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A COMPARISON OF THE HUTCHINGS' "LOW-STRESS", 
FULKERSON "FULL-RECORD" AND CONVENTIONAL 
ADDITION ALGORITHMS FOR SPEED, ACCURACY AND 
PREFERENCE WITH REGULAR EDUCATION STUDENTS

John Robert VanHevel, E d .S 

Western Michigan University, 1981

The differential calculation power (speed and accur­

acy) of three different addition procedures were investi­

gated using the Hutchings "Low-stress", Fulkerson "Full- 

record" and conventional algorithms. The subjects were 

nine fourth grade students, five female and four male, ap­

proximately ten years of age. Elements of both multiple 

baseline and reversal designs were employed, varying the 

type of calculation method across phases. After exposure 

to each algorithm, students were given a choice of methods 

to use in solving a problem. Results indicated that both 

the Hutchings "Low-stress" and Fulkerson "Full-record" 

algorithms were generally superior in producing stable, 

accurate and efficient calculations. When given a free 

choice four students chose the Fulkerson "Full-record" , 

three chose the "Low-stress" and two chose the convention­

al algorithms. It was suggested that future research in­

vestigate the components of each algorithm.
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INTRODUCTION

The Problem

In recent years the need for effective computational  

skills in the United States has increased dramatically.

With the advent of new technologies, demands are being 

placed on our educational systems to graduate students who 

are proficient in computational skills. Ironically, even 

with this demand for higher mathematical skills, the fact 

is students are scoring lower on standardized achievement 

tests. The Conference Board Mathematical Science National 

Advisory Committee on Mathematics Education point out that 

the mean scores on the quantitative section of the S cho­

lastic Aptitude Test (SAT) have declined from a high of 502 

to a low of 472 from 1962 to 1975. The precentage of scores 

above 600 declined from 20.5 to 16.4. The committee r e ­

port also pointed out that these scores show a general 

declining trend.

Some investigators have pointed out that recent em ­

phasis on the use of more conceptual materials may have 

resulted in less time being spent practicing basic c o mpu­

tational skills (Alessi, 1974). The results have been a 

failure of students to master these skills. Hutchings (1976) 

made a similar case:

1
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2

"The great increase in mathematical concepts and 
generalizations in the curriculum is fundamentally 
in conflict with the large amount of time and 
energy required for the mastery of conventional 
computational algorithms. Moreover, increased con­
ceptual requirements in no way reduce the require­
ments for computational skill. . Understanding 
division is not the same as knowing how to divide 
quickly and accurately." (p. 219)

Hutchings also pointed out that with the addition of concept­

ual materials there is more mathematics to be learned but 

not more time to learn it.

In a paper presented at the Sixth National Conference 

of the Research Council for Diagnostic and Prescriptive 

Mathematics in 1979, Alessi cited some problems which have 

been associated with programs emphasizing conceptual m a teri­

als in teaching mathematics. These problems ranged from 

teachers refusing to teach the conceptual material,to par­

ent protests over the failure of their child to learn com­

putational skills. In any event, according to Alessi (1979) 

there appears to be a "backlash" against the conceptual ap­

proach and a renewed interest in more traditional practices 

which stress drill in computational skills.

To many the obvious solution is a return to traditionr- 

al practices (as mentioned above). According to Alessi 

(1974) however, there appears to be some evidence suggest­

ing that failure to learn mathematics may be due to emotion­

al as well as intellectual factors. This view holds that 

students may develop a conditioned emotional response towards 

mathematics. This negative attitude may be a result of ex-
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tensive repetition and drill which is standard practice in 

most mathematic curricula, ■. The resulting behavior may be 

that of a total avoidance of mathematics (Boyle, 1975; 

S k i n n e r , 1968) .

Thus far it has been speculated that the failure of 

students in the United States to master basic computational 

skills may in part be due to two factors. These factors 

were: a.) the learning of conceptual material has taken

time away from practice in computational skills and b.) 

students may have developed negative attitudes toward math­

ematics as a result of current teaching practices of drill 

and repetition, which results in students avoiding the sub­

ject.

Recently, some investigators have suggested that what 

is needed to solve this current dilemma is a way of short- 

cutting the process of teaching the basic calculation pro­

cesses or algorithms. In Japan, little time is spent on 

drill; instead children are taught to use an abacus at a 

very early age. The abacus functions in a similar manner 

to that of an electronic calculator and thus the need for 

drill is minimized. As a result, the amount of time devot­

ed to drill and repetition of basic facts is decreased 

leaving teachers in Japan more time to deal with advanced 

concepts and generalizations (Alessi, 1974; Boyle, 1975).

Lately, a number of alternative methods have been de­

veloped which appeal to the aforementioned needs. The
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following section will address these methods in terms of 

their relevance to improving mathematics instruction.
I

Relevant Literature on Alternative Algorithms

According to Alessi (1974), an algorithm m ay be 

defined as, "Any of a number of defined sets of specific 

operations or procedures which, if carefully followed, will 

enable the user to correctly calculate or solve a problem 

of interest. Different algorithms are defined by their 

processes." (p. 4)
One of the best ways to analyze a problem is to ob­

serve it (Ashlock, 1976). For instance, if a child were 

to consistently get wrong answers, one way of approaching 

the problem would be to have him perform the problem oral­

ly. Using this method the child is required to state each 

rule and operation being used to solve a given problem. 

Errors in computation or reasoning are noted by the teacher 

These errors should then be corrected.. The problem with 

this method is that it would take a great deal of time with 

more than a few students. An alternative would be to have 

the students record all operations on their paper (a full 

record). If a mistake were made.^ the teacher would quickly 

be able to find and correct it.

Recently Lloyd B. Hutchings developed a system for 

solving addition problems which produces a full record of 

calculations. The system is oalled "Low-stress" (Hutchings
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9 7 6 ) .  The "Low-stress" algorithm differs from the algor-

t h m  typically used in the United States in a number of

a y s .  First, the "Low-stress" method uses a half space
8

o t a t i o n  to express the sum of two digits.ie.+l Second,
9

:3L f  the sum is greater than nine, the tens portion is writ-
8

■ t e n  to the lower left of the digit at the bottom, ie. 7
1 5

3 1 a  performing long columns, the ones portion of the 

c o l u m n  is always the same as the ones portion of the last 

t w o  digits sum. The tens portion is always the same as 

t h e  number of tens recorded at the left. In the following 

e x a m p l e  there are no ones and three tens:

8

1 75

add 161

190

8+7 = 15

5+6 = 11 

1+9 = 10

3 0

I n  multi-column exercises, there is a need for extra wide 

s p a c e s  between columns to accommodate the half space n o t a ­

t i o n .  Also, the tens are summed and carried to the top of

t h e  next column at the left:
2 .

180 6

22 l7 3

46 5 8
*7 l 9 7

1 7  7
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Alessi (1979) pointed out that the Hutchings "Low-stress" 

(LS) method has several dis tine t advantages over the algor 

ithm currently used to teach addition in the United States 

Most notable of the advantages were that a full record of 

every calculation is available for easy identification of 

errors and subsequent practice. Traditionally in columnar 

addition the student adds each digit in a column relying 

on memory until the sum is written for each column. If a 

mistake is made in traditional columnar addition, a record 

of where the error occurred is difficult if not impossible 

to locate and thus more difficult to correct.

A second advantage of the "Low-stress" method accord­

ing to Alessi (1979), is that the attention load (numbers

to be remembered) in performing long sequences of calcula­

tions is substantially reduced. Take for example the fol­

lowing problem: 9 Using the conventional method, a
8
3
6
7

student would have to remember that 9+8=17, 17+3=20, 20+6=

and 26+7=33. The "Low=stress" method on the other hand,

would only require the following calculations without the 

need for remembering sums:

1+1+1=3

9
9+8=17

18 7 7+3=10
130 0+6 = 6
66 6+7=13

17 3
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Finally, calculations do not get more difficult as the 

size of the problem increases. Since the "Low-stress" 

method is made up of a combination of small operatipns, 

the student is never required to use complex addition facts. 

With the conventional method, complex addition facts are 

often used. According to Hutchings (1976, p . 223), "The 

advantage offered by 'Low-stress' procedures is increased 

in proportion to the length of the column."

In an article entitled, "Adding by Tens", Elbert 

Fulkerson (1963) presented a method for performing columnar 

addition which eliminates the necessity for students to 

remember complex math facts. In the following example, 

a slash is used to indicate a ten, just as placing a one to 

the lower left of a digit in the "Low-stress" procedure 

indicated a ten. The student is then only required to reme- 

ber the units portion as the columns are added. For example 

1

8 9

$ 1
£__ 5

20 1
The Fulkerson method is appealing for a couple of 

reasons. First, it does not require special spacing to 

accommodate the notations as does the "Low-stress", and 

second, it reduces the memory load required by elimi nating 

complex facts from that load. However, this method p r o ­
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vide a full record of calculations y a k i n g  the identifica­

tion of error patterns difficult to locate.

Using a similar approach to Hutchings and Fulkerson, 

O ’Malley (1969) presented another method of calculation for 

columnar addition. Instead of making a slash or placing 

a one next to a digit to indicate tens, the digit is w r i t ­

ten within the column. This digit will be added as in the

following example:

1st cycle 2nd cycle

6 8 6 8
0 © C D
8 5 8 5

0
6 2 6 2

Q
8 1 8 1
©
8 7 8 7
© m
6 8 6 8

1 4 5 1

1st cycle

a. ) 8+5=13 (the digit 1 is written in the tens column)

b.) 3+2 = 5 (proceed to the next digit)

c. ) 5+1=6 (proceed to the next digit)

d.) 6+7=13 (the ciigi t 1 is written in the tens column)

e. ) 3+8=11 (the digit 1 is written in the tens column
and the sum of the units is 1)

2nd cycle

a.) 6+1=7 (proceed to the next digit)

b.) 7+8=15 (the digit 1 is written in the hundreds pla
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c.) 5+ 6=11 (the digit 1 is written in the hundreds place)

d.) 1+8=9 (proceed to the next digit)

e.) 9+ 1=10 (the digit one is written in the hundreds
place)

f.) 8+1=9 (proceed to the next digit)

g.) 9+6=15 (the digit 1 is written in the hundreds
place and the sum of the tens column is 5)

h.) The sum of the digits written to the left of the tens 
column is written at the bottom in the hundreds place.

Again, as with the Fulkerson method, only a partial 

record of the calculations are available. Also, special 

spacing would be required to accommodate the notation.

Sanders (1971) developed a system which is similar 

to both the O'Malley (1969) and Fulkerson's (1963) methods. 

Hutchings (1976), O'Malley (1969) and Fulkerson (1963) 

used the digit ''I" or a slash to indicate a ten while just 

the unit digits were added. The Sanders (1971) method uses the 

same basic idea but instead of writing a digit or a slash, 

the student holds up a finger to indicate a ten and then 

vocalizes to himself the units. The following is an illus­

tration of the Sanders (1971) method of addition:

8
8+9=17 (holds up one finger)

7+ 2=9 (holds up same finger)

9+6=15 (holds up second finger)

5+7=12 (holds up third finger)

9 

2 

6 
_7

The number of fingers held up equals 
32 the number of tens.
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The Sander's (1971) method appears to have at least 

two desirable qualities: first, it could be adopted with 

the current algorithm with no structural change in format, 

and second, it does reduce the memory load (eliminates c om­

plex facts) required over the conventional method. The 

one major disadvantage to this method is the lack of w r i t ­

ten calculations other than the answer, which makes locat­

ing and correcting errors more difficult.

Finally, Batarseh (1974) developed an algorithm which 

is designed to simplify the procedures involved in the 

carrying process. Using the Batarseh procedure, numbers 

are never carried to the top of a column, instead the di­

git is written underneath the column to which it will be 

carried and underlined. When the sum of the next column 

is obtained the underlined digit is added to that sum.

This pattern is followed throughout the rest of the columns. 

However, this algorithm requires use of complex facts as well 

as basic facts. The following example illustrates this method:

7 6 4 
+ 5 9 7  

1 1 
1 6  

1 3  6 1

The algorithms described here should not be considered 

the complete set of methods for performing addition p r o ­

blems. They were presented because of particular relevance

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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to the concerns of this study.

Research on Alternative Algorithms

Most of the literature concerned with the development 

of new algorithms has been of a descriptive nature. There 

exists a great paucity of publications presenting data 

from basic research. This lack of research was alluded to 

by Boyle (1975), Alessi (1974), and Rudolph (1976). Re­

cently, however, a number of studies have been undertaken 

at the University of Maryland and Western Michigan Univer­

sity. The studies have compared the relative, effects of 

the Hutchings "Low-stress" algorithm to the conventional 

method under varying conditions. The remainder of this 

section will review the results of these studies and impli­

cations.

The earliest studies, comparing the "Low-stress" to the 

conventional algorithm, used group factorial designs 

(Alessi, 1974; Boyle, 1975; Dashiell, 1974; Hutchings, 1972). 

The results of these studies show the "Low-stress" proce­

dures to be more effective than the conventional method. 

Alessi (1974) found that the Hutchings "Low-fatigue" (stress) 

algorithm produced higher scores for the number of columns 

correctly added and attempted in a 30 minute period. It 

was also pointed out that as the problems increased in 

difficulty, the relative superiority of the "Low-stress" 

over the conventional procedures decreased respectively.
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In his analysis and interpretation, Alessi (1974) noted 

that the majority of the children in the "Low-stress" group
t

were amazed at their new found computational power and ex­

pressed enthusiasm over being able to add such large sums 

correctly.

In a similar study, Boyle (1975) investigated the ef­

fects of three conditions on the number of columns correct­

ly added and attempted. The three conditions were: a.)

antecedent algorithm instruction, b.) social reinforcement 

c o n tigencies, and c.) simulated test and non-test condi­

tions. Boyle concluded that, "The Hutchings 'Low-stress' 

algorithm produced significant increments in scores over 

the conventional algorithm under all conditions of rein­

forcement and testing."

In suggesting directions for future research, Alessi 

(1974) stated that:

"..perhaps longer practice than allowed in this 
study is necessary to allow stable performances 
under varying environmental conditions. To test 
this idea perhaps a repeated measures design or 
series of single subject design studies could be 
conducted." (p. gg)

Recently a number of single subject design studies 

comparing the Hutchings "Low-stress" algorithm to other 

methods have been conducted at Western Michigan University 

(Rudolph, 1976; Gillespie, 1976; and Zoref, 1976). All of 

these studies found the "Low-stress" procedures generally 

superior to the conventional method in producing accurate
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calcu l a t i o n s .

Rudolph (1976) compared the "Low-stress" algorithm to 

the conventional method under distracting and non-distract­

ing conditions. The results indicated that the "Low- 

stress" method produced more consistent responding and a 

reduction in error rates over the conventional algorithm.

The superior performance was not found to be dependent 

upon the level of distracting stimuli or the order in 

which the algorithms were presented. These findings do 

not support Boyle's (1975) speculation that students using 

the conventional algorithm would be more likely to lose 

their place when distracted and thus have to start over, 

while . students using the "Low-stress" method would not 

encounter this difficulty.

In a study designed to assess student preferences for 

either "Low-stress" or the conventional algorithm, Gilles­

pie (1976) found that given a free choice, students chose 

the "Low-stress" procedure. Once a preference was estab­

lished, a penalty was imposed for that choice which re­

quired 50% and 100% more work to be completed. Most of the 

students chose the "Low-stress" method even at a 50% increase. 

The "Low-stress" method resulted in consistently higher 

accuracy and rates correct, and lower rates incorrect.

Also, most students chose the method in which they were 

most competent.

Zoref (1976) presented data comparing both the "Low-
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stress" and conventional methods with the use of electron­

ic pocket calculators. Her study incorporated 2 X 7  and 

5 X 7 problem arrays with high and low achievers.

Overall, the results showed that the "Low-stress" al-

gorithm was gener ally super ior in terms of accuracy , rate

correct and rate incorrec t as compared to the conventional

algorithm and the calculato r . This was especially true

with 5 X 7 arrays Additio nally, the "Low-s tress" proce-

dures r esulted in the lowes t incorrect rate in ".11 phas es

of the study with high and low achiever s regardless of pro-

blem size.

Rate correct was higher for the "Low-stress" algorithm 

than the calculator for high achievers with 2 X 7  and 5 X. 7 

arrays and for low achievers with 5 X 7  problem arrays. 

Greater variability was also noted for students using the 

calculators for 5 X 7  arrays. Generally, the use of the 

calculators seemed to hinder high achievers while helping 

low achievers.

While much of the past research supports the use of 

the Hu t c h i n g s ’ "Low-stress" procedures, other -methods must 

be examined if a most efficient model is to be found. The 

following section will address this question while pre­

senting the purposes of this study.
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The Purpose of This Study

It was stated previously that the Fulkerson (.1963) 

method was advantageous because it reduced the mem ory load 

and did not require special spacing to accommodate the no­

tation involved. The disadvantage of the Fulkerson m e t h ­

od was that a full record of calculations was not produced 

Thus a variation is proposed, whereby the slash would be 

retained to indicate tens, hundreds, etc., and half space 

notation would be used to indicate units. The following

example illustrates the variation:
22 1
79 6 7 3

h  *1 h

*4  * 0 7 9

2 4 0 9

The same advantages presented by Alessi (1979) would ap ­

pear to support this variation with the additional advan­

tage of not requiring wide spaces between columns. This 

procedure will be referred to as the Fulkerson "Full-recor 

algorithm.

The purpose of this study was to compare the "Low- 

stress", Fulkerson "Full-record" and conventional algor­

ithms for speed and accuracy inr performing columnar addi­

tion. This study also attempted to determine which compu­

tational algorithm subjects preferred after exposure to 

each. In addition, an attempt was made to systematically
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replicate part of the earlier findings by Rudolph (197 6) 

and Gillespie (1976)0
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METHOD

Special Considerations

This study was designed within the framework of the 

following limitations: a.) daily sessions would not ex­

ceed 15 minutes, b.) the sessions would be held each day 

at the same time, c.) the study would be run entirely by

the experimenter, d.) all expenses would be the sole re­

sponsibility of the experimenter and e.) the experimenter 

would make the results available to the parents of the sub­

jects and school personnel.

Subjects

The subjects of this study were nine fourth grade 

students, approximately ten years of age. Five of the sub­

jects were males and four were females. All of the subjects 

were enrolled as full time students in regular education 

classrooms. Information regarding standardized test scores 

was • unavailable to the experimenter.

Settings

The study took place at two different elementary school 

buildings located near Cadillac, Michigan. The schools will 

be referred to as school A and school B. Three students

17
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attended school A and the remaining six students attended 

school B. Daily sessions were held a t i l : 15 pm.at school .A 

and at 2:15 pm at school B, five days a week. At school A 

sessions were held in a hallway near the entrance of the 

school. Table and chairs were available. In school B, 

sessions were held in the boys' locker room located off the 

gymnasium. Both of these settings were considered dis­

tracting environments .

Experimental Task

During each daily session in all phases, except in­

structional days, students were given two work sheets.

Each work sheet contained three 5 X 7  array addition p ro­

blems. (Appendix F) The numbers used in constructing the 

arrays were obtained from a random numbers table. Also, 

as recommended by Hutchings (1972), the identity element 

zero was not used. The students were asked to do as many 

problems as they could within a five minute time period.

The investigator used a stop watch to time sessions. No 

student ever completed all six problems.

Experimental Design

The experimental design used in this, study incorporated 

elements of both reversal (Sidman, 1960) and multiple 

baseline designs (Bear, Wolf and Risley, 1968). Two re ­

versal designs were used; and ABACA and ACABA in conjunc­
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tion with a multiple baseline design. The use of the m u l t i ­

ple baseline allowed each phase to be staggered over time. 

The total design allowed for a comparison of individual 

performances during each phase, while at the same time 

being sensitive to sequential as well as other time re ­

lated effects.

Independent Variables

1.) Hutchings' "Low-stress" addition algorithm versus 

the Fulkerson "Full-record" addition algorithm v e r ­

sus the conventional addition algorithm.

2.) Order of algorithm taught: a.) Hutchings' "Low-

stress" algorithm first or b.) Fulkerson "Full- 

record" first.

Dependent Variables

Four dependent variables were studied:

1.) Percent correct: the number of columns that are

correctly computed divided by the total number at­

tempted o

2.) Rate correct: the total number of columns correctly 

added, divided by the session length (five minutes) 

and expressed as columns correct/minute.

3.) Rate incorrect: the total number of columns incorrect­

ly added, divided by the total session length (five 

minutes) expressed as columns incorrect/minute.
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4.) Algorithm preference: the algorithm chosen after ex­

posure to all three.

Recording and Scoring

Following each session the experimenter checked each 

students' papers. The number of columns correct and in­

correct were divided by five minutes and the c o r respond­

ing rates were recorded. In addition to the rate correct 

and incorrect, the percent accuracy was also recorded. 

Students were never given feedback on their scores. The 

experimenter told all the subjects that they were doing 

very well.

Reliability

Reliability checks were made on the problems complet 

ed by the students. Since the students' work (on daily 

assignments) left a permanent product, it was possible 

to make photo copies of their work. These photo copies 

were then given to an independent grader to be scored.

The independent graders' scores were then compared to the 

experimenter's record and a reliability coefficient calcu 

lated. In calculating the reliability coefficient, the 

number of columns in which both graders' scored the same 

was counted as an agreement. Columns that were scored 

differently were counted as a disagreement. The r e l i a ­

bility coefficient was calculated by dividing the number
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of agreements by the number of agreements plus disagree­

ments. Reliability data were taken twice per phase.

Materials

A pretest of 56 addition facts was administered 

(Appendix A). During algorithm training, all subjects 

were given identical practice. sheets . cons is ting of a,vari­

ety of problem arrays (Appendix B ) . Daily worksheets were 

composed of six addition problems in 5 X 7 arrays, three 

problems on each sheet (Appendix C ) . The daily work sheets 

were typed with an IBM Selectric typewriter using the 

orator element. Triple spaces were used between columns 

and double spaces between rows. Problem sheets were r e ­

used approximately every three to four weeks. Since the 

daily assignments consisted of two work s h e e t s , it was p os­

sible not to pair the same two sheets together more than 

once. It was felt that the size of the problems and the 

fact that the same two never appeared twice, would minimize 

practice effects. A stop watch was also-used during each

s e s s i o n .

In summary the following materials were required each 

day: a.) stop watch and b.) -18 photo copies of the daily 

work sheets. Photo copies were used in place of dittos 

because it was felt that photo copies were easier to read.
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Procedure

Pretesting

To participate in this study, all subjects were re­

quired to pass a pretest consisting of 56 basic addition 

problems (Appendix A). A passing score was 90% or above. 

This test was used to insure a satisfactory degree of com­

petence with basic addition.

Informed Consent

After the subjects were selected, a letter of informed 

consent was sent home to their parents. This letter ex­

plained the functions of the study and asked for written 

permission for their child to participate. All subjects 

were granted written permission.

Algorithm Training Procedures

All subjects recieved similar instructions in the 

use of all three algorithms: conventional algorithm

(Appendix C ) , Hutchings "Low-stress" algorithm (Appendix 

D ) , and the Fulkerson "Full-record" algorithm (Appendix E ) . 

Training sessions consisted of approximately ten minutes 

of instruction followed by a practice session. During the 

practice session, the students were required to complete 

two pages of problems (Appendix F) using the instructed 

method. During this time period, the investigator helped
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students who had questions or difficulties. Prior, to .rever­

sal phases, students were given a ten minute review in 

which they were required to complete the same two prac­

tice sheets (described above) using the selected algorithm.

Daily Sessions

At the beginning of the study, the students were 

instructed to remain in their classrooms until the experi­

menter arrived. Once the students were in the work area, 

the daily work sheets were passed out. The subjects were 

instructed to leave the work sheets upside down on their 

desks until the experimenter said "begin". Once the stu­

dents were told to begin, they were instructed to turn over 

their papers and do as many problems as they could. When 

the experimenter said "stop", the students were instructed 

to lay their pencils down.

Following the completion of their daily work sheets, 

the students were allowed to use the time remaining from 

the fifteen minute period, to play various games of their 

choice. This period was used as an incentive for working 

hard on their daily work sheets. Students were informed 

that if they worked hard on their problems, they would 

be allowed to use this remaining time to play games. If 

they did not work hard, they would have to return to their 

classroom. It was not necessary to impose this contigency 

during the study.
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Experimental Conditions

During condition I, all subjects were given instruc­

tions using the conventional algorithm. Data were col­

lected on daily work sheets. Following this first c ondi­

tion, the subjects were divided into two groups. Group A 

consisted of five students while Group B had f-our. The 

two groups were presented the algorithms in different 

orders. Within each group the timing in which the a l g o r i ­

thms were presented was staggered in order that time relat 

effects might be detected. These sub-groups were composed 

of two students each, with the exception of one group 

which had three.

Students in Group A were taught the algorithms in the 

following sequence: a.) conventional, b.) "Low-stress",

C o )  conventional, d.) Fulkerson "Full-record", and e.) 

conventional. While Group B students were taught the al­

gorithms in the following order: a.) conventional, b.)

Fulkerson "Full-record", c.) conventional, d.) "Low- 

stress", and e.) conventional. Table I gives a visual 

display of the order and timing for each algorithm phase 

using the notation suggested by Johnston and Pennypacker 

(1980).

Algorithm Preference

On the last session day each student was required to
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Table 1 A visual display of the order and timing 
in which each algorithm was taught for 
all subjects.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE I

FF

LS

GA CA CA

FF

LS

CA CA CA

FF

LS

CA CA ]  CA

FF

LS

CA CA CA

1----- 1------- 1-----r----1------ 1-- — r
5 10 15 20 25 30 35

SESSIONS

CA ** Conventional 
LS ® "Low-stress"
FF = Fulkerson "Full-record"
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complete a one page practice sheet containing three 5 X 7  

array addition problems. In completing the three addition 

problems, the students were requested to use each of the 

algorithms they had been taught (one algorithm for each 

problem). This was done as a general review of each method. 

Following the completion of the practice problems, the 

students Vere given a super problem : to . complete (Appendix G ) . 

The super problem consisted of 17 columns and 12 rows.

The students were instructed that they could use the method 

they liked best to complete the problem. Data were col­

lected on the algorithm used and the number of columns 

correct out of 17.
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RESULTS

Reliability

Data on reliability, collected over ten sessions (two 

each phase), yielded an overall agreement index of 96.6 

for scoring columns correct and incorrect. The agreement 

index ranged from 85 to 100 percent.

General Findings

Overall the results of this study indicate that the 

Hutchings' "Low-stress" (LS) and the Fulkerson "Full-record 

(FF) algorithms were generally superior to the conventional 

algorithm (CA) in producing efficient and accurate c a l c u ­

lations. In addition, a comparison of the "Low-stress" 

and Fulkerson "Full-record" methods show that calculation 

patterns were similar under each condition. Data c o n c e r n ­

ing individual perf ormances across time will be examined 

later in this paper.

Table 2 prese nts individual and group means for p e r ­

cent accuracy for each algorithm phase. The results ob­

tained across all students show higher accuracy scores 

using the "Low-stress" and Fulkerson "Full-record" as com­

pared to the conventional algorithm. Also, the overall 

percent accuracy scores for both the "Low-stress" and F ul­

kerson "Full-record" algorithms are very similar. A com-

. 2 8
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Table 2: Group and individual means for percent acc
acy for groups A and B using 5 X 7  arrays.
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TABLE 2

M EAN P E R CENT A C C U R A C Y  FOR GROUPS A AN D B

Group A  
Students CA LS CA FF CA Group B 

Students CA FF CA . LS . CA

CR 74 85 60 92 52 RD 68 86 75 91 76

. JS ; 88 95 91 93 76 TM 62 88 60 95 81

. ER 81 97 • 75 96 77 DA 66 95 70 96 71

“MR. . 92 96 86 99 89 M T 77 91 66 82 55

:cs: 79 98 83 96 74

Total x 82* 94 79 95 73 68 90 67 91 70

Jt percent accuracy across all CA x percent accuracy across all CA
phases — 78 phases ■■ 69

CA - Conventional
LS - Hutching's "Low-stress"
FF - Fulkerson "Full-record"
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parison of each phase for all students indicates a clear 

superiority of the "Low-stress" and Fulkerson "Full-record" 

algorithms over the conventional algorithm in terms of p er­

cent accuracy. The average percent accuracy across each 

phase for all students ranged from 82% to 98% for the 

"Low-stress" method; from 86% to 99% for the Fulkerson 

"Full-record" procedures and; from 55% to 92% for the Con­

ventional algorithm. The average percent correct for all 

students in each phase using the "Low-stress" method was 

94% for group A and 91% for B. For all students using the 

Fulkerson "Full-record" algorithm, the average percent ac ­

curacy was 95% for group A and 90% for group B. The average 

percent accuracy for all students for all conventional al ­

gorithm phases was 78% for group A and 69% for B.

Table 3 presents individual and group means for columns 

incorrectly added per minute for each algorithm phase. An 

inspection of the overall error rates for all phases indi­

cates results similar to the percent accuracy data. Both 

the Fulkerson "Full-record" and "Low-stress" methods were 

superior to the conventional algorithm in terms of p r o d u c ­

ing lower error rates. Error rates averaged across each 

phase for all students ranged from .05 to .6 columns in­

correct per minute for phases in which the "Low-stress" 

method was used. During sessions in which the Fulkerson 

"Full-record" a l g orithm was used, the error rates ranged 

from .04 to .3 columns incorrect per minute. In phases

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 3 : Group and individual means for columns incorrect
per minute for groups A and B, using 5 X 7  arrays.
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TABLE 3 •
MEA N  COLUMNS INCORRECT/MINUTE FOR GROUPS A AMD B

Group A 
Students CA LS CA FF CA

Group B 
Students CA FF CA LS CA

' CR .48 .32 1.15 .2 1.24 BD 1.0 .3 1.0 .3 1.0

JS - .24 .16 .2 .27 .72 TM .9 .3 1.2 .2 .5

ER .57 .03 .3 . 12 .68 DA 1.1 .2 1.2 .2 1.1

MR ' .26 .15 . 6 .04 .53 MT .4 .2 . 6 .6 1.1

CS .73 .05 .7 .08 1.0

Total x .45 .15 .69 . 14 .83 .85 .25 1.0 .32 .92

x columns 
phases a

incorrect/minute across 
.66

all CA x columns 
CA phases

incorrect/minute 
« .93

across all

CA = Conventional
LS « Hutching's "Low-stress"
FF «* Fulkerson " Fu 11-record"
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using the conventional algorithm, error rates ranged from 

.2 to 1.24 columns incorrect per minute. Across all phases 

the average error rate using the "Low-stress" algorithm was 

.15 for group A and .32 for group B. For all phases in 

which the Fulkerson "Full-record" procedures were in effect 

the average error rates were .14 for group A and .25 for B. 

Average error rates for phases in which the conventional 

algorithm was used were .66 for group A and .93 for group 

B. In phases using the "Low-stress" and Fulkerson "Full- 

record" algorithms similar computational patterns are shown 

in the form of decreased error rate levels.

Table A presents individual and group means for columns 

correctly added per minute for each algorithm phase. The 

results for correct rate per minute are not as uniform as 

those obtained for accuracy and incorrect rate. Correct 

rates averaged across each phase for all subjects ranged 

from 1.9 to 5.2 columns correct per minute for phases in 

which the "Low-stress" algo rithm was used. During phases 

in which the Fulkerson "Full-record" was used, correct 

rates ranged from 2.6 to 4.2 columns correct per minute.

In phases in which the conventional algorithm was used, 

correct rates ranged from 1.4 to 4.2 columns correct per 

minute. Across all phases, the average correct rate using 

the "Low-stress" algorithm was 3.1 for group A and 3.8 for 

group B. For phases in which the Fulkerson "Full-record" 

procedures were used the average correct rate was 3.3 for
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Table 4 : Group and individual means for columns correct
per minute for groups A and B using 5 X 7  arrays.
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TABLE 4

MEAN COLUMNS CORRECT /MINUTE FOR GROUPS A AND B

Group A  . 
Students

CA LS CA FF CA Group B 
Students

CA FF CA LS CA

CR 1.4 1.9 1.8 2.7 1.5 BD 2.3 2.4 3.2 3.3 3.7

JS 2.0 3.2 2.3 3.8 2.2 TM 1.6 2.8 1.5 3.7 2.3

.ER 2.5 3.4 2.5 3.3 2.4 DA 2.4 4.0 3.0 5.2 2.9

MR 3.3 4.3 4.0 4.2 4.2 MT 1.7 3.4 1.3 3.0 1.5

CS 2.9 2.9 3.4 2.6 3.0

Total x 2.4 3.1 2.8 3.3 2.6 2.0 3.1 2.2 3.8 2.6

x columns 
phases =». 2

correc
. 6.

t/minute across all CA x columns 
phases «=

correct/minute across 
2.3.

all CA

CA ■■ Conventional
LS «■ Hutching's "Low-stress"
FF « Fulkerson "Full-record"
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group A and 3.1 for group B. Average correct rates for 

phases in which the conventional algorithm was used were 

2.6 for group A and 2.3 for group B.

While the total means across algorithm phases indicate 

that both the "Low-stress" and Fulkerson "Full-record" al­

gorithms produced higher correct rate, an examination of 

individual means show that this effect was not indicative 

of each individual. Subject MR's correct rate increased 

during the "Low-stress" algorithm phase over the conven­

tional algorithm levels, but failed to show a significant 

decline when phases were reversed. Virtually no correct 

rate changes were observed for subject MR for the Fulker­

son "Full-record" method. For subject C.S, both the "Low- 

stress" and Fulkerson "Full-record" algorithms resulted in 

lower correct rates. This may have been due to the fact 

that he used his fingers in tabulating column sums, and 

that writing the special notations for the "Low-stress" 

and Fulkerson "Full-record" algorithms required more time.

For subject BD a general learning trend is noted across 

each algorithm phase.

Overall the data on means do not indicate that the order 

in which the algorithms were taught ( LS or FF first) sig­

nificantly affected student performances, with the excep­

tion of rate correct. Table 4 shows that for students in 

group A ( LS taught first) the average correct rate was 

slightly higher during the Fulkerson "Full-record" phase
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(LS = 3.1, FF = 3.3). For students in group B (FF taught 

first) the average correct rate was higher during the "Low- 

stress" phases (FF = 3.1, LS = 3.8). In both groups, the 

algorithm that was introduced last resulted in higher cor­

rect rates.

Individual Performances Across Algorithm Phases 

Group A

Figures 1,2,3,4 and 5 present individual data for 

dependent measures on students in group A. Prior to ex­

amining individual performances, it should be noted that 

any systematic errors that were observed during the study 

were corrected by the investigator. Two subjects in group 

A presented systematic errors. As can be seen in Figure 1, 

data for Subject CR show a substantial decline in accuracy 

and correct rate, as well as an increase in the number of 

columns incorrectly added per minute, during the first day 

of the "Low-stress" phase. It was observed that subject 

CR consistently obtained the wrong sum when adding eight 

plus seven. This error was corrected prior to the next ses­

sion. In Figure 5, it should be noted that subject CS 

failed to correctly calculate any column during the first 

session. He was asked to demonstrate his calculation m e ­

thod for the investigator. In the process of demonstrating 

his method, the subject discovered that he had been mis-
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Figure l: Correct and incorrect rate, and accuracy
for subject CR on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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Figure 2'• Correct and incorrect rate, and accuracy
for subject. JS on daily work sheets under 
different conditions of computations (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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Figure 3: Correct and incorrect rate, and accuracy
for subject ER on daily worksheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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Figure .4: Correct and incorrect rate, and accuracy
for subject MR on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full 
record") using 5 X 7  arrays.
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Figure 5 : Correct and incorrect rate, and accuracy
for subject CjJ on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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49
counting. For example, if he were adding six plus seven, 

he would start with the number six (instead of seven) and 

count seven numbers on his fingers arriving at 12 instead 

of 13 for his answer.

As can be seen from Figures 1 ,2 »3,4 > and 5 , each stu­

dent in group A showed greater accuracy scores and less 

variability during the "Low-stress" and Fulkerson "Full- 

record" phases as compared to the conventional algorithm.

For subject MR (See Figure 4), accuracy scores were high­

est and most stable using the Fulkerson "Full-record" 

algorithm. Accuracy scores for subject CR (See figure i), 

show similar results to those obtained for subject MR with 

the highest accuracy scores occurring during the Fulkerson 

"Full-record" phase. Comparable effects were obtained for 

accuracy, for both the Fulkerson "Full-record" and "Low- 

stress" algorithms with subjects JS, ER and CS.

In terms of columns incorrectly added per minute, 

figures 1 , 2 , 3 , 4 , and 5 indicate that both the Fulkerson "Full- 

record" and "Low-stress" algorithms were overall more ef­

fective in producing lower error rates as compared to the 

conventional algorithm. Subject MR (See figure 4) displayed 

the least variability and also lowest error rate , during 

the Fulkerson "Full-record" phase. For subject JS, error 

rates were lowest and most stable using the "Low-stress" 

procedures. Data for subjects CR, ER and CS indicate that 

the "Low-stress" and Fulkerson "Full-record" algorithms
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were approximately equivalent in terms of reduced error 

rates over the conventional method.

For correct rate, the results are not as clear. Data 

for subject CS show a decrease in correct rate in phases 

using the "Low-stress" and Fulkerson "Full-record" a lgor­

ithms as compared to the conventional algorithm. For sub­

ject MR, data on correct rate indicate minimal effects dur 

ing the "Low-stress" and Fulkerson "Full-record" phases. 

Looking at the correct rate data for subject MR in figure 

4, an ascending trend can be seen during the initial con­

ventional algorithm phase. Since data in this trend over­

lap with data from subsequent phases, it is plausable to 

say that using the "Low-stress" and Fulkerson "Full-record 

algorithms had little or no effect on correct rate. For 

subjects CR, JS and ER, data in figures 1,2, and 3 show 

that correct rate levels were higher using the "Low-stress 

and Fulkerson "Full-record" methods compared with levels 

achieved using the conventional algorithm.

Group B

Figures 6,7,8 and 9 present individual data for all 

dependent measures on students in group B. As shown in 

these figures, each student in group B had higher accuracy 

scores using the "Low-stress" and Fulkerson "Full-record" 

algorithms then when using the conventional method. V a r i ­

ability was reduced during the "Low-stress" and Fulkerson
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Figure 6: Correct and incorrect rate, and accuracy
for subject BD on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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Figure 7 : Correct and incorrect rate, and accuracy
for subject TM on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Fu 
record") using 5 X 7  arrays.
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Figure 8 : Correct and incorrect rate, and accuracy
for subject DA on daily work sheets under 
different conditions of computation (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.

55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CO
LU

MN
S

56

z
£
t
UJo: cc
Ouz

>  i

LL

z
£HUJtc
cr
0
U

>- 100 

ce3 59
u<
*  0

SESSIONS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure «J : Correct and incorrect rate, and accuracy
for subject MT on daily work sheets under 
different conditions of computational (Con­
ventional, "Low-stress" and Fulkerson "Full- 
record") using 5 X 7  arrays.
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"Full-record" phases as compared to levels obtained for 

the conventional algorithm.

For rate incorrect, figures 6,7,8 and 9 show that 

when students were using the "Low-stress" and Fulkerson 

"Full-record" methods, they achieved lower error rates then 

when using the conventional algorithm. Variability was 

greatly reduced for subject DA (see figure 8) in both the 

""Low-stress" and Fulkerson "Full-record" phases. Other 

subjects in group B showed only moderate declines in v a r i ­

ability using the "Low-stress" and Fulkerson "Full-record" 

algori thms.

In terms of correct rate, figures 6,7,8 and 9 show,wit 

the exception of subject BD, that the "Low-stress" and 

Fulkerson "Full-record" algorithms were superior to the 

convention algorithm. For subject BD (see figure 6), an 

ascending trend is noted which crosses all phases. Data on 

subject BD are not typical of others in group B.

The highest rate correct for both groups A and B 

was obtained by subject DA during the "Low-stress" c o ndi­

tion (see figure 8). It can be seen from figure 8 that sub­

ject DA's rate correct scores, for the "Low-stress" phase, 

averaged over five columns per minute, with the highest 

being 5.8 columns per minute. Her highest rate correct 

for other phases was 4.6 using the Fulkerson "Full-record" 

algorithm and 3.6 using the conventional method. Also for 

subject DA, day to day variability was greatly reduced in
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both the "Low-stress" and Fulkerson "Full-record" al­

gorithm phases.

Rate correct data for subject TM (see figure 7) 

show descending trend during the initial conventional al­

gorithm phase followed by an ascending trend during the 

Fulkerson "Full-record" phase. Rate correct decreased 

when the conventional algorithm phase was reinstated fo l­

lowed by a subsequent increase during the "Low-stress" 

condition.

For subject MT, the data on correct rate (see figure 

9)are similar to those of subject TM. It can be seen in 

figure 9, that correct rate scores were higher during the 

"Low-stress" and Fulkerson "Full-record" phases as compared 

to conventional phases. It should also be noted that cor­

rect rates are similar for both the "Low-stress" and F ul­

kerson "Full-record" algorithms. Correct rate scores, us­

ing the conventional algorithm do not overlap with scores 

obtained using either the "Low-stress" or Fulkerson "Full- 

record" algorithms.

Order Effects

Since the "Low-stress" and the Fulkerson "Full-record" 

algorithms are similar in terms of notation usage, it is 

plausable that having been taught one method would make 

learning the other easier. Looking at the data for subjects 

in groups A and B (see figures 1,2,3,4,5,6 ,7,8 ,and 9), order
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effects are only seen for rate correct, with subjects CR,

JS, ER, and TM. Order effects were not noted for percent

accuracy or rate incorrect.

For subject CR (see figure 1) an upward trend can be 

seen during the "Low-stress" phase followed by a decrease 

in rate correct for the conventional algorithm. When the 

Fulkerson "Full-record" algorithm was introduced, and up­

ward trend was again noted. Order effects are assumed due 

to the fact that correct rates towards the end of the "low- 

stress" phase are similar to rates at the start of the 

Fulkerson "Full-record" condition, followed by a similar 

upward trend.

For subjects JS and ER (see figures 2 and 3), an 

upward trend is seen during the "Low-stress" phase for 

rste correct. This may indicate that higher rates were 

achieved due to practice. Using the conventional algorithm, 

rate correct scores decreased for both subjects. When the 

Fulkerson "Full-record" algorithm was introduced, rate cor­

rect levels immediately increased to levels similar to those 

obtained for the "Low-stress" phase with little or no prac­

tice effects noted.

The only individual to show possible order effects 

in group B was subject TM. Looking at figure 7, it can be 

seen that correct rates for subject TM are increasing d u r ­

ing the Fulkerson "Full-record" phase, followed by a sharp
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decl ine in the conven tional algorithm phase. Again,

rate correct increase d to levels obtaine d for the Fulker-

sone "Full-record" ph ase when the "Low-s tress " algorithm

was introduced but no ' pr actice effects were o b s e r v e d .

Algori thm Preference

Given a free cho ice of algorithms to use in solving

a 17 X 12 array addit ion problem, two su b j ec ts, BD and CS,

chos e the conventions 1 algorithm. Accur acy scores for

both subjects BD and CS were 12% and 18% resp e c t i v e l y .

Both of these subject s ch ose the algorithm in which they

achi eved the highest rate correct scores during the study.

Three students chose the Hutchings' "Low -stress"

meth od to solve their pro blem. Subjects DA, TM and CR

obta ined accuracy sco res of 88%, 88% and 82%, respective-

ly. These students a Iso chose the algor ithm in which they

achi eved the highest rate correct scores during the study.

Subjects ER, JS, MR and MT achieved accuracy scores

of 88%, 88%, 94% and 71% respectively, using the Fulkerson 

"Full-record" algorithm. Only subject MT chose the al­

gorithm in which he had the highest correct rate.

Students using the "Low-stress" and Fulkerson "Full- 

record" algorithms showed a definite superiority in terms 

of accuracy compared with students using the conventional 

algorithm. This finding supports Hutchings' (1976) view 

that the advantages offered by the "Low-stress" procedure
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increase in proportion to the column length. Since the F ul­

kerson "Full-record" algorithm is very similar to the "Low- 

stress" method, it is likely that these advantages would • 

also apply to this method as well.

Summary

The instructional procedures used in this study were 

sufficient in teaching the students the two new algori­

thms (a 15 minute instruction followed by a 15 minute 

practice). All of the students learned the new addition 

procedures quickly and enthusiastically. Most students 

complained during reversal phases in which they were r e ­

quired to use the conventional algorithm. They comment­

ed that the conventional method was too hard and slow. 

Overall, most students had positive comments concerning 

the new addition procedures.

In terms of performance, the results of this study 

indicate that both the H u t c h i n g s ’ "Low-stress" and the 

Fulkerson "Full-record" algorithms were generally super­

ior to the conventional algorithm, along all dependent 

measures. In addition, the data show that the effects 

achieved in phases using the "Low-stress" and the Ful­

kerson "Full-record" algorithms were highly similar.

All students showed higher accuracy scores and lower 

error rates using the new algorithms as compared to the 

conventional method. Only two students failed to achieve
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higher correct rates for the two new methods. Possible 

order effects were noted for only correct rate. Data o 

four students show that having p r a c t i c e d ■with either of 

the new algorithms may have positively affected their 

performance using the other.

For algorithm preference, four students chose the 

Fulkerson "Full-record" algorithm; three chose the "Low 

stress" method and two chose the conventional algorithm 

to solve the super problem (Appendix G ) . In addition, 

students choosing the new algorithms obtained accuracy 

scores which were distinctly higher to those who chose 

the conventional algorithm.
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DISCUSSION

The students reacted positively towards most aspects 

of this study. This may have been due to the fact that 

they were allowed to leave their regular class to go with 

the investigator. However, changes that occurred during 

the study would suggest that learning the new algorithms 

was at least partially responsible. One subject often 

talked, disturbing others during the initial conventional 

algorithm phase. The investigator was considering some 

type of intervention plan to deal with his behavior. But 

once the new algorithms were taught his disruptive behav­

ior decreased to almost non existent levels.

Some students wanted to know if they could use the 

new methods in their regular m a t h  class. Some students 

requested other methods for multiplication, division and 

subtraction. In addition to changes in calculation, speed 

and accuracy, future studies might examine behavior changes 

associated'with the.use of.the Hutchings "Low-stress" and 

'Fulkerson "Full-record" algorithms, such as attending.

Instructional Procedures

The instructional procedures used in this study were 

effective in teaching each of the new algorithms as evi­

denced by the changes in calculation accuracy and effici-

65
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ency. Students readily understood the concepts involved 

and the use of the special notations in each new algor­

ithm .

Error Patterns

Examination of daily work sheets indicated that three 

types of error patterns occurred in relation to the use 

of the new algorithms. The error patterns were: a.) the

student would fail to write down the last binary sum, thus 

obtaining the correct units portion, but failing to carry 

the correct number to the next column, b.) the student 

would begin a problem by adding the first two binaries in 

the right column, only writing the sum between the first 

and second binaries instead of below, thus rendering the 

column sum incorrect, and c.) using the Fulkerson "Full- 

record" algorithm students would sometimes fail to correct 

ly count the slashes, because the slashes were not made 

large enough to quickly identify. The first two of these 

patterns were observed by Alessi (1974). The pattern de ­

scribed in (c) was not observed for the "Low-stress" m e t h ­

od. These error patterns (a,b,c) were not observed often 

and were easily corrected by the examiner. Boyle (1975) 

suggested that placing a box between the second and third 

binaries of the first column, might help eliminate the pat 

tern described in (b) above.
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Data Analysis

The results of the present study support the findings 

of past researchers, (Hutchings, 1972; Alessi, 1974; Dash- 

iell, 1974; Boyle, 1975; Rudolph, 1976; Zoref, 1976; and 

Gillespie, 1976) in showing the Hutchings "Low-stress" 

algorithm generally superior to the conventional algorithm 

in producing accurate and efficient calculations. The re­

sults also indicated that the Fulkerson "Full-record1* al­

gorithm produced results similar to those obtained for the 

"Low-stress" procedures. Additionally, the results show 

that given a free choice of algorithms to use in solving 

a problem, more students chose the Fulkerson "Full-record" 

algorithm (four out of nine students) than the other two 

methods. Three students chose the"Low-stress" method 

and two students chose the conventional procedure.

Generally, students tended to pick the algorithm in 

which they were most competent. Students choosing the new 

algorithms had distinctly higher accuracy scores for the 

preference problem than students choosing the conventional 

m e t h o d .

One factor that affected student performances, was 

whether or not they knew their basic addition facts. A l ­

though a pre-test was given in an attempt to eliminate
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students who had not mastered the basic math facts, the 

test did not eliminate those students who used their fin­

gers in obtaining sums. It is felt that the "Low-stress" 

and Fulkerson "Full-record" algorithms would have shown 

even greater superiority had all the students known the 

basic addition facts by rote memory.

Another factor which might have had some effect on 

student performances, was the fact that they were excited 

about learning and using the new algorithms and might have 

tried harder (the same explanation is often used to explain 

failures of new programs). Even with this factor in mind, 

students using the new algorithms, with only brief instruc­

tion, generally increased their accuracy and speed of calcu­

lation over levels achieved using the conventional algor­

ithm. This is surprising in the sense that most fourth 

graders would have had two years of instruction using the 

conventional procedures.

When students were using the Hutchings "Low-stress" and 

the Fulkerson "Full-record" algorithms, less day to day v ar­

iability was noted in terms of calculation speed and accur­

acy, compared to the conventional phases. It would be ex­

pected that responding would be more stable during the con­

ventional algorithm phases, since the students have had a 

longer history of it's use. On the other hand, perhaps the 

stability of performance was a reflection of the new algor­

ithms' superiority.

In summary, it can be reported that both the Hutchings'
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"Low-stress" and the Fulkerson "Full-record" algorithms 

produced more stable, accurate and efficient calculations 

in comparison to the conventional algorithm. In terms of 

preference, most students chose the Fulkerson "Full-record" 

and "Low-stress" algorithms when given a free choice.

Based on past research, the Hutchings "Low-stress" 

appears to be a viable alternative to the conventional a l g o r ­

ithm in elementary education. It's adaptation into our 

current system would require extensive changes in problem 

formats, including extra wide spaces between rows and columns. 

The Fulkerson "Full-record" method on the other hand, would 

only require extra wide spaces between the rows. More 

research is needed on the Fulkerson "Full-record" method 

before adaptation is recommended.

Future Directions

In order to reduce the confounding aspects of order 

effects, perhaps future researchers might use a m u lti­

element baseline design (Ulman and Sulzer-Azaroff, 1975).

This type of design would allow each subject to use every 

algorithm under study during daily sessions. The use of 

such a design however, might present other problems such 

as confusion for the student and monitoring difficulties 

for the investigator.

Other research might focus on the various effects of 

each component of both the "Low-stress" and the Fulkerson 

"Full-record" methods. For instance, comparing the Fulker-
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son "adding by tens" method to the Fulkerson "Full-record" 

algorithm.

Finally, future reseach might investigate the feasi­

bility of using the "Low-stress” or Fulkerson "Full-record" 

algorithms in teaching basic mathematics to mentally im­

paired individuals.
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APPENDIX A 
INVENTORY OF BASIC ADDITION FACTS 

(Adapted from Otto, McMenemy, and Smith, 1973, p. 221 
taken from Alessi, 1974.)
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Inventory of Basic Addit ion Facts

8 6 3 9 4  6 5
+  2 + 9  + 6  + 6  + 7  + 3  + 4

5 
+ 9

4 
+ 5

.3 
+ 7

6 
+ 4

5 
+ 2

5 
+ 7

3
+ 4

3 
+ 2

2 
+ 4

7 
+ 6 + 9

2 
• 9

3 
+ 5

4
-5-2

2 
+ 7

9 
+ 3

7 
• 5

4  
*  9

6 
+ 2

5 
+ 3 + 8

7
+ 4

6 
+ 4

7
+ 8

3 
+ 7

9 
+ 2

2 
+ 8

9
+ 4

' 4  
+ 3

2 
+ 6

2 
+ 3

3. 
+ 3

3 
+ 8

7 
+ 9

8
* 4

5 
+ 6

6 
+ 7

4  
+ 8

8 
+ 6

. 7  
+ 2

7 
+ 3

9 
+ 5

. 6 
+ 5

5 
+ 8

3 
+ 9

9 
+ 7

2 
+ 5

Score s
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APPENDIX B
PRACTICE WORKSHEETS FOR TRAINING SESSIONS
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Practice Sheet #1 7

6
8
9

7

6

9 6 5

6 8 7 0 6 3

4 8 3 5 3 9

6 9 5 6 9 1 8 1

+ 8 7 4  + 5 8  + 3  + 4 2

6 3 7 6 9 5 

4 0 7 6 4 2 

+ 8 7 6 9.8 3

4 8 7 6 8 7 6

9.8 7 6 8 7 6 

9 8 7 6 8 5 6

7 9 5 6 7 9 3

3 5 2 7 4 9 8

+ 6 7 3 5 6 7 8
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Practice Sheet # 2
3 5 2

8 7 8 9 7

5 9  . 2 2 2  5 .9 3 8

3 8  9 3 8  7 6 5 8

9 6  5 9 6  2 6 7 S

7 3  6 7 4  9 6 7 5

+ 9 5 +5 8 6 +5 8 7 .4

7

3

3

4

9

1

+ 7

6 7 8 6 7 8 4

6 7 8 6 7 8 9

6 5 8 6 7 8 9

3 9 7 6 5 9 7

8 9 4 7 2 5 8

+ 8 7 6 5 0 7 6
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A P P E N D IX - C
C O N V E N TIO N A L A LG O R IT H M  LESSON
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Since you all know how to write your number facts, I 
thought I would spend a few minutes reviewing ho w to do 
column addition problems.

When you write number facts you add the two numbers and 
write down your answer. For instance, when you write six 
plus seven, all you do is write thirteen at the bottom, 
like this: 6

+213

The three is said to be in the ones place and the one in 
the tens place.

When you add more than two numbers, like in the problem 
nine plus seven plus eight, you add nine plus seven which 
equals sixteen. Then you add sixteen to eight to reach 
your answer of twentv four. 9

7
+J3
24

Does everybody know how to do this problem?

'G o o d .

Okay, now I want you to write this problem down on the 
paper I gave you: Six plus seven, plus eight, plus five.
Lets see you do this problem.

Okay everybody is finished. The answer is twenty six.

Lets see how you reached your answer. You added 6
six pous seven and it equaled thirteen. Next 7
you added thirteen plus eight. It equaled 0
twenty one. You then added twenty one plus five +5_
and it equaled twenty six. That is the answer. 26
You then wrote twenty six at the bottom. Very 
good.

Now let me review how to add when there is more than one 
column.

Look at this problem: 6 8
8 7 
4 5 

+ 5 9  
9

The sum of the first column is twenty nine. Can we write 
the twenty nine under that column? No we can not.
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When there is more than one column, each column can have 
only one number at the bottom, except for the last column.

So the number we put at the bottom is always the right hand 
number or the units.

What do we do with the left hand or tens number? We 'carry 
it to the top of the next column and circle it. Watch me.

8 7 
4 5 

+ 5 9
9

Now when we begin to acid the second column, we always b e ­
gin with the number we carried. In this example we carried 
t w o .

To finish this problem we adds

2 plus 6 n 3 ___________________

8 plus 8 => 16 ___________________

16 plus 4 a 20 _________________ __

20 plus 5 = 25 ___________________

2 
6 8

8 7

4 5

5 9

On the last column we write both the left and right sides 
of the answer. Watch me.

6 8 
S 7 
4 5

+ 5 9  Your answer should be two hundred and
fifty nine or 259.

2 5 9

Remember, if there is a column to the left, you always car­
ry the tens or left hand answer to the top of the next 
column and circle it.

Now I want you to do some practice problems. (Hand out 
practice sheets)
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I am going to show you a new way of writing number facts, 
but first 1*11 show you the old way.

This is the way you usually write your facts: 6
£7
13

Using the new way the facts are written using two small 
numbers like this: 6

173
You still write thirteen, only it is written at the corners 
of the number instead of under it.

I'll show you another example, Me can write eight plus 
six like this 8 or using the new way like this S .

+ 1  .6
14 1 4

Do you see the fourteen? You always write the ones to the 
right and tens to the left.

Now I want you to try it. Using the paper I have given
you, write down this problem: seven plus eight. Now I
want you to write down the answer using the new way,

(Check to make sure they have all used the correct notation) 
7

185
Very good. The little number on the left is said to be in
the tens place and the little number on the right is said
to be in the ones or units place.

Now I am going to show you a bigger problem. In this p r o ­
blem we are going to add three numbers; nine, seven and 
eight. Watch me:

lg6
Nine plus seven equals sixteen, so I'll write a little 9
six to the right of the seven and a little one to the .7
left. Do you see? Now using only the little number _
to the right I will add the little six to the eight.
The answer is fourteen so I will write a little four to the
right of the eight and a little one to the left. 9

1 4

Now I have the right half of the answer which is four, 
just write the four at the bottom right like this:
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To get the other half of the answer, I simply count the 
little ones at the left that I have forgotten about.

H ow many ones are there? Lets count one..two. So two is 
the other half of the answer.

2 4
The answer is 24. Do you see?

Now I want you to try an even bigger problem. Write this 
problem on your papers and don't forget to leave enough 
room between your big numbers to write your little numbers. 
Also, remember only add the little numbers at the right. 
Here is the problem: add six, plus seven, plus eight, plus
five.

If you need help ask me.

Okay everybody is finished. The answer is 26. Lets see 
how you reached the answer.

Six plus seven equals thirteen, so you wrote the little 
three to the right of the seven and the little one to the 
left. Thats right. 6

7.
•8 '

5

Next you added three plus eight. It equaled 11, so you 
wrote a little one to the right and to the left of the 
eight. Remember we always forget about the little ones 
at the left until the very end. 6

l o 3

i l
Next you added one plus five. It equaled six, so you 
wrote a little six to the right of the five and nothing to' 
the left because you had no tens.
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Now you had half of Che answer, so you wrote a six in the 
ones place under the line. Then you counted the ones on 
the left, o n e , •,two and wrote down the second half of your 
answer which was two, 6

l} ±
2 6

Your answer was 26. Very good.

Did everybody get twenty six for their answer?

Good.

Now let me show you h ow to add when there are nore than one 
column using the new way.

Look at this problem: 6 8
8 1754 5
5 1?°9

Can we still write our left hand answer if ther is more 
than one column? No, we can not.

When there is more than one column, each column can have 
only one number at the bottom, except for the last column,

So the single number that we put at the bottom is always 
the right hand number.

What do we do with the left hand number? 2
We carry it to the top of the next column 6 8
and circle it. 8 7

4 5
5 19°

Now when we begin to add the second column 
we always start with the number we carried. 
In this example we carried the two.

9
2
6 8
8 7 _
4 l5n5 9 9

To finish this problem we add:
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2 plus 6 8

8 plus 8 ■■ 16

6 plus 4 « 10

0 plus 5 a 5

2

-  %  8

-  A  x7,
.» 4 51 0  1 0
-* 5 95 9

C n  the last column we write both the left and right side 
cf the answer. Watch me.

Five is the last right hand number so 1*11 2
w r ite it at the bottom. There were two 6g 8
little ones at the left so I'll write two 5
at the bottom. The answer is thow hundred 4 5
and fifty nine. ^5® 9^

2 5 9

Itsneraber, if there is a column to the left you always 
count your little ones and carry them to the top of the 
nex t  column and circle the number.

I\Tov I want you to do some practice problems. 

Cr.and out practice sheets)
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I am going to show you a new way of writing number facts, 
but first 1*11 show you the old way.

This is the way you usually write your facts: 6+ T 
13

Using the new way the facts are written using a slash and 
a small number like this: 6

+7
3

You still write thirteen, only it is written by making 
a slash through the seven in place of the one and writing 
a little three at the lower right corner of the seven 
instead of under it.

I'll show you another example. We can write eight plus
six like this 8 , or using the new way like this 8 ,

+_6 0 
14 4

Do you see the fourteen? You always write the units or 
ones to the right and make a slash to indicate the tens.

Now I want you to try it. Using the paper I have given 
you, write down this problem: seven plus eight. Now I
want you to write down the answer using the new way,

(Check to make sure they have all used the correct n o t a ­
tion 7 )

0
5

Very good. The slash is said to be in the tens place and 
the little number on the right is said to be in the ones 
or units place.

Now I am going to show you a bigger problem. In this p r o ­
blem we are going to add three numbers; nine, seven and 
eight. Watch me.

Nine plus seven equals sixteen, so I'll write 9
a little six to the right of the seven and
make a slash through the seven. Do you see? 7

6
8
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Now using only the little number to the right, 9
I will add the little six to the eight. The
answer is fourteen, so I'll write a little 7
four to the right of the eight and make a 6
slash through the eight. f>

4

Now I have the right half of the answer which is four. 
I just write the four at the bottom like this: 9

7
6

4

To get the other half of the answer, I simply count the 
slashes that I have forgotten about.

Lets see how many slashes there are? Lets count 9
one..two. So two is the other half of the a n ­
swer. 7

6

_4

The answer is twenty four. Do you see? 24

Now I want you to try an even bigger problem. Write this 
problem on your papers and don't forget to leave enough 
room between your big numbers to write your little n u m ­
bers. Also, remember that you only add the little n u m ­
bers at the right. Here is the problem: add six, plus
seven, plus eight, plus five.

If you nee help ask inc.

Okay everybody is finished. The answer is twenty six. 
Lets see how you reached the answer.

Six plus seven equals thirteen, so you wrote a 6
little three to the right of the seven and made 
a slash through the seven. Thats right. 7

3
8

5
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Next you added three plus eight. It equaled 
eleven, so you wrote a little one to the 
right of the eight and made a slash. Remember 
we always forget about the slashes until the 
very end.

Next you added one plus five. It equaled 
six, so you wrote a little six to the right 
of the five and made no slash because you 
didn't have any tens.

Now you had the right half of the answer, so 
you wrote a six in the ones place under the 
line. Then you counted the slashes, one..two, 
and wrote down the left half of your answer 
which was two. Your answer was twenty six. 
Very good.

Did everybody get twenty six for their answer?
Good •

Now let me show you how to add when there is more than one 
column using the new way.

Look at this problem: 6 B

8 7
5

4 $
0

5 9
9

Can we still write our left hand answer if there is more 
than one column? No, we can not.

When there is more than one column, each column can have 
only one number at the bottom, except for the last column.

So the single number that we put at the bottom is always 
the right hand number.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



What- do we do with the left hand number? ©
We carry it to the top of the next column 6 8
and circle it.

8 7
5

4 %
0

5 9
9

9

Now when we begin to add the second column ©
we always start with the number we carried. 6 8
In this example we carried the two.

8 75
4 %

0
5 9

9

9

To finish this p r oblem we adds ©
2 plus 6 a 8 > 6 8

8
8 plus 8 a 16 > * 7

6 5
6 plus 4 a 10 > *9 0

?
0

0 plus 5 a 5 > 5- 9
? 5 9

9

On the last column we write both the left and right side;
of the answer. Watch me.

Five is the last right hand answer, so I'll ©
write it at the bottom. There were two 6 8
slashes, so I'll write two at the bottom. 8
The answer is two h u ndred and fifty nine. $ 7

6 5
* f
0 0

5 9
5 • 9

2 5 9
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Remember, if there is a column to the left, you always 
count the slashes and carry that number to the top of 
the next column and circle it.

Now I want you to do some practice problems. (Hand out 
practice sheets)
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9
7
4
7
9
6

9

4
4 

8

5 
2 

9 
4

8

4
5 
1 

9 
9 
9

1

5
4
2

4
2
7

3
7
5 
1 

1

6 

2

91

1 9 1 5 2
3 6 2 4 8
9 4 4 5 oo
5 4 1 5 8
7 c: 5 1 9
4 2 2 8 6
9 4 9 3 8

CD 2 2

oo

6

9 4 2 9 1

6 8 2 2 7
1 9 8 2 8

7 7 1 1 4
7 8 1 3 8

2 7 4 8 2

Name
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1 9 6 14 9

00 5 2 14 14

3 1 5 2 1
9 H 2 3 7

00 2 3 7 1

CO 7 14 8 1
1 9 3 2 5

3 9 CD 6 3
2 1 8 1 6

00 8 14 14 8

1 8 6 2 2

00 6 2 2 5
14 9 7 6 7
5 8 6 9 7

4 3 oo 5 CM

CD 8 9 7 1
1 8 14 7 7

00 3 7 5
1 6 9 3 3

CM 3 6 8 7
4 1 9 6 3

Name__________
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o o m v o c o m - c f r o o c o c y v c o ' X J m

o o t n v o i r » o o r ^ v 0 i n c o r ' - r ' ' v o

< h m i ^ - v o o o r » < r » o o m c o v O M

c o i n r » v o c r > o o r ^ v o o o r ^ c n o o

r ^ v o m c M c r i c o v o o o i o m a v v o

< t o o t ^ - ' s O o o m < } - o o c o i n < T » m

o o m r ^ v o o o i n r ^ o o c o m v o m

o o r ' - m v o c o o o c r i ^ j - o o p ^ r - v o

o o i o c o r ^ v o < y > o o m c o c o c s i c T >

i o < t o o r ^ v D o o r - ' < T i o o t ^ - v o r ~ -

i n o o n r ^ a > v o o o m < l - r ^ c o p ^

m o o r ^ - v o o o t ^ m o o r ^ < J - v o c o

o o m r ^ v o o o c o m r ^ v o o o o N c n

i n c o r ^ v o i n o o c o r ^ ' O o o i n o N

o o c O ' d - r ^ v o c o m c r > r ^ o o c n v o

o o f O < f r ^ v £ i o o i n o o i n o 4 i n o o

c o m o o r ^ v o o o < } - o o o 4 a > v o o o
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