctly executed steps on mixed subtraction of fraction 
worksheet problems, while the intervention was the amount of time allotted during each time trial or practice session. A time 
series analysis (Cambell & Stanley, 1966) was used to evaluate the effects of different timing periods on the student's 
performance from 1-minute time trials to 4-minute practice sessions. During baseline, 10-minute practice sessions were used 
to establish the number of fraction problem steps completed per minute by the student. Data from this baseline were then 
compared to a two phased intervention using time trials and timed practice sessions. The first phase compared the number of 
correct fraction problem steps completed per minute by the student during the 1-minute, 2-minute, 3-minute, and 4-minute 
time trials. The variability in the data during this phase made it difficult to discern any meaningful differences from the four 
timing conditions. The second intervention phase compared the results of 1-minute time trials and 4-minute practice sessions 
to each other, as well as the phase one intervention results. The results showed an increase in the participant's math fluency, 
especially under the 1-minute timing condition. The data suggest a possible relationship between the student's performance 
and the length of the timings or fatigue factors. Implications regarding the length of timings and fatigue as related to 
performance were discussed. 

When students progress through math curricula, Effective teaching of math skills must start with 
they may not learn the necessary prerequisite the concept that it is important for students to 
skills fluently before moving onto more difficult experience success (Mercer & Mercer, 1993). 
math problems and concepts (Miller, Hall, & Various traditional and common approaches are 
Heward, 1992). Accuracy measures alone do employed in classrooms that attempt to promote 
not reflect learning mastery of skills. All successful acquisition of math concepts. Using 
students who perform at the same level of traditional worksheets, working at the black- 
accuracy are not equally skilled (Miller & board paired, and using manipulatives are but a 
Heward, 1992). The combination of the two few examples (Jacobsen, Eggen, & Kauchak, 
dimensions of responding--accuracy and 1989; Callahan & Clark, 1988). Although many 
number of responses over time--gives a more of these instructional strategies are commonly 
complete picture of learning (West, Young, & employed in the classroom, Lindsley (1992) 
Spooner, 1990). Haughton (1972) found that pointed out that many of these procedures have 
students who could calculate math problems at not been empirically verified; thus, their 
30 or more digits per minute progressed easily effectiveness in terms of instruction appears 
to more complex mathematical skills. This questionable. 
combination of accuracy and speed of 
performance has been defined in terms of In terms of optimizing student performance in 
fluency or fluent responding. For example, two the classroom, Binder and Watkins (1990) 
students working on the same math assignment advocated for the adoption and implementation 
both complete the assignment with 100 percent of data-based instructional strategies which have 
accuracy; however, one student completes the long histories of success with students in a 
assignment in half the time of the second variety of settings. Examples of such data- 
student. It is obvious that the first student is based procedures include Direct Instruction 
more fluent, demonstrating both accuracy and (Carnine, Granzin, & Becker, 1988; Binder & 
speed. This example illustrates the importance Watkins, 1 WO), peer tutoring (McKenzie & 
of emphasizing fluency in our classrooms rather Budd, 198 I), criterion-referenced curriculums 
than just focusing on accuracy. (Joseph & Cooper, 1991), Precision Teaching 

strategies (Sweeney, Omness, Janusz, & 
Cooper, 1992), and time trials (Miller & 



Heward, 1992). In one investigation, Joseph ality into intervention procedures (Koegel & 
and Cooper (1991) increased the math Rincover, 1977; Sweeney, Salva, Cooper, & 
performance in multiplication, subtraction, and Talbert-Johnson, 1993; Van den Pol, Iwata, 
division of fourth-grade students through the use Ivanic, Page, Neef, & Whitley, 1981). 
of data-based instructional procedures that 
included a criterion-referenced curriculum. In Binder, Haughton, and Van Eyk (1990) 
another study, Wilson and Sindelar (1991) discussed the importance of developing 
increased the performance of students with instructional procedures for improving the 
learning disabilities in math word problems performance duration or endurance of students 
through the use of a Direct Instruction strategy. in the classroom. It is probable that studems 
The search for effective, efficient, and with low attention spans may have difficulty 
innovative data-based procedures to develop generalizing academic behaviors because of the 
students' fluency in math facts needs to be an length of instruction (e. g., math seat-work) or 
ongoing quest in our schools. fatigue factors related to the lack of 

programming for endurance within the 
Using time trials is another way to increase 
fluency of math skills within the community and 

classroom. This is true of generic classroom 
procedures, such as: seat-work, lectures, and 

in schools (Miller & Heward, 1992). As Howell small group activities, as well as many Precision 
and Lorson-Howell (1990) pointed out, rate per Teaching strategies that emphasize short 1-
minute is a more sensitive measure of changes 
in performance than accuracy measures alone. 

minute timings to assess fluency. Students need 
to work intensely for short as well as long 

Daily time trials provide students with the periods of time in the classroom. Strategies 
opportunities to improve their fluency, while at need to be developed that will build upon 
the same time, provide teachers with direct, measurably effective instructional procedures, 
frequent measures of each student's progress such as 1-minute time trails, to improve the 
(Miller & Heward, 1992). Time trials help duration and performance of students on a given 
students improve their fluency by providing task. Therefore, it is important that endurance 
many opportunities to respond at a fast rate considerations be taken into account for 
(Greenwood, Delquadri, & Hall, 1984). For 
example, Miller et al. (1992) showed dramatic 

improving the duration of performance and to 
decrease the effects of academic fatigue and 

academic and fluency improvements in math boredom when teachers are programming for 
using time trials in a fourth-grade regular generalized behavior change. This is the first 
education classroom. Many educators may think study on the use of math time trials, that the 
that when someone is being timed or set under authors could find, that investigates the possible 
time constraints, performance would decrease. effects of endurance programming on math 
However, accuracy typically does not suffer, but performance of a high school student with 
usually improves, and existing data suggest that severe behavior disorders. 
students enjoy being timed (Allyon, Garber, & 
Pisor, 1976). In fact, in a study conducted by The purpose of this study was to evaluate and 
Miller et al. (1992), 26 of 34 students indicated improve the math performance, through the use 
they liked time trials better than the untimed of time trials, of a high school student with 
work period. behavior disorders who expressed a dislike for 

math calculations, especially fractions. Fluency 
One of the biggest obstacles to mastery and flu- levels of 1-minute, 2-minute, 3-minute, and 4- 
ency of math concepts is related to the mainte- minute time trials were combined with visual 

, nance and generalizability of the results across 
other curricula, other settings, and other re- 

feedback from the Standard Celeration Chart, in 
an effort to improve the student's math 

sponse classes. As Cooper, Heron, and Heward performance. A secondary purpose of the study 
, (1987) and Stokes and Baer (1977) pointed out, 

one of the most frequent criticisms of behavior 
analytic research is the lack of attention to the 
need for programming for generalized behavior 

was to evaluate the student's repeated 
performance on 4-minute practice sessions that 
were immediately followed by a 1 -minute time 
trial over the same material. This was 

? 

change. Several studies have shown the impor- 
tance of programming maintenance and gener- 

conducted to assess the possible endurance 
effects as related to the increased performance 



in the 4-minute practice condition, when 
compared to the fluency levels in the 1-minute 
timing. 

Method 

Participant and Setting 
Bob was a 15 year old sophomore in high school 
who received special education services for 
students labeled as behavior disordered with 
severe social and emotional problems. Placed in 
a self-contained classroom at a hospital psy- 
chiatric unit, he received special education 
services due to academic and conduct-related 
problems in the regular classroom. Easily dis- 
tracted by other students, Bob disliked doing 
math problems and had poor adaptive and social 
skills. Bob used profanity frequently; he also 
had difficulties when approaching his peers to 
request them for something. 

The study took place in an enclosed office room 
between 1:00 and 2:00 p.m. Monday through 
Thursday when the student was present at 
school. Within the office room were a desk and 
chair, a portable tape-recorder and headphones, 
a copy machine, a file cabinet, and a telephone. 
The enclosed office was also used to eliminate 
any external stimuli in order for the subject to 
have maximum concentration. He liked to have 
all of the lights off except for one desk lamp 
when working on math problems. Bob also 
listened to his portable tape-recorder and 
headphones during the time trials to eliminate 
any additional audio stimuli. 

Movement Cycle 
The movement cycle was defined as the number 
of correctly written individual steps within a 
given five-step, mixed-number subtraction 
problem, completed per fraction, during a given 
counting period. The fraction problems were 
developed by the first author to ensure a 
consistent difficulty level. The first step to be 
counted was finding and writing down the 
common denominator. The second step was 
finding the number that needed to be multiplied 
to obtain that common denominator and writing 
it in both the numerator and the denominator 
places. The third step was multiplying and 
writing down the correct number in the 
numerator place. The fourth step was 
subtracting correctly. The final step was 

determined if the answer was completely 
reduced. The five steps necessary to correctly 
complete each mixed number subtraction of the 
fraction problem were then multiplied by the 
total number of problems per probe sample. 
This means that on a 12 problem probe sheet, 
with 5 steps each per problem, the student has 
the possibility of completing 60 individual steps 
correctly. The author decided on 12 problems 
(i. e., 60 individual steps) after an informal 
assessment of the student's work production 
prior to the beginning of the study. The number 
problems were chosen for two reasons: 12 
practice problems were consistent with the math 
homework that was often assigned to this 
student and rarely completed on time; and to 
ensure that the student would not complete all 
the problems during a given timing and ceiling 
out prematurely. Although it could be argued 
that if the student made an error on one of the 
early steps of a given problem, he would 
probably continue to err on subsequent steps due 
to the linear nature of the fraction problems. 
The first author did not observe this phenomena 
occurring during his pre-baseline and 
subsequent observations and is thus confident in 
the measurement procedures. The number of 
correct steps completed were totaled at the end 
of each session and charted by the first author. 

Experimental Design 
A time series analysis (Cambell & Stanley, 
1966) was employed to evaluate the frequency 
of correct completion of steps in calculating 
fractions across different timing periods. The 
independent variable was the amount of time in 
each trial, and the dependent variable was the 
number of steps correctly completed while 
calculating fractions. This design allowed for a 
comparison of the fluency levels across time 
interval variances. The first phase of the inter- 
vention condition assessed the differential 
fluency levels of 1-minute, 2-minute, 3-minute, 
and 4-minute time trials. The second phase 
compared trends in fluency levels between the 
I-minute time trials with the 4-minute practice 
sessions. 

Baseline. During baseline the student was given 
a mathematics sheet with 12 mixed subtraction 
fraction problems and was shown each 
individual step. Bob was then asked to repeat 
the steps to ensure that he understood and was 



able to perform each step. The experimenter 
gave the instructions by saying, "Complete as 
many problems as possible, and then stop when 
told." 

I Intervention. Two phases were implemented 
during the intervention. The first included 

I alternating time trials in sequence from 1-
minute, 2-minute, 3-minute, and then 4-minute 
trials. This sequence from 1 to 4-minute time 

I 
trials was repeated three times . This phase was 
implemented to determine which timing period 
resulted in the highest number of correct 
fraction problem steps completed per minute. 
During the time trials the kitchen timer was set 
at the designated time and was visible to Bob 
throughout the interval. Bob was told the 
amount of time available for completion prior to 
beginning each set of problems. The exper- 
imenter would set the timer and say, "go," and 
the student would begin working on the fraction 
problems until the timer sounded. These timing 
procedures were consistent throughout the 
alternating treatment phase of the intervention. 
A break was provided for Bob while the 
experimenter corrected the mixed number 
fraction worksheet. Praise was given for his 
correct responses, and his current scores were 
compared to his previous performance as shown 
by the data on the Standard Celeration Chart. 
Corrective feedback was provided for incorrect 
responses, through modeling correct responses, 
before moving on to the next learning trial. 

During phase two of the time trials, a 4-minute 
practice session was followed by a 1-minute 
time trial. These two intervals would always be 
paired together. If a 4-minute practice session 
were conducted, then a 1-minute time trial 
immediately followed. As many 4-minute 
practice sessions and 1-minute time trials were 
completed as time allowed during the hour 
tutoring sessions in the afternoons. Each 4- 
minute practice session and 1-minute time trial 
combination represented a separate session. An 
average of two or three pairings was conducted 
daily with a minimum of zero and a maximum 
of four. Factors influencing how many pairings 
could be conducted daily depended on Bob's 
activity level, lack of attention, and absence 
from class. Noncompliance required behavioral 
consequences by the experimenter which 
disrupted the flow and productivity of the 
session. If Bob asked any questions not 

pertaining to the fractions, he was ignored or 
told that he was "off-task." 

Practice sessions. The 4-minute practice session 
consisted of six steps. (1) The kitchen timer 
was set and remained visible for four minutes. 
(2) The student attempted to calculate the 
fraction problems. (3) The participant was 
allowed to ask any questions or ask for any help 
pertaining to the fraction problems during the 4- 
minute practice session. (4) The experimenter 
provided immediate corrective feedback when 
errors were made. For example, noting that the 
student had made an error, the experimenter 
would say, "What is the common denominator?" 
or "What is the answer to 18 divided by 3?" If 
Bob did not answer correctly after one verbal 
prompt, the experimenter would assist him in 
figuring the answer out correctly or model the 
correct response for the student if the assistance 
was not effective. (5) If he was "off-task" (i. e., 
not doing the fraction problems or engaging in 
activities other than those assigned), the timer 
would be stopped by the experimenter until 
work on the fraction problems resumed. Time 
off-task was not subtracted from the total time 
engaged in the instructional activity. (6) When 
a 4-minute practice session followed a 1-minute 
time trial, previous errors were reviewed and 
corrected at the beginning of the practice 
session. These procedures for the 4-minute 
practice sessions were consistently applied 
throughout the study. 

Time trials. A 1-minute time trial consisted of 
four steps. (1) The student had to show 
readiness by having a pencil in his hand with the 
fraction worksheet on the desk in front of him. 
(2) The experimenter said, "When you begin, I 
will start the clock for a 1-minute time trial." 
(3) As soon as Bob began his work, the teacher 
started the count-down timer. Bob worked on 
his fraction problems and stopped his work 
when the count-down timer sounded. Unlike 
the 4-minute practice session, where feedback 
was provided while the student worked, no 
feedback was given during the actual 1-minute 
timing. Because feedback could detract or 
interfere with the student's ability to respond in 
a fluent manner during the 1-minute timing 
period, the teacher decided to wait until after 
this time trial to provide feedback and praise 
related to the student's work. (4) The student 
received a break while the author corrected the 



worksheet and counted the number of correct 
steps completed. After counting the number of 
correct steps completed, the experimenter told 
Bob how many correct steps he completed, 
praised him for his effort, and compared the 
scores to his previous performance during the 1- 
minute timings. During the feedback sessions, 
the teacher and the student would negotiate a 
short- and long-term instructional aim related to 
the number of mixed subtraction fraction 
problems completed during the 1-minute time 
trials. Between trials and practice sessions, the 
student was often asked by the author, "How 
many steps do you think you can get this time?" 
or "What is your current record for the practice 
session?" 

Reliability 

Intergrader reliability was carried out by 
comparing the first author's recording to that of 
an outside observer. The fraction practice 
sheets were used as a permanent product 
recording. Reliability checks were carried out 
once during baseline and four times during 
intervention by an independent observer who 
regraded the worksheets. Reliability was 
calculated by summing the total number of 
correct step agreements and dividing them by 
combining the total number of correct step 
agreements and disagreements and then 
multiplying the quotient by 100. The reliability 
of the data of number of steps completed 
correctly was 100%. 

Results 

The overall outcomes indicated improvement in 
completing calculation steps with math fractions 
with the use of 1-minute time trials. Further, an 
endurance appears to have occurred during the 
4-minute practice sessions over the duration of 
the study when compared to the fluency levels 
in the 1-minute time trials. 

Baseline data showed that Bob completed only 
an average of 1.27 fraction calculations correct- 
ly per minute during a 10-minute session. This 
compares with average scores, during the 
alternating treatments phase, for the 1, 2, 3 and 
4-minute time trials of 8.33, 6.33, 3.1 1, and 4.0 
respectively, for fraction calculations steps 
correctly completed per minute. Results from 
Phase I1 of the Intervention condition generated 

an average of 1 1.39 calculation steps correctly 
completed per minute during the 1-minute time 
trials, and 6.85 steps correctly completed per 
minute during the 4-minute practice session. 

Although only three sessions of data were 
collected during baseline, the celerations of the 
number of correct steps completed appeared to 
be either decelerating significantly or showing 
no change (e. g., x1.0). Due to the large 
variability evident during the alternating 
treatment sessions of Phase I, it was difficult to 
determine appropriate celerations for the 1 and 
3-minute timings. The celerations for the 2 and 
4-minute time trials appeared to remain stable at 
a x1.0 celeration. Data from Phase I1 of the 
intervention condition appeared to initially 
jump-up during the first three sessions with 
celerations of x2.0 and x3.0 for the 1-minute 
time trials and the 4-minute practice sessions 
respectively. The overall data paths for both the 
1-minute time trials and the 4-minute practice 
sessions showed accelerating trends with 
celerations of x 1 .Z and x 1.40 respectively. The 
improvement in the celerations during the 4-
minute practice session appears to indicate a 
possible endurance effect from the 1-minute 
time trials. 

Discussion 

Data from the present study suggests that the 
time trials in both Phase I and Phase I1 were 
effective for increasing overall, the performance 
of the student's fluency in subtraction fraction 
problems. Unfortunately, the data paths in the 
time series analysis in Phase I showed a great 
deal of overlap, and it was difficult to determine 
the differential effects of the levels of 
performance from the 1, 2, 3, and 4-minute 
timings. This process could be implemented in 
a regular education classroom with all students 
if teachers had the skills to implement the 
procedures correctly. Financially, this is an 
extremely practical procedure to implement and 
requires little effort by the teacher during 
instruction. 

The time trials and practice sessions in Phase I1 
of the intervention were chosen at 1 and 4- 
minute intervals since they differed most in 
terms of time. The student's performance 
dramatically improved initially with a jump up 
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at the 1-minute time trial during Phase 11, and 
then Bob also began to set goals for himself 
during the 4-minute practice sessions. It was 
anecdotally observed that Bob was setting goals 
during the 1-minute time trials, as well as during 
the 4-minute practice sessions. This endurance 
effect from the 4-minute practice sessions to the 
1-minute time trials showed increased perfor- 
mance and motivation when under time 
limitations. These time trials appeared to be 
effective at increasing the number of steps 
completed correctly since the student knew his 
aims during the time trial or practice session. 
Bob's performance appeared to support the 
claim that, "If you do not have a goal, there is 
nothing to shoot for!" By telling students about 
their best score and setting a new goal or 
instructional aim, the teacher is providing some 
incentive or setting the occasion for them to 
substantially improve their own performance. 
Further, when data are charted for the student to 
provide visual feedback, it may provide even 
more motivation to improve students' perfor- 
mance. 

There were several limitations that must be 
considered when interpreting the results of this 
study. It was difficult to infer the existence of a 
functional relationship with this design because 
the researchers failed to return to baseline. 
Future studies using this type of experimental 
design could be strengthened by extending 
withdrawing the 1-minute time trials and 
extending the 4-minute practice sessions. This 
would help to determine whether the 1-minute 
time trials functioned as a means of improving 
the endurance of the 4-minute practice session 
or whether the sheer aspect of practice may have 
been more influential in the improvements with 
this student. Therefore, the results should be 
interpreted with caution. 

The student's behavior and disability may also 
have limited the overall effectiveness of the 
intervention. The participant's erratic, oppo- 
sitional, and off-task behavior may have 
contributed to a lack of overall experimental 
control as shown by the variability in Phase I of 
the intervention. It was evident that the student 
was often engaging in behaviors incompatible 
with those intended, expected, and implemented 
by the experimenter. For example, Bob would 
repeatedly strike the underside of the desk with 
his knee while sitting in his chair when he was 

supposed to be doing the math problems. A 
further analysis should be conducted to isolate 
and provide alternate reinforcers that may exert 
a greater amount of control over the student's 
behavior. 

Another potential limitation was the lack of a 
literature base that has explored the relationship 
between endurance effects and students' 
performance in math during time trials. It is 
evident from this study that further research 
needs to be conducted to verify the performance 
endurance demonstrated in this study and to 
determine the efficacy and social validity of this 
intervention with other populations. Further 
replication of these procedures should also 
examine, in more depth, the potential functional 
relations that may exist between students' math 
performance and the adoption of time trials in 
the classroom. 

This study suggests some interesting effects on 
performance during seat-work activities when 
followed by a short 1-minute assessment of the 
skills being taught. The initial time series 
analysis, as shown in the baseline and Phase I of 
the intervention, seems to support the commonly 
held assumption by many Precision Teachers 
that the longer the duration of assigned work, 
the less produced by students. Th-is would 
imply that endurance and fatigue may be 
important variables that need to be addressed 
during instructional programming for students. 
Further consideration may need to be given to 
developing interventions that can extend the 
duration of student performance without 
sacrificing speed, accuracy, and quality of the 
work production. Phase I1 of the intervention 
may provide one possible means of effectively 
programming to increase the duration or 
endurance of work performance while decreas- 
ing fatigue during instruction. For example, the 
data seemed to indicate that the student was 
becoming more fluent in correctly completing 
the number of mixed subtraction problems 
during the 1-minute time trials, as shown by the 
celerating learning patterns in Phase I1 of the 
intervention. At the same time a concurrent 
celeration was also evident during the 4-minute 
practice sessions. Although it would be 
premature to say that the improvements in the 4-
minute practice sessions are a function of the 
concurrent 1-minute time trials, it does generate 
some interesting questions related to the 



sequencing of instruction and the interval 
success of current instructional time intervals 
employed in many classrooms. Future research 
is needed to help determine the optimal time 
intervals necessary for sustained work 
performance and endurance in the classroom. 

Time trials and timed practice sessions could be 
effective and efficient means for improving the 
overall math performance of students in the 
classroom. Further research should continue to 
explore the possible factors related to perfor- 
mance endurance from a given intervention 
across students, stimulus conditions, and re-
sponse classes. Hopefully, a greater considera- 
tion of endurance and fatigue factors related to 
programming for generalized outcomes will im- 
prove the adoption and maintenance of measur- 
ably effective procedures for instruction, there- 
fore resulting in the accelerated performance of 
students in our schools and communities. 

This study should prompt other researchers to 
evaluate the effectiveness and efficacy of time 
trials and possible endurance effects during 
instruction. These procedures will hopefully be 
adopted and implemented in our schools to 
increase fluency of students and to maximize 
measurably superior instruction in the 
classroom. 
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An Assessment of Beginning Addition Skills Following 
Three Months Without Instruction or Practice 

Daniel T. Bullara, Jonathan W. Kimball, and John 0.Cooper 

This case study reports the effects of Precision Teaching on strengthening and retaining basic computational skills of an 
elementary student in an urban city school district. The learner attended a university clinic for instruction in arithmetic using 
repeated practice, review of math rules, guided practice, sprints, and assessments for accuracy. Within 4 weeks, the student 
demonstrated fluency on the math facts, sums to 10. Fluency with sums to 10 maintained with a slight jump down and no 
turns more than three months during which no instruction or practice took place. We discuss implications of fluency building 
for retention of skill acquisition. 

The development of basic math skills is a major 
concern to parents and teachers. Horton, 
according to White (1986), estimated that 98% 
of all adult Americans "do not compute." Most 
Americans know basic arithmetic facts, but they 
are unable to perform computations fluently 
(White, 1986). Binder (1988) defined fluency, 
the true measure of mastery of arithmetic or any 
other skill, as accuracy plus speed. 

There are at least three reasons why arithmetic 
instruction should include instructional aims for 
fluency, as opposed to simply accuracy (i.e., 
most typically, percentage correct). First, 
accuracy is just one dimension of competent 
performance. Accuracy measures do not 
provide complete information about how well a 
learner can perform a given skill. Skill 
assessments that measure performance with 
frequency (i.e., count per unit of time) of 
response are the only means of gaining an 
account of how well a skill is performed. 

Second, learning should endure over time, but 
students who acquire new knowledge and skills 
but do not learn them well are unlikely to retain 
them over time. Retention of knowledge and 
skills correlates positively with behavior 
fluency. 

Third, an emphasis on fluency may reduce dis- 
tractibility during academic instruction. Binder, 
Haughton, and Van Eyk (1990) suggest that 
there is a vicious circle between distractibility 
and ever-diminishing academic performance, 

but that teacher intervention addressing aca- 
demic endurance will break that circle. A skill 
practiced to fluency systematically improves 
academic endurance and often reduces dis- 
tractibility. 

Only practice produces fluent performances. 
Precision Teaching is an assessment system that 
properly used can lead to effective practice 
because it requires continuous and systematic 
assessment of progress toward instructional 
(fluency) aims (Lindsley, 1990). Precision 
teachers and their students count behaviors 
during assessments of student performance and 
learning; thus, they gain direct information 
regarding the effectiveness of an instructional 
program. They use these data to make 
instructional decisions (White, 1986). An 
additional benefit of this information is that it 
can also increase student motivation (Van 
Houten, 1980). 

It is well to assert that fluency is important, but 
the question then becomes, how quickly must 
students perform a skill? The answer depends 
upon the skill and the use of that skill. 
Haughton (1972) found that students who wrote 
answers to math problems at 70 to 90 correct 
digits per minute advanced more easily to more 
complex mathematical skills than students who 
wrote fewer digits per minute (e.g., from single 
digit multiplication to multi-digit multipli- 
cation). 

This research was supported in part by a leadership training grant (#H029D10054) from the Office of Special Education Programs, U. S. 
Department of Education. 



The primary purpose of our initial instruction 
was to help one student become fluent in math 
facts, sums to 10. Following Haughton's 
recommendation, we set instructional aims at 70 
to 90 correctly written digits per minute. We 
then wondered whether the student would 
maintain fluency with sums to 10: (a) after a 
prolonged time without instruction or practice, 
and (b) while receiving instruction on different 
math skills. Our purpose in presenting this case 
study is to share the convincing answers to our 
questions. 

Method 

Student and Setting 
Shamus, an African-American male, was 11-
years-old and in the fourth grade at a parochial 
school when instruction began. He was in a 
fifth grade public classroom when we assessed 
retention. In both settings, Shamus spent a 
portion of his school day in a resource room for 
specific learning disabilities. Shamus was 
enthusiastic and cooperative, though his intake 
evaluation for The Ohio State University 
Psychoeducational Clinic stated that he had 
difficulty staying on task in the regular 
classroom. 

Shamus was referred to The Ohio State Clinic in 
the Spring of 1992 for instruction in reading and 
math. We gave instructional priority to the 
development of math skills after doing informal 
assessments in math and reading. Shamus, who 
had no prior experience with Precision 
Teaching, attended one-hour sessions at the 
Clinic, twice a week for 10 weeks. In Autumn 
1992 (after summer vacation), Shamus returned 
to the Clinic for 10 weeks of instruction and 
long-term retention assessment. Tutoring took 
place in a 12 by 20 ft room furnished with 
instructional carrels for up to 12 teacher-learner 
pairs. 

Materials 
We used addition practice sheets with sums to 
10, flash cards with corresponding sums to 10 
problems, an addition facts wheel with sums to 
10, and a timer that counted both up and down. 
For see-write exercises during instruction and 
counting periods, we placed the practice sheet in 
an open manila folder under a sheet of clear ac- 
etate (an 8 112" by 11" overhead transparency); 

we used dry erase markers to write the answers 
on the acetate. 

Movement Cycle 
Our movement cycle was sums to 10 addition 
problems. The learning channel set was see- 
write. The correct-incorrect pair was number of 
correct addition facts per one-minute counting 
period, and number of learning opportunities per 
one-minute counting period. Learning opportu- 
nities were the incorrect answers; we did not 
count skipped problems incorrect. During in- 
struction (i. e., the 10 weeks in the Spring of 
1992), Shamus' instructional aim for sums to 10 
was 70 to 90 correct written responses in one 
minute, with no learning opportunities. 

Procedures 
Entrv assessment. We used a one-minute 
counting period, computing sums 1 to 10 (see- 
write), to assess Shamus' entry performance. He 
wrote 23 correct digits with 6 learning 
opportunities in a minute. We instructed sums 
to 10 because Shamus' fluency was well below 
the instructional aim. 

Instruction. We used four main instructional 
strategies to increase Shamus' addition fluency: 
practice with assessment for accuracy, review of 
math rules, sprints, and repeated timings. 

We assessed for accuracy at the start of every 
lesson. Shamus would see-write answers to 40 
to 60 problems at his own pace. When he com- 
pleted all the problems, we corrected learning ! 
opportunities together and praised correct an- 
swers and diligence in completing and correct- 
ing the problems. Shamus also practiced prcb- 
lem solving several times throughout the lesson 
using various learning channels. For see-say 
problem solving, Shamus practiced a set of flash 
cards by saying the solutions to the problems 
written on them, and trying to beat his best time 
for completing the whole deck correctly. For 
hear-say, we stated a math fact, and Shamus 
said the answer; this procedure continued for 
only a minute or two. For hear-point, we stated a 
math fact, and Shamus pointed to the answer 
among a matrix of randomly arranged numerals. 

Math rules primarily involved use of a number 
line (visual) and finger-counting(tactile), as well 
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as such phrases as "zero plus any number equals 
that number." Our rationale for permitting fin- 
ger counting during acquisition was that 
Shamus' school teacher used finger counting to 
teach addition. As instruction continued, we dis- 
couraged Shamus from depending on his fingers 
to compute math facts, and as fluency improved, 
Shamus abandoned the use of his fingers to 
compute sums to 10. Again, we celebrated cor- 
rect answers with Shamus, and we corrected 
learning opportunities. 

Initially, Shamus wrote 20 digits correctly in 30 
seconds, but he had difficulty keeping up this 
pace during 60-second counting periods. To 
build endurance, each session we used several 
see-write 15, 30, or 45 seconds sprints, and a 
minimum of two 30-second counting periods 
each lesson. The sprints were identical in form 
and materials to the regular counting periods 
except for the duration of time that became 
progressively longer throughout a session. 

Long-term Retention 
Shamus returned to the Clinic following a 
summer break with no instruction or practice. 
Before further instruction, we assessed retention 
of see-write sums to 10 facts, using a one- 
minute counting period. Shamus retained 
acceptable fluency with these math facts. We 
therefore chose to instruct subtraction facts 
(numerals 1 to 10 subtracted from 10) because 
the operation of subtraction is logically 
consistent with the skills Shamus had practiced 
in the clinic the previous spring. It included the 
same numbers that were involved in the 
reciprocal operation (i.e., sums to 10). We 
reasoned that it would provide Shamus with 
additional opportunities to recognize 
relationships between the numbers that we 
worked on dl.ring formal instruction (e.g., 
2+8=10, but also, 10-8=2, and 10-2=8). Further, 
during instruction that took place in the spring, 
we observed that Shamus seemed to confuse the 
cperation he was to perform (i.e., subtraction 
rather than addition). We thought that because 
the same numbers were involved in both 
movement cycles, it might serve to incidentally 
strengthen Shamus' discrimination between 
operations: (whether this is indeed the case 
remains an empirical question). 

See-write addition (Spring, 19921 During 
instruction with sums to 10, Shamus' median 
number of correctly written digits per one-
minute counting period was 67, with a spread 
from 23 to 74.: His median number of learning 
opportunities per minute was 0, with a spread 
from 6 to 0. As Chart 1 shows, Shamus' 
performance change (i.e., the distance between 
the lowest and highest data points for a given 
movement cycle) multiplied by 3.2 for corrects 
and divided by 6 for learning opportunities. 
Shamus' weekb celeration for correctly written 
digits per minute multiplied by 1.4 and the 
weekly celeration for learning opportunities 
divided by 1.4. 

After instruction with sums to 10 had ended, 
Shamus maintained fluency with that skill. His 
weekly celeration for correctly written digits per 
minute multiplied by 1, and his celeration for 
learning opportunities divided by 1. 

Long-term retention. As Chart 2 shows, 
Shamus' median number of correctly written 
digits for sums to 10, in a one-minute counting 
period, was 53, with a spread from 50 to 59. 
His median number of learning opportunities 
per minute was 0, with a spread from 2 to 0. 
During assessment for retention, following three 
months without instruction or practice, Shamus' 
performance showed a slight jump down (from 
74 to 56) with no turns (celeration x 1.0) while 
learning opportunities remained near zero. 

Discussion 

When Shamus first came to The Ohio State 
University Psychoeducational Clinic, he wrote 
23 correct digits to sums to 10, and had 6 
learning opportunities in a one-minute counting 
period. Within six weeks (12 one-hour lessons), 
Shamus achieved his instructional aim (i.e., 70 
to 90 correct digits in one minute, with no 
learning opportunities) for sums to 10. 

We assessed the retention of sums to 10 at the 
end of the first 10 weeks of instruction, and 
again following 9 weeks of summer break with 
no instruction or practice. In the Autumn, 
Shamus consistently performed near aim, even 



though he no longer practiced sums to 10 and 
while he practiced subtraction skills. 

The Precision Teaching experience that we 
shared with Shamus seems to support the three 
purposes for incorporating fluency aims into 
arithmetic instruction. First, Shamus' perfor- 
mance improved not only with accuracy, but 
with competence as well. Second, he was able 
to fluently perform skills he had learned in the 
Spring, three months after we stopped teaching 
them. Finally, given these first two points, 
Shamus' "distractibility" became a nonissue for 
him. It may be unfortunate that we were unable 
to determine how the components of our inter- 
vention contributed to Shamus' success. We 
think it is reasonable, however, given the degree 
of fluency that Shamus achieved in a short time 
and the extent to which he maintained his skills, 
to make one conclusion. For Shamus, Precision 
Teaching was both effective and efficient. 
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Hypermedia CAI and Precision Teaching: An Exploratory Study 

Colleen Shea Stump, Randall Boone, Kyle Higgins, and Angela Notari 

The purpose of this study was to monitor the effect of a hypermedia computer-assisted instruction (CAI) software program on 
the development of letter recognition skills of kindergarten students. Experimental (n = 18) and control (n = 19) students 
participated in the ABC study and received group instruction on three target letters, one letter presented per week. In 
addition, experimental students worked with the hypermedia computer software letter recognition lessons. Student letter 
recognition performance was monitored through probe sheets administered across three phases. During baseline (A), 
students completed probes of animal figures and a letter previously taught. During intervention (B), students completed 
probes of the letter presented each week, and during maintenance (C), students were retested on probes presented during 
intervention. Although overlap in performance among experimental and control students existed, (a) experimental students 
demonstrated improved levels of letter recognition as compared to their control peers, (b) low performing students in the 
experimental classroom demonstrated greater gains in overall performance levels from intervention to maintenance as 
compared to their control peers, and (c) student and group changes in celeration rates were similar in degree across 
experimental and control classrooms. 

Knowledge of letter names has been identified developed through a hypermedia environment, 
as a predictor of first year reading achievement children can select images or buttons on a 
(Bond & Dystra, 1967; Chall, 1983; Tunmer, screen to expose additional information in the 
Herriman, & Nesdale, 1988). Moreover, form of pictures, letters, words, and sounds. 
fluency in letter recognition skills has been cited (See Higgins & Boone, 1990, for a description 
as a predictor of the acquisition of reading skills of the hypermedia environment and its appli- 
among beginning readers (Blachman, 1984; Ehri cation to instructional practice.) 
& Wilce, 1979; Speer & Lamb, 1976). Students 
who are slow to recognize and name letters This study investigated the effect of the use of 
experience difficulty in learning letter sounds hypermedia CAI on the acquisition of letter 
(Ehri & Wilce, 1979) and have difficulty in recognition skills of kindergarten students. This 
recognizing words (Mason, 1980). study was part of an investigation centered on 

the development and testing of state of the art 
One instructional approach that is receiving microcomputer software designed to aid stu- 
increased attention is computer-assisted instruc- dents with disabilities and other students con- 
tion (CAI). CAI has been found to enhance sidered at-risk, in the acquisition of successful 
literacy and prereading skills (Fein, 1987; Gore, pre-reading skills in general education kinder- 
Morrison, Maas & Anderson, 1989) and self- garten settings. (See Higgins, Boone, Notari, 
confidence (Hyson, 1985) in normally devel- and Stump (under review), for a complete de- 
oping preschool and kindergarten children. scription of that investigative study.) The pur- 
Additionally, CAI offers the flexibility to pose of this study was to monitor and compare 
individualize and pace instruction as needed and experimental and control students' letter identi- 
the ability to provide opportunities for repetitive fication skills through the application of hyper- 
practice in challenging formats (Allen-Watson, media software lessons and Precision Teaching 
Chadwick, & Brinkley, 1986). techniques. 

Method 
Hypermedia, a specially designed computer 
environment, provides a flexible format for 
adapting materials and allows children to access Subjects 
information by means of a simple selection Students enrolled in two general education 

process. When working with a program kindergarten classrooms located in a suburb of 
Seattle, Washington, were involved in the study: 

The research reported in this paper was supported in part by Grant #H02J80015 from the U.S. Department of Mucation, Office of Special 
Education to Thomas C. Lovitt. Statements should not be interpreted as official agency positions. 
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18 students in an experimental classroom and 19 
in a control classroom. There were 10 boys and 
8 girls in the experimental classroom and 10 
boys and 9 girls in the control classroom. Most 
children were Caucasian, except for four 
students, two in each classroom, who were 
African-American. Socio-economic status and 
IQ information were not available from the 
school district. 

Teachers classified students as high, medium, 
and low performers based on classroom 
observations. Additionally, the experimental 
teacher indicated that two of her students were 
considered at risk for referral to special 
education. The district defined students 
considered at risk for referral to special 
education, as those who scored at or below the 
25th percentile on a district-developed 
prereading test. The teachers in both the 
experimental and control classrooms had been 
teaching kindergarten for five years. 

Materials 

Basal Reader 
The Macmillan Basal Reader Series-R (1983) 
was the adopted text for the participating school 
district. This series provided a comprehensive 
curriculum in kindergarten for the instruction of 
letter identification. Hypermedia CAI lessons 
were developed for each letter of the alphabet 
based on the curriculum presented through the 
basal series. The hypermedia lessons made use 
of the same pictures and examples that were 
presented by the teacher using the Macmillan 
instructional materials. 

Computer Equipment 
Two Apple Macintosh Plus computers with 
external 3.5 inch disk drives were used in the 
experimental kindergarten classroom. Students 
operated all computer functions through the 
mouse, a hand-held input device. Keyboards 
were not attached to the computer. 

Hypercard 
Hypercard (Atkinson, 1987) from Apple 
Computer is a combination operating system 
and authoring environment for the Macintosh 
computer. It was the development system for 
the software used in this research. 

Hypermedia CAILessons 
Hypermedia allows students to access 
information through the selection or clicking on 
images or buttons on the screen. Through 
selection, additional information may be 
presented as digitized speech, graphic 
representations, animated sequences, text or a 
combination of these modes 

Baseline Probe Sheets 
Two sets of baseline probe sheets were created. 
One set consisted of an average of 100 drawings 
of animal figures familiar to the children 
randomly placed on a page. The target animal 
was a mouse, with pigs, giraffes, bears, and 
squirrels serving as distractors. Five forms of 
this sheet were created, one for each 
experimental day.. 

The second set of baseline probe sheets was 
composed of upper and lower case H. The letter 
H had been previously presented to students. 
These sheets were similar to a worksheet with 
which the students were already familiar and 
that was used regularly in the classroom. An 
average of 60 target letters and 70 distractor 
letters were randomly presented on a page. 
Distractor letters were selected using the 
following guidelines: one letter which looked 
like the target ( e g ,  K for target H), one that was 
less similar in appearance (e.g., E for target H), 
and one that was shaped significantly different 
from that of the target (e.g., S for target H). 
Five sheets, one per experimental day, were 
created. 

Intervention and Maintenance Probe 
Sheets 
Probe sheets similar to those used in baseline 
were created for the target letters (i.e., R, S, and 
T) introduced during intervention, one letter per 
week. Three forms of the probe sheets were 
created for each of these letters. The distractors 
letters were: (a) P, N, and A for R, (b) C, F, and 
M for S, and (c) B, C, and M for T. These same 
sheets were also used during the maintenance 
phase. 

Design and Procedure 

A single-subject ABC design was selected. The 
study began with a baseline phase (A), which 



lasted two weeks. During the first week of 
baseline (Al), students responded to the animal 
probe sheets, and during the second (A2), 
students completed probe sheets presenting the 
letter H. Next, the intervention phase (B) was in 
effect for a period of three weeks, with one 
target letter introduced each week. Each week, 
students completed three probe sheets of the 
week's letter. The maintenance phase (C) lasted 
three weeks and reassessed the three letters that 
were introduced during the intervention phase. 
Students completed three probe sheets per letter, 
one letter per week. There was a one week 
break between the intervention and maintenance 
phases due to spring vacation at the school. In 
all, the study lasted for a period of nine weeks. 

Baseline (AI):  Animals 
The objectives of this first week of baseline 
were to evaluate students' skill in identifying 
and circling a familiar image (i.e., a mouse), to 
assess motor ability, and to familiarize students 
with the probe activity. Students were shown an 
enlarged picture of the mouse figure and told 
that they had a short time (30 seconds) to circle 
as many as they could on their probe sheets. 
Papers were collected, with the number of 
correct and incorrect circled items counted and 
recorded. This activity was repeated each day, 
for a one-week period. 

Baseline (A2): H 
The objective of this second week of baseline 
was to assess students' skill in identifying and 
circling the letter H. The letter H had been 
previously presented to students. Admin-
istration and scoring procedures matched 
Baseline Al: Animals. This phase lasted five 
days with a different form of the probe sheet 
completed each day. 

Intervention (B)  
General procedures. During the next three 
weeks, the letters R, S, and T were introduced 
and presented by the control and experimental 
teachers, one letter per week. The purpose of 
this phase was to monitor students' skill in 
identifying and circling target letters before and 
after instruction. The teachers' existing 
instructional schedules were not altered during 
this phase. The letter of the week was 
introduced on Monday during group instruction 
which lasted approximately 10 to 20 minutes. 

Teachers introduced the letter on the chalkboard 
and made its sound, followed by students 
naming words that contained that letter sound. 
These student-generated words were written on 
the board and the target letter highlighted. A 
chalkboard task, mirroring the format of the 
probe sheets, was completed with individual 
students circling the target letters found on the 
chalkboard. Worksheets of this same format 
were then completed individually by the 
students. During two days of the week, students 
worked at centers, one of which presented a 
letter-of-the-week activity. The letter probe 
sheets were added to this existing instructional 
sequence in the following manner. 

Control classroom. In the control classroom, 
students completed a probe sheet on Friday for 
the letter that was to be presented during the 
upcoming week. On Monday before group 
instruction, another probe sheet was completed. 
Following group instruction, students completed 
the third and final probe of the week. Thirty 
seconds was provided each time for completing 
the probe sheets. 

Ex~erimental classroom. Students in the exper- 
imental classroom completed the same three 
probe sheets per letter. In addition, they worked 
on the hypermedia CAI lesson designed for each 
letter. Experimental students were assigned to 
two groups: before-instruction and after-in- 
struction. The before-instruction group worked 
with the CAI lesson prior to group instruction 
and completed: (a) a probe before working on 
the computer (Friday), (b) another probe follow- 
ing work on the computer (Friday), and (c) the 
final probe following group instruction 
(Monday). The after-instruction group ob- 
served the following schedule: (a) a probe be- 
fore instruction (Friday), (b) another probe fol- 
lowing group instruction (Monday), and (c) the 
final probe after working with the computer 
(Monday). 

Maintenance (C) 
The maintenance phase was designed to assess 
any changes in fluency that occurred following a 
three-week lapse of instruction on the target 
letters. This phase began one week following 
the last intervention week due to spring break at 
the school. During the maintenance phase, 
teachers introduced new letters with no review 



of the target letters. During the first week of 
maintenance, probes for the target letter R were 
re-administered in random order on Monday, 
Wednesday, and Friday, one probe per day. 
Students were allowed 30 seconds to complete 
the activity. Papers were collected and scored 
for the number of correct and incorrect 
responses. During the second week of 
maintenance, the probes for the target letter S 
were re-administered, and the probes for the 
target letter T were used on the third week of 
this phase. 

Results 

Outcomes from this intervention were analyzed 
in primarily three ways: visual inspection, level 
of performance, and celeration rates. Incorrect 
frequency data were dropped from all analyses 
because more than 90% of the students made 
zero errors when completing the probe sheets. 

Visual Inspection 
All student data were plotted on Standard 
Celeration Charts and inspected. Visual inspec- 
tion of the Charts revealed: (a) great overlap be- 
tween the performance of the two experimental 
groups (e.g., before-instruction and after-in-
struction), preventing drawing of conclusions 
associated with instructional sequences, and (b) 
variability in performance within and across 
letters in control and experimental groups. To 
illustrate these patterns, charts of the two exper- 
imental low performers identified as at-risk for 
special education referral and the charts of two 
randomly selected low-control group students 
are displayed in student Charts (4). 

Control Student 1 demonstrated similar median 
levels of performance on the baseline probe sets 
and her greatest intervention change when 
working with the letter S. She demonstrated 
higher median levels during maintenance for 
letters S and T as compared to intervention 
levels. Control Student 2 demonstrated the 
overall lowest levels of performance of the 
group of students' whose Charts are displayed. 
His performance during the maintenance phase 
revealed more upward trends as compared to his 
intervention phase, although his median levels 
of performance during both the intervention and 

maintenance phases did not exceed those of the 
baseline phases. 

Experimental Student 1 generally demonstrated 
accelerating performance patterns across all 
phases. Her median intervention performance 
level for letter S and for all maintenance phases 
surpassed her baseline performance levels. This 
student also demonstrated improved median 
performance for intervention to maintenance. 
Experimental Student 2 demonstrated low levels 
of performance during the baseline phases and 
"bouncy" performance during the remaining 
phases. However, all of his maintenance 
median levels surpassed baseline levels of 
performance. 

In order to discern patterns related to group 
performance, overall comparisons were made. 
Levels of performance and celeration rates were 
calculated and compared. 

Level of Performance 

Performance levels compared to baseline. 
Median levels of performance were calculated 
for each student for each phase of the study. 
The median levels for the classes, and then for 
the three ability groups (i.e., high, medium, and 
low performers) were calculated per phase. 
Further, the mean of the median performance 
levels for the baseline phase components was ,found by averaging the levels indicated for A1 
and A2. This average baseline performance 
level was used as a comparison point. As 
shown in Table 1, average group performances 
of 22 (experimental) and 25 (control) correst 
responses were indicated for baseline. 

During intervention, the overall experimental 
group surpassed its average baseline level of 
performance for the letters S and T; the conrrol 
group failed to reach or surpass its baseline level 
during intervention. As for maintenance, the 
overall experimental group reached or exceeded 
its baseline level for the letters S and T, as did 
the control group. 
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Subgroup performance also indicated changes in phases, and the low group for letter S during
level. Medium and low group experimental intervention and R, S, and T during main- 
students surpassed their baseline performance tenance. Low performers reached or surpassed 
during intervention and maintenance phases: their baseline performance levels for letters S 
medium group for letters S and T during both and T during maintenance. 

Table 1 

Baseline Intervention b t e n a n c e  

Mean A 1 A2 R S T R S T 

Experimental 

Overall 24 20 20 24 23 20 27 28 

N=18 22 (15-42) (14-27) (12-27) (19-39) (1213) (13-34) (19-40) (1533) 

High 28 25 21 28 26 22 3 1 3 5 

N=6 27 (15-42) (15-27) (12-27) (19-39) (2143) (16-34) (19-40) (2843) 

Medium 26 20 20 24 26 20 27 27 

Low 22 17 16 22 19 20 22 25 

N=5 20 (18-24) (14-21) (13-20) (19-24) (12-25) (15-23) (20-30) (16-29) 

~ e d i l ~ l l l  n 21 16 17 16 20 16 NA 

N=5 24 (143- (12-25) (8-21) (7-30) (8-29) (5-25) (7-25) 

28) 

Low 2 1 2 1 13 22 20 18 2 1 22 

N=5 21 (19-27) (13-23) (13-21) (13-27) (9-33) (5-21) (13-33) (10-30) 



Performance levels: Intervention to main-
tenance. Experimental and control group gain 
scores across intervention and maintenance 
phases were calculated for each letter to 
evaluate the level of letter recognition students 
maintained three weeks following instruction. 
This was completed by first determining the 
gain score of individual students for each letter 
from intervention to maintenance phases. This 
was found by subtracting the median 
intervention level of a letter from the median 
level for that letter during maintenance. For 
example, the median rate for letter R for an 
experimental student during intervention was 21 
and 24 during maintenance. This resulted in a 
gain score of 3 for the letter R for that student. 
These individual gain scores per letter were then 
averaged for experimental and control groups 
and for the three subgroups within each 
classroom setting. Analyses for the medium- 
control group were limited due to lack of data 
for the letter T during the maintenance phase; 
only 1 of the 4 students completed the 

maintenance probe sheets. Gain scores are 
reported in Table 2. 

Group gain scores were: (a) 2.94 for exper- 
imental and 1.95 for control for the letter R, (b) 
2.00 for experimental and 2.26 for control for 
the letter S, and (c) 3.56 for experimental and 
1.64 for control for the letter T. For two of the 
three letters, the experimental group 
demonstrated greater gains from intervention to 
maintenance. 

Differences were noted in subgroup per-
formance. The most notable differences in 
gains were indicated for the low performing 
groups. Experimental low group students 
demonstrated greater gains for all three letters as 
compared to control students. Gain scores for 
the low performers were: (a) 3.60 for experi- 
mental and 0.80 for control for the letter R, (b) 
2.40 for experimental and 0.50 for control for 
the letter S, and (c) 3.40 for experimental and 
0.25 for control for the letter T. 

Performance Level Gain Scores 

Experimental 

Overall +2.94 +2.00 +3.56 

High +4.17 +1.17 +4.10 

Medium +1.43 +2.43 +3.29 

Low +3.60 +2.40 +3.40 

Celeration Rates 

Celeration rates compared to baseline. As with 
performance levels, celeration rates were 
calculated for each phase (i.e., last correct data 
point divided by the first correct data point for 
A1 and A2, and for each letter during 
intervention and maintenance phases) for each 
student. Next, these were averaged across 
groups. Finally, mean celeration rates for the 
baseline phase were found by averaging 
performance across A1 and A2. These average 
celeration rates were then used as a comparison 
point. One outlier (x24.00) was noted in the 

Control 

medium performing control group for letter S 
and resulted in analysis including and excluding 
the data point. Outcomes are presented in Table 
'2 

The baseline rate for the overall experimental 
group was not surpassed during any other phase 
of the study. The baseline rates for the overall 
control group were surpassed during the 
intervention phase for letter S when the outlier 
was included; when the outlier was removed, 
the overall celeration was xl .  1 1 and therefore, 



did not surpass the baseline average. For the 
subgroups, the experimental students surpassed 
their baseline rates during the intervention 
phasefor letters R and S, and the medium group 
surpassed their baseline performance during 
intervention for letter T. The medium control 
group students surpassed their baseline 
performance during intervention for letter S 
when the outlier was included, but when the 
outlier was removed, the students achieved an 
average rate of x1.19 and did not surpass their 
baseline average. Low performing students 
surpassed their baseline performance during the 
intervention for letter S. 

Celeration rates: Intervention to maintenance. 
Individual student celeration rates between 
intervention and maintenance were calculated 
for each letter (i.e., last correct data point for the 
letter during intervention). These rates were 
then averaged across total groups and subgroups 
for experimental and control classrooms. As 
reported in Table 4, celeration rates per letter 
were: (a) xl.41 for experimental ad xl.19 for 
control for letter R, (b) x1.25 for experimental 
and x2.43 (x1.23 excluding the one data point) 
for control for letter S, and (c) x1.35 for 
experimental and x1.30 for control for letter T. 

Subgroup celeration rates per letter varied 
greatly among letters and performance groups. 
For high performers, the experimental group 
demonstrated similar, but somewhat higher rates 
for all three letters as compared to their control 
peers. Medium control performers achieved 
greater rates for the letter S as compared to their 
experimental peers. When excluding the outlier 
data point, however, the medium performing 
control group demonstrated a celeration rate of 
i1.16 for the letter S from intervention to 
maintenance, which was lower than the 
experimental group's rate of x1.28. 

In an attempt to more clearly understand the 
patterns of celeration performance across 
intervention to maintenance, individual students' 
performance rates per letter were classified as 
indicating improved, same, or worsened perfor- 
mance. A celeration rate between t1.24 and 
x1.24 was considered as same, celeration rates 
of i1.25 or less as worsened, and celeration 
rates of x1.25 or greater as improved. Student 
performance status classification is reported in 
Table 4. 

Overall, (a) 56% of the experimental and 37% 
of the control students were classified as 
improved for the letter R, (b) 44% of the 
experimental and 32% of the control were 
classified as improved for the letter S, and (c) 
50% of each of the experimental and control 
groups were classified as improved for the letter 
T. A greater percentage of control students 
were classified as worsened for letters R and S 
as compared to the experimental students. 

As for subgroups, one student in the high- 
experimental group was classified as worsened 
for the letter R; all other students were classified 
as either improved or as same for all letters. A 
range of 11 to 40% of control medium and low 
performing students were classified as worsened 
for the letters R and S. However, results 
indicated that the majority of students 
maintained or improved their fluency 
performance from intervention to maintenance. 

Discussion 

Outcomes from these analyses suggest that, 
although there was ovsrlap in graphed patterns, 
there were differences in performance among 
experimental and control students. Differences 
were noted for both levels of performance and 
celeration rates. 

Level of Performance 
During the baseline phase, the control group 
demonstrated slightly higher levels compared to 
the experimental students. However, during 
intervention, the experimental students 
demonstrated similar or higher levels of 
performance as compared to the control 
students. Additionally, experimental students 
surpassed their baseline performance level in 
more instances than the control students. 

In terms of overall gains in performance levels 
from intervention to maintenance, the 
experimental students generally demonstrated 
greater gains in performance as compared to 
their control peers. The most dramatic 
difference was noted for the low performing 
subgroups. 



- - - -  

Table 3 

Baseline intervention Maintenance 

Mean A1 A2 R S T R S T 

Experimental 
- - -

Overall x1.46 x1.21 x1.26 x1.20 x1.18 x1.17 x1.00 x1.12 

N=18 x1.33 (+1.47/ (+1.35/ (+1.75/ (x1.00/ (+1.33/ (+1.32/ (+1.37/ (+1.20/ 

x2.17) x2.63) x2.00) x1.56) x2.08) x1.62) x1.20) x1.36) 

High x1.41 +1.03 x1.27 x1.21 x1.07 x1.17 x1.04 x1.05 

N=6 x1.19 (~1.121 (+1.351 (+1.25/ (~1.001 (+1.09/ (+I.(%/ (+1.201 (+1.14/ 

x1.63) x1.41) x1.56) x1.44) x1.19) x1.55) ~1 .16 )  ~1.25)  

Medium x1.32 x1.47 x1.17 x1.17 x1.16 x1.39 x1.13 +1.01 x1.13 

N=7 (+1.47/ (+1.05/ (+1.10/ (x1.041 (x1.101 (+1.32/ (+1.16/ (x1.201 

x2.17) x1.65) x1.67) x1.56) x2.08) x1.33) x1.16) ~1.36)  

Low x1.56 x1.51 x1.65 x1.38 x1.24 x1.03 x1.25 +1.04 x1.18 

N=5 (x 1.381 (+1.06/ (+1.75/ (x 1.051 (+1 .33/ (+1 .25/ (+1.37/ (~1.071 

x1.73) x2.63) x2.00) x1.50) x1.24) x1.62) ~1 .20 )  ~1.27)  

Control 

Overall x1.42 x1.13 x1.71 x1.15 x2.44 x1.25 x1.25 x1.01 x1.19 

High x1.37 x1.18 1.55 x1.15 +1.06 x1.15 x1.22 x1.00 x1.04 

N=9 (~1.001 (+1.23/ (+1.19/ (+IS61 (~1.001 (x1.001 (+IS61 (+1.18/ 

Medium x1.39 +1.06 x1.93 x1.14 5.75 x1.31 x1.18 +1.04 NA 

x1.33) x3.00) x1.56) x24.00) x1.71) x1.82) x1.17) 

Low x1.52 x1.22 x1.77 x1.15 x1.70 x1.32 x1.36 x1.06 x1.49 
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Celeration Rates 
Generally, celeration rates for the two groups of 
students failed to reach those levels established 
during baseline. This outcome may be linked 
with the fact that baseline data were collected on 
five consecutive days for each probe set (i.e., A1 
and A2) and that the baseline probes presented 
familiar animal figures and a letter previously 
presented to students. It may be that students 
required more opportunities to work with the 
target letters and their related probe sheets to 
develop fluency; the students may have been at 
the acquisition level of learning during the 
study. 

Comparisons across intervention and mainte- 
nance celeration rates were less clear than for 
levels of performance. The experimental stu- 
dents demonstrated greater, although modest, 
positive changes in celeration rates across inter- 
vention and maintenance for the individual let- 
ters as compared to their control peers. 

Classification of celeration rates as improved, 
same, or worsened performance indicated that 
the majority of students in both classrooms ei- 
ther improved or maintained their performance 
rates from intervention to maintenance. 
However, a greater number of medium and low 
performing students in the control group were 
classified as worsening, when compared with 
their experimental peers. 

Together, these outcomes provide support for 
the use of hypermedia CAI software lessons 
with students striving to gain letter recognition 
skills. Students who worked with the software 
lessons demonstrated similar or enhanced per- 
formance patterns compared with their control 
peers. Use of the CAI lessons appeared to most 
positively impact the level of performance 
achieved by students, especially that of the low 
performers. Low performing experimental 
group students demonstrated gains from inter- 
vention to maintenance, and the majority 
demonstrated improved performance patterns 
for letters S and T. 

One unique feature of the arrangement of the 
CAI intervention was that student work with the 
computer did not require the teacher to restruc- 
ture her existing instructional sequence or 
schedule. Students independently took turns 

working on the computer during station time. 
The computer lessons provided students with 
one additional, and novel, means for interacting 
with the target letters. It may be that additional 
opportunities to work with the computer lessons 
would result in enhanced student performance; 
time was only allowed for experimental students 
to work through the computer lesson one time 
for each letter. 

This study offers a beginning point for investi- 
gating the application of hypermedia CAI with 
students developing reading-readiness skills. 
The providing of CAI in the general education 
classroom may prove to be another viable tool is 
supporting low performing students and students 
with disabilities in general education settings. 
Data from this study indicate that the software 
lessons most dramatically impacted the perfor- 
mance of low performers. 

Further research is needed to investigate the im- 
pact of the availability of technology on the per- 
formance patters of young children. The inclu- 
sion of computer technology, and in this case, 
hypermedia CAI, offers a new avenue for assist- 
ing students in developing beginning reading 
skills. 
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Employing Error Drill and Feedback to Improve the Legibility of 1 
Manuscript and Cursive Handwriting jI 

I 
Mary Brunner, T. I?. McLaughlin, and William J. Sweeney 

The effects of an error drill and feedback procedure for improving the legibility of both manuscript and cursive handwriting 
were evaluated with a 14 year old, ninth grade male. The criteria provided for judgment of readabilityPegibility were based ' 

on size and formation of each upper and lower case letter for manuscript writing samples, and size, slants, and letter 
formation of lower and upper case letters for the cursive handwriting samples. Precision Teaching techniques were used to 
count, record, chart, and make instructional decisions about the legibility of the student's handwriting. Results showed an 
increase in the frequency of correct individual letters written and a dramatic decrease in the learning opportunities (i.e., 
incorrect size, slants, and letter formation) for both manuscript and cursive handwriting samples. Important instructional 
implications of adopting measurably superior data-based procedures for improving the legibility of manuscript and cursive 
handwriting are discussed. 

Language is indeed our most distinctive feature The major objective in handwriting instruction 
as human beings (Vander Zanden, 1987). is legibility (Hansen, 1978; McLaughlin, 1980; 
"Written language," Vander Zanden stated, "is Mercer & Mercer, 1989; Talbert-Johnson, 
secondary and developed in imitation of the Salva, Sweeney, & Cooper, 1991). Various 
spoken word." At all levels the ability to procedures have been implemented to improve 
convey thought through language enables us to the legibility of handwriting and have ranged 
communicate. Business people, teachers of all from complex token reinforcement programs 
levels, and the general public realize that (McLaughlin, 1980) to academic positive 
increased handwriting illegibility causes practice and response cost (McLaughlin, Mabee, 
communication problems (Manning, 1986). Byram, & Reiter, 1987). 
"During the past several decades," Manning 
asserts, "teachers have neglected to teach proper The purpose of this research was to evaluate the 
handwriting techniques." effects of remediation, error drill and feedback 

on handwriting. The investigation focused on 
Handwriting is a communication skill in literacy both manuscript and cursive writing with a 
(Hansen, 1978; Sweeney, Salva, Cooper, & secondary student. The primary setting for the 
Talbert-Johnson, 1992, in press). Teachers have intervention was in the home. 
lowered handwriting standards either because of 
lack of knowledge, improper instructional tech- 
niques, or the attitude that this instruction Method 
should only take place in the lower grades 
(Manning, 1986). The dominant concern in the 
handwriting area has been focused on the ele- Student and Setting 
mentary level (Peck, Askov, & Fairchild, 1980; The student, Paul, was a 14 year old male, 
Manning, 1986; Sweeney et al., 1992, in press). enrolled in the ninth grade. He attended a small 
Little teaching of handwriting traditionally oc- rural junior high, and earned above average 
curs at the middle and secondary levels grades at the time of the research. The student 
(Manning, 1986). expressed a desire to improve the legibility of 

his handwriting. The parent and teachers also 
felt that the student's handwriting was illegib'.e 

This research study was completed in partial fulfillment of the Bachelor's of Education in Special Education at Gonzaga University. The 
first author would like to give special thanks to the students and to Paul Brunner for allowing me to work with him. 
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and therefore difficult to read. This was a 
concern because this could interfere with the 
student's academic success in the classroom. 

Data collection took place in the home between 
7:00 p.m. and 9:00 p.m. Instruction occurred in 
a quiet area of the home, at a full size desk. 

Collection of Writing Samples and 
Development of Probe Sheets 
A sample of manuscript and cursive handwriting 
was produced by the student and collected by 
the first author. The student viewed the correct 
formation of individual letters from the sample 
of his school work, and these were then placed 
on a probe sheet (i. e., see to write letters in 
isolation). The student's school work also pro- 
vided letters that were placed on probe sheets 
for remediation. Similar probe sheets were used 
for cursive handwriting samples. The frequency 
of letters placed on the probe sheets ranged from 
100 to 135. 

Rating and Grading 
The criteria provided for judgment of readabil- 
ityllegibility involved size and formation of 
each upper and lower case letter for manuscript 
writing samples (Hansen, 1978; McLaughlin et 
al., 1986). Samples for manuscript writing 
came from home generated samples, as well as 
having the student fill out job applications. Size 
and formation (two movements) defined legibil- 
ity. For cursive handwriting, the criteria in- 
volved size, slants, and formation (three move- 
ments per letter) for both upper and lower case 
letters. 

The student and first author used a transparency 
with the correct model to judge the legibility for 
both individual manuscript and cursive letters. 
The first author explained [to the student] the 
criteria for corrects in manuscript with respect to 
size and formation. The criteria used for cursive 
letters for corrects and incorrects involved size, 
slants, and formation. 

Experimental Design and Conditions 
An AB single subject replication design 
(Kazdin, 1980) was employed to assess the 
effectiveness of the error drill and feedback 
procedure. 

Baseline. Letters to practice and target for 
remediation came from random school gen- 
erated work samples. This procedure generated 
a sample of 75 small and capital cursive letters 
and 150 small and capital cursive letters. Many 
of the targeted and repeated isolated letters 
occurred on the probe sheets. The student was 
timed for one-minute to determine the frequency 
of corrects and learning opportunities (i.e., error 
rate). The student received no feedback or 
instruction. Baseline data collection lasted for 3 
sessions. 

Error drill + feedback. The student was given a 
prepared sample of manuscript to serve as a 
model for both upper and lower case letters. 
The student would then write two pages of 
manuscript in a non-timed manner. The student 
then completed a one-minute self-timed writing 
sample of both upper and lower case letters. 
Legibility was assessed by the first author with 
respect to size, slants, and formation. 

The procedure used for cursive handwriting was 
similar. Models of upper and lower case letters 
provided a visual sample for upper and lower 
case cursive letters. The student would practice 
the model, producing two pages of cursive letter 
writings. Then the student would take part in a 
one-minute timed probe sheet. The instructional 
aim for writing cursive letters was 125 
movement per minute, while the instructional 
aim for writing manuscript letters was 75 
movements per minute. The student would then 
produce two pages of practice letters in both 
cursive and manuscript, after which the 
researcher and the student would discuss error 
types and the corrective measures needed to 
remediate. Finally, the student would complete 
a one-minute time trial for the session. The fi:st 
author conducted an assessment of legibility t!~at 
evaluated size, slants, and letter formation. 
Error drill and feedback lasted for 15 sessions. 

Reliability of Measurement 
Reliability of measurement took place and 
reflected the frequency of letters produced. If 
the two observers scored the letters in the same 
manner, an agreement was noted. Any devi- 
ations reflected a disagreement. Agreement 
between the two observers for manuscript 
ranged from 85 and 95% (a= 90%). For 
cursive writing the two observers agreti 



between 87 to 97% with an overall mean of 
93%. 

Results 

The data from Charts 1 and 2 indicate 
improvement in the legibility of manuscript and 
cursive handwriting with the use of an error drill 
and feedback program. The frequency of 
correct responses related to size, slants, and 
individual letter formation increased for both 
manuscript and cursive handwriting samples, 
while the frequency of learning opportunities 
(i.e., errors) dramatically decreased during the 
error drill and feedback conditions. During 
baseline, the median frequency of correctly 
written individual letters for the manuscript 
handwriting sample was 51 per minute, with 
scores ranging from 40 to 60, while the median 
of correctly written individual letters for the 
cursive handwriting sample was 60 per minute, 
with scores ranging from 40 to 70. The median 
of learning opportunities for individual letters of 
manuscript handwriting was 30 per minute, with 
scores ranging from 28 to 32, while the median 
learning opportunities for individual letters of 
cursive handwriting was 90, with scores ranging 
from 80 to 110. This was compared with the 
error drill and feedback conditions resulting in 
median scores for correct frequencies of 
individual letters written per minute of 73 and 
124, with ranges from 51 to 80 and 90 to 235 for 
manuscript and cursive handwriting samples 
respectively. Further, the learning opportunities 
dramatically decreased during the error drill and 
feedback condition, with medians of 9.5 and 20 
and ranges of 1 to 30 and 2 to 80 for manuscript 
and cursive handwriting samples. 

Results from Chart 1 and 2 show an accelerating 
data path from the frequency of correctly written 
letters and a decelerating trend in learning 
.opportunities during the error drill and feedback 
conditions for both manuscript and cursive 
handwriting respectively when compared with 
baseline trends. Data for the correct letters 
written for both manuscript and cursive 
handwriting appear to be accelerating at a x1.25 
or x6.0 in baseline. Even though the corrects 
appeared to be accelerating, the learning oppor- 
tunities during baseline, remained stable at a 
x1.00 or decreased very slowly at a t1.25. The 

first author believed that it was important to 
decrease the learning opportunities at a much 
greater rate, and therefore the decision was 
made to implement the error drill and feedback 
condition. 

During the error drill and feedback condition, 
the student's celeration on correct letters written 
for both manuscript and cursive handwriting 
accelerated by x1.25 and x2.0, while learning 
opportunities decelerated by a t7.00 and a +6.00 
respectively. These resulted in a "jaws" learning 
picture for the manuscript handwriting samples, 
and a "cross-over jaws" learning picture for the 
cursive handwriting sample. 

The overall performance change for the fre- 
quency of correct letters written during the error 
drill and feedback condition increased at a x1.7 
and learning opportunities decreased by a 
t30.00 on the manuscript sample. This com- 
pares to an overall baseline performance change 
for the frequency of correct letters written of 
only a x1.5 and performance changes in learning 
opportunities of x1.0. Similarly, the overall per- 
formance change for the frequency of correct 
letters written during the error drill and feedback 
condition increased at a x3.0 and learning op- 
portunities decreased by a 40.00 on the cursive 
handwriting sample. This compares to an 
overall baseline performance change for the fre- 
quency of correct letters written of only a x1.7 
and performance changes in learning opportuni- 
ties of t1.4. 

Discussion 

Many factors contribute to the legibility of 
handwriting--size, slants formation, position of 
writing implement, posture, environmental set- 
ting, topography and instructional strategies 
(Sweeney et al., 1992, in press; Talbert-Johnson 
et al., 1991; Hanson, 1976; Manning 1986; 
Mercer & Mercer, 1989; Peck et al., 1980). The 
focus of the present study was simply size, 
slants and formation. 

The data from this study indicate that with 
improvements in the awareness of handwriting 
problems, as well as with an intervention 
designed to remediate these deficits, student 
legibility can be increased. Remediation of 
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handwriting difficulties with secondary students 
has been shown to be an effective means to 
improve the legibility of handwriting (Manning, 
1986; Peck et al., 1980; Sweeney et al., 1992, in 
press; Talbert-Johnson et al., 1991; Mercer & 
Mercer, 1989). 

Overall improvements in handwriting legibility 
appeared to generalize to the classroom setting. 
However, the student's cursive handwriting still 
showed some difficulty with legibility. The 
major difficulties still experienced by the 
student dealt with slants and the speed with 
which the student wrote in school. These 
problems appear to be problems of fluency, and 
future research could address them. Other 
research has shown that as fluency increases, so 
does legibility (McLaughlin, 1980; Sweeney et 
al., 1992, in press). Using actual data from the 
student's daily work at school would provide a 
more powerful demonstration of the effects of 
the intervention. Due to time constraints this 
was not possible. 

In an age of technical and mechanical commu- 
nication, handwriting has seemingly become 
almost an archaic tool (Peck et al., 1980). 
Although mechanical means of communication 
has developed rapidly, handwriting remains an 
individual expression (Peck et al., 1980). 
Written expression is one way we are perceived 
by the world around us (McLaughlin et al., 
1986). Be it a job application or personal com- 
munication, legibility in handwriting can affect 
others' perceptions of us (Manning, 1986). 
Encouragement of legibility and remediation of 
student handwriting is an appropriate focus for 
all teachers and is a functional skill which gen- 
eralizes to all areas of a student's life (Hansen, 
1978; McLaughlin, 1980; McLaughlin et al., 
1986; Manning, 1986). 
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Precision Teaching and Success for Shawn 

April D. Miller and Annie Lou Polk 

Annie "Lou" Polk enrolled in graduate level 
courses at the University of Southern 
Mississippi to have an opportunity to learn new 
teaching methods and techniques. One of the 
new techniques Lou was introduced to was 
Precision Teaching. Lou, a teacher in a public 
school district in South Central Mississippi, 
enrolled in a graduate level course called 
"Diagnostic Techniques for Exceptional 
Children" as a part of the required coursework 
for a Masters degree in Special Education, Fall 
1992. This course was taught by April Miller 
and included instruction in Precision Teaching. 
Students enrolled in the course were required to 
implement an intervention measured through the 
use of Precision Teaching in an applied setting 
and present the data to the class, in the form of a 
Chart share. Some students in the course 
complained the Chart was too hard to learn or to 
read, but others, like Lou, embraced Precision 
Teaching and used the charts to improve 
instructions for their students. 

Subject 
Shawn, a 12 year old student with learning 
disabilities and severe behavior problems, was 
placed in Lou's classroom at the beginning of 
the 1992-93 school year. The previous school 
year, with a different teacher, Shawn had "spent 
more time out of the classroom than in it." Most 
of this time, Shawn was either suspended (11 
days) or was "spending the rest of the day" in 
the principal's office. Shawn had been 
suspended multiple times during the previous 
school year for disruptive behaviors in either the 
classroom or on the school bus. Lou's principal 
challenged her to "find something that works" 
with Shawn. 

Shawn's cumulative folder indicated reading 
performance at the first grade level and math at 
the end of second grade level according to 

teacher assessments and recent evaluations on 
the WRAT-R and WISC-R. Lou decided to 
draw on Shawn's strengths, and began with 
mathematics. Assessment indicated that Shawn 
did not have the basic addition facts memorized, 
but recognized numbers and could effectively 
solve the basic facts by counting his fingers. He 
was embarrassed by his skill level and using his 
fingers, and was willing to try something new. 

Procedures 
Through the use of a daily time trial, Lou 
measured Shawn's performance on mathematics 
facts and encouraged him to "go fast." This 
form of practice was preferred by Lou because it 
could be completed in a very short amount of 
time and was less likely to create frustration for 
Shawn. Daily, Shawn was shown his Chart. As 
Shawn met his aims, Lou changed the method of 
calculating (i.e., no fingers) or the pinpoint. 

Results 

The Chart displays Shawn's seelwrite 
performance on mathematics facts during the 
first semester of the 1992-93 school year. In all 
phases, Shawn's performance increased and met 
the aims set. He showed enthusiasm about 
seeing the corrects accelerating and the learning 
opportunities decelerating and was motivated to 
make even small improvements. Another 
benefit of the intervention was that Shawn 
wanted to come to school and did not disrupt 
class. His behavior steadily improved, while his 
willingness to attempt new skills increased 
across the school year. Additionally, Shawn's 
attendance improved, and he was referred to the 
principal's office only 5 times during the entire 
school year. 

Dr. April D. Miller is Assistant Professor of Special Education at the University of Southern Mississippi. SS Box 51 15, Hattiesburg, MS 
39406-5115. Annie Lou Polk is a teacher at East Marion Elementary School in Columbia, MS and a Masters candidate at the University of 
Southern Mississippi. 
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What We Did On Our Summer Vacation: 
Practice 399 Precision Competencies! 

Claudia E. McDade 

In an attempt to provide meaningful access to 
strongly motivated but poorly prepared students, 
Jacksonville State University is addressing the 
academic and nonacademic skills necessary for 
college success for "high-risk" students. A 
residential summer session, known as 
Experiencing Student Success: Education and 
Life (ExSEL), was piloted in Summer '93 as the 
only means of freshman level entry for students 
whose ACT Composite score was less than 16. 
Thirty-three prospective freshmen were 
enrolled. The 17 women and 16 men presented 
ACT Composites between 7 and 17 with a mean 
of 15. 

Coursework in the eight week session included 
12 credit hours, with emphasis on developing 
skills in studying, reading, reasoning, writing, 
quantifying, and adjusting to college life. All 
courses were competency-based with Precision 
criteria. Coursework was supplemented in the 
residence halls by workshops and discussions, 
such as time and stress management, realistic 
choice of major, cultural diversity, and personal 
finance. There were lifetime sports activities, 
field trips, and cultural events, as well. 
Graduate students assisted by living in the 
residence hall, monitoring structured study 
sessions and developing rapport with 
participants. The goal of ExSEL was to prepare 
students for a successful transition to college life 
in the fall term. 

Almost thirty years of research in Precision 
Teaching has indicated that true competence oc- 
curs only when students are fluent at academic 
skills. Using the Center for Individualized 
Instruction model of intense, individualized ap- 
proaches to learning, ExSEL ensured success 
by developing competence in academic skills. 
The Center team diagnosed each individual stu- 
dent's presenting skill levels. The prerequisite 
tool skills necessary for developing competency 
were pinpointed with individual prescriptions 
for learning activities. Individualized activities 

directed each student into fluent, proficient per- 
formances. Rather than classes scheduled for a 
set amount of time, students worked every day 
at developing all their competencies. Each day 
students began with their weakest skill. As a 
daily aim was reached in that area, the student 
progressed to aims in other areas. A total of 399 
competencies were required across the five 
courses. Chart 1 demonstrates the group's 
progress on mastering these competencies 
across the eight weeks session. Seventy percent 
of grades earned in the five courses were "A" 
and "B". True individualized instruction pro- 
vided each student consultation from the CII 
team and sufficient practice opportunities to de- 
velop hisher competencies. As each student ex- 
perienced success, she or he strengthened both 
self-concept and academic preparedness. Each 
became more aware of how true learning 
through Precision was taking place, as each stu- 
dent became hisher own reinforcer and learning 
guide. There was a strong positive relationship 
(r = .82) between number of competencies 
reached and improvements on the ACT 
Assessment. Chart 2 shows one student's 
competencies reached on writing and 
quantifying each week and her ACT subtest 
scores in English and Mathematics before and 
after ExSEL. 

Students signed weekly performance contracts 
to keep on target for accomplishing the required 
competencies. Typically, a student committed 
to reach 15-20 competencies per week in each 
class. Weekly Chart Shares were held on Friday 
afternoons where students were encouraged to 
show at least one of the Charts they kept in each 
course. A mean of 11 Charts was shown at each 
session. 

This program was expected to show a high 
degree of success because of its depth and 
"whole-student" approach. With the added 
variables of a residential setting, scheduled 
study sessions, team-building, self-monitoring, 
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Mad About Math (or "Junior ExSEL") 

Ann L. Poe 

In August, 1992, I joined the Center for 
Individualized Instruction (CII) team at 
Jacksonville State University and was 
introduced to Precision Teaching. I must admit 
I was skeptical of Precision Teaching and its 
learning benefits for students, until I attended 
the Precision Teaching Conference in March, 
1993. Sold on Precision Teaching is an 
understatement! After returning from the 
conference, I was eager to put to work what I 
had learned. At the same time, the CII staff was 
gearing up for ExSEL, a pilot program to be 
totally Precision taught for students deficient in 
reading, writing and quantification skills. The 
reading and writing courses were designed to 
use practice sheets with computer-assisted 
software, while the quantification course would 
be using the Morningside Model for math 
fluency. 

Connie Williams, an instructor in CII's ExSEL 
program, and I had talked on many occasions 
about our children, Katelyn and Rachel. 
Katelyn and Rachel had not mastered basic math 
skills in the second grade and were given the 
assignment of learning the multiplication tables 
to the 5's during the summer vacation, thus the 
implementation of "Junior ExSEL" 

Subjects 
Rachel Poe, my daughter, and Katelyn 
Williams, Connie's daughter, both 8 years old, 
had just completed the second grade at different 
schools. Both girls were "finger counters" when 
it came to addition and subtraction, but would 
not admit the need to use their fingers. They 
needed work on basic addition and subtraction 
skills, in addition to mastering their 
multiplication tables. Rachel and Katelyn 
agreed that math was their least favorite school 
subject. Both girls were at about the same level 
in basic math skills of addition and subtraction 
facts. Before leaving the second grade, neither 
Rachel nor Katelyn had begun learning the 
multiplication tables. 

Procedures 
Rachel and Katelyn attended the ExSEL 
program five days a week for two hours each 
day, Monday through Friday, for a six week 
period. They were included in Data Share on 
Fridays with the college ExSEL students and 
were given the opportunity to share their 
progress for the week. This was one of many 
positive reinforcers for them. Their 
participation also helped to motivate the regular 
ExSEL students, since Rachel and Katelyn 
would be doing various regular ExSEL practice 
sheets from the Morningside Model of math fact 
fluency. 

The Standard Celeration Chart was introduced 
on the first day. In order to make charting easy, 
"Telling Time" practice sheets, a skill Rachel 
and Katelyn knew was used for one-minute 
timings. They were shown how to plot or "drop 
the dot," as they liked to refer to it, on the Chart. 
Rachel and Katelyn caught on quickly to 
charting. Cumulative review addition and 
subtraction math facts was then introduced. 
Chris Rosser, a fifth grade student, served as a 
peer tutor for Rachel and Katelyn during this 
learning phase. He worked through difficulties 
that they were having with the various practice 
sheets on the chalkboard with them. In addition 
to practice sheets, Rachel and Katelyn were 
introduced to Math Blaster, a computer program 
using four different types of games with 
addition and subtraction facts. They worked on 
the computer daily, in addition to working the 
practice sheets, and completed a one-minute 
timing per day on the addition/subtraction 
practice sheet. Chart 1 and 2 shows their 
performance on cumulative addition md  
subtraction math facts. 

The Morningside Model teaches multiplication 
and division facts concurrently. Katelyn's and 
Rachel's schools teach them as separate math 
facts. In order to keep them from being 
confused, and stay within their school's 



curriculum, a deveation was made in the 
Morningside Model, and only multiplication 
table practice sheets were introduced. Jessica 
Matheny, a seventh grade student at 
Jacksonville Middle School, served as their 
peer tutor for the multiplication sequence. 
Jessica made-up multiplication practice sheets 
beginning with "0" to the "5'sH, with a 
cumulative review after each two digits 
mastered. She also devised various math games 
to help reinforce the multiplication facts they 
were working on. Chart 3 and 4 shows their 
performance on multiplication facts. 

Results 

Although Rachel and Katelyn did not complete 
up to "5's" in multiplication before ExSEL 
ended, they are no longer "finger counters." 
Their progress was considered phenomenal for 
the six week period they participated in the 
program. Dropping dots on the Chart was fun 
and challenging for them; they wanted to Chart 
everything they did. Sharing their progress in 
Data Share proved to be a good motivational 
tool, not only for Rachel and Katelyn, but for 
the ExSEL students as well. As a result of 
Rachel's and Katelyn's progress this past 
summer, plans are being made to conduct camp 
"Mad About Math" in the summer of 1994 for 
area elementary school children. Stay tuned for 
more exciting progress and Charts! PT and kids 
-- a natural learning combination! 

Ann Poe is the Assistant Director of the Center for Individualized Instruction. Jacksonville State University, Jacksonville. AL 36265. 
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Chart Share Guidelines 


Precision Teachers wishing to share interesting Charts without writing lengthy articles are encouraged to 
submit a Standard Celeration Chart-share. Each Chart-share is limited to two pages in length--one 
Chart and a maximum of one page of explanatory text. The Chart and accompanying text will be printed 
on reverse sides of the same page to ensure they will not be separated if removed from the Journal for 
copying. 

The Chart: The Chart should be as self-explanatory as possible. All the information at the 
bottom of the Chart (i.e., Supervisor, Adviser, Manager, etc.) should be completed as descriptively as 
possible. All charting conventions should be followed. If additional symbols or extensions of the 
conventions are required, they should be explained in an appropriate "Key." For example, if in addition 
to charting "words said correctly" with a and "words said incorrectly" with an x, you wish to note 
"words omitted" with a A, that should be noted on the Chart. Each phase of a multi-phase project should 
be clearly labeled with brief but descriptive phrases. For example, instead of labeling phases, "Phase I, 
Phase 11," etc., the phases might be labeled, "One minute of practice; teacher charts results," and "Same 
practice; learner charts results." Additional notes should be provided as necessary to explain the project, 
unplanned events which appeared to affect performances, and other features of interest. 

The Back: The back of the Chart may be used to explain the project in more detail. At a 
minimum, try to provide the following: 

1. title for the project; 
2. your name and affiliation; 
3. names and affiliations of other people involved in the project (first 

names, initials, or pseudonyms may be used to protect privacy, if 
necessary); 

4. the purpose or goal of the project; 
5. the specific measurement cycle(s) or target(s) being evaluated; 
6. a brief statement of what you learned from the project. 

Space permitting, you may add as much additional comment or discussion as you wish. If the 
submission exceeds the space available, the Journal editors will make whatever changes are necessary 
while trying to preserve the basic message of the Chart-share. 

-- Owen R. White 



Association for Precision Teaching 
...a division of the Standard Celeration Society 

Association for Precision Teaching 

A network and support group for Precision Teachers and Precision Learners--those who use 
the Standard Celeration Chart in education, training, and self-directed learning. 

Standard Celeration Society 

A professional organization for all those who use the Standard Celeration Chart in education, 
therapy, economic analysis, marketing, financial planning, quality improvement, performance 
management or science. 

Why Join? 

The association for Precision Teaching provides a "home" for charting and Precision Teachers. 
It is a network of colleagues and friends devoted to improving teaching and learning. A variety 
of benefits to members includes: 

* a year's subscription to the Journal of Precision Teaching 
* reduced conference fees for the International Precision Teaching Conference 
* periodic mailings and notices about developments in Precision Teaching 

History 

The Association evolved from a 25-year history, beginning with the founding of Precision 
Teaching by Dr. Ogden Lindsley, supported by the Precision Teaching Project in Great Falls, 
Montana, and maintained with ten international Precision Teaching Conferences. In 1990, PT 
leaders from around North America decided it was time for an organization with expanded 
scope--to serve a broader range of needs for communication and networking among Precision 
Teachers and to make PT methods available to those seeking measurably effective 
educational alternatives. The APT, as part of the Standard Celeration Society, will address 
those needs with more than a conference, including the Journal, a membership directory, and 
opportunities to serve on committees and special projects. 

Membership RenewalIApplication 

Renewal and/or application to The Association for Precision Teaching (APT) is due before 
January 31, 1994. Please consult the Directory on pages for current membership. 



Association for Precision Teaching 
...a division of the Standard Celeration Society 

Membership Application/Renewal for 1993--1994 

New Renewal 

Name: 

Title: Organization: 

Street: 

ICity: S tateprovince: 

IZipIMail Code: Country: 

IHome Phone: ( ) Work Phone: ( ) 

IFAX: ( ) E-Mail: 

Membership Directory: 
In 255 characters (including spaces) or less please write any description of yourself--interests, 

professional activities, etc. If you are already a member, complete only if you wish to change your 
description in the Directory. 

Make annual dues check of $50.00 in U. S. funds payable to the Standard Celeration Society. 
Mail application and dues to: 

Peggy Anderson, Membership Co-Chair 
Association for Precision Teaching 
Box 247 
Drummond. MT 59832 

I 



STANDARD CELERATION SOCIETY 


Peggy Gaylor Anderson 
Box 247 

Drummond, MT 59832 


Beatrice H. Barrett 
236 A Winter Street 
Lincoln, MA 01773 

Ray Beck 
Sophris West 
P.O. Box 1809 

Longmont, CO 80502 


Carl Binder 
Precision Teaching & 
P.O. BOX 95009 

Nonantum, MA 02195 

John Michael Brown 
Jacksonville State University 
Center for Individualized Instruction 
700 Pelham Road, North 
Jacksonville, AL 36265 


Abigail Calkin 
Topeka Public Schools 
631 Lane 
Topeka, KS 66606 


Denise Conrad 
Great Falls Public Schools 
439 Columbine Center 
Great Falls, MT 59405 


John Cooper 
Ohio State University 
356 Arps Hall 1945 N. High Street 
Columbus, OH, 43210 


Jim Cowardin 
Precision Learning Systems, Inc. 
1488 West Lane Ave. 
Columbus, OH 43221 


Membership 
September 1,1992 - August 31,1993 

Charter Members 

John Domenik 
Precision Learning Systems, Inc. 
3532 Habersham at Northlake 
Tucker, GA 30084 


John C. Downs 
Father Flanagan's Boys' Home 
Wegner Middle School 
Boys Town, NE 68010 
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Precision Learning Systems, Inc. 
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Dublin, OH 43017 


Gina Freeman 
Haughton Learning Center 
3 166 Jefferson Street 

Napa. CA 94559 


L. Andrew Goggans 
Jacksonville State University 
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700 Pelham Road, North 
Jacksonville, AL 36265 


Stephen Graf 
Youngstown State 
7779 Lee Run Road 
Poland, OH 44514-2510 


Elizabeth Haughton 
Haughton Learning Center 
3166 Jefferson Street 
Napa, CA 94558 


Diane Hendrickson 
Hendrickson and Associates 
454 Walnut Street, Suite 3 

Newton, MA 02160 

Kent Johnson 
Morningside Academy 
810 Eighteenth Avenue 
Seattle, WA 98122 


Dave Keller 
School District Flambeau 
P.O. Box 86 

Toni, WI 54526 


Mark Koorland 
241 Inttepid Court 
Tallahassee, Fl 323 12 


Ogden Lindsley 
Behavior Research Co. 
RFD 7 Route 1 

Lawrence, KS 66044 


Thomas J. McCrudden 
6625 Stratford Circle 
Omaha, NE 68137 


Claudia E. McDade 
Jacksonville State University 
Center for Individualized Instruction 
700 Pelham Road, North 
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Debra McManus 
Tools for Change, Inc. 
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184 Newton Ave. 
Glen Ethyn, IL 60137 


Malcolm D. Neely 
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2001 N. W. 10th Avenue 
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Ardith Rotto 
Bemidj Reg. Interdistrict Council 
P. 0.Box 974 
Bemidj, MN 56601 

Lla Dawn Saunders 
Utah State University 
Special Education Dept 
Logan, UT 84322-2865 

Ken Traupmann 
The Institute for Effective 
248 Nutmeg Street 
San Diego, CA 92103 

Owen White 
CDMRC EEU 
University of Washington 
Seattle, WA 98105 

MCLAB,Inc. 
Computer-Based Precision Instruction and Training 

P.O. Box 571, Jacksonville, Alabama 36265 
(205) 435-1 929 (205) 435-381 3 

Prefabricated Modules in flcculearn, FluentLearn and 
EnduroLearn fluailable. 

Modules Include: 
* Sentence Structure 
* General Grammar 
* Confused Words 
* Sentence Type Identification 
* Parts of Speech 
* and others 
* Custom units auailable 

Call or write for more information 
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