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<Abstract) 

Th e effects of participation of fifth grade 

students in the Mathematical Olympiad for Elementary 

Schools were investigated . Fif~h grade subjects at one 

school who participated in the Mathematical Olympiad 

for Elementary Schools were compared with 

non - participants in routine and non - routine mathematics 

problem - solving achievement, non - routine 

pr oblem - solv ing process levels, and attitudes towards 

mat hematics . 

Results indicated that participation pos i ti vely 

affected the participants' non-routine problem-s olving 

process levels but no uniform re su lts we re found on the 

other factors. The importance of appropriate 

non-routine mathematic s problem- so lving tests was 

indicated as a future source of study. 

A de scri ption of the investigation, i nstr uments 

and result s is included . 
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Introductory Section 

Introduction 

Mathematical problem solving is o ften listed as a 

main goal of mathematics education. During the last 

thirty years many educators have developed programs to 

improve the ability of students to solve mathematical 

problems . The Mathematical Olympiad for Elementary 

Schools is one such program. 

Historical Background 

Any perspective on the history and philosophy of 

mathematical problem solving would be incomplete 

without a discussion of George Polya's (1945) book, 

How To Solve It. Polya argued that mathematics has two 

faces, "the rigorous science of Euclid but it is also 

something else .. . . mathematics in the making appears as 

an experimental, inductive science" <Polya 19 45, p. 

v i i i ) . 
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It was to address mathematics as this "experimental, 

inductive science" that Polya wrote his guide to 

learning problem solving methods. These methods, 

heuristics, are tools with which to guide the 

exploration of mathematics. Educators since Polya 

support the benefits of heuristics as giving the 

learner control over his own learning. These educators 

report that "when heuristics are specifically taught 

they are then used more and students achieve correct 

solutions more frequently" <NCTM, 1980, p.43). This is 

a view widely held within the mathematics education 

community. 

In the 1970s renewed interest in prob l em s olving 

ar ose. The National Council of Teachers o f Mathemat i c s 

<NCTM) created a task force to formulate curric u lum 

recommendations for the 1980s. Their proposa 1, the 

Agenda for Action: Recommendations for School 

Mathematics of the 1980s, listed as its number one 

goal-"pr obl e m s ol v ing must be the focus of school 

mathemati c s in the 1980s" <NCTM, 1983, p.8). In the 

same year that the report was publi s hed, the 1980 NCTM 
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yearbook was titled Problem Solving in School 

Mathematics. Both the professional literature (e.g. 

The Arithmetic Teacher's series entitled Problem 

Solving:Tips for Teachers) and the textbooks (e.g. 

Silver Burdett's emphasis on regular problem solving 

instruction including the use of heuristics) had begun 

to adopt some of these ideas about teaching problem 
1 • 

so~v1ng. For example, today there are many researchers 

studying problem solving and its effective ·instruction. 

Many of these studies involve the use of heuristics to 

aid in the development of problem solving skills. 

The Mathematical Olympiad for Elementary Schools 

was started as a response to this renewed interest. 

The Mathematical Olympiad for Elementary Schools (MOES) 

is the project of Dr. George Lenchner, who in 1978-79 

began MOES for students and teachers in Valley Stream, 

New York. Since that time the Olympiad has spread to 

all fifty states and several schools overseas. The 

Mathematical Olympiads for Elementary Schools <MOES) 

consists of five contests held monthly November through 
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March. Each contest consists of five non-routine 

mathematics word problems. Each problem has a maximum 

time limit allowed for working on the problem. The 

contests are held at local schools; the classroom 

teacher serves as scorer. The local 

Person-In-Charge-of-Olympiad <PICO) returns the scores 

to the national organization. · Every student who 

participates in MOES receives a certificate at the end 

of the year; those with certain scores receive trophies 

and medals. In 1983, due to requests from participants 

for "good" problems, Lenchner wrote a book titled 

Creative Pr ob lem Solving in School Mathematics. The 

book presents pr oblems and techniques for developing 

good problem solving skills. 

Need For Study 

In 1985-86, the researcher coached a small MOES team 

at Shawsville Elementary School in Virginia. The 

purpose at that time was to provide an enrichment 

activity for seven students who were very advanced in 

mathematics. During the 1986-87 school year, the team 
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consisted of twenty students who were at both ends of 

the mathematics achievement spectrum. Although the 

researcher was pleased with both the progress these 

students made in problem solving and their developing 

enthusiasm for it, she felt that a more critical look 

at the program was necessary. There were no data 

available on the effectiveness of the MOES program, a 

program in which 51,286 students participated in 

1987-88 throughout the United States and other 

countries. The research project reported in this 

thesis was designed to examine the effects of MOES 

participation on participants and to explore their 

routine and non-routine mathematical problem - solving 

efforts . 

Definitions f or the Study 

Affect - The emotional response or beliefs about a 

subject or situation. This was measured in this study 

by the Aiken Scale for Measuring Attitudes t oward 

Mathematics. 
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IQ - The innate ability of the learner to learn. This 

was measured by the Educational Ability Series Test 

<EAS>. 

Non - routine mathematics problem - A mathematics word 

problem for which the learner does not have a readily 

available solution strategy. This was measured by the 

Non - Routine Problem Solving Test . See appendix A. 

Process level - The three levels at which a learner 

might approach a problem as described by Charles and 

Lester (1987). This was measured using the Charles and 

Lester Model of Pro b lem Solving Ability . 

B. 

See appendix 

Routine mathematics problem - A problem for which the 

learner has been taught one or more solution 

strategies. These are problems such as the mathematics 

word problems typically found in student textbooks. The 

purpose of teaching routine mathematics problems is to 

help learners translate problems into a particular 

solution strategy. This was measured by the Problem 

Solving portion of the SRA Test Level E forms l and 2. 
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Statement of the Hypotheses 

This study was designed to test the effectivness 

of the MOES program in meeting its two goals: (1) to 

promote effective problem solving, and (2) to promote 

positive attitudes towards mathematics problem solving. 

The~e goals were studied by identifying and testing 

specific hypotheses related to the goals. 

MOES Program Goal 1 - Students will become effective 

problem solvers. 

Res earch Hypothesis 1 - Students who participate 

in MOES will achieve higher scores on a test of routine 

problem solving than non-participants on tests 

administered immediately following and four weeks after 

the completion of the treatment. 

Research Hypothesis 2 - Students who participate 

in MOES will achieve higher scores than 

non-participants on a test of non-routine problems 

administered immediately following a nd four weeks after 

the completion of the treatment. 
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Research Hypothesis 3 - The correlation between 

routine problem solving achievement and IQ scores of 

students who participate in MOES will be lower than a 

similar correlation among non - participants on tests 

administered immediately following and four weeks after 

the completion of the treatment. 

Research Hypothesis 5 - The correlation between 

non - routine problem solving and IQ scores of students 

who participate in MOES will be lower than a similar 

correlation among non-participants on tests 

administered immediately following and four weeks after 

the completion of the treatment. 

Related Question: How can an analysis of the 

students' problem solving processes help explain 

similarities and differences among students of high and 

low ability who do or do not participate in MOES? 

MOES Program Goal 2 - Students will have high interest 

and favorable attitudes toward mathemat ica l problem 

solving. 
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Research Hypothesis 4 - Students who participate 

in MOES will have more favorable attitudes toward 

mathematics than non-participants on a test of 

attitudes towards mathematics administered immediately 

and four weeks after the completion of the treatment. 



Review of Related Lit eratu re 

Introduction 

The purpose of this study was to investigate the 

effects of participation in the Mathematical Olympiads 

for Elementary School <MOES> on participants' 

problem-solving abilities and attitudes. These effects 

were studied in a randomized post-test only design 

where the treatment group participated in MOES contests 

and received instruction in problem-solving techniques. 

The importance of the effectiveness of 

problem-solving instruction is a very pertinent subject 

in mathematics education. This is most evident in the 

emphasis on problem solving given by the National 

Council of Teachers of Mathematics CNCTM>. This 

professional organization called for problem solving to 

be the number one goal of mathematics educationCNCTM, 

1980). But what is problem solving? Simply, it is 

solving mathematics problems. 

10 
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Kantowski (1980) said: "A problem is a situation for 

which the individual who confronts it has no algorithm 

that will guarantee a solution" Cp. 195) . The 

1 iterature then makes a further distinction between 

non-routine mathematics problems and routine 

mathematics problems. Butts (1980) described routine 

mathematics problems as application problems where the 

solution requires "(a) formulating the problem 

symbolically and then (b) manipulating the sym bols 

according to various algorithms" Cp. 24). Routine 

problems are those that simply require translation of 

the written word into a specific algorithm for 

solution. For this reason many educators do not 

consider routine problems "problems" but instead 

exercises. Butts (1980) classified them as 

"recognition exercises whose main function was to 

recall a definition, basic facts or theorem" (p. 24). 

In contrast, non-routine problems call upon the 

learner to use any available strategy to solve them. 

His torically speaking, there is a gap in how 

r esearchers view the learning of problem solving. The 
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two main viewpoints are the top-down approach which 

concentrates on using heuristic instruction, and the 

bottom-up approach which teaches problems by 

instructio n on concepts and fundamental skills of 

problems of a given type <Kilpatrick, 1983). 

Kilpatrick puts the issue into perspective when he 

states that "there are various sorts of problems, that 

problems can be used to serve various goals, and that a 

problem or technique that works in one instructional 

setting may not work in another" (p. 11). He therefore 

gives validity to both routine and non-routine problems 

as being worthwhile as educational outcomes. 

This review of the related literature examines the 

research on mathematics problem-sol ving instruction as 

it impacts routine problem-solving performance, 

non-routine problem-solving performance, and the 

attitudes of participants t owards mathematics. The 

review is three fold: (1) a brief look at the 

philosophy of George Lenchner , founder of MOES, (2) a 

review of the research on the relationship between 

pr o blem solving and attitudes, and (3) a review of 
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research on the relationship between mathematics 

achievement and problem solving. 

Mathematical Olympiad for Elementary Schools 

Although there are many participants each year in 

MOES, there is no research available on the student 

effects of MOES participation. MOES was founded by Dr. 

George Lenchner in 1978 as an extracurricular project 

for the students of the Valley Stream, New York, school 

s ystem. Lenchner retired in 1983 after 33 years in the 

profession. At the time of his retirement, he wa s 

Director of Mathematics for the Valley Stream School 

System. Today he is the Executive Director of MOES. He 

also conducts workshops for teacher s in the New York 

City/Long Island area on the use of problem solving in 

the curriculum. Lenchner (1985) wrote that there are 

t wo goals of the MOES program. "One, to develop their 

<stude nts') enthusiasm for problem solving, and two, to 

contribute to their cognitive development"<p. 22). 

According to Lenchner , the criteria for inclusion o f a 

problem into the MOES program is as follows. 
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The problems should be interesting and challenging 
to the reader. They should be nonroutine and 
involve some creativity and originality on the 
part of the reader. They should have the quality 
that permits the use of more than one strategy in 
the solution. They should have the capability of 
relating to other problems involving a similar 
approach. They should have t he capability of 
being extended and related to other problems in 
the hierarchy of mathematical ideas. They should 
stimulate the ingenuity and resourcefulness of the 
reader <Lenchner, 1988, p.2). 

In response to the question, "What component of 

the program do you consider to be critical in helping 

children to become better problem solvers?" Lenchner 

states that he feels that it is the interest and 

enthusiasm of the teacher for problem solving. He also 

said that "teaching style is also critical -- children 

should be permitted to participate in the development 

of lessons and to discover mathematical relationships" 

<Lenchner, 1988, p.2). Lenchne r focuses on the setting 

and the delivery of the instruction as important 

factors to problem solving success . 

Therefore, if the MOES program is meeting its goals 

the results should be observable in two areas: 



attitudes, and achievement in routine and non-routine 

mathematics problem solving. 

Problem Solving and Attitudes Towards Mathematics 

Many r es earchers have found that there is a strong 

relationship between students' attitudes towards 

mathematics and their achievement. Gourgey <19 82) 

developed a scale to measure self -concept in 

mathematics. She constructed and administered a scale 

to 92 subjects and found that mathematics self -concepts 

were highly related to arithmetic skills and erroneous 

statements about mathematics. Included in these 

beliefs were the beliefs that mathematics requires 

logic, not intuition, and that mathematics achieve ment 

i 3 an inborn trait. She defined mathematical 

self -c oncept as 

beliefs, feelings or attitudes regarding one's 
ability to understand or perform in situations 
involving mathematics. The self as capable or 
incapable of learning or performing in 
mathematicJ, rather than the subject of 
mathematics is the object of attitude Cp. 5). 
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One interesting note in her research was the 

conclusion that self -concept was more highly correlated 

with achievement than mathematics anxiety . Mathematics 

anxiety was positively related to successfill problem 

solving . The existence of tension followed by 

relaxatio n was characteristic of successful problem 

solvers <Bloom and Broder, 1950). However, the level 

or intensity of this anxiety was not docu men ted or 

discussed. 

Lesh <1 979) stated that the "difference between 

go od problem solvers frequently consists of the ability 

or inclination to convert an ouch into a well-defined 

problem" <p. 142). He felt that social interactions 

were crucial to developing good probl e m- so lving skills, 

and when problem solving was done in isolation it 

"missed" parts o f the processes that were necessary to 

good problem solving. Lesh sees group problem solving 

as an effective method for developing those proce sses. 

Participating in group problem solving in situations 

such as MOES can then influence problem - solving ability 
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because of its influence on the personality of the 

solver. 

Noddings (1983) wrote that individuals profit by 

cooperative small gr ou p learning in three ways: by 

being forced to examine their beliefs by their peers, 

by using collective supplies of bac kground information, 

a nd through internalizing. ord~rly procedures in problem 

solving. Other researchers have called this 

internalizing relationship locus of control or a belief 

that the person c ontr o ls events around him. The 

perceived value of problem solving may increase when a 

group situation is introduced. Also, successful 

problem solving leads a solver to believe that ·certain 

kinds of learning are possible and desirable" <Lesh, 

1979, p. 145). 

These studies support a view that attitudes 

towards problem solving and participation in activities 

s uch as MOES can positively affect attitudes , and 

subsequently, achievement. Many researchers agree that 

there is a close relationship between attitude and 
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cognitive performance. Abelson (1976) theorizes that 

our memories are a collection of scripts which are 

sequences of events related to particular events. When 

we are placed in a situation we recall all scripts, 

affective and cognitive, to react to the situation. 

Therefore, a change in the cognitive "scripts" will not 

necessarily produce a change in the outcome. The 

affective "script" must also be altered in order to 

bring about change. 

In reviewing the research on the relationships 

between beliefs and problem solving success, it is 

clear that the two issues cannot realistically be 

separated and that a learner's beliefs about his/her 

ability to solve a problem is dir e ctly related to 

his/her success in solving problems. Instruct ional 

methods such as group problem solving have been 

discussed and shown to be positively related to 

improved mathematics self-concept and improved 

performance. 
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Problem Solving and Achievement 

In a review of the literature two research trends 

were found. The first relates to the effect of 

heuristic instruction on aptitude, and the second 

relates to the effect of heuristic instruction on 

ucademic outcomes. 

In a research study conducted with preschool 

children, Kane and Arnold <1986) found that instruction 

using creative/divergent thought had a positive effect 

on IQ with the increase greater for those children with 

average IQ than either high or low IQ scores. Contrary 

to what the researchers had anticipated, problem 

solving increased for both the creative/divergent group 

an d the response-narr owing group . This study tended to 

support the theory that instruction in problem solving 

produced increases in aptitude and problem-solving 

a bility. However, it would be improper to extrapolate 

this research to other situations without further 

testing. 
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The relationship between aptitude and 

problem-solving ability is still very much debated. 

Hart (1985) conducted a research study on cooperative 

problem-solving learning with seventh-grade students. 

She attempted to determine by way of video-taped 

observations the factors which impede the formation of 

useful representations of problems. She concluded that 

there were four main factors which inhibited successful 

creation of representation: "A - lack of experience, B 

- imposing unrequired restrictions, C - lack of 

metacognitive skills, and D - the influence of beliefs" 

Cp. 13). In addition, she determined that group 

interaction frequently offset these factors. 

The subject of experience is one which is also 

under current study. It has been demonstrated that 

successful problem solvers can increase their 

problem-solving abilities through successful pract ice. 

Jones (1985) determined that the use of direct 

instruction in efficient and general strategies was an 

effective method for low ability and learning disabled 

students. This training, Jones noted, had produced 
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better results than those who were taught by 

translation instruction. This may be because the 

purpose of routine problems are to test out a 

particular problem-solving method and therefore lend 

themselves to translation. Non-routine problems, on 

the other hand, focus on the ability o f the le arner to 

draw together different techniques to arrive at the 

answer. Darch, Carnine and G~rsten <1983 cited in 

~ones, 1985) determined that effective problem solving 

should ·"A - present strategies that can be readily 

used with problems of different structures, B - employ 

well-chosen examples, and C - promptly correct student 

errors" (p. 19) Practice alone did not have a positive 

correlation with achievement. In support of 

heterogeneous instruction Slavin and Karweit (1984 

cited in Jones, 1985) studied the effectiveness of 

heterogeneous cooperative learning and found it 

produced significantly higher achievement than 

non -cooperative control groups. 

The work of Frederiksen (1984) also supports the 

belief that instruction can affect aptitude. He 
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discussed two major types of ability, crystallized and 

fluid. According to Snow (1982 cited in Frederiksen, 

1984) "crystallized intelligence represents previously 

constructed assemblies of performance processes which 

will be more relevent in conventional formal 

instruction" (p. 380). This type of intelligence is 

susceptible to instruction in problem-solving 

processes. From these studies it is not unreasonable 

to suggest that instruction in mathematics 

problem-solving processes may aid in the improvment of 

aptitude and that this instruction will make a 

significant difference at different aptitude levels. 

Later in his article Frederiksen raised the 

question of whether or not instructional methods in 

problem solving should vary with the aptitudes of the 

learner. His conclusion was that instruction should be 

diffferent for novices as opposed to experts but that 

in the areas of spatial, verbal and reasoning abil i ty 

the "current state of the art of adapting the 

instructional processes to individuals can only be 

called primitive" <p. 397). However, Sheull ( 1983 cited 
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in Frederiksen, 1984) noted that students who were poor 

in reasoning abilities benefited mare from instruction 

than good learners. 

Reviewing a process-oriented instruction program, 

Charles and Lester<1984) studied the Mathematical 

Problem Solving <MPS) program sponsored by the West 

Virginia Department of Education. MPS is a daily 

heuristic-based program for 5th and 6th grade students. 

They noted that the differences in achievement between 

treatment and control groups were significant on all 

three measures: understanding, planning and result. 

There was less improvement in the third measure -

result - than in the others. Their study was somewhat 

limited in nature as there was little control for 

variability in instruction and other confounding 

variables. 

The final research area of this study is to look 

at achievement in the process of problem solving. 

Krutetskii <1976) wrote 
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Written tests established only the final result of 
an examinee's execution of a certain task, ignoring the 
nature of the actual process of attaining that result 
(p. 13). 

Research on developing criteria to assess process 

achievement is still in its formative stage. Many 

researchers have developed evaluation instruments to 

scale responses to problems. Two of these are the 

Wnods model and the Charles and Lester model CSzetela, 

1987). Both of these scales evaluate the learner's 

response on three criteria: understanding, planning, 

and result. The largest drawbacks to these scales are 

the somewhat subjective nature of classif ing the 

responses of the learner, and the extensive time needed 

to evaluate each problem. Both, however, encourage 

students to initiate and carry out attempts on 

problems. 

Conclusion 

From this review of the literature , several main 

conclusions emerge. The first is the demonstrated 

positive relationship between problem solving and 

mathematics self-concept or affective measures. The 
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second is a positive relationship between achievement, 

aptitude, and problem-solving instruction. And third, 

there exist instruments which can be used in the 

evaluation of problem-solving processes. 

These research findings form the bases of this 

study of the MOES program by assessing its 

effectiveness in problem-solving instruction. Such a 

critical view of the program is timely. 



Materials and Methods 

The design used in this study was a randomized 

post-test only design. The subjects in the study were 

randomly placed in treatment and non-treatment groups. 

The data were collected and analyzed at the conclusion 

of the treatment period and four weeks later. 

Subjects 

The subjects were fifth grade students at 

Shawsville Elementary School in Virginia. They 

consisted of thirty-two males and twenty-five females 

ranging in ages from ten to thirteen years. 

Treatment 

The treatment consisted of three twenty-minute 

instructional periods each week during the homeroom 

period plus participation in five contests, for a total 

of 29 hours of instruction and 2.5 hours of contest 

participation over the five month period. Instruction 

began in late fall 1987 and continued into the spr i ng 

of 1988. 

26 
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This instruction was conducted in the classroom 

during daily homeroom period by the investigator who 

was their regular mathematics teacher. The students 

used team-assisted instruction <TAI) to develop problem 

solving skills. TAI is a classroom situation wherein 

students work together in small teams (groups) to learn 

material initially presented by the teacher. The 

resource materials for this instruction consisted of 

problem sets from previous contests as well as problem 

sets included in Creative Problem Solving in School 

Mathematics (1984). The instruction also included 

teacher modeling of good problem solving behavior and 

strategies. During the contest periods the students 

solved problems on an individual basis without the aid 

of calculators or classmates. 

The non-participants were involved in homeroom 

activities during the time that the treatment group was 

receiving instruction and testing. Both groups 

received their mathematics instruction from the 

researcher during regularly scheduled mathematics 
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classes in groups that were determined without respect 

to participation or non-participation. 

Testing Setting 

All subjects were tested during their mathematics 

classes which were mixtures of participants and 

non-participants. The oral interviews conducted for 

the related question were completed in a separate room 

while the rest of the class was involved with another 

teacher. 

Instruments 

The following tests were administered to assess 

the effects of MOES participation: 

Research Hypothesis 1 - The SRA test Level E form 1 

Math Problem Solving section was administered to 

participants and non-participants on March 8 for the 

immediate post-test. SRA test Level E form 2 Math 

Problem Solving section was administered to 

participants and non-participants on April 6 for the 

four week delayed post-test. 
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Research Hypothesis 2 - The Non-Routine Problem 

Solving Test was designed as follows: First, copies of 

the last five MOES contests from 1986-87 <twenty-five 

problems in all) were sent to three recognized 

mathematics problem solving researchers, Joe Garofalo, 

Frank ~ester, and Edward Silver. They were asked to 

delete any problems which they believed to be 

non-representative of current thinking in non-~outine 

problems. From those remaining, two sets of five 

problems were selected. The problems were first 

grouped according to the predominant heuristic used to 

solve them. Then, using the statistics available on 

successful completion by a random sample of the MOES 

participants nationwide during the 1986-87 school year, 

equivalent tests were constructed. One set was used 

for the immediate post-test and the other for the four 

week delayed post-te s t. These tests were administered 

on March 9 and April 7. 

Research Hypothesis 3 - The EAS test scores from 

the 1986-87 school year were retrieved from the 

subjects' cumulative folders. This test was 
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administered on March 20, 1987. The test scores from 

the routine tests administered on March 8, 1988, and 

April 6 were correlated with the EAS scores from 

participants and non-participants using the Pearson R 

correlation. 

Research Hypothesis 4 - The Aiken Scale for 

Measuring Attitudes towards Mathematics was 

administered to both the participants and 

non-participants on March 8 for the post-test and again 

on April 6 for the four week delay post-test. 

Research Hypothesis 5 - The test scores from the 

non-routine test administered on March 9, 1988, were 

correlated with the EAS scores from participants and 

non-participants using the Pearson R correlation. 

Related Question - The non-routine problem solving 

scores of the three highest and three lowest equivalent 

pairs of participants and non-participants based on EAS 

scores were analyzed using the Charles and Lester Model 

of Math Process Levels. The data for these analyses 

were collected on March 10 and April 8. In addition, 
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two matched pairs that were used for the Charles and 

Lester Model of Problem Solving Process Levels were 

interviewed on three additional non-routine problems 

and their oral responses, written responses, and 

researcher observations were compared. 

Analysis 

Research Hypotheses 3 and 5 were tested with 

Pearson R correlations, and t tests were used to test 

hypotheses 1,2 and 4. The related question was probed 

by the use of the Walsh test and the written, oral, and 

observational responses collected during interviews. 

Criterion Levels 

The .05 level of significance was used for all 

tests of statistical significance. 



Results 

Descriptive Infoimation 

The control group consisted of twenty-four 

subjects, thirteen males and eleven females, currently 

in the fifth grade. Their average age was 10.63 as of 

January 1, 1988. Eight of these students had been 

retained once: 1st grade-six students, 2nd grade-1 

student, 3rd grade-four students. Five students were 

retained twice: once in kindergarten and again in grade 

1 or 2. The average EAS score of all control subjects, 

given as a national percentage, was 37.83% with a 

standard deviation of 20.52. 

The treatment group consisted of twenty-six 

subjects, fifteen males and eleven females, currently 

in the fifth grade. Their average age, as of January 

1, 1988, was 10.71. Eleven were retained once: 

kindergarten-! student, 1st grade-four students, 2nd 

grade-four students, 3rd grade-1 student, 5th grade-1 

student. 

32 
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Three students were retained twice, once in grade 3 and 

again in grades one or two. The average EAS scores of 

all experimental subjects, given as a national 

percentage, was 36.46% with a standard deviation of 

21.00. The difference found between the two groups on 

the basis of EAS score was not significant at the .05 

level <t = .23). 

Results Immediately Following Treatment <I) 

Research Hypothesis l(I). Students who 

participate in MOES will achieve higher scores on a 

test of routine problem-solving than non-participants. 

The results of the routine problem-solving 

achievement test are shown in Table 1. The difference 

between means was 1.12 with standard deviations of 2.27 

and 2.15. This yielded at value of 1.78 which 

resulted in Research Hypothesis l(I) being accepted at 

the .05 level. 
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Table 1 

t-test for routine problem solving of participants and 

non-participants immediately following treatment 

Mean 

Participants 20.5 

Non-participants 19.38 

Table 2 

S.D. 

2.27 

2. 15 t = 1.78 

t-test for non-routine problem solving of participants 

and non-participants immediately follow i ng treatment 

Participants 

Non-participants 

Mean 

. 35 

.33 

S.D. 

.74 

.74 t = • 12 
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Research Hypothesis 2(I). Students who 

participate in MOES will achieve higher scores on a 

test of non-routine problems than non-participants. 

The results of the t-test are reported in Table 2. 

The difference between means was .02 with a standard 

deviation of .74 for both groups that yielded at value 

of .12. Research Hypothesis 2<I) was rejected at the 

.05 level. 

Research Hypothesis 3(1). The correlation between 

routine problem solving and IQ scores of subjects who 

participate in MOES will be lower than a similiar 

correlation among non-participants. 

Table 3 shows that, contrary to expectations, the 

correlation between IQ and routine problem solving wa s 

higher for participants <r=.47) than for 

non-participants <r=.30). Hypothesis 3(I) was 

rejected. 
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Table 3 

Correlations between problem-solving achievement 

<routine and non-routine) and IQ of participants and 

non-participants immediately following treatment 

Participants 

Non-participants 

Table 4 

routine 

. 47 

.30 

non-routine 

.05 

- • 15 

t-test results of Aiken Scale for Measuring Attitudes 

toward Mathematics of participants and non-participants 

immediately following treatment 

Mean 

Participants 

Non-participants 

S.D. 

2.38 

2.61 

.73 

.78 t .29 
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Research Hypothesis 4(I). Students who 

participate in MOES will have more favorable attitudes 

toward mathematics than non-participants. 

The results of this test are shown in Table 4. 

The difference between means is .23 with standard 

deviations of .73 and .78. Research Hypothesis 4(1) 

was rejected at the .05 level. 

Research Hypothesis 5(1). The correlation between 

non-routine problem solving and IQ scores of students 

who participate in MOES will be lower than a similar 

correlation among non-participants. 

Table 3 reports that the correlation between the 

IQ and non-routine problem solving scores is positive 

.07, for participants and negative, -.15, for 

non-participants. Hypothesis 5(I) was rejected at the 

.05 level. 



38 

Related Question <I>. How can an analysis of 

problem-solving processes help explain similarities 

anddifferences among students of high and low ability 

who do or do not participate in MOES? 

Table 5 reports the results of this analysis of 

problem-solving processes. The non-routine 

problem-solving scores of the three highest and three 

lowest equivalent pairs of participants and 

non-participants based on EAS scores were analyzed 

using the Charles and Lester Model of Math Process 

Levels. Their scores on each of the five non-routine 

questions is listed along with their test averages. In 

each pair the score of the participant is listed first. 

The table shows that the mean process score of the high 

ability MOES students was 0.87 vs 0.47 for equivalent 

non-participants students. In addition, the mean 

process score of low ability MOES students was 1.13 vs 

0 . 87 for equivalent non-participants. Globally, the 

mean process score for participants was 1.10 vs 0.66 

for non-participants. Using the Walsh Test, 
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Table 5 

Three EAS matched pairs of participants and 

non-participants on the Charles and Lester Model of 

Problem Solving Processes 

Question 2 3 4 5 Mean Total 

High EAS Pairs 

Pair 
74 l 3 0 5 0 l. 8 9 
74 0 5 0 0 0 l. 0 5 

Pair 2 
64 0 2 0 0 0 0.4 2 
64 2 0 0 0 0 0.4 2 

Pair 3 
61 0 5 0 0 0 1. 0 5 
6 l 0 0 0 0 0 0.0 0 

-------------------------------------------------------
Low EAS Pairs 

Pair 
14 0 l 0 6 0 1. 4 '7 

I 

1 4 0 0 0 0 2 0.4 2 

Pair 2 
14 0 2 0 0 0 0 . 4 2 
1 4 0 0 0 3 0 0.6 3 

Pair 3 
6 0 0 0 6 2 1. 6 8 
4 0 0 0 6 2 1 . 6 8 
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significant differences were found at the .03 level <D 

= .25). 

In summary, the data from the testing immediately 

following treatment yielded significant differences in 

only two cases, routine problem-solving achievement and 

process levels. In the other cases, attitude, 

non-routine problems, and correlations with IQ scores, 

the research hypotheses were rejected. A discussion of 

these findings follows this section. 

Results of the Tests Given Four Weeks After Cessation 

of Treatment <D) 

Research Hypothesis 1(0). Students who 

participate in MOES will achieve higher scores on a 

test of routine problem solving than non-participants. 

The results of this test are shown in Table 6. 

The difference between means was .72 with standard 
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Table 6 

t-test for routine problem-solving of participants and 

non-participants four weeks following cessation of 

treatment 

Mean S.D. 

Participants 21 . 42 2.43 

Non-participants 20.70 2. 47 t = . 1 4 

Table 7 

t-test for non-routine problem solving of participants 

and non-participants four weeks following cessation of 

treatment 

Participants 

Non-participants 

Mean 

.42 

.33 

S.D. 

.79 

.74 t = . 07 
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deviations of 2.47 and 2.43. This yielded a t value of 

0. 14. Research Hypothesis 1(0) was rejected at the .05 

level. 

Research Hypothesis 2(0). Students who 

participate in MOES will achieve higher scores on a 

test of non-routine problems than non-participants. 

The results of the t-test are reported in Table 7. 

The difference between means was .09 with standard 

deviations of .79 and .74 which yielded a t value of 

.07. Research Hypothesis 2(0) was rejected at the .05 

level. 

Research Hypothesis 3<D>. The correlation between 

routine problem solving and IQ scores of subjects who 

participate in MOES will be lower than a similiar 

correlation among non-participants. 

Table 8 shows that, contrary to expectat i ons , the 

correlation between IQ and routine problem sol v ing was 

higher for participants <r=.38) than for 

non-participants <r=.28). Hypothesis 3(0) wa s 

rejected. 
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Table 8 

Correlations between problem-solving achievement 

<routine and non-routine) and IQ of participants and 

non-participants four weeks after cessation of 

treatment 

routine non-routine 

Participants .38 .33 

Non-participants .28 .20 

Table 9 

t-test results of Aiken Mathematical Scale scores of 

participants and non-participants four weeks after 

cessation of treatment 

Participants 

Non-participants 

Mean 

2. 31 

2. 5 1 

S.D. 

• 8 1 

.85 t = • 1 1 
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Research Hypothesis 4(0). Students who 

participate in MOES will have more favorable attitudes 

toward mathematics than non-participants. 

The results of this test are shown in Table 9. 

The difference between means is .20 with standard 

deviations of .81 and .85. The resulting t value was 

. 11. Research Hypothesis 4(0) was rejected at the .05 

level. In addition, the participants were surveyed at 

the beginning of the program on the question "If given 

a choice, would you participate in MOES?" The results 

were that 92% said yes and 8% said no. In a repeated 

survey at the end of the program 60% said yes and 40% 

said no. Support for MOES participation by 

participants decreased by 32%. 

Research Hypothesis 5(0). The correlation between 

non-routine problem solving and IQ scores of students 

who participate in MOES will be lower than a s imi lar 

correlation among non-participants. 
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Table 8 reports that the correlation between the 

IQ and non-routine problem-solving scores is positive 

.33 for participants and .20 for non-participants. 

Hypothesis 5(0) was rejected at the .05 level. 

Related Question (0). How can an analysis of 

problem-solving processes help explain similarities and 

differences among students of high and low ability who 

do or do not participate in MOES? 

Table 10 reports the results of the analysis of 

problem-solving processes. The non-routine 

problem-solving scores of the three highest and three 

lowest equivalent pairs of participants and 

non-participants based on EAS scores were analyzed 

using the Charles and Lester Model of Math Process 

Levels. Their scores on each of the five non-routine 

questions is listed along with their test averages . In 

each pair the score of the participant is listed first . 

The table shows that the mean process score of the high 

ability MOES students was 2.27 vs 0.40 for equ i valent 

non-participants. In addition, the mean process score 
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Table 10 

Participants and non-participants scores on the Charles 

and Lester Model of Problem Solving Processes four 

weeks after cessation of treatment 

Question 

High EAS Pairs 

Pair 
74 
74 

Pair 2 
64 
64 

Pair 3 
61 
61 

0 
0 

2 
0 

0 
0 

2 

2 
0 

0 
0 

0 
0 

3 

4 
0 

6 
0 

0 
0 

4 

6 
6 

6 
0 

2 
0 

5 

0 
0 

6 
0 

0 
0 

Mean Total 

2.40 10 
1. 20 6 

4.00 20 
0.00 0 

0.40 2 
0.00 0 

-------------------------------------------------------
Low EAS Pairs 

Pair 
1 4 
1 4 

Pair 2 
14 
1 4 

Pair 3 
6 
4 

1 
0 

4 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
5 

3 
2 

0 
2 

2 
3 

0 
0 

0 
0 

0 
0 

0.88 
0.40 

0.88 
0.40 

0.40 
2.00 

4 
2 

4 
2 

2 
8 
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of low ability MOES students was 0.66 vs 0.80 for 

equivalent non-participants. Globally, the mean process 

score for participants was 1.47 vs 0.60 for 

non-participants. Using the Walsh Test Statistics no 

significant differences were found. 

In summary, the data from the delayed testing 

yielded no significant differences. In all cases, 

attitude, problem-solving achievement, process levels 

and correlations with IQ scores, the research 

hypotheses were rejected. A discussion of these 

findings follows this section. 

The analyses of all the data yielded the following 

results from both the immediate and delayed tests. A 

significant difference was found in process levels for 

routine problem-solving achievement and proces s level 

for the immediate test but no significant differences 

were found for the delayed test. 

results follows this section. 

A discussion of these 
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Results of the Oral Interviews 

The purpose of this descriptive information is to 

provide additional information about the differences 

between MOES participants and non-participants and how 

they solved non-routine mathematics problems. One high 

EAS matched pair and one low EAS matched pair from the 

Charles and Lester Model of Problem-Solving Processes 

analysis completed earlier was selected. Oral 

interviews were then conducted with these pairs. These 

students were given three additional non-routine 

problems to solve. The problems were selected from the 

two types of problems that had shown the widest range 

of individual differences in the process-level testing. 

They were less difficult in nature than the problems 

used in the non-routine test. 

The data collection included oral taping of their 

think aloud responses, their written responses, and 

observations which included time measures of selected 

problem-solving activities. After the data were 

collected, the responses of the four subjects were 
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compared to determine similarities and differences 

among their approaches to solving non-routine problems. 

Each interview followed the same format. First 

the researcher demonstrated to the subject how to 

"think out loud." This was done by writing the words, 

"The cow jumped" on a piece of paper and telling the 

subject that the instructions are to underline every 

third vowel in the phrase. The researcher would then 

execute those instructions while thinking out loud. 

The researcher would then write down the phrase, "over 

the moon" and asked the subject to follow the same 

instructions on this phrase. 

After the subject had completed this vowel 

exercise, he was informed that as he worked through the 

three math problems, he was to try and think out loud 

just like he had practiced on the vowel exercise . The 

three problems that the subjects used are listed below. 

1. The houses on Main Street are numbered 

consecutively from 1 to 150. How many house numbers 

contain at least one digit seven or nine? 
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2. How many tournament games will the champion have to 

play if there are sixteen teams competing in a 

single-elimination tournament? 

3. There are four separate large boxes, and inside 

each large box th~re are 3 separate small boxes, and 

inside each of these small boxes there are two separate 

smaller boxes. How many boxes, counting all sizes, are 

there altogether? 

The subjects had these problems printed on a piece 

of paper. They were given as much time as they needed 

to complete the problems. The researcher did not 

interrupt the subjects while they solved the problems 

and engaged in thinking aloud unless the subjects 

initiated the conversation. As the s ubjects worked, 

the researcher timed their efforts and observed and 

listened to their solution processes. At the 

conclusion of each problem, the researcher engaged the 

subject in dialogue to discover how the subject solved 

the problem. 
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The four students used for these interviews are 

described below. 

Table 11. 

Their attibutes are summarized in 

1. D.B. is an ten-year old boy who has never been 

retained; his EAS score is 74. He participated in MOES 

during the 1987-88 school year. His post-test score on 

the Aiken Scale of Math Attitudes was 1.71 and his SRA 

routine problem-solving score was 24, the equivalent of 

sixth-grade seventh month. 

2. R.B. is a ten-year old girl who has never been 

retained; her EAS score is 14. She did participate in 

MOES during the 1987-88 school year. Her post-test 

score on the the Aiken Scale of Math Attitudes was 2.96 

and her SRA routine problem-solving score was 26, the 

equivalent of seventh-grade fourth month. 

3. G.C. is an eleven-year old boy who has never been 

retained; his EAS score is 74. He did not part icipate 

in MOES. His post-test score on the Aiken Scale of 

Math Attitudes was 3.25 and his SRA routine 
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problem-solving score was 28, the equivalent of 

ninth-grade eighth month. 

4. G.S. is an eleven-year old boy who has been 

retained once in fifth grade; his EAS score is 14. He 

did not participate in MOES. His post-test score on 

the Aiken Scale of Math Attitudes was 1.58 and his SRA 

routine problem-solving score was 15, the equivalent of 

fourth-grade zero months. 

In writing the dialogue held between the 

researcher and the subjects, direct quotes were used 

regardless of their grammatical accuracy. Salient 

features of their performances are summarized in Table 

l 2 • 

High EAS Subjects 

MOES. D.B. completed the vowel pattern exercise 

successfully verbalizing his solution process. He then 

began to work on problem l (see Appendix C) . First he 

read the problem and began after 12 seconds to execute 

the solution strategy he had chosen. As he worked, he 



53 

Table 11 

Characteristics of the Subjects 

MOES NON-MOES 

High Low High Low 

D.B. R .B. G.C. G.S. 

Age 10 10 1 l l l 

EAS 74 14 74 14 

Aiken l. 71 2.96 3.25 l. 58 

SRA 6-7 7-4 9-8 4-0 

Retained No No No Yes 
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verbalized his solution process. He made a list of all 

the numbers that he felt met the requirements. This 

required two minutes and four seconds at which time he 

considered that he was finished. In working the 

problem he made several mistakes. First, he omitted 

all numbers larger than 99. Second, he focused only on 

7s and 9s in the ones place; he failed to include 

numbers such as 71, 72, etc. Third, he did not answer 

the question; he let the list serve as his answer. He 

neglected to "look back" at the problem to ascertain 

the appropriateness of his answer. 

On problem two he began to execute his solution 

strategy nine seconds after he finished reading the 

problem. He drew a diagram of the tournament which led 

him to successful completion of the problem. His 

procedure lasted three minutes and eight seconds . He 

did not stop and reflect or re-read the problem, or 

question his answer. When asked after completing his 

solution why he chose to do it that way he replied, 



55 

. 
"I'd seen it on TV sports that way." He also was 

unable to generate any other solution strategies. 

In problem three, he chose his strategy and began 

to work in three seconds. First, he drew the large 

boxes and then the middle size boxes. He referred back 

to the problem several times to attempt to draw the 

small boxes. He seemed to have some difficulty drawing 

the smallest boxes and misinterpreted that part of the 

question. His total work time for the problem was two 

minutes and fifty-two seconds. When after obtaining 

his solution about his strategy, D.B. admitted that the 

part with the small boxes was the hardest part to 

understand. 

Some characteristics of D.B.'s problem solving 

include: attempts to understand the problem and not 

rely on key words, little or no looking back to 

ascertain reasonableness of the answers, and r a p i d 

identification of a correct solution strategy . He was 

also unable to generate alternative strategies . His 

achievement ratio on these problems was only 1 correct 

out of three. However, in terms of the Charles and 
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Lester Model, he scored 2 points on the problem l, 6 

points on problem 2, and 2 points on problem 3 for an 

average of 3.3 . D.B. had a short planning time for 

each problem averaging 8.0 seconds. It is unknown what 

persistence he would have had if he had not been able 

to generate a solution strategy quickly because in each 

case he was successful in determining a strategy for 

each of these problems. 

Non-MOES. G.C. completed the vowel pattern 

exercise successfully verbalizing his solution process. 

He then began to work problem l (see Appendix D). 

After nine seconds he said "Well, you can divide 7 into 

150 which comes up to 20 .. 9 into 50 is 9 X 24 = 
216 that's too large, 90 X = 90, 90 x 2 = 180, Well, 

I'd say about 20 houses contain 7 and 9." Wit h that, he 

terminated his solution strategy. It took 57 seconds . 

Afterwards he was asked why he started to div i de . He 

replied "I thought it sounded like the easiest way . " 

"The easiest way to what?" asked the researcher . "To 

do the problem" responded G.C. The conversation that 
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followed clearly demonstrated his lack of understanding 

about the problem. 

Researcher - "How sure are you of your answer?" 

G.C. - "Not very. 

to do with this." 

'Cause there's not really much 

Researcher - "What's missing? You say 'there's 

not much to do' makes it sound like something ls 

missing." 

G.C. - "Well it doesn't really give you a number 

of digits to pick from because we don't really 

know many of the houses really have 7 or 9 in 

them.· 

Needless to say, G.C.'s solution was incorrect. 

He showed hardly any understanding of the problem and 

did not embark on any strategy which would have helped 

him gain understanding. He "played" with the num~ers 

in an attempt to get an answer which made sense and 

used no heuristic strategy to solve the problem. His 

persistence was low, and he did not look back to the 

problem for understanding and reflection. 
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In problem 2 he concluded after eleven seconds 

that there was not enough information . He was then 

asked what else did he need to know in order to solve 

the problem. He replied, "How many games the champion 

has won, how many games there is. Doesn't really tell 

how many games there is to play.· 

In problem 3, he began to execute his strategy 

instantaneously and had an answer within eight seconds. 

He rechecked his arithmetic and again concluded that 

there were nine boxes. When he was asked how he got 

the answer nine, he stated that he added 4 + 3 to get 

7, and then added 2 more to get 9. When asked why he 

added, he said it "wouldn't make sense to divide or 

multiply cause you wouldn't get the right answer." He 

failed to generate any general strategy and created his 

own meaning of the problem for which he solved. 

G.C.'s general problem-solving strategy 

characteristics included: inability to form a useful 

representation of the problem, lack of persistence, a 

personal strategy of solving word problems by the 

relationships between the numbers, little or no 
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planning time and no observable reflective thinking. 

His achievement ratio on these problems was 0 correct 

out of three problems. Similarly, in terms of the 

Charles and Lester Model, he scored 0 points on problem 

1, 0 points on problem 2, and 0 points on problem 3 for 

an average of 0. G.C. had a planning time for each 

problem averaging 7.0 seconds. 

Low EAS Subjects 

MOES. R.B. completed the vowel exercise and 

verbalized her thought processes clearly. On her first 

problem (see Appendix E) she spent almost two minutes 

thinking about the problem before starting her 

strategy. She began to list numbers starting with 7 

and continued until 77. She then reflected and 

adjusted her list to include 71, 72,73 .... She 

stopped, scratched through what she had written, asked 

how much more time did she have to complete the problem 

and continued thinking silently. R.B. then added the 

numbers 70-79. She continued on her list, made the 

,same correction in the 90s, until she reached 159. 
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Looking back at the problem she eliminated the numbers 

157 and 159 from the list. "Now I'm going to count 

them up," she said and then carefully counted the 

numbers in her list <several times) and came up with 

the solution, 46, which was correct. The work time for 

her solution strategy was eight minutes and twenty 

eight seconds. When asked afterwards how she decided 

what numbers to include to see that she included all 

numbers that had "a seven or nine in them." 

She began on her solution strategy on problem 2 

fifteen seconds after finishing reading the problem. 

She correctly identified the correct solution strategy 

as a diagram and proceeded to employ it. In counting 

the number of games from the completed diagram she 

first mistakenly counted five but immediately recounted 

and then said, "OK, 4." After two minutes and 

thirty-one seconds she came up with the correct 

solution of four. During this problem she did not 

pause in her work or look back at the problem. 

On problem three R.B. began work instantly after 

finishing reading the problem. She added 4 + 3 + 2 to 
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get a result of 9. When asked later why she knew to 

add, she replied it was because of the word 

"altogether" in the problem. It was clear that she had 

no little understanding. She relied on the key word 

approach when she was unable to form a useful 

representation. 

R.B.'s problem-solving characteristics included: 

knowledge of some heuristic strategies, some looking-

back behaviors, and an attention to detail. She did 

not, however, show flexibility in using the heuristic 

strategies where she could not determine the proper 

strategy and resorted to the key word approach. Her 

achievement ratio was two correct out of three 

problems. Her problem-solving level, according to 

Charles and Lester, was 6 points for the first problem, 

6 points for the second problem and 0 for the third 

problem for an average of 4 points. 

Non-MOES. G.S. had difficulty with the vowel 

exercise and was asked to do an additional sentence in 

order to demonstrate that he could sychronize his 

verbalization with the behaviors being observed by the 
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researcher. In his first attempt, there was an 

asychronization between his problem-solving 

verbalization and his motor activity. It was observed 

that he was trying to "mimic" the researcher's sentence 

verbalizations instead of thinking out loud. 

He began to solve the first mathematics problem 

<see Appendix F) by reading the problem . When he made 

no verbal or written responses after 60 seconds, he was 

asked what he was thinking about. He replied that he 

"kinda understand it but it goes - The houses on Main 

Street are numbered - I can't understand that word." 

When the word consecutively was read to him, he 

continued to read the rest of the problem. Then he 

said, "I don't understand that part <pointing to the 

second sentence). He was then asked if there was any 

part of the problem he understood. G.S. replied that 

he "kinda" understood the first sentence. His total 

time on this problem was two minutes and two seconds. 

On the second problem he again read the problem 

without verbalizing. When asked after 50 seconds what 

he was thinking , G.S. said "I don't really understand 
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this so good.· He thought for 16 5econd5 more and th~n 

said "If there are 16 teams, it might have to play .. uh 

... maybe 16 games." When he was asked for his solution 

strategy he said "he'd have to play 16 games if there 

are 16 teams." It was interesting to note the change 

in his voice between when he originally decided on 16 

and then later described his strategy. The first time 

was almost in a whisper and very unsure. The second 

time he seemed to have convinced himself that this was 

the correct answer. The total time on this problem was 

one minute and thirty-six seconds. 

G.S. began problem three and after spending nine 

seconds on the problem came up with the answer of nine 

boxes. When questioned afterwards, he responded that 

"I thought, I think you have to add, it says how many 

are there altogether. I thought you had to add 4 + 2 + 

3." He was asked what in the problem gave him the idea 

to add. He replied that "nothing <pause) gave that 

idea, but I somehow got the idea it might ... " 

Altogether he spent thirty seconds on problem three. 



64 

When he was asked if there was any other way to 

work the problem, G.S. said "43 X 2, or try to divide 

it." In response to a follow-up question, "Where did 

you get 43?" G.S. pointed with his finger to the four 

and three in the problem. 

G.S.'s problem-solving characteristics included: 

lack of knowledge of heuristic strategies, a strong 

dependence on words and numbers in the problems to 

'clue ' the correct strategy, and a lack of 

persistence. He did not attempt strategies which may 

have led to a useful representation of the problem. 

His achievement ratio was 0 correct out of three 

problems. His problem-solving level, according to 

Charles and Lester, was 0 points for the first problem, 

0 points for the second problem and 0 points for the 

third problem for an average of 0 points. 

The table 12 summarizes some of the problem- so l vi ng 

characteristics of the subjects. 

The results of these interviews are discussed in a 

later section. 
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Table 12 

Problem-Solving characteristics of subjects during the 

oral interviews 

MOES NON-MOES 

High Low High Low 

D.B. R.B. G.C. G.S. 

Success 1 /:3 21 :3 C) I :3 (l / :3 

<answer only) 

Persistence NIO* Yes No Yes 

Process-level 3.3 4 . 0 0 0 

Planning ti me 8 65 7 62 

< in seconds) 

Used heuristics Yes Yes No No 

*Not Observed 



Discussion 

This research study was designed to assess the 

effects of participation in the Mathematics Olympiad 

for Elementary Schools in three areas: non-routine 

mathematics problem-solving achievement, routine 

mathematics problem-solving achievement, and attitudes 

towards mathematics. The study used a post-test-only 

design to compare the scores of randomly assigned 

participants and non-participants. 

In the area of routine problem-solving 

achievement, significant differences were found for the 

immediate test and not for the delayed. This 

significance may be related to practice. The treatment 

group may have achieved higher scores on the immediate 

test because of their increased sensitivity to word 

problems. 

In the area of attitudes towards mathematics, no 

significant differences were found between the 

treatment and control groups. The explanation for this 

66 
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lack of difference may lie in several factors. The 

first of these was the instrument used to assess those 

attitudes. Although the Aiken scale is successful in 

measuring attitudes towards mathematics, its ability to 

accurately measure differences in mathemetical 

problem-solving attitudes may not be sufficiently 

strong or valid. In a~dition, the computation 

abilities and IQ of both groups could have 

significantly affected the results. MOES was designed 

for gifted students in the elementary schools. The 

subjects in this study generally fell into the lower 

third in both IQ and computation skills. As students 

become more successful, it might be expected that the 

subjects would have more positive attitudes towards 

mathematics. This is further supported by the results 

of the student survey which reported a drop of 32% in 

the number of participants who were willing to 

participate in MOES. However, these tests are 

inconclusive on this point. 

The third area of discussion is non-routine 

problem-solving achievement. Contrary to expectat i ons, 
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the treatment group did not significantly outscore the 

control group on a test of non-routine problem solving 

immediate test means (.47 and .30) and on the delayed 

test (.42 and .33). It is important to note the 

implications of the non-routine problem-solving 

results. The test was designed with five problems. 

However, the means of both groups on the immediate and 

delayed tests were less than 1.0. Such a low 

distribution leads to some question as to the 

appropriateness of the test instrument. 

There were also significant differences in the 

problem-solving process levels on the immediate test <D 

= .25). However, significance was not reported on the 

delayed test. It was reported that in the delayed 

test of problem-solving process levels that the 

difference between the immediate and delay test for the 

treatment group was a positive .63 as compared to a 

negative .33 for the control group. However, these 

differences in scores for the delayed test were not 

significant. It is theorized that if this improvement 

in process levels were to continue over a longer period 
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of time it would ultimately lead to increases in 

non-routine problem-solving achievement. 

The increases in problem-solving processes seem 

to relate to IQ scores. The MOES students with high IQ 

scores retained and improved their process levels (.87 

to 2.27> while the scores of the lower ability MOES 

students did not reflect similar gains <l.13 to 0.66). 

In contrast, the non-participants' scores did not 

change as much <.47 to .40) and <.87 to .80). This was 

also supported by the correlation between non-routine 

problem-solving achievement and IQ for the treatment 

group (.05 vs .33). There was also a higher 

correlation between IQ and non-routine test scores for 

the delayed test than the immediate test. This tends 

to support the conjecture that high ability students 

have a greater ability to organize and transfer skills 

to unique situations. 

In discussing the results of the oral interviews, 

it is first important to discuss the effect of using 

less difficult problems for the oral interview. These 

problems produced responses that were not ev i dent 
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during the earlier testing. In general, many more of 

the problems were accessible to the subjects, albeit in 

different ways, and this gave a clearer implication of 

the effects of MOES participation on the subjects. 

Thls strongly Implies that future researchers should 

field test their questions with appropriate levels of 

difficulty before using them in the conduct of the 

study. 

There were several differences found between MOES 

subjects and non-MOES subjects in the oral interviews. 

MOES subjects found success with three of the problems 

while the non-MOES subjects did not successfully solve 

any of the problems. Additionally, the process level 

average for the MOES pair was 3.7 as opposed to 0 for 

the non-MOES pair. 

At the core of this matter was the way in which 

the subjects approached the problems. The MOES 

subjects used heuristics to solve the problems i n f i ve 

out of six cases, while the non-MOES subjects did not 

use heuristics at all. Furthermore, the non-MOES 
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subjects gave up without using any strategy in three 

problems. 

On two other problems, the non-MOES subjects used 

the key word approach, and an the last problem the high 

non-MOES subject juggled the numbers until they made 

sense to hlm. It is clear then that the MOES subjects 

had heuristics in their possible problem-solving 

strategies while the equivalent non-MOES subjects did 

not. Interestingly enough, the concept of persistence 

was not clearly addressed in this study. While bath 

low-ability subjects demonstrated persistence in their 

problem-solving activities and the high-ability 

nan-MOES did not, it was not possible to determine the 

persistence of the high ability MOES subject. This was 

because he was able, in ea.ch problem, to generate the 

correct solution strategy quickly and did not 

experience failure. Also, the planning time for the 

low-ability subjects was much higher than for the 

high-ability subjects, <63 seconds vs 7.5 seconds ). 

These interviews provide support for the v iew t hat 

participation in MOES increases problem-solving 
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abilities. However, considerable research is needed to 

confirm these findings and extend their significance. 



Conclusion 

In conclusion, the MOES program did not, over the 

six months of participation and one month delay, 

influence performances of these subjects as much as had 

been expected. Although the results of the oral 

interviews showed that participants in MOES had learned 

some heuristic strategies, careful consideration of 

these other f lndlngs will need to be made elaborated to 

determine the benefits of future participants. Some of 

the reasons for this lack of progress have been 

discussed. They include low computational mathematical 

skills which may have hindered their success and, 

therefore, may have led to some negative attitudes 

towards mathematics. Another factor was the effect of 

a testing instrument which may not have accurately 

measured the research variables. Encouraging results 

were found in the area of problem-solving process 

levels which may lead to a fertile area for further 

research. 
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Recommendations 

1. Further research is needed to develop a tool 

for measuring mathematics problem-solving attitudes. 

Researchers are encouraged to field test their 

instruments to ascertain appropriateness. 

2. Further research is needed to develop a tool 

for measuring mathematics non-routine problem-solving 

achievement. Researchers are encouraged to field test 

their instruments to ascertina appropriateness. 

3. Further research is needed with subjects whose 

computational abilities form a more normal 

distribution. 

4. A study with a larger sample size should be 

conducted to support or refute these findings. 

5. Further research is needed with other students 

who have participated in MOES for several years to 

acertain the multi-year impact on students. 
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6. Further research is needed to determine the 

effects of volunteer participants in the area of 

mathematics problem-solving attitudes. Dr. Lenchner 

advocates the use of MOES as a volunteer activity done 

in addition to the mathematics curriculum. Since none 

of the MOES participants were volunteers (for the sake 

of research), this may have negatively affected their 

attitudes. 

7. In light of the attitudinal results, further 

study is needed to determine the appropriateness of 

MOES participation for students of differing abilities. 

8. In light of the student progress made in 

problem-solving process levels, further research on the 

growth, retention, and generalizability of these 

findings should be conducted. Research is needed to 

ascertain whether long term retention is evident in 

non-routine problem-solving processes. 
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9. Further research is needed to determine the 

effect of participation on the area of problem-solving 

persistence. 
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Appendix A 

This appendix includes copies of the two 
non-routine tests used in this study. They are labled 
Form A and Form B. 

Form A 

1. Alice and Betty ran a 50-meter race and Alice wins 
by 10 meters. If they then run a 60-meter race, and 
each girl runs at the same speed she did in the first 
race, by how many meters will Alice win? 

2. 
2 

(5273) means 5273 X 5273; 
3 

(5273) 
6 

means 5273 X 

5273 X 5273; and so forth. When (5273) is completely 
multiplied out, what is the units <or ones) digit in 
the resulting product? 

3. How many two-digit numbers are there in which the 
tens digit is greater than the ones digit? B A C 

4. At the right the sum of two 3-digit numbers is+ c AB 
represented. A,B, and C represent different digits.~ 
What is the largest value the indicated sum could have? 

5. The six faces of a three-inch woooden cube are each 
painted red. The cube is then cut into one-inch cubes 
along the 1 ines shown in the diagram. How many • 
one-inch cubes have red paint at least two faces? 1 

Form B ' 

1. One day, Carol bought apples at 3 for 25c and sold 
all of them at 2 for 25c. If she made a profit of 
$1.00, how many apples did she sell that day? 

2. In the following sequence of numbers, each number 
has one more 1 than the preceding number: 

l,ll,111,1111,lllll,llllll 
What is the tens digit of the sum of the first 30 
numbers of the sequence? 
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3. A slow clock loses 3 minutes every hour. Suppose 
the slow clock and a correct clock both show the 
correct time at 9 am. What time will the slow clock 
show when the correct clock shows 10 o'clock the 
evening of the same day? 

4. The serial number of my camera is a four-digit 
number less than 5000 and contains the digits 2,3,5 and 
8 but not necessarily in that order. The 3 is next 
to the 8, the 2 is not next to the 3, and the 5 is not 
next to the 2. · What is the serial number? 

5. As shown, ABCD and AFED are squares with a common 
side, AD, of length 10.0 cm. Arc BD and arc DF are 
quartercircles. How many square cm. are in the area of 
the shaded region? ccii' 

B A F 



Appendix B 

Table 11 shows the Charles and Lester Model(l982) 
for evaluating problem solving efforts. In using the 
model to evaluate the written responses of students 
efforts to solve problems, points are assigned to each 
of three areas; understanding, solving, and answering. 
Each area has a total possible two points awarded to 
i t . 

To demonstrate this model, the responses of three 
students to a non-routine mathematics problem are shown 
below. Following each problem is a brief discussion of 
how the point totals were obtained. The problem used 
in this example was Form B number 3 listed below. 

3. A slow clock loses 3 minutes every hour. 
Suppose the slow clock and a correct clock both 
show the correct time at 9 am. What time will the 
slow clock show when the correct clock shows 10 
o'clock the evening of the same day? 

Student 1 <Figure 1) 

C.D., a ten-year old girl, understood that 13 
hours had elasped and that the 3 minutes loss was 
cummulative. She then embarked on a strategy which 
would have given her the correct solution. She 
multiplied 13 hours times 3 minutes to find a 39 minute 
difference between the two clocks. However, at this 
point she mistakenly adds the 39 minutes to 9 o'clock 
instead of subtracting from 10:00. She fails to check 
the reasonableness of her answer. Her score according 
to the model is: understanding - 2 points, solving - l 
point and answering - 0 points. 
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Table 11 
Assignment of Points for Charles and Lester Model 

Understanding the problem 
0 - Completely misinterprets the problem. 
l - Misinterprets part of the problem. 
2 - Complete understanding of the problem. 

Solving the problem 
0 - No attempt or a totally inappropriate plan. 
l - Partially correct procedure based on part of 
the problem interpreted correctly. 
2 - A plan that could lead to a correct solution 
with no arithmetic errors. 

Answering the problem 

0 - No answer or wrong answer based on an 
inappropriate plan. 

l - Copying error; computational error; partial 
answer for problem with multiples; answer labled 
incorrectly. 
2 - Correct solution. 

Figure 1 
Written Work of Student 1 
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Student 2 <Figure 2) 

D.B., a ten-year old boy, tried to solve the 

problem first by using a table to find out what time 

the slow clock read 13 hours after beginning. He 

understood that 13 hours had lasped and that the 3 

minute loss was cummulative. However, after counting 

13 hours into the future, he was unable to use that 

information correctly and embarked on a totally 

inappropriate plan. Using the model he would receive 

point for understanding, 

points for answering. 

Student 3 <Figure 3) 

point for solving, and 0 

R.B., a ten year old girl, solved the problem by 

subtracting 3 minutes from where the correct clock was 

at the end of the problem. She focused on the 

relationship of 3 minutes behind and did not interpret 

the 3 minutes loss every hour correctly. Using the 

model she would receive 0 points for understand i ng, 0 

points for solving, and 0 points for answering . 
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Figure 2 
Work of student 2 
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Figure 3 
Work of student 3 
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