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This study evaluated the effectiveness of three Precision Teaching techniques daily timing, modeling at the top of the timed tests, and SAFMEDS (say all facts one minute each day shuffled) on the fluency of see to write math facts with two elementary school students identified as learning disabled.  A modified ABCA single case design was employed.   The various interventions packages did improve the students' correct rate and for see to write multiplication math facts for the participants.  The applicability of various intervention procedures for elementary school special education students is discussed.  

The teaching of multiplication facts is a basic part of the math curriculum in today's schools.  Research has shown that students with mild disabilities often use counting strategies (e. g. finger counting) to solve basic mathematical problems (Lerner, 1999; Skinner, Beatty, Turce, & Rasavage, 1989).  Unfortunately, strategies typically result in a general lack of speed in solving math problems.  The use of these strategies can dramatically diminish the student's performance of mathematical functions commensurate with peers and the requirements of many math related tasks (Skinner et al., 1989; Skinner & Schock, 1995).  

Calculation skills have been seen as one of the predictors in assessing a student's success in general academic performance (Lloyd, 1978; Haring, Lovitt, Eaton, & Hansen, 1978).  Lloyd (1978) found that poor academic performance, found as early as the third grade, was a predictor of later school failure and increased risk for dropping out of school.  Thus, building fluency (i. e. improving speed), as well as increasing accuracy in math should improve the likelihood of a student's future academic and social success.  
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Immediately recalling of math facts is superior to using counting strategies, and allows students to respond with less effort and more fluency across settings (Miller & Heward, 1992; Pieper, 1983).  For example, many of the math skills need to be performed at a certain rate or speed in order to be functional (Heward, 1994, 2002; Johnson & Layng, 1994; McLaughlin & Skinner, 1996; Miller & Heward, 1992).  The use of finer counting strategies by students may be acceptable for addition and subtraction problems, but are insufficient for multiplication and division and more complex problem types (Silbert, Carnine, & Stein, 1990; Stein, Silbert, & Carnine, 1997).  Further, individuals with low math skills may also be excluded from certain vocational and career options (Resnick, 1989; Resnick, Wang, & Kaplan, 1973; Skinner & Smith, 1992).  In addition, automatically recalling basic number facts allows the student to devote more attention to more complex mathematical procedures (Binder, 1994; Johnson & Layng, 1994; Resnick, 1989).  

Precision teaching procedures (Kunzelmann et al., 1970; Lindsley, 1991; West, Young, & Spooner, 1990) have been shown to assist students in the acquisition of basic skills.  Such procedures as daily drill and practice (Anthony, Rinaldi, Hern, & McLaughlin, 1997), flash cards, (Ashbaugh & McLaughlin, 1997), error drill (Abrams & McLaughlin, 1997), home instruction (Farley & McLaughlin, 1996), SAFMEDS (say all facts one-minute each day shuffled), (Eshleman, 1985; McDade, Austin, & Olander, 1985) and daily charting (Abba & McLaughlin, 1995; Lindsley, 1991; West et al., 1995).  

The purpose of this study was to increase the fluency and accuracy of see to write math facts with three elementary school students identified with learning disabilities.  In addition, various timing and practice strategies recommended in Precision Teaching were evaluated in the present case report.  

Method

Participants and Setting

The participants of the study were two 10 year old fifth-grade male students enrolled in a resource room special education math class.  The participants were enrolled in a small sized elementary school located in an upper income area of a large urban school district.  Each participant matched the state and federal definition for learning disabilities in math.  Teacher reports also indicated that the students' skills in math were below grade, and each participant expressed a poor view of their ability to improve their skills.  

The setting for all sessions was the school resource special education classroom (Everson & McLaughlin, 1996).  The classroom was staffed by a certified teacher, one teacher's aide, and a student teacher from a local university.  The students came to the resource room during each participant's respective math class in general education.  

Dependent Variables and Measurement Procedures

The dependent variables were digits per minute.  The first author employed timed drill and practice math sheets to collect data for both digits correct and errors per minute (fluency).  These data sheets were arranged with problems presented in order with answers at the top 
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of the sheet to facts at random without a model.  Data were collected daily for a total of six school weeks.  

Reliability

Reliability of measurement was calculated by having the math probe sheets regraded by a second interobserver.  Reliability was taken once during baseline and once during each of the three intervention phases.  Reliability in terms of correct digits as well as problems correct was100%.   

Experimental Design and Conditions

An ABCA design (Kazdin, 1982) was utilized in the study.  Data were collected for approximately six school weeks.  

Baseline.  Baseline consisted of timed, 1-minute probes to establish each participants' correct and error rates.  During baseline the students were allowed a five minute practice session.  Data were taken for three data days.  

SAFMEDS prior to testing.  SAFMEDS were employed prior to the assessment of student performance on the various math probe sheets.  Each student was given facts printed on 3 by 5 note cards.  The students were allowed to put back on the pile any fact they missed.  When they could say the solution correctly for two consecutive times, they were allowed to put another pile.  After five minutes of practice, the students were required to complete their math fact test.  

No time limit practicing test and SAFMEDS.  The students were allowed to have as much time to practice the test prior to completing the 1-minute probe sheet in math.  This condition was in effect three school weeks and seven data days.  

Baseline-2.  The final phase of the study the students went back to baseline.  When the student had reached the goal of 80 to 100 correct digits per minute for three consecutive data days with one or no errors, a baseline was put into effect for the skill mastered and the next set of math skills to be mastered were taught.  

Results

The number of correct and error digits for each of the two participants across the duration of the case report can be seen in Table 1.  As these data show, two of the participants increased their accuracy while the third participant increased during the unlimited practice condition.  

For the first participant, the correct rate was low (M = 20.2) with no errors.  When SAFMD cards were added and daily drill took place, a small increase was found for corrects (M = 29; range 24 to 35).  When the child was allowed unlimited practice and SAFMEDS, correct rate improved (M = 68; range 27 to 90) with just 1.0 error.  Since the child meet the standard for corrects, baseline performance for X5's was implemented.  Correct rates were starting to accelerate, for the last two sessions (M = 40.8; range 20 to 69).  
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Table 1.

The Mean and Ranges for Corrects and Errors in Spelling by Condition and Participant.

Participants 

Participant 1

  Conditions




           Measures





 Corrects
  Range

Errors
   
  Range

  Baseline


  20.2
 
  16-31
 
  00.00

  -----

  SAFMEDS 


  29.0
  
  24-35
  
  00.00

  -----

  SAFMEDS and 

  68
*
  45-90
 
    .412 
  0-1  

  Unlimited Practice

  Baseline 2 X5's

  40.8

  20-69

  00.00

  ----

Participant 2

  Conditions




             Measures





 Corrects
 Range

Errors
   
  Range

  Baseline X5's 

  with Answers 

  85.5
 
  62-95
 
  00.00

  ----

  Baseline X5's no Model 
  40.5
 
  39-42
  
  00.00
 
  ----

  or Answers 

  

  SAFMEDS 

 
  55
 
  52-57
 
  00.00 
  ----

  SAFMEDS and 

  67

  60-71

  00.00

  ----

  Unlimited Practice

  Baseline 2 X4's

  24

  18-30

  00.00

  -----

For the second student, correct rate was high for X5's with the correct answers provided (M = 85.5; 62 to 95).  When baseline conditions were applied to new set of X5's without the answers modeled, correct rate was low (M = 40.5; range 39 to 42).  When SAFMEDS were employed, correct rates increased (M =  55; range 52 to 57).  When the time limits for testing were removed, correct rates further increased (M = 67; range 60 to 71).  When baseline conditions were applied to a set of X4's, correct rates were low (M = 24; range 18 to 30).  Error rates were low across the duration of the various interventions.  

Discussion

The results of the study indicate that correct rate could be increased with each of the two elementary students with learning disabilities.  Several methods suggested for use when implementing Precision Teaching methods were found to be effective.  Allowing the students to practice their skills for longer than five minutes coupled with SAFMEDS was the most effective.  Both students improved their skills in multiplication with only one error.  

The research also had some limitations.  For example, data were not able to be gathered consistently for a variety of reasons (e.g. illnesses and school holidays, etc.).  Some 
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interventions appeared to be more powerful than others. The way in which the interventions were implemented cannot rule out order effects. The unlimited time to practice with SAFMEDS was always preceded by the SAFMEDS only condition. A counterbalancing of these procedures would do much to rule out order effects (Kazdin, 1982).  

The first author gained a great deal of knowledge from the study to apply toward working with other children. The use of precision teaching allowed the students to be on a variety of individualized programs in math and for one to evaluate various teaching procedures at the same time.  This has been suggested elsewhere (McLaughlin, Williams, Williams, Peck, Derby, Bjordahl, & Weber, 1999; Williams, McLaughlin, Williams, Howard, & Marchand-Martella, 1993).as a way to assists in the teaching of preservice teachers in data-based and effective teaching strategies.  In the present case reports, additional procedures could have been introduced for one of the participants to increase her performance in math.  

The present findings also replicate a large body of literature that has shown Precision Teaching procedures to be effective for children with and without disabilities (Johnson & Layng, 1995; Lindsley, 1991; West et al., 1990).  In addition, SAFMEDS were found to improve student performance and this has been reported elsewhere (e.g. Eshleman, 1985; McDade et al., 1985).  Finally, providing additional opportunities for practice coupled with SAFMEDS was shown to be the most effective procedure across two students and different skill sets.  Also, providing additional opportunities to respond has been suggested as an effective and time efficient way to improve student performance (Delquadri, Greenwood, Stretton, & Hall, 1983; Delquadri, Greenwood, Whorton, Carta, Hall, 1986; and Greenwood, Delquadri, & Hall, 1984) and reduce the probability of school failure (Greenwood, 1991).  Finally, the immediacy of feedback was increased using various drill and practice procedures such as those suggested in Precision Teaching and copy, cover, and compare (Skinner, Shapiro, Turco, Cole, & Brown, 1992; Stading, Williams, & McLaughlin, 1996) than can improve student performance in multiplication.  
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