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Abstract

While the teaching of paper and pencil algorithms dominates the elementary
mathematics curriculum, outside of school both children and adults often abandon
these methods in favor of their own informal strategies. A literature review showed
the use of a large variety of procedures occurs across cultures, educational levels,
and age groups. Schooling and experience with commercial transactions were
factors found to affect the types of strategies utilized and the correctness of
responses.

This research, conducted in St. Lucia, West Indies, examined the mental
computational strategies used by adult vendors (in the market, on the street, on the
beach) and nonvendors. The daily activities of a vendor involve a substantial
amount of mental calculation when engaging in financial transactions, in which
accuracy is important; many, however, have only primary schooling or less. Vendors
were also of interest because of their reputation on the island for being able to do
quick and accurate calculations. Nonvendors consisted of two subgroups: teachers
and people from other occupations (such as taxi drivers and bank tellers) with
varying levels of education.

Problems were presented orally in the context of buying goods in the marketplace,
and subjects described the strategies they utilized to arrive at a solution. The
questions focused on the following mathematical areas: addition, subtraction,
multiplication, and estimation. Solution processes were categorized and the
success in producing a correct answer was recorded. Data on the computational
procedures taught in schools were collected.
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A wide range of strategies was used by both vendors and nonvendors. The amount
of formal education had the most impact on the procedures utilized; experience with
daily commercial transactions had little effect. Subjects with more schooling also
produced more correct answers. Teachers frequently solved the problems using
their own informal methods, but when asked what approach they would show their
students for the same question, educators generally ignored what they had just done
themselves and said they would rely on a written algorithm to demonstrate to
children. Other than basic mathematics facts, there was little agreement or
understanding of what mental computation encompasses. Rounding was the only
estimation strategy being addressed. The computational routines being taught in
schools do not reflect what was being used by people in everyday life.

The findings contradict the widely held notion that vendors are accurate in their
calculations. The results do not support some of the research where involvement
with commercial transactions was found to be a predictor of success as compared to
those without such experience; schooling was found to have greater effect on
producing correct answers.

Recommendations are made about the teaching of mental computation for both
primary schools and adult numeracy programs.
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Chapter 1
Background of the Problem

In his short story "The Mathematical Voodoo," H. Nearing (1958) described a young
man, Finchell, who had unsuccessfully attempted a mathematics course six times at
the university level. Two professors, Ransom and MacTate, were interviewing him to
diagnose what was the problem. The multiplication tables were used as a starting
point and the student was asked to solve nine times three.
The boy fixed his eyes on the ceiling and twisted his jaw off center. For
a minute or two he seemed to be chewing an imaginary taffy. Then he spoke.
"Twenty-six. No. Twenty-seven."
"My God, that's right." Ransom looked at the boy with wonder in his
eyes. How'd you do that? In your head?"
Finchell dropped his eyes deprecatorily. "Well, yes. Sort of. I did it on
my teeth."
"Oh, on your teeth."
"Yes. You see, I figure that one times nine is nine. Everybody knows
that. So then I put my tongue on this wisdom tooth-" He put a finger into his

mouth and pointed. "That's ten. Now I know I have eight teeth on each side of
my lower jaw. So the tooth to stop counting with when you are multiplying
nine is this one." He pointed. "One past the half of your jaw. You count up to
there twice, beginning with ten, and you have three times nine." Finchell
smiled with an air of having overcome difficulties reasonably. "It's less
noticeable than using your fingers. They don't laugh at you so much" (p.123).
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While this example of an idiosyncratic method of computation was excerpted from a
work of fiction, the way people calculate in real life may not be so different.

In classrooms around the world, a considerable amount of time is devoted to the
teaching of addition, subtraction, multiplication, and division using standard methods
of written computation. The dominance of these pencil and paper methods in the
elementary mathematics program is widely acknowledged. This fact suggests that
there is an unquestioned belief that school-learned algorithms are essential for
everyday problem- solving situations. But is this really true?

In recent years, interest has grown in the way people calculate (Hart, 1981; Scribner,
1984; Reys, 1984; Hope & Sherrill, 1987; Stigler & Baranes, 1988). It has become
increasingly apparent that a wide variety of computational strategies are utilized by
people to arrive at a solution. These methods range from using body parts on the
upper half of the body (Saxe, 1981) to calculation by thinking in monetary terms
(Reed & Lave, 1981) to using actual objects (de la Rocha, 1985; Lave, Murtaugh &
de la Rocha, 1984). In this latter article, a study of weight watchers was described.
The problem posed to a dieter was to determine how much three-quarters of the
allowed two-thirds cup of cottage cheese would be.
The problem solver in this example began the task muttering that he had had
calculus in college and then, after a long pause, suddenly announced that he
had "got it!" From then on he appeared certain he was correct, even before
carrying out the procedure. He filled a measuring cup two-thirds full of cottage
cheese, dumped it out on a cutting board, patted it into a circle, marked a
cross on it, scooped away one quadrant, and served the rest (p. 89).
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Researchers have focussed on the informal procedures used by both children and
adults (Ginsburg, Posner, & Russell, 1981; Petitto & Ginsburg, 1982). In everyday
situations in which mathematics is involved, the strategies used by people across
age groups are often not the ones learned in school (Resnick, 1987). When
Brazilian child vendors calculated the amount of a purchase, their computational
procedures bore no resemblance to what was being taught in school (Carraher,
Carraher, & Schliemann, 1985). The mathematics used by dairy workers on a daily
basis was investigated by Scribner (1984). These subjects were asked to determine
the total price for orders of dairy products not carried by their employer. Similar
problems were posed to Grade 9 students. While dairy workers utilized a variety of
solution methods, the students relied on a single algorithm to find the answers.

Yet schooling does play a role in the use of strategies. A study by Acioly and
Schliemann (1986) looked at how black market bookies in Brazil run a complex
lottery system, even though many have little or no formal education. Extensive use is
made of written or memorized tables. When bets are accepted that cannot be
calculated from their tables, unschooled bookies experience considerable difficulty.
Those with schooling fare better; they invent procedures for the specific problem and
seldom use school-taught methods. These informal strategies were created in
approximate proportion to the bookies' amount of schooling.

The effect of schooling on solving problems was the focus by Lave (1977). In her
study, she examined whether school-learned problem-solving strategies would be
applied to unfamiliar problems that arise in situations outside of the classroom, such
as in the tailor shop. Vai and Gola tailors in Liberia, with varying amounts of formal
education and tailoring experience, were the subjects. Some of the problems that
were constructed involved using the arithmetic operations of multiplication and
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division, while others focussed on recognizing and naming numbers and using
measurement. Two subgroups of questions were created; one group of problems
were typical of those encountered in their everyday work and the other group
resembled those practised in a school setting. Lave found that for school-like
problems, the amount of schooling was a strong predictor of success whereas
tailoring experience had much more influence on correctly solving tailoring
problems.

Another way that formal education affects computational methods is on the specific
strategy that is used to calculate. The solution methods for mental addition used by
children and adults, with and without schooling, from the United States and the
Dioula society in Ivory Coast were studied by Ginsburg, Posner and Russell (1981).
Invented strategies were used across all groups but, with those who had been
exposed to formal education, the mental version of the written algorithm largely
dominated the methods used.

Schooling is not the only factor that impacts upon the development of computational
routines. A dominant theme runs through the majority of these studies: when
transactions with money are involved, there is an impact on the development of
different kinds of strategies. Money is a powerful motivator for several reasons.
From the perspective of the seller, if one undercharges, then loss of profits are at
stake. Inadvertent overcharging or shortchanging can result in loss of customers.
From the perspective of the buyer, one wants to make sure that one is getting the
most for his or her money.

Financial transactions also provide a method for thinking about numbers. In a study
by Hope and Sherrill (1987) comparing the characteristics of skilled and unskilled
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mental calculators, a high school student related how dealing with money helped her
develop efficient methods. "When I was in Brownies, we always used to sell cookies,
and they were $1.25. So I got used to adding, subtracting, and multiplying by
quarters" (p. 107). In addition to the above, transactions can serve as the catalyst for
developing effective and efficient strategies for computation. The Oksapmin people
of Papua New Guinea had to adapt their counting system using body parts because
currency was introduced (Saxe, 1982). They no longer just counted up by ones but
instead kept track of groups of 20 as that corresponded to the number of shillings in a
pound.

Herndon (1971) wrote about "The Dumb Class" and their discouraging performance
in trying to master addition and subtraction before leaving the eighth grade. To his
amazement, he discovered that one of these students was actually being paid to
keep score for two teams simultaneously at the local bowling alley. Back at school,
he found that other boys held paper routes and made change, and when the girls
went shopping, they were able to calculate what money was due after a purchase.

The previous studies are illustrative of the dissimilarity between how people function
outside of school as compared with what happens in school. The computational
methods used by adults in everyday life emphasize mental techniques, often of their
own creation, rather than school-learned algorithms (Atweh, 1982; Hope,1986;
Lester, 1989). These invented strategies were termed "folk math" by Maier (1977)
and he wrote:
Some of the general differences between school math and folk math are clear.
One is that school math is largely paper-and-pencil mathematics. Folk
mathematicians rely more on mental computations and estimations and on
algorithms that lend themselves to mental use. When computations become
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too difficult or complicated to perform mentally, more and more folk
mathematicians are turning to calculators and computers. In folk math, paper
and pencil are a last resort. Yet they are the mainstay of school math (p. 86).

A large number of these studies suggest that the use of informal procedures are a
viable and effective alternative for many people. The informal methods employed by
shoppers in an American supermarket (Lave, Murtaugh and de la Rocha, 1984) and
children selling goods in a Brazilian street market (Carraher, Carraher and
Schliemann, 1985) resulted in mental calculations that were virtually error-free. The
success rate dramatically decreased for both groups when completing a school-like
arithmetic test. The effectiveness of these informal strategies cannot be minimized.

Statement of the Problem

The present research study will focus on the informal mental computational
strategies used by adult vendors and nonvendors in St. Lucia, a Third World country
located in the Windward Islands of the Caribbean. The effects of daily commercial
transactions and the amount of formal education upon the procedures used will be
examined. In order to a get more accurate picture of what is happening in the
schools, primary teachers form a subgroup of the nonvendors so information can be
gathered on their specific solution methods. The mental computation strategies
taught in the schools will also be investigated. Comparisons will be made between
what is taught in the schools and how adults calculate outside of school.

In the growing number of studies that have investigated the use of mathematics in
everyday situations, none of the research reviewed about the strategies people use
to calculate was conducted in the West Indies. Using this country as the site for this
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study is of interest for several other reasons. People selling their goods in the market
as well as on the street and the beach do almost all their calculations mentally. Even
though many have only primary schooling or less, they are able to engage in
numerous financial transactions on a daily basis. St. Lucian vendors have a
reputation for doing these computations very quickly and accurately.

Specific Research Questions
To add to the existing information on mental computation, the following research
questions were used:
1) What are the mental computational strategies used by vendors and nonvendors
in St. Lucia?
2) What is the effect of daily commercial transactions on the strategies people use?
3) What influence does schooling have on the type of strategy used?
4) What strategies do teachers use to calculate mentally?
5) Is mental computation taught in the schools and if so, what strategies are shown?
6) How do the the computational processes taught in St. Lucian primary schools
differ from the procedures used by adults?

Definition of Terms

Informal strategies refer to the mental or written procedures people use to arrive
at an answer. These computational routines are further characterized by:
1) their development outside the formal school context and
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2) their departure from the algorithms taught in the educational institutions of that
culture.
Formal procedures refer to those systematized written methods taught in schools.
Vendors refer to people whose primary occupation is selling goods in the market,
on the street, and on the beach.
Daily commercial transactions refer to those activities that people engage in
daily so as to result in a financial profit, either for themselves or a business.
Mental computation refers to calculations done without the use of pencil and
paper, or some other physical aid, and which produces an exact answer.
Estimation refers to a process which is also done mentally but can produce a
variety of answers that, while not exact, are reasonable and acceptable.

Educational Significance of the Study

Numerous studies have investigated how individuals calculate. The research
conducted in this study will add to the existing body of literature on people's mental
computational strategies within a specific setting. Gaining such information is
important for a number of reasons. Formal education tries to make available to
children systematized procedures for computation. A significant amount of time is
spent on teaching these algorithms in the elementary school. If these are not the
strategies most often used by adults in their everyday life, then the procedures taught
in school may be more a hindrance than a help. D'Ambrozio (1985) states that
"anthropological mathematics . . . is a topic which we believe constitutes an essential
research theme in Third World countries, not as a mere academic exercise ... but as
the underlying ground upon which we can develop curriculum in a relevant way"
(p. 47).
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This is significant in light of the concern among Caribbean educators about students'
performance in mathematics. At the end of primary school, students (approximate
age 11 years) write the Common Entrance Examination. The results of this exam will
determine which students will attend the limited number of secondary schools on the
island. A report from the St. Lucia Ministry of Education on the 1988 results of the
mathematics problem-solving section revealed that 24% of the 5200 students writing
this exam scored zero (James, 1988). An understanding of the strategies used by
adults may be useful in creating more effective elementary mathematics programs.

Another consideration is that the majority of people in developing countries do not go
on to higher education. Mathematics needs to be made meaningful in a country
where survival skills are of the utmost importance.

This research could also have implications for the Canadian organizations (such as
the Canadian Teachers' Federation and the Organization for Cooperation in
Overseas Development) that are involved in the professional development of
teachers in the Caribbean since North American ideas of mathematics education
may not be the most suitable in a developing country. Meaningful methods of
computation need to be emphasized. The traditional methods which have a colonial
heritage may just not be the most appropriate.

Limitations of the Study

The generalizability of these results to other vendors in the Caribbean is limited to
this one country. In markets on other islands, the selling practice is not always the
same. An example of this is in St. Vincent where the use of weights and scales is
quite prevalent when selling fruits and vegetables, yet seldom used in St. Lucia.
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The limited number of individuals in each category could also affect the
generalizability of the findings. Anytime there is a small number of subjects, there is
a risk that the sample may be biased. However, there is no reason to believe that the
vendors or people who are neither vendors nor teachers are atypical of subjects in
other communities on the island.

An exception, however, does exist with the teachers. A limitation of this study is the
way subjects who are teachers were chosen. In the pilot study teachers were
randomly chosen from those attending a summer workshop. In the present study, the
Ministry of Education chose the schools and then the headmaster or headmistress
designated which teachers were to be interviewed. Several teachers in the pilot
study experienced some real difficulty in solving the problems as compared with
those in the current study. The educators interviewed for this study were also all from
the immediate area surrounding the capital city, Castries, and teachers from rural
schools were not involved.

Outline of Remainder of Thesis

In Chapter 2, literature on the computational strategies employed by individuals in
various situations and cultures, as well as some of the studies on mental
computation and estimation, are reviewed. The next chapter describes the method
used in gathering the data. To provide a context for the reader, Chapter 3 also
includes background information on the education system, marketplace, and
vendors. The results of the investigation are presented in Chapter 4. The final
chapter provides a summary of the results in addition to conclusions and implications
of the research conducted.
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Chapter 2
Review of the Related Literature

The emphasis in this chapter is on a review of the literature related to the strategies
people, in various cultural contexts, use when encountering situations involving
mathematics. To provide an additional perspective, some background is given on
the mathematics used in and out of school as well as on mental computation and
estimation.

The research has been organized into four categories. The first section briefly looks
at the contrast between the mathematics taught in schools and the informal
strategies used in everyday life. This is followed by a review of the studies that have
examined the various computational methods utilized by individuals in different
cultures. In each of the studies, the issues of how successful was the application of
those procedures and the influence of commercial transactions and schooling on
strategies have been highlighted. The work done by mathematics educators on the
importance of mental computation and estimation comprises the third section. A
summary concludes the chapter.

Research from various fields has converged to form a significant body of work that
has been called ethnomathematics. This is a term D'Ambrosio (1985) coined to
describe "the mathematics which is practised among identifiable cultural groups,
such as national-tribal societies, labor groups, children of a certain age bracket,
professional classes, and so on" (p.45). He also makes the distinction that the
particular way specific cultural groups go about the task of counting, classifying,
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ordering, and measuring is different from what he calls "academic mathematics" (i.e.,
school-taught mathematics).

More evidence of this growing interest is the formation of an organization, the
International Study Group on Ethnomathmatics, by researchers investigating this
area. The National Council of Teachers of Mathematics (NCTM) has recognized it as
a special interest group as it becomes an increasing presence at NCTM's annual
meetings.

Both D'Ambrosio (1985) and Bishop (1988) make the observation that a commonly
held belief is that mathematics is a body of knowledge that remains unchanged
across groups of people. A substantial and growing body of research tends to
indicate otherwise. These studies point to mathematics being not only culture-bound
but often bearing little resemblance to what has been taught in school.

School-Taught Mathematics and the Mathematics Used
in Everyday Life

The purpose that is most frequently stated for teaching mathematics is that it will fulfill
a long-term functional need for both students and society (Howson and Kahane,
1986; Romberg, 1992). The emphasis on paper and pencil arithmetic is meant to
accomplish such a goal and this focus dominates the mathematics curriculum in
elementary schools today. From the previously cited studies as well as the ones that
are reviewed on the following pages, it becomes overwhelmingly evident that the
way computation is currently taught has little relevance to the calculations that are
done outside of school.
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When the Advisory Council for Adult and Continuing Education (ACACE) in Britain
investigated the mathematical needs of adults in daily life, they also attempted to
identify the strategies that were used by those with limited mathematical skills
(Sewell, 1981). One of the most striking features of the study was the diversity of
methods utilized throughout the interviews. This is in direct contrast to the approach
advocated in schools that for every problem there is one right answer and a single
best method to arrive at that answer (Gladwin, 1985; Hope, 1987). In everyday life,
individuals use computational techniques that are specific to the situation rather than
a single method for each operation as taught in schools (de la Rocha, 1985;
Murtaugh, 1985; Scribner, 1984).

Besides the variety of strategies used, other comparisons of how people calculate in
and out of schools appear to be fraught with contradictions. When school-learned
procedures are abandoned and replaced by invented methods, they are not only
frequently more efficient but also "show signs of greater sophistication than those
that were taught" (Resnick, 1980, p. 215). Rather than a focus on an exact answer as
in school, the use of approximate solutions occurs frequently during everyday
activities (Lester, 1989; Reys, 1986). While many students experience frustration
and failure in mathematics classes, "extraordinarily successful arithmetic activity
takes place outside school" (Lave, 1985, p. 174).

Despite the effectiveness of these informal procedures, adult subjects are often
apologetic about not using "real math"--the paper and pencil algorithms taught in
school (Lave, 1985; Sewell, 1981). This is not surprising as conventional methods of
solution are often used as the standard to judge the correctness of the procedures
used in the schools (Davis, 1986). Informal strategies are consequently discouraged
and ignored (Ginsburg & Allardice, 1984; Howson & Kahane, 1986; Lester, 1989).
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Because of the importance placed on paper and pencil computation, the reality is
that many students are enslaved to written algorithms and this overdependence on
one method is often not given consideration. In the Third National Mathematics
Assessment (National Assessment of Educational Progress, 1983) conducted in the
United States, 13-year-old students were asked to indicate which method they
preferred--paper and pencil, mental, or calculator. To compute 945 x 1000, almost
one third (31%) of the students chose the paper and pencil method. Close to one
half (45%) would use that procedure to solve 2800 ÷ 40.

The gap between what occurs in everyday life and in school widens even further
when non-Western societies are studied. Western methods of arithmetic are
transplanted into educational systems with little or no regard for the indigenous
people and the mathematics they utilize. An example of this occurred with the
Oksapmin tribe in Papua New Guinea. Despite a unique numeration system
employing the use of body parts and relying on counting rather than mathematical
operations, children attending the community school had to learn Western-style
methods of computation (Saxe, 1982). In their study of the Kpelle tribe in Liberia,
Gay and Cole (1967) related a story about a child in a primer class who had been
asked to memorize the multiplication tables but had not yet studied this operation nor
could he speak English. "He began, 'la-de-dah-de-dah, la-de-dah-de-dah,' at which
point the teacher interrupted to ask what he was saying. His response was that he
knew the song, but did not yet know the words" (p. 33).

While the dominance of written algorithms is not what researchers in mathematics
education have advocated, it is, however, what currently happens in schools today.
With the introduction of the Curriculum and Evaluation Standards for School
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Mathematics (National Council of Teachers of Mathematics, 1989), the incongruity

between school and everyday mathematics is now being given serious attention.
Without a de-emphasis on paper and pencil mathematics, what John Dewey wrote
over a half century ago will still hold true decades from now.
From the standpoint of the child, the great waste in the school comes from his
inability to utilize the experiences he gets outside the school in any complete
and free way within the school itself; while, on the other hand, he is unable to
apply in daily life what he is learning at school. That is the isolation of the
school--its isolation from life (Dewey, 1943/1980, p.46).

Computational Strategies Across Cultures

While the subjects in the present study were all adults, the literature reviewed in this
section is across all age groups. This is for two reasons: first of all, looking at the
research done with children provides insight into methods used by adults. Secondly,
it becomes increasingly apparent that the creation of one's own computational
strategies is not unique to any specific age group. To help organize the studies in
this section, the literature has been classified according to the age groups of the
subjects: adults, children, and then those involving both children and adults.

Adults' Strategies

The arithmetic procedures utilized by 24 grocery shoppers in United States
supermarkets were studied by Lave, Murtaugh and de la Rocha (1984) and
Murtaugh (1985). The majority of the calculations used in the course of their
shopping involved price comparisons and these were figured out mentally. In
determining the best buy, shoppers seldom calculated the unit price and instead
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favored two other procedures. If there was a 2:1 ratio (either exact or approximate) in
the quantities compared, the price of the smaller item was doubled for ease of
comparison. When this ratio did not exist, the other chief procedure was to compute
the difference between items with respect to price and quantity (either one or both
features) and then make a comparison.
For example, a shopper considered two rolls of paper towels, one costing 82
cents, the other 79 cents. The shopper noted the number of sheets in each
roll, 119 versus 104, and proceeded to reformulate the problem, saying "that
would be three cents more and you get 11 more, 15 more sheets." She
concluded that the larger roll was "probably better, a better buy" (Murtaugh,
1985, p. 191).
One of the notable outcomes of this study was that estimations and approximations
were employed instead of school-learned algorithms in determining the information
about prices.

Even though the amount of schooling varied among the grocery shoppers, their
calculations in the supermarket were accurate 98% of the time. On a written
arithmetic test, the average mark for this same group of people was 59%.

The tendency to utilize methods that are different from what is taught in schools is not
just restricted to people in North America. Reed and Lave (1981) studied the
arithmetic skills of Vai and Gola tailors who had formal, Western schooling and those
whose only means of education was by traditional apprenticeship. Four systems of
arithmetic--the Vai/Gola, the Western school-taught, and the monetary versions of
each of these--were being used by subjects, though not every system was employed
by all individuals.
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The Vai/Gola numeration system is only expressed in a spoken form with extensive
use of tallying points at 5, 10, and 20, and numbers greater than 20 are seldom used.
Calculations are either carried out mentally or with sets of markers. The monetary
system of arithmetic refers to when tailors would think of numbers as currency. Since
the official currency of the country is the U. S. dollar, a tailor using this system of
arithmetic would think of 5 x 5 as five nickels, which would equal a quarter (not the
number 25). This would come as a result of numerous experiences on a daily basis
with commercial transactions in the shop. Calculating by thinking in monetary terms
was then found to be one way to distinguish between experienced and
inexperienced tailors.

Subjects trained by apprenticeship with no schooling used the Vai/Gola numeration
system. Those with five or more years of schooling had changed from using the
traditional arithmetic to being fairly consistent in their application of school-taught
algorithms. Subjects with only a little schooling were in the process of switching from
the indigenous methods to computational procedures learned in school. What this
involved was incorporating both methods of calculation to create a third system since
"it combines some of the standard school-taught algorithmic strategies with the
Vai/Gola techniques of breaking down numbers into smaller, more easily managed
ones, grouping them, and tallying" (Reed & Lave, 1981, p. 450).

The specific data on the success of these various systems is not given, only the types
of errors are mentioned. The mistakes in calculations made by the Vai/Gola tailors
corresponded to the type of strategies being used. Tailors with some formal
education who used school-taught algorithms were able to work with larger numbers
but also created wild errors which they did not detect. This was not true for
individuals who learned arithmetic in the tailorshop and were using methods other
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than those learned in a school setting. The influence of being involved with financial
transactions cannot be underestimated. Incorrect calculations in money situations
have more tangible consequences than mistakes in textbook problems as "there is
no different penalty for large errors than for small ones in school" (Reed & Lave,
1981, p.452).

The Yoruba people of Nigeria are an instance of another culture which do not have
10 as the primary base (Zaslaysky, 1973). A very complex base twenty system is
utilized with a heavy reliance on subtraction . A number is expressed by
incorporating additive, subtractive and multiplicative principles. For example, fortysix is literally expressed as "twenty in three ways less ten less four" which written
symbolically looks like (20 x 3) - 10 - 4. The women regularly engage in selling
goods and children learn about this number system within the environment of
everyday market activities.

Closs (1986) provides numerous instances of the number systems created by the
native cultures of North and South America, many using a base other than 10, to
express numbers as does Lea (1987) when she writes about the traditional
mathematics in Botswana which the older people still use. For the numbers from 110, fingers are raised; 24 can be shown by two claps or by raising the palms of both
hands twice and showing four fingers. When objects are counted, each finger is
given the name of that object rather than reciting number names. In the daily life of
the people of this country, cattle play an important role and are something that would
be counted. When finding the sum of 34 and 52 cows, the tens are added first and
the ones are shown on the fingers, saying 'I have 8 tens and 6 cattle'. Starting with
the tens digits is also the method utilized for subtraction. Bending down one's
fingers indicates the amount that is subtracted. If "borrowing" is required, one ten is
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removed from the tens. Even though Botswana no longer uses the old British form of
currency (pounds, shillings, and pence) and has developed their own money called
"pula" and "thebe", many of the older people still count it as if it were shillings and
pence.

Scribner (1984, 1985), in studying how dairy workers solve problems in their daily
work, supplies additional evidence in how adults deviate from standard
computational procedures. Drivers delivering dairy products are required to
compute the total dollar value of their deliveries each day. While this would seem to
be a straightforward computation task, Scribner documented numerous ways in
which the drivers departed from the standard format of multiplying the number of
units ordered by the price per unit. For example, to determine the cost of 31 pints (32
per case), a driver took the case price and subtracted a unit price. For an order of 48
gallons (4 per case), a procedure used was ten times the case price and then adding
on the price of two cases. The structure of the cases of dairy products formed the
basis of the strategies that were created rather than algorithms learned in school.
These solution methods (either solely or in combination) were carried out mentally,
with paper and pencil, or with a calculator.

In another part of her study, Scribner (1984) investigated whether the mathematics
learned in school would carry over to a real-life setting. Problems, similar to the ones
solved on a daily basis by dairy workers, were posed to Grade 9 students. The
questions involved finding the total price for an order of related products that were
not carried by that particular dairy. Price lists containing unit and case prices were
given to subjects together with charts displaying the number of containers of the
different items that fit into cases. Inefficient strategies characterized the performance
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of the students as they all used a single algorithm to solve the problems. Dairy
workers used efficient methods that involved a variety of strategies.

Children's Strategies

Instead of using standard procedures, children often invent their own methods (Hart,
1981; Kamii, 1985; Resnick, 1980) which deviate from the school-learned algorithms
in a systematic manner (Ginsburg, 1977). This is not restricted to children with a
certain mental ability as it occurs even with children who are mentally handicapped
(Baroody, 1987). A number of studies have examined children's strategies in a
variety of situations. Research by Carraher, Carraher and Schliemann (1985)
looked at the computational procedures of five children who sold things in the street
markets of Brazil. Their average age was 11 years and the amount of formal
schooling ranged from one to eight years. During the course of a day, these vendors
were involved in numerous and sometimes complex calculations, all performed
without the aid of pencil and paper. The researchers posed as customers and asked
the children the price of possible or actual purchases of items. These subjects were
then asked to take part in a formal test. This test was individualized as it involved
exactly the same numbers that the child used during the informal part of the study
when the he or she was selling goods. The computational routines used by these
children in their jobs differed radically from the what they utilized on the pencil and
paper test, which tended to be school-prescribed procedures. The difference in
accuracy was also dramatic. These vendors were correct 98% of the time using
informal mental computational strategies. Their accuracy rate dropped to 37% when
using written school-learned algorithms.
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Carraher, Carraher and Schliemann (1987) examined the factors that influenced
children's choice of strategy when solving school problems. Problems presented as
computation exercises elicited school-learned procedures (written algorithms and
memorized mathematics facts) whereas problems embedded in meaningful contexts
elicited mental informal procedures (decomposing and repeated grouping). The
results also showed that these Brazilian schoolchildren had a significantly higher
percentage of correct responses with all four operations when they used mental
computation.

Conflicting data in this area exist. The previous study was replicated in the United
States by Baranes, Perry, and Stigler (cited by Stigler & Baranes, 1988). No
difference was found in the type of strategy elicited in relation to the way the problem
was presented. Success was associated with school-learned algorithms.

When British children faced questions that involved ratio and proportion on the
Concepts in Secondary Mathematics and Science (CSMS) test, they did not
structure their calculations as such. In fact, they tended to completely ignore the

I ., which they were taught in school. "Of the 2257 tested in 1976 only 20

algorithm L

wrote down an equation in the form N and used it consistently and correctly" (Hart,
1981, p. 89). Even though the number of methods increased on questions requiring
more than a doubling or trebling approach, the success rate decreased.

While the methods "invented" by children are new to those individuals, these
strategies are generally already known. An exception to this is a strategy created by
a third-grade boy named Kye in a U. S. school (Cochran, Barson, & Davis, 1970).
He used the idea of negative numbers in his subtraction algorithm and therefore
eliminated the need for "borrowing". The authors classified it as an unique creation
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because prior to this child demonstrating his method, "it was not known to any
teacher or mathematician of our acquaintance" (p. 212).

As part of the argument that Madell (1985) presents for children first creating their
own algorithms before formal procedures are learned, he notes that the one of the
most prominent aspects of his work with children is "that even when they work
column by column, they universally proceed from left to right" (p. 21).

The results of Groen and Resnick (1977) indicated that preschool children
abandoned the addition algorithm that they were originally taught; the researchers
suggested that these children had then developed more efficient methods.

Brenner (1985) worked with children from the Vai tribe in Liberia. One of the
purposes of the study was to investigate how these children reconciled their
indigenous system of mathematics with the arithmetic learned in school. The Vai
number system has tallying points at 5, 10, and 20. Seven, for example, would be
expressed as "five-two". In school, mathematics was taught in English and the base
ten system was used, with lessons often being taught from American textbooks. In
the equivalent of a Grade 4 class, a wide variety of procedures were evident on a test
of all four operations. "Procedures included traditional Vai methods of counting and
tallying, traditional school methods, and invented strategies that often combined
concepts from Vai and school approaches. Every child used a combination of
methods, although in varying proportions" (p.181). Each method was utilized with
problems that were conducive to that specific approach. The success rate for each
particular procedure was: 71% for Vai methods, 72% for school algorithms, and 82%
for invented strategies. The results also showed that subjects employing an
assortment of procedures had the best performance on the test.
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Brazilian child vendors selling candy in an urban environment were the focus of a
multimethod study by Saxe (1988b). The subject groups consisted of vendors as
well as rural and urban nonvendors. Urban nonsellers are involved in commercial
transactions in the role of buyers while rural nonsellers have very limited experience
with such encounters. The ages of the individuals were from 10- to 12- years old and
amount of schooling ranged from none to a second grade education. The main goal
of this research was to investigate the relationship between the developing
mathematical understandings of children and the mathematical problems which they
encounter in everyday life. These problems are made unique by the large values
(3-, 4-, or even 5-digit numbers) involved in calculations due to the inflated currency.

In one segment of the study, subjects were asked to solve two addition and two
subtraction problems which involved working with the actual currency bills. Subjects
could use whatever method they wanted, such as paper and pencil or talk aloud.
Overall, the candy sellers provided accurate answers more frequently than the other
two groups. Urban children performed better on these tasks than the children from
rural areas. The researcher suggested that involvement with financial transactions,
either as a seller or a buyer, had an effect on those results. The better performance
of urban vendors than urban nonvendors was attributed to the sellers' participation in
the task of candy selling. Paper and pencil computational methods were not utilized
in reaching a solution for either the addition or subtraction problems.

In another aspect of that same study Saxe (1988a) investigated how children's
involvement in the selling practice affected how they solved mathematics tasks
typical of school. Sellers and nonsellers attending school, and in Grades 2 and 3,
were presented with twelve arithmetic problems. The format varied in that some
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questions were in the form of word problems while others were just a computational
exercise. Strategies that produced correct solutions were classified and fell into two
categories: algorithmic and regrouping procedures. At Grade 2, the sellers' methods
consisted almost entirely of regrouping ones whereas the computational routines
that worked for the nonsellers were fairly equally divided between the two
categories. The children in the former group also calculated substantially more
correct answers. At Grade 3 the difference in the number of correct answers as well
as type of procedure used by vendors and nonvendors had lessened. The
researcher suggested that the findings show "that school had begun to have an
equalizing effect on children's mathematical competence" (p. 19).

Saxe also studied how schooling influenced the mathematics these child vendors
developed in their selling of candies. Selling experience and age were kept
constant across the groups, and the amount of schooling was categorized into three
groups: no schooling through to Grade 2; Grades 3-4; and Grades 5-7. While formal
education may have affected how some sellers approached the problems related to
their daily practice, the results showed that schooling did not have a significant effect
on the performance of vendors (i.e., increasing the number of correct responses).

Comparisons of children in the Ivory Coast were carried out by Posner (1982). The
subjects, with and without formal education, were from two different cultural groups,
the Dioula (a group engaged in commercial activities) and the Baoule (an
agricultural tribe). Dioula children are involved with the family mercantile activities
from an early age while Baoule children help their families eke out a living with their
crops. Two studies were reported; the second one is the one with relevance to this
section. Children's ability to solve addition problems which were presented verbally
was examined, as well as the effect that schooling and the mathematics that is
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employed within a particular culture have on the development of quantitative
understanding.

Posner found that among the children who attended school, there was no difference
between the two cultural groups. However, this finding did not apply when it came to
subjects with no formal education. Unschooled merchant children (Dioulas) were as
accurate as those with schooling while the subjects from the agricultural society
(Baoules) performed more on the level of schoolchildren three years younger.
Instructional intervention with children who came from a background without a lot of
experience with numbers (the Baoule) created a noticeable improvement in their
performance.

Cultural background had more of an impact than formal education on the type of
solution strategy used. The unschooled children from a mercantile culture who
developed mathematical competence comparable to peers with schooling were most
directly influenced by the market-related activities in which they engaged, according
to Posner (1982).
Both sexes participate at an early age in the penny economy of the village.
Girls can be seen selling fruit and sweets. Boys often "mind" the store when
their parents are busy. Both assist in setting up the merchandise on market
day, often in piles of five and ten items (p. 207).
The predominant methods employed by Dioula children were memorized facts and
regrouping procedures. Their Baoule counterparts, both schooled and unschooled,
preferred counting as well as guessing.

Using informal methods to calculate is not limited to those children with a certain
mental ability. Ginsburg and Allardice (1984) looked at the research on informal
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knowledge of mathematics and children's failure in school math. An investigation
was initiated to determine why some children have such a problem with written
arithmetic when on entrance to school most possess sufficient informal knowledge.
Case studies were conducted to obtain a comprehensive view of the child's
knowledge of the subject. These middle- to lower-class children were in Grades 3
and 4 and experiencing severe learning difficulties in mathematics. A striking feature
of these case studies was the use of invented procedures to solve written problems.
However, a gap existed between these informal methods and the student's written
computational skills and understanding. "That is, such children perform very poorly
on written calculation and understanding of principles as taught in school, while at
the same time they possess relatively sophisticated informal procedures like mental
addition or invented strategies" (p. 207).

Ginsburg and Allardice cite a study by Russell and Ginsburg that examined the
mathematical thinking of Grade 4 children who were performing poorly in
mathematics. Two other groups were used for purposes of comparison; one group of
children at the same grade level who were not experiencing difficulty, as well as a
group of Grade 3 students. Individual interviews involved several tasks in five areas,
all focusing on addition: number skills and concepts, informal calculation, number
facts, written arithmetic, and story problems. Among all three groups, the use of the
different strategies for solving these tasks were of a similar proportion. For
approximately half or more of the small sums, "counting on" was employed. For a
small number of sums under 50, the mental algorithm was used, but it was much
more frequently utilized for sums larger than 50. One of the conclusions of these
researchers was that on some tasks, such as mental addition, those children having
difficulty in mathematics used the same informal methods as their peers, only with
less accuracy. However, when it came to written computation, their performance was
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more like that of the students in the Grade 3 group. Ginsburg and Allardice
suggested that one of the implications of this research was that diagnosis of
difficulties in mathematics should take into consideration cognitive processes, such
as the invented procedures used by the child--information which a standard
diagnostic test would not provide.

Both Adults' and Children's Strategies

The effects on an indigenous numeration system, brought about by schooling and
the introduction of a trade store, was documented in the work by Saxe (1981, 1982)
with the Oksapmin people in Papua New Guinea. The Oksapmin system was based
on counting parts on the upper periphery of the body. A person starts counting with
the thumb on one hand and goes up the arm to the nose and would then continue
down the other arm, saying the names of each of those 27 body parts at the same
time. Counting was the only means used to determine an answer to the question,
"How many?" and the limited range of numbers was found to be sufficient for their
purposes. Arithmetical activities were not a part of the daily life of the Oksapmin.

When the school was introduced into the community, teachers working there had no
knowledge of the language or numeration system and teaching was conducted in
English with Western arithmetic being taught. Saxe (1982, 1985) investigated the
effect of the non-traditional system of arithmetic on the indigenous number system.
Elementary school children were presented with addition and subtraction story
problems. The results showed that schooling did influence children's strategies as
the use of the body part counting method decreased as the grade level increased.
The frequency of the indigenous method went from 63% in Grade 2 children to 10%
in Grade 6. It was also found that a variety of body strategies which incorporated
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aspects of the indigenous as well as Western numeration system were used to reach
a solution.

With the introduction of a trade store and Western-style currency (bartering and
shells had been used previously), the Oksapmin adults, both buyers and sellers, had
to adapt their numeration system. Consequently, different methods were created by
the people in order to deal more effectively with their transactions at the trade store.

The Dioula people in Ivory Coast are from a traditional mercantile culture in which
mental calculation plays a significant role. Strategies for mental addition used by
schooled and unschooled children and adults from this culture and the United States
were investigated by Ginsburg, Posner and Russell (1981). The age groups of the
subjects were 8- and 9-year olds, 11- and 12-year olds, and adults. When the
strategies used to solve mental addition problems were analyzed, it was found that
invented methods for breaking addends down into smaller parts (regrouping) were
employed across all age and cultural groups, regardless of the amount of schooling.
However, the proportion in which these procedures were used did vary, with the
American and schooled Dioula subjects exhibiting a very similar trend.

With the youngest age group, those with schooling preferred counting while the
unschooled Dioula favored using memorized facts. Regrouping strategies were
utilized by roughly one quarter of the subjects in each group. The principal method
for schooled children in the 11- and 12- year old range was the mental algorithm (i.e.
the same step-by-step procedure that was used to calculate with pencil and paper).
Predictably, the unschooled Dioula did not utilize this strategy at all and used
regrouping for slightly more than two thirds of the time. A similar trend occurred in
the adult groups. Subjects with schooling depended heavily on the mental algorithm
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whereas unschooled subjects developed often complex strategies which frequently
incorporated memorized facts and breakdown and rearrangement methods in almost
equal proportions. These researchers found that by adulthood, subjects with no
formal schooling were just as accurate on mental addition tasks as those with
schooling and concluded that utilizing the mental algorithm was not an advantage in
comparison to using number facts and regrouping.

Petitto and Ginsburg (1982) expanded upon the previous study by comparing the
performance of unschooled Dioula adults and schooled Americans on mental
computation tasks involving all four operations. Both groups were competent at
mentally calculating answers. Their findings were conflicting in that significant
differences in levels of accuracy existed between the schooled and unschooled
groups, with those having formal education being more competent in their mental
calculations. Petitto and Ginsburg stated that a possible explanation for the better
performance of schooled individuals was that they knew school-learned procedures
as well as informal strategies, so these subjects had an advantage of being able to
choose from two systems of arithmetic.

Mental Computation and Estimation

Mental Computation

In the middle to late 1800s, mental computation was viewed as a means to train and
develop the capacities of the mind and the memory. By the early twentieth century,
this theory was looked upon with such disfavor that mental calculation no longer
played a significant role in the curriculum. Calls for revival of this topic can be traced
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from 1930 up to the present day (Flournoy, 1957; Josephina, 1960; B. Reys, 1985;
Trafton, 1978; Treffers, 1991). While mathematics educators and organizations have
persistently advocated the teaching of mental computation, schools have been slow
to implement such a change (National Council of Supervisors of Mathematics, 1978;
National Council of Teachers of Mathematics [NCTM], 1980, 1989; National
Research Council, 1989; Reys & Reys, 1986). The importance of this topic was
emphasized when NCTM devoted its 1986 Yearbook to estimation and mental
computation. The publication of the Curriculum and Evaluation Standards for
School Mathematics (NCTM, 1989) is currently having an impact on provincial and

state curricula; the document strongly suggests that increased attention be given to
mental computation.

The dominance of pencil and paper methods in the elementary mathematics
program is widely recognized; beyond learning the basic facts and committing them
to memory, little attention is given to mental calculation in the classroom (Atweh,
1982; Coburn, 1989; B. Reys, 1985). This emphasis on written computation is
considered to be a reflection of skills necessary for life outside of school. The reality
is that that belief no longer holds true and has not been accurate for many years. In
1957, Wandt and Brown investigated what types of computation were used by
people outside of their jobs. Responses were categorized according to mental or
pencil and paper and then further subcategorized as to whether they were
'approximate' or 'exact'. Approximately 75% of the calculations were done mentally.
While it is acknowledged that the use of the calculator would affect the findings if that
same study was carried out today, other researchers have made similar observations
about the widespread use of mental calculation in everyday life (Atweh, 1982; Hope,
1986; Trafton, 1978). According to Reys (1986), research indicates that "more than

31

80 percent of all real-world mathematics by adults involve computations done
mentally" (p. 22).

A fairly recent study that examined this very issue in-depth and on a large scale was
conducted in Britain. Due to the increasing dissatisfaction on the part of British
employers and others with regards to the mathematical abilities of school leavers, a
committee was formed to examine the mathematics required in higher education,
employment and adult life in general (Cockcroft, 1982). Their report noted the
following:
The need to be able to carry out arithmetical calculations of various kinds
appears among the mathematical requirements of almost all types of
employment .. . . These calculations are sometimes carried out mentally,
sometimes with pencil and paper and sometimes with a calculator. Some
jobs specifically require an ability to carry out mental calculations of various
kinds. In almost all jobs the ability to carry out some calculations mentally is of
value ... " (p.19).

Practical utility is not the only reason that mental computation is advocated. Other
advantages for spending time on this topic that are widely accepted in the literature
are that it develops:
1) an understanding of written algorithms
2) an understanding of the structure of our number system
3) higher level and creative thinking with the promotion of different solution
strategies
4) problem solving skills
5) number sense
6) a foundation for computational estimation skills.

32

Some Asian cultures have developed strategies for mental calculation that are
specific to their culture with positive effects carrying over into other areas. In Japan,
Taiwan, and some other Asian countries, children learn to do calculations on the
Japanese abacus, or soroban. When a group of students who chose to take extra
classes on the abacus after school were studied, it was found that after
approximately a year they developed a "mental abacus" (Stigler, 1984). This method
of mental calculation was described by the children as one where the abacus was
visualized in their mind and the beads were then moved in the same way that one
would on an actual abacus. By using this strategy, Grade 5 students, classified as
"experts" by the Chinese Abacus Association, were able to correctly add five 5-digit
numbers in approximately seven seconds. A later study conducted by Stigler,
Chalip, and Miller (1986) found that acquiring mental abacus skill has a positive
effect over time on both mathematics and reading grades in school" (p.468). It was
also found that abacus training affected a child's conceptual understanding of the
numeration system. The researchers speculated that when a child has more than
one way (conventional and abacus) to carry out calculations, he is able to develop a
more abstract and flexible approach to the number system.

Despite these numerous benefits, research has shown that mental computation is an
area of difficulty for many people. Evidence from studies such as the one reported by
Hope and Sherrill (1987) makes this very clear. Grade 11 and 12 Canadian
students who were classified as unskilled mental calculators approached
multiplication tasks by almost solely relying on a very inefficient method--the mental
analog of the written algorithm. Another example is provided by the Third National
Mathematics Assessment. Of the 13-year olds attempting to mentally compute
3500 -:- 35, 61 % were unable to do so and 54% did not have success with 60 x 70
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(R. Reys, 1985b). The Cockcroft report (1982) stated that the "lack of fluency in
mental arithmetic has attracted the most comment" from the employers about the
young people they hire" (p.14).

Researchers agree that an elementary mathematics curriculum focussing on paper
and pencil computation is a curriculum out of balance and some of that teaching time
needs to be diverted to mental computation (Coburn, 1989; Reys & Reys, 1986;
Treffers, 1991). "The fact that many children are overly dependent on written
calculation is often overlooked" (Coburn, 1989, p.45) Further evidence of this is
provided in Hope's study (1986) of the mental computational strategies used for
multiplication. Individuals classified as unskilled calculators used a digit-by-digit,
right-to-left procedure when mental addition was involved. Using a finger to "write"
each step of the process in the air or on the desk "reflects how the thinking of the
unskilled subject was dominated by this particular calculative procedure" (p. 52).
Paper and pencil computation is becoming obsolete (Coburn) as it becomes more
and more unusual for written computation to be used anywhere other than in school
(French, 1987).

Individuals characterized as skilled mental calculators have a repertoire of informal
procedures from which to choose (Hope & Sherrill, 1987). Since it is not reasonable
to expect that children would necessarily acquire these skills on their own, a
systematic program of instruction is required to help children develop mental
computational strategies (Atweh, 1982; B. Reys, 1986; Reys, 1984; Trafton, 1978). In
a study conducted by Markovits and Sowder and cited by Sowder (1992), children in
Grades 4 and 6 were given frequent instruction on mental computation. The
approximate length of instruction was 3 months. The focus was on solving problems
in a variety of ways without any rules being taught. "Between the preinstructional
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interview and the final interview, fourth-grade students selecting standard algorithmic
methods decreased from 72.5% to 35%, while their selection of nonstandard
methods increased from 7.5% to 51%.. . . Sixth-grade statistics were similar"
(Sowder, 1992, p. 380).

Besides alternative methods of solution being taught (Hope, 1986; Reys, 1984)
students need to be afforded the opportunity to "invent" and share different strategies
for mentally calculating (French, 1987; NCTM, 1989; Sowder, 1990). "Developing
skills in mental computation calls for the use of algorithms that are often rejected in
paper-and pencil computations" (Atweh, 1982, p.55). An example of this would be
starting with the digits on left side when adding. Consequently, the sequencing of
instruction must also be taken into consideration as mental computation is usually
taught after written algorithms are learned. Teaching strategies for mental
calculation before paper and pencil methods serves several purposes. When
students can compute two-digit sums, this demonstrates an understanding of the
numbers and, therefore, a readiness for working with the written algorithms.
Children can then appreciate the utility of these written procedures (Atweh, 1982).
Postponing mental calculation also encourages children to limit their strategies to the
mental version of what they did with paper and pencil (Hazekamp, 1986). The
prerequisite to all of this occurring in the classroom is a teacher who is aware of the
various mental computational procedures (Sowder, 1990).

In addition to teaching specific strategies, students need to be made aware that
certain problem solving situations are more conducive to mental computation while
in other cases it may be more suitable to use paper and pencil or a calculator
(NCTM, 1989). Decisions about whether an exact or approximate answer will suffice
also need to be made.
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Estimation

Because one of the problems posed to the subjects in this study involved estimation,
some of the background to this topic is briefly addressed in this section.

Much of what has been said about mental computation also parallels the literature
on estimation. Articles addressing mental computation often include estimation at
the same time. The commonalties between these two areas are that they are
performed mentally, make use of properties and relationships among numbers,
involve different strategies, and can be done quickly. The differences are that while
mental calculation results in exact answers, computational estimation can produce a
variety of answers that, while not exact, are reasonable and acceptable.

While estimation has been identified in curricular recommendations as a topic
requiring more emphasis (Cockcroft, 1982; NCTM, 1980, 1989), it is frequently
ignored in mathematics programs (Reys & Reys, 1986; Trafton, 1978; Treffers, 1991).
A significant reason for studying estimation is to check the reasonableness of an
answer; however, it is most useful in applied situations. The Cockcroft report (1982)
made it evident that the "ability to estimate is important not only in many kinds of
employment but in the ordinary activities of adult life" (p. 76). Some have suggested
that finding approximate answers forms a significant portion of the calculations done
in an adult's everyday life (Driscoll, 1981; Wandt & Brown, 1957).

According to O'Daffer (1979), the practical nature of estimation is just one of the
reasons for teaching this topic. Its usefulness can also be applied to problem
solving, understanding important concepts, calculating done with pencil and paper
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or calculator as well as creating in students a more positive attitude towards
mathematics.

When it is given attention, instruction generally focuses on rounding (Reys, 1984) to
the exclusion of other strategies such as using front-end digits or compatible
numbers. Students' poor results on national assessments in the United States is
attributed to the lack of instruction in this area (Coburn, 1989; Reys, 1986). Research
shows that systematic instruction is needed on different estimation strategies
(Driscoll, 1981; NCTM, 1989; Sowder & Wheeler, 1989) as most children do not
develop these methods independently (Reys, Reys, & Penafiel, 1991). A common
characteristic of good estimators is being able to use an assortment of methods and
switch easily among methods (Reys, Rybolt, Bestgen, & Wyatt, 1982). As already
mentioned in the section on mental calculation, the sharing and discussion of
children's strategies needs to be part of the instruction (Reys, 1986). Computational
estimation is a more complex process than was first thought (Hope, 1987;
Rubenstein, 1985; Sowder & Wheeler, 1989) and one that requires time to develop.

Summar

Up to the present time, the emphasis in schools has been on computation using
standardized paper and pencil procedures with little inclusion of other means of
calculation. After having been given little consideration in the past, there is an
increasing trend to give more attention to mental calculation as well as estimation.
Research studies show that formal methods are often discarded in problem solving
situations in everyday life in favor of a variety of informal strategies.
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Deviations from school-learned algorithms are not just restricted to one culture or
country (Ginsburg, 1982; Saxe & Posner, 1983; Stigler & Baranes, 1988). The use of
informal computational strategies is widespread, appearing in non-Western cultures
(Brenner, 1985; Reed & Lave, 1981; Saxe, 1988b) as well as in North American
society (Hope and Sherrill, 1987; Murtaugh, 1985) and occurs in a diversity of
settings: the dairy (Scribner, 1984, 1985), the marketplace (Carraher, Carraher &
Schliemann, 1985), an American supermarket (Lave, Murtaugh, & de la Rocha,
1984; Capon & Kuhn, 1979), or within a tailor shop (Reed & Lave, 1981).

The following chapter provides the reader with a context in which the research was
undertaken and describes the method used to collect the data.
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Chapter 3
Methodology

This research study was intended to examine the mental computational strategies
used by vendor and nonvendor adults in St. Lucia and compare these to the
procedures being taught in the schools. Previous research methods and findings
have informed the choices which have been made pertaining to the selection of
subjects, the problems used in the interview, the interview techniques, as well as the
method of analysis.

This chapter is divided into seven sections. To have a better understanding of the
cultural context in which this research was conducted, background information on
the education system, marketplace, and vendors is presented to start the chapter.
This is followed by more detailed information on the subjects involved in the study.
In the next three sections are the types of questions posed to these individuals, the
procedure for conducting the interview as well as the conditions under which it was
carried out. A description of how the data were analyzed comprises the sixth
segment. The chapter concludes with a section on the classification of strategies,
from the categories used in previous studies to the ones devised for the current
study.

Cultural Context

St. Lucia in the Windward Islands of the Eastern Caribbean chain was the site for this
study. The research was conducted in or just outside the capital, Castries, on the
northwest coast. This developing country has an area of 612 km 2 , a length of 50 km,

39

and a width of 30 km. Approximately 151 000 people, who are predominantly
descendants of African slaves, inhabit the island. The export of bananas is the
mainstay of its economy.

Today St. Lucia is a fully independent country within the British Commonwealth.
However, during the Napleonic wars this country changed hands between the
French and the British 14 times. This dual British-French heritage is reflected in
different aspects of its culture. While the official language is English, a French-based
patois (a nonstandard regional dialect) is spoken by the majority of the population.

The Education System

The colonial heritage is evident in the educational system which is based on the
British model (see Appendix A). Two aspects of that education system are
particularly relevant to this study. At the end of primary school, students
(approximate age 11 years) write the Common Entrance Examination. The results of
this examination determine which students will attend the limited number of places in
the secondary schools on the island. Those students unsuccessful in the
examination are allowed to stay in senior primary classes for a further three years.
With 85 primary schools but only 12 secondary schools, a significant proportion of
students receive only a primary school education. That is, if they complete it at all
since education is not compulsory. According to a 1986 report by Binda an illiteracy
rate of 40% exists in the population group 15 years and over. Illiteracy was defined
as those persons with 3 years or less of primary education.

The other point that greatly affects the education system is the teachers themselves.
Entry into the teaching service is through the medium of the General Certificate of
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Education (GCE) which is a school leaving certificate written at the end of secondary
school (the North American equivalent would be the high school diploma). Four '0'
Levels with English are required.
In fact the inability of the service to attract sufficiently qualified teachers
meant that over the years many people were hired without this minimum
requirement. A short orientation course is offered by OCOD (Organization for
Cooperation in Overseas Development) to those new recruits before they
assume their teaching duties. Some teachers taken in after this course is
offered entered the profession without any form of training whatsoever (Binda,
1986, p. 165).

This same report states that 47% of primary school educators have entered the
profession without any teacher training at all. This, along with lack of compulsory
education and shortage of secondary schools, greatly impacts upon the life of every
student who walks through the doorway of a primary school.

The Marketplace

This section is based on the author's perceptions as a result of a six visits. It is
intended strictly to give the reader the "flavor" of the environment in which the study
took place.

The marketplace has played an important role in the history of St. Lucia and
continues to serve as a focal point in every community. In 1891, a member of the
Castries Town Board was of the view that "the construction of a [covered] market at
that time would not only enhance the appearance of the town, but also afford the
public a sheltered place, where most of the 'fruits' and 'vegetables' produced locally
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could be sold and bought in an hygienic and comfortable environment" (from a sign
with the history of the market located just inside the market and dated 1984). That
idea became a reality when the Castries Market was built in 1894 (see Appendix B).

While it was specifically built as a provision market, it has gradually changed its
focus. Currently, the vendors inside the market sell goods mainly for tourists, such as
woven baskets and placemats, homemade cloth dolls and t-shirts. Some also sell
goods that appeal to locals--bananas, papayas, hot pepper sauce, cocoa sticks.
These vendors are in the centre of the indoor market. Along two opposing walls are
stalls which become tiny butcher shops on Saturdays. Here animal carcasses are
cut up as customers' watch their specific orders being filled. The other two walls are
lined with small food stalls where local snacks, such as roti, can be purchased.

Beyond the walls of the indoor market, one finds a substantial variety of goods being
offered for sale by vendors in the outdoor market, on the sidewalks as well as on the
beach. Their wares range from fruits and vegetables, to scouring pads and
homemade medicinal cures, to t-shirts and shell jewelry.

While you can shop every day except Sunday, Saturday is the busiest market day. It
is a time when the people from the countryside come to sell and local residents come
to do most of their shopping. The marketplace takes on a carnival-like atmosphere
on that day as people make their way around the metal cages of squawking
chickens, or bunches of tropical flowers such as ginger lilies and anthuriums, or the
hand-carved wooden furniture being sold on the sidewalks. Market vendors, sitting
under what were once brightly colored beach umbrellas to protect themselves from
the hot sun, call out to potential customers to examine their colorful array of fruits and
vegetables. Their goods are carefully arranged on sacks spread on the ground or on
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rectangular wooden trays perched on rickety stands. A car horn impatiently honks as
it tries to make its way through the street that has been overtaken by shoppers in
their zeal to find the best quality of goods for their money. Young men pushing small
carts containing homemade ice cream or syrup-flavored ices ('snowcones') wind
their way through the street. People crowd around a vendor selling juicy wedges of
ripe watermelon imported from a nearby island, while others line up to buy a slice of
freshly cooked blood pudding (sausage) sprinkled with hot pepper sauce.

Like a North American supermarket, certain items are sold in specific locations.
"Ground provisions" (starchy root crops) such as yams and fruit such as mangoes
and limes are sold just outside the indoor market as well as along the street just
across from it. On the steps in front of the indoor market, brooms, local herbs and
spices, and coalpots (the St. Lucian version of a portable barbeque which is made
from clay and heated with coals) are offered for sale. Behind the market is a row of
vendors selling what may be classified as household staples: salt, garlic, empty
plastic containers, handmade graters, metal basins. Directly behind them is the fish
market where fishermen from the nearby wharf bring their daily catch--dolphin,
kingfish, tuna, shark, and red snapper. The vendors selling the "messiest" goods are
delegated to the rear of the market area. Here can be found the "coal" (charcoal)
vendors selling their goods by the tin can, bucket, or sack, as well as the coconut
vendors amidst a heap of discarded coconut shells after customers have drank the
juice.

Beyond the market and the immediate surrounding area are the street vendors. Just
like the aisles in a supermarket, one knows exactly where to go for a specific item, for
the locations of most of the street vendors in the small downtown area remains
constant. Have a craving for something sweet? The bakery carts are by the main

43

intersection in the town, and the candy vendors are outside the two cinemas.
Looking for a mousetrap, shoepolish, or laundry blueing? Vendors selling dry goods
are also across from the police station and near Constitution Square. Feeling lucky?
The lottery ticket vendors are on the same corner as the department store. Want a
cassette of the latest Caribbean calypso? The vendor with the music tapes is by the
print shop. Want a piece of jewelry made from Guyanese gold? That vendor can be
found across from Barclay's Bank. A tourist in town? Besides the indoor market,
vendors by the post office and the supermarket are the place to look for postcards
and t-shirts.

Like some of the street vendors selling souvenirs of St. Lucia, beach vendors cater
exclusively to tourists. Some are located in tiny open-air markets at large hotels,
while others roam the beaches peddling their wares--jewelry, carvings, wire
sculptures.

The Vendors

As with the previous section, the writing style in this section is descriptive and the
content is based on the author's experiences. The intent is to give the reader a
better understanding of the people in the sample.

Vendors can generally be grouped into three main categories, according to the
location where they sell: market, street, or beach. On this island, only women can be
found working in the market selling fruit, vegetables, and coal. The majority of
vendors selling on the street (tourist items and dry goods) as well as those selling at
hotel markets on the beach are also female. The fish market and butcher shops in
the marketplace are almost exclusively run by men. Those males selling on the
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street tend to deal in items such as gold, lottery tickets, batteries, watches,
pocketknives, and cassette tapes. Men also comprise the group of vendors strolling
on the beaches with their merchandise or having set up their own stand in the shade
of the nearest cluster of palm trees.

Having their own business, vendors are free to set their own hours. Market vendors
arrive as early as 6:00 a.m., while street vendors start at around 9:00 a.m. Both work
six days a week--Monday to Saturday. Vendors selling on the beaches conduct
most of their business late in the morning or during the afternoon hours when the
tropical sun is too hot for tourists to suntan. Their workweek is seven days. Most of
the vendors pack up their goods by 5:00 or 6:00 p.m.--sometimes earlier if business
is slow. Sunset arrives at approximately 6:30 each evening.

Just as these people are leaving, a smaller number of vendors are setting up their
coalpots and barbeques, made from oil drums with a wire grate. Their businesses all
revolve around selling various kinds of "fast" foods cooked right on the sidewalk:
barbequed beef kidneys, fried chicken, Johnnycakes (a sweet bread dough that has
been deep fried), roasted peanuts as well as cold drinks.

These night vendors were not the only examples of people who saw an opportunity
to start a business. One vendor took advantage of local people's belief in home
remedies by offering for sale a medicine made from lard, nutmeg and other spices as
well as a "secret ingredient" to cure rheumatism. If one were superstitious, he also
sold something that could break a spell cast by an "obeia man or woman" (a person
believed to have special powers) by sprinkling a mixture of certain leaves and water
on your face, hands, and feet every day. In front of the cinemas, one finds vendors
selling an assortment of candies, since no refreshments are sold inside. Sweet
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treats that appeal to children are also sold near primary schools. At the central
location where the public find their transportation, people set up small stands to sell
cold drinks and snack foods. Vendors also wander among the patiently waiting
passengers in the "transports" to sell "icicles" or peanuts. Music patrons going to a
concert given in the local hall will find cold soft drinks and beer being sold outside
during intermission. People with fruit trees such as mangoes sell the fruit by the
roadside. An enterprising town holds a "fête" (party) every Friday night on their main
street, which gives the residents a chance to sell food and drink.

The number of examples provided so far should illustrate how a substantial portion
of the population set up their own businesses that require numerous financial
transactions in the course of a day or evening, even though many of the vendors
have very little formal schooling. The currency in St. Lucia is the Eastern Caribbean
dollar (E.C.). With the large influx of tourists, the United States dollar is readily
accepted. Depending on the types of goods being sold, numerous transactions on a
daily basis can occur involving payment in U.S. dollars and the change returned in
E.C. currency.

So how do these people handle the numerous calculations they carry out on a daily
basis? Vendors have manipulated their environment in two ways in order to make
the computation easier for themselves as well as their customers, many of whom
also have little or no education. One way is the price--prices are most commonly
given in multiples of $0.25 and $1.00, sometimes in multiples of $0.10, but never
does one find anything sold by these vendors for an odd amount such as $0.43,
$0.78, or $1.99. Many of the items sold by market vendors are not conducive to
being sold individually, such as carrots, tomatoes, and beans, and scales are rarely
used to weigh the produce. To circumvent this problem, many people sell their
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goods in tied bundles (e.g. beans, okra, celery, chives) or in "heaps" or groups of
items (e. g. mangoes, tomatoes, limes, yams, golden apples). So if the tomatoes are
smaller than usual, more would be sold in a heap while the price would remain
constant. (This is somewhat similar to North American stores that sell prepackaged
fresh fruits and vegetables). Vendors have the option of manipulating two quantities-price and amount--to facilitate computation. And if a customer only wants to buy 4
mangoes when a heap of 6 is offered at $1.00, some refuse to break up the heap.
Besides being a good selling strategy, it is also a way of avoiding awkward
calculations.

The following price lists were compiled from numerous vendors and are
representative of what is charged for different goods. All prices are in Eastern
Caribbean (EC) currency. $1.00 EC is approximately equivalent to $0.50 Canadian.
No sales tax is charged in the market or stores. If more than one price is listed for an
item, this means that the price varied according to the size of that item. When the
number of items in a heap are given, this represents the average number. The
number may vary slightly due to the size of the items in the heap.

Fruit and Vegetable Market Vendor Price List

1) Soursop

^

$1.00^$4.00

^

2) Passionfruit
^
3) Guavas
^
4) Limes
^
5) Mangoes
^
6) Bananas
^
7) Lettuce

$2.00/heap (5 items)
$1.00/heap (7 items)

$1.00/heap (5 items)
$1.00/heap (6 items)
$1.00 for 5
$1.50

^
^
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8) Cabbage

$1.50^$2.00

9) Tomatoes

$2.00/heap (amount varies)

10) Pumpkin

$2.00/slice

11) Beans

$1.00/bundle

12) Dasheen

$5.00/heap (3-4 items)

13) Chives

$1.00^$2.00/bundle

14) Yams

$5.00/heap (4-5 items)

15) Plantain

$2.00/heap (5 items)

15) Nutmeg

$1.00 for 4

16) Sasparilla twigs

$1.00/bundle

17) Cocoa stick

$1.50

18) Gingerroot

$1.00/heap

Street Vendor Price List

1) Combs

$0.50^$1.00

2) Hair beads

$1.00/pair

3) Mirrors

$5.00

4) Castor oil

$5.00^$10.00

5) Pencil

$0.25

6) Can opener

$2.50

7) Camphor balls

$0.50 for 5

8) Tobacco

$1.00

9) Steel wool

$0.35

10) Shoe polish

$2.00 $3.00
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Bakery Cart

1) Icing cake

^

$1.50/slice

^
2) 'Raw' cake
$0.25/slice
^
3) Poon cake
$0.25/slice
^
4) Sponge cake
$1.50/slice
^
5) Coconut cake
$0.50/slice
^
6) Muffins
$0.60 each
^
7) Turnovers
$0.60 each
^
8) Buns
$0.30 each
^
9) Biscuits
$0.60 each

Fish Market Vendor Price List

1) Congo eel

^

$2.50/1b.

^

2) Doctor fish
$2.50/1b.
^
3) Porpoise
$2.50/1b.
^
4) Shark
$3.00/lb.
^
5) Red Snapper
$3.50/lb.
^
6) Kingfish
$3.50/lb.
^
7) Dolphin
$3.50/1b.
^
8) Tuna
$3.50/1b.

Coal Vendor Price List

1) Heap^

$1.00

^
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2) Small bucket

$1.25

3) Large bucket

$6.00

4) Box

$12.00

5) Sack

$35.00

6) Large sack

$50.00^$60.00,
$75.00,^$82.00 (depending on
amount of coal)

Beach Vendor Price List

1) Shell necklace

$20.00

2) Shell bracelet

$10.00

3) Shell earrings

$10.00

4) T-shirt

$8.00^$15.00

5) Flowered shirt

$35.00^$40.00

6) Flowered shorts

$20.00^$25.00^$35.00

7) Postcard
8) Wooden carving

$1.00
$15.00^$20.00^$25.00

Travelling Vendor Price List
^
1) Snowcone
$1.00
^
^
2) Ice cream
$1.00 cone
$1.25 cup
^
3) Icicle
$0.45
^
4) Peanuts
$1.00 bag
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Street Party Vendor Price List

1) Chicken

$3.00 piece

2) Lambie (conch)

$2.00 skewer

3) Fish

$3.00 - $5.00

4) Fish cake

$0.50

5) Johnnycake

$0.50

6) Soft drink

$1.00

7) Beer

$3.00

The life of a vendor, especially one in the market, is not an easy one. On Saturdays
when there is a lot of competition for a good location, some vendors leave home as
early as 2:00 a.m. or 3:00 a.m. Long, hot hours are spent sitting on a wooden stool in
hopes of a small profit. Those selling perishable goods are concerned about making
quick sales. When there is a downpour, which is frequent during the rainy season,
the vendor's only protection is her umbrella. The government has given some
consideration to these conditions and has recently built open-air covered markets in
several communities on the island. However, this researcher observed one such
market that was never in use and another that was only used on weekdays. On
Saturday, people preferred to spread their goods out on the sidewalk and street
where there was more room for customers to inspect their goods.

The government also does not neglect the opportunity to collect revenue from the
vendors and consequently charges a daily fee. This fee is based on the size of the
vendor's tray or quantity of goods sold and is collected daily by a tax collector (see
Appendix C). Beach vendors are required to buy a license.
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The vendors and the market are considered important enough to have two special
days set aside to honor them. A Vendor's Feast is held in August and a Market
Festival occurs in December. Both occur on a Wednesday, which is the slowest day
of the week for business. Food, music and speeches are all part of the celebration.

Subjects

Two principal groups of subjects were involved in this study: vendors and
nonvendors. While some children can be found selling certain goods, all the
subjects in this study were adults. In total 10 people selling in the market, on the
beach and on the street formed the vendor group. Their years of experience selling
goods ranged from one to 30 years. Vendors were a significant part of the study
because their daily activities involve a substantial amount of mental calculation, in
which accuracy is important. Their amount of schooling was generally limited to
primary school education. In this study, seven subjects had completed primary
school and left after Standard 6 (at age 13). Two vendors had quit school after
Standards 2 and 3 (at ages 9 and 10) while one person had finished a year of postsecondary education.

The second principal group was made up of 22 nonvendors and consisted of two
sub-groups:
1) Fourteen teachers teaching various grade levels at four different primary schools.
Of this group, 29% had no training from the Teachers' College,
2) Eight people from occupations other than vendors or teachers (a bank teller, a
graphic artist, a housewife, an office manager, a tax collector, a bank loans
supervisor, and two taxi drivers) with varying levels of education.
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Strategies used by teachers can have a significant effect on what computational
methods are taught to students while the subjects who are neither vendors nor
teachers provided a balance as well as insights into how other adults calculate in
everyday life. Schools were selected by the Ministry of Education, and principals
chose which teachers were to be interviewed.

Sixty-one percent of the subjects were female. This is a reflection of the reality of the
workplace in St. Lucia, for the vast majority of vendors, as well as primary school
teachers, are women. Subjects were selected for interviews on the basis of
accessibility, availability, and willingness to take part in the study.

Brief Background Information on Subjects

What follows is a very brief description for each subject. This is to give the reader
some background information on these individuals when they encounter their names
in Chapter 4. It should be noted here that several of the subjects classified as
working in occupations other than vendors or teachers have had some teaching
experience. They were put in the "other occupation" category for one main reason. It
is not uncommon to find many people on the island having had previous teaching
experience. Teachers' salaries are quite low, so consequently many do not view it
as a profession but more as a stepping stone to a better job. Because of this,
subjects were classified according to their current job. When the strategies for
teachers were analyzed, the bank loans officer and graphic artist were grouped with
the practicing teachers as they respectively had 14 and 24 years of teaching
experience. The composition of the different subject groupings is found in
Appendix D.
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Vendors

Millicent is a woman with 20 years experience selling fruits and vegetables in the

market.
Claudia, with 30 years experience, said that being a market vendor was "the worst,

worst, worst job on earth to do."
Dellarosa has worked in the indoor market for 29 years and makes some of the

tourist goods that she sells.
Francisca used to sell fruits and vegetables in the outdoor market for "quite awhile"

but prefers selling tourist goods in the indoor market now because these goods
do not spoil. She has sold in the market for 5 years.
Williana has been a vendor for 30 years and works in the fish market. She has the

least amount of schooling of all the subjects. She felt that being a vendor was a
good job because "you can eat right and get a profit. If I don't sell in the morning
and have food [to eat], I know that I'll sell in the afternoon and have food".
Kendal sells wooden carvings that he makes on the beach near a major hotel on

the island. This is not year-round employment; when he gets another job, he
leaves for a period of time. He has 7 years of experience.
Albertha sells dry goods and homemade medicinal remedies as a street vendor.

She has been a vendor for 27 years.
Ulric is a street vendor, with 1 year of experence, who sells mainly "women's things"

(such as clothes, gold jewellry, and toiletries) because "women always have
money. I don't know how they get it". His buying trips take him to New York,
Puerto Rico, Venezuela and Guyana. He will also exchange U. S. currency for
E.C. dollars. His stand is directly across the street from a local bank and his
exchange rate is higher than at the bank. One year of university in a mining
engineering program has been completed.
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Lorraine's merchandise as a street vendor consists of items one would find in a
drugstore (combs, mirrors, hair clips). She has done this for 5 years and is
attending adult literacy classes at night. Her twin sister and older sister also sell
similar goods and have the next two stands after hers on the sidewalk.
Josephina was a beach vendor for 4 years before becoming a street vendor. She
caters mainly to tourists as she sells t-shirts and postcards.

Those Who are Neither Vendors nor Teachers

Angus is a graphic artist who received his training in Canada. He holds two
bachelor's degrees and is a former teacher. The family business, a disco and
bar, is managed on the weekends.
Rilla is a housewife who did the translating for the researcher with the vendors in
the marketplace.
Dennis has collected the daily taxes from the market and street vendors for 13
years. He admitted that he sometimes carries a knife in case anyone tries to rob
him of the tax money, but leaves his gun at home.
Jean-Claude's job as a loan supervisor involves approving mainly agricultural
loans to individuals.
Romiel has worked as a taxi driver for 33 years. Before that he worked on heavy
equipment.
Terrance has been driving a taxi for 18 years, both full- and part-time. He taught for
3 years, starting when he was 15 years old.
Jeanine is an office manager for an international organization whose goal is to
improve education in the West Indies with local headquarters in St. Lucia. She
had previously worked in the Ministry of Education.
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Stefan works as a bank teller for a branch of the Canadian Imperial Bank of

Commerce.

Teachers

Marietta finished junior secondary school and has completed two years at the

Teachers' College. She has 25 years teaching experience.
Callista is an untrained teacher with 4 years of experience.
Simon has taught for 8 years and works with 14- and 15-year olds, many of whom

have been unsuccessful at the Common Entrance Examination. After staying in
school an extra year these students will have no option but to leave.
Bianca started teaching when she was 15 years old. She has taught for 17 years

and currently works with 5-year olds.
Rosella works with 7- and 8-year old children and has been a teacher for 6 years.
Ferguson is in his first year of teaching. He is untrained, but has previously taught

in his church.
Bertrum's students are 13- and 14- year olds. He has completed secondary

school, but not Teachers' College.
Camelita has taught for 18 years and currently teaches early primary students.
Eudoxia, Carmen, Tecla, and Sixtus have teaching experience that ranges from

7 to 12 years.
Treverne is a head teacher with 25 years experience in the education system.
Ulysee has taught at the Teachers' College for 7 years and holds a B. Sc. from the

University of West Indies. He was leaving for Canada in a month to begin work
on a master's degree.

56

Interview Protocol

The protocol used in this study was adapted from work by Carraher, Carraher and
Schliemann (1985) with child vendors in Brazil. Once the price lists of various goods
were compiled, interview questions were created by the author and piloted. As a
result of the pilot, some of the questions were modified and the number of items was
decreased. The problems posed in the interview were developed to obtain
information about the different strategies used in calculating mentally addition,
subtraction, multiplication, and estimation questions. Division was omitted since it
was seldom used in calculating in the marketplace. Problems were embedded in the
context of buying goods in the marketplace or from a store since context-embedded
problems are much more easily solved than ones without a context (Carraher,
Carraher & Schliemann, 1985, 1987). The store prices were used since they more
often contain numbers that are not as conducive to mental computation (e. g. can of
tuna for $2.26, a package of macaroni for $1.94, pigs' ears at $1.27/1b.). The
numbers used in the problems remained constant for all subjects. It was important
that the prices reflected the current value of goods in St. Lucia. During the pilot
study, when the investigator manipulated some prices in order to see if different
strategies would emerge, it became a distraction to the subject. "Where you get a
tomato at that price?" was what one person demanded.

Each of the problems is listed below along with the area being investigated. The
prices are in Eastern Caribbean (EC) dollars.
1) (Addition) You stop at the bakery cart and buy an icing cake for $2.75 and a
slice of sponge cake for $1.50. What is the total?
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2) (Addition) In a clothing store you buy a blouse for $19 and a pair of shoes for
$38. What is the total cost? (Shirt and sandals were terms substituted for
male subjects.)
3) (Subtraction) The groceries you bought in the store cost $8.62. You give a
$20 note. How much change should you get back?
4) (Multiplication) At the fish market you buy 8 pounds of dolphin @ $3.50/1b.
What is the total cost?
5) (Multiplication) At the frozen wholesale you buy 10 pounds of pigs' trotters @
$1.27/1b. What is the total cost?
6) (Estimation) You are shopping in a supermarket and you only have a $5 note.
You want to buy these 3 items. Do you have enough money? You do NOT
need to figure out the exact total. Just answer yes or no.
^
$1.61
Bag of garlic
^
Split peas
$1.33
^
Can of tuna
$2.26
(Note: This question used the same method that was described by Capon and
Kuhn in a study published in 1979. The actual items with the price tags on the
packages were shown to the subjects. The reason for this is that in the pilot
study it was found that people had a difficult time remembering the numbers
and numerous repetitions were necessary.)

In addition to the above questions, teachers were interviewed as to how they would
teach students in their classroom to solve the same problems. They were also asked
whether they teach mental computation and if so, what specific strategies are taught.
During the course of the interview, two additional questions were posed to subjects:
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1) Vendors in St. Lucia have a reputation for being quick and accurate in their
calculations. Do you agree with this statement?
2) Do you use a calculator? If so, how often?

Interview Procedure

The data for this study were collected during a six-week period in the months of July
and August, 1990. The pilot was conducted the previous summer. Permission from
the St. Lucia Ministry of Education was obtained prior to the interviews with teachers.
Teachers were interviewed during school hours. This was done mainly for their
convenience. Firstly, many teachers travel a distance to get to their job, and must
catch one of the local vans in the afternoon to return home. This local means of
transportation does not have a regular schedule. Secondly, most of the women
needed to leave right after school to look after their own children. Some sessions
were conducted in a separate room, but others were done in the classroom with the
students present. The reason for this latter situation was that no one was available to
supervise the children if the teacher left the room. Teachers were reassured that the
results of their interview would not be reported back to the Ministry of Education. All
other subjects were interviewed at their place of business during working hours.

At the beginning of the interview the investigator explained that she was interested in
how people in St. Lucia calculated mentally. The idea was stressed that it was the
subject's way of solving the problem that was important rather than the correct
answer.

Subjects were interviewed individually. All questions were presented orally and in
the same order to all participants in the study. Information on the strategies utilized

59

by the vendors and nonvendors in their calculations was acquired by using
Piagetian interviewing techniques. Immediately after solving each problem, the
subject was asked to explain how his or her answer was obtained, regardless of
whether the solution was correct. Participants were asked questions such as: How
did you get your answer? If the strategy was still unclear, several options were
presented. Questions continued to build on the previous answer until the subject's
method seemed to be clarified. To let subjects know that their solution methods were
valued, the researcher repeatedly reassured subjects with comments such as, "That
is an interesting strategy."

A description of each subject's computational methods was obtained by detailed
notes written down by the interviewer both during and after the interview. Use of a
tape recorder during the pilot study made many of the vendors suspicious and
reluctant to participate, and it is for this reason that one was not utilized.

The official language on the island is English, but Patois, a dialect of French origin, is
widely spoken. During the pilot study, the interviews were all conducted in English.
When market vendors were asked to describe how they did a certain calculation, the
majority of them simply said, "In my head." Many of these subjects were illiterate and
English was not their first language, and this may have caused the lack of
explanations. In this study, questions to market vendors were asked in the language
of their choice by a St. Lucian assistant fluent in Patois. They could respond in either
English or Patois. The interpreter translated the explanations immediately for the
investigator who then posed further questions to the subject if necessary.

Interviews lasted from 30 to 90 minutes. The length depended on how skilled the
subject was at calculating mentally and articulating the strategy used--the less skilled
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the subject, the longer the length of the interview. Those interviews taking longer
than 30 minutes were conducted in two or three sessions. Pseudonyms have been
used in the reporting of results. In creating these names, the actual gender and
name initial of each subject was kept. The names themselves are drawn from ones
that are commonly used in St. Lucia.

Interview Conditions

The conditions under which the data were collected should also be noted.
Interviewing subjects in a quiet, uninterrupted location is highly desirable but this
seldom occurred. Only in one school were teachers interviewed in that type of
setting. Other teachers were interviewed in their classrooms while students worked
on assignments or impatiently tried to get their teacher's attention. Since the
interviews were conducted at the end of the school year, students were somewhat
rambunctious and the noise level at times made it necessary for the subjects to
repeat their responses.

Market and street vendors would stop in mid-sentence if a potential customer passed
by their stand. Inside the covered market, a woman was yelling and chasing a huge
rat with a broom between the stalls during one interview. On the beach, another
interview had to be conducted over the sounds of a blaring ghettoblaster playing
West Indian music to attract the attention of tourists. Gathering the information on the
prices vendors charged for different items made some of them distrustful of the
researcher's motives and caused them to reach the conclusion that she must be
working for the government. When a beach vendor was dragged away by the police
for selling drugs the day after being interviewed, his associates suspected the
researcher was working for the police. Although all these occurrences were
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distracting, and sometimes disruptive, the content of the interviews was not seriously
affected.

Method of Analysis

The purpose of the study was to explore the strategies that vendors and nonvendors
used to calculate mentally. After all the interviews had been completed, the written
description of each subject's computational procedure was scrutinized. One major
strategy was identified for each subject's response to each problem. When a
combination of methods was utilized, it was necessary to determine the predominant
procedure, with the other one(s) being considered as "subroutines". In the case of
the subtraction and estimation problems, there was such a mixture of strategies that
classification became a real challenge. The researcher decided that the focal point
for subtraction would be on how the change portion was computed, while it was the
first step used in the estimation question that was the categorized feature.

Strategies were placed in categories that were composites of the classifications used
in previous research studies discussed in the literature review and at the end of this
section. A single set of categories was used for both the addition and subtraction
problems, but for multiplication questions, it was necessary to include an additional
one (repeated addition) that was specifically appropriate to that operation. The
categories for estimation were derived from current literature on the topic that has
identified a number of key strategies used by good estimators. The specific literature
is also discussed in more detail at the end of this section.

Each group of subjects' choices of computational methods was counted for each
question and then bar graphs were constructed. Each problem and its success rate
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for vendors and nonvendors were examined in-depth. After the methods used by
vendors and nonvendors to reach a solution for each problem were analyzed, the
influences of engaging in commercial transactions on a daily basis and of the
amount of schooling were considered. Subjects were broken into the appropriate
groups. A similar analysis was carried out for those with/without daily financial
transaction experience and subjects with a primary education or less/with more than
a primary education. Subject groups formed on the basis of experience with
financial transactions or schooling were not described in the same detail as with
vendors and nonvendors since there was only minimal movement of subjects
between these categories. The same approach was used with analysis of teacher
responses, the only difference being no comparison group was used.

After vendors' and nonvendors' procedures were examined, the questions with
similar strategies were clustered together for the remaining rearrangement of subject
groupings (i.e., those with and without experience in daily commercial transactions,
those with a primary education or less and those with more education, and teachers).
Addition and subtraction formed one set and multiplication questions formed another
set. Estimation was considered by itself since strategies identified for that problem
are quite dissimilar from those requiring an exact calculation. The emphasis was on
the differences between the use of the various strategies and an overall summary of
the similarities was also included.

Even though many of the vendors were used to working with basically multiples of
250 and therefore would sometimes ignore the 10-pieces in their calculations or give
approximate answers, it was decided that only exact answers would be considered
"correct". Responses were then classified as to whether or not they provided a right
answer. The estimation problem only required an "yes" or "no" response.
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In determining the success of a strategy, an important aspect about people's
responses could not be overlooked. During the course of explaining the procedure
that had been used to solve the question, a significant number of subjects changed
their original answer. To present an accurate picture of the situation, the percentage
of correct responses for both the initial and final answers are reported. The initial
and final success rate is presented only for the vendors and nonvendors. For the
other rearrangement of subjects, the focus was on the final response.

Beyond the strategies they used and their success in obtaining a correct answer, the
researcher also examined how teachers would teach the same problems used in the
study as well as the mental computational strategies taught in St. Lucian primary
schools; this was done in order to make a comparison between what the
computational processes adults were using in everyday life and those being taught
in the schools. These data were gathered in several ways: through interviews with
the teachers as well as the mathematics consultant at the Ministry of Education, and
through an examination of the Mathematics Syllabus for Primary Schools (St. Lucia
Ministry of Education, 1986) and workbooks for Standard I (8-year olds) from the
Caribbean Primary Mathematics series (St. Lucia Ministry of Education, 1973).

Since this study has implications for adult education classes in numeracy, sources of
information in this area were also examined. Observations from adult numeracy
classes and examination of the St. Lucia Adult Education Mathematics Workbooks,
Levels 1-3, (St. Lucia Ministry of Education, 1986) provided these data.
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To determine reliability, a second scorer classified the procedures used by all the
subjects into the categories that were already determined. lnterrater reliability was
92%.

Strateay Classifications

In previous studies

To categorize the methods that the subjects used to reach a solution for each
problem, previous research that looked at computational strategies was examined.
This section provides an overview of the focus of each study and what categories
were derived for those subjects' responses. It should also be noted that while some
of the strategy names are the same or similar between studies, variations in
definitions existed.

When Reed and Lave (1981) investigated the problem solving abilities of Liberian
tailors, they created questions to sample all four arithmetic operations as well as
word problems at five levels of difficulty. The questions were presented orally.
Paper and pencil, a measuring tape, and a pile of buttons were made available to
aid in solving the problems. Strategies were analyzed according to which arithmetic
system was being utilized--the Vai/Gola, the Western school-taught, or the monetary
version of either of these systems. Errors in responses were also examined.

Ginsburg, Posner, and Russell (1981) compared the mental addition strategies used
by American subjects with those of the schooled and unschooled Dioula children
and adults (a mercantile culture). Eight addition exercises were verbally presented,
with the sums being of varying magnitude. Subjects were encouraged to calculate
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mentally, but could use pencil and paper, cubes, or their fingers if necessary. The
categories were: a) number fact, b) counting, c) regrouping, d) algorithm, and e)
other. The responses were assessed for accuracy and given a score from 0 to 4
points, with the highest amount given for the use of an appropriate strategy as well
as a correct answer.

The mental computational procedures for the four mathematics operations used by
unschooled African adults and American college students were studied by Petitto
and Ginsburg (1982). Eight pairs of arithmetic exercises, not in the context of word
problems, were presented verbally to each subject. The procedures used by the
Dioula for addition and subtraction were: a) estimation, b) counting, c) memory, d)
breakdown and rearrangement, e) use of the nearest 10 or 100, and f) irrelevant. For
questions involving multiplication, methods were classified as: a) estimation, b)
memory, c) repeated addition, d) associativity, e) distribution, f) induction, and g)
irrelevant. The groupings for division strategies were: a) estimation, b) memory, c)
approximation, d) associativity, e) distribution, and f) irrelevant. The strategies used
by the American subjects fell into the following categories: breakdown and
rearrangement, algorithm, and tens for the addition operation; breakdown and
rearrangement and algorithm for subtraction; memory, algorithm, and distribution for
multiplication; and finally, algorithm for division. Besides computational methods,
responses were scored for accuracy, use of arithmetic principles, and verbalization
of those principles.

In one of the studies conducted by Posner (1982), the focus was on how African
children from an agricultural tribe (Baoule) and from a merchant society (Dioula)
solved eight addition story problems presented orally. Half of the subjects were able
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to use concrete objects to count. Their computational routines were placed in one of
the following groups: a) guessing, b) counting, c) number fact, or d) other.

Brenner (1985) studied Liberian school-age children from the Vai tribe as to the
arithmetic they used in school. Her subjects at the Grade 4 level responded to a 40item mathematics test that involved questions, of varying degrees of difficulty, using
all four operations. The subjects could use any procedure they wanted to reach a
solution. Paper and pencil and beans to use as counters were provided. The
categories were: Vai methods (which involve a combination of strategies), schooltaught methods, or neither. Procedures were also scored as to how successful they
were in yielding right answers.

To identify the methods used by Brazilian schoolchildren, Carraher and Schliemann
(1985) gave their subjects seven addition and four subtraction exercises to write
down with pencil and paper and then calculate. The categories were: a) counting, b)
decomposition, c) school algorithms, d) using previous results, and e) not identified.
An error analysis was also conducted.

Carraher, Carraher and Schliemann (1987) examined the calculation procedures
employed by Brazilian children when encountering numbers in computational
exercises, in word problems, and in a simulated situation where the child took the
role of the store owner and the interviewer was the customer. Ten problems for each
of the above three situations, and involving all four arithmetic operations, were posed
orally. Paper and pencil were available but the subjects could use whatever method
they desired. Strategies were categorized as either oral (mental) or written and then
as right or wrong. The oral procedures were further classified as decomposition or
repeated grouping.
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In another study investigating the mathematics used by Brazilian candy sellers
twelve questions were presented, some in a column format and others in the context
of a story problem. Only procedures providing correct solutions were classified. The
two categories used were algorithmic strategies and regrouping strategies.

In addition to the previous studies, two resource books written for classroom teachers
by Hope, Reys and Reys (1987, 1988) were also used as a reference for strategy
classification for mental computation.

For computational estimation, strategies described in articles by Reys (1984) and
Trafton (1978) formed the basis of methods from which to draw upon when
constructing categories for the estimation responses. Their strategies were: frontend, rounding, compatibles, averaging or clustering, and using a reference point.

All of this previous work has led me to the creation of the categories and their
definitions described in the next section.

In the current study

An analysis of the verbal explanations for problems 1-5 resulted in strategies being
classified into the following categories:
1) Recall - Subject recalled answer without any calculation.
It should be noted that when this term was used for the 10 x $1.27 question,
it referred to individuals who used the rule that when multiplying by 10, add
a zero at the end of the other factor and move the decimal point one place to
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the right. Application of that rule was placed in this category because, while
subjects may not have memorized the answer, they did recall the rule.
2) Counting On - Subject started from one number and counted on by ones or
larger quantities.
- eg. 38 + 19 = 39, 40, 41,42,...57
3) Paper and Pencil Mental Analog - Subject mentally utilized the same stepby-step procedure that was used to calculate with pencil and paper. Numbers
are operated upon digit by digit.
4) Decomposition - Subject broke one or both numbers into smaller component
parts.
- eg. 38 + 19 = (38 + 10) + 9
5) Rounding - Subject rounded one or both quantities, performed an operation, and
then adjusted that answer.
- eg. 38 + 19 = (40 + 20) - 3
6) Repeated Addition - Subject used numbers that were equal to or larger than
those contained in the problem and added them repeatedly.
- eg. 8 x $3.50
A person using this strategy could add $3.50 and $3.50, which equals
$7; $7 plus $7 equals $14; $14 plus $14 equals $28.
7) Other - Subject used a strategy that did not fit into any of the above categories
because an entirely different method was used, or there was a lack of
evidence or clarity in the explanation.

These categories were applied consistently across the questions with the exception
of repeated addition which was appropriate only for multiplication.
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Different categories were applied for the problem involving estimation. Since
arriving at an answer to this particular question (i.e., determining if $5 was enough to
cover the purchase of items priced at $1.61, $1.33, and $2.26) involved a number of
stages, and it was necessary to create a manageable number of categories, the
focus was on what people did as a first step. Three main categories evolved:

1) Front-end - Subject added all of the dollar amounts (e.g. $1 + $1 + $2).
2) Rounding - Subject rounded the prices and then added (e.g. $1.60 + $1.30).
3) Exact values - Subject added the actual prices (e.g. $1.61 + $1.33).
4) Other - Subject used a strategy that did not fit into any of the above categories
because there was a lack of evidence or clarity in the explanation.

In the next chapter the findings of the analysis of these data will be presented.
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Chapter 4
Results

In this chapter the results of the investigation are discussed in terms of the different
mental computational strategies used by the various groups of participants as well as
the success of those methods in obtaining a correct answer. How these strategies
relate to what is taught in the schools is also examined. The subdivisions in this
chapter relate to the research questions. The chapter opens with an analysis of the
mental computational strategies used by vendors and nonvendors. This is followed
by an examination of the effect of engaging in daily commercial transactions and
then the influence of schooling on the type of computational procedure used. It then
proceeds to the data on the strategies utilized by teachers. The findings on the
mental computational strategies taught in St. Lucian schools is then presented,
followed by a section on the differences between procedures taught in the primary
schools and those used by adults in everyday life. The chapter concludes with a
summary and discussion of findings.

Mental Computational Strategies Used by Vendors and Nonvendors

This section is subdivided according to the types of operations used in the problems:
addition, subtraction, multiplication, and estimation.

Addition

Problem 1: You stop at the bakery cart and buy an icing cake for $2.75 and a slice
of sponge cake for $1.50. What is the total?
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The strategy of choice for both vendors and nonvendors was overwhelmingly
decomposition (see Figure 4.1). One of the most interesting aspects of this
seemingly straightforward question is that ten different ways to break down the
addends emerged from subjects' descriptions of their way of calculating these two
numbers. The variations were as follows:
1)

(750 + 500) + $2.00 + $1.00

2)

($1.50 + $2.00) + 750

3)

[($2.00 + $1.00) + (500 + 500)] + 250

4)

($2.00 + $1.00) + (750 + 250) + 250

5)

($2.75 + $1.00); ($3.75 + 250) + 250

6)

($2.75 + $ 1.00) + 500

7)

$3.00 + (750 + 500)

8)

($2.75 + 250) + $1.25

9)

($1.50 + 500) + $2.25

10) ($2.50 + $ 1.50) + 250

Within this category, slightly more than three quarters (77%) of the subjects broke the
numbers into smaller parts and added them one step at a time (as in the first seven
examples) while the remainder chose to "share". Sharing a number refers to when a
subject took from one number with the purpose in mind to make the other a multiple
of one dollar and then added what was left. Participants often rearranged the parts
so that they could work with numbers that were easy to calculate mentally [e.g.
($1.50 + 500) + $2.25].

In the majority of examples of variations within this category, there is an emphasis on
making compatible numbers. Amounts were manipulated to create pairs of numbers
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with which it is easy to work (such as $2.75 + 250 or $1.50 + 500). Working with, or
constructing, multiples of a dollar was the main focus.

PERCENTAGE OF RESPONSES

FIGURE 4.1: Strategies used by vendors and nonvendors
for $2.75 + $1.50

In employing the decomposition strategy, the numbers were dealt with as quantities
and not computed digit by digit. "I took from the $2.75 and put 500 on $1.50 and
added what was left from the $2.75" [Albertha]. Slightly less than one quarter (23%)
of the subjects started with the dollars when breaking the numbers apart.
Approximately the same number of participants (27%) in this category started with
the cents and also treated them as a quantity. An example of this is (750 + 500) +
$2.00 + $1.00 [Jean-Claude]. In contrast, people using the mental analog of the
written algorithm as the basis for their strategy operated on the numbers digit by digit.
"5 and naught is 5, 7 and 5 is 12. That's 250 and carry 1 to the dollars" [Francisca].

One of the individuals whose method came under the "other" category used
subtraction to find the total amount. "If you have $5.00 and you take out $2.75, you'll
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have $2.25 left and then you take out $1.50 and you'll have 750 left. So $5.00 - 750
is $4.25" [Rilla].

It should also be noted here that the algorithms used in St. Lucia are not always the
same as those that are widely practised in Canada. A written procedure found to be
in common use for addition was to place the regrouped amount in a separate column
to the right of the question. The digit from the amount that is written down as part of
the answer is crossed out, leaving the "carried" number alone to serve as a reminder
to add it on. A nonvendor articulated that this was specifically how he visualized the
operation in his mind to arrive at the answer. Data on the algorithms used in St.
Lucia, gathered from discussions with the mathematics consultant as well as
teachers, are presented in Appendix E.

Problem 2: In a clothing store you buy a pair of shoes for $38 and a blouse for

$19. What is the total cost? (Sandals and shirt were terms substituted for male
subjects.)

As shown in Figure 4.2, an even greater variety of strategies was employed for this
addition problem as compared to the previous one. This problem did not involve
numbers which lend themselves to being broken down and rearranged as easily as
the numbers involving multiples of 250. Problems involving the latter type are
common in the experience of both buyers and sellers in the marketplace.

The predominant strategy used by nonvendors was the paper and pencil mental
analog while for vendors the prevalent methods were mental analog and
decomposition.

74

FIGURE 4.2: Strategies used by vendors and nonvendors
for $38 + $19

Some of the ways people calculated this question are as follows:
Recall: "Two 19's are 38 and one more would be 57. I just know about
19's." [Marietta]
Counting On: "38, 39, 40, 41..." After articulating the one amount (38), this
vendor counted up on her fingers. [Williana]
Decomposition: Different ways to break down the numbers in this problem
that appeared were:
(a) 38 + 10 = 48
48 + 9 = 57 [Simon]
(b) "Take 1 from the 38 to put to 19." (20 + 37) [Millicient]
(c) "38, 39, 40, and 17 remains." (40 + 17) [Claudia]
(d) "38, 40 and 10 is 50 and then add 7." (40 + 10) + 7
[Dennis]
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Interestingly, no individual chose to add tens and then the
remaining ones. (20 + 10) + (8 + 9)
Rounding:
(a) "Instead of the 38, I said 40 plus $20. That gives me $60 and
whatever I added to 19 and 38, I subtracted." (40 + 20) - 3
[Carmen]
(b) (38 + 20) - 1 [Ulysee]
Other:
(a) 3 x 19
Three subjects approached the problem as 3 x 19, but even here variations existed.
One method was placed in the "other" category because it was unclear in the notes
as to how his multiplication solution was reached so quickly. The second
individual's thinking was classified as recall because she said that she "just knew
about 19's" [Marietta].

The remaining person explained that she placed the factors horizontally and
calculated them that way [Jeanine]. This strategy was consistent with how she would
compute with pencil and paper so it was therefore classified as mental analog.

A nonvendor who rounded one of the addends and then adjusted the total
commented that he "did it the hard way. Less trouble than regrouping" [Ulysee]. His
first statement seems to be a contradiction since avoiding regrouping would be a
much easier way to calculate mentally. People's desire to avoid regrouping could
also partly account for the assortment of strategies used.
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Success of strategies used for addition

This section focuses on how successful the computational methods utilized for the
previous two addition problems ($2.75 + $1.50 and $38 + $19) were (see Tables 4.1
and 4.2). Out of a total of 183 answers over all six questions, 12% were changed by

Table 4.1
Strategies Used and Correctness of Initial and Final Responses
to $2.75 + $1.50 by Vendors and Nonvendors
VENDORS
STRATEGY

^

Initial

Final

Responseb

Responseb

na

NONVENDORS

Initial

Final

Responseb

Responseb

na

Recall

0

---

---

0

---

---

Counting On

0

---

---

0

---

---

Mental Analog

2 (0)

0%

(1)

50%

2 (2)

Decomposition

8 (6)

75%

(7)

88%

18 (15)

Rounding

0

---

---

0

Other

0

---

---

2 (1)

Totals

10 (6)

60%

(8)

80%

22 (18)

100%

(2)

100%

83% (17)
---

94%
---

50%

(1)

82% (20)

50%

91%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

the participants during the course of their explanation. Vendors exhibited this
behavior for 24% of their total responses while nonvendors did it for only 8% of their
solutions. Because of this tendency, the accuracy of both the initial and final
responses is included for each question.
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When adding $2.75 and $1.50, vendors were not as successful with the mental
analog strategy as with the decomposition method, but nonvendors exhibited a high
rate of success with both these strategies. It was anticipated that vendors would

Table 4.2

Strategies Used and Correctness of Initial and Final Responses
to $38 + $19 by Vendors and Nonvendors
VENDORS
STRATEGY

Responseb Responseb
---

Final

Responseb

Responseb

1 (1)

---

NONVENDORS

Initial

na

Final

Initial

na

^

100%

(1)

100%

Recall

0

Counting On

1 (0)

0%

(0)

0%

Mental Analog

3 (2)

67%

(3)

100%

Decomposition

3 (2)

67% (3)

100%

4 (4)

100%

(4)

100%

Rounding

2 (0)

0% (0)

0%

4 (3)

75%

(4)

100%

Other

1 (1)

100%

(1)

100%

Totals

10 (5)

50%

(7)

70%

0

---

---

13 (13) 100% (13) 100%

0

22 (21)

---

---

96% (22) 100%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

score well on this problem since the numbers are multiples of 250, but as is clear
from the table, they did not. Even though such monetary units are dealt with on a
daily basis does not necessarily mean that vendors have formulated generalizations
about the number relationships involved. "I'm kind of confused by that one"
[Lorraine]. Her original answer of $2.80 was changed to $3.12 and does not indicate

78

number sense. A response of $2.80 does not take into account that at least $1.00 is
being added onto $2.50 while $3.12 cannot possibly be an answer since none of the
quantities being added contain 10 pieces.

Although nonvendors scored well on both questions, they were marginally better on
$38 + $19 even though the numbers were not ones that were as easy to compute
mentally. Their overall ability to apply effectively whatever procedure they chose
was in contrast to the lack of success demonstrated by the vendors. Initial responses
by only half of the vendors were accurate. Counting on and rounding were not
viable methods for the vendors who attempted to use them as their mental plan of
action.

Subtraction

Problem 3: The groceries you bought in the store cost $8.62. You give a $20.00
note. How much change should you get back?

Only one subject, who happened to be a bank teller, calculated the entire question
using the paper and pencil mental analog. The remainder of the participants chose
to expand the subtrahend ($8.62) into dollars and cents and deal with these two
parts using a combination of strategies. This presented a real problem in terms of
determining a category for the method used. It is for this reason that the strategies
were classified according to the way change was calculated. (It should also be
noted that this question was inadvertently not posed to one of the vendors.)
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As shown in Figure 4.3, vendors strongly favored the decomposition strategy.
Nonvendors were fairly equally divided among recall, decomposition, and pencil and
paper mental analog procedures.

FIGURE 4.3: Strategies used by vendors and nonvendors
for $20 - $8.62

One of the most striking features of the responses to this question is the number of
people who calculated the dollars first and then worked with the change. (100% of
the vendors and 68% of the nonvendors did this.) When this was the case, then
dollars were dealt with in the following ways:
1) The $8 was subtracted from the $20 and then another dollar was
removed to account for the change. (20 - 8 = 12; 12 - 1 = 11)
2) The $8.62 was rounded to $9 and then subtracted from the $20.
3) $10 was removed from the $20. The difference between $10 and $8.62
was then calculated.
4) The difference between $20 and $8 was determined by counting up from
8 on their fingers.
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For those who first computed the change, the treatment of the dollars fell into three
categories:
1) $20 - $8; $12 - $1
2) $20 - $9
3) $19 - $8
Some of the other significant points about the responses to this question are:
Recall: It should be noted that responses classified under recall indicated
that the way they got 380 change when subtracting 620 from $1.00 was
that they "just knew it." The answers were based on number
relationships. A teacher's explanation about how he dealt with the 100pieces best illustrates the point:
Made the 8 [into] nine dollars to know how much from the 20. That's
$11. I know if it's 40 something, then the change is 50 something. If
it's 30 something, then the change is 70 [he meant 60] something. I
just keep this running in my head. I don't have to subtract every time.
I know what numbers add up to 10 [Ulysee].
Counting On: Only one person (a vendor) used this strategy. After $10 was
put to the side, she counted up from $8.62 using her fingers.
Paper and Pencil Mental Analog: A teacher put $10 to the side and then
tried to figure out the difference between this amount and $8.62 the same
way as she would with pencil and paper using the standard North
American algorithm with regrouping across the top of the minuend. The
difficulty of using this procedure as a mental strategy is reflected in her
comment: "Each time I reach the point of calculating it straight through, I
go astray" [Callista].
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Another person solving this problem used the "equal addition" method as
his mental procedure, which is also how he solves it with actual pencil
and paper [Angus].
Decomposition: The first two variations involve repeated subtraction.
(a) "I use the $1 to subtract the 620. 60 from $1 is 400. Take 20 from it
and it's 380" (100 - 60 = 40; 40 - 2 = 38) [Kendal]. This was the
method favored by the majority within this category.
(b) One vendor chose to break the dollar down into 2-500 pieces. Then
she mentally took a 500 piece and further broke it down into 2-250
pieces. One of those coins was set aside and 120 was removed from
the other 250 piece [Williana].
(c) Another vendor thought of the dollar as ten 100 pieces. She decided
to remove one of those coins and then used the "missing addend"
interpretation to determine the change. "8 + 2 is 10 (for the pennies)
and 6 + 3 = 9 (for the dimes)" [Josephina].
Rounding: A sole vendor chose to incorporate rounding as part of her
method. The 620 was rounded to 650 and then broken down into 600
and 50. "Took 600 from $1, then 50 from 400 and then 20." [Should
have adjusted by adding the 20 rather than subtracting it.] [Lorraine]

Success of strategies used for subtraction

Of all the questions, vendors experienced the lowest rate (22%) of initial success
with this particular one as well as the largest increase in accuracy from initial to final
response (see Table 4.3). While their accuracy improved, only two thirds of these
subjects provided a correct final solution. Counting on and rounding did not prove
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useful for the two subjects (vendors) who utilized these strategies. Those
nonvendors who used recall were most successful.
Table 4.3
Strategies Used and Correctness of Initial and Final Responses
to $20 - $8.62 by Vendors and Nonvendors
VENDORS
STRATEGY

na

^

Initial

Final

Responseb

Responseb

Recall

1 (1)

Counting On

1

Mental Analog

0

Decomposition

5 (1)

Rounding

na

100%

(1)

100%

0%

(0)

0%

(0)
---

--20%

(4)

80%

1 (0)

0% (0)

0%

Other

1 (0)

0%

(1)

100%

Totals

9 (2)

22%

(6)

67%

NONVENDORS

Initial

Final

Responseb

Responseb

7 (7)
0

100%

(7)

100%

---

---

6 (5)

83%

(5)

83%

7 (5)

71%

(6)

86%

0

---

---

2 (1)

50%

(2)

22 (18)

82%

(20)

100%

91%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

Multiplication

Problem 4: At the fish market you buy 8 pounds of dolphin @ $3.50/1b. What is the

total cost?

Decomposition and repeated addition were the most commonly utilized methods by
vendors with an equal frequency (40%), as shown in Figure 4.4. Over one half of the
nonvendors (55%) favored decomposition with the second most common procedure
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being mental analog (32%). Vendors completely ignored the latter method. Neither
group considered rounding.

r 1■11•01■I1 1 I1N.A.■ VI^111■,Ir ....,11•01■,,

FIGURE 4.4: Strategies used by vendors and nonvendors
for 8 x $3.50

Of the people using the decomposition strategy, 94% started with the dollars. In
calculating the change portion, subjects mentioned that they paired up the 8-500
pieces. Thinking in monetary terms also explains the variations of 8 divided by 2 and
x8
2x8.
'

Some of the other significant points about the responses to this question are:
Recall:
The sole participant who used recall was a vendor working in the fish
market where prices remain fairly constant at $2.50, $3.00, or $3.50 per
pound and indicated that "she just knew it." On other questions, this
same person used fingers or matchsticks to calculate [Williana].
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Counting On:
"3, 6, 9, 12, 12 and 12 are 24; 25, 26, 27, 28" [Josephina]. This vendor
first counted up by 3's to four 3's and then doubled that amount to find the
number of dollars. For the change, she mentally paired up the 500
pieces and counted on from the dollars.
Paper and Pencil Mental Analog:
"In my mind's eye, I see it [the question] straight across" [Jeanine]. This
nonvendor visualized the multiplication in a horizontal format. When
asked what she did with the four (from the 40 that needed to be
regrouped), she replied, "I leave the four hanging somewhere."
Decomposition:
Some of the variations were:
(a) The dollars were recalled as a fact and then the 8-500 pieces were
paired [Kendal].
(b) The dollars were recalled as a fact and then the change was
calculated like a pencil and paper algorithm. (8 x 3) + (8 x 50)
[Rosella]
(c) (8 x 3) + (8 + 2) [Carmen]
(d) (3 x 8) + ( 12. x 8) [Tecla]
(e) (8 x 3) + (8 x 0.5) [Stefan] The bank teller specifically mentioned that
he visualized 8 x 0.5 with the decimal point.
,

Repeated Addition:
The first example in this category doubled an amount and then doubled it
again and again. That strategy was put in this classification because it
repeatedly added up the numbers.
(a) "2 pounds would come to $7; 4 pounds would be 7 plus 7 is 14; 14
plus 14 is $28" [Lorraine].
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(b) "4 pounds is $14. Another 4 pounds is $14, so that's $28" [Millicient].
(c) "2 pounds is $7, 7 and 7 are 14, 14 is for 4 pounds, 5 pounds is
$17.50, 6 pounds are $19.50 [miscalculation], 7 pounds are $23,
8 pounds are $26.50" [Dennis]. This tax collector chose to pair $3.50
and $3.50, doubled it and then kept adding $3.50.
Other:
"8 pounds at $7 would be 56. One half of that would be 28"
[Carmelita]. Doubling one factor and then halving the product was the
plan utilized by this teacher.

Problem 5: At the frozen wholesale you buy 10 pounds of pigs' trotters @ $1.27/1b.
What is the total cost?

This question was inadvertently not asked during the interviews with two teachers.
With the other subjects, the preferred strategy for the majority (75%) of nonvendors
was clearly recall of the multiplying by 10 rule (see Figure 4.5). Rounding was the
process employed by half of the vendors with recall being their second most
commonly used (30%) method.

One of the most surprising findings is that the majority of vendors (70%) were not
aware that you can multiply by 10 by adding a zero. This proved to be a difficult
question for those individuals not aware of this shortcut since "unfriendly" numbers
(270) were also involved. This is apparent in their explanations, actions, and
combinations of strategies. The frustration experienced when one does not know
this rule is evident in the following comment by a seller: "The cents is beating me"
[Claudia]. One vendor counted up by ones on her fingers for the dollars. Then she
broke the 10 groups of 27 into groups of 3. "Seven 3's are 21. That's for 3 ^ 81."
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Still uncertain, she wrote 27 x 3 with her finger on her knee and calculated it like a
paper and pencil algorithm. She doubled that amount and then added 54 (2 x 27),
but was getting confused in how many 27's she had used. "That's $10.81. No, it'll

FIGURE 4.5: Strategies used by vendors and nonvendors
10 x $1.27

be 12 something. The 2 is confusing me" [Josephina]. To cope with the 270, two
other vendors chose to just regard it as 250 and ignore the extra 20 altogether.
During the pilot study, one vendor even placed 10 breadfruit in a row and tried to
calculate it that way. Only with the help of a neighboring seller was she able to arrive
at an answer. On the other hand, 75% of the nonvendors were cognizant of the rule
for multiplication by 10 and applied it to this problem.

Counting on fingers was used by 40% of the vendors as an aid to the procedure they
had chosen. One of the vendors computed the 270 as if it were a 250 piece. To
"check the 250 by $1", she showed 10 fingers and then encircled a group of four on
one hand with her other hand to demonstrate that these would equal a dollar. She
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repeated this procedure on the opposite hand. She then felt confident that the 10
groups of 250 equalled $2.50 [Williana]. Another seller only needed to make groups
of four on her fingers as she counted to ten on them [Claudia].

These last two examples illustrate how some people (four vendors and two
nonvendors) thought of the numbers in this problem not only as a quantity, but
related it to money. When one vendor was completely baffled as to how she would
calculate the 270, the researcher suggested that the amount be thought of as a 250
piece and then the subject was able to continue on. When a teacher calculated the
change portion as 27-100 pieces, she applied the commutative principle.

Some of the other significant points about the responses to this question are:
Recall: Understanding of this shortcut was articulated in several ways:
a) "Anytime I multiply, I add the naught and shift the point" [Dellarosa].
b) "Since it's by 10, I just know one number jumps the point" [Eudoxia].
c) "You shift the decimal the number of places to the right the number
of zeros in the power of 10" [Bertrum].
Decomposition:
A nonvendor who broke up the dollars and cents arrived quickly and
correctly at an answer. Her approach was (10 x $1) + (10 x 270)
[Rilla].
Rounding: Most of the individuals who were placed in this category could
also have been classified as decomposition because breaking apart the
$1.27 was what 4 out of 5 (80%) of them did. The remaining person used
repeated addition to arrive at a solution. Since rounding and adjusting
were the first and last things that were done, this strategy was then
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considered to take precedence. However, there is a subcategory in
which 40% of the subjects ignored the adjustment aspect.
(a) "That's 10, 12, $12.50. $12.50 plus 100 [should be 200] is $12.60."
A market vendor approached this problem from a familiar point of
view--$1.25. She chose to separate the dollars and cents with the
cents being rounded to 250. Two dollars were made from the 10-250
pieces and the remainder added on. The "20 on every 250" (that
amount was miscalculated) was then included in the sum [Millicient].
(b) A vendor chose to round the $1.27 to $1.30 as a starting point for this
strategy and then proceed by utilizing repeated addition. "2 pounds is
$2.60, $2.60 + $2.60 is $5.20, $5.20 + $5.20 is $10.40, $10.40 and
$1.30 is $11.70. I'd put it roughly as $11.95" [Lorraine].

Success of strategies used for multiplication

This section focuses on the strategies used for the two previous multiplication
questions (8 x $3.50 and 10 x $1.27).

Only half of the vendors were able to give a correct response initially to 8 x $3.50
(see Table 4.4). The one person who used recall was a fish vendor who dealt with
this price ($3.50) on a daily basis and gave an immediate response. Inexplicably,
her answer was incorrect. She was then questioned about the total cost for other
quantities (4, 6, 7, 10, and 11 pounds) of fish at the same price. The majority of those
were solved without error, with the exception of the one about 11 pounds in which
she was 500 over.
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Nonvendors were quite successful with this problem, although the paper and pencil
mental analog stands out as having limited effectiveness.

Table 4.4

Strategies Used and Correctness of Initial and Final Responses
to 8 x $3.50 by Vendors and Nonvendors
VENDORS
STRATEGY

na

^

Initial

Final

Responseb

Responseb

na

NONVENDORS

Initial

Final

Responseb

Responseb

Recall

1

(0)

0%

(0)

0%

0

---

---

Counting On

1

(0)

0%

(1)

100%

0

---

---

Mental Analog

0

Decomposition

4 (3)

Rounding

0

Repeated Addition

4 (2)

Other

0

Totals

10 (5)

---

--75%

(4)

---

100%
---

50%

(3)

---

(8)

71%

(5)

12 (11)

92%

(12) 100%

0
75%

---

50%

7 (5)

80%

---

71%

---

2 (1)

50%

(1)

50%

1 (1)

100%

(1)

100%

22 (18)

82% (19)

86%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

Nonvendors continued to apply strategies effectively (95%) to this second problem
dealing with multiplication, as shown in Table 4.5. In contrast, less than half of the
vendors (40%) were able to solve 10 x $1.27, with no improvement from initial to final
responses. The strategy most often used by this group was rounding, but the
success rate was 0%. Their solutions to this multiplication question need to be
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Table 4.5
Strategies Used and Correctness of Initial and Final Responses
to 10 x $1.27 by Vendors and Nonvendors
VENDORS
STRATEGY

^

Initial

Final

Responseb

Responseb

na

NONVENDORS

Initial

Final

Responseb

Responseb

na

Recall

3 (3)

Counting On

0

Mental Analog

1

(1)

100%

(1)

100%

1 (1)

100%

(1)

100%

Decomposition

1 (0)

0%

(0)

0%

3 (3)

100%

(3)

100%

Rounding

5 (0)

0%

(0)

0%

1 (0)

0%

(0)

0%

Repeated Addition

0

---

---

0

---

---

Other

0

---

---

0

---

---

Totals

100%

(3)

---

10 (4)

100%
---

40%

(4)

15 (14)
0

40%

20 (18)

93%

(15) 100%

---

---

90% (19)

95%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

examined closer since this problem, of all the ones presented, produced the smallest
number of correct final responses. The answers were:
- $12.60
- $12.50 (two responses)
- "$16.00 something"
- "$12.00 something"
- "roughly as $11.95"
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The final three responses indicate that the individuals were aware that their answers
were only approximations. Some regarded this question as just 10 x $1.25, while
others proceeded to add on what they perceived as the difference between the
rounded and the actual number. This is a reflection of what occurs in the daily life of
a vendor; they do not deal with 1 0-pieces in their everyday transactions with
customers. Working with multiples of 250 is the norm. Even if they went into a
supermarket, using rounded numbers to estimate the total amount of money needed
is sufficient.

Recall of the multiplication by 10 rule proved to be a highly effective strategy across
both groups of subjects. Whenever it was used, it was used correctly.

The largest margin of difference (55%) between vendors and nonvendors with
regards to accuracy of final answers also occurred in this question.

Estimation.

Problem 6: You are shopping in a supermarket and you only have a $5 note. You

want to buy these 3 items. Do you have enough money? You do NOT need to figure
out the exact total. Just answer yes or no.
Bag of garlic

$1.61

Split peas

$1.33

Can of tuna

$2.26

(The actual items with the price tags on the packages were shown to the subjects.)

While three main strategies were identified, the tendency was to use various
combinations of methods. This problem lent itself to an assortment of ways because
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the question involved the use of a reference point (the $5.00 note) in the estimation
process. In deciding whether the calculation will be "over" or "under" this fixed
amount, a number is not required. The estimation process ends as soon as it is
determined that the sum is greater or less than the $5.00. Another factor that may
have influenced the procedures is that three grocery items were used rather than two
which might have limited variations. Since the added numbers were only 200 over
the $5.00, more precise estimation strategies, rather than a 'ballpark figure', were
required.

Three main categories were created with the focus being on what people did as a
first step: a) front-end, b) rounding, c) exact values, and d) other.

It should also be noted here that 6 of the 14 teachers were not included in this
analysis. These participants were interviewed on the first day of the study and it was
found that the amounts used did not produce a wide range of thinking strategies. It
was at this point that the researcher decided to make changes to the question for the
remaining 26 subjects and focus on those responses.

Vendors and nonvendors had the same pattern of preferences (see Figure 4.6).
Focussing on the "front end", or digits on the very left, of a number emerged as the
predominant strategy. Determining a sum using the exact values was the next most
popular method as a first step. Surprisingly, rounding did not play as significant a
role in the participants' methods as might have been expected; it occurred in only
20% of the strategies used by vendors and 19% of those employed by nonvendors.
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FIGURE 4.6: Strategies used by vendors and nonvendors
for estimation

The variations within each of the categories as well as some of the significant points
about people's responses to this question are described below.
Front-end: After the dollars were added, what the subjects did as a next step
with the remaining cents portion can be clustered into four subcategories.
1) Subtracted the cents portion of one of the prices from a dollar and
then compared that difference with the remaining change.
"61 0 [from a dollar] and you have 390 left and 33 plus 26 is too
high" [Jeanine].
2) Used two exact amounts from the cents, added them and then
compared the remaining change with how much more was needed to
make $5.
(a) "610 plus 330 equals 940 and you only need 60 to make $5, so
you are 200 short" [Ferguson].
(b) "61 and 26 is 87 and the 330 will go over" [Josephina].
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3) Used compatible numbers. Numbers were rounded so they could be
paired up and result in a number that is easier to calculate mentally.
"Just add the dollars. That's $4, 61 and 33 is almost a dollar and
the 260 is more than 250, so I'd be short of change" [JeanClaude].
4) Calculated the 100 pieces.
(a) "I look at the dollars and it's $4 and then I look at the cents. Just
look at the 100 pieces. I don't bother with the 10 pieces. They
add up to more than a dollar" [Ulysee].
(b) "200 and 300 is 500 and the 600 [from $1.61] is more than 500"
[Albertha].
Rounding: Only one person rounded all three amounts. No pattern for
rounding, that is to nearest multiple of 10 or 25, was discernible. Three
subjects chose to round up and two rounded down. Some examples of
the way rounding was done are:
(a) While this one adds up to $6.00, it appears that since this teacher
rounded all the prices up, she then made an adjustment and rounded
the total down.
$2.00

($1.61)

$1.50

($1.33)

$2.50

($2.26)

"It would be $5 something" [Callista].
(b) Considered the estimated partial sum and saw that the remaining
price would make it more than $5.
- "$2.20 ($2.26) and $1.30 ($1.33) is about $2.60 [should have been
$3.60] With $1.60, you can't make it" [Berthelina].

^
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- "The tuna ($2.26) and the garlic ($1.61) are about $4 and then with
the other, it's too much. You need some extra change" [Rosella].
$2.25^($2.26)
^+$1.30^($1.33)

$3.55
"I just looked at [the price of] the garlic Didn't really add it. Just
saw it" [Claudia].
$1.40^($1.33)
^+$2.00^($1.61)

$3.50
"$3.50 plus $2 [from the $2.26] is not enough" [Lorraine].
Exact Values: Two subjects chose to find the actual total of all three items.
The remainder of the individuals found the partial sum of just two prices
and then made some comparisons.
(a) "$1.61 + $1.33 is $2.94 and $2 [from the tuna] is $4.94. Only have 60
left on the $5.00. I need some more change" [Dellarosa].
(b) "$2.26 + $1.33 is $3.59. $1.61 is too much" [Ulric].
(c) The change portion from the partial sum and the third price are
compared and go over a dollar.
$2.26
+$1.33
$3.59
"The 59 [in the $3.59] is more than 500 and [in] the $1.61, the change
is more than 500 [Rilla].
(d) The change portion from the partial sum is subtracted from $5.00 and
that amount is compared to the third price.
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$2.26
+$1.33

$3.59
"59 [in the above total] from $5.00 would be $1.41. And $1.41 is less
than the price of garlic" [Angus].

As a second step (after adding front-end digits, exact values, or rounded numbers), a
number of subjects made reference to just looking at the prices, not adding them,
when determining if $5.00 was sufficient. "Eyeballing" the price, a sort of basic
intuition, appeared as a common thread throughout the categories.

Since the prices were visible on the three grocery items placed in front of the subject,
it was not a test of memory in trying to recall the numbers and a subject could make
choices about the numbers with which to begin the calculation. Only one person, a
teacher, made specific mention that larger numbers were a starting off point in her
thinking. "Took the one that has the most cents [610] and added it to the one with the
second most cents [330]" [Carmen]. Another guideline was shared by the bank loan
supervisor. In making purchases, the convention that he follows was articulated this
way: "When I go to shop, if it's less than 500, then I ignore the change. If it's greater
than 500, go to the next dollar" [Jean-Claude].

Success of strategies used for estimation

The results on this question are similar to those on the previous one (10 x $1.27) in
that little or no change is evident between the initial and final responses for both
groups of participants (see Table 4.6). A high rate of success exists for both vendors
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and nonvendors. This can partly be attributed to the fact that an exact calculation
was not required.

Table 4.6
Strategies Used and Correctness of Initial and Final Responses
to Estimation Problem by Vendors and Nonvendors
VENDORS
STRATEGY

^

NO

Initial

Final

Responseb

Responseb

b Responseb

Responseb
(8)^100%

na

na

Initial

Final

Front-end

4 (3)

75%

(3)

75%

8 (7)

88%

Rounding

2 (2)

100%

(2)

100%

3 (3)

100%

(3)

100%

Exact Values

3 (3)

100%

(3)

100%

4 (4)

100%

(4)

100%

Other

1 (1)

100%

(1)

100%

1

0%

(0)

0%

Totals

10 (9)

90%

(9)

90%

(0)

16 (14)

88% (15)

94%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

The nature of the question almost ensured success. Prices could be rounded to too
high a number (such as $1.61 to $2.00) and, even though the answer would be that
the $5.00 note was not enough, the estimate would actually be too far off to be
accurate.
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Summary of the Strategies Used by Vendors and Nonvendors
and Their Success

Recall: This strategy did not play a significant role for vendors with the
exception of the 10 x $1.27 question where almost one third (30%) used
the shortcut for multiplying by 10. What is more striking is that
conversely, 70% did NOT apply this rule. Lack of awareness appears to
be the main reason for choosing other strategies. In this same problem
nonvendors overwhelmingly (75%) chose to apply the shortcut. This
group also preferred to use it with subtraction where they said they "just
knew" the combinations that made a dollar.
Counting On: This procedure was not employed frequently, and where it
was used, vendors were the ones to use it. It was completely
disregarded by nonvendors.
Paper and Pencil Mental Analog: Nonvendors applied this mental process
to every question in which this strategy was a category and often more
than just minimally. It was used by at least one quarter of the nonvendors
in 3 of the 5 problems. The exception were the ones involving
multiplication by 10 and $2.75 + $1.50 where it was easy to apply the
shortcut and decomposition methods respectively. On the other hand,
vendors, who seldom use pencil and paper in the course of their selling,
ignored this method for the subtraction and 8 x $3.50 problems. Half as
many vendors (30%) as nonvendors (59%) used it for $38 + $19 and this
was the only one where it was the principal method. In the remaining two
problems, it was only minimally utilized (5% and 20%). This strategy was
not a common choice for vendors. The lack of use of the paper and
pencil mental analog by vendors could also be a reflection of the amount
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of schooling they had had since only one person in that group had more
than a primary education.
Decomposition: Being able to break apart numbers mentally proved to be a
powerful strategy for both groups of subjects. With vendors it was used
by at least 30% of them in 4 of the 5 questions requiring an exact answer.
Decomposition was the prevalent method in three of those problems and
used with equal frequency as mental analog in the fourth one. In the fifth
problem, rounding was the main process, but decomposition was a
significant component in 40% of the strategies classified in that category.
The dominance of this strategy, especially for vendors, could be
attributed to the adaptability of this strategy to each individual's flexibility
with and understanding of the number system. Depending on how
capable the subject felt with numbers, the amounts used in the questions
could be broken into as small a unit as one felt comfortable, and one
could then use as many steps as necessary to reach a solution. This
method also lent itself to being approached in a greater variety of ways
(as in the $2.75 + $1.50 question) as compared to the mental analog in
which the manner it could be applied was very limited. Decomposition
was the principal method used by nonvendors in 3 of the 5 exact
calculation problems.
Rounding: With the exception of the application of this method by vendors to
calculate mentally 10 x $1.27, rounding played a minor role. Again with
the exception of the 10 x $1.27 problem, when this strategy was utilized,
vendors were more likely to do so than nonvendors.
Repeated Addition: This strategy played a significant role in how vendors
solved 8 x $3.50, but was used only minimally by nonvendors. Neither
group found it useful in solving 10 x $1.27. While exactly half of the
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vendors rounded $1.27 to $1.25, no one repeatedly added either that
amount or even its doubled total ($2.50). One person whose strategy
was classified under rounding used $1.30 as the starting point and
repeatedly added that amount.
Estimation: Working with the front-end digits emerged as an equally popular
first step with both vendors and nonvendors for the estimation problem.
The second most common approach by both groups was using exact
values. Surprisingly, rounding was the least commonly used.
Success of Strategies: Without exception, nonvendors had a higher rate of
success than vendors in their final responses. The difference was
sometimes substantial, as in the instance of multiplication by 10 (see
Table 4.7).

Table 4.7

Difference in Correctness of Final Responses
by Vendors and Nonvendors
Topic

Problem

ADDITION

$2.75 + $1.50

11%

$38 + $19

30%

SUBTRACTION

$20 - $8.62

24%

MULTIPLICATION

8 x $3.50
10 x $1.27

ESTIMATION
*Always in favor of nonvendors

Difference*
in Success

6%
55%
4%
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The percentage of correct final responses for vendors ranged from 40% to 90% with
the average being 71 %. This compared to a range from 86% to 100% for
nonvendors with an average of 93% correct.

The questions with which vendors met the most success were estimation (90%),
$2.75 + $1.50 (80%), and 8 x $3.50 (80%). Estimation did not require an exact
answer and the other two both involved calculating with multiples of 250. The items
they scored the lowest on were $38 + $19 (70%), $20 - $8.62 (67%), and 10 x $1.27
(40%). The amounts in all of these problems did not contain "friendly" numbers, that
is ones that could easily be broken down and rearranged. While one might have
expected that working with money on a daily basis would make people more
proficient in dealing with numbers, this does not appear to be the case for this group
of subjects. Since they have manipulated their environment to work almost entirely
with multiples of 250, their understanding seems to be limited to those numbers and
has not carried over to ones that do not fall into that category.

Effect of Engaging in Daily Commercial Transactions on Type
of Strategy Used

This segment of the chapter addresses the following research question: What effect
do daily commercial transactions have on people's strategies when they are
engaged in this type of activity? Commercial transactions refer to those activities in
which people engage on a daily basis so as to result in a financial profit, either for
themselves or a business. To categorize the subjects for this question, vendors and
teachers remained separate and it was the individuals who were in neither of these
two occupations that were moved into the appropriate group. The subjects that were
involved in commercial transactions included a bank teller, a tax collector and two
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taxi drivers as well as all the vendors. Those without daily experience in such
activities included a graphic artist, a housewife, a loans supervisor, an office
manager, and all the teachers.

An analysis similar to the one in the previous section was carried out, although it is
not described in the same detail. Problems having the same categories of strategies
have been grouped together for ease of comparison; addition and subtraction
questions make up one set and multiplication questions are another set. Estimation
is considered by itself since strategies identified for that problem are quite dissimilar
from those requiring an exact calculation. The focus is on the differences in
strategies used by those with and without experience in daily commercial
transactions. An overall summary of the similarities is also included. The
successfulness of the strategies is discussed in terms of how effective certain
methods were overall rather than looking at each problem separately.

In addition and subtraction questions, the strategy that clearly played the most
dominant role for both groups was decomposition, with mental analog being the
second most commonly favored method (see Figure 4.7). However, differences
existed when the problems involving multiplication were examined (see Figure 4.8).
Those with experience preferred decomposition (29%) with recall (21 %), rounding
(21%), and repeated addition (18%) following closely behind. Subjects without
experience in daily commercial transactions used recall (38%) and decomposition
(35%) with almost the same frequency while mental analog (21%) was the next most
often used strategy.
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FIGURE 4.7: Strategies used by subjects with and without daily
commercial transaction experience for addition and subtraction

FIGURE 4.8: Strategies used by subjects with and without
daily commercial transaction experience for multiplication
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Other differences with respect to strategies between those engaged and not
engaged in daily commercial transactions, as shown in Figures 4.9 to 4.14, were:
Recall: Those without experience overwhelmingly (81%) chose to recall the
shortcut for multiplying by 10 for the problem with 10 x $1.27 while those
with commercial experience were almost equally divided between this
method (36%) and rounding (43%). Recall was more frequently
employed for the two multiplication questions by those without
experience.
Counting On: This mental process was utilized only by those with
experience for both sets of problems and completely disregarded by
those without experience.

FIGURE 4.9: Strategies used by subjects with and without
daily commercial transaction experience for $2.75 + $1.50

Paper and Pencil Mental Analog: Only in the case of $38 + $19 was this
procedure preferred by both groups. Otherwise, the only common
feature that appeared in the individual questions for either set of subjects
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was that when mental analog was a prevalent method for one group, the
opposite was true for the other group as they would use it minimally or
ignore it altogether. For example, in the problem with $2.75 + $1.50,
mental analog was the second most popular strategy for those with
experience (21 %), while it only played a minor role (6%) for the other
group.

FIGURE 4.10: Strategies used by subjects with and without
daily commercial transaction experience for $38 + $19

The reverse happened for subtraction as those with experience used
mental analog only slightly (8%). This is in comparison to the 28% of
responses by subjects without experience using this method, making it
the second most popular strategy for that problem.

A similar pattern also occurred in multiplication. When multiplying 8 x
$3.50, those with experience disregarded pencil and paper mental
analog while a large portion (39%) of responses by the other group
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Recall
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Counting On 0
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Mental Analog

28
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El Decomposition
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Rounding 0
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FIGURE 4.11: Strategies used by subjects with and without
daily commercial transaction experience for $20 - $8.62

favored it. To determine the answer for 10 x $1.27, none of those
withoutexperience employed the method while 14% of those
engaged in daily commercial transactions used it.
Decomposition: This was the method preferred by both groups for three of
the questions. The problems where it was not the predominant
strategy were 38 + 19 and 10 x $1.27. For the addition question, the
second most commonly used strategy was rounding for those with
commercial experience while it was decomposition for individuals
without experience. While both group of subjects employed this
method the least in the problem on 10 x $1.27, three other procedures
were used more often by those with experience; however, it needs to
be noted that in this particular problem decomposition was also a
component of 83% of the procedures classified under rounding for
this group of subjects. For subjects without experience,
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decomposition was the second most utilized strategy as well as the
only other method utilized besides recall.

Rounding: Only in a single problem ($38 + $19) was this method used by
those without experience. In contrast, those participants with commercial
transaction experience used rounding in 3 of the 5 questions requiring
an exact calculation and it was the preferred method in the problem
involving multiplication by 10. Both groups used rounding for an equal
percentage of responses in addition and subtraction questions; however,
for multiplication those without experience did not use it at all while
slightly more than two fifths (43%) of those with experience employed
rounding to reach a solution for 10 x $1.27. This same group did not
utilize it for the remaining multiplication problem.

FIGURE 4.12: Strategies used by subjects with and without
daily commercial transaction experience for 8 x $3.50
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Repeated Addition: As this category was appropriate for just the two
multiplication problems, but used in only one, differences are few. Over
one third (36%) of the responses by individuals with experience applied
repeated addition in their mental calculation of 8 x $3.50 while those
without experience used it only minimally (6%).
Estimation: Using front-end digits and exact values emerged as equally
popular (36%) ways to start an estimation problem for those with
commercial experience (see Figure 4.14). Their least used strategy was
rounding. Almost 3 out of every 5 (59%) of those not involved in daily
commercial transactions preferred to begin with dollar amounts with one
quarter choosing rounding. Working with exact values was the least
popular method.

FIGURE 4.13: Strategies used by subjects with and without
daily commercial transaction experience for 10 x $1.27

While a number of differences existed between those engaged and not engaged in
daily commercial transactions, some similarities were evident. In addition and
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subtraction problems, decomposition, mental analog, recall, and rounding were used
in similar proportions by both groups. This held true for one strategy used in the
multiplication questions, decomposition. Some of the other similarities were:
• Recall was used minimally by both groups with the exception of the
subtraction and multiplication by 10 questions.
• Overall, counting on was not a procedure that played a major role for
either group as it was used minimally by those with experience and not at
all by subjects without experience.
• Decomposition was the dominant mental process for both groups when
working with the addition and multiplication problems that involved

Front-end

O WITH
EXPERIENCE

Rounding

E

WITHOUT
EXPERIENCE

Exact Values

Other

0^10^20^30^40^50^60^70^80

^

90 100

PERCENTAGE OF RESPONSES

FIGURE 4.14: Strategies used by subjects with and without
daily commercial transaction experience for estimation
multiples of 250 ($2.75 + $1.50 and 8 x $3.50) and the subtraction
question.
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• Paper and pencil mental analog was employed by a significant proportion
by both groups in only 1 of the 5 questions ($38 + $19).
• The use of rounding, as might be expected, was completely ignored by
both groups of subjects in problems that contained multiples of 250
($2.75 + $1.50 and 8 x $3.50).
• Neither group viewed repeated addition as a means of reaching a solution
for multiplication by 10.
• The only similarity in estimation was that using the front-end digits was a
dominant strategy for both groups, although it was also used in equal
proportion with exact values for those with experience.

During the interview with the graphic artist, he mentioned an intriguing aspect of
what sometimes occurs during the course of financial transactions. This is a finding
that needs to be included in this section. Angus manages the family business, a bar
and disco, on weekends. How he and his staff dealt with calculating their sales and
making change for customers provided another interesting insight into the St. Lucian
culture. When there is a shortage of coins, then items such as peanuts, chewing
gum, cigarettes, and sometimes chocolate will be substituted. He uses the following
guidelines in his bar:

Amount of Change Owed

Substitution

- 100 or less

1 sweet (a candy)

- approximately 250

1 cigarette or 1 or 2 sweets

- approximately 500

No substitution. "You can't fool around. You
have to find it. It's a recognized unit of
calculation."

-

600, 650

1 soft drink ("Depends on how good a
customer you are.")
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- 800 - $1^

1 soft drink, free single cigarette, and
matches

There were no hard and fast rules for making change this way; it depended on the
relationship with the customer. This was not generally done in town or a big store
but most frequently happens in rural settings where people are "more friendly and
everyone knows each other." Angus indicated that this alternative method of making
change was not limited to just stores or bars. Fishermen, for example, will give a
smaller fish when they lack sufficient coins.

To ensure accurate calculation of prices, he created charts listing the prices for
different quantities of drinks sold. He also told of other strategies he used. "When I
have a dance at my disco, I raise the beer price from $2.50 to $3.00 because it's
faster to calculate. Sometimes they're $2.75, so you fix the price in your mind for 5
and 10 [bottles of beer] and then add or subtract."

Success of strategies

The group of subjects without experience had a consistently high average score in
the addition and subtraction (93%) as well as multiplication problems (94%), as
shown in Tables 4.8 and 4.9. Those with commercial experience fared much better
with addition and subtraction (80%) than multiplication questions (64%). The most
obvious difference in the overall success rate between groups was that thoseriol
involved in financial transactions on a daily basis performed much better than those
who were involved in such an activity. In the instance of multiplication, the difference
is quite noticeable. The percentage of correct final responses for people with
experience in financial transactions ranged from 50% to 86% across the questions,
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with the average being 76%. For the other group of subjects, their average was 95%
and the percentage of correct answers ranged from 89% to 100%.

For addition and subtraction questions, strategies that produced a high percentage
of correct responses for both groups were: recall, mental analog, and decomposition.
This was true for recall and decomposition when it came to multiplication questions.
The only strategy that consistently provided 100% correct final responses across
operations was when recall was used by subjects without experience.

Table 4.8

Strategies Used and Correctness of Initial and Final Responses
to Addition and Subtraction Problems by Subjects With and
Without Experience in Daily Commercial Transactions
^
WITH
^ WITHOUT
EXPERIENCE
EXPERIENCE
STRATEGY

na

Correct

na

Correct

Responsesb

Responsesb

Recall

3 (3)^100%

6 (6)^100%

Counting On

2 (0)^0%

0

---

Mental Analog

10 (9)^90%

16 (15)^94%

Decomposition

21 (19)^90%

24 (22)^92%

Rounding

3 (0)^0%

4 (4)^100%

Other

2 (2)^100%

4 (3)^75%

Totals

41 (33)^80%

54 (50)^93%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses
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Table 4.9
Strategies Used and Correctness of Initial and Final Responses
to Multiplication Problems by Subjects With and Without
Experience in Daily Commercial Transactions
^
WITH
^ WITHOUT
EXPERIENCE
EXPERIENCE
STRATEGY

na

Correct

na

Correct

Responsesb

Responsesb

Recall

6 (5)^83%

13 (13)^100%

Counting On

1 (1)^100%

0

Mental Analog

2 (2)^100%

7 (5)^71%

Decomposition

8 (7)^88%

12 (12)^100%

Rounding

6 (0)^0%

0

Repeated Addition

5 (3)^60%

1 (1)^100%

Other

0

Totals

---

28 (18)^64%

---

---

1 (1)^100%

34 (32)^94%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

The most noticeable differences between groups in the success rates for each
strategy were:
• Subjects engaged in financial transactions made the least progress in arriving at a
correct solution with rounding (0% for all operations) while it was a productive
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method for the other group (100%). Repeated addition provided limited success for
those with experience.

• For the multiplication questions, slightly less than three quarters (71 %) of the
answers produced by those without experience using the mental analog were
accurate. In contrast, the two responses from those with experience were right
answers.
• The success rate for estimation was 86% for those involved in commercial
transactions and 100% for those not involved.

Influence of Schooling on Strategies Used

This segment of the chapter addresses the following research question: What
influence does schooling have on the type of strategy used? To determine the effect
of formal education, individuals were categorized according to their education; the
criterion was whether individuals had only a primary education (either partial or
completed) or had gone beyond primary school. Because the majority of people
working as vendors in the market, on the street, or on the beach have little education,
the only difference in the classification of subjects from the previous question is that a
vendor and bank teller are not in the category of those who have only a primary
school education or less. There is little movement of subjects between categories
even though the research question has shifted from the effect of engagement in daily
commercial transactions to the influence of schooling on the type of strategies used.
When students do not go on to secondary school, job opportunities are limited. They
have then gravitated to setting up their own business selling goods.
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The subjects that had only primary schooling or less included all the vendors except
one, a tax collector and two taxi drivers. Those who had more than a primary
education included all the teachers, a vendor, a graphic artist, a loans supervisor, an
office manager, a housewife, and a bank teller. The profile of subjects with more
than a primary education is that 90% had completed secondary school with the
exception of the housewife and one teacher; 60% of the people in this subgroup had
also received some post-secondary training. All of that training was at a teacher
education college with the exception of the one vendor who had completed a year of
post-secondary education in mining engineering.

A similar analysis as in the previous section was carried out although it is not
described in the same detail as with the vendors and nonvendors. The focus is on
the differences between those that have primary schooling or less and those that
have more than a primary education. An overall summary of the similarities is also
included. The successfulness of strategies is discussed in terms of how effective
certain methods were overall rather than looking at each problem separately. With
so little change between categories of subjects, the results in this section are very
similar to the previous one on commercial transactions.

In addition and subtraction questions (see Figure 4.15), decomposition followed by
mental analog were the most prevalent strategies for both groups of subjects. This
did not hold true when the problems involving multiplication were examined (see
Figure 4.16). Decomposition (25%) and rounding (25%) were equally favored by
those with up to a primary education while repeated addition (21%) and recall (17%)
followed closely behind. Subjects with more than primary schooling used recall
(39%) and decomposition (37%) with almost the same frequency while mental
analog (18%) was the next most preferred strategy.
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Other differences in strategies between those with primary schooling or less and
those with more education (see Figures 4.17 to 4.22) were:
Recall: When this method was used, it was used with more frequency by
subjects who had more than a primary education. The only question for
which those with less schooling used this strategy more often is 8 x $3.50
when the fish vendor recalled it as a fact; the other group did not employ
this strategy at all. The most dramatic difference in usage was in the
calculation of 10 x $1.27 when it accounted for 83% of the strategies
employed by those who had more than a primary education. Only one
fourth of the procedures used by those with less schooling were
classified as recall.

FIGURE 4.15: Strategies used by subjects with up to primary
and more than primary schooling for addition and subtraction

Counting On: Subjects with up to a primary education were the only ones to
use this strategy while the other group completely ignored it.
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Paper and Pencil Mental Analog: The most striking differences in the use of
this procedure occurred in three questions: $20 - $8.62, 8 x $3.50, and

FIGURE 4.16: Strategies used by subjects with up to primary
and more than primary schooling for multiplication

10 x $1.27. In the first two problems, approximately one third of the
responses (30% and 35% respectively) by those with more schooling
applied this method, yet the other group ignored it entirely. The reverse
occurred for the multiplication by 10 question. Overall, paper and pencil
mental analog was favored in both sets of questions by those who had
gone beyond primary school.
Decomposition: This strategy continued to be the preferred method by both
groups with the exception of two problems, $38 + $19 and multiplying by
10. Overall, a greater percentage of the answers by subjects with less
schooling utilized decomposition for addition and subtraction, but slightly
more of the other group favored this strategy for multiplication.
Rounding: This mental calculation technique was unexpectedly used only
minimally by those with an education beyond primary. The most
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significant example in the difference in the way each group of subjects
employed rounding was in the multiplication by 10 problem. Exactly one
half of those with less schooling used it to reach a solution but no one
from the other group applied this method.
Repeated Addition: In the single problem where repeated addition was
employed (8 x $3.50), a large discrepancy emerged in the use of it
between the two groups. This procedure was only slightly used (5%) by
those with more than a primary education while it became a dominant
strategy (42%) for those with less education.
Estimation: No differences between the three main strategies existed for this
question.

While differences were evident between the two categories of subjects, some
similarities were also present.
• Recall was utilized minimally for the addition and 8 x $3.50 questions.
• Counting on was not a major preference for either group.
• The commonality between groups for the paper and pencil mental analog was with
the addition problems. In the $38 + $19 question, it was the predominant
procedure and the second most utilized (though not commonly used) method for
$2.75 + $1.50.
• In questions involving multiples of 250 ($2.75 + $1.50 and 8 x $3.50) and making
change ($20 - $8.62), decomposition was the prevalent computational method.
• The only question where both groups employed rounding was for $38 + $19 and it
was used with approximately the same frequency.
• Subjects followed the same pattern of strategy preferences for the estimation
problem with fairly equal percentage of responses for each method.
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FIGURE 4.19: Strategies used by subjects with up to primary
and more than primary schooling for $20 - $8.62
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FIGURE 4.22: Strategies used by subjects with up to primary
and more than primary schooling for estimation
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Success of strategies

As previously mentioned, when comparing this research question to the previous
one, there was little shift of individuals between categories of subjects.
Consequently, success rates only increased or decreased a few percentage points.
However, the dissimilarity between the average number of correct responses for
each group widened. This can be attributed to the fact that the two people that had
been together with the rest of the subjects with financial experience in the last
question had now been moved out since they had completed secondary school. As
shown in Tables 4.10 and 4.11, the average score for subjects with an education
beyond primary school was consistently high in the addition and subtraction as well

Table 4.10

Strategies Used and Correctness of Initial and Final
Responses to Addition and Subtraction Problems by Subjects
With Primary and More Than Primary Schooling
^
PRIMARY^BEYOND
PRIMARY
OR LESS
STRATEGY

na

Correct

na

Correct
Responsesb

Responsesb
Recall

2 (2)^100%

7 (7)^100%

Counting On

2 (0)^0%

0

Mental Analog

7 (6)^86%

19 (18)^95%

Decomposition

20 (18)^90%

25 (23)^92%

Rounding

3 (0)^0%

4 (4)^100%

Other

1 (1)^100%

5 (4)^80%

Totals

35 (27)^77%

60 (56)^93%

---

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses
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as multiplication problems (93% and 95% respectively). Individuals who had only
gone to primary school performed much better on the average with addition and
subtraction (77%), although well behind those with more education. Multiplication
questions appeared to pose even more of a problem for subjects with less education
as only slightly over one half of their responses were correct (58%). The success
rate for the estimation problem was 83% for those with only a primary education and
100% for the individuals who had more schooling.

Table 4.11

Strategies Used and Correctness of Initial and Final
Responses to Multiplication Problems by Subjects
With Primary and More Than Primary Schooling
^
PRIMARY^BEYOND
PRIMARY
OR LESS
STRATEGY

na

Correct

na

Correct
Responsesb

Responsesb

15 (15) 100%

Recall

4 (3)^75%

Counting On

1

Mental Analog

2 (2)^100%

7 (5)^71%

Decomposition

6 (5)^83%

14 (14) 100%

Rounding

6 (0)^0%

0

Repeated Addition

5 (3)^60%

1

(1)^100%

Other

0

1

(1)^100%

Totals

(1)^100%

---

24 (14)^58%

0

---

---

38 (36)^95%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses
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Mental Computational Strategies Used by Teachers

This segment of the chapter addresses the following research question: What
strategies do teachers use to calculate mentally? This encompassed not only the 14
inservice teachers but also the bank loans supervisor and the graphic artist. The
reason for this is that both had extensive classroom experience (14 and 24 years
respectively) before changing occupations. It is not difficult to find people in St. Lucia
who have had previous teaching experience since educators are so lowly paid that
teaching is not viewed as a profession, only a stepping stone to a better job.

A similar analysis as in the previous section was carried out although it is not
described in the same detail as with the vendors and nonvendors. This section
varies from the previous ones in that it does not compare the strategies of two groups
of subjects. The focus is on which mental computational strategies teachers favored.
The successfulness of strategies is discussed in terms of how effective certain
methods were overall rather than looking at each problem separately.

No one strategy clearly dominated every question. Overall, decomposition and
mental analog were the most commonly used. Recall was also an important
procedure.

Significant features about the strategies (see Figures 4.25 to 4.30) were:
Recall: The use of this strategy was on both sides of the spectrum. It was
either the prevalent process or very slightly utilized. Almost one third of
teachers (31%) favored it for the subtraction problem, but its most
dramatic use was for multiplication by 10 when 86% of these subjects
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chose this method. Overall it was the third most commonly preferred
method for both sets of questions.
Counting On: Educators discounted the use of counting on as a viable
method of calculation for any problem.
Paper and Pencil Mental Analog: This was the principal method (56%) for
only one question ($38 +$19). It was used by a least one fourth of the
subjects for subtraction question and multiplying 8 x $3.50. It was not
used at all for multiplication by 10 and only minimally (6%) for $2.75 +
$1.50.
Decomposition: Teachers strongly favored this mental calculation
technique. It was dominant in the subtraction question as well as in the
two problems where the numbers included change which was a multiple
of 250 ($2.75 + $1.50 and 8 x $3.50). Overall, decomposition was the
principal method. Slightly less than one half (46%) of the subjects used
it for addition and subtraction problems while one third (33%) employed
this strategy for multiplication.
Rounding: One might have expected this strategy to be more frequently
used by teachers, but it was ignored for every question except $38 + $19
(19%).
Repeated Addition: It played only a very minor role and that was for 8 x
$3.50.
Estimation: Using front-end digits emerged as the predominant way (60%)
to begin the estimation question and was used twice as often as
rounding (30%), the second most used method. Exact values was
infrequently employed (10%).
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During the course of the interview with the mathematics education instructor at the
Teachers' College, Ulysee described a written algorithm for subtraction that he had
created and which he also used to calculate mentally. This procedure is an offshoot
of the equal addition method (described in Appendix D). The following is Ulysee's
account of how it works.
Example:^463
-

j

-

Always subtract the smaller number from the larger one. If the smaller
number is on top, you also subtract it from 10 and then add one to the
bottom number in the next column to the left.
a) 5 - 3 = 2; then subtract 2 from 10 which equals 8.
b) Carry one to the 8 [in the tens column] and add it on. 9 - 6 = 3; then
subtract 3 from 10 which equals 7.
c) Carry one to the 1 [in the hundreds column] and add it on. 4 - 2 = 2.
The answer is 278.

Since his primary school teachers were only concerned with the right answer, he
stated that no one ever questioned him as to how he arrived at a solution.
Consequently, Ulysee used this method all through school and continues to use it up
to the present time.

Success of strategies

As shown in Table 4.12, the average percentage of correct responses was quite high
for both groups of questions (92% for addition and subtraction and 93% for
multiplication). Of the identifiable strategies, mental analog in multiplication
produced the lowest score (67%). This mental computational procedure was also
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the only one of the strategies used in both categories that did not produce at least
one 100% for either addition and subtraction or multiplication. On the other hand,
only recall consistently provided solutions that were without error. Teachers
provided responses that were 100% correct for the estimation problem.
Table 4.12
Correct Responses for Addition. Subtraction. and
Multiplication Problems by Teachers

STRATEGY

na

Addition

na
Multiplicationb

and
Subtractionb
Recall

6 (6)^100%

Counting On

0

---

12 (12)^100%
0

---

Mental Analog

14 (13)^93%

6 (4)^67%

Decomposition

22 (20)^91%

10 (10)^100%

Rounding
Repeated Addition

3 (3)^100%
---

---

0

---

1

(1)^100%

Other

3 (2)^67%

1 (1)^100%

Totals

48 (44)^92%

30 (28)^93%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

Mental Computational Strategies Taught in St. Lucian Schools

This segment of the chapter addresses the following research question: Is mental
computation taught in the schools and if so, what strategies are shown? The sources
for these data were interviews with practising teachers (which included the
mathematics education instructor from the Teachers' College) and the mathematics
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consultant in the St. Lucia Ministry of Education as well as an analysis of the
curriculum and workbooks used in the classroom.

An examination of the St. Lucia Mathematics Syllabus for Primary Schools (St. Lucia
Ministry of Education, 1986) shows that the only mention of mental computation was
for Standard IV (11 year olds) and was in reference to basic mathematics facts.
Teachers are reminded of the value of frequent, varied, and carefully planned
oral practice in all phases of the work. The resourceful teacher will be ready
for a high degree of accuracy in the fundamental operations. . . . If properly
planned, drill and practice can be made an enjoyable part of the Mathematics
period (St. Lucia Ministry of Education and Culture, 1986, p. 1 of Standard IV).

Since this same document states that "the majority of teachers are teaching lessons
from Mathematics texts without ever checking the syllabus during the year" (p. 2),
workbooks for Standard I (8-year olds) from the Caribbean Primary Mathematics
series (St. Lucia Ministry of Education, 1985) were scrutinized for evidence of
lessons on mental computation, but none was found.

The mathematics consultant in the ministry indicated that while mental computation
("sums, multiplication, problem solving, listening skills") is taught, the strategies were
left to the individual teacher. When educators were questioned as to whether they
taught mental computation, only one person responded in the negative. His reason
for doing so was because he taught "just tables." Four people in total thought that it
meant basic mathematics facts alone. "Every Friday, I devote math period to
mentals" [Rosella].
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The strategies that the teachers stated they would use for mental computation are
listed according to the frequency with which they were proposed. The number of
suggestions from individuals ranged from one to six strategies, with the majority
providing only one or two methods. The numbers in parentheses indicate the actual
number of subjects who gave that response.
(11)^Multiplying, dividing by 10, 100
Multiplying a multiple of 10
Multiplying decimals by 10
(5)^Basic mathematics facts
(3)^Multiplying by 25 (divide by 4, multiply by 100)
(2)^Make groups of tens in the addition column
(2)^Divisibility of numbers
(1)^Multiplying by 50 (divide by 2, multiply by 100)
(1)^"Lowest common multiple can be done mentally" [Carmen].
(1)^Multiplying by 9. "Use the 10x tables, then subtract."
[eg. 9 x 7 = (10 x 7) - 7] [Simon]
(1)^Length x width "Instead of counting squares for area" [Sixtus].
(1)^Estimation
(1)^Use the distributive law
(1)^Doubles, + 1
(1)^"When multiplying by dollars and cents, you should have cents in the
answer. Put the [decimal] point after two numbers" [Carmelita].

Strategies such as counting on, starting on the left side, and rounding and adjusting
go unmentioned. Other procedures that are not mental computational strategies per
se (length x width, divisibility of numbers, lowest common multiple, and so on) were
suggested; these examples can be calculated without pencil and paper, but do not
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serve as a plan of action which can be applied to a multitude of problems. The
above list, together with some of the teachers' comments, illustrates that not only do
educators have varying interpretations of what mental computation encompasses,
but they are also unaware of the different strategies (such as using compatible
numbers) that would facilitate children's mental calculations.

While this may seem somewhat disheartening, what was encouraging was that the
instructor at the Teachers' College [Ulysee] gave responses that indicated that he
was cognizant of some applicable methods: multiplying by 10, 25, or 50, using the
distributive property, and estimating. He was also the only person to mention
estimation as a useful method.

Differences Between Procedures Taught in the Schools and
Those Used by Adults in Everyday Life

This segment of the chapter addresses the following research question: How do the
computational processes taught in St. Lucian primary schools differ from the
procedures used by adults? The data about what is taught in schools were compiled
from a number of sources: an examination of the St. Lucia Mathematics Syllabus for
Primary Schools (St. Lucia Ministry of Education, 1986) and workbooks for
Standard I (8-year olds) from the Caribbean Primary Mathematics series (St. Lucia
Ministry of Education, 1985), an interview with the mathematics consultant as well as
the explanations provided by inservice teachers who were part of the study as to
what methods they would teach their students in solving the same questions they
had just answered. A sample of teachers was asked for this explanation and not
every question was posed to each person (it ranged from four to 10 people per
problem). This was due to a constraint of time in the schools in addition to the
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perception that the subjects were starting to grow somewhat weary of the questions.
Since this study has implications for adult education classes in numeracy, sources
for information in this area were also examined. Observations from adult numeracy
classes and examination of the St. Lucia Adult Education Mathematics Workbooks
(St. Lucia Ministry of Education, 1990) were used as data.

The way this section is organized is to first look at some of the major differences
between the procedures used by adults and those taught in schools (to both primary
students and adult learners) and then examine how teachers stated they would
teach these questions. The comparison is meant to be in broad terms as the focus of
the study was on mental calculation whereas the focus in schools is on written
methods. It also needs to be taken into consideration that when subjects responded
to questions in the study, they were asked to perform it without pencil and paper or
calculator).

Computation In and Out of School

One of the most striking features of the entire study is the diversity of methods adults
used to calculate mentally, regardless of occupation or educational background.
This is in direct contrast to the school situation where the emphasis is on obtaining a
correct answer by the procedure shown by the teacher. The implication is that there
is one best method in real life and this impression was conveyed by the comments of
different subjects:
- To solve 8 x 3.50, the graphic artist's response was: "$3 by 8 is 24. 8-500 is $4 and
add it. I'm taking the easy way out" [Angus].
- To solve $38 + $19, the college instructor's response was: "Added 38 to 20 and
subtracted 1. I did it the hard way. Less trouble than regrouping" [Ulysee].
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- To solve $20 - $8.62, a teacher in the pilot study had this response: "I took 8 from 20
which gives me 12, then I borrowed 62 from the 12. I knew right away about 62
from a dollar." His additional comment was the most revealing of his belief in a
best way of reaching a solution: "To do it the real correct way, you start by
borrowing from the tens column."

The discrepancy between the mathematics used in real life and what is taught in
schools is a situation that is widely recognized, and St. Lucia is no exception. Adults
are involved in occupations (such as vendors and taxi drivers) where mental
computation is the dominant method, yet written computation is stressed in schools.
Evidence of this focus in schools is the few references to mental calculation (other
than basic mathematics facts and oral practice) in the syllabus and workbooks.
Responses by teachers as to the different strategies also indicated a definite lack of
awareness of mental procedures that can be used.

Written algorithms emphasize reaching a solution digit by digit. Understanding the
process is not essential to carrying out the procedure as the step-by-step procedure
can be easily memorized. Mentally applying a paper and pencil algorithm to any of
the problems used in the study requires starting with the digits on the right side and
progressing to the leftmost digits. Beginning with the numerals in the ones column
for written addition, subtraction, and multiplication algorithms is what is taught in the
St. Lucian primary schools. For the adults in this study, the majority of strategies
used involved working with a quantity, i.e., not working digit by digit, and often not
starting on the right side. Examples of this are:
- To solve $2.75 + $1.50: "$2.75 + $1 is $3.75. Take 250 from the 500 [in $1.50] and
that makes $4.00 plus the 250 you have left [from the 500]" [Simon].
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- To solve $20 - $8.62: "$8 from 20 you get 12 and then take another dollar minus
620, you get 380." When asked how she dealt with the change, she responded,
"You break up the dollar and you take 50 and 10 and you have 400. Then you take
the 20 is 380" [Rilla].
- To solve 10 x $1.27: "10 times $1 equals 10, 27-100 pieces is $2.70 and 10
[dollars] is $12.70" [Treverne].

The procedures that fall into this category of working with numbers as quantities and
with meaning are: counting on, decomposition, rounding, and repeated addition.
Recall (of the multiplication by 10 shortcut) and paper and pencil algorithm focus on
manipulating symbols. Examples of this are:
- To solve $2.75 + $1.50: "5 and naught is 5, 7 and 5 is 12, that's 250 and carry 1 to
the dollars" [Francisca].
- To solve $38 + $19: "8 and 9 are 17; 3 and 1 are 4 and 1 [ten from the 17] equals
57" [Romiel].
- To solve 10 x $1.27: "Just add a zero and shift the point" [Jean-Claude].
For addition and subtraction as well as multiplication questions, the strategies which
were used the most centred on working with numbers as quantities, or complete
numbers, rather than as separate tens and ones digits.

When it came to computational estimation, scarcity of attention in the curriculum and
teachers' limited knowledge on the topic was also true. The different ways to
estimate an answer, other than rounding, were ignored. In the syllabus, there was
mention of rounding to the nearest 10 and 100 in Standard II (9-year olds). The next
reference is in Standard IV (11-year olds) where "rounding to the nearest 10, 100,
1000" and "estimating the number of children in the class, number of sweets in a jar"
(p. 2, Standard IV) should be covered. In a discussion of how to avoid frustration
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toward problem solving at this level, it was noted that the student "should learn to
estimate his answer in advance of the solution" (p. 1, Standard IV). The workbooks
for Standard I contained no exercises on rounding numbers or estimating answers.
While rounding, as well as other strategies for estimation, may not be given much
attention in the schools, it was used as a strategy in 19% of the responses for the
estimation problem.

One of the distinguishing characteristics of computational estimation is that "it
produces answers that are not exact but are adequate for making necessary
decisions" (Reys, 1984, p. 551). While this occurred in 85% of subjects' responses
for the estimation problem, 30% of the teachers asked how they would teach that
same question stated they would have students find the exact answer.

During the collection of data the researcher had an opportunity to observe three
literacy classes for adults on the island. Numeracy was a small component of that
instruction. While the people attending came from various occupations, a number of
the students worked as vendors during the day, so the researcher was interested in
seeing how and what was being taught. The Ministry of Education had locally
developed the St. Lucia Adult Education Mathematics Workbooks (St. Lucia Ministry
of Education, 1990). There were three levels; the first one began with learning to
write the numerals and the counting sequence up to 20 and the last one ended with
currency conversion and ratios. The differences between how adults calculate and
what is taught in the adult numeracy classes needs to be remarked on since the
education system is now trying to create success for a group of people who generally
did not experience much success with mathematics in their primary school years.
Observations made during the class visits as well as an examination of the numeracy
workbooks used formed the basis of these findings.
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Once students were able to add and subtract two-digit numbers (with regrouping)
using pencil and paper, the exercises in the numeracy workbook gave directions to
use the calculator to find the answers for the same type of questions. Some of the
first examples to be used with the calculator that appear in the workbooks are from
Lesson 11 in Levels One and Two:
a) 19 - 15 = ^
b) 44 - 33 = ^
c) 75 - 53 = ^
d) From twenty-two take away ten.
e) Subtract forty-four from ninety-five.
The focus appears to be one of learning algorithms and then introducing the use of
the calculator as soon as possible after that material has been covered. No mention
is made of place value in the workbooks other than four questions that have sets of
sticks grouped in tens and the task being to write the number that is represented.
What the teacher may have actually taught in the class for these lessons could not be
determined although the lessons observed in the classes followed quite closely what
was in the workbook.

Making calculators part of numeracy instruction, rather than hours spent on learning
written algorithms, is practical as well as commendable. But is it being introduced
too soon and being given too much emphasis? An example from one of the classes
that the researcher attended stands out. The lesson was on making deposits and
withdrawals at the bank and then determining the balance. Students were to use the
calculators for questions such as the following from Lesson 27 in Levels One and
Two:
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a) I had $40.00. I deposited $20.00.
b) I had $75.00. I deposited $25.00.
c) I had $37.00. I withdrew $7.00.
c) I had $48.60. I withdrew $19.40.
Even though this exercise was at the end of the Level One and Two workbook, a
woman sitting near the researcher was having difficulty deciding which keys to
punch as she did not know what the "+" and "-" signs on the calculator meant. Using
a calculator for the first three examples could be considered questionable as they
could easily be calculated mentally.

In the interviews all subjects were questioned about whether they used a calculator.
Of the group that had primary schooling or less (this included every vendor except
one, a tax collector and two taxi drivers), 18% responded in the affirmative, but noted
infrequent use ("sometimes" or "occasionally"). A few of the 82% who did not use a
calculator did own one but preferred to do it mentally ("I just use my mind" [Millicient])
or written down ("I don't like calculators. Sometimes I fool myself. I like my pencil"
[Francisca]).

This same group of people relied on concrete objects such as matchsticks, fingers,
and even breadfruit for some of their calculations but no concrete materials were
ever observed in the classroom or as part of a lesson.

With regards to estimation, six lessons on rounding were included in the numeracy
workbooks (Level Three). Only one problem was posed in a context (finding the
estimated sum of eight grocery items by rounding the prices); the rest were
presented as exercises where a variety of numbers had to be rounded. The
interesting contrast here is that rounding appears to be the only estimation strategy
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taught in the numeracy classes, yet that method was the least popular of the three
strategies used for the estimation problem in the study.

Teachers' Responses

The following responses are the ones given by practising teachers to the question of
how they would teach their students to handle the same questions. It should also be
noted here that it was not specified in the interview whether the procedure was to be
taught as mental or pencil and paper computation. A total of 47 responses were
collected. Four subjects provided an additional method while one person gave three
extra alternatives. This latter teacher did not use the pencil and paper mental analog
herself to solve any of the problems and the strategies she suggested were ones that
she had employed. All the subjects' explanations were from the perspective of using
a written algorithm to reach a solution, with the exception of six procedures.

Not surprisingly, for all the problems (addition, subtraction and multiplication)
requiring an exact calculation, every educator indicated that they would show the
written algorithm method to their classes. Only the six additional answers provided a
different method. These answers are noted below. The numbers in parentheses
indicate the actual number of teachers who gave that response.

( 9 )^To solve $2.75 + $1.50:
(2)^- (750 + 500) + ($1 + $2)
- "You require speed at the Common Entrance [11+ Exam]. If it
was a CE class, I'd show them how I do it [the above method]"
[Ferguson]. Otherwise it was the pencil and paper method.
(4)^To solve $38 + $19:
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- No variation of procedures was volunteered.
(1 0 )^To solve $20 - $8.62:
(2)^- Round $8.62 to $9. Subtract the dollars ($20 - $9) and then the
change ($1 - 620).
(1)^- Counting on.
(4)^To solve 8 x $3.50:
- No variation of procedures was volunteered.
(4)^To solve 10 x $1.27:
(1)

- "Shift the numbers."

As mentioned in the previous section, in explaining to students how to solve the
estimation problem, three of the teachers said they would have children find the
exact total of the three items (even though the question did not require that).
Interestingly, finding the precise amount was not the method they themselves used
when solving the problem. While rounding was the only other procedure suggested
by the remaining educators, there was diversity of ways in how to round the numbers
as well as whether this was done to all the numbers. The following suggestions
were given for rounding:
(10)^To solve the estimation problem:
(2)

- Round to the nearest ten.

(2)^- Round to the closest dollar (e. g. $1.33 to $1.00, $1.61 to
$2.00).
(1)

- Round

^to the closest dollar (e. g. $1.33 to $2.00, $1.61 to

$2.00).
(2)

- No rule for rounding was stated and difficult to determine from
the limited example.
a) $2.26 to $2.25 and $1.33 to $1.50

143

b) $1.61 to $1.65 and $2.26 to $2.30

Some faulty reasoning seemed to be applied to the use of rounding. If a person was
actually buying the groceries in the problem they would be short of only a relatively
small amount (200). More precise techniques were needed than rounding to the
nearest dollar. To get an estimate by rounding each amount= to the nearest dollar
was even less useful in solving this particular problem. Strategies needed to be
tailored to fit the situation. Only one person mentioned that she would have students
round two of the prices ("$1.65 plus $1.30, these two would be about $4.00") and
then they could just "look at the third one" [Rosella].

Strategies used for written and mental calculation are often not the same. If a
teacher calculated using the mental analog, then it was considered to be the same
process as the written method they stated they would demonstrate to their students;
the suggestion of teaching the children to solve the problem using the pencil and
paper written algorithm occurred consistently with each teacher across every
problem with the exception of estimation. One of the most striking features of the
educators' responses for estimation is that only 30% of the proposed procedures
corresponded to what they themselves had employed in reaching a solution.
Overall, this inconsistency was true for 75% of the methods suggested. While the
sample was small, these responses do lend emphasis to the statement that the focus
in schools is on one best method and that happens to be using the pencil and paper
written algorithm, regardless of how the person in front of the classroom calculates.
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Summary and Discussion of the Findings

The summary and discussion of the findings of this study are organized in the
following manner:
1) Use of Strategies
2) Success of Strategies
3) Effect of Working With Money on a Daily Basis
4) Impact of Schooling
5) Teachers, Schools, and the Relation to Real-Life Computation

Use of Strategies

Without exception, each problem posed to the subjects in the study generated a
variety of strategies in the process of solving it. To summarize, across all subject
groupings (vendors/nonvendors, with/without commercial transaction experience,
with primary schooling or less/beyond primary schooling, and teachers) the preferred
method was decomposition followed by paper and pencil mental analog for
questions centred around the operations of addition and subtraction. When it came
to problems dealing with multiplication, the mental procedures did not follow such a
consistent pattern. The only group that continued to be partial to the use of these
same two methods were the teachers. For the most commonly used strategies for
each subject grouping, see Table 4.13.

With the estimation problem, calculating the front-end digits as a first step was the
most popular strategy across all groups of subjects with one exception. It was tied
with exact values as the dominant method for those with commercial experience.
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Table 4.13
Strategies Most Commonly Used by Subjects in Each Group in Order of Frequency

Vendors

Nonvendors

With

Without

Primary

Beyond

Commercial

Commercial

Schooling

Primary

Experience

Experience

or Less

Schooling

-decomposition -decomposition -decomposition -recall

-decomposition -recall

-rounding

-recall

-rounding

-recall

-mental

-repeated

analog

-recall

-decomposition -repeated

-rounding

Teachers

-decomposition

-decomposition -mental

addition

analog

addition

Note. When more than one strategy is in a cell, both were used with the same frequency.

To provide a more comprehensive picture of the use of strategies, subject
classifications were removed so the choice of methods can be viewed as a whole
(see Table 4.14). The percentages were calculated as to how often that method was
used for that specific question.

Decomposition dominates the methods employed. It was the most common method
for 3 of the 5 problems, second most common on one, and third on the other.

The overall breakdown of strategies for the estimation problem were as follows:
1) Front-end

46%

2) Exact Values

27%

3) Rounding

19%

4) Other

8%
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Table 4.14
Strategies Used in Each Problem (Percentage)

$2.75 + $1.50

$38 + $19

$20 - $8.62

8 x $3.50

10 x $1.27

Recall

0%

3%

26%

3%

60%

Counting On

0%

3%

3%

3%

0%

Mental Analog

13%

50%

19%

22%

7%

Decomposition

81%

22%

39%

50%

13%

Rounding

0%

19%

3%

0%

20%

Repeated Addition

N/A

N/A

N/A

19%

0%

Other

6%

3%

10%

3%

0%

100%

100%

STRATEGY

TOTAL^_

100%^_

100%

100%^_

Note. Numbers in bold are the ones that were the most commonly utilized for that problem.

The host of alternative ways and the variability even within approaches was
considerable. This situation occurred across all groups of subjects, regardless of
which way individuals were clustered. The individual strategies employed for the
addition, subtraction, and multiplication questions were tabulated. Three subjects
were inadvertently not asked one question and, therefore, the maximum number of
methods they could have utilized was four. The stacked bar graphs of vendors,
teachers, and subjects in neither of these occupations (grouped in this manner only
for convenience) graphically illustrate how no one method was sufficient for any of
these individuals in their calculations (see Figures 4.31 to 4.33). The lowest number
of different methods used was two; the highest was four.
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Success of Strategies

In real-life an exact answer is often not necessary and an approximate one will
suffice (How much money do I need to take on vacation? How much longer can I
sleep if I do not want to be late for work?). Unfortunately, this could not be applied to
the problems asked in this study, with the exception of the estimation one. The only
way a subject's response could be classified correct was if it was 100% accurate
even though many vendors were only out by 100 or 250. When the researcher was
first trying to decide what the criteria for "success" were, allowing for a margin of 250
on either side of the exact answer was given consideration, but eventually discarded.
The reason for this was simple: the livelihood of subjects dealing with commercial
transactions on a daily basis depended on their being accurate in their calculations,
even though this was not always the case. Mistakes would result in either less profit
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or disgruntled customers. In the case of the tax collector and bank teller, if a shortfall
of money occurred then they would be personally responsible for it.

When examining the overall success rate for each strategy (see Table 4.15), the
informal method that is the most noticeably lacking in difficulty for those who used it
is rounding. For addition and subtraction, the problem appeared to be one of
keeping track of the amount that should be adjusted after rounding. When it came to
multiplication, this strategy was only applied in the 10 x $1.27 question. Subjects
either did not adjust their calculation (the majority preferred to simply view the
change portion as 250) or did the adjustment incorrectly. Counting on, while
employed infrequently, was unproductive for those individuals using it. Here, the
difficulty was one of keeping track of the large amounts that were being counted.
Repeated addition was successfully utilized only two thirds of the time. These three
methods were used more often by vendors, those with financial transaction
experience, and subjects with a primary education or less.

When the strategies used in each subject grouping were examined for ones that
produced answers where less than 50% were correct, an interesting fact was
noticed. In both cases where that happened, the amount of correct responses was
0%. The only two procedures where this was applicable were counting on and
rounding.

Some of the subjects rounded the prices to too high a number and could still
respond "yes" and be correct. The numbers were rounded to what was thought as
appropriate, but what was really needed was a global look at the situation before just
applying any sort of rounding scheme, such as rounding to the nearest dollar. If the
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question posed was 200 less than the $5.00, a different rate of success may have
developed.

Table 4.15

Overall Correctness Responses by Strategy

STRATEGY

na

Addition

na
Multiplicationb

and
Subtractionb
Recall

9 (9)^100%

19 (18)^95%

Counting On

2 (0)^0%

1 (1)^100%

Mental Analog

26 (24)^92%

9 (7)^78%

Decomposition

45 (41)^91%

20 (19)^95%

57%

6 (0)^0%

Rounding
Repeated Addition
Other

Totals

7 (4)
--6 (5)

6 (4)^67%

--83%

95 (83)^87%

1

(1)^100%

62 (50)^81%

(a) Number of subjects using each strategy
(b) Number of correct responses; percentage of correct responses

A high percentage of correct responses occurred with the estimation problem. This
could be attributed to several possible explanations. One reason may be that only a
"yes" or "no" answer was required. Another may be the way the question was set up.
The numbers that were used were 200 over the $5.00 which was the reference point.
When the overall success rates for each group of subjects is scrutinized (see Table
4.16), it becomes evident that on the whole the people that were able to provide the
most correct answers were those who were: nonvendors, without commercial
transaction experience, with more than a primary education, and teachers. Although
the overall rate of success was high and fairly consistent for most of these same
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groups of people, it was slightly higher (although only by one or two percentage
points) when the questions involved multiplication; the nonvendors' rate was slightly
lower. A much stronger and opposite trend occurred with those who were vendors,
with commercial transaction experience, or had only a primary education. The
performance of these individuals dropped dramatically when it came to
multiplication. The reasons for this could be attributed to the prevalence of addition
and subtraction within the context of buying and selling goods. As few people ever
purchase in large quantities, multiplication is not as frequently used as addition as
subtraction. These latter two operations are also ones that would have received the
most exposure in the course of primary school, especially if subjects had only

Table 4.16

Summary of Success Rates and the Percentage Difference Between
Subject Group
ADDITION AND SUBTRACTION

Vendors

^
^ ^
d
d
MULTIPLICATION

72 Nonvendors 94

With

Without

Experience 80

Experience 93

Primary
or Less
N/A

22

13

Beyond
77 Primary
Teachers

Vendors

60 Nonvendors 90

With

Without

Experience 64

Experience 94

Primary
93

16

or Less

92

--

N/A

30

30

Beyond
58

Primary

95

37

Teachers

93

--

Note. "d" refers to the difference between the two groups within a subject classification

attended the first two or three years when multiplication was just beginning to be
introduced. A contradiction does exist. Of all the subject groupings, vendors had the
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lowest average success rate for addition and subtraction questions--operations used
on a continual daily basis.

In discussing the success of strategies, another key point needs to be addressed-wrong answers. As was mentioned earlier in the presentation of the findings, a
significant feature of subjects' responses was that they often changed them and this
was evident in the increase of correct answers from initial to final answers. Once
people had to explain their solution method, if they gave a wrong answer it was
during the explanation that they were able to correct themselves.

The fact that vendors have an increase of correct responses as high as 45%, leads
one to wonder what actually happens in the course of their transactions where no
explanation in the total price is given to the customer (see Table 4.17). Some of the

Table 4.17

Percentage Increase in Correctness From Initial
to Final Responses for Vendors and Nonvendors
Problem

Vendors

Nonvendors

$2.75 + $1.50

20

9

$38 + $19

20

4

$20 - $8.62

45

9

0

5

10 x $1.27

30

4

Estimation

0

6

8 x $3.50
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comments made in this next section on people's views of vendors also sheds some
light on this question.

In the first chapter, it was mentioned that one of the reasons for exploring the mental
computational strategies of vendors in St. Lucia was because they have a reputation
as skilled calculators who carry out this activity without the use of pencil and paper.
During the course of the interviews, one of the questions posed to all subjects was:
Vendors in St. Lucia have a reputation for being quick and accurate in their
calculations. Do you agree with this statement? Overall, approximately two thirds
(68%) agreed with this perception, 11% disagreed, and 21% thought it to be true
some of the time (see Table 4.18). When the responses are categorized as to those

Table 4.18

Responses to the Question About Whether Vendors
are Quick and Accurate in Their Calculations

Nonvendors

Overall

OPINION

Vendors

Agree

(5)

56%

(14)

Disagree

(1)

11%

(1)

5%

(2)

7%

Sometimes

(3)

33%

(4)

21%

(7)

25%

Total

(9)

100%

74%

(19) 100%

(19)

68%

(28) 100%

Note: The numbers in parentheses refer to the actual number
of people who gave that response.
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of vendors and nonvendors, a slightly different picture emerges. Almost three fourths
(74%) of the nonvendors thought "quick and accurate" described the way vendors
computed but only slightly more than one half (56%) of the vendors believed this to
be true.

The following remarks made almost exclusively by vendors (Dennis and Angus are
the only nonvendors) are quite telling about what happens in the course of
transactions in the marketplace. Those that agreed that vendors are quick and
accurate had these comments to add:
- "Yes, it's according to the amount of cents you have to check. The less
cents, the quicker you are" [Claudia].
- "Yes, with the $3.50 for myself. With $2.50, I have to think more. Other
vendors aren't as quick as me. Some could be quick at something else, [but]
not the fish" [Williana].
- "If you're used to something, you get familiar with the different rates. It's like
brushing your teeth and combing your hair every day" [Kendal].
- "Yes, because we don't use our pen and papers. We just figure in our
heads even when you buy three or four items. In the store they use a
machine for one item" [Lorraine].
Subjects that disagreed, or felt it was true only part of the time, had this to say:
- "It's not all of them that are quick. Even I make mistakes" [Millicient].
- "The people here are slow. It's easy to mix them up" [Ulric].
- "Some people, but some ask you to check for them" [Josephina].
- "By habit and familiarity with the prices. My experience is that either you
steal them or they steal you. They use round numbers so they have control
over their numbers" [Angus].
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- "I think they rob themselves and sometimes people, too. Sometimes I have
to help them. They can sell if no one buys a big amount. If someone buys
$25 or $30 worth of food, then they just guess, just imagine" [Dennis].

Effect of Working With Money on a Daily Basis

In reviewing studies involving culture and mathematics learning, Stigler and Baranes
(1988) made the observation that "although researchers attempt to find evidence of
formal mathematical thought amongst the unschooled, what we find is that the way
activities are structured will organize knowledge and eliminate the need for repeated
complex calculations" (p. 276). This was certainly the case when vendors organized
their price lists to the nearest multiple of 250 or used heaps and bundle as the units
of measure for selling. When the fish vendor sells fish almost entirely at the prices of
$2.50 or $3.50 or the taxi driver charges fares that are only multiples of a dollar, the
environment has been manipulated to facilitate easier computation. What this also
does is allow people with very minimal understanding of mathematics to work
successfully with the calculation of numbers on a daily basis as familiarity with
certain numbers has been created.

Thinking in the context of money makes the mathematics much more meaningful to
the person doing the calculating. The most evident example of this is when people
break apart numbers or combine others so that they can work with quantities that are
multiples of 250. Numerous instances of this exist in the findings:
- "Took from the $2.75 and put 500 on the $1.50 and added what was left from
the $2.75" [Albertha].
- "$2 plus $1 is $3; 500 and 500 is a dollar and add the [remaining] 250"
[Williana].
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- "8 pounds at $3 will be $24 and 8-500 pieces will be $4 and then you add"
[Dellarosa].
- The fish vendor thinking of 270 (for 10 x $1.27) as 250 and then grouping
the fingers into sets of four to figure out the number of dollars can be made
from that amount of 250 pieces. [Williana]
- When estimating whether there was enough money for the grocery items,
after adding the dollars the 100 pieces are then considered. "200 and 300
are 500 and the 600 is more than 500, so you will have more than a dollar
there" [Albertha].
In each case, individuals treated the numbers as complete quantities rather than
separate tens and units digits. Like the Vai and Gola tailors in Reed and Lave's
(1981) study, it appears that a number of subjects, especially vendors, were
operating under a monetary system of arithmetic.

Money is a powerful influence on how one thinks. Even before St. Lucia became
independent from Britain, the British system of currency with pounds, shillings, and
pence was replaced with the Eastern Caribbean currency. A number of people
shared the observation with the researcher that the older people, especially from the
rural areas, still referred to the shilling, only now it was equated with the 250-piece. It
was also supposed to be common for older vendors in telling a customer what the
price was to report it in shillings. Since this would all transpire when Patois was
being spoken, the researcher only came across this once in an interview. An older
vendor, in calculating 10 x $1.27 aloud, said to herself, "Yon [one] dollar plus un

shlen [one shilling] plus des sous [two 1 0-pieces]." Another subject also reported
that when in the grocery store older people from the countryside did not understand
the prices marked on the goods. They would ask others how much it was, and one
would need to reply in shillings as that is the system of money under which they were
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still operating. Several similarities exist between the British and Eastern Caribbean
system of currency. The 20 coin is a large copper coin that closely resembles an
English penny in the old system of shillings and pence. The 250 coin looks like a
shilling coin. Pound notes and the $5 E.C. note are very similar in appearance.
Many people still refer to the $5 bill as a "pound note".

The decomposition strategy stood out as the most commonly used method for those
working with money on a daily basis. For addition and subtraction, vendors and
those with commercial experience used it 55% and 51% of the time respectively; for
questions with multiplication, it was 25% and 29% of the time. This procedure
readily lends itself to being used by people who are not at ease working with larger
numbers. This is due to the multitude of ways that numbers can be broken down as
well as the fact that a number can keep being decomposed until that person has
numbers with which they feel comfortable. Another strength of this approach is that
decomposition can easily be utilized in combination with any of the other strategies.

Much experience with financial transactions, however, did not ensure success or
necessarily develop a greater understanding of numbers. Proof of this would be in
comparing the success rates for vendors/nonvendors and those with/without
commercial experience (see Table 4.19).

The success rate for vendors and those with commercial experience ranges from 4086%. Nonvendors and those without experience begin where the other two groups
left off with percentages of correct answers that range from 86-100%. The better
performance across the operations by subjects not involved with money on a daily
basis could most likely be attributed to the fact that those who sell goods for their
livelihood work with a limited range of numbers (multiples of 250 and $1.00) and
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three of the questions requiring an exact calculation did not deal with such
compatible numbers (level of education is a confounding variable). Vendors and
those with commercial experience performed better in addition and subtraction than
multiplication. This appears to be just a reflection of what transpires in the majority of
financial transactions occurring in the marketplace, on the streets, and on the beach;
addition and subtraction are the key operations. Another factor which appears to be
significant, schooling, is discussed in the next section.
Table 4.19
Summary of Percentage of Correct Responses for Vendors/Nonvendors
and Those With/Without Commercial Experience
Vendors

With
Commercial
Experience

QUESTION

No nve ndo rs

Without
Commercial
Experience

$2.75 + $1.50

80

86

91

89

$38 + $19

70

79

100

100

$20 - $8.62

67

77

91

89

8 x $3.50

40

79

95

89

10 x $1.27

80

50

86

100

Estimation

86

86

100

100

Impact of Schooling

The findings quite clearly emphasize that schooling does have an impact on how
people calculate. Among all the subject groupings, the greatest difference in
success rates (37%) was between those with a primary education or less and those
with more than a primary education for multiplication questions; the difference for
addition and subtraction questions (16%) also favored those with more schooling
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(see Table 4.16). Multiplication by 10 was the problem that gave the most difficulty to
those with only a primary education, having a success rate of only 42%. Only onefourth of this group used the shortcut for multiplication by 10, which suggests that the
remainder were unaware of it.

A number of subjects mentioned that the method they used as an adult was one they
learned to use in school. A teacher, Carmen, commented that the equal addition
method was how she calculated both mentally and with pencil and paper. She had
learned this when she was in primary school, but it was not a method that she taught
her students. When Ulysee created his method for subtraction in primary school
(discussed in more detail in the section on mental computational strategies used by
teachers), he continued to use it even to the present day. A characteristic also
exhibited by those with education beyond primary school is that after explaining how
they obtained an answer subjects were able to suggest another way that they could
have approached the problem. On the other hand, those with less schooling
appeared to the researcher just to be relieved to have been able to give a response
to the question. What these examples illustrate is that much of what was learned
during the course of one's school years, whether it was the equal addition method,
multiplying by 10, or an invented method, is carried on into adulthood. Those not
having the opportunity to continue beyond primary school must rely on the limited
knowledge they picked up in school to form the basis of the mathematics they use in
everyday life.

Teachers. Schools. and the Relation to Real-Life Computation

It is ironic that a discrepancy exists between how teachers calculate and what they
teach. Numerous methods were used by these subjects for solving the problems, but
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when educators were questioned as to what approach they would show their
students for the same question, the trend was almost always the same. They would
generally ignore what they had just done themselves and rely on a paper and pencil
algorithm to show students.

On the whole, educators in the study could be characterized as simply not knowing
how to approach mental computation and estimation with their students. Other than
basic mathematics facts, there was little agreement or understanding of what mental
computation encompasses. Rounding was the core estimation strategy or, more
likely, the only strategy being addressed. Even with that strategy some inappropriate
ways were being advocated such as finding the exact total or rounding up to the
nearest hundred for the estimation problem in the study.

This all reflects the amount of emphasis placed on paper and pencil algorithms
within the schools. Examination of the Ministry of Education mathematics syllabus
and workbooks for primary school tend to confirm this. Numeracy workbooks for
adults appear to stress arriving at a correct answer, either with paper and pencil or a
calculator, but without developing a basis for understanding. In ignoring
understanding, memorizing a sequence of keystrokes for the calculator seems hardly
different than committing to memory the steps of an algorithm. The range of
strategies and all their variations that individuals are already using are not being
taken into account. These methods that people bring with them can form the
foundation upon which to build mathematical understanding and also to help them
develop more efficient computational procedures.

One teacher commented, "It's good to have more than one way" [Rosella]. Another
remarked, "Show them as many ways as possible. Do whatever they feel
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comfortable with" [Bertrum]. While these are fine sentiments, the reality of the
situation is that there appears to be little relation between what is taught in primary
schools and the mathematics that adults are currently using in everyday life. Making
mathematics meaningful in the primary schools is even more crucial when the
majority of children on the island will be unable to go beyond that level of education.
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Chapter 5
Summary, Conclusions, Implications,
and Recommendations

This chapter includes a summary of the study, conclusions drawn as a result of the
findings, and implications for instruction as well as for further research.

Summar

In Chapter 1, studies were cited which show that, while schools emphasize paper
and pencil algorithms to help students function in their everyday life, these formal
computational techniques are often ignored in favor of informal methods. Schooling
and experience with financial transactions were factors that could impact both on the
types of strategies use as well as the success of those methods. The literature
review provided further evidence about the contrast between the mathematics taught
in schools and what is used in everyday life. The findings from numerous studies
demonstrated that the use of informal procedures was an occurrence that cut across
age, setting, and culture and could generate successful solutions to problems. Also
discussed in Chapter 2 was the lack of attention to the teaching of mental
computation, despite repeated calls from mathematics educators for more attention
to this topic and the widespread use of mental calculation in everyday life.
Researchers agreed that a systematic program of instruction which helps children
develop efficient strategies as well as encourages them to create mental
computational procedures is needed. Estimation, another area that does not receive
enough attention, was also briefly discussed with a similar recommendation by
researchers to teach strategies other than just rounding.
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The next chapter described the context in which this study was conducted as well as
the methodology. The problems posed orally to the subjects were embedded in the
context of selling goods. The following areas were investigated: addition,
subtraction, multiplication, and estimation. Information on the strategies utilized by
the vendors and nonvendors in their calculations was acquired by using Piagetian
interviewing techniques.

Consultations with the mathematics consultant in the St. Lucia Ministry of Education
provided data on the computational methods being taught in the schools. Teachers
were interviewed as to whether they taught mental computation and if so, what
specific strategies were taught.

Using classifications and definitions from previous research studies as a basis,
categories specific to the methods used by the subjects were created and strategies
were categorized. Whether a response was correct or incorrect was also recorded.
The subjects were regrouped according to their involvement in daily financial
transactions and the amount of schooling to determine if there was a relationship
between these factors and the strategies employed. The informal procedures used
by teachers and those actually being taught in schools were examined.

Review of the findings from Chapter 4 have been organized according to the
research questions.

164

1) What are the mental computational strategies used by vendors and
nonvendors in St. Lucia?

For all five questions that required an exact calculation, a variety of computational
methods were utilized by each group of subjects. The principal strategies used for
each question are summarized here.

When adding numbers that are multiples of 250 ($2.75 + $1.50), both vendors and
nonvendors strongly favored decomposition. To find a solution to $38 + $19, a
greater range of procedures were used with decomposition and mental analog being
the dominant one for sellers and just the latter method for nonsellers.

When subtracting $8.62 from $20 (with the focus on how the change was calculated),
the majority of vendors employed decomposition, while the nonvendors used this
strategy along with recall and mental analog in almost equal proportions.

To multiply $3.50 by 8, decomposition and repeated addition were equally favored
by vendors while nonvendors chose decomposition and mental analog as the main
methods of solution. In solving 10 x $1.27, rounding, followed by recall, was the
predominant strategy for vendors while recall was overwhelmingly utilized by
nonvendors.

For the estimation problem, both groups of subjects had the same pattern of strategy
preferences--using the front-end digits followed by calculating the exact values and
then rounding.
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Some of the other significant points about the use of strategies:
Recall: Nonvendors used this method more often than vendors. The majority
of the latter group were not aware of the shortcut for multiplication by 10.
Counting On: This procedure was only utilized by vendors, although
infrequently.
Paper and Pencil Mental Analog: This was not a popular choice for vendors
and was completely ignored for the subtraction and 8 x $3.50 questions.
At least some portion of the nonvendors employed it for every problem
requiring an exact calculation.
Decomposition: This was the principal method, although not for the same
problems, for both groups of subjects in 3 of the 5 questions in which it was
a category. This technique produced more variations than any other
strategy.
Repeated Addition: Vendors used this far more frequently than nonvendors,
and only when multiplying 8 x $3.50.
Estimation: Rounding was the least commonly used strategy for this problem.

With regard to success, nonvendors produced a higher percentage of correct
answers than vendors for every question. The difference in rates of success ranged
from 4-55 percentage points. The problems for which the vendors experienced the
most success were: estimation, $2.75 + $1.50, and 8 x $3.50. The question giving
the most difficulty was 10 x $1.27 for which less than half of the vendors were able to
give a correct response. Addition and subtraction as well as multiplication questions
were clustered together and comparisons made across subject groupings (vendors
and nonvendors, subjects with and without a commercial transaction experience,
and those with a primary education or less and those with more than a primary
education). Surprisingly, vendors, who use addition and subtraction continually in
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the course of their daily work, had the lowest average score for the problems that
involved these same operations.

Dramatic percentage increases in the number of correct answers from initial to final
responses were evident with vendors (from 20 to 45 percentage points in 4 of the 6
questions). This was in comparison to an improvement of under 10 percentage
points across all the questions for nonvendors.

2) What is the effect of daily commercial transactions on the strategies
people use?

With limited movement of individuals between categories when subjects were
reclassified (i.e., vendors and nonvendors to those with and without commercial
transaction experience), the findings for this section are very similar to the previous
section.

For addition and subtraction questions, decomposition was the most commonly used
strategy for subjects with and without financial transaction experience. Mental
analog was the second most favored method. Differences existed for questions
involving multiplication. Those with experience preferred decomposition with recall,
rounding, and repeated addition following closely behind. Subjects without
experience in daily commercial transactions employed recall and decomposition
with almost the same frequency while mental analog was the next most often used
strategy. The estimation question had the same pattern of preferences as the
previous section.
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Without exception, subjects with no commercial transaction experience on a daily
basis experienced the highest rate of success for each question. However, when the
addition and subtraction problems are clustered together, the average score
calculated and compared to other subject groupings with similar characteristics (i.e.,
vendors and those with a primary education or less), it was found that the subjects
with daily financial transaction experience scored the highest. This was also true for
the set of multiplication problems.

3) What influence does schooling have on the type of strategy used?

The previous comments about little change between the composition of the subject
groups and similar results occurring also apply here. The most noticeable effects of
schooling on strategies were:
Recall: Exactly three fourths of those with a primary education or less were
not cognizant of the shortcut for multiplication by 10.
Counting On: Only subjects with a primary education or less utilized this
method.
Paper and Pencil Mental Analog: The greatest difference in the use of this
procedure was in the subtraction and multiplication problems. Almost one
third of those with more formal education utilized it for $20 - $8.62 and 8 x
$3.50, while those with primary schooling or less completely disregarded
this strategy. The only problem where those with more schooling did not
use mental analog was for the multiplication by 10 problem, but it was
employed minimally by those with a primary education or less.
Decomposition: A greater percentage of the solution methods by those with
less schooling favored this procedure for addition and subtraction question
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as compared to those who had gone beyond a primary education. Slightly
more of the other group used it for the multiplication questions.
Rounding: This computational technique was infrequently employed for the
questions requiring an exact calculation. The most striking contrast in its
use was for the multiplication by 10 where exactly one half of those with a
primary education or less used it, yet no one who had gone beyond
primary school did.
Estimation: Subjects favored the same strategies in similar proportions. The
more commonly utilized one was use of front-end digits, followed by exact
values, and then rounding.

Those with a primary education or less had the lower average score for the
questions involving multiplication.

4) What strategies do teachers use to calculate mentally?

Decomposition was strongly favored as a mental calculation strategy, followed by
mental analog. Teachers had the highest percentage (86%) of any group of subjects
to use recall as a solution strategy for multiplication by 10. Subjects favored the
same strategies for estimation, in similar proportions, to vendors and nonvendors.
The only identifiable strategy that produced a low success rate was paper and pencil
mental analog (67%) for multiplication questions. Teachers experienced a high
success rate on the average for addition and subtraction questions as well as
multiplication ones.
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5) Is mental computation taught in the schools and if so, what
strategies are shown?

From the range of answers that teachers gave in response to what type of mental
calculation procedures they taught their students, it is evident that this area of
mathematics is interpreted differently between individuals and that there is very
limited awareness of the different types of mental computation strategies which can
be taught. Few references to mental calculation (other than basic mathematics facts
and oral practice) were made in the syllabus and workbooks.

6) How do the computational processes taught in St. Lucian primary
schools differ from the procedures used by adults?

The differences can be summarized in the following way:
• To reach a solution to the problems, a diversity of strategies were utilized by
the adults. This is contrast to the situation in school where the method to
be used is the one shown by the teacher.
• Adults are involved in occupations (such as vendors and taxi drivers) where
mental computation is the dominant method, yet written computation is
stressed in schools.
• The pencil and paper algorithms for addition, subtraction, and multiplication
taught in St. Lucian schools emphasize reaching a solution by starting with
the numerals in the ones column and then proceeding digit by digit. The
majority of strategies utilized in this study involved working with a quantity,
i.e., not working digit by digit, and often not starting on the right side.
• With regards to computational estimation, the only strategy given attention in
the primary syllabus was rounding although mentioned infrequently. The
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workbooks for Standard I (for 8-year olds) contained no exercises on
rounding numbers or estimating answers. While rounding, as well as other
strategies for estimation, may not be given much attention in the schools, it
was used as a strategy in almost one fifth of the responses for the
estimation problem.
• Teachers had a limited awareness of the types of estimation strategies that
can be taught. When asked how they would teach their students to
approach this same estimation problem, almost one third of the teachers
responded that they would have students find the exact answer.
• Differences between how adults calculate and what is taught in the adult
numeracy classes exist. The emphasis in these classes appears to be one
of learning algorithms and then introducing the use of the calculator as
soon as possible after that material has been covered.
• Some of the vendors needed concrete objects such as matchsticks, fingers,
and even breadfruit for some of their calculations but no concrete
materials were ever observed in the classroom or as part of a lesson.
• Rounding appears to be the only estimation strategy taught in the numeracy
classes (six lessons in one of the numeracy workbooks), yet that method
was the least popular of the three strategies used for the estimation
problem in the study.
• While acknowledging that strategies used for written and mental calculation
are often not the same, it is still noteworthy that three fourths of the
procedures used by teachers in solving the problems did not correspond to
the approaches they stated they would teach their students.
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Conclusions

Regardless of occupational background or amount of formal education, a diversity of
computational strategies were used by the subjects in this study. No one procedure
completely controlled how an individual solved a problem. For the questions
requiring an exact calculation, the minimum number of methods utilized was two and
the maximum was four. Even within strategies, many variations existed.

Factors such as size and types of numbers (i.e., a multiple of 250 or a "friendly"
number) affected the process used; for some individuals repeated experience with
certain numbers had an impact. An example of this familiarity with specific amounts
is the fish vendor who could automatically give the total price for different amounts of
fish being bought because the prices remained fairly constant at $2.50 and $3.50 per
pound.

These results support the findings of studies cited in the literature review that
demonstrated that in everyday life people are often discarding formal, school-taught
methods in favor of a variety of informal procedures, with no one best method which
formal education tends to promote.

The role of the decomposition strategy in the solution methods throughout the
questions cannot be overlooked. It is a powerful method in that it allows people of
varying ability levels to manipulate numbers to an extent that allows them to carry out
the calculation. Being able to break numbers apart and understand the relationship
of numbers is important; the more one is able to do this, the more possibilities of how
to reach a solution exist. The street vendor who knew the 27 times table is a relevant
illustration of how effective knowledge of this procedure can be. He repeatedly
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exchanged money for tourists from the United States for Eastern Caribbean
currency, with an exchange rate of $2.70 E. C. for $1.00 U.S. His method was to
memorize the answers for multiplying 27 by the numbers from 1 through 10. He
could then break numbers apart and either add on or subtract from known quantities.

Decomposition is also the strategy that was overall most commonly used. The data
support previous observations (Carraher, Carraher, & Schliemann, 1987; Ginsburg,
Posner, & Russell, 1981; Posner, 1982; Reed & Lave, 1981; Saxe, 1988a; Scribner,
1985) about the prevalent use of this strategy, occurring across age groups and
cultures. While this procedure was a category in the work by Carraher, Carraher, &
Schliemann (1985) on addition and subtraction with Brazilian schoolchildren, it was
the least used procedure in that study.

The results in this study contradict the commonly held belief in St. Lucia that vendors
are accurate in their calculations. For every problem posed, even those using
multiples of 250, nonvendors produced more correct solutions than vendors. The
amount of difference in success between questions ranged from 4% to 55%. When
addition and subtraction questions were clustered together and the success rate for
vendors compared to those subjects with commercial experience and those with a
primary education or less, vendors still had the lowest average score despite the fact
that they use these operations on a daily basis.

The public perception of vendors being accurate is not restricted to St. Lucia. In a
booklet published by UNESCO (Dalbera, 1990) on arithmetic in everyday life, the
author claims that "it can be truly stated without contradiction that many illiterates all
over the world are better at mental arithmetic than most educated persons, even
those at university level" (p. 8). When Lester (1989) writes about the use of
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mathematics in everyday situations, he states that for exact calculations formal
algorithms are often ignored and with the informal strategies used "the answers are
almost always correct" (p.34).

The subject groups that experienced the most success with all the problems were
nonvendors, those without commercial transaction experience, and those who had
more than a primary education. The years of experience of the vendors (average of
15 years) did not positively impact on achieving more correct responses, which
contradicts aspects of the findings of a number of studies. Lave (1977) found that
years of tailoring experience was the best predictor of success for her subjects when
encountering tailoring problems. Experience was a factor for Brazilian child candy
sellers (Saxe, 1988b) who were able to produce more correct answers than
nonsellers. Saxe suggested that involvement with financial transactions had an
effect on the results. The activities of a merchant culture were found to play a role
with children from the Dioula tribe because the unschooled subjects were as
accurate as schooled children (Posner, 1982).

Those subjects in the current study with schooling beyond a primary education did
have a greater number of correct responses. The results confirm Petitto and
Ginsburg's (1982) data that there is a substantial difference in the levels of accuracy
between schooled and unschooled adults on mental computation tasks involving all
four operations. The evidence from other studies in this area is contradictory. In
Posner's (1982) study, the accuracy of children from an agricultural background
(Baoule) was shown to achieve a level of accuracy similar to the merchant children
only after having received some formal education. Ginsburg, Posner, and Russell
(1981) found that by adulthood, subjects with no formal schooling were just as
accurate on mental addition as those with schooling. Formal education did not have
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a significant impact on increasing the performance of schooled and unschooled child
vendors (Saxe,1988a).

In a short article concluding a series of studies on people's informal strategies,
Gladwin (1985) poses the question of "Why is there no 'dumb' class in daily life?"
From the ethnographic data collected in this study, it is clearly evident that even with
limited formal schooling, people find ways to organize their activities to eliminate the
need for complex calculations. Vendors vary the size of their "heaps" of fruits and
vegetables rather than change the prices with which they are unfamiliar. The
vendors relied on using multiples of 250 for prices. Taxi drivers only charge fares
that are in dollars. The street vendor who exchanges currency knows the 27 times
table because of repeated use and his method of breaking apart numbers.

Another illustration of how individuals set up their environment to make themselves
successful is the following incident. During the pilot study, the researcher happened
across an individual who created a different kind of strategy to guide him in his
estimation. As watermelon was not grown on the island and had to be imported from
Dominica, people crowded around a vendor on the street for the chance to buy a
slice. A scale was on a table next to him and after each wedge that the vendor cut of
the fruit, he would verify the weight. Without fail, each piece weighed a pound, which
is the unit by which he was selling. This man appeared to be an excellent estimator
of weight and so the researcher questioned him as to what strategy he had
developed. His response was that he discovered that the width of a wedge that
measured the same as the length of his thumb weighed a pound. While this method
could not be used by everyone, it was a unique strategy that did work for this vendor
and was appropriate to the task. "What you learn is bound up with what you have to
do" (Scribner, 1985, p. 203).
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Through the process of explaining their answers, subjects were often able to detect
errors in their solution strategy and, in numerous instances, change their initial
response to a correct final response. Talking about their thinking process was critical
to creating an awareness of whether the answer was correct. In the example of
vendors and nonvendors, the correct responses increased by as much as 45% for
the subtraction question, 30% for the multiplication by 10 problem, and 20% for the
addition questions. Nonvendors did not improve their accuracy as much since they
initially gave fewer incorrect answers, but they also changed first responses to final
correct ones in the course of describing their computational strategy.

Implications

With the numerous strategies individuals utilize in their everyday use of arithmetic,
schools can no longer keep emphasizing a single approach to computation.
Schools need to broaden their view of what computation encompasses, that is,
beyond the use of pencil and paper. Time needs to be set aside for the sharing,
discussing, and explaining of the various methods that students use so they can
develop an awareness of whether their answer was appropriate.

The primary syllabus in St. Lucia needs to be re-examined and priorities reordered
so that mathematics can be made functional for those children who will not continue
on in the formal education system. This is especially critical in developing countries
". . . where the waste of financial and human resources represented by failure at
school can be least afforded" (Howson & Kahane, 1986). The curriculum designed
for adults in numeracy classes needs to take into account the informal mathematics
that those students bring with them to class.
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Outside of school, individuals manipulate their environment to make themselves
successful in how they handle mathematics. Formal education needs to replicate
that situation within schools.

Recommendations for Instruction

A prerequisite to any change happening in the classroom is making teachers aware
of the diverse computational procedures that people employ in everyday life.
Professional development in this area should involve both preservice and inservice
teachers. A systematic program of instruction for mental computation and estimation,
including the sharing of strategies, should be developed with suitable print materials
to support the classroom teacher. Instruction should also include helping students
decide what type of answer is needed--exact or approximate--and then whether
mental, paper and pencil, or calculator (if available) is the best way to reach a
solution. With both child and adult learners, the informal procedures that they bring
with them should be valued and form the starting point for teaching about
mathematics; this can only develop a more positive attitude towards the subject.

Recommendations for Further Research

The findings of this study have created other questions which require further
investigation.

1) What sort of procedures do vendors use to keep track of their daily profits and
losses?
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2) International development agencies are actively promoting small-scale
enterprise development. Institutes lending money as well as the agencies
want evidence of some measure of success. Such entrepreneurs need to
examine the accumulation of data from all their transactions into a picture of
how they are doing that day, week, month, or year (i.e., cash flow). With so
many people in Third World countries having limited schooling, what kind of
appropriate "accounting" procedures could be developed to help individuals
with limited formal education?
3) Does the use of scales, such as on the island of St. Vincent, affect the types of
computational strategies utilized by vendors?
4) After their work with Brazilian child vendors, Carraher and Schliemann
(1988b) advocated the use of money in the elementary classroom to teach
about the decimal system. They felt that counting money would help children
understand the decomposition of numbers and a simulated store situation
provides the context in which to use the money. Mental calculations
procedures are used first; written ones are introduced later on. Money was
considered to have several advantages over Base 10 blocks: it is already a
concrete aid in everyday life and would promote the use of informal
procedures. Would the use of money (structured on base 10) rather than
Base 10 blocks, where the proportional relationships are visible, create a
better understanding of the decimal system? Would the use of money be
more appropriate in a culture where children are involved with numerous
financial transactions on a daily basis?
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APPENDIX B
A BRIEF HISTORY OF THE CASTRIES CENTRAL MARKET

(From sign inside the covered market)

This market, which is built entirely of iron is situated on the northwest of Jeremie St.
and is of historic importance. The need for a market was first thought of and also
deemed necessary as a means of improving the appearance of the 'Town of
Castries' by one Mr. Augier, a member of the then 'Castries Town Board' in the year
1891.

Mr. Augier was of the view that the construction of a market at that time would not
only enhance the appearance of the town, but also afford the public a sheltered
place, where most of the 'fruits' and 'vegetables' produced locally could be sold and
bought in an hygienic and comfortable environment.

It was not until the year 1894 that Mr. Augier's idea became a reality. When the
"Castries Market" built under the direction and supervision of Mr. Alexander Turnbull
of the firm of Messrs. Bruce and Still, was formally declared open by his Excellency,
Sir Charles Bruce, Governor at that time, on the 2nd day of July 1894.

The governor represented the sovereign on that memorable occasion in the
presence of the then administrator, Mr. Gouldsbury and Mr. and Misses [sic]
Gouldsbury.

Over the years, the "Castries Market", has played a very significant role in the
community and continues to do so. It stands as a monument, symbolic of the
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courage, foresight and devotion of the men, who ninety years ago, worked
ambitiously to see the idea materialized.

It must be noted, however, that the "Castries Market" which was specifically built as a
'provision market' has, in recent years, slowly developed into a "general market".

Presented by: The Castries City Council
Researched by: Councillor Harold L. J. St. Aimee
Unveiled by: The Prime Minister
The Right Honourable John G. M. Compton
On August 22, 1984
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APPENDIX C

OFFICE OF THE CASTRIES CITY COUNCIL

FROM^: The Market Clerk
TO^: All Vendors
DATE^: 28th December, 1989

SUBJECT: PAYMENT OF MARKET DUES

For the maintenance of good order and cleanliness and for a good working
atmosphere, you are requested to pay your MarketLDues promptly as required
by the Market Bye Law.
PRICE LIST

1. Green Banana

$^1.00

2. Plantain

1.00

3.

1.00

Basket

4. Tray

1.00

5. Large Tray

2.00

Small bag of coals

1.00

7. Large bag of coals

3.00

6.
8.

Broom - 1 dozen

2.00

9.

Jelly coconuts - 1 bundle

1.00

10. Jelly coconuts - 1 bag

1.00

11.^Jelly coconuts - 1 van

10.00

'12.^Coal Pots - 1 dozen

2.00

Please note that Council is considering an increase in the above prizes.
Council solicits your understanding and co-operation on this matter.

Hubert Calixte
MARKET CLERK
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APPENDIX D
Composition of Different Groups of Subjects

NAME

Vendors
Millicent
Claudia
Dellarosa
Francisca
Williana
Kendal
Albertha
Ulric
Lorraine
Josephina
Neither Teachers
nor Vendors
Angus
Rilla
Dennis
Jean-Claude
Romiel
Terrance
Jeanine
Stefan
Teachers
Marietta
Callista
Simon
Carmen
Bianca
Rosella
Ferguson
Bertrum
Carmelita
Eudoxia
Sixtus
Tecla
Traverne
Ulysee

VENDORS

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

DAILY
COMMERCIAL
TRANSACTION
EXPERIENCE

No
No
No
No
No
No
No
No
No
No
No
No
No
No

TEACHERS

No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No

PRIMARY
EDUCATION OR
LESS

No
Yes
Yes
No
No

No
No

Yes

No

Yes

Yes

Yes
No

No
No
No
No
No
No

Yes
Yes

Yes
Yes
No

No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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APPENDIX E
Algorithms Used in St. Lucia

The algorithms for addition, subtraction, and multiplication utilized on this island
differ from the ones in common usage in Canada and are described in this section.

Addition

In the algorithm currently taught in the St. Lucian schools, no regrouping or "carrying"
is shown on the actual question. This is kept track of in a separate column to the side
of the question, rather than at the top. The following question illustrates the steps
used:
538
+ 764

a) Once the digits are added in the ones column, place that partial sum in a
separate column to the right of the question.
538^12
±7S2A
b) The ones digit from that amount is crossed out in the side column and
written down under the question, leaving the "carried" number alone to
serve as a reminder to add it on.
538^1/
+ 764

2
c) The tens column is added and the "carried" number is also added on. That
partial sum is again recorded in the column at the right. The ones digit

^
^

^+
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from that amount is crossed out and written down under the question.
538^1/
-1-261^14
02
d) The hundreds column is added and the "carried" number is also added on.
That partial sum is again recorded in the column at the right. Since this is
the last column, both digits from that amount are crossed out and written
down under the question.
538^1/

764^1/
1302^

1'

Subtraction

This algorithm, called "equal addition", is no longer taught in the schools in St. Lucia.
However, many adults still employ it to calculate since it was the written procedure
they learned in primary school. With this procedure, when an amount is "borrowed"
from a column, it is always "paid back".

In the equal addition method, these are steps used for the following question:
410

- 253
a) "Borrow" a ten for the units column. (Nothing is crossed out.) 10 - 3 = 7
b) Since you borrowed, you must now "pay back" the tens column. A "1" is
added to the digit in the subtrahend (5 + 1 = 6). It is also necessary in this
question to "borrow" a hundred for the tens column. Subtract (11 - 6 = 5).
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410
- 253

57
c) Since you borrowed, you must now "pay back" the hundreds column. A "1"
is added to the digit in the subtrahend (2 + 1 = 3). Subtract (4 - 3 =1)
410
- 12 153
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The algorithm for subtraction that is commonly used in Canada has taken the place
of the equal addition method in St. Lucian schools.

Multiplication

Recording the regrouped, or "carried", amounts follows the same procedure as the
addition algorithm. These are steps used for the following question:
436
);

_a

a) The partial product for 6 multiplied by 3 is placed in a separate column to
the right of the question.
436^18

b) The ones digit from that amount is crossed out in the side column and
written down under the question, leaving the "carried" number alone to
serve as a reminder to add it on.
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436^1/
)L3.
8
c) The partial product for 3 multiplied by 3 is added to the "carried" number.
and is placed in a separate column to the right of the question. That partial
product is again recorded in the column at the right. The ones digit from
that amount is crossed out and written down under the question.
436

08
d) The hundreds column is multiplied by 3 and the "carried" number is also
added on. That partial product is again recorded in the column at the right.
Since this is the last column, both digits from that amount are crossed out
and written down under the question.
436
153/
1308

This recording done at the side is the way it is taught while children are still gaining
proficiency in the written algorithm. Later on, students are expected to abandon all
recording of regrouped numbers and keep track mentally.

