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FOREWORD

How to use this monograph

This monograph is designed for educators who must make important decisions
about curriculum, instruction, and the training of teachers. These decisions and
the educational impact they have on students are greatly influenced by the in-
formation available to decision makers, and there are many useful, important,
and valid sources of information on the basis of which such decisions can be
made. These include direct und indirect observations of teachers and students,
interviews with teachers end students, teachers’ lesson plans, samples of
students’ homework and seatwork, and scores from a wide variety of tests. Im-
portant decisions that will have a major impact on students and their teachers
should be based on information from a wide range of sources such as these.

Many important educational decisions, however, are made based primari-
ly, if not exclusively, on test scores. This reliance on test scores has evolved
for a variety of reasons, the study of which is beyond the scope of this
monograph. This monograph starts with test scores as a given in American
education today, not as an endorsement of the emphasis given to test scores,
but as a recognition of what has become common practice.

The purpose of this monograph is to describe a set of procedures for
reanalyzing test data to extract as much useful information as possible for
making important educational decisions. The monograph and procedures
described in it focus on the reanalysis of currently available test data, not on
collecting new test data and initial analysis. The reasons for focusing on the
reanalyses of currently available test data are described in the text.

In this moncgraph, the reanalysis of mathematics test data from the South
Carolina Basic Skills Assessment Program is described as a model for other
educators interested in taking full advantage of test data that have already been
collected. The South Carolina project illustrates a wide range of reanalysis tech-
niques, procedures for interpreting the results of the reanalyses, procedures for
disseminating information about the project, and some developments in cur-
riculum, instruction, and teacher trairing that have emerged from the project.

As a general model, the procedures employed in the South Carolina Project
probably need to be modified when applied to a particular testing program at
the school, school district, or statewide level. In adapting the procedures from
the South Carolina project to a new setting, a group of educators should be iden-
tified who have responsibility for studying this monograph. Mathematics
educators should be heavily represented on any such group, along with re-
searchers who would bring technical expertise to the project.

After examining the details of the South Carolina project, the Project Study
Group would draft a Project Plan in which they select or modify elements of
the South Carolina Project and add new components which are appropriate to
their particular situation. It is critical to emphasize that the Project Plan
developed in this fashion cannot be limited to listing the statistical procedures
that will be employed. An effective Project Plan must also explicitly address
procedures for interpreting the results of the reanalysis and procedures for dis-
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seminating information about the projects findings, interpretations, and recom-
mendations.

As i final note, itis important to mention that the procedures employed in
the South Carolina Project can be adapted to other subject areas besides math-
ematics. The original project focused on students’ mathematics achievement,
although students’ reading achievement was integrated into the study. A sub-
sequent study in South Carolina focused exclusively on reading, using the
mathsmatics project as a general model.
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JNTRODUCTION

= —

being applied across the state of South Carolina in a project that began
in 1983. The project sprang from a concern for providing educators with
instructionally useful diagnostic information without using additional instruc-
tional dme and more testing. When the question of quality diagnostic informa-
tion first arose, student performance on the state’s Basic Skills Assessment
Program (BSAP) reading and mathematics tests was leveling off after initial
gains. In the early grades, students were still showing year-to-year gains in
achicvement, but the rate of gain was clearly slowing down. In the middle
school, the gains had never been very encouraging at any grade. Some students
still were not approaching grade-level standards.

The early achievement gains were, to some degree, r.lated to the develop-
ment and publication of statewide testing objectives toward which teachers and
other educators could specifically focus instruction and curriculum. These ob-
jectives were published by the South Carolina Department of Education in a
guide entitled Teaching and Testing Our Basic Skills. The benefits of this
clarification of objectives were short-lived. Acdinonal progress in student
achievement seemed to require more detailed identification of students who
continued to have problems, as well as the nature of their specific problems.

The additional diagnoses required for continued progress in student
achievement could havc been obtained from additional testing, but were also
available from previously collected statewide test data. This project, which was
designed to respond to the need for additional information, focused on the
second approach, the reanalysis of currently available statewide test data, fora
variety of reasons. In general, statewide test data seemed badly “underutilized,”
in that they were collected at considerable expense, but were used only once,
primarily to classify students. In addition, currently available test data could be
examined in complete detail before additional testing was employed; thus, no
additional instructional time would be lost to testing. Reanalysis of available
data is far less expensive than new testing, since new testing involves test
design, development or purchase, distribution, administration, collection, and
processing. Reanalysis of existing test data also provides diagnostic informa-
tion in the framework of the instructional objzctives defined in Teaching and
Testing Our Basic Skills, a framework already familiar to teachers and other
educators,

The purpose of this publication is to describe the South Carolina project as
a model for other educators interested in taking full advantage of test data that
have already been collected. It is important to recognize that the South Carolina
model illustrates a broad range of reanalysis procedures, but does not define
the specific procedures that would be most appropriate in a given situation. As
a general model, the procedures used in the South Carolina project would need
to be modified when applied to a particular set of test data from a school, school
district, or statewide testing program. Some suggestions about effective ways
to use the information in this monograph are provided in the Foreword (page
iii).

Thc time-tested educational formula of “diagnosis and prescription” is
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The South Carolina project has involved much more than the reanalysis of
test data, which was only the first step in the process. The interpretation of the
reanalysis and the dissemination of project information to mathematics
educators arcund the state were actually the more critical components of the
project. These components were important because the purpose of the project
was to bring about changes in curriculum and instruction that would have &
positive impact on student achievement. With this purposs in mind, merely
reanalyzing test data would have not been adequate. It was essential that math-
ematics educstors receive and understand the information from the project so
that they could initiatz the necessary changes in curriculum and instruction.

This menograph describing the South Carolina project is presented in six
sections:

Introduction

A Conceptual Model of the Project Showing the
Relationships Among Mathematics Achievement,
Information About Achievement, Factors That Af-
fect Achievement, and Project Outcomes
Procedures for Reanalyzing Statewide Test Data
Procedures for Interprmting Reanalysis Results in
Terms of Factors That Affect Achievement
Project Outcomes

Summary and Discussion

SEIL A Research Report




A CONCEPTUAL MODEL
____OF T.{" PROJECT
Showing the relationships among mathematics

achievement, information about achievement,
factors that affect achievement, and project ou.tcomes

he ultimate value of any reanalysis depends on the extent to which the |

I factors affecting student achievement are modified based on that |

reanalysis. Technical complexity and detail may be important features |
of a worthwhile reanalysis. However, for educational purposes, the bottom line
is the impact that the reanalysis information has on the factors that enhance

students’ future learning.

The South Carolina project focused very careful attention on the interplay
among student mathematics achievement, information about achievement, the
interpretation of information in terms of the factors that affect student achieve-
ment, and project outcomes. A conceptual model was developed to show the
relationships among the various components of the project. This model was
very important for several reasons. First, the conceptual model provided an in-
tegrated structure through which all aspe.cts of the project could be coordinated.
Second, it showed the interplay among

Students’ General Mathematics Achievement ?:ﬁ?“;;?ﬁ"ﬁf;in? s‘;fﬁ;’
BSAP Math Achievement direction to the reanalyses by continuzl-
ly focusing on information that could be
used to modify the factors that affect
achievement. Reanalyses that were
mmmg»: ?tos% AND theoretically interesting from a substan-
T LS ENT tive or technical perspective were noted,
@ Foutine Analyses but omitted because of the focus
@ Pertodic Resnalyses provided by the model. Fourth, the con-
ceptual model provided a coherent and
informative structure for disseminating
project information through a variety of

media.
The conceptualmodel with its four
INTERPRETATION OF INFORMATION PROJECT OUTCOMES major components is depicted in Figure
:ﬁg"m' o Cuaangse b 1 (1:2:). Stthudent achievemgelnt ::f repre-
. Charactorietion  Instruction sented in the upper rectangle, informa-
. Lm ¢ 'm,, tion about student achievement is shown
¢ Wl | Characleristice Information About: in the rectangle below achievement, fac-
¢ o :mw tors that affect achievement are repre-
sented in the interpretation of

. information box, and, finally, project
m 1m'aAmmaﬁaMa mmodelﬂ ,,m:'m“”p:m‘?m “' :h.': la!honsﬁr ont, pe outcome activities are represented by the
factors that alfect achievement, and project outcome rectangle on the right side of the figure.

; . 14
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Student achievement

Student achievement, as conceptualized by the model, has two com-
ponents: achievement in general and achicvement as it relates specifically to
the objectives assessed by the BSAP tests. From a curriculum perspective, it is
critical to note that most basic skills programs and virtually all minimum com-
petency programs assess only a subset of the skills that constitute an appropriate
comprehensive mathematics curriculum. The part-to-whole relationship of
basic skills and minim.m competency programs to a comprehensive mathe-
matics curriculum must be emphasized. Such constant reminders help mini-
mize the possibility that a mathematics curriculum will shrink to include only
those skills assessed by basic skills/minimum competency programs.

Information about achievement

For the project described in this document, information about achievement
is focused on student achievement on the BSAP tests. Information about stu-
dent achievement is provided annually from routine analyses, which are part
of cach testing cycle, and periodic reanalyses of the type being described here.
The routine analyses and periodic reanalyses may interact as they did in the
South Caroiina project. One of the reanalyses procedures was so useful that it
was incorporated into the routine analyses procedures performed cach year.
This particular procedure and the others used in the reanalyses will be described
in detail in the next section, “Procedures for Reanalyzing Statewide Test Data.”

It is critical to note that, as a staridard practice, information about student
achievemeat should not be limited to test data whien ceaucting a typical stu-
dent assessment. Other sources of information, such as direct observation,
teacher and student interviews, and samples of students’ work, would normal-
ly be included in conducting a comprehensive assessment of student achieve-
ment. The focus of this monograph examines a special case in which test data
alone are being examined in assessing student achievement. This specific focus
should not be interpreted as an endorsement of assessment procedures that ex-
clude other sources of information as a general procedure.

Interpretation in terms of factors that affect achievement

As seen in Figure 1, information about achievernent must be interpreted
before it can be educationally useful. Specifically, achievement must be inter-
preted by an individual or individuals in terms of factors that affect future learn-
ing and achievement. With this focus, the essential question becomes, “What
does the analysis of student achievement data mean in terms of changes to cur-
riculum, instruction, teacher characteristics, and student characteristics thatcan
facilitate future achievement?”

A special feature of the project is the procedure used to interpret the data
analyses and thus to answer this question. A project study group composed of
mathematics educators fiom across the state was convened to interpret the
results of the reanalyses. They were especially qualified for this task since the
focus of the interpretation was on recommending changes in curriculum, in-
struction, and teacher preservice and in-service training aimed at improving
student achievement in those skills identified as problem areas. The role of
teachers and other educators in interpreting research analyses (or in this case
reanalyses) differs from the traditional view that sees them as consumers of

SEIL A Research Report
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completed research in which the researchers interpret the analyses. The invol-
vemer !, of teachers and other mathematics educators as the interpreters of the
reanasyses is a major component of the project and will be described in detail
in the section entitled “Procedures for Interpreting Reanalysis Results in Terms
of Factors That Affect Achievement.”

Factors affecting achievement

The Conceptual Model shown in Figure 1 (page 3) identifies only these
factors affecting achieveraent: student, teacher, curriculum, and instructional
characteristics, as well as iieractions among these four factors. This model is
a simplification of a far more complex reality in which many factors have a1
impact on student achievement. These other factors, such as parents’ education-
al ievel, are not included since they cannot be modified or can be modified only
under very special circumstances.

The major emphases of the project were on the characteristics of cur-
riculum, instruction, and teachers’ preservice and in-service training that could
be changed to have a positive impact on subsequent student achievement. The
project study group interpreted the reanalyses with the intention of making
recommendations for outcome or implementation activities in curriculum, in-
struction, and teacher training. A complete list of the recommendations for
changes in these three areas is given in the section on interpreting the results of
the reanalyses.

Studznt characteristics, shown as one of the factors affecting student
achievement, were viewed as entry characteristics that had to be considered in
making recommendations for changes in curriculum, instruction, and teacher
training,

Project outcomes

Summary

A fin2l component of the project is concerned with project outcomes designed
to implement both the recommendations of the project study group and dis-
semination activities. In general, project outcomes focused on curriculum, in-
strucdon, and teacher training. In particular, the State Department of Education
has initiated a variety of specific activities in response to the recommendations
of the project study group. A second type of project outcome deals with dis-
semination activities. Dissemination mechanisms used in the South Carolina
projectincluded oral presentations, written materials, television broadcasts, and
videotaped presentations. These will be described in detail in the section en-
titled “Project Outcomes.”

The reader will probably recognize that the conceptual model showing the
relationships among mathematics achievement, information about achieve-
ment, factors affecting achievement, and project outcomses is a “macro” ver-
sion of the well-understood diagnostic-prescriptive medel for instruction. The
analysis, reanalysis, and interpretation of mathematics data represent diagnosis,
while recommendations for modifications in the factors affecting achieve-
ment—such as curriculum, instruction, and teacher training—constitute the
prescription. The project outcomes are designed to have an impact on sub-
sequent achievement, which will then become the subject of future reanalyses.

wroving iathematics Curriculwn and Instruction
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Introduction

PROCEDURES FOR REANALYZING
TEST DATA

PP ——

in mind: (1) What is the purpose of the reanalysis? (2) Who is the in-
tended audience for the information from the reanalysis? (3) What is the
structure of the tests to be reanalyzed?

Purpose

In the South Carolina study, the purposes of the reanalysis were to describe
general trends in students’ mathematics achievement, to identify specific areas
of mathematics in which students continued to have difficulty, and to identify
changes in curriculum, instruction, and teachers’ preservice and in-service
Jaining that might lead to improved achievement in the problem areas iden-
tified by the study. In terms of the conceptual model of the project described in
the preceding section, the South Carolina study examined BSAP mathematics
achievement to extract information about areas in which students had deficien-
cies, interpreted the information about identified deficiencies, and disseminated
the information to mathematics educators. Recommendations were then made
by a representative group of educators for changes in curriculum, instruction,
and teachers’ preservice and in-service training that would have a positive im-
pact on achievement in those areas identified by the reanalyses as problematic.

The study had an explicitly practical and applied orientation. Such an ap-
proach places theoretical questions about learning and instruction, as well as
technical issues in measurement and statistics, in a particular light: given the
purposes of the reanalysis, theoretical and technical questions clearly become
secondary to the more practical and applied issues the study was designed to
address. A variety of interesting and potentially important theoretical issucs
came to 'ight during the study. These were noted in some detail and set aside
for future research having a different focus.

Intended audience

Mathematics educators were the intended audience for the reanalysis of the
South Carolina BSAP mathematics data base. The nature of this intended
audience, like the purposes of the study, had major implications for the
reanalysis that was performed, the way the report of the reanalysis was written,
and the procedures used for interpretation and dissemination of the results. The
intended audience was viewed as a professional group committed to and ex-
perienced in teaching mathematics, but usually without any particular interest
in theoretical or technical issues. The nature of the intended audience led to
reanalysis procedures and a report that were descriptive in nature, with little or
no discussion of theoretical explanations for students’ achievemznt patterns or
of technical details of the reanalysis procedures. Procedures used for dissemi-
nation were chosen specifically to suit the intended audience and will be dis-
cussed in detail in a later section. 17

Thc reanalysis of any test data should be performed with three questions
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Structure of South Carolina BSAP mathematics tests

- The South Carolina BSAP tests in grades 1, 2, 3, 6, and 8 are composed of
30 items; 6 items assess each of § objectives. The BSAP objectives include:
Concepts (C), Operations (O), Geometry (G), Measurement (M), and Probiem
Solving (P). All objectives except Problem Solving are divided into subskills
assessed at various grade levels. The chart on the next page (Figurs 2) lists the
subskills for each objective with solid circles indicating the grades at which
cach is assessed. Subskills are referred to by the first letter of their objective
and by the number indicating the subskill (c.g., C4 is the Concept Objective,
Subskill 4, “Determining Place Value").

The BSAP tests are designed to measure student achievement at the end of
the school year relative both to end-of-year grade-level appropriate skills and
to a grade-level standard of achievement. The BSAP tests are thus grade-level-
appropriate basic skills tests, not minimum competency tests. The results of the
BSAP tests have generally been used for two purposes. First, student perfor-
mance is reported in terms of whether or not grade-level standards have been
reached. Second, if the performance for an objective is deficient, the student’s
performance for that objective is noted. The deficiency level for each objective
is based on the standard sc: at the total test level.

The BSAPtests are equated within each grade over the years, but not across
the grades. Thus, comparisons within a grade over time are appropriate, but be-
tween-grade comparisons are not appropriate.

The structure of the BSAP test, including the objectives and subskills, sug-
gests four possible levels for reanalysis:

1. Total test score. '

2. Objectives.

3. Subskills.

4. Tiems. :

It is very important to describe historical trends in student performance
relative to the total test score, even though this information might not be direct-
ly useful in identifying areas in which students are deficient. There is value in
documenting the broader context of student ackievement as a backdrop for ex-
amining student deficiencies in specific detail. A study that excludes the larger
context and examines only specific student deficiencies can leave the erroneous
impression that, overall, students are doing poorly when, in fact, they are doing
very well overall and poorly only in a small number of very specific areas of
mathematics. This issue is similar to a messenger who prefaces a message with
the con.ment, “I have some good news and some bad news.” It is important
that studies of student deficienci<s describe student achievement in the broader
context, generally the good news, before describing information about student
weaknesses, or the bad news.

Reanalyses performed
at the total test score level

Total test scores are used to document students’ general performance or
overall growth relative to grade level standards over a fixed period 5f time. In
the South Carolina case study, student achievement in mathematics from 1981
to 1984 was examined. The procedures employed could be used over any in-

18
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OBJECTIVE: CONCEPTS

Subskills

Grades

1. 2 3 4 86 8 7 8 9 0112

1. Counting
2 Kentitying
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OBJECTIVE: MEASUREMENT

OBJECTIVE: OPERATIONS

Subskills Grades

1 23 4 0 s T o swumn

1. Kentitying Units
of Measurament ®
2 Estimation
3. Using Measuring
Davices
4, Conversions

and Operations
5. Scale Drawings
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Subskills

Grades

1t 2.3 4 8 8 7 8 9 0 12

1. Addition

2 Subtraction
3. Muidplication
4. Division
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OBJECTIVE: GEOMETRY

Subskills

Grades

1 2.3 4 8 8 7 8 9 01112

1. Kentification
2. Comparison
3, Application

000
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e0e
000
(N N J
000
000
o0
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OBJECTIVE: PROBLEM SOLVING

Objective Grades

1 2 3 4 85 8 7 & % 101 12

The student can

solve problems

involving the use

of methemetics 0000000000 GO0

Figure 2, BSAP objectives and subskill structure within objectives
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terval of time. In the South Carolina study, students’ overall performance in
mathematics and reading was examined to describe their general overall per-
formance as completely as possible. Students were classified into four
categories, based on their performance in mathematics and reading. These
categories were:
+R+M = Students who reached both the reading and
mathematics standard,
-R+M = Students who did not reach the standard in read-
ing but reached the standard in mathematics.
+R-M = Students who reached the standard in reading
but not in mathematics. :
-R-M = Students who did not reach the standard in both
reading and mathematics.

Besides providing a broad description of students’ overall achievement,
these four categories identify groups of students for whom different types of
remedial efforts might be appropriate. For example, there are two types of stu-
dents who do notreach the mathematics standard, the +R-M and -R-M students.
Remedial efforts for the +R-M students could be presented in a fairly standa-d
grade- level format because the students appear to be able to read grade- lev -1
material. However, remedial efforts for the -R-M students could not use regular
grade-level materials because these students apparently would have difficulty
reading them.

Student achievement at the total test-score level can be usefully described
in three ways:

1) Changes in the percentage of students in the four
categories over time, displayed both in tables and
figures.

2) Variation in the rate of change in the percentage of
students in the various categories from one year to
the next, displayed in both tables and figures.

3) Changes in the percentage of students doing either
extremely well or very poorly on the test over time,
displayed both in tables and figures.

Changes in the percentage of students
in the four categories over time

The most obvious and standard format for describing students’ overail
achievement is to display changes in the percentaye of students in the four
categories over time. This information is displayed in Table 1 (page 11) for the
four categories from 1981 to 1984. Cf particular interest is the increase in the
percentage of +R+M students and the decrease in the percentage of -R-M stu-
dents from 1981 to 1984, as shown in Table 2 (page 11). The data in Table 2
show an average increase of 12.6 percentin the +R+M category and an average
decrease of 10.6 percent in the -R-M category. The total shift in the student
population in the +R+M and -R-M categories combined over the five grades is
23.3 percent from 1981 to 1984, It is important to point out that discussions of
student deficiencies should be placed in the context of this overall positive shift
of almost 25 percent. '
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Grade 1 All Students +R+M R+M +R-M ~R-M
1984 49,572 36,304 (73.2%) 3,937 (8.0%) 3,364 (6.8%) 5967 (12.0%)
1983 46,440 31,207 (67.2%) 4,015 (8.7%) 3,782 (8.7%) 7436 (16.0%)
1982 46,561 28,076 (60.4%) 3379 (7.3%) 5,409 (11,6%) 9,652 (20.8%)
1981 47412 28,245 (59.6%) 4,190 (8.8%) 4,908 (10.4%) 10,069 (21.2%)
Grade 2 All Students +R+M R+M +R-M -A-M
1984 42,590 29,698 (69.7%) 5415 (12.7%) 2,468 (5.8%) 5,008 (11.8%)
1983 43239 271312 (63.2%) 5.552 (12.8%) 3,124 (72%) 7.251 (16.8%)
1982 4226 24,641 (55.7%) 3,865 (8.7%) 5,660 (12.8%) 10,060 (22.8%)
1981 45491 24,7728 (54 4%) 6,865 (15.1%) 3278 (72%) 10,620 (23.3%)
Grade 3 All Students +R+M R+M +R-M -A-M
984 42,840 29,402 (68.6%) 4,447 (104%) 3,554 (8.3%) 5437(127%)
1983 43957 28,246 (54.3%) 4,465 (102%) 4,939 (112%) 6,307 (14.4%)
1982 45207 25,555 (56.5%) 5,062 (11.2%) 5,624 (12.4%) 8,966 (19.8%)
1981 46,952 24,743 (52.7%) 4.065 (8.7%) 6,952 (14.8%) 11,192 (23.8%)
Grade 6 All Studenis +R+M R+M +R-M -A-M
1984 46,515 23,015 (49.5%) 3433 (74%) 7,176 (15.4%) 12,891 (27.7%)
1983 49,987 24,093 (48.2%) 4,117 (82%) 6,458 (13.0%) 15,319 (30.7%)
1982 48,127 21,827 (45.4%) 2,526 (5.3%) 8,190 (17.0%) 15,584 (32.4%)
1981 46,546 18,764 (40.3%) 3,278 (7.0%) 6,832 (14.7%) 17,672 (38.0%)
Grade 8 Ali Students +R+M ‘R+M +R-M -R-M
1984 47,135 21,530 (45.7%) 3,867 (82%) 6,807 (14.4%) 14,931 (31.7%)
1983 45,969 16,858 (36.7%) 2468 (54%) 9,032 (19.7%) 17,601 (38.2%)
1982 45,504 16,033 (35.2%) 2452(54%) 7,744 (17.0%) 19,275 (42.4%)
1981 46,667 17,024 (36.5%) 2,901 (6.2%) 6,795 (14.6%) 19,947 (42.7%)
Code
R+M: Students Passing Both Te
TR:B% ssmden: FailinggRe:tdll"ng.s:assing Mathematics Table 1. Number (and percentage) of students
+R-M: Students Passing Reading, Failing Mathematics meeting or failing to meet BSAP standards in
-R-M: Students Failing Both Tests reading and mathematics
Grade Increased Percentage of Decreased Percentage Total Shift in Student
Students in the +R+M of Students in the -R-M Population
Group Group

1 +13.6 9.2 22.8

2 +15.3 -11.5 26.8

3 +15.9 -11.1 27.0

6 +9.2 -10.3 19.5

8 +9.2 -11.0 20.2

Average +12.6 -10.6 233
Table 2. increased and decreased percentage of students
in the +R+M and -R-M groups from 1981 to 1984 21
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Figure 3 Percentage of +R+M and -R-M students
ingrades 3 and 8, from 1981 10 1984

81 82
RM

83 84

Grade 8

Changes in the perceatage of stu-
dents in the four categories can aiso be
shown graphicaily, using a bar chart or
histogram, For purposes of illustration, a
histogram is presented for +R+M student
and the -R-M students in grades 3 and 8
respectively in Figure 3 (left). These
types of figures are extremely helpful in
describing changes over time to nontech-
nical audiences who may not be comfort-
able reading data tables.

Rate of change from

one year to the next

Itis critical to recognize and describe
the year-to-year rates of change in the
percentage of students in the various stu-
dent categories over time. Using the
South Carolina example, the changes in
the percentage of +R+M students from
1981 to 1982, from 1982 to 1983, and
from 1983 to 1984 for grades 1, 2, 3, 6,
and 8 are shown in Table 3 (below). The
information in Table 3 clearly shows that
the change in the percentage of students
in the +R+M category from 1981 to 1984

was not equally distributed across the

The decreasing
rate of improve-
ment is an im-
portant trend to
document, be-
cause it has
major policy im-
plications. It is
important to
recog nize that
the trends can
vary at different
grades. For ex-
ample, the trends

modest increase from 1981 to 1982, a major shift from 1982 to 1983, and
another modest increase from 1983 to 1984. In these early grades, there is still
evidence of an increasing percentage of students in the +R+M category from
1983-1984, but the rate of increase is decreasing. This type of situation is
analogous to the difference between speed and acceleration. The data show that
there is consistent improvement from year to year (e.g., there is a positive rate
of speed), bur the rate of improvement (e.g., the acceleration) is decreasing.

years. In grades 1, 2, and 3, there was 2

Grade
Years 1 2 3 6 8
1983-1984 60 65 43 90 13
1982-1983 68 75 78 15 28
1981-1982 08 13 38 -13 5.1

Table 3. Year-to-year increases in the
percentage of +R+M students in grades
12,3, 6,and 8, from 1981 to 1984
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over time are quite different for grades 6 and 8.

The year-to-year change in the percentage of students in the +R+M
category can also be displayed graphically as seen in Figure 4 (below) for grades
1,2,3, 6, and 8. The year-to-year shifts in grades 1, 2, and 3 are clearly very
similar, whereas the shifts in grades 6 and 8 are quite different.

!
:

Percantage Change
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Change In the percentage of students
doing extramely well or very poorly

A final way to view student performance on the total test compares the per-
centage of students doing cxtremely well or very poorly in 1981 in contrast to
1984. The tzrms “cxtremely well” and “very poorly” are somewhat vague and
need to be clarified. The basic question involves determining whether the stu-
dents who passed both the reading and mathematics standard (+R+M) in 1984
passed the mathematics standard by as much as did their 1981 counterparts.
Likewise, is is informative to determine whether students who failed to reach
both the reading and mathematics standards (-R-M) in 1984 are any closer to
reaching the mathematics standard than their 1981 courterparts.

The importance of examining the performance of students at the extreme
ends of the achievement scale derives from aconcern that a basic skills program
may focus instructional efforts at the middle range of students. An increase in
the percentage of students reaching grade-level standard could be achieved very
effectively by ignoring both the most capable students who are going to reach
staridard with little help and the very low-ability students who may not reach
the standard even with considerable assistance. An instruc:ional effort with
the:;ie emphases might increase the proportion of students rea. hing grade-level
staiidard, but it would do so at the expense of the most capable students and the
students most in need of assistance. Such an approach is unacceptable, and
statewide test data should be examined to determine if trends reflecting this ap-
proach to instruction are apparent.

The standard crror of measure (S.E.M.) is used to make this determination.
The S.E.M. is a number of points ca a scale that is used to construct a con-
ficence interval around a test score. An interval of plus and minus one S.E.M.
around a score gives a 68 percent confidence interval; #.g., there is a probability
of .68 that a person’s true score falls within the interval. Plus and minus two
S.E.M.s gives a 95 percent confidence interval; e.g., there is a probability of
.95 that a person’s true score falls within the interval.

The use of S.E.M.s to examine student performance on the extreme ends
of the achievement scale can be illustrated by considering six hypothetical stu-
dents. The performance of these hypothetical students is shown in Figure 5 on
the next page. Student A passes the standard by greater than two S.E.M.s, while
Student B passes the standard by greater than one S.E.M., but less than two
S.E.M.s. Both of these students have passed the standard, but Student A has
passed it at a higher level than Student B. Student C also passes the standard,
but does so by less than one S.E.M., performing less well than the other two
students.

On the other side of the standard, consider Students X, Y, and Z, all of
whom fail to make the standard. Student X is less than one S.E.M. below stand-
ard; Student Y is greater than otie, but less than two S.E.M.s below standard;
and Student Z is greater than two S.E.M.s below standard. All three students
have failed to make the standard. However, Student X did not miss the stand-
ard by as much as Student Y, who was closer to making the standard than Stu-
dent Z,

The approach illustrated with these six hypothetical students is used to
determine if the +R+M students in 1984 are passing the mathematics standards
by as much as the 1981 +R+M students and also to determine if the -R-M stu-
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dents in 1984 are any closer to making the mathematics standard than the 1981
-R-M students. The distribution in percentages of students’ scores on the BSAP
mathematics tests according to their distance above or below the standard for
each test is given in Tables 4 through 8, beginning on page 32. Each page dis-
plays the information for one grade, with the score distribution for the 1984,
1983, 1982, and 1981 tests presented from the top to the bottom of the page.
The table for each grade presents the percentage of students in each of five
groups: all students combined and +R+M, +R-M, -R+M, and -R-M students by
year from 1981 to 1984. The distances of the students’ scores from the stand-
ard are expressed in standard errors of measurement (S.E.M.) arranged in the
following order from the top to the bottom of the table for each year:
a) Greater than two S.E.M.s above the standard (abbreviated: GT.2
above).
b) Greater than one and less than two S.E.M.s above the standard (ab-
breviated: GT.1 and LT.2).
c) Scoring at the standard or above it by less than one S.E.M. (ab-
breviated: at or LT.1).
x) Below the standard by less than one S.E.M. (abbreviated: below by
LT.1).
y) Greater than one, but less than two S.E.M.s below the standard (ab-
breviated: GT.1, but LT.2).

z) Greater than two S.E.M.s below the s*andard (abbreviated: GT.2).

The percentage of all students who
passed or failed the standard is listed in
A) more than 2 the middle row for each year. The total
SEMs above number and percentages of students in
standard each group are listed in the last two rows
B) above 1 SEM for each year.
standard by To illustrate the use of these tables,
more than 1 but consider grade 1 for the year 1981 at the
less than2 botiom of Table 4 (p. 32). The total num-
+2 SEMs SEMs ber of first grade students (All Sscolumn)
C) above 1 SEM taking the test is 47,412 as listed on the
standard by less next to last line on the page. There were
than 1 SEM 28,245 students or 59.6 percent of all first
Standard Standard graders in the +R+M group. Of these,
X) below 1 SEM 41.6 percent passed the mathematics
standard by less standard by greater than two (GT.2 .
than 1 SEM above) S.E.M.s, 38.1 percent of the stu-
dents passed by greater than one and less
+2 SEMSs oaiad by 1SEM than two (GT.1 and LT.2) SEM.s, and
more than 1 but 20.4 percent were at or ubove the stand-
less than 2 ard by less than one (LT.1) S EM.
SEMs The corresponding group of students
Z) more than 2 for 1984 is found at the top of Table 4. In
SEMs below 1984, there were 36,304 students or 73.2
percent of all first graders in the +R+M
Figure 5. Wustration of dassficaion of studerts by SEM3 ﬁ;"lgg‘l”&‘;’e"g?ﬁ e
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1984
SEM above or below All Students +R+M R+M +R-M -R-M
2) GT.2 above 382 50.7 12.8
b)GT.1 &LT2 28.6 M9 334
¢)aorLT.1 144 14.4 48.8

Pasg/Fail 81.2/188
x) below by LT.1 44 38.1 154
Y)GT.1 but LT2 6.0 384 278
z) GT.2 below 8.4 2315 56.8
Total 49,572 36,304 3,937 3,364 5.967
Percent of total 100.0 73.2 8.0 6.8 120
1983
SEM above or below All Students +R+M -R+M +R-M -R-M
2) GT.2 above 368 4.6 9.2
b)GT.1 &LT2 27.8 36.8 354
¢)atorLT.1 17.3 18.6 55.3

Pass/Fail 75.9/24.2
x) below by LT.1 5.6 39.0 15.3
Y)GT.1 butLT.2 7.6 39.1 27.6
2) GT.2 below 11.0 219 57.1
Total 46,440 31,207 4,018 3,782 7.436
Percent of total 100.0 67.2 8.7 8.1 16.0
1982
SEM above or below All Students +R+M -R+M +R-M -R-M
3) GT.2 above 16.0 259 4.6
b)GT.1&LT2 316 48.2 345
c¢)atorLT.1 20.1 259 61.1

Pass/Fail 67.7/32.4
x) below by LT.1 6.9 36.2 13.1
y)GT.1 but LT.2 9.6 33.6 24.8
z) GT.2 below 159 252 62.4
Total 46,561 28,076 3,377 5,409 9,652
Percent of total 100.0 60.4 7.3 11.6 20.8
1981
SEM above or below All Students +R+M -R+M +R-M -R-M
a) GT.2 above 255 41.6 9.0
b)GT.1&LT2 25.8 321 359
c¢)atorLT.1 17.0 204 55.1

Pass/Fail 68.3/31.6
x) below by LT.1 6.0 333 12.2
y)GT.1 butLT.2 9.2 38.0 24.6
2) GT.2 below 16.4 28.7 63.2
Total 47,412 28,248 4,190 4,908 10,069
Percent of total 100.0 59.6 8.8 104 212
Table 4. Distribution of studants by group membership on BSPA mathematics. Grade 1
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1984
SEM above or below

All Students

2) GT.2 abnve

b GCT.1&LT2

c)atorLT.l
Pass/Fail

x) below by LT.1

y)GT.1 but LT.2

z) GT.2 below

Total

Percent of total

1983
SEM above or below

40.8
269
14.7
82.4/17.6
4.6
6.2
6.8
42,590
100.0

All Students

a) GT.2 above

b GT.1 &LT.2

c)atorLT.1
Pass/Fail

x) below by LT.1

y)GT.1 butLT.2

z) GT.2 below

Total

Percent of total

1982
SEM above or below

33.6
259
16.5
76.0/24.0
5.6
78
10.6
43,239
100.0

All Students

2) GT.2 above

b)GT.1 &LT2

¢)atorLT.l
Pass/Fail

x) below by LT.1

Y)GT.1 butLT.2

2) GT.2 below

Total

Percent of total

1981
SEM above or below

23.7
23.2
17.6
64.5/35.6
7.0
104
18.2
44,226
100.0

All Students

a) GT.2 above

b)GT.1 &LT2

c)atorLT.1
Pass/Fail

x) below by LT.1

y)GT.1 butLT.2

z) GT.2 below

Total

_Percent of total

274
25.2
169
69.5/30.5
64
9.1
15.0
45,491 24,728 6,865
100.0 544 15.1

Table 5. Distrioution of students by group membership on BSPA mathematics. Grade 2
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1984
SEM above or below All Students +R+M -R+M +R-M -R-M
8) GT.2 above 39.1 54.3 17.8
bGT.I&LT2 19.5 244 26.9
¢) soeLT.1 204 - 21.3 553

Pasg/Full 79.0121.0
x) below by LT.1 8.6 55.6 311
YGT.ItLT.2 56 269 264
z) GT.2 below 6.8 17.5 425
Total 42,840 29,402 4,447 3,554 5437
Percent of total 1000 68.6 104 83 12.7
1983
SEM above or below All Students +R+M ReM +R-M -R-M
2) GT.2 above 365 53.7 19.7
b)CT.1&LT2 17.3 230 24.7
c)atorLTt 20.7 233 55.6

Pass/Fail 74.5125.5
X) below by LT.1 9.9 50.7 289
Y)GT.1butLT.2 6.7 26.7 25.7
2) GT.2 below 9.1 226 454
Total 43,957 28,246 4,465 4,939 6,307
Percent of total 100.0 64.3 10.2 11.2 144
1982
SEM above or below All Students +R+M -R+M +R-M -R-M
2) GT.2 above 26.6 44 13.5
b)GT.1 &LT2 17.1 25.5 23.6
¢)atorLT.l 240 30.1 629

Pass/Fail 67.7/32.3
x) below by LT.1 12.8 54.3 30.5
y) GT.1 but LT.2 9.2 29.1 28.1
2) GT.2 below 10.3 16.6 414
Total 42207 25,555 5,062 5,624 8,966
Percent of total 100.0 56.5 11.2 12.4 18
1981
SEM above or balow All Students +R+M -R+M +R-M -R-M
8) GT.2 above 24.2 439 11.8
b)GT.1 &LT2 15.8 26.1 242
¢)atorLT.l 214 30.0 64.0

Pass/Fail 61.4/38.7
x) below by LT.1 12.1 478 209
y)GT.1 but LT.2 100 28.3 24.5
7) GT.2 below 16.6 239 54.6
Total 45,491 24,728 6,865 3,278 10,620
Percent of total 100.0 52.7 8.7 14.8 23.8
Tabie 8. Distribution of students by group membership on BSPA mathematics. Grade 3
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1984

SEM above or below All Students +R+M R+M +R-M -R-M
2) GT.2 above 29.5 571 17.0
b)GT.1 & LT.2 10.5 18.0 215
c)atorLT.l 169 249 61.5

Pass/Fail 56.9/43.1
x) below by LT.1 i1l 412 169
y) GT.1 but LT.2 104 29.6 213
2) GT.2 below 21,6 29.2 61.8
Total 46,515 23,015 3,433 7,176 12,891
Percent of total 100.0 49.5 74 154 21.7
1983
SEM above or below All Students +R+«M R+M +R-M -R-M
2) GT.2 above 229 45.8 9.4
b)GT.1 & LT.2 16.5 29.5 27.8
c)atorLT.1 171 24.7 62.8

Pass/Fail 56.5/43.6
X) below by LT.1 114 454 18.0
y)GT.1 butLT.2 15.6 38.6 4.7
2) GT.2 below 16.6 16.0 47.3
Total 49,987 24,093 4,117 6,458 15,319
Percent of total 100.0 48.2 8.2 13.0 30.7
1982
SEM above or below All Students +ReM R+M +R-M -R-M
2) GT.2 above 26.6 56.7 16.3
b)GT.1 &LT.2 8.9 17.4 19.2
c)atorLT.1 15.2 259 64.5

Pass/Fail 50.7/49.4
x) below by LT.1 10.8 393 12.6
y)GT.1 butLT.2 10.7 29.0 179
2) GT.2 below 279 31.8 69.5
Total 48,127 21,827 2,526 8,190 15,584
Percent of total 100.0 454 53 17.0 324
1981
SEM above or below All Students +R+M -ReM +R-M -R-M
a) GT.2 above 224 $2.8 15.7
b)GT.1 & LT.2 9.5 19.7 21.7
c)atorLT.1 15.5 27.5 62.7

Pass/Fail 47.4/52.7
x) below by LT.1 10.7 39.7 12.7
y) GT.1 but LT.2 104 28.0 16.5
z) GT.2 below 31.6 323 70.8
Total 46,546 18,764 3278 6,332 17,672
Percent of total 100.0 403 7.0 14.7 38.0

Table 7. Distroution of students by group membership on BSPA matemaics. Grade 6
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1984

SEM abeve of below All Students +R+M R+M +R-M -R-M
2, GT.2 above 23.7 49.8 119
b GT1&LT2 139 25.6 26.9
c)amorlT1 162 24.6 612

Pasy/Fail 53.9/46.1
x) below by LT\1 il7 425 174
Y)GT.1 utLT2 178 410 36.6
2) GT.2 below 17.0 16.5 46.0
Total 47,138 21,530 3,867 6,807 14,931
Percent of total 1000 45.7 8.2 144 31.7
1983
SEM above or below All Students +R+M R+M +R-M -A-M
2) GT.2 above 16.5 433 104
b)GT.1 &LT2 11.3 27.1 24.9
c)atorLT.1 14.3 29.5 64.7

Pase/Fail 42.1/579
x) below by LT.1 115 353 12.0
y)GT.1 butLT2 20.3 423 31.3
z) GT.2 below 26.1 224 56.7
Total 45969 16,368 2,468 9,032 17,601
Percent of total 100.0 36.7 54 19.7 38.2
1982
SEM above or below All Students +R+M -R+M +R-M -R-M
2) GT.2 above 18.2 49.6 134
b)GT.1 &LT2 10.0 24.5 259
¢)atorLT.1 124 259 609

Pass/Fail 40.6/60.4 ,
x) below by LT.1 9.8 324 10.0
y) GT.1 but LT.2 18.3 403 27.0
z) GT.2 below 31.3 27.3 63.0
Total 45,504 16,033 2,452 7,744 19,275
Percent of total 100.0 35.2 54 17.0 424
1981
SEM above or below All Students +R+M R+M +B-M -R-M
2) GT.2 above 239 61.8 219
bGT.1 &LT2 6.9 15.6 19.6
c)atorLT.1 i1.9 25 58.5

Pass/Fail 42.7/57.2
x) below by LT.1 89 328 9.8
YYGT1butLT2 - 10.5 288 14.8
2) GT.2 below 37.8 384 75.3
Total 46,667 17,024 2,901 6,795 19,947
Percent of total 100.0 36.5 6.2 14.6 42.7
Table &, Distribution of students by group membership on BSPA mathematics. Grade 8
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+R+M group, 50.7 percent passed the mathematics standard by greater than
two S.E.M.s. This is an increase of 9.1 percent over 1981. Thus, not only is
there an increase of 13.6 percent in the percentage of students in the +R+M
group from 1981 to 1984, but also within this group, there is an increas: of 9.1
percent of +R+M students who exceed the standard by more than two $.E.M.s.

A similar type of analysis can be conducted for the -R-M grouns for 1981
and 1984. Again regarding first grade students, Table 4 shows thatin 1981 there
were 10,069 or 21.2 percent of all first graders in the -R-M group. In 1984,
there were 5,967 or 12.0 percent in the same group. Thus, there has been a
decrease of 9.2 percent in the number of all students in the -R-M group. In 1981,
63.2 percent of the students in the -R-M group failed the standard by more than
two S.E.M.s, whereas in 1984, only 56.8 percent in this group failed by more
than two S.E.M.s. Thus, not only is there a decrease of 9.2 percent in the per-
centage of students in the -R-M group, but also within this group, there is a
decrease of 6.4 percent in the number of students failing the standard by greater
than two S.EM.s.

A similar analysis can be performed for students in grades 2, 3, 6, and 8,
based on the information in the appropriate tables. A summary of these analyses
is given in Table 9 (below). For each grade, this table shows the change in the
percentage of students in the +R+M group meeting the mathematics standard
by greater than two

S.E.M.s and the change in percentage of students in the -R-M group fail-
ing the standard by greater than two S.E.M.s.

The information in Table 9 indicates that there is an increase in the percent-
age of +R+M students passing the mathematics standard by greater than two
S.E.M.sin grades 1, 2, 3, and 6, but there is a decrease of 12.0 percent in grade
8. In the -R-M group, there is a decrease in the percentage failing the mathe-
matics standard by greater than two S.E.M.s in all grades. The change in the -
R-M group at grade 8 stands out,

with the substantial reduction of -

1981-84 Changeinthe  1981-84 Change in the 29.3 percent in the number failing

Grade

Percentage of +R+M Percentage of -R-M the standard by greater than two

Students Meeting the Students Faliing the S.E.M.s.
Standard by Greater than Standard by Greater than The discussion of student per-
Two SEMs Two SEMs formance at the extreme ends of the
1 +9 64 achievement scale demonstrates
2 +8.5 -9.6 that not only did more students
3 +104 -12.1 reach the reading and mathematics
g *1'42% 29921. standards in 1984 compared to

1981, but that an increased percent-

Table 9. 1981-84 changes in the percentage of students
passing or failing the mathematics standard by greater
than two SEMs

age of 1984 +R+M students sur-
passed the mathematics standard by
more than two S.E.M.s. At the other
end of the scale, fewer students not

only failed to reach both the reading
and mathematics standards in 1984 compared to 1981, but a decreased percent-
age failed by two S.E.M.s. Thus, more students passed, and those who still
failed moved closer to the grade-level standards. In short, the data indicate that
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. students at the extrumes of the achievement scale are not being ignored, since

they continue to show progress in 1984 compared to their 1981 counterparts.

Reanalyses performed at the objective level

As mentioned previously, BSAP mathematics tests are composed of 30
items with 6 items measuring each of § objectives. Except for Probiem Solv-
ing, the five objectives are further divided into subskills: Geometzy has three
subskills, Operations has four subskills, Measurement has five subskills, and
Concepts has seven subskills. Not all subskills are measured at each grade. A
listing of the subskills and the grades at which each is measured is contained
in Figure 2 (page 9).

The original plan for the reanalyses included a description of student
achievement on the five major objectives. The analyses were performed as
planned, but tummed out to be uniformative and, in some cases, misleading.
These problems arose becsuse the subskills within each of the five objectives
differed widely in their difficulty. For example, at grade 1, there are 11 sub-
skills reflected on the test. Among the 11 subskills are Concepts Subskills 1, 2,
3,and 4. Counting (C1) was the easiest subskill for the students, whereas Deter-
mining Place Value (C4) was the most difficult. Identifying Equivalencies (C2)
and Establishing Relationships (C3) tended to be casy, like Cl. Describing
students’ overall performance on these Concepts Objectives is problematic, be-
cause on one subskill studens had their best performance (C1), while on
another subskill students had their worst performance (C4). If student perfor-
mance is averaged over all subskills, the result is misleading. The average
would suggest that Concepts is much easier than C4 actually was and, at the

~ same time, would suggest that Concepts is more difficult than C1 and, to a

lesser degree, C2 and C3.

The resolution of this problem was to recognize that the objectives were
not appropriate units of analysis for providing useful information about student
achievement. They lack the general meaning that performance on the total test
contains and fail to reflect the diversity of subskills that define the objective.
Given the purposes of the study and the intended audience, the analyses of stu-
dent performance at the objective level were determined to be of little use and
were therefore abandoned.

Reanalyses performed at the subskill level

The relationship of subskill and item-level analysis

Reanalyses of student achievement at the subskill level were extremely
useful in identifying spe<ific areas of mathematics in which students appeared
to have deficiencies. Reanalyses at the item level were a valuable follow-up
and supplement to the subskill-level analyses. In describing student deficien-
cies, information from both the subskill- and item-level analyses was corabined
because the information was most useful when considered together. The pro-
cedures for performing the reanalyses at the subskill level are described in this
section, The application of these procedures is illustrated using BSAP data for
grades 1, 3, and 8. Item-level information is incorporated into these examples,
even though the procedures for performing the item-level analyses are not
described until the next section.
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Procedures for subskill analysis

Subskill deficiencies were detected by combining information on in-
dividual items used to assess a subskill from all four years. In this procedure,
the proportion of students answering each item correctly was determined. This
proportion is referred to as the item difficulty. An item difficulty of .20 means
that 20 percent of the students answered the item correctly on the test. Item A,
with a difficulty of .20, is considered harder than Item B, with a difficulty of
.70, because a smaller proportion of students was able to answer Item A cor-
rectly. The second step in the procedure involved combining the item difficul-
ties for all items that assess each subskill from all years and then calculating
the average difficulty of the items on each subskill. The average difficulty of
the items 2n a subskill is the subskill difficulty. A subskill difficulty of .95 would
indicate a very easy subskill since, on average, 95 percent of the students cor-
rectly answered the items assessing that subskill from 1981 to 1984. In con-
trast, a subskill difficulty of .40 would indicate a very difficult subskill since,
on average, 40 percent of the students correctly answered the items assessing
that subskill from 1981 to 1984. Subskill difficulties were calculated for stu-
dents in each of the four groups (+R+M, -R+M, +R-M, and -R-M), for all stu-
dents who did not meet the mathematics standard, and for all students
combined.

The subskill difficulty was used in two ways to detect subskill deficiencies.
First, for students who failed to reach the mathematics standard, the most dif-
ficult subskills were identified at each grade level. These subskills are those on
which children who failed to reach the mathematics standard may need par-
ticular assistance.

The second procedure for detecting subskill deficiencies involved compar-
ing the subskill difficulties of students who passed and students who failed to
pass the mathematics standard. The difference between the subskill difficulties
for students passing and failing the mathematics standard indicates the gap in
learning between the mathematics standard need additional instruction.

To illustrate the use of the subskill discrimination, suppose that the subskill
difficulty based on all students’ meeting the mathematics standard (+R+M and
-R+M) is .87. This means that 87 percent of the students passing the mathe-
matics standard were able to answer correctly items assessing this subskill. Sup-
pose, however, that the subskill difficulty based on all students who failed to
meet the mathematics standard (+R-M anc -R-M) is only .52. The differences
between the subskill difficulties for these two groups is (.87 - .52) = .35, Thus
the discrimination of .35 on this subskill means that 35 percent more students
who met the standard answered these subskill items correctly.

The subskill analysis is presented for grades 1, 3, and 8 to illustrate the use
of these procedures. The information for each of these grades is presented in
narrative form with the supporting data in an accompanying table and graph.
The tables and graphs will be explained in the discussion of Grade 1. Detailed
information from the item-level analysis is integrated into the narrative. The
procedures used for the item-level analysis will be described in the next sec-
tion.

33

e proving Mathematics Curriculum and Instruction




Grade 1 subskill deficiencies

The information for the grade 1 subskill analysis is shown in Table 10
(below) and Figure 6 (opposite). In Table 10, the objective, the subskill num-
ber within objectives, and subskill name are listed on the left. The subskills are
ordered from top to bottom according to their discrinzination indices, The most
discriminating subskills are listed at the top; the least discriminating subskills
are listed at the bottom. In grade 1, the Operations Subskills of Subtraction and
Addition are the most discriminating, followed by the Concepts 4 Subskill,
Determining Place Value. Concepts 1, Counting, is the subskill with the lowest
discrimination index. In Table 10, the subskill discriminations are followed to
the right by the subskill difficulty for each of the four groups. These columns
are labeled “Proportion Answering Correctly by Group.” Listed next is the sub-
skill difficulty based on all students who did not make the standard (+R-M and
-R-M). These difficulties have a ranking from 1 to 11: 1 indicates the most dif-
ficult subskill, and 11 indicates the casiest subskill. Based on this information,
the Subskills Subtraction (02), Addition (O1), and Determining Place Value
(C4) are the three mosi difficult subskills for the students who do not meet the
mathematics standard. Counting (C1) is the easiest subskill. The last column
in Table 10 lists the subskill difficulty based on all students, both those who
did and did not reach the standard.

° The information from Table 10is shown graphically in Figure 6 (opposite),
in which the subskills are ordered from hard to easy, going from left to right.
Location of each subskill from left to right is determined by the subskill dif-
ficulty based on the students who did not make the standard. Thus, Counting

Objective  Subskil  Subskill Neme Discriminetion  Proportion Answering Proportion of Overall
Indext Corractly by Group Those Failing Praportion
(Ofscriminaton Mathematics Answering
Rank?) Answering Comectly
Corroctly (Overall
Relle RMe RES RM (Oitfhculty Ditficulty Rank™)
Rank")
Operations 2 Subtraction (1-62 3551) 883 806 589 .482 S519(1) 7719(2)
digits, no regrouping)
Operations 1 Addition (1-62-digit 3432 983 .866 660 .541 582(3) 834(3)
addends, no
regrouping)
Concepts 4 vDetanﬁmn;d ing Place 254(3) 798 693 570 .512 532(2) 720(1)
us
Problem Solving -  No Subskills Listed 23%(4) 974 950 .19 .699 732(5) 908 (6)
Messuremens 1  Identifying Units of 23%8) 924 853 .741 .646 679 (4) 852(4
Measurement
Concepts 2 Identifying .20%6) 985 30 89 .101 770(8) 923(9)
Equivalencies
Meswwemens 3 gmmm; 18%8) 969 943 858 .745 785 (9) 918(8)
s
Geometry 1  Identificaton .165(9) 938 901 .794 75§ 769 (T 891 (5)
Concepte 3 Esublishing JI1K10) 977 969 .898 .842 861 (10) 947 (10)
Relationships
Concepe 1 Counting 07611) 980 977 939 .88 904 (1) 959(11)
*1 » most discriminating "1 x most ficul
Table 10. Subskill analysis for grade 1, subskills ranked from most to least 34
liely to ditferentiate those passing from those failing mathematics
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Figure 6. Plot of subskill discrimination by ditficulty for grade 1

(C1) is just above the 90 percent point on the right, because the subskill has a
difficulty of .904 for the students who do not make the standard (see Table 10).
Subtraction (O2) is positioned over the 52 percent, because it has a subskill dif-
ficulty of .519 for the students who do not make the standard (se¢ Table 10).
The other subskills are likewise located along the line according to their dif-
ficulty, from left to right, for the students who did not reach the standard.

The position of the subskills from the bottom to the top of the figure also
reflects information about the subskill. The vertical position of each subskill is
based on its discrimination index. The higher on the page a subskill is located,
the more highly it discriminates between the students who make the standard
and those who do not. For example, Subtraction (O2) is the most discriminat-
ing subskill with a discrimination of .335 (see Table 10); therefore, it is the
highest on the page of any of the subskills. This discrimination means that 35.5
percent more students who meet the standard answered the subtraction items
correctly than did the students who did not meet the standard. Counting (C1),
on the other hand, is the least discriminating subskill (.076); hence, it is located
at the bottom of the page.

Figure 6 is very useful in identifying subskills for which students who do
not make the grade level standard may necd assistance. Subtraction (O2), Ad-
dition (O1), and Place Value (C4) stand out as the most difficult and most dis-
criminating subskills. Each of these subskills was examined in close detail. The
students who failed to make the mathematics standard did not have difficulty
with basic subtraction facts involving 1-diy.. numbers less than 10. However,
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these students did have difficulty with basic facts involving numbers between
10 and 20 and with subtraction of a 1- or 2-digit number from a 2-digit num-
ber. No regrouping was required in grade 1 subtraction problems.

In the addition operation, the students who did not meet the standard had
difficulty with addition of a 2-digit number with a 1- or 2-digit number. They
did slightly better when adding three 1-digit numbers, although the horizontal
format for such problems created some difficulties. Predictably, students
generally did better on addition than subtraction.

Concepts Subskill 4, Determining Place Value, was a difficult and dis-
criminating subskill. Students were reasonably capable when the item required
going from the expanded form to a number, for example, “Which numberbelow -
is the same as 2 tens and 7 ones?” Students had far more difficulty when given
the number 27 and asked to identify the number in the tens place. This format
was a difficult type of item for all students.

The subskills for Counting (C1) and Establishing Relationships (C3),
which involved counting and matching sets, were the easiest and least dis-
criminating subskills.

Objective Subskilit  Subskill Name Discrimination  Proportion Answering Proportion of Oversll
index Correctly by Group Those Falling Proportion
(Olscrimination Mathematics Answering
Rank*) Answering Correctly
(Crversll
Rl oM JRM AW (Difficulty Difficuity Rank*)
Rank™)
Operations 4 ll)ivixiou(zdi;itby 403(1) 781 657 3836 343 360(2) 646 (2)
digit)
Concepts 1 Counting 344(2) 911 825 611 517 554 (8) 802 (11)
ProblemSolving -  No Subskills Listed 3423) 864 718 528 497 S10(5) as1(n
3 2 Subtaction (3 digits, 339(4) 844 757 537 464 493 (4) 129 (4)
regroup, fractions)
Mesurement 4  Operations and 338(5) 783 689 464 412 4320) £71Q3)
Conversions
Operations 3  Multiplication(1x 3 318(6) 888 822 615 525 S6109) J781(10)
digits, regrouping)
Concepts 4 medu ining Place 312(7) 877 788 .608 515 S52(7) .768 (9)
Operations 1  Addidon (3 digits, .296(8) 8285 766 560 .491 3520 (6) 733(6)
regrouping, fractions)
Concepts 3 Estblishing 21509) A71 337 .152 195 178 (10) 385(1)
Relationships
Messwement 2 Estimation 21(10) 806 764 596 550 369 (10) 132(9)
Conceptc 2 Ideniifying 24(11) 900 816 . 732 619 664 (12) 819(12)
Equivalencies
Maesurement 3 g:viuh.Mm 204(12) 96 912 T3 M2 J37(13) 886 (14)
Mesuremens 1  Identifying Units of J7%13) 980 924 886 .7130 792 (16) 917(16)
Messurement
Geomeny 1  Identification .165(14) 820 788 .661 .644 651 (11) J767(8)
Concepts s l::m:;‘rabha J4K(15) 929 909 823 746 J17(14) 882(19)
Geomeny 2  Labeling J4216) 929 908 813 768 784 (15) 484 (13)
*1 = most diecriminating *1 = most éifloult
Table 11, Subskill analysis for grade 3, subskills ranked from most to least
Ikely o diferentiate those passing from thosa failing mathematics 36
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Figure 7. Plot ot subskill discrimination by difficulty for grade 3

Grade 3 subskill deficiencies.

Information pertaining to the analysis of grade 3 subskill deficiencies is
given in Table 11 (opposite) and Figure 7 (above). In Figure 7, two subskills
stand out draruatically. These subskills are Establishing Relationships (C3) and
Division (04). Subskills M4, Operations and Conversions, and (02), Subtrac-
tion, also fall below the 50 percent difficulty point for the students who did not
meet the grade-level standard. Before discussing these particular subskills, it is
useful to note that, in general, the grade 3 subskills are more difficult and dis-
criminating than the grade 1 subskills.

At grade 3, Establishing Relationships (C3) requires students to identify a
true ststement of the form “4 + 2 5.” The problems involve evaluating an ine-
quality after performing an arithmetic operation. The students clearly do not
know how to do these items.

Division problems (O4) appear on the BSAP tests for the first time in Grade
3. Students can do problems involving basic division facts, but have difficulty
in dividing a 2-digit number by a 1-digit number.

Measurement Subskill 4 involves operations and conversions of measure-
ment units within the same system and type of measure. This subskill includes
units of money, time, and length. These items are relatively difficult for all stu-
dents. The conversion of meters to centimeters is particularly difficult and dis-
criminating.

Subtraction (O2) continues to be a problem at grade 3, as it had been in
grade 1 (and grade 2). The students, even those who do not make the mathe-
matics standard, can do subtraction of 1-, 2-, and 3-digit numbers if regroup-
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Objective  Subekit  Subekil Neme wmm Pmpodon"lnmu:dm 'fopormd Overall
Correctly P Those Falling Proportion
(Discrimination Mathematics Answering
Rank?) Answering Correctly |
Mol Rl AN A (%lum"m m(mam ;
*
Renk™}
Messurwnent 4  Oparations and AT%(1) 695 50 242 UM 198 (4) A18(%)
Conversions
Concepts 3 Establishing A59(2) 621 58 253 187 185Q2) 385(4)
Relationships
Concepts S  Interpreting Tables 4120) 762 575 408 290 34 308 (10.5)
and Graphs
Operations 4  Division (mixed 408(4) £92 565 306 250 266 (5) 451 (6)
numbers, fractions,
percents)
Messurement S5 Scale Drawings 408(S) 817 7120 516 348 396 (14) 579(14)
Messurement 3 Using Measuring 378(62) 726 666 380 32 339(10) 508 (10.5)
Concepts 4  Detarmining Place k¥rlv) a2 M2 439 362 386 (13) 562(13)
Value
Operations 1 Addition (mixed 373(8) 856 162 535 441 49 (17) 639(17)
numoers, decimals,
integers, regrouping)
Operations 3 Multiplication 36309) 828 152 512 430 AS5(16) 618 (16)
(mixed numbers,
percents)
Operations 2 Subwaction (mixed 360(10) 813 728 493 418 441 (19) 598 (15)
numbers, decimals,
integers, regrouping)
Concepts 2 Identifying 356(11) 558 405 202 .M 181(1) 3412
Equivalencies
Problem Solving -  No Subskills Listed 348(12) 705 570 399 311 338(8) A92(9)
Geometry
Identification 1 344(13) 720 599 438 3u 359(12) 512(12)
Messurement 1 Identifying Units of 328(14) 683 563 407 313 33909) 482(8)
Messurement
Geometry 2 i 278(15) 632 568 382 39 345(11) 469 ()
Geomaetry 3 Application 268(16) 480 378 225 .188 197 (3) 318(1)
Messurement 2 Estimation A33(17) 459 431 301 329 32 (6) 383 3)
*1 = most discriminating *1 = most difficul
Table 12, Subskill analysis for grade 8, subskilis ranked from most to least
likely to differentiate those passing from those failing mathematics
ing is not involved. However, subtraction problems involving regrouping are
very difficult for the low-scoring students.
Grade 8 subskill deficiencies

The five BSAP mathematics objectives contain 17 subskiils assessed at
grade 8. Information describing student performance on these subskills is
shown in Table 12 (above) and Figure 8 (opposite).

As the discussion of students’ overall performance would suggest, eighth
grade students have found the BSAP subskills rather difficult. At grade 8, the
easiest subskill for all students was Addition (O1) with an overall difficulty of
.639. In contrast, at grade 1, the hardest subskill was Determining Place Value
(C4), with an overall difficulty of .72. First graders, therefore, were doing bet-
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ter on their most difficult subskill than eighth graders were doing on their easiest
subskill. Clearly, the subskills are getting more dift.cult for students as they

progress through the grades.

The eighth grade students who do not make the mathematics standard are
clearly struggling. The easiest subskill for these students is Addition (O1),
which has adifficulty of .469. Addition in the eighth grade involves mixed num-
bers, decimals, integers, and regrouping. Or the other end of the scale there are
five subskills that are so difficult for the students who do not reach the mathe-
matics standard that thzy are operating at less than a chance level. These are,
in order of discrimination, Operations and Conversions (M4), Establishing
Relationships (C3), Division (04), Identifying Equivalencies (C2), and

Geometry Applications (G3).

Measurement Subskill 4, Operations and Conversions, requires multiplica-
tion or subtractio» with regrouping to convert one unit of measure to another
(e.g., calculating the number of inches in 3 feet). M4 problems involving time
as the unit of measurement were especially difficult.

Establishing Relationships (C3) requires students to compare fractions with
different denominators and to determine which fraction is smallest or largest.
The students’ incorrect responses suggest that they were comparing numerator
to numerator and denominator to denominator and were not using a common
denominator to make the comparison.

Division (04) problems include decimals, mixed numbers, proper frac-
tions, and percentages. Students found probleins that asked them to determine
what percentage one number was of another number especially difficult. This
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type of item is & multistep problem requiring division and conversion to per-
centage.

Identifying Equivalencies (C2) involves problems with decimals, ratios,
proportions, and percentages. Students had particular difficulty converting
mixed numbers to percentages. Few students did well on these problems; stu-
dents who did not make the mathematics standard were performing well below
chance cn these items. The +R-M and -R-M students had serious difficulty with
all the items assessing the C2 subskill.

Geometry Applications (G3) requires students to calculate perimete, area,
and volume. Areas of triangles, parallelograms, and circles were particularly
difficult for all students, with item difficulties below the chance level
Geometry Applications was the most difficult subskill for all cighth graders as
a group, with a subskill difficulty of .318.

Three other subskills are notable because of their discrimination values.
Interpreting Tables and Graphs (C5) and Scale Drawinyy (MS) are highly dis-
criminating, whereas Estimating (MS) is conspicuous in its low discrimination
power. Tables and Graphs (CS) problems requiring students to determine the
percentage of a total figure represented by a shaded area are clearly more dif-
ficult than other types of problems measuring the same subskill. Estimation
from scale drawings is a relatively easy subskill, which sharply differentiates
those who meet the mathematics standard from those who do not. Problems in-
volving meters are more difficult than problems involving miles. Measurement
Subskill 2 involves estimation of area and volume. For all students combined,
itis the third most difficult subskill; for the students who do not make the math-
ematics standard, it is the sixth most difficult subskill. The -R-M students ac-
tually do better on this subskill than the +R-M students. One possible
explanation for the low discrimination power of this subskill is that the lower-
achieving students may be using estimation procedures to solve the problcms,
whereas the more able students may actuzlly be trying to calculate the exact
answers. The calculating procedure may be a more difficult way to solve the
problcms than the estimation procedure.

Reanalyses at the item level '

Reanalysis at the item level provides highly specific information about the
characteristics of items that students find particularly difficult. The item-level
analysis is generally performed separately for each subskill. Information from
the item-level analyscs has already been presen..d in the examp!les of subskill-
level analyses for grades 1, 3, and 8. Procedures for the item-level analyses are
very straightforward and basically involve two components. The first is the
presentation of basic descriptive information for each iiem with.n a subskill
The second component involves studying the actual test items in conjunction
with the basic descriptive information.

An example of the basic-item information for three hypothetical items is
contained in Tabic 13 (opposite). The first level of information contains the
name of the item, the overall item difficulty, the item difficulty for students not
reaching grade-level standard, the item discrimination, and the item difficulty
for the four categories of students. The second level of information is the
proportion of students in each category who select each option. In 2ctual prac-
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ltem Overall tem Difficutty for Hom tem Difficulty for Students
Ditficulties Studen's Not Discrimination in the 4 Categories

Reaching

Standards +ReM  -ReM  +RM R-M
cn 89 31 46 N 94 33 49
Cia g 38 A3 83 67 40 37
C342 55 36 25 63 S5 37 38

Proportion Selecting Each Option by Group

+R+M R+M +R-M -R-M

Ttem A B C A B C A B C A B C
Item 1 (C) 02 03 95 03 03 94 2 25 53 4 27 49
Tiem 2 (A) 83 .10 07 66 20 .14 40 36 U4 36 38 .26
Item 3 (C) 23 M4 6 26 .19 55 38 2§ 37 S5 .10 .35
Table 13. Hypothetical item analysis for three option muttiple choice items

tice, the table might also inciude a brief one-line description of the skili the item
is measuring.

The data indicate that the three items vary in difficulty. Item 1 is easiest,
Item 2 is of modest difficulty, and Item 3 is the most difficult. If item descrip-
tors were attached to the items, the nature of the hard and easy items would be
apparent.

The difficulties cf items 2 and 3 for the students who do not reach grade-
level standard are .38 and .36 respectively. Since there are three options per
item ~ difficulty of .33 is expected by chance if studerts simply fill in their
answer sheets randomly. Thus, students who do nox reach grade-level standard
have achievement on Items 2 and 3 that is barely better than chance perfor-
mance. Performance that is close to the chance level is important to note be-
cavse it may indicate an absence of instruction.

Items 1 and 2 discriminate sharply between those who do and do not reach
grade-level standard. Item 3 also discriminates in the appropriate direction, but
to a lesser degree.

‘The proportion of students in the four categories who select each option is
revealing. For Item 1, most students in all four groups select the correct answer.
Options A and B, wrong answers, are chosen equally often. For Item 2, Option
A is the correct answer. Option B, however, is a popular incorrect answer. In
the -R-M group, more students pick Option B than pick the correct answer. For
item 3, the correct answer is Option C. Option A, however, is chosen frequent-
ly by all types of students. The +R-M students select Option A more often than
they pick the correct answer. This paitern is even stronger for the -R-M stu-
dents. Fifty-five percent of the -R-M students select Option A, which is incor-
rect, while on! 5 percent select the correct answer (Option C).

The tendency of students who do not reach grade-leve! standard to pick a
particular wrong answer is highly informative. In such situa..ons, the test item
and options should be studied very carefully. The situation illustrated by Item
3 suggests that students arc making a type of error that is reflected in Option
A. An analysis of Option A can provide a very specific description of a par-
ticular student deficiency. An examalclof this type of item is illustrated by the
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situation found in grade 8 with the Concepts Objective, Subskill 3, Establish-
ing Relationships. In this subskill, students must identify the largest fraction
from a particular set of fractions. For example, imagine that the options were
A) 50/100, B) 20/50 and C) 6/10. The choice of Option A by the students who
do not reach grade-level standard suggests that students are merely comparing
the numerators to the numerators and the denominators to the denominatc rs.
Since 50 is greater than 20 or 6 and since 100 is greater than 50 or 10, students
vonclude that 50/100 is the largest fraction. This type of interpretation is some-
what speculative, rather than definitive, Nonetheless, it is highly likely that the
students who do not reach grade-level standard and pick Option A are not com-
paring the fractions using a comme=: denominator.

The preceding discussion of item-leve!, analysis was designed to illustrate
the two major components involved in examining specific test items, the first
of which is the presentation of basic dzscriptive information. The major task
for this activity is formatting computer outputin convenient, readable, and well-
organized tables and charts (e.g., Table 13). The second component of the item-
level analysis involves the careful study of each item in conjunction with the
basic descripive information. This type of analysis requires expertise in math-
ematics and, especially, mathematics education. Teachers and other mathe-
matics educators are well qualified to perform this content analysis.

As a final note, it is important to recognize that item-level analysis as it is
described in the context of reanalyzing statewide test data is not the same as
item analysis in the context of test development and measurement in general.
Item analysis in the more general measurement sense is a set of procedures used
to examine test items to determine whether they should be discarded, revised,
or used on an operational test form. Item-level adnalysis in the context of
reanalyzing statewide test data is a set of procedures used to extract as much
information as possible about students based on their item responses.

Summary of the procedures for reanalyses

The reanalyses described in this section were designed to examine student
achievement at the level of total test scores, objectives, subskills, and items.
The purposes of the reanalyses, the intended audiences, and the structure of the
tests involved will greatly influence which analyses would be useful and infor-
mative. The reanalyses performed in the South Carolina study will not neces-
sarily be useful, informative, or even appropriate in all situations, and they
should notbe considered as a definitive list of reanalysis procedures. The South
Carolina reanalysis procedures are described to illustrate some of the major
types of reanalysis that can be employed and to illustrate the issues involved in
choosing and interpreting the various reanalysis procedures.

The reanalysis procedures that have been described involve calculating
means for item and subskill difficulties, taking the differences between means
to get item an¢’ subskill discriminations, sorting the data into various groups,
and preparing a variety of tables and charts. These are obviously not technical-
ly complicated procedures, and they can be easily carried out on a variety of
microcomputers using a wide range of currently available software.
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PROCEDURES FOR INTERPRETING
REANALYSIS RESULTS IN TERMS OF FACTORS
THAT AFFECT ACHIEVEMENT

Interpretation procedures

The major purposes of the reanalyses were to describe general trends in
students’ mathematics achievement, to identify specific areas of mathematics
in which students had deficiencies, and to identify changes in curriculum, in-
struction, and teacher training that would improve student achievement in the
deficiency areas. The reanalysis procedures illustrated in the preceding section
can be used to describe general trends in student achievement and to iclentify
areas of student deficiencies. The reanalysis procedure, of course, cannot
provide information about changes in curriculum, instruction, and teacher train-
ing that would improve achievement in the deficiency areas. The relevant in-
formation from any reanalysis must be translated or interpreted in order to
determine how curriculum, instruction, and teacher training can be best
modified to improve student learning.

Researchers who conduct studies are traditionally the people who interpret
the research results and make recommendations implied by the interpretation.
This approach was not used in the South Carolina project. Rather, a Project
Study Group composed of experienced mathematics educators was assembled
to interpret the results of the reanalysis and to make recommendations. The use
of such a group was extremely valuable since a major purpose of the project
was to formulate recommendations for modification in the areas of curriculum,
instruction, and teacher training. Members of the project study group were very
well qualified to offer such recommendations. In addition, these mathematics
educators were able to offer interpretations and recommendations that were
helpful and meaningful to other mathematics educators. Research specialists,
on the other hand, are not necessarily expert in mathematics curriculum, in-
struction, and teacher training. In addition, researchers are generally trained to
present research results in a way that is meaningful to other researchers but not
necessarily to practical-minded educators. The role of teachers and other
educators as the interpreters of data analysis differs from the traditional research
perspective, which generally views educators as consumers of completed re-
search conducted and interpreted by researchers.

The project study group

The project study group was composed of 37 educators carefully chosen
to represent all levels of mathematics education and all areas of the state. The
group included elementary, middle, and high school teachers; Chapter 1 coor-
dinators; district mathematics coordinators; assistant superintendents; superin-
tendents; faculty from teacher training institutions; staff from the State
Department of Education; and members of the research team. The group was
selected to be representative of other demographic characteristics, such as
gender and race.
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All members of the project study group received a copy of the project report
through the section describing the results of the reanalysis. They were asked to
read and study the report for several weeks and to note any comments, sugges-
tions, or recommendations that occurred to them as they examined the results
of the reanalysis, incorporating insights based on their own experiences into
their comments about the reanalysis results.

The study group gathered for a one-day meeting. After a general presenta-
tioz: in which the reanalysis results were reviewed and questions were answered,
the participants were divided into 3 groups of approximately 12 people. The
work of these groups was coordinated by a member of the research team, and
each group was asked to respond to five tasks.! These tasks were to:

1) Identify useful BSAP information.

2) Identify effective ways to report BSAP information.

3) Identify strategies, procedures, and materials to support the mathe-
matics curriculum,

4) Identify strategies, procedures, and materiais to support mathematics
instruction.

3) Identfy strategies, procedures, and aterials to support teachers.

Tasks 1 and 2 deal with the information component of the Conceptual
Model (Figure 1, page 3). Tasks 3, 4, and § deal with factors that affect achieve-
meat.

The activities of each group were organized around a worksheet for each
of the five tasks. The worksheets are shown in the Appendix. The worksheet
for Task 3 dealing with curriculum is shown on the next page.

A five-step procedure organized around tiie worksheets was used by the
groups in responding to cach of the five tasks. - a¢ procedure will be illustrated
using the trd task, dealing with curriculum, as an example. In Step 1, each
member of the committee listed three to five ways to modify or support math-
ematics curriculum to facilitate student achicvement. In Step 2, after all mem-
bers had written their Step 1 suggestions on the worksheets, the group
coordinator asked each person to read his or her suggestions, and the sugges-
tions were written on a chart so that everyone could see them. Repetitious sug-
gestions were not listed. The process continued until everyone had participated
and all unique suggestions had been listed. All suggestions were numbered on
the chast. In Step 3, people selected or voted for the three suggestions on the
list that they thought would be most useful for supporting mathematics cur-
riculum. The number corresponding to each choice was written at the boitom
of the worksheets. In Step 4, the worksheets were collected, the votes tallied,
and the suggestions for curriculum development were listed in the order of their
popularity. In Step 5, the recommendations obtained in Steps 1 through 4 from
all three groups were combined and organized under a set of major headings.

Using this procedure, the study group had seven major recommendations
dealing with curriculum. These were: .

(1)  Thesetasks and the worksheets used to guide the efforts of the Project Group in responding to
the tasks were developed by Dr. Jeanne Miyasaka, South Caroling Department of Education.
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Name

BSAP Mathematics Project Meeting
February 15, 1985

Task 3: Identifying Strategies, Procedures and Materials to Support the
Mathematics Curriculum

The study considered certain aspects of the curriculum and curricular
materials that may be related to students’ BSAP performance.

A. Based on the results of the study and your own experience list three (3)
to five (5) ways to modify or support the mathematics curriculum to
facilitate students’ achievement.

l‘

2.

3

4‘

S.

B. Select three (3) ideas from the study group list that you think would be
the most useful for supporting the mathematics curriculum. Write the cor-
responding numbers of the ideas in the spaces below.

Figure 9. Worksheet for Task 3

(1) Identify supplementary materials related to BSAP curriculum and
instruction.

(2) Provide a list of cross-references that shows the connections among
BS AP subskills, BSAP itern types, Teaching and Testing Our Basic
Skills, state-adopted textbooks, and supplementary curriculum
materials,

(3) Organize or facilitate the organization of a centralized clearin-
ghouse for BSAP-related materials dealing with curriculum, instruc-
tion, and diagnostic tests.

(4) Develop and provide nonsecured diagnostic tests assessing BSAP
subskills. Organize the diagnostic tests by objectives over the
grades.

(5) Review and consider restructuring BSAP objectives with respect to
a more broadly defined mathematics curriculum and other instruc-
tionally related issues.

(6) Review and consider revising Teaching and Testing Our Basic
Skills.

(7) Review and consider revising BSAP item specifications.
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Teaching and Testing Our Basic Skills, referenced in these recommenda-
tions, is a curricuium/test guide prepared by the South Carolina Department of
Education to explain the basic skills program to teachers. The processillustrated
for Task 3 dealing with curriculum was also used to formulate recommenda-
tiors for instruction, teacher training, and reporting 5SAP information,

The recommendations of the project study group obtained through the five-
step procedure were incorporated in the project’s final report. The recommen-
daﬁomwemnmuseduthebuis!«fumﬂaﬁn;aﬁndmndaﬁonby
the researcher, but constituted the final recommendations themselves. Thus, in
effect, the project study 2 oup composed of mathematics educators wrote the
final reccommendations based on the reanalysis. The researchers served as
- facilitators in the process of formulating and organizing the group’s recommen-
dations, but the researchers did not edit or modify the substance of the recom-
mendations made by the mathematics educators. .

The involvement of teachiers and other educators as the interpreters of the
reanalysis is seen as a special feature of the project. Ithad several major benefits.
First, the interpretation of the data analysis and the recommendations based on
the interpretations tumned out to be very practical and useful. Second, teachers
and other educators who have read or heard reports from the study secmto have
viewed the study as being especially useful since the interpretations and recom-
mendations seem relevant to practical problems they have encountered. Third,
the educators were able to incoporate their own experiences and insights into
cheir recommendations and were not limited to test data alone. Lastly, the com-
mon gap between educational research and educational practice was narrowed
by this study since school-based educators were involved directly in interpret-
ing university-based research that was designed to have practical implications.
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Introduction

PROJECT OUTCOMES

The South Carolina project had a wide range of outcomes including a
variety of dissemination activities and the development of curriculum and in-
structional materials for statewide use. The dissemination activities were ex-
tremely important in helping to gather support for the recommendations of the
project study group. The curriculum and instructional materials developed in
response to the study group’s recommendations are currently being used in
South Carolina, and evaluation studies designed to assess the impact of these
materials are currently underway.

Dissemination activities

The results of the reanalyses and the recommendations of the project study
group were disseminated across the state through written materials, oral presen-
tations, and television broadcasts. The written materials included the project
final report (108 pages), the Executive Summary (22 pages), and a set of notes
that abstracts the Executive Summary (4 pages). All district superintendents
and curriculum or mathematics coordinators received a set of all three docu-
ments. In addition, every principal in the state (approximately 1,200) received
the Executive Summary and the abstract. Copies of the Executive Summary
were sent to a variety of professional organizations in the state, including the
Association of Mathematics Supervisors and the Association of Teachers of
Mathematics.

More than 15 oral presentations conceming the project were made around
the state to a variety of interested groups. These presentations were organized
by the State Department of Education, different professional organizations,
various policy groups, individual school districts, and school districts working
together. The Executive Summary was the basis for these presentations. Em-
phasis was given to evidence of major progress at all grades and the identifica-
tion of specific areas of mathematics on which students were still having
difficulty. The recommendations of the project study group were presented and
described in detail. The presentation also demonstrated how teachers could re-
late areas of deficiency (e.g., Concepts, Subskill 3) to the BSAP curriculum
guide Teaching and Testing Our Basic Skills. The purpose of the demonstration
was to show teachers how they could obtain clarification of the deficiency areas.

A major dissemination device was a television production, which described
the study, the major results, and the recommendations of the project study
group. An announcement of the broadcast was seat to every principal in the
state along with the Executive Summary and the abstract of the summary. This
abstract contained the major tables and charts used in the broadcast along with
a listing of the project study group’s recommendations. These “TV Notes™ were
designed to minimize the need for teachers to make copious notes during the
broadcast. The original telecast occurred in August, the week before school
began, when schools were providing in-service workshops for teachers. The
telecast was broadcast to be used as the basis for an in-service program or to be
videotaped for use in a future in-service program. The production was also
broadcast on six later occasions.

47

ics Curriculum and Instruction ' 37




The dissemination activities were a crucial component of the reanalysis
project because the purpose of the project was to bring about changes in cur-
riculum, instruction, and teacher training. The disseminatiot. procedures were
designed to achieve this purpose. The traditional academic approach of publish-
ing the results in various journals was not viewed as cspecially useful since it
would introduce considerable delay in disseminating results without necessari-
ly communicating them to the intended audience. The extensive use of oral
preseatations in the schools, at various regional meetings, and at meetings of
appropriate pclicy and professional groups was very effective in deliveriag the
information to the people who could initiate the needed changes. The television
broadcasts to the schools also appear to have been very effective in delivering
the reanalysis information and recommendations to educators who could act
upon them.

Expericace with the South Carolina project indicates chat the dissemina-
tion procedures shouid be given as much attention and support as the reanalysis
activities themselves. The value of the project is not in merely identifying stu-
dent deficiencies, butin encouraging and enabling educators to zespond in ways
that can correct the problems. To do this, educators in the schools need to have
the descriptions of the studentdeficiencies. The recommendations of the project
study group were also extremely helpful to educators around the state.

Examples of project outcomes

The project’s written materials, oral presentations, and television broad-
casts all contained a strong message urging educators in schools, school dis-
tricts, the State Department of Education, and all teacher training institutions
to study the report and to use the recommendations of the project study group
to:

1) Specify priorities from among the recommendations.

2) Specify procedures for responding to the recommendations given

priority.

3) Specify a schedule for implementing procedures responsive to the

recommendations.

4) Consider procedures for documenting, evaluating, and sharing infor-

mation about these implementation activities.

It is, nonetheless, very difficult to assess all the outcomes of the project,
since no systematic survey of school and school districts’ activities has been
conducted. At the state level, however, there have been four specific outcomes
that represent the responses of the State Department of Education to the recom-
mendations of the project study group. First, the annual report of BSAP test
results has been changed to include a “right-response summary.” In this sum-
mary, cach item on the test is identified in terms of the specific subskill it is
designed to measure. Then, for each item, the proportion of students in the
3chool, the school districts, and the state who answered the item correctly is
reported. Differences between the school and school district and between the
district and state proportions are also reported. The previous reporting proce-
dures provided information about students at the objective level. The objective
could contain several subskills, and students’ performance was reported simp-
ly as adequate or deficient at the objective level. The change in reporting has
been very useful to teachers and other educators in identifying specific weak-
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nesses of students in their school or school district. This change was specifical-
ly recommended by the project study group and resembles the type of analysis
conducted as part of the project.

The second major response of the State Deparunent of Education has been |
the publication of a set of curriculum materials entitled Planning for Improve-
ment in Basic Skills Mathematics. Three sets of materials have been produced:
Grades 2-4, Grades 5-7, and Grades 7-9. The materials focus on the five sub-
skills that the reanalyses indicated were the most problematic for students who
did notreach grade-level standard at grades 3, 5, and 8. Each subskill considered
in these materials is examined in considerable detail; the nature of the deficien-
cy is described, along with & summary of the reanalysis resulis. The descrip-
tion of instructional implications includes a listing of instructional strategies,
teaching activities, teaching materials (which can be copied from the publica-
tion), and teaching games. Annotated references to other materials, videotapes,
computer software, and published written materials that could be used to
provide remediation of the deficiency are also provided.

A third major response of the State Department of Education to the recom-
mendations of the project study group has been the development of an instruc-
tional television series that demonstrates effective teaching strategies for
remediation of deficieacies in the subskills identified in Planning for Improve-
ment in Busic Skills Mathematics. There are 24 lessons for grade 3, 15 lessons
for grade 6, and 14 lessons for grade 8. A Teacher Guide has be n prepared to
accompany this series. The units in the series provide an overview of the sub-
skills, general and specific guidelines for teaching the subskills, and models of
some specific teaching strategies.

The fourth State Department activity that evolved from the project is the
reanalysis of the student BSAP reading achievement from 1981 to 1985. The
procedure described for the mathematics project was employed, with minor
modifications, in the reading study.
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SUMMARY AND DISCUSSION

he purpose of this publication is to describe the South Carolina Project

as a model for other educators interested in taking full advantage of test

data that have already been collected. The project was organized around
the conceptual model shown in Figure 1 (page 3). The starting point in the Con-
ceptual Model is student achievement. Information about student achievement
can be obtained by using the reanalysis procedures employed in the South
Carolina project. These procedures are designed to supply information about
different types of students (e.g., +R+M, +R-M, -R+M, -R-M) in terms of dif-
ferent levels of performance (e.g., total test scores and performance at the ob-
jective, subskill, and item level).

The information about student achievement obtained from the reanalysis
then needs to be interpizted and disseminated. The interpretation and dissemi-
nation steps are shown in the Conceptual Model and have been described in
some detail. The interpretation of the reanalysis information focuses on factors
that affect achievement, such as curriculum, instruction, and teachers’ preser-
vice and in-service training. Dissemination is directed toward mathematics
educators who can help bring about the changes in these areas that will improve
student achievement. A number of project outcomes at the state level aealing
with reporting achievement information, curriculum, and instruction have been
described. These and similar activities at the school and school district level are
designed to have a positive impact on student achievement. Student achieve-
ment is thus both the starting point and the ending point in the diagnosis and
prescription cycle.

As mentioned in the Introduction, the South Carolina Project should not be
copied directly in the reanalysis of school, school district, or statewide test data.
Rather, educators in these settings should use the South Carolina experiences
as a starting point and modify the process to meet the needs of their own situa-
tion. In this process, the active involvement of local educators in all phases of
the project is essential. It is not merely a “good idea” to involve mathematics
educators, it is essential to the success of the project. The reanalysis of test data
is not the purpose or end product of the project. The end product is changes in
curriculum, instruction, and teacher training that will have a positive impact on
student achievement, especially in those areas where reanalysis shows students
to be deficient. Experts in measurement and statistics can help reanalyze test
data. The experience and expertise of mathematics educators, however, is
needed to translate or interpret the reanalysis results into curriculum, instruc-
tion, and teacher training activities. In the final analysis, the South Carolina
Project is primarily concemed with curriculum, instruction, and teacher train-
ing, not with the reanalysis of test data.
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Worksheets used by the project study group

February 15, 1985
Task 1: 1dentifying Useful BSAP Informativn

BSAP subskills.

three types of information.
(1) Information about the four groups.

Name

BSAP Mathematics Project Meeting

The project has examined BSAP test data in an effort to provide informa-
tion that might be helpful in developing curriculum materials and in plan-
ning instructional strategies. Three types of information are described in

the report. These are: (1) information about BSAP scores for students in

cach of four groups, depending on their Mathematics and Reading scores,
(2) information about how close or how far students were from the mathe-
matics standards, and (3) information about students’ performance on

Please comment briefly in the space previded on the usefulness of these

ard.

(2) Information about how close or how far students were from the stand-

Information about subskill performance.

mation you think would be helpful.
L

A. Other type of information can be obtained by examining BSAP test
data in various ways. List three (3) to five (5) other types of BSAP infor-

2.

3.

4

5.

below.

B. Select three (3) ideas from the study group list that you think would be
most useful. Write the corresponding numbers of the ideas in the space

=21
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Name

BSAP Mathematics Project Meeting
February 15, 1985

Task 2: Identifying Ways to Report BSAP Information

As 3 result of the study, several types of information about students’ BSAP
mathematics achievement were provided. In addition, in Task 1, other
. types of useful BSAP information were identified.

A, List three (3) to five (5) ways to enharce the reporting of the BSAP in-
formation.

Lal I ad I ad B

B. Select three (3) ideas from the study group list that you think would be
most useful. Write the corresponding numbers of the ideas in the space
below.
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Name

BSAP Mathematics Project Meeting
February 15, 1985

Task 4: Identifying Strategies, Procedures, and Materials to Suoport
Mathematics Instruction

A variety of instructional strategies can be used for teaching and reteach-
ing mathematics skills. Many of these strategies are supported by diagnos-
tic testing.

A. Based on the project results and your experience, list three (3) to five
(5) strategies, procedures, and/or materials, which facilitate instruction.

1

s

2.

3.

4,

S.

B. Select three (3) ideas from the study group list that you think would be
most useful. Write the corresponding rumbers of the ideas in the space
below.
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BSAP Mathematics Project Meeting
February 185, 1985

Task §: Identifying Strategies, Procedures, and Materials to Support
Teachers

Teacher effectiveness is based on many characteristics including their
preservice and in-service training and the ongoing instructional support
they receive.

A. List three (3) to five (5) ways to prepare or support tcachers in order to
enhance the effectiveness of their mathematics instruction.

L

2
3
4

3.

B. Select three (3) ideas from the study group list tha, you think would be
most useful. Write the coresponding rumbers of the ideas in the space
beiGsr.

94

SEIL A Research Report




