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Arithmetic Achievement at Ka Na'i Pono, 1984

Results from Standardized Testing

The Kamehameha Elementary Education Program (KFEP) has developed a
reading program that effectively teaches Hawaiian children how to read.
Now research attention is being given to the content areas, including
math, sclence and writing. This report is the second in a series explor-
ing the mathematical achievement of KEEP childrea. The first report
(Brenner, 1984; analyzed the standardized test scores in mathematics of
KEEP children during the mid-seventies. Before the KEEP reading program
was developed, the children performed below national norms in mathematics
With average class performance ranging between the 12th and 42nd percent-
iles. Boys and low income children had particularly low test results.
Aftar the KEEP reading program was put into effect, the class averages on
the standardized test ranged batween the 61st and 93rd percentiles, a
clear improvement over earlier testing performance. In addition, the boys
and low income children performed at a level much closer to their class-
mates. However, the children in both the KEEP and non-KEEP reading pro-
grams showed similar strengths and weaknesses on the sub-sections of the
test. Computation was a strong point in all classes while the children
had difficulty with the concept sections. Word problems were of interme-
diate difficulty,

This report seeks to update the earlier test results and to extend
the analyses with children currently enrolled at the KEEP laboratory
school, Ka Na'i Pono. The data from this test administration will act as
a baseline for further research. Beside presenting global comparisons to
the national norms, specific topics will be examined to find the
children's relative strengths and weaknesses. Reference will also be made
as to which topies had been covered in class. Several analyses are pre-

sented vo reveal the role of reading skills in math achievement.
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Methods

Description of Test

The Mathematics Instructional Test in the Metropolitan Achievement
Test (MAT) series 1978, was administered to 211 classes. This test was
chosen because (a) it has questions and scales for the range of topics
that would be useful for later research efforts, (b) it has adequate
national norms for each grade, (c) it has tests Zfor the entire range of
grades at KEEP (X-3), (d) the children have experience with the Metropoli-
tan Reading Test and thus the test format would be familiar, (e) each
topic on the test had more than one question, thus allowing for more reli-
able analysis.

The MAT is dividea into five major sections at the elementary level.
The Numeration section tests raildren on oconceptual skills including

counting, mcre/less, place value, and number lines. The Geomatry and

Measurement section includes questions on geometric shapes, money, time,

general measurement concepts and the calendar. The Problem-Solving

section contains word problems of varying complexity. The Operations sec-

tion presents computation problems. The Operations: Laws and Properties

section tests children on the abstract concepts underlying .omputations
includingz the roie of zero, inverse operations and relational symbol mean-
ings.

All classes were tested on the first four sections. However, in kin-
dergarten, the Metropolitan Instructional Test combines Operations and
Problem-Solving 3into onz section and provides rational norms for that
total score. Only the third grade test included the section on Opera-

tions: Laws and Properties. For this reason, that section will not

receive much attention in the following analysis.
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The role of reading varies across the tests. All grade levels are
required to read by themselves the computation probiems. In kindergarten,
all other sections are read aloud to the children. 1In first grade the
children read six of the word problems for themselves and the other
twenty-one problems were dictated by the taster. By third grade, the
children read all sections of the test for themselves except for the first
12 of the 30 word problems #hich were dictated to them by the tester.

The questions of the MAT are organized into objectives such as addi-
tion with sums to ten, subtraction of two digit numbers when regrouping is
required and solution of word problems when extranecus information :is
given. Each objective is tested by three multiple choice questions. A
child is considered to have competency on an objective when he/she is able
to answer two of the three questions correctly. Thus skill on specific
topics must be considered in terms of the 2-question criterion for each
vbjective. However, scores on sections such as Operations or Problem-
Solving are the sum of all questions answered correctly without regard for
performance on specific objectives.

The objectives overlap on different sections of the test Tius both
Operations and Problem-Solving have questions covering addition to ten in
first grade. The numerical content of questions can be held constant,
thereby aiding analysis on how problem structure affects performance,

Description of Sample

Form J of the MAT was administered to all classes (K-3) at Ka Na'i
Pono School in the spring of 1984. These classes are not strictly compar-
able to previous KEEP classes nor to each other due to variations in samp-
ling procedures. In the mic-seventies KEEP students were morce "at-risk".

They tended to be lower-income and were recruited in large part from the
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rolls of the Depz:tment of Sucial Services and Housing. The current stu-
dents were chosen from the larger pool of children who had applied for
admission to Kamehameha Schools. While many are from lower income fami-
iles, they are considered less "at-risk"™ than earlier groups. Individual
classes also have distinctive characteristics. The third grade was
recruited mostly from rural Caii:. Because of these saapling variations,
comparisons between classes must be considered tentative. In addition,
the generality of these findings to any larger population of Hawaiian
children must be considered limited at this point.
Test Administration

The MAT was administered to each class in several sessions over tne
period of a week. The researcher did all test administration while the
classroom teachers served as proctors. All classes were given practice
problems before ‘he actual test sessions to acquaint them with the test
procedures, The children were given slices of apple after each test
session. First graders were given apple slices before the test as well,
since they were tested in the morning and it was not clear that all stu-
dents had eaten breakfast.

Makeup tests were given to children who had misced individual sec-
tions of the test but not those who missed the entirve test. As a result
the conpletion rate for each class was very high. Table 1 summarizes the

number of students in each class, classified by whethcr or aot they took

the entire test.




Table 1

Number of students Ly grade level and test completion status

Grade No Test Incomplete Test Complete Test
K 0 2 28
1 2 0 29
2 0 0 26
3 J e 29

Factors in Test Achievement

A class' achievement on a standardized test is the cutcome of a vari-
ety of factors. While all these factors will not be systematically anal-
yzed here, some information will be given to put the test results into
perspective, and to provide suggestions for future research.

Curriculum. The Metropolitan Achievement Test is fairly representa-
tive of the topics covered on any standardized test. However, there was
not an equal degree of correspondence between the cirriculum and the test
items for the classes tested. All classes used the Addiscn-Wesley math
textbooks, 1981 edition, and these texts served to structure the curricu-
lum at each grzde level. However, each class differeid in how far through
thz text they progressed and in what supplement.iry topics were covered.
To evaluate the degree of correspondence between the classwork and test
items, each teacher was asked to evaluate each objective in the math test
given to her class. A topic was rated as "covered" if the entire class
had been instructed in it in a form comparable to the test questions. A
rating of "some covered" was given if only some students had covered the

topic or the test presentation of the concept differed substantially from




the class presentation. A topic was considered "not covered" if it had

not been a part of lessons in math or any other content area.
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Table 2

correspondence between Test Items and Curriculum

Grade Numeration Geometry Problem- Operations Total
Solving
(%) (%) (%) %) (%)
Kiadergarten
Not Covered 50 33 100 100 57
Some Covered 17 Uy 0 0 21
Covered 33 22 0 0 21
First
Not covered 20 22 0 22 16
Some covered 30 0 uy 1" 22
Covered 50 78 56 67 62
Second
Not covared uo 50 20 9 29
Some covered 0 0 40 27 17
Covered 50 50 4o 64 54
Third
Not covered 20 27 20 0 17
Some covered 10 13 40 18 19
Covered 70 60 4o 82 65

Note: Not all columns sum to 10C$ because of rounding.
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Figure 2 show#s that the kinder_arten class experienced the worst fit

between the test and curriculum. Quantitative toplics were not addressed
at all in the kindergarten class, because the text emphasized the concepts
urderlying counting and classification. Several other topics were covered
only in science or math lab and not in the regular math period. Overall,
only 21% of the text objectives were c..ered in class. The other grades
were more comparable in their coverage of test objectives, with tocals
ranging between 5U4% and 65%. Across the 3 grades, operations tended to be
the best covered type of problem while problem-solving was relatively de-
emphasized. There were specific test objectives that were not covered
very much in any class. These included expanded numbers, calendar skills,
missing addend/subtrahend computations, number sentences and more advanced
word problems, Overall, the test was considered an adequate assessment of
classroom progress for all classes except kindergarten. The kindergarten
test scores must be interpreted with caution.

Test-taking Situation. The actual testing situation itself can be a

factor in how well the test scores represent student levels of achieve-
ment. The children in this study had experienced standardized testing
before, so the testing procedures were familiar to them. However, there
were some problems apparent in these testing sessions.

The tests were administered during the last two weeks of school.
While this meant that the KEEP children had more of the school year to
cover the test topics than the standardization (national norm) comparison
groups, the testing situation itself was problematic. The children were
excited and agitated because the end of the school year was at hand.
Instruction had been stopped in some osubjects ant had bwen replazed by

more recreational act!vities. Thus the children may not have been as
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attentive to the test as they could have been had they been tested earlier
in the year.

ALl classes, ercept first grade, were tested in the afternoon during
their normal math period. As a result, the children were somewhat tired
and a few even fell asleep during the *3sst, Also, discipline problems
tended to be grezter in the afternoon. In the future, math testing should
be done in the morning. The children's concentration will be better and
results will be more comparable to the reading test.

The test procedures themsclves were not a major problem in any class
except kincergarten. Except for a few students, the time 1imits were more
than adequate. The older students had little difficulty in following the
testing procedures. However, students in the kindergarten class were
frequently confused during the test. They were the only students who had
never taken a Metropolitan test in any subject. The test administrator
and proctor had to monitor each child before every question to make sure
they were on the appropriate question and that they were marking their
answers correctly. Combined with the difticulty of the test, the testing
sessions were quite trying for some cI the kindsrgarten children. Special
care should be used in the choice of a test for the kindergarten class in
the future. However, their testing session provided some interesting
insight into kindergarten math achievement, and standardized testing
should not be abandoned altogether at this level.

In order to obtain a general idea of the test's validity, the
teachers were asked to examine the test results in terms of the students'
class performance. Overall the teachers felt that the test represented
the relative achievement of specific students. A few students did worse

than expected in part because they were slow test takers.
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Teaching Style. It is impossible at this point to relate specific

teaching methods to achievement on tre math test. Only superficial obser-
vations have been done to date of how math is taught at KEEP. The classes
vary in many ways including the degree to which a center approach has been
adopted, how many manipulatives are used and how much time is spent on
math. The kindergarten and third grade ciasses had long-term substitute
teachers so teaching methods were not constant throughout the year. A
math lab was instituted at mid-year with the goal of incorporating more
manipulative materials invo instruction. This goal was only partially
realized because of time constraints. The math lab did serve a valuable
function in terms of introducing some tcpics such as money and thereby
helped the students with the MAT.

Other Skills. Achievement on a standardized mathematics test relies

on more than what a child learns in math class. Reading skill becomes a
major part of the MAT by third grade. The role of reading in math
achievement will te addressed in a later section.

Scr ance also teaches math skills at the elementary level. A numbcr
of topics, particularly measurement, were presented more often in science
lessons than in math. In the future, a coordinated effort in science and
mathematics may be quite productive.

Children aliso bring relevant skills from non-school settings. Some
of the test objectives such as telling time and money usage clearly relate
to activities done ov .side of school. Others such as computation are
typically learned in school but some children are taught these at home as
well. Specific test objectives were examined to see if the children have
strengths in non-school skills. These results are presented later in this

paper.
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Results

General Test Results

There is much variation in the overall math achievement of the four
classes. Figure 1 show the percentiie for the average performance in each
class. The first grade 1s the only class that exceeds the national
average percentile of 50%. The very low average performance in the kin-
dergarten class is readily explained by the lack of match between the
class curriculum and test objectives, Otherwise, the test results do not
vary in accord with how weil the test matched the topics covered in class.
These results are much lower than those obtained among KEEP classes in the
1970's, but in both cases, first grade did markedly better than the other
grade levels.

Figure 2 shows how each class performed on each section of the test.
In every grade except kindergarten, the children's greatest strength is in
operations. This follows from the greater number of computation objec-
tives that were met in euch class. The textbooks also provided a lot of
practice in computation,

Children had the lowest level of achievement in Numeration, although
numeration objectives were fairly well covered in each class. The classes
tested in the 70's also had the most difficulty with this section of the
test as well.

The results for the other 2 sections of the test are mixed. Both the
first graders and third graders were fairly competent in Problem-solving--
both averaged close to the national average. The second graders found
this section quite difficult and averaged at only the 29th percentile.

The first grade was quite strong in Geometry and Measurement. The

first graders had covered 78% of th- test objectives in class and this
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probably contributed to their good performance. The Geometry and Measure-~
ment Section was “he kindergarten class' strongest part of the test.
Although they averaged at only the 28th percentile, they accurately
answered 66% of the questions. Since only 22% of the topics on this sec-
tion had been covered in class, it appears that the Kindergarten children
were using skills that they had learned in other settings.

Figures 3 and 4 compare the performance of boys and girls. In every
grade except thira, they had a identical overall performance. In third
grade the boys had a slignt advantage that could be due to chance.
However, the testing in the mid-1970s also found a slightly better overall
performance among bovs who had had the KEEP reading program in second and
third grade. On the sub=sv2tions of the test, there was no c¢lear pattern
of results by sex except in problem-sclving. In every grade except kin-
dergarten, the boys did better in problem-solving. This was also found in
the earlier KEEP classes as well as in many other studies (Fennema, 1981:
Marshall, 1984}, although it is not generally true for children in Hawaii
(Brandon, Newton & Hammond, 1985). Overall stronger performance by boys
in problem solving occurred even though boys tend to have lower reading
skills.

A comparison by social class is included because one goal of the KEEP
research program is to design educational progams for "at-risk™ children.
The measure of social class used here is whether the child's family
receives an income from the Department of Social Services and Housing
(DSSH)., Tuis is not the cptimal measure of social class because some of
the other children are frcm low-income families. However, this measure
wa3 readily available and cuite straightforward in its application. DSSH

children performed at a lower level in every grade but the gap narrows as

16




13

grade level increases (Figure 5). The KEEP reading program may help to
narroWw the very large early differences between DSSH and non-DSGH children
represented by the 26 point percentile difference in kindergarten. In
Figure 6, it can be seen that the DSSH children performed lower on every
section of the test except Problem-solving. In both second and third
grade, the DSSH children exceeded their non-DSSH peers in problem-solving.
It may well be that the KEEP reading program begins to pay dividends for
these "at-risk" children when reading begins to be applied in math. The
DSSH children also did better than their peers in third grade on the
Operations: Laws % Properties section of the test.

irithmetic Concepts

The Numeration section of the Metropolitan Instructional Test was
designed to evaluate children's conceptual understanding of arithmetic.
Although the topics on this section were fairly thoroughly covered in each
class, this section was typicully the most difficult for the Ka Na'i Pono
children. Some topics, such as expanded notation, were difficult for all
grades because they were not covered in class, and other topies caused
difficulty despite class coverage.

The most striking finding is that the kindergarten and first grade
children had extreme difficulty with questions involving the phrases "more
than" and "less than". The kindergarten class missed 70% of the questions
on these terms while the first grade class missed 57%. These figures are
well below the national error rates of 36% and 30% on the same questions.
The second grade class was closer to the national norm but still slightly
below it. The kindergarteners did not display any coherent pattern of
errors in their wrong answers. However, the first grade class tended to

interchenge the meanings of "more than" and "less than".
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The other concept that was exceptionally difficult was one which
reqrired the children to find a number between twe others in value. The

firsct grade class was 14 percentile points below the average national per-

centile and the second grade was 27 points below the national average.
Typically the children chose a number that was one larger than the larger
of the two establishing a range. In other words, the children tended to
see the question as a counting task.

The causes for these particular difficulties are not readily discern-
ible from a multiple choice format test. The wording of the questions
themselves may have caused confusion, or the local form of English may be
interfering with the standard English roﬁms of these phrases. Or there
could be underlying difficulties in numerical ooncepts. However, the
third grade class had no difficulty with these questions, indicating that
the ’~wer grade results represent laggirg perfcrmance and not necessarily
a major deficit.

All of the classes showed strength in basic counting skills and
number names. Performance was inconsistent across grades on numerical
terminology including ordinal number names, odd/even numbers and quantita-
tive adjectives. Since performance on the Numeration secticn was corre-
lated with reading skill, it is likely that the children's performance on
this section was partly a function of their general language skills,
including listening comprehension and vocabulary development.

Specific Strengths and Weaknesses: Item Analysis

Each section of the Metropolitan Achievement Test is made up of
objectives which specify the component skills being tested. While the
amount of detail can be overwhelming at this level of analysis, there is

important information that can be gleaned only by examining the component
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skills. As the basis for further research, an analysis was done to find
out how well the children did on skills which are used in non-school
settings. These skills are found primarily in the Geometry and Measure-
ment Ssction, and secondarily on the Operations section. The match
betweeen curriculum and test questions can also be more cleariy explicated
through this analysis.

To examine component skills, an item analysis was done of sach sec-
tion of the test. 1In an item analysis, the number of errors for each
separate question is summed for the entire class. The percentage of the
class missing a question is then compared to the percentage of the
national sample missing that question. The class performance for each
objective is the mean percentage of errors for the three questions which
test the objective. The class' relative proficiency on each concept is
then evaluated in two ways. The skills were rank ordered in terms of how
many children missed each question, giving a picture of the children's
relative mastery of each skill. The skills were also rank ordered in
terms of how much better or worse than the national norms the class did on
each objective. This controls for the varying levels of difficulty across
skills. As an example, the second graders may have missed more multipli-
cation computations than any other. But since this is an advanced skill
for second grade, their greater number of errors in multiplication ean not
really be considered a major problem unless other secord graders through-
out the nation had a much greater mastery of multiplication.

Kindergarten Item Analysis. The kindergarten class represents the
clearest instance of how non-school learning experiences influence skill
development. Because so few of the test objectives were taught in the

kindergarten curriculum, their competencies must have derived from home,
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the preschool or other experiences. The Problem-Solving and Operations
section provides the clearest evidence because none of the skills on this
section were taught in the kindergarten class. Table 3 shows what per-
centage of the class met the competence criterion (2 of 3 questions

correct) for each skill.

Table 3

Percent of Kindergarten Class showing Competence in Computation

Skill % Reaching Criterion
Adding and Subtracting 1, word problem 72%
Addition to 18, computation 41¢
Addition to 10, computation 28%
Addition to 18, word problem 2ug
Subtraction to 10, computation 21%
Subtraction to 10, word problem 17%
Addition to 10, word problem 10%

Most of the children had some comprehension of basic operations as
shown by the fact that 72% could solve the simplest word problems.
Perhaps more surprising is the relatively high percentage that could solve
simple computation problems. Forty-one percent were able to do addition
problems with sums to 18. This involves facility with the symbolic repre-
sentation of the addition operation and the ability to read what are
fairly large numbers for this age group. Two other observations can be
made from Table 3. First, the computation problems are relatively easier
than the word problems. For instance, #1% of the children could do addi-

tion computations to 18 while only 24% could do word problems with sums to
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18. Secondly, the addition problems with larger sums were answered by
more children than the problems with smaller sums (to 10). This was true
for both computatlons and word problems.

Despite their surprisingly strong calculational skills, these chil-
dren did not meet the national standards for any objective on this section
of the test. They were only 6% below the national norm for sums to 18,
but 54% below the national norms for word problems with sums to 10.

Although the ¥ dergarten class was well below the national standards
in Geometry and Measurement as a whole (mean percentile = 28%), they had
some scrong skills as well. As a class they exceeded the national norms
on telling time and equalled them on both money objectives, Neither of
these topics were covered in the text, although the children received some
instruction in math lab on money concepts and some supplementary exercises
with clocks. The kindergarten children had the most difficulty with ques-
tions regarding measurement tools (except for clocks) and fractions.

The overall impression from the kindergarten class is that the chil-
dren have substantive quantitative skills that have not been adeyuately
Stimulated by the school curriculum. Tneir skill with money and clocks
indicates the practical basis of at least some of their skills.

First Grade Item Analysis. The firat grade class performed above the

national norms on every objective in the Operations section of .he test.
Compared to tne national norms, their strong points were subtraction of
two digit numbers, problems with three addends, missing addend problems
and basic subtraction. These are all the more advaunced skills in this
section. Some of these topics, such as problems with missing addends,
were not even covered in class, indicating that the children’s solid

understanding of addition was enough to give them some insight into a
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different type >f problem. In absolute terms, these same difficult items
were the hardest for ti:e children. Only about half of the class was able
to do the kinds of protiems listed above. The children's performance on
word problems was similar to that in Operations. They were above the
national norm *- wapry objective except problems involving two digit
addition and sulLcraction. Problems involving number sentences gave them
some difficulty, in part because they had 1little experience with number
sentences in class.

On the Geometry and Measurement section of the test, the first grade
children exceeded the national norms on six of nine objectives. Like the'
kindergarten class, they were particularly strong in money and time
skills. The calendar questions were by far the hardest for the children.
They missed 70% of the cc"endar questions and were 21 points below the
national percentiles. However, about 30% of the children had some calen-
dar skills even though the calandar had not been a part of the arithmetic
lessons, Other questions that were hard for them involved reading the
names of geometric figures and reading the words representing time on the
clock. This suggests that the children were not familiar with the written
vocabulary of arithmetic class.

Second Grade Item Analysis. The sscond grade exceeded the national
norms on four of the eleven objectives in Operations. They were strong in
basic number facts in addition, subtraction and multiplication. They
were weakest in subtraction skllls, particularly two digit subtraction.
Their skill in multiplication exceeds what they were explicitly taught in
class. They got 60% of the multiplication questions with numbers up to
five correct even though only the top gr~p had covered this topic in

class, Forty percent of the questions on more advanced multiplication

<2

T T
P



19

questions were answered correctly, even chough none of the children had
covered the topic in class. The results for Problem-Solving are the
inverse of those for Operations. 7The second graders were closest to the
national norms in solving the more difficult problems such as two digit
addition and word problems with extraneous information. However, they
were somewhat below the national norms for every objective in this
section. Although the number sentence format of the test was somewhat
unfamiliar, the word problems requiring only a number sentence answer were
answered correctly slightly more often than problems requiring the
answers. Overall, they got 64% of the word problems correct.

The second graders exceeded the national norms on three of seven
objectives in Geometry and Measurement. Like both the kinrlergarten and
first grade, they were particularly strong in basic money and time prob-
lems. They were also strong in fractions. However, they were weak in
more advanced time and money concepts, particularly those involving
written vocabulary. The calendar was their weakest point of all. None of
the advanced questions in time, money nor the calendar had been covered at
all in class. About 25% to 30% of the questions in these sections were
answered correctly, primarily because a number of children in the class
met the two question criterion for competency rather than through a
pattern of guessing. f[lalf of the class met the criterion for the calendar
questions even thongh calendar was not a topic in the curriculum.

Third Grade Item Analysis, The third grade class exceeded the
national norms on all but one objective in the Operations section of the
test. They had difficulty with multiplication with regrouping probably
because this topic had not been coveredi in class. This class was strong

in multiplication and division facts to nine, as well zs adding 2-digit
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numbers. As a class, they averaged 70% or better on every objective
except division facts between five and nine and multiplication with
regrouping.

This class oxceeded national norms in eight of ten problem-solving
objectives. Ilhey had trouble with number sentences representing multipli-
cation and division problems and multiple-step problems. In general,
answering with a number sentence proved harder for the ¢hildren than
actually solving a problem. In absolute terms, word problems with multi-
plication and division were much harder than those for addition and sub-
traction. These topics had only ‘been partially covered in clasa.
However, the children did a bit better on complex word p:oblems involving
several steps or with extraneous information and these were not done in
class at all. Thus the children's difficulties with multiplication and
division word problems derive from their still incomplete understanding
of these operations, including relevant vocabulary, rather than from a
more general difficulty with the genre of word problems.

The third grade had more difficulty with Geometry and Measurement,
exceeding national norms only on two out of 15 objectives, and about
equalling them in four others. They wera strong on problems with coins
and in calandar questions. They were very weak in fractions and had
difficulty with all of the measurement problems. The third grade test in
this section is substantially harder than it is in the other grades. Both
the children at KEEP and the national standardization groups had diffi-
culty in the measurement areas with less than half of either group being
able to answer each question. Some of the questions, particularly the
metric measurement questions, were not covered in the third grade class.

The third grade was the only class which had to read the Geometry and
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Measurement section. Thus reading skill, particularly in the specialized
vocabulary, may have been a factor here.

Item Analysis Summary. The pattern across grades for Operations and
Problem~Solving is very mixed but much more consistent in Geoxetry and
Measurement. Some f the classes were strongest in basic facts while
others were relatively stronger in the more advanced operations, In every
class, there were children competent in each Operations objective, whether
or not the objective had been covered in class. One particular aspect of
the Problem-Solving test format was more diffiocult for the KEEP children
than the national norm groups. Among the norm groups, number sentence
questions were routinely easier than questions requiring a calculated
answer. However, the KEEP children often found these questions harder.
Number sentences were not consistently covered in the texts used at Ka
Na'i Pono. It is an empirical question whether number sentences actually
help children to learn how to solve word problems, In general the
Addison-Wesley texts used in these classrooms de-emphasize word problems.
However, questions with number sentences formed about a quarter of the
word problem questions on the Metropolitan test.

In all classes, the children were strong in basic money and time
questions. By trkird grade, a number of children had also acquired basic
calendar skills. The aonsistency of these results across grades, despite
varying amouuts of emphasir in the classroom, probably represents a common
emph.sis on these topics in non-school settings. Whether the children
have actually acquired these skills nutside of school or merely have a
greater interest and receptivity because of their potential utility is an

open question.
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The children also have difficulty in measurement in kindergarten and

b e R

third grade. Measurement is not covered in first or second grade test so

it's not clear if this is a general weakness acro3s the Ka Na'i Pono

classrooms.

.
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The KEEP children also had some difficulty in questions requiring
them to read specialized arithmetic vocabulary. While they could poinc
out the shape when given the name, it was harder for them to pick the name
when shown the shape. They had the same difficulty with money problems.
They could identify coins and read their numerical values. But the ques~
tions involving the names of coins--"quarters®, "pennies", etc.--proved
harder.

The children's problems with mathematical vocabulary and their
superior facility in computations as compared to other sections of the
test raises questions about the importance of reading in arithmetic.
Given that the children had to read some sections of the test by them-
selves, difficulties with reading may have obscured scme math competen-
cies.

Reading Skills and Arithmetic Achievement

The role of reading achievement in math achievement is explored in
two ways. First, scora2s on each section of the math test are correlated
with a recent measure of reading comprehension (Table 4). The second
method involves comparing problems of similar numerical difficulty across

mode.; of presentation--pure numerical, listening and reading (Table 5).
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Table 4 ,.
Correlations Between Math ! shievement and Reading Comprenension : u::
Ccrrelations Variance Accounted for i‘

in Math Scores R

Numera- Geometry Problem Opera- Numera- Geomet. Problem Opera- Ié

tion Measure- Solving tions tion Measurc - Solving tions ;ﬁ

ment ment ?ﬁ

Grade §§
1st .58 T4 59 .56 3ug 5% BE 318 %
2nd .75 TH 70 .53 568 558 n9s  28% )
3rd .69 .73 .65 .53 u8% 53% n2g  28%

!
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For all cl ses, the correlation between reading and operations is
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the .owest while that between reading and Geometry and Measurement is the
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highest. The correlation beuween the other sections (Numeration and Prob-
lem-30lving) and reading are higher than those between reading and Opera-
tions, although the differences in first grade are not great., The right
half of the table highlights the relationship between reading and math in
a slightly different way. These percentages show how much of the varia-
tion between scores in math can be accounted for (statistically) by varia-
tion in reading scores. For example, 31% of the variation in computation
skills (Operaticas) in first grade can be accounted for by children's
differences in reading skills while 55% of the variation in Geometry and
Measurement is accounted for this way. In other words, the Geometry and
Measurement section shows almost twice as much relation to eading as does
Operations.

All of the correlation coefficients in this table are statistically

significant, However, skill in reading per se may not be as stron~ an
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explanatory factor as these figures may seem to indicate. Both reading
and math achievement are dependent upon children's basic ability and their
degree of engagement with school (Aiken, 1972). The correlations between
vperations and readir; comprehension can be taken to roughly represent
this underlying commonality. If so, the reading scores then explain only
about another 20% to 30% of the variance in math. Another factor that
must be taken into consideration is that only the third grade was required
to do substantial amo'nts of reading on any section of the test besides
problem-solving. Even taking these factors into account, all grades show
an important relationship b~’.ween reading and math on other sections of
the test.

A comparison of specific questions in the Problem-Solving section and
the Operation section demonstrates this relationship further. On the
Problem-30olving section of the test, every class was read some of the
questions but had to read some others for themselves., Comparing of these
modes of presentation reveals how important reading is to probiem solu-
tion. A comparison to computation reveals the relative importance of
general verbal skills as opposed to Just skill in reading. Tabel 5 lays
out the comparisons for each grada. 1In general the children made slightly
more mistakes when they had to read a problem for themselves. However,
these differences are small, about 3% to 6%. This is equivalent to 1 or 2
children in each class having more difficulty answering a.question when
required to read it alone. A much larger gap exists between the
children's skill at solving a word problem and their ability to solve the
numerical computations. These /‘ifferences range from 5% to 20%. However,
such differences are found witli the Metropolitan national sample as well

as in other national samples of children (Carpenter et al, 1980). Thus,
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the KEEP children are not generally deficient in their problem-solving
abilities. However, they compare less favorably to national samples in
problem-solving than in computation so improvement could be made in their
problem-solving skills. Since this lag is present in both listening to
and reading word problems, their diffioulty seems to lie more in develop-
ing and practicing strategies for attacking word problems rather than in
their reading or computational skills.

Reading skill per se may have some relationship to the high correla-
tion between Geometry and Measurement score and Reading Comprehension. As
mentioned earlier, the children had more difficulty with questions whioch
involved choosing words for an answer rather than numbers or a picture.
However, these few questions do not explain the rather substantial ocorre-
lations between reading and geometry. Since caly third graders had to
read the questions, it seems likely that the key factors in the correla-
tions ar- ctually general listening skills and/or vocabulary skills.

A number of explanations exist for the observed relationship between
reading and math achievement for Ka Na'i Pono children. The workbooks in
the Addison-Wesley series may have required reading or vocabulary skills
beyond the range of some students, thus precluding effective use of the
materials. The less verbal children may have been less interested in
topics that were presented verbally in class. Computations and everyday
skills such as using money and telling time are active and practical
skills as opposed to most of the activities in the student workbooks.
More use of manipulatives and active projects might involve more students.
More of these possibilities can be tested with existing data; each opens a

new line of future research.
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A Comparison of Problems by Mode of Presentation

First

Second

Mode of presentation

Listen-word problem
Read-word proo.em

Compute only

Listen-word problem

Read-word problem

Listen-word problem
Read-word problem

Compute only

Listen-word problem
Read-word problem

Compute only

Listen-word problem

Read-word problenr

Liztca-word problem

Read-word problem

S T TR Lo WPkt NI

Problem Content Wro

Add & Subtract to 18 26.5
Add & Subtract to 18 33.3
Add & Subtract to 18 28.5
Number Sentence to 18 24.0
Number Sentence to 18 35.0
Add & Subtract to 18 29.7
Add & Subtract to 18 32.0
Add & Subtract to 18 12,2
Add & Subtract-2 digit 39.7
Add & Subtract to 18 39.7
Add & Subtract to 18 33.3

Number Sentence-Sums to 18 24,3

Number Sentence-Sums to 18 30.7

Number Sentence-2 digit prob. 24.0

Number Sentence-2 digit prob. 29.3
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Mode of presentation Problem Content § Nrong
Third  Listen-word problem Number Sentenae-Sums to 1b 7.7
Read-word problem Number Sentence-Sums to 18 16.7
Listen-word problem Multipli. & Division to 9 45.3
Read-word problem Multipli. & Division to 9 48.0
Compute only Multipli. & Division to 9 37.0
Listen-word problenm Number Sentenc-~s-Multipli- 52.3
cation and Division
Read-word problem Number Sentences-Multipli- u4.3
cation and Division
Listen-word problem Add & Sudbtract to 18 10.0
Read-word problem Add & Subtract to 18 12.3

Summary and Conclusions

A number of factors influenced the achievement of the Ka Na'i Ponco
children on the Metropolitan Instructional Test in Mathematics. The most
obvious is the degree of fit between the Metropolitan test and the materi-
als children had covered in class. The kindergarten class had covered
only 21% of the test topics while the other grades had covered between 54%
and 65%. The test taking situation also presented problems. It is
suggested that all classes be tested in the morning and earlier in the
Spring semester.

The classes varied greatly in their overall level of achievement.
Only the first grade exceeded the national norms. For all classes, compu-
tation was the greatest strength while the concept parts of the test were

most difficult. The overall level of achievement of these classes was
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substantially below that of other classes which had been taught with the
KEEP reading program in the mid-seventies (Brenner, 1984).

Boys and girls had equal levels of achievement on the test, except
that boys did better on word problems in Grades 1 through 3. The lcwer
income children, as measured by whether or not the family received public
assistance, had lower test achievement in general but the gap narrowed in
the higher grades. The lower-income group had superior problem-solving
skills in second and third grades.

Reading and math achievement are highly correlated, in part because
both are atrongly related to children's underlying abilities and mctiva-
tion. Reading was most highly correlated to the ncn-computation parts of
the test although the children did not always have to read those sections
of the test. Questions presented orally to children were Just about as
hard as questions the children read for themselves. Thus low scores can
not be attribnted to reading deficiencies alone. More general language
skills and methods of instruction must be considered.

Except for the first grade class, the Ka Na'i Pono children did not
meet the Kamehameha Schools' objective of equalling the national average
in mathematics achievement. This is in accord with other information
about the achievement of Hawaiian and part-Hawaiian children in mathe-
matics--they are below the national norms and below other ethnic groups in
the state of Hawaii (Brandon et al. 1984). There is clearly a need for
further research to discover instructional methods that will raise the
arithmetic achievement of Hawaiian children.

A clear statement about the goals of mathematics instruction is also
needed as a guideline for further research., The children in this study

were weakest in the conceptual and problem-solving skills that may be most
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vital for future achievement in mathematics. Just as the KEEP reading
program set the objective of raising reading comprehension, the mathe-
matics program needs direction to guide instructional practice. Since the
children displayed some problems with the language skills involved in
mathematics, some of the principles which direct the KEEP reading program
may be profitably applied to the mathematics program. In particular, ways
of relating the children's non-school mathematics experience (which were
reflected in parts of the Geometry and Measurement section) may offer the

key to raising the children's interest and ac .evement in mathematiocs.
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FIGURE 1
Metropolitan Mathematice Tast Results
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FIGURE 2

Metropolitan Mathematics Test:

Percentile of Mean Score
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FIGURE 3
A Comparison of Boys and Girls in Arithmetic
(Total Test Score)
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FIGURE S
Comparison of DSSH Children and non-0SSH
Children on Mathematics Test
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FIGURE 6 :
Comparison of DSSH Children and non-0SSH
Children: Sub-Saections of Taest (] ossn -
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