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Why Research on Science and Mathematics Education in Rural Schools is
Important Or The Mean is the Wrong Message

Introduction

A recent story in our local paper reported the resules of a
study suggesting local schools were failing and not living up to
the promise of Kentucky’s educational reform because there were
large differences berween the performance of schools with high
proportions of poor students and those with low proportions of
poor students. This not unusual finding, variously reported as a
difference between the average test scores for “rich” schools ver-
sus “poor” schools or average differences berween “rich” students
and “poor” students, is now labeled the achievement gap. There
is also an achievement gap between white students and minority
students, where it is usually African Americans who are consid-
ered the minority. ’

Educational research, unfortunately, often focuses on finding
statistical differences berween overall means or averages. Most
media reports of results of such research routinely give those dif-
ferences and litde else. Both are committing the cardinal sin of
reporting centers of the data without reporting how spread out
the data are. They report means and mean differences as though
that is all one needs to know in order to understand the findings
of the research and what the implications might be for educa-
tional practices. Never a center without a spread I tell my stu-
dents and I hope tonight to demonstrate why that is a good
axiom and how it might be related to research focused on rural
schools.

Some Data

Figure 1(pg. 46) presents some test score results from the
Kentucky assessment for 4th grade students from “some “coun-
ty. The first thing to look at is the table containing the centers.
There are two groups, one contains over 1800 students the other
over 500. For the larger of the two groups the mean on a scale
that goes from 10 to 100 is about 59; the smaller group has a
mean of 42. This is an achievement gap of 17 points and would
appear to be rather large.

The other parts of Figure 1 show the data so one can get a
sense of the spread and distributions of scores. On the left is a
box and whiskers plot1 that shows the so-called achievement gap
(the middle score for group 1 is higher than the middle score for
group 2) but also how the scores overlap. The outliers of Group
2, for example, score at the highest levels. Fifty percent of the
Group 2 scores are below 40 but so are about 25% of the Group
 scores. More than 50% of the Group 1 scores are above 50 but
so are more than 25% of the Group 2 scores. The point is that
the mean differences can be misleading because otherwise rea-
sonable persons can be lead to believe that average differences
mean that 4/l persons in one group score higher than a// of the
persons in another group.

The dotplot on the right portrays each of the scores. Notice
how much the distributions overlap. But more important,

notice that because Group 1 contains so many more students,
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there are more Group 1 students below the Group 2 mean than
there are Group 2 students below the Group 2 mean. In fact, in
every part of the distribution one finds more Group 1 than
Group 2 students.

The general point I would make about the two pictures in
Figure 1 is that if the issue is higher test scores, there is more
work to be done in Group 1 than in Group 2. More important,
however, is that focusing on mean differences and nothing else is
likely to create stereotypes about the groups and make the issue
appear to be low performance in Group 2. If there is an issue
related to low performance, it is an issue about students not
about group averages. And, more students in Group 1 than
Group 2 are experiencing the problem.

Looking at Schools

Although the pictures in Figure 1 do a better job of portray-
ing the dara, they, oo, are limited. Those scores are of students
in a county. But students do not attend counties they attend
schools. Figure 2 (pg. 47) contains boxplots for six elementary
schools in this county. Notice how varied the patterns of differ-
ences are. The school represented in the bottom right picture is
a school where there are huge differences between the groups.
The highest scorers in Group 2 are about at the 50th percentile
for Group 1. Burt look at the boxplots in the upper right of
Figure 2. Group 2 scores are higher than Group 1 scores in that
picture. The top left picture shows how much less varied the
scores for Group 2 re in that school. The middle left picture is
interesting because the number of students in Group 2 in that
school is so small that there are not enough data to draw the
whiskers. Despite their small numbers students in Group 2 have
high scores, often higher than the majority of scores of Group 1
in the other schools.

I hope that we have moved beyond the achievement gap of
17 points and to a place where interesting questions can be
raised. A first question, of course, is what accounts for these dif-
ferent pictures? Are there policies related to how students are
allocated to schools that produce the differences? Do teachers in
the different schools treat students in the two Groups different-
ly? Is there some combination of policy and pedagogy, mathe-
matics and science curriculum, that accounts for the differences?

Another set of questions addresses what students experience
in the schools. If you were a member of Group 2, which school
would you rather attend? Why? If you were a member of Group
1, which school would you rather attend? Why? If the answers
to those two questions are not the same, why not?

Another Way to Look at Spreads

Unfortunately my data set does not contain classroom iden-
tifications. I would like to look, of course, at each classroom in
each school and see what those distributions of scores look like
and then start asking questions about the different patterns that
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But I do want to talk about classroom differences so I will
take another darta set and make some slightly different points.
Figure 3 (pg. 48) portrays data from the Second International
Mathematics Study2 for grade eight students in the United
States and grade seven students in Japan.

The pictures are the results of a statistical technique called
variance decomposition that seeks to describe, in this case, a set
of scores in terms of whether the variation is between students
within classrooms, between classrooms with schools, or berween
schools. The areas of the pie charts are proportional to the total
variation in the scores. The pictures allow one to compare the
variance components in Japan with those in the United States in
terms of what I call status - test scores at one time poing, in this
case a pretest at the beginning of the school year. A second com-
parison is of the components of status in the United States ver-
sus the components of growth in the United States. Growth is
the difference between a posttest at the end of the school year
and the pretest.

It should come as a surprise to you that the area of Japan’s sta-
tus pie is larger than the comparable U.S. status pie. (A way to
think about this difference is that if test scores were a 100-meter
dash the difference between the fastest and slowest runner in
Japan is bigger than the difference between the fastest and slow-
est runner in the United States.) Yes, as the media reports Japan's
average score is quite high and among the highest international-
ly. But, the spread of Japanese scores is among the highest inter-
nationally, too. Does that say something about practices in

Japanese schools?

The components of the pies (how does one partition the area,
the spreads) reflect the structure of schools and schooling in the
two systems. Notice that almost all of the variation in Japan is
between student differences and there are small differences
between schools and classrooms. In the United States the biggest
component is between classrooms. This reflects tracking of stu-
dents into different types of mathematics courses in U.S. schools
in the eighth grade. Japan has a common mathematics curricu-
lum for all students. The United States differentiates the cur-
riculum so different students are exposed to different kinds of
mathematics. Do these practices lead to different levels of
achievement in the two systems? Yes.

I included the growth pie in the United States for a couple of
reasons. First, notice that the area of the growth pie is smaller
than the area of the status pie. There is less variation to explain
when one deals with growth. Second, the components of the
growth pie are very different from the components of the status
pie. The great majority of the variation in growth is between stu-
dents; the between classroom component has shrunk substan-

tially.

Reports of mean differences between types of schools or types
of students typically are reports of status not growth measures. It
can be argued, however, that schools should be judged in terms

@" "now I would find.
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of their impact on students or the amount of growth that occurs.
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But, and this is an important point, the concomitants or corre-
lates of achievement status are different from those of achieve-
ment growth. In general, the background characteristics of stu-
dents are more highly correlated with status than with growth.
Effective teaching practices are more highly correlated with
growth than with status. Concretely, if one looked at the differ-
ences between groups in terms of growth rather than status,
those differences would be much smaller for the growth meas-
ures. And, if one started to look at the spreads of growth
between students and classrooms, those pictures would be very
different than one gets with status measures. How to understand
the differences between schools and classrooms in terms of
growth and spreads is what a researcher should focus on.

And What About Rural Schools

I know this was a long-winded introduction to research with
and about rural schools. Yet, it is a necessary prelude because I
think those who investigate issues surrounding rural schools are
in a position to answer some very pertinent educational ques-
tions. And, they will be rewarded if they approach the task in
terms of seeking answers to questions about spreads, not centers.
These significant questions, I believe, are about small schools,
small classrooms, and the relationships among background char-
acteristics of students and their performance in rural schools.

Small Schools

Not all rural schools are small schools. But, I think I am cor-
rect in saying that many of the researchers and much of the
research about small schools have come from investigators who
are interested, too, in rural schools. So I want to ask them to do
more research.

I remember reading the Barker and Gump book, Big School,
Small School as a graduate student and being convinced then
that small schools on the average are better than large schools.
Notice, however, that I fell into the centers trap. I think the evi-
dence about small schools, if one thinks about spreads, would
suggest that some small schools are better than large schools and
others are worse. A set of research questions about differences
among small schools, what makes one small school better
than another, and on what important dimensions are they
better seems to me to be an interesting set of research ques-
tions. I would like to know, for instance, if a small school is cen-
tral to a community either geographically, symbolically, or in
some other way, does that make it a superior small school. I
would like to know how to explain differences in small schools
that produce graduates who fare well in say, higher education,
compared to graduates who do not fare so well. I would like to
know something about the conditions in which teachers work in
strong versus weak small schools and how those conditions are
related to what teachers do and how students grow. I would like
to know about the mathematics and science curriculum in the
strong versus weak schools. And, I would like to know some-
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thing about what teachers do with and about the curriculum.
(Note: persons in large schools can ask and try to answer the
same questions. I think, however, a first question is how to make
large schools smaller.)

Perhaps persons already know the answers to these questions.
I know, however, I was surprised by the results of a study of a
graduate student in our department who looked at differences
between rural schools that did better than expected on the
Kentucky assessment versus those who did less well than would
be expected. She found that variables such as degrees possessed
by the teachers and their grade point averages were not related to
the differences between schools. What was related to those dif-
ferences, however, was the proportion of teachers who attended
the school at which they were now teaching. Successful schools
had higher proportions of such teachers than did the unsuccess-
ful ones. There was a pattern of these teachers having left their
school, gone to a regional university and then returning. Perhaps
nepotism is good!

Small Classes

I am under the impression that rural schools (not all of
course) are often doubly blessed by being both small and having
classes with, relatively speaking, small numbers of students in the
classes. This for me is another perfect research opportunity for
those interested in rural schools.

The STARS experiment in Tennessee has documented, I
believe, the superiority of small class sizes rather than large ones.
The research I have read, however, compares the average per-
formance of students who experienced small classes on a variety
of variables to those averages for students in larger classes. Again
it is a center without a spread. I would like to ask a set of ques-
tions about the differences between “good” small classrooms and
“not so good” small classrooms. I would be particularly inter-
ested in two kinds of outcomes that have been reported to favor
small class sizes: 1) the enduring effects of small classes (that is,
students from small classes thrive after they leave that environ-
ment); and, 2) the smaller average test score differences between
minority and majority students who have experienced small classes.

Suppose as a child I were really fortunate and had a really
good mathematics or science teacher in a small classroom for my
first four years of school. How big a difference would that make
as I encounter more mathematics and science in subsequent
years? What was good about that good teacher or what was dif-
ferent about that small class, or what was different about the
mathematics and science that gave me such an advantage over
those who were not in small classes or did not have that good
teacher?

Likewise, suppose I was a minority student in a small class
with a good teacher. What differences would appear as I con-
tinued my schooling? What were the characteristics of the



teacher, the teaching, the content, the curriculum, or the class
that made those differences? And, more important, are the
answers to my questions about the efficacy of good teachers and
small classes the same regardless of the types of students—
whether I represent the majority or a minority? If not, why not?

Background Characteristics of Students

This brings me to my third general research issue. I believe
research on rural schools can help us understand better the
relationships between backgrounds of students and their
performance in schools. As a corollary, research can inform us
abour the relationships among performance and student back-
grounds between schools. That is, results of the research could
paint a clearer picture of the effects of the background charac-
teristics of a student body and the performance of a school. Why
do schools with larger proportions of poor students do less well
than schools with smaller proportions?

Kentucky has statewide testing that rewards or punishes
schools based on whether or not schools increase their test scores.
That accountability system imposes unreasonable expectations
for more rapid growth for low scoring schools than high scoring
schools. Typically the low scoring schools have higher propor-
tions of students receiving free or reduced lunches (the proxy for
being poor) than do higher scoring schools.

Periodically one of the educational interest groups in
Kentucky trots out a school with large proportions of “poor”
students that has high scores in some subject area included in the
Kentucky testing program. (The research strategy that collects
such results is suspect but I will leave that for another
day) Wha is interesting is that in most cases it is
a rural school that fits the description of hav-
ing both high scores and high numbers of
students on free and reduced lunch.
Why is the achievement gap narrower
in some rural schools?

I would like to know whether
the relationships between poverty
and school outcomes are different
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for rural schools than, say, urban ones. If they are, I would like
to know why. Is it because the proxy, free and reduced lunch, for
poverty means a different thing in rural areas than urban ones?
Is there something about rural schools or their contexts that pro-
vide more equal opportunities for students? Is there something
about what goes on in rural schools that negates the effects of a
student’s background on her possibilities for being successful?

If there are differences, I think the answers to such questions
are embedded in the spreads of scores of rural schools and class-
rooms in rural schools, not the centers. What are the character-
istics of an effective school or its agenda that differentiates it
from a less effective school when, at least superficially, the
schools appear to be similar? If a rural school narrows the

achievement gap, how does it do it?

Finally, I hope I have raised some interesting questions. I
think a consortium like ARSI is the proper arena to begin to
answer those questions. There are virtues in collaboration and
virtues in looking systemartically at important educational ques-
tions. Thank you and good luck.

1. Boxplots represent the data in the following way: the cen-
terline inside the box is the median or middle score; the top
of the box is the 75th percentile and the bottom of the box
is the 25th percentile - the box contains 50 percent of the
cases. The whiskers cover about 95% of the cases while an
asterisk represents outlying or extreme values. The widths of
the boxplots are proportional to the size of the samples.

2. The results are similar for
TIMSS, the Third International

Mathematics and Science Study.
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Figure 1.
Scores by group - 4th Grade Students
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Figure 2.
Within school distributions - 4th Grade Students
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Figure 3.

Variance components of status and growth - 8th grade students

USA - Status
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