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ABSTRACT

During the Spring of 1989, the Ncrth Carolina Department of
Public Instruction field-tested a geometry proof performance
assessment as a component of the High School End-of-Course Testing
Program (E-o-C). The existing geometry E-o-C test consisted only
of multiple-choice items. The performance assessment was added to
the multiple-choice component to form a more "authentic" assessment
of student performance. Of primary connern in this study were the
reliability of the scoring process and the cost of adding a performance
assessment to the existing geometry test.

The findings indicated a high degree of consistency between
tneratingsassignedbytworeaderswhenperfectandadjacentagreement
ratings are analyzed. The cost of conducting the performance assessmen:
field-test has been estimated at $3.00 per student ($2.44 for SY
1990).

Theeducationalsignificanceofusingthisprocessfordeveloping
authentic assessment strategies is discussed.




The Reliability of Using a Focused-Holistic
Scoring Approach to Measure Student
Performance on a Geometry Preof

Introduction

While Webb and Romberg (1988) were presenting the new standards for
mathematics assessment adopted hy the National Council of Teachers of
Mathematics (NCMT) at the New Orleans meeting of the AER/. state and local
testing departments were already putting tegether mathematics performance
tasks to assess student knowledge beyond the realm of the multiple-choice test.
The NCMT proposed that assessment be appropriate and meaningful in
facilitating mathematical communication among students. Webb and Romberg
(1988) provided examples of age/experience appropriate innovative assessment
tasks that emphasized critical thinking ard problem-solving,

As with the NCMT, Wiggins (1989) argues for "authentic" assessment to
enable educators to have better knowledge of student ability in areas not amenable
to multiple-choice assessment techniques. Wiggins (1989) states:

Do we judge our students to be deficient in writing,
speaking, listening, artistic creation, finding and citing
evidence and problem solving? Then let the tests ask them
to write, speak, listen, create, do original research and
solve probiems. Only then need we worry about scoring
the performance, training the judges and adapting the
school calendar to assure through analysis and useful
feedback to students about results.

The North Carolina Department of Public Instruction has endeavored to
translate the educational reform mandate legislated by state representatives into
more meaningful assessment activities. The North Carolina End-of-Course
(EQC) Testing Program at the secondary level is an outgrowth of the desire of state
legislators to standardize tke statewide course of study and the basic educational
program offerings to the one hundred thirty-four (134) public school systems in
North Carolina. A set of common, or core, items on the EOC tests are used to
compare student performance across school systems. School systems are
encouraged to use the EOf test scores on the core items as a factor n assigning
final course grades for stuuents. Additioral items are assessed through those
tests for use in evaluating the extent to which school systems are implementing
the state-mandated ¢ rriculum goals and objectives in each subject area. For
example, each Algebra I student takes a 100-item test, of which 60 items are
common to all {est forms and 40 items represent one of five forms. Therefore, 260
items are measured in each classroom. Some fourteen EOC tests will be put into
place by School Year (SY) 1992. Presently, multiple-cheice EOC tests have been
implemented in Algebra I, biology, Algebra I, U.S. History, geometry, ‘
chemistry, physics and English I. When implemented in SY 1992, the English II
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assessment will have students write essays, some of which will be litarature-
based.

During 1988, NCDPI field-tested approximately 1,200 multiple-choice
geometry test items which measured the mandated standard course of study
curriculum goals and objectives (see Appendix A). Eight of the fourteen
geometry curriculum goal areas include instruction in developing complete
proofs. Traditionally, instruction in proofs has been considered an important
objective in the high school curriculum for its focus on the development of logical
=nd precise thinking skills. The Mathematic and Testing Sections of NCDPI
determined that the best way to measure student ability to develop proofs is to have
the students formulate actual proofs during EOC testing and to have the proofs
scored on a common scale. Teachers and curriculum specialists advised that the
geometry EOC test would have greater face and content validity if it also contained
proofs. The item field test administered in 1988 therefore contained 20 proofs, two
ezch on the ten test forms. A Geometry Advisory Group (GAG) composed of
geometry teachers, school system mathematics supervisors, college mathematics
teachers, and NCDPI staff was formed to previde guidance and feedback to the
Testing and Mathematics Sections on the development of a proofs assessment.

After developing a scoring process for the proofs it was decided to determine
the feasibility and reliability of a proofs assessment during a statewide field test
dwing SY 1989. The statewide field test not only afforded an opportunity to assess
the administration and scoring of geometry proofs, but also an opportunity for
statewide staff development and awareness of the proposed measurement,
process. Although most EOC tests are administered at the end of the schocl year,
the proofs were administered during the spring, and each student developed two
proofs, one common proof and one of four variable proofs, so that five proofs were
administered in each classroom.

Olgjectives

The goals of the statewide field-test were to determine the feasibility of
adding a geometry proof to the geometry EOC examination and to determine the
reliability of scoring geometry proof performance exercises using the focused-
holistic scoring approach. Specifically, this study sought to answer the following
questions:

1. What is the agreement rate for two independent readings of geometry
proofs? Does the rate vary by type or difficulty of proof? Does the rate
vary by scoring location?

2. What is the reliability of proof ratings and proof scores?

3. What are the relationships (predictive validity) between proof scores and
geometry grades, geometry proof grades, a multiple-choice proofs test,
and a multiple-choice geometry test? '

4. What is the cost of a geometry proofs performance assessment?



Literature Review

One of the measurement issues arising during the educational reform
movement of the laté 70's/early 80's has been the most appropriate method for
assessing student ability on authentic performance tasks. Most research on this
topic has been done in the area of writing. Most educators have preferred to
collect and analyze writing samples as authentic measures of writing ability, but
the methodology for reliably assessing the resulting writing samples has raised
many questions yet to be resolved.

Rating procedures for assessing direct writing samples are plagued by
many sources of error including less than desirable scorer reliability. Some
educators have sought to circumvent problems associated with direct assessr ont
by using an indirect approach to measure writing ability: the language
expression, total language, or reading vocabulary sections of multiple-choice
examinations. While multiple-choice tests generally possess high levels of
reliability and validity based, in part, on their conformity to traditional
measurement techniques, others believe that direct measures of writing are more
concrete and valid indicators of writing ability (in the particular writing domain
chosen). The next section will identify some of the issues related to scoring direct
performance measures through the researck on writing assessment.

Spandel (1981) has summarized many of the issues dealing with methods of
rating writing samples and the number of readings required for each. The four
most commonly used ap, voaches for rating writing samples are holistic, focused-
holistic, analytic and primary-trait procedures. The holistic rating procedure
involves assessing a piece of writing to get an "overall” impression of its merits
based on a set of predetermined criteria, A range of factors are considered in
defining the criteria or overall quality of the writing sample. The focused-holistic
approach uses a specific, selected number of predetermined writing
characteristics that are selected for "focus" to provide an overall assersment of the
quality of the sample b. ed on the selected domain. The key difference in the
holistic versus the focus.:d-holistic approaches is the number of characteristics
and specificity of criteria included under the "overall” umbrella. The analytic
approach, according to Spandel (1981) involves isolating one or more of the pred-
defined characteristics of writing and rating each independently. Analytic
procedures enable the rater to assess the students' ability to perform the specific
skills of writing (e.g., grammar, punctuation, organization and/or style). The
primary-trait procedure is similar to analytic in that attention is directed to
specific characteristics of a writing product; howe .r, this procedure endeavors to
quantify the amount of the characteristic present in determining the appropriate
rating to be assigned.

The process of rating a writing sample varies with the scoring approach
used (Spandel, 1981). With holistic or focused-holistic approacnes, a single score
is assigned to a writing sample based ¢ *‘he overall impression of the rater using
predetermined criteria and performance levels after one reading. Thirty to forty
papers can be read in one hour using this approach. In analytic and primary-
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trait procedures, each factor is evaluated independently of other factors. If four
factors were being considered, every essay would need to be read four times so that
the strength of each factor could be judged independently.

Spandel (1981) concluded that the benefits of the rating method used
depends on the purpose for evaluating student writing. If the goal is to identify
overall quality of writing, then a holistic measure is the strongest indicator of
ability in the writing domain chosen. Ratings from analytic and primary-trait
approaches are more ugeful in directing instruction.®

The most comprehensive review of research on standardized systematic
assessment of writing ability was conducted by Cooper (1984) for the Educational
Testing Service (ETS). Cooper's thorough review considered the nature and
limitations of essay and multiple-choice tests of writing ability, the statistical
relationships of those types of tests, disaggregate performance indicators and the
comparative cost effectiveness of various types of writing assessment.

Cooper (1984) indicated that direct measures of writing are subject to lower
reliability thar are indirect measures because of the subjective nature of the
ratings and the procedures used to assess writing samples. Conventional
statistical approaches may fail to disclose differences based on changes in factors
such as the rating standards used, flatness of the writing sample and time/order
of rating. Essay ratings independently assigned by two to four readers (raters)
were considered to be more reliable than those assigned by a single rater. Any
rating assigned is only as good as the training provided to the raters and the
strength of the guides used to anchor score points.

Cooper (1984) reported that the reliability of ratings assigried by
experienced, rested (fresh) raters is subject to variation from one rating to the
next depending on the qu:ality of writing being scored. Errors are more likely to be
counted in poor rather than more skillfully produced essays. Interesting essays
are more likely to receive higher ratings than minimally adequate but
uninteresting essays. Further, the quality of preceding essays is likely to impact
on the ratings assigned to subsequent essays. Fatigue also impacts on scores
assigned. A tired rater can become more lenient, stricter or erratic in the scores
assigned for a given essay dependi»g on the level of fatigue experienced. The
length of the reading period across a day or number of days can result in lower
scores. Ratings done on the first day of a multiple period of readings tend to be
higher than ratings assigned towards the end of a multiple day reading period
{Cooper, 1584).

A study of interrater agreement by Myers, McConville and Coffman (1966)
across five days of ratings indicated that, while the average daily rating
correlations for readers across all papers over five days was .4086, the average
correlation on the fifth day was only .264. Among the conclusions of Myers et al.
(1966) is that lack of vigilance exists as the end of any arduous task approaches no
matter how little time has been allocated to the scoring process. More recentiy,
North Carolina and other states have fcund that reader agreement increases over

11




time, testifying to the effectiveness of the monitoring of reader reliability that is
common in statewide assessments.

Conlan (1980) indicated that fo.* any reading of essays, some effort must be
made to control variables such as the number and length of rest breaks; rules for
off-topic papers; and a system for handling unique or emotionally evocative
papers.

Cooper (1984) an] Breland et al. (1987) reported that reliability estimates of
essay scores increase with the number of topics and/or readings per topic. "If
each essay receives two independent readings, the rater reliabilities are .65 for
three topics, .55 for two topics and .38 for one topic (the latter being the most
common).” Score reliabilities for single topics read one time ranged from .361 to
411. Breland et al. found that adding more topics contributes more to estimated
reliability and predictive validity than adding additional readings.

Research on the raters of performance tasks have been completed by Blok
(1985), Cooper (1984), Breland and Jones (1982) and others. Blok (1985) studied
multiple ratings obtained by having different raters and the same raters repeat
the judging of essays. Testing the theory of rater equivalence, that *he "true"
scores of one rater wil! correlate perfectly with the true scores of another . ater,
was the goal of the Blok (1985) study. Sixteen elementary school teachers rated
one hundred five (105) essays on a scale from 1 (very poor) to 10 (exceilent) using a
holistic approach without providing training to the scorers. A second rating was
made on the 105 essays by the same 18 teachers three months later. The four
rater equivalence theories were testing using tests of linearity and the method of
linear structural equation model. In terms of the equivalence ratings of the
essays used in the Blok stuay (1985), ti.e ratings of different raters were essentially
different measures (with rater correiations ranging from .415 - .910).

The rates variable is considered by Cooper to be a major and "unique"”
source of measurement error in direct assessment, Cooper "1984) indicated that
scoring inconsistencies become more pronounced when dealing with a group of
readers. Some of the inconsistences are the result of random error while other
inconsistencies are systematic based on: differences within the groups assigning
ratings. Breland and Jones (1982) indicated that inexperienced readers assigned
higher ratings than did experienced readers. Further, even when "experienced"
English teachers agree on scoring criteria and standards, they do not, agree on the
extent to which auy one of the criteria ought to be applied in any given
circumstance even with training. Coffman (1977) added that inexperienced raters
are reluctant to assign rating scores that are too high or too low so th~ir scores
tend to cluster around the middle. Asa result, the matter of which rs.ter assigns
a score to a writing sample ¢an make a difference in the scores of poor and good
essays.

Cooper reported (1984) that " over and over it has been shown that there can
be wide variance between the grades given to the same essay liy two different
readers, or even by the same reader at different times". Coffman (1971) indicated
that ratings by a single pair of raters may result in excessive overestimations of
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reliability. This finding differed from Cooper and Odell (1977) who estimated 99%
reliability between pairs of raters under controlled conditions. They cited rigid
control of the training protocols as the single most important factor in producing
consistency (Cooper and Odell, 1977).

Hughes and Keeling (1984) studied the effect of offering model essays as
training devices to eliminate context effects for persons preparing to score writing
samples. Essays were collected from thirty-eight (38) students on a topic
determined by the researcher. The essays were typed, retaining the original
errors, and formed into twenty-five (25) booklets (randomly ordered). Each set of
essays was scored on a 0-25 point scale by a cadre of experienced English teachers
using predetermined criteria. The same five good, five poor, one criterion and
four filler essays were selected for placement in good or poor context booklets. In
the good context booklet, the five good essays were randomly placed first, next the
criterion essay and last the filler essays randomly arranged with the poor essays.
In the poor context booklet, the poor essays were randomly arranged in the first
section of the booklet and the good essays were randemly arranged at the end of
the booklet. Three annotated model essays (one good, one average and one poor)
were used as models for the trained group. A set of five essays were scored by
each group and served as the covariate group for the study. The findings were
that context effects existed even after efforts were made to eliminate them.
Hughes and Keeling (1984) concluded that contextual factors were likely to persist
in performance assessments where writing samples or non-factual responses
were being assessed. However, they held out hope that contextual factors would
be less evident in performance measures that dealt with factual answers.

The literature presented leads to the following conclusions. Ratings
assigned to a writing sample by scorers untrained in the interpretation of the
criteria are less reliable than ratings assigned by trained scorers. Adequate
training, frequent rest breaks and pre-established rules for rating on the off-topic
responses improves the consistency of the ratings assigned by scorers. Rules for
recalibrating raters and monitoring the consistency of ratings assigned also
improves the reliability. Some issues, such as the number of raters that should
read each paper, the best approach for scoring writing samples and the
appropriate statistical procedures io use in determining reliability/validity, have
not been resolved to the satisfaction of many "experts”. However, it does arnear
that rule setting and training are key factors required to improve the consistency
of the ratings assigned t~ writing samples no matter what scoring approach is
used.




Methodology

Develep. - at of Scoring Process

During the summer of 1988 the Geometry Advisory Group (GAG) reviewed
student responses to sample geometry proofs developed by by selected geometry
teachers from across the state. The proofs had been field-tested during the late
spring of 1988 in selected schools across North Carolina. Borrowing from
successful performance task measurement applications in writing, the scoring
approaches considered were analytic and focused-holistic.

Initially, the GAG favored the analytic approach since specific errors could
be marked. After a period of study ard some calculations, the GAG found that the
analytic approach could result in as nuany as twenty-seven (27) different scoring
guides for one praof! This was partly due to the far that the GAG strongly felt
that any proof administered statewide should be * .vable from multiple
approaches. The GAC recommended use of the focused-holistic approach to
assess student performance on geometry proofs for four reasons: 1. the ability to
develop a single scoring guide containing various strategies for solving the proofs
amenable to the focused-holistic scoring approach; 2. the belief that training of
scorers could better be accommodated using the focused-holistic approach; 3. the
efficiency and speed of focused-holistic scoring; and 4. the previous success of the
focused-holistic approach with writing assessment in North Carolina. The group
determined the scoring criteria and score point descriptions to be used in the
statewide field test. The score scale contained five (5) points with a four (4)
reflecting a nearly perfect proof and a zero (0) reflecting a blank or completely
erroneous proof (see Appendix B).

The focused-holistic scoring process has been widely used in the
assessment of writing (e.g., Cooper, 1984; Stevenson, 1988). This approach
considers the overall sense of completeness of the writing sample based on a pre-
determined set of criteria. To appropriately use the focased-holistic approach,
agreement has to be made on the criteria to be used and characteristics of the
criteria at each score point level. Each individual data sample is read and
evaluated (using the established criteria and score points) by one or more raters.
Cooper (1984) has reported scorer reliability in writing assessment-related studies
for two or more readers ranging from .41 to .89 varying with the background and
length of training on the scoring criteria. The NCDPI has reported perfect scorer
agreement rates of more than 70%, adjacent agreement rates (no more than one
point difference between the two ratings) approaching 30% and less than .7%
differing by more than one point on a four-point focused-holistic score scale.

aff Development and Awaren Trainin

NCDPI Mathematics and Testing Coordinators based in the eight regional
c~uters were trained to use the scoring guides during November 1988. These
Coordinators then conducted regional Geometry Proof Awareness Session(s)
attended by at least one (1) geometry teacher from gach scheol in the region that
provided geometry instruction during December of 1988 and January of 1989.
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Participants were trained to score the sampie proof and informed of the
logistics of the spring 1989 statewide field-test. After developing skill in scoring
practice sets of geometry proofs, participants received scoring guides, training
practice sets and. scoring keys for use in training other geometry teachers and
exposing students to the test format, scoring process ana assessment criteria
prior to the actual field-test administration. Many of those same geometry
teachers returned during late April to score the geometry proofs of students from
their regions.

Data Collection

Proofs were administered to more than 43,000 geometry students during the
period March 20 - April 7, 1989 on scannable 11x17 folded answer documents.
" Student identification information was printed on page 1, directions on page 2, the
common proof exercise on page 3 and one of four variable proofs on page 4. The
four different forms, identified by the four variabie proofs, were printed in
different ink colors for ease in identification during scoring. The four forms were
spiraled throughout each classroom.

The central office Test Coordinator for each of the school systems collected
completed geometry proof field-tests and forwarded them to the Regional
Research and Testing Coordinator. Proofs were shipped from regional centers to
an outside contractor so that identifiable data linking a proof with a specific
student, school or school system were removed to eliminate those factors as
potential sources of scorer bias and to allow scoring packets to be developed. The
outside contractor separated the proofs into four form/color groups, printed packet
identification sheets, and stapled these sheets to the proof sets. Four scannable
monitor sheets for recording independent scores were produced for each packet.
The first two listed proofs in the order they were in face up in the packets. The
other two listed the proofs in reverse order for use in scoring the variable proofs on
the reverse side. The four sheets were inserted into each packet along with the
proofs.

During scoring reader one removed monitor sheet number one from the
packet, recorded a reader identification number, and verified that the proofs in
the packet matched the proof identification numbers on the monitor sheet. After
scoring the proofs,?‘n&eader one returnad the proofs to the packet envelope, which
still contained the other :hree monitor sheets, and placed the monitor sheet used
on top of the packet. NCDPI staff retrieved completed packets, reviewed the
monitor sheet, and randomly re-circulated the packet to a second reader. The
completed monitor sheets were then scanned on NCS Sentry 3000 tabletop
scanners connected to an IBM personal computer. Data were stored on floppy
diskettes using a software program developed by NCDPI. In addition, reader
reliability reports were generated to monitor reader agreement and progress in
scoring. Highly discrepant readers were retrained and proof scores requiring
resolution (discrepant by more than one score point) were identified and resolved
on the spot by specially trained scorers.

15




Data on the diskettes produced in the eight regions were merged at the
NCDFI state testing office with student background information provided by the
outside contractor on data tape. Rosters of student scores were returned to
geometry teachers prior to the end of the school year so that final scores could be
coded on answer sheets &1 the EGC multipis-choice geometry test. All EOC tests
were scored at a high school or central office site in each school system and
rosters of scores were produced for use in assigning grades to students.
{Geometry grade rosters included core multiple-choice and common proof scores.)
Data diskettes with all EOC scores were forwarded to the Regional Testing
Coordinator for final (in-region) editing and shipment to the Testing Section
where the statewide report was prepared (see Appendix F). Summary reports of
proof scores were generated in this fashion for 43,926 secondary school students.

Five multiple-choice proofs were also field-tested in selected sites during
May 1989. The multiple-choice proofs paralleled proofs administered during
March-April 1989.

r Training and th ring Pr

Each school system provided a minimum of one (1) geometry teacher from
each school where geometry was taught to participate in the regional scoring
process. In the three largest regions, two full day scoring sessions were held. All
of the regional sessions were held on school days. School systems paid substitute
teacher expenses for geometry participants from their school systems.
Participating teachers received certificate renewal credit for their participation.
The number of teachers involved in the scoring process ranged from twenty-nine
(29) in the smallest region to ninety-one (91) in one of the larger regions.

On the first day of scoring, geometry teachers selected by the school systems

were trained by one of three scoring directors to use the common proof scoring
guide. Next, teachers scored three (3) training sets of 10 to 15 proofs ( 35 total)
each that provided exposure to the scoring characteristics and distinctions
between each score point and the variability within score points. Finally, teachers
took a qualifying exam with 70% accuracy (perfect agreement with the designated
score point) required in order to be eligible to score common proofs. Teachers who
fell below the criterion were re-trained and administered additional qualifying
exams. The entire training and qualifying process took approximately three
hours. Statewide, only 1% of the 423 readers failed to qualify to score.

Common proofs were read twice. The first reader assigned a rating (0 - 4)
to the common proof based on the criteria (see Appendix B for the score scale).
Ratings for two readers that differed by one point were averaged (e.g., if rater one
assigned a rating of "1" and rater two assigned a rating of "2", a score of 1.5 was
assigned as the proof score). When ratings assigned by a reader differed by more
than one (1) point, a staff person from the NCDPI Mathematics Section or a
participating GAG member read the proofs with discrepant scores and assigned
the final score. :
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After scoring of the common proof was complete, section leaders trained
participants to score the variable proofs. Section leaders were either members of
the GAG or teachers from the winter awareness sessions that demonstrated skill
and understanding of the rating process as observed through the winter practice
exercises. Each section leader provided training on specific characteristics of
their variable proof. Each variabie proof was initially read once with second
reading cccurring only if time permitted. Scores from the variable proofs were

nsider hers in evaluati n r rform .

Sample

The sample for the proofs and the comprehensive geometry multiple-choice
test was the entire statewide enrollment in geometry classes in North Carolina,
more than 43,000 students. The separate, 32-item multiple-choice proofs field iest
was administered to a convenience sample of 875 students from schools in each of
the eight educational regions.

Measures

Each student completed two proofs, one common and one of four variable
proofs (see Appendix B for the proof exercises). Each common proof was scored
twice. Most variable proofs were scored once, but a substantial portion were
scored twice. This resulted in four reader scores for each student, and as many
as ten reader scores across the sample of five geometry proofs. For the common
proof, and when possible for the variable proofs, scores were combined to produce
composite sceres. All students also took a comprehensive multiple-choice
geometry test at the end of the year. In addition, a sample of students ook a
multiple-choice test focusing on the same five proofs. Six to seven items were
specific to each of the five proofs. Teachers recorded the final course grade they
expected to give each student at the end of the year, the course grade as of the
proofs assessment in the spring, and a grade assessing the student's proofing
skill at the time of the proofs assessment. The following list gives all the variables
used in this study. The N counts in parentheses are the counts for all analyses
using these variables. When two or more variables are related with differing N
counts, the analysis is based on the lower of the two N counts.
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Focused-holistic scores of proofs on a scale of 0 (low) to 4 (high):
Common Proof, Reading 1 (N=43,926)
Common Proof, Reading 2 (N=43,926)
Variable Proof A, Reading 1 (N=11,177)
Variable Proof A, Reading 2 =~ (N=2,773)
Variable Proof B, Reading 1 = (N=11,017)
Variable Proof B, Reading 2  (N=5,612)
Variable Proof C, Reading 1 (N=10,925)
Variable Proof C, Reading 2 = (N=4,951)
9. Variable Proof D, Reading1 (N=10,807)
10. Variable Proof D, Reading 2 = (N=4,304)

PN O oo

Focused-holistic score composites

11. Common Proof: (1+2)/2 (N=43,926)
12. Variable Proof A: (3+4)/2 =2,773)
13. Variable Proof B: (5+6)/2 (N=5,612)
14. Variable Proof C: (7+8)/2 (N=4,951)

15. Variable Proof D: (9+10)/2 (N=4,304)

Multiple-choice test scores

16. NC Test of Geometry: score on 60-item core test (N =43,325)

17. Multiple-choice proofs test: score on 32-item test of same 5 proofs
(N=875)

18. Multiple-choice common proof test: score on 6-item subtest (N=875)

19. Multiple-choice variable proof A test: score on 7-item subtest (N=217)

20. Multiple-choice variable proof B test: score on 6-item subtest (N=221)

21. Multiple-choice variable proof C test: score on 6-item subtest (N=218)

22. Multiple-choice variable proof D test: score on 7-item subtest (N=219)

Instructor's ratings

23. Course grade in geometry at end of the year (N=43,067
24. Grade in geometry at time of proofs assessment (N=43,400)
25. Grade in proofing skill at time of proofs assessment (N=43,103)

Results
A men 3

Tables 1 and 2 summarize the reader agreement rates for the geometry
proof field test. On the common proof, approximately 66% of the proofs received
the same score on two different readings. Adjacent agreement, or the percentage
of proofs receiving scores within one point of each other, was 30.7%, and 3.4% of
the common proofs received scores differing by more than one point and were
"third read" by a specially-trained scorer.

Agreemuent rates on the other proofs varied somewhat by type of proof, from
alew of €5.6% to 2 high of 80.6% perfect agreement. The highest agreement rates
occurred for the three-dimensional proof (variable proof B) and the parallel line
proof (variable proof C), both of which were difficult, with almost 60% of the scores
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either a 0 or 1. In addition, variable proof C appeared to be one where students
“eitber knew it or they didn't". Although there were a large number of 0 and 1
seores,-students also received a relatively large percentage of 4 scores. Lower
agreement rates were evidenced on proofs with the largest percentage of scores in
the 1 to 3 point range, i.e. in the middle of the score scale, where it is usually more
difficult to score accurately.
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Teble 1

Percentage Agreement Between Two Readings of Geometry Proofs

Proof

Common
A
B
C
D

*1 point difference

Pexfect

Agreement

65.9%
68.1%
73.8%
80.6%
65.6%

Adjacent

Agreement*

30.7%
30.3%
25.7%
18.4%
32.2%

Difierence
Reguiring

Resolution

3.4%
1:6%
0.4%
1.0%
2.1%

Table 2 gives the agreement rates for the va
agreement rates ranged between a low of 62.8%
sites having rates of approximately 65 to 66%.
each site, and a total of three

the eight sites.

rious scoring sites. The perfect
to a high of 68.3%, with 5 of the 8
Different readers were involved at
different scoring directors/trainers were used across

Percentage Agreement Between Two Readings of Common Proof

Scoring Site
|
2
3
4
5
6
7
8

*1 point difference

Table2
for Each Scoring Site
Perfect Adjacent
Agreement Agreement*
65.4% 31.6%
65.9% 30.6%
67.3% 29.7%
62.8% 32.9%
65.0% 31.8%
68.3% 28.7%
'65.1% 31.6%
66.0% 30.3%
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Correlational Estimates of Reliability

A common method of assessing essay scoring reiiabiiity is to correiate the
scores assigned by different readers to the same essay. As noted by Breland et al.
(1987) these estimates are inflated because they reflect only one source of error.
Table 3 gives the correlations between twe independent scorings of the same proof
for the common proof and the four variable proofs. These estimates of the
reliability of one reading of each proof range between .822 and .948. Breland et al.
(1987) also point out that these estimates can be "stepped up" using the Spearman-
Brown formula to obtain estimates of the reader reliability with two readings of
each proof.

Table3
Correlational Estimates of Reader Reliabilities
Reader Reliability
Proof r Estimate for 2 Readings
Common 871 931
A .869 .930
B .822 .902
C 948 .973
D 854 921

Since students responded to two proofs cach, reliability estimates can also
be calculated by correlating the scores on each proof. Table 4 gives these
correlations for one reading, two readings of the common proof and one reading of
the variable proof, and two readings of each proof. The three correlations per
proof combination give the reliabilities of giving one proof under the three
different scoring conditions. The estimates for one proof read once range from
.522 (Common vs. B) to .627 (Common vs. A), with an average of .590 across proof
types. As would be expected, as the number of readings increases, the reliability
estimates increase slightly.

The last column gives reliability estimates for two proofs obtained using the
Spearman-Brown formula. These estimates demonstrate that the reliability of a
proof assessment can be increased dramatically with the addition of another
proof.

21
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Tebla 4
Correlatic.al Estimates of Reliabilities of Proofs
Receiving One Reading or Two Readings
Number of Relisbility Estimate
Proofs Readings r for Two Proofs
Common vs. A 1 627 71
2 common 649 187
2 each 664 798
Common vs. B 1 522 686
2 cominon 538 700
2 each 564 721
Common vs. C 1 619 7165
2 common 642 782
Z each 649 187
Common vs. D 1 5990 742
2 common 610 758
2 each 634 776
Average 1 590 741
2 common 610 157
2 each 628 a7
22
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ictive Validity of the Proof A ent

The analysis below gives the predictive validities of both the proofs
performance assessment and two multiple-choice tests. A total of five outcomes
can be analyzed for the proofs themselves:

1. course grade-grade instructor expects to give the student, reflecting

overall geometry performance, not just proofing ability;

2. proofs grade--instructor judgement of proofing skill at time of
assessment ;

3. MC proofs tegt--32-item multiple-choice test of same five proofs;

4. MC proofs subtest--6 to 7-item subtest of MC proofs test of the same proof
as solved by the student;
5. MC geometry--60-item test covering entire geometry course content.

Table 5 gives the correlations of the various proofs with the five outcome
variables for one and two readings of each proof. As would be expected, the
validity estimates are slightly higher for the scores based on two readings,
reflecting their higher reliability. When two proof scores are combined (one
reading) between .05 and .10 is added to the predictive validity related to proofs
grades. Reading the proofs twice adds negligibly to the correlations. Also as
expected, the correlations are somewhat higher when related vo grades in
proofing skill rather than overall geometry performance.

Correlations with the multiple-choice proofs test are generally higher than
those with the proofs grade, reflecting the higher reliability of the 32-item test
than of teacher judgements about proofing skill. The subtest scores are for the
multiple-choice items that relate to the same common or variable proof.

23
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Table5

Predictive Validities of Proof Assessments

Number of Course Troeis nicC MC Proofs MC
Proof Readings Grade* Grade Proofs Test Subtest Geometry

Common 1 511 585
2 528 .603 .665 482 .625
A 1 519 614 644 .561 .614
2 534 .629
Common+A 1 570 675
2 580 .683
B 1 480 548 557 457 573
2 507 574
Common+B 1 579 .658
t 2 596 674
C 1 542 632 .650 .6561 .686
2 .554 644
Common+C 1 589 .685
2 598 .693
D 1 b21 622 S717 530 640
2 543 647
Common+D 1 576 .682
2 593 .698

*Obtained at time of geometry proof assessment.

Note: Missing cells are due to the fact that the datasets containing the multiple-
choice tests include only the final scores on the geometry proofs, which were the
combined readings for the common proof and one reading for each of the
variable proofs.

Table 6 displays the distribution of scores for students who participated in
the multiple-choice proofs field test. More than half of the students who could not
complete a proof at all on the performance assessment (scores of 0 through 1.0) got
4 to 5 of 6 items correct on the same proofin a multiple-choice (compietion)
format, and almost one-quarter received perfect scores in this format that
requires only recognition, rather than recc.ll and production. These results are
somewhat confounded by the fact that the students had already responced to this
proof at the statewide administration several months earlier. However, most of
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the teachers in the multiple-choice proofs assessment reported that they had not
reviewed the proofs after the spring administration.

Table 6

Frequency Distribution of Focused-Holistic Scores
on the Common Proof and Muitiple-Choice Seores

on the Same Proof Topic
Multiple-
Choice
Proof Scores Focused-Holistic Proof Scores

0-1.0 1.5-2.0 2.5-3.0 3.5-4.0 Totzals

0-1 2.8% 0.0% 0.0% 0.0% 1.0%

23 17.5% 10.0% 0.6% 1.0% 8.7

45 56.3% 57.1% 39.2% 22.6% 45.0%

6 23.4% 32.9% 60.2% 76.5% 45.3%

Totals 36.5% 19.4% 20.7% 23.2% 190.0%

N=875

Table 7 gives the correlations between the two multiple-choice tests and the
two instructor ratings. The 32-item multiple-choice proofs test correlated .527
with proofs grades, while the correlations between the performance-based proofs
and proofs grades ranged between .574 and .698, depending on the type of proof,
the number of readings, and the number of proofs (see Table 5). If differences in
reliability of the tests were taken into account, the difference in predictive validity,
using proofs grade, would be even greater.

Table 7
Predictive Validities of Non-Essay Assessments

Multiple-Choice Course Proofs
Test Grade Grade
Geometry .639 NA
Proofs 406 527
25




Finally, Table 8 gives the multiple correlations (R) when the proofs
performance test is combined with the multiple-choice tests to predict grades.
Note that th~ proofs assessment adds between .02 and .05 to the predictive
validities.

Table 8 o

Predictive Validities Combining Comn’on Proof Score
&nd M.oltipie-Choice Components

Multiple-Choice Course Proofs

Test* Grade Grade
Geometry 659 NA
Proofs 434 577

*Test combined with focused-holistic proof score.

Feasibility of Statewide Praofs Performance Assessments

Analyses of the Testing Section of the NCDPI indicate that the specific cost
to the state of North Carolina for conducting the geometry proof field test was
approximatelv $3.00 per student. This cost includes a curricnlum consultant,
materials, development, training, scoring, and report generation. Excluded are
costs for travel, some facilities expenses, and the salaries of staff of the NCDPI.
For SY 1990 the cost is estimated at approximately $2.44 per studexi.

The statewide field test demonstrated that student responses to proof
problems can be scored and reported in a reliable and relatively cost-efficient
menner. The logistics developed for this aspect of the EOC testing program are
quite feasible, and could be generalizable to other statewide performance efforts.

Discussion

The results of thi= study indicate that scorer reliability a proof ratings was
high, as demonstrated Lioth by the agreement rates and the correlational
reliability estimates for the common proof and the variable proofs which were
scored twice. This finding is of particular interest since the scoring involved over
400 raters reading proof papers distributed among eight different scoring sites.
Five of the scoring sites (1, 2, 4, 7, and 8) are largely rural yet the reader
agreement rates for the rural sitcs were similar to tl.Jse in the large urba..
centers. The consistency of scoring across sites and different groups of readers is
testimony to the clarity of the.scoring guide, the consistency of the scoring
criteria, and the willingness of teachers selected as scorers to accept the scoring
process. Actual time devoted to training was less than three hours during which
time the scoring guide was reviewed, three sets of proofs wer scored and




discussed, and qualifying rounds were held. The context effects were minimized,
resulting in more reliable scoring (Keeling and Baker, 1985).

Further analyses of the relationship between scores on the two proofs each
student took indicates that the addition of one extra item contributed dramatically
to the overall reliability of the proofs test, beyond that of scorer reliability alone.
Except for the addition of training time on the second proof, the cost of scoring one
proof twice is similar to the cost of scoring two proofs once, and may be more cost-
effective due-to the increase in overall reliability. In this assessment students
could not receive scores based on two proofs because the students took one of four
variable proofs which differed in overall difficulty. The primary purpose of the
variable proofs was to provide broader curriculum coverage by assessing five
proofs in every schools.

The relationship between the proof scores and other measures of proof
performance and geometry performance indicate that the performance-based
proofs measures are valid indicators of proofing ability. Furthermore, the
performance-based proof scores were more highly related to grades in proofing
skill than were the scores on a multiple-choice completion test format. This
finding lends support to the subjective impression of many educators that
performing actual tasks are more valid the multiple-choice tests related to those
tasks.uNot only do these tasks have face validity, but a degree of predictive validity
as well.

In a time of performance or outcome based accountability systems and
measurement-driven instruction, the measurement of skills in a more authentic,
performance-based, manner takes on additional meaning. Suhor (1985) reported
that both a poll of 350 language arts supervisors and research datz indicate that
writing instruction decreases with objective tests, and increases where direct
writing assessments are implemented. This has certainly been the experience in
North Carolina. One purpose, therefore, of performance-based assessments like
the proofs test is that they encourage certain types of instruction. This field-test
demonstrated that alternative strategies for assessing student ability can be
implemented in an objective and reliable fashion. The findings were that
teachers can be trained to score proofs with a high degree of consistency. The
approach used by North Carolina to measure student performance on a geometry
proof could be adapted for use in other subject and skill areas, and by any school
system.
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Appendix A

(North Carolina Geumetry Goals and Objectives)
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NORTH CAROQLIN
- GEOMETRY GOAl
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. w i
Identify and rame scts of points, such as line, ray, segmeat and plage,
Draw representations of points, lines, acd planes, '
Identify and name unions and inlersections of sets of points,
Find the coordinate of a point on a line. .
Find the length of a segment. o
Ideniify congruent segments. R
Identify the midpoint of a given segment. poe
Use a protracter o find the measure of an angle.
Determine when two angles are congruent.
Identify interiors and exteriors of geometric figures.
Identily the bisector of an angle.
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1. State and use the properties of equality.
2. Stale and use the propertics of inequality.

. w v ie :

Translate 3 geomelric statement ioto an "i{-Then Statement”.

State the converse of a conditional stalement.

State the hypothesis and conclusion for & conditional statemept.

Use the process of deductive reasoniog in mathematical and non-mathematical
siluaiions. )

Write a proof using the two-columa format. \
. Write an indirect proof.

Goal &; The feamer will yse some of the properties of angles and 'ines to develop proof
and solve exercises,

. Use three lctters, a number, or a single letter to name an angle.
Classily an angle.

Identify adjacent and vertical angles.

Dctermine thie complement and supplement of a givea angle.

Apply the Angle Addition Fostulate,

Apply the Segment Addition Postulate. (Definition of Betweenacss)
Recognize congruent angles.

Goai 5 The learner will recognize perpendicy!ar lines and planes gnd use this

1. Apply definitions of perpendicular lines and plages.
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Identify paraiici lines and platics, and skew lines. L
Identify correspondiog angles and alicmate interior angles which are formed when = .1
two parallcl lines are cut by 2 transversal. , ) . ] W pre
State conditions under which lines are parallei. ’ R
State which angles are congruent when two parallel lines are cut by a transversal,
Identify which angies are supplementary when lines are cut by & lransversal. ! '
wi
Classify a triengle according (o its sides. - :
Classify a triangle according io its angles.
Classify a polygon according o the number of its sides or angles
Classify a convex polygon according to the measure of ils angles. ' “
Apply the fact that the sum of the measures of the angles of a triangle is 180, "y
Fird the measures of the exterior angles of a triangle. i
Find the measures of the interior and exterior angles of a convex polygon. ! M
Apply the chasacteristics of various quadrilaterals. ' :
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List the conesponding parts of two congruent triangles. C
Use various postulates and thecrems (o prove (wo tmngles are congruent and their '1, ;
coresponding parts are congrueat. L. REHES
Identify the sltitudes and medians of triangles. ' AN

Apply the theorem about the segment joining the midpoints of two sides of a T
triaagle. Csad
Apply the theorem about the intersection of the medians of a triangle. oL - '

Ideniify reguler polygons and determine the measures of the angles. ’ . :
Solve & proporiion. : L
Use proportions to soive geomnietric problems. ' A " TS

Find the geomeiric mean of two-numbers.
Determine whether or not two polygons are similar.

Prove two trisngles are similar. Coo
Apply properties of similar triangles to find corresponding proportional sides.

Apply theorems which involve dividing segments proportionally.
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Ty solve right triangles.

5

.;1' .
I 4.
tf

muummq_mhumummmmmgmmmk
: excrcises related to them,

.~ .« . 1. State two relationships that exist in a right triangle.
s 2. Use the Pythagorean Theorem and its converse to find the lengths of fhe sides of a

‘ right triangle or a quadrilateral. .
't - 3, Use the relationships that exist in special right triangles to solve problems.
%.;. %« 4. Using a table and/or calculator, apply the definitions of sine, cosine, and tangent to

N NP
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a0 solve exercisey related to_them,
LY n]._:‘! ' .

Use the definitions of a circle and the lines and segments related to it.
Recognize polygons inscribed in or circumscribed about a circle.

. Apply the properties involving arcs and angles of circles,

.~ Apply the theorems about the chords of & circle.
Apply the theorems that relate to the tangents, secants, and radii of a circle.

Wi ic figures,

’3,. 1. Find the perimeter of a geometric figure,
43 .+ 2. Compute the area of a triangle, parallelogram, trapezoid, and rectangle.
120 » 3. Find the ratio of both the areas and the perimeters of similar triangles.
' +. 4. Compute the apothem, radius, and area of sp:cial regular polygons.
o+, 5. Compute the circumference and area of a circle.
itf ... 6. Compute arc lengths and the areas of sectors of 2 circle.
U7 1. Identify and describe space figures.
"8. Compute the lateral area, total area, and volume of & right prism or pyramid,
) .'-g + 9. Compute the lateral area, and volume of a right circular cylinder or cone.
7, Goal 13 The leamer will complee 8 geometric consiruction and descibe the locus o
A point_or_points,
Sk 1. Construct a segment ccngruent to a given segment,
o 2. Construct an angle congruent 1o a given angle.
v 3. Construct the bisector of an angle.
4. Construct a line perpendicular to a line through a point on the line,
.- *5. Construet a line perpendicular to a line through a point not on the line.
6. Consiruct the perpendicular bisector of a segment.
i, 7. Consisuct a line parallel to a line through a given point.
ol 8. Construct the tangents to a circle from a point outside the circle.
4 -* 9. Circumscribe a circle about a triangle, .
* A% 10, Inscribe a circle inside a triangle. S :
! 15 11, Divide a segment into a given oumber of congruent segments.
o . 12, Given three segments, construct a fourth segment such that the lengths of the four
Y segments are proportional., _
“yin,i: 13, Construct a segment whose length is the geometric mean between the lengths of two
i 1 given segments. :

“wa1, - 14, Construct quadrilaterals which meet certain criteria.
“5;n " 15, Construct a circle through three non-collinear points.

o oo *These objectives would be included in an enriched course but not in a basic course.,
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Goal 14; _ The leamer will fnvestigate some of the properties of coordinate geomelry,
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Write the coordinates for a-point in the coordinate plane.
Write equations for vertical and horizontal lines in the coordinate planc.

Use the distance formula io solve problems,
Use the midpoint formula to find the coordinates of the midpoint or endpoint of a

segment, ..
Find the slope of the line giv~n two points on the line.

Find the slope and y-intercept of a line,

Write an equation for a line which is parallel or perpendicular o a given line.

Write the equation and draw the graph of a line when given either iwo points on the
line, one point and the slope of the line, or the slope and y-intercept of ihe line,

Use coordinate geometry to prove some of the properties of polygons.
Wrile an equation of & circle given its center and radius length.
Find the center and radius length of ¢ circle given an equation.




Appendix B

(Rated Samples of Geometry Proofs
and the Score Scale)
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The Scere Scale

Annotated examples of the scors points are given on the fSllowing pages. Note
that although proofs may differ in difficuity and complexity, the eriteria for cach
score point should remain the same. Differences in difficulty will then be. evident
in the proportions of students receiving each score point. In addition, the zcore
scale is not meant o be interval in nature; the difference between a 1 and a 2 will
not be the same as the difference between a 2 and a 8, etc. Just as there are many
varieties of 'B' students, there will be relatively wide variations in quality within
score points and these will occur in some score points more than cthers.

4 = The response demonstrates a clear understanding of the proof. The proof is complete. All
logical steps are given and wording is accurate. All statements are logically sequenced and
all reasons are correctly aligned with these statements. Mathematically equivalent variations
of the answers given in this guide are given a score of 4. Complete and geometrically
correct proofs arrived at by different methods than those presented here are also givena
score of 4, as long as the logic is sound. Unconventional wording and abbreviations, minor
misspellings, coirect, but irrelevant, statements that do not seriously detract from the
solution as a whole are allowed as long as the statements and reasons are mathematically
correct. Proofs scored a 4 do not contain any incorrect statements or reasons, even if the
incorrect information is irrelevant to the proof.

3 = The response exhibits a reasonable command of geometric logic in developing the proof,

The proof indicates considerable thought and sound logic ir: the sequence of “tatements and
reasons, but may be lacking in precise notation, wording of theorems, postulates, etc. The
proof is generally coherent and complete overall, with major steps always present, although
minor weaknesses are present, i.e. a part of a step such 4s a reason may be missing or stated

incorrectly if the corresponding statement is present and correct or incorrect irrelevant
statements may be present.

2 = The response demonstrates a weakness in geometric logic in developing the proof. A proof
is atempted but is not complete in logic or sequence of statements and reasons, In some
proofs, although the student demonstrates a fair understanding of the problem, he or she has
omitted or incorrectly stated a major step(s) (including the given) required of the proof.
Statements and reasons following an incorrect step may be logical and geometrically sound
but they follow from a false conclusion. In other responses the sequence of logical steps is
not maintained to the extent that it detracts from the solution.

- A L ROTSE CX1T10 2 1aCH O t11¢ ¢ H
evidence that the student has seen the problem and has attempted the proof, but the proof is
off-base. The student demonstrates a vague knowledge of the steps in the procf, but there
is very little substance to the proof. The first and last steps may be present, however the
majority of the intervening statements and reasons are incorrect or irrelevant. The proof
must contain some bit of relevant and correct information other than the given and the prove.

0 = Either the proof is not attempted, the paper is blank, or only the given and/for prove steps are
present, or all other steps are totally (staiement and reason) incorrect or irrelevant. Mothing
is correct except the given and/or prove steps.




Use the figure to prove the following exercise.

B C
1. Given:. Figure ABCDis a s a rectangle
with diagonals BD and AC. B
Prove: AAED = ACEB
A D
Statements Reasons

- we »

g\ Gliven

L L L Mﬂmﬁgna&ﬁdmn_
_ b has 4rb<ly
3.2DLAC RD=EC e%cr:n.\zﬁamcbng

\e are . ara
Af =T T = bﬁcfbcn'c)
N ABED= ACEB 5985
Score Point 0.

All steps other than the given and prove are totaily incorrect or irrelevant.
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Use the figure to prove the following exercise.

B C
1. Given: Figure ABCD is a rectangle
with diagonals BD and AC. E
Prove: AAED =ACEB
A D
Statements Reasons
; 1
) Fiqure ABED 13 & cotfngle with Given
A\'mromb- 8D nd RO
2 BC ) AQ , BA il _cn Delinelion of greppitalell lines
L& 19 ) in 8 ‘—:* 1 XCnekian £ modlriﬂ'h"
4 ¢ BAD an ; \es A\ righ> mviales e M
. AQED ¥ AcsR 338
" A AE £ cE pnd BE‘? Qg searvents ore Wc.ni'

Score Point 1.

The response exhibits a lack of command of geometry in developing the proof.
The student demonstrates a vague knowledge of how to prove that two triangles
are congruent, but there is very little substange to the proof. The only bits of
relevant and correct information in this proof, other than the given and prove,

are the first part of Statement 2, Statement 3, and Statement 6 (too late though!).
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Use the:ﬁgu;e to prove the following exercise.

B C
1l Given: Figure ABCDisa 3 a rectangle
with diagonals BD and AC .
Prove: AAED =ACEB
~
; A b
Statements Reasons
l agarals DGiven
__BD and AL
el A= 90° DA arglﬁ_aéamm_ia@
. Deg. vt L.arale.
ALAZIBEIC=LD s)uommagumpmgm
\ i t
DL BCE =4 1) Dioapnals ofaverk biwektls.
5)LBCE LDAE Transitive

b Ac

E

0) Diagonals of aveck are =2,

|
(e
= Ty

ND IQQGMJMM_ML

MEJL_LCEB

Do AAEDY =0ACEBR

%) Ve,thcal L'sare «,
q) Ash

Score Point 2.

from the solution.

The response demonstrates a weakness in geometric logic in develop?ng the

proof. Step 4 and Reason 5 are incorrect. Steps 2, 3, and 6 are irreievant. Also,"
Statement 3 and Reaso.n 3 do not "agrae"; and""ﬁ-(-l//A“ﬁ" must precede Statement
5. The sequence of logical steps is not maintained to the extent that it detracts
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Use the figure to prove the following exercise.

B C
. Given: Figure ABCD is a s a rectangle
with diagonals BD and AC. E
Prove: AAED =ACEB
A _ D
Statements Reasons
Mioure P‘PXCD 1S O _rect- (D Givtr\
N)
_Q.ﬂa\e l)l‘”\ rX\Qo\L{mnmiS I'p o F\G,u S 1S o
Q\O ancy AC . Peci‘mnole ; “i'}\ N QleDnSH‘Q
@ Ap = CB Sides O.f't =
a—— T —m
QX AE = & oA DE = OT"F (*Lman\cxlb beﬁd

RE. The n -H\e. chv\d\e "\eqﬂ\cﬁs
@ /\HE_D gACf_B nto A= Dom‘\'<

@DT¢ SSS = exasts,
then A'S gre 2

Score Point 3, ‘

The student demonstrates a reasonable understanding of how to do tha proof
using SSS meihod, although a minor weakness is present. The studesnt failed to
state that the diagonals of a rectangle bisect each other. This is needed prior to
Step 8. This o’ sion is a minor weakness since Step 3 is present. Although a |
minor weakness is present, the proof indicates considerabie thought and sound

logic in the sequence of stateménts and reasons.
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1. Given: Figure ABCDisa s a rectangle
with diagonais BD and AC. . E
Prove: AAED =ACEB
A
Statements Reasons

0 Fiquve BBCD (¢ o rectangle

D Given

with diagnols BD 3 AC.

) Dom’r E is ik mndpawi~

Q) if i+is = rectangle , +hen

ofF beth BY arnd BC

+ha diagnels “bisect cach othaa.

3) gt 2 AD

D f i+is a rectangle. , then

appisi sides zre N

-mp o

han

Y) BE ¥ ED ard BE C

e

WY i+is the \‘Midp;:i:v{- o f

A Segmawt ,than 4+ will’

5) AAED ® ACEa

D if. 3SSS,4theny AN's are

divide (nYo 2 2 dugments.

=

Score Point 4.

The student demonstrates 3 clear understanding of how to prove that two

triangles aze congruent using SSS method by including all steps in the proof.- All

statements are logically senuenced and all reasons are correctly aligned with

these statements, The abbrevxatlons used are acceptable. Although there are

minor misspellings in Statement 1, Reason 2, and Reason 3 they do not seriously

detract from the solution as g whole. The proofis accurate and complete.
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V' aremn A e oo .

VARIABLE PROOF A: PERPENDICULAR BISECTOR

C2. Given: In AABC, BD is the permendicular B
bisector of AC.

‘Prove: AB = BC
Treet ey
.LQ,ﬂAAgcﬁvo-ﬁ&m AL L Giden
,Qwu:ﬁcm of ic. |
L L BDA and LIDC ore b o5 2o o L ek

3 DD R |
4 ¢ BDA T BDC d oy s Csene
5. LHABD T A eaDd A”-g

L AB =K b QPC_,TC

Score Point 4

. 'The student demonstrates a clear understanding of how to prove that two segments are congruent

by including all steps in the proof. All statements are logically sequenced, and all ressons are
correctly aligned with these statements. The abbreviations used are acceptable. The proc;f is
accurate and complete,
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VARIABLE PROOF B: THREE DIMENSIONAL

D2. Given: BD 1 planeP atD and AB = BC

Prove: 4D = DC /

> u

/

Stadera 3
By | Q‘«Q"f“"—'\ o D el . (e
AB = Be
—_ \lne
2. BBR, B 1™ - a‘;ﬁﬁ(‘\? *\f:"@, G o e
. ’ o
A 2. BMNA @ 4 BDC, axe R‘\"‘Z.,s 3 a\&‘g NET o4 {axp, \Yres
4. DBDA £ ABM exe f B . Qepuritos oF RE A
5. B5 Z Ad 5. Reflexve geges=
6. DBMAT ABNC b, Yorear bag
1. 2 7. et

Score Point 4
The student demonstrates a clear understanding of how to prove that two segments are congruent
by including all steps in the proof. All statements are logically sequenced, and all reasons arz

correctly aligned with these statements. The abbreviations used are acceptable. The proof is

accurats and complete,
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VARIABLE PRGOF C: PARALLEL LINES

G2. Given:

Prove;

\ ST, ey
ST\WWv . -
2 LSTRZ=L you) '2.4% 2 Oimoa o.AL\\ Yeud
l%
3. ARTSZAYHu) Y
3.58%
AL LrELY &, cfeTe.
5 BN YW S & oltwunodz. TN LS G
- Ve Y7 Dves oucHap O Aomones
YT ged

i

Score Point 4

The student demonstrates a clear understanding of how to develop the proof by including all steps. .
All statements are correct and logically sequenced, and all reasons justify these statements, The

abbreviations used are acceptable. The proof is accurate and complete.
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| VARIABLE PROOF D: SIMILAR TRIANGLES |
2. Giver;: @ L EE
’ AE 1L DE
Prove: -g% = -ﬁ-
Statements Reasons
@cb L DE; AE J DE D Mugr
@’-D and ¢ F are, nalrﬁ'amo, s 1 Delinihion o L lines
@D Eer 3) ?\C:H‘ mleS axe onqruen+
@«’-DBC::AI:BH D \/em’mal ﬁm__s_ax_f;a_ﬂcz_m
@%&i&ﬁ AA~ Dostolado ,
Q@ BE =% ( D {‘mrespohdxm} sHes of ~ 'hialglé’s

[

-

1
|
in pro tHon !

Score Point 4

The student demonstrates a clear understanding of how to prove that distances are proportional by
includiag all steps in the proof. All statements are logically sequenced, and all reasons are

correctly aligned with these statements. The abbreviations used are acceptable. The proof is

accurate and complete. 45




Appendix C

(Percentage of Students Receiving
Each Score on the 1988-89 Geometry
Proof Field-test)




State

Region !
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Region 8

State

Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Region 8

6.7

2.9
5.1
6.8
8.1
5.8
9.0
4.2
9.2

1988-89 Geometry Proof Field Test

Quadralateral (Common Proof)

Percentage of Students Receiving Each Score
0.0 0.5 L0 L5 20 2.5 3.0 3 490 N
17.6 43,926

8.4 5.5 19.2
6.0 53 18.0
8.1 4.6 204
7.1 46 178
11.3 84 226
8.1 50 18.1
10.5 6.0 217
6.2 4.7 169
7.3 52 16.0

Perpendicular Bisector

25.7

24.1
26.7
20.4
31.5
24.2
29.0
22.0
28.6

9.4

10.1
10.7
9.0
10.6
8.6
9.3
9.2
8.7

25.5

30.0
28.%
257

- 25.0

24.2
25.7
25.3
21.8

11.1

12.9
12.9
10.9
10.8
11.3

9.8
10.6
11.8

8.6 12.9

9.6
8.6
8.4
8.1
10.1
6.7
9.4
8.7

20.3

15.5
20.4
19.6
14.8
22.3
20.6
26.2
20.5

13.4
11.1
13.7
10.1
13.8
13.1
14.1
14.0

(A)

7.2

6.6
6.7
7.6
5.8
8.0
6.7
8.3
1.6

21.7

271.7
19.3
27.5
20.5
23.5
15.7
22.3
19.9

18.1
17.0
20.7
12.3
17.1
16.2
20.6
20.0

11

2280
5090
7286
5147
8256
7942
4248
3676

,177

582
1294
1846
1310
2098
2027
1083

936




Area

State

Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Reg;on 8

State

Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Region 8

0.0
15.5

12.6
19.2
13.8
214
13.3
15.9
13.2
14.3

28.6
29.1
28.3
29.1
35.3
26.2
319
19.0
28.2

Three Dimensional (B)

1.9
43.4
48.0
51.4
33.8
53.8
42.8
43.4
40.7
38.2

29.7
29.5
32.7
27.1
35.5
28.4
28.4
29.8
27.8

2.0
32.4
30.4
23.0
41.6
21.5
32,5
32.6
36.3
38.8

Parallel Lines (C)

12.7
14.3
11.4
11.7
10.4
15.2
11.0
14.6
14.1

48

3.9
7.7

8.2
5.8
9.6
3.3
9.8
6.9
9.2
7.6

9.4
9.7
9.5
9.9
5.9
10.4
8.5
12.2
9.3

Percentage of Students Receiving Each Score

4.0
1.0
0.9
0.6
1.1
0.1
1.5
1.2
0.7
1.1

19.7
17.5
18.1
22.2
12.9
19.7
20.3
24.4
20.6

11017
573
1279
1827
1287
2066
1999
1057
929

10925
567
1263
1814
1284
2061
1970
1059
907




Areg
State

Region 1
Region 2
Regi?m 3
Region 4
Region 5
Region 6
Region 7
Region 8

2.0
17.3

13.6
14.8
14.9
22.1
17.2
20.2
17.5
14.7

Similar Triangles (D)

Percentage of Students Receiving Each Score

10
37.5

36.4
43.1
36.1
45.3
31.9
39.1
31.2
38.7

2.0
21.6

23.8
20.0
19.7
19.0
24.3
21.0
25.5
20.4

3.0
15.6

16.7
16.3

19.4

9.2
16.7
12.3
16.9
18.1

40 N
8.1 10,807
9.5 558
5.9 1254

10.0 1799
4.4 1266
9.9 2031
7.5 1946
9.0 1049
8.1 904




Appendix D

(Descriptive Statistics for Procf Scores
and Grades and Geometry Proof Focused-Holistic
Score Scale Distribution)

S0
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Descriptive Statistics for Proof Scores and Grades

Variable

Common
Proof
Rating 1

Common
Proof
Rating 2

Variable
Proof
Rating 1

Estimated
Geometry
Grade

Estimated
Proof
GCrade

-

Humber of

Students

43,926

43,926

43,926

43,400

13,103

Mean

2.143

2.152

1.745

2.058

1.848

Standard

Deviation

1.327

1.331

1,253

1.300

Minimum Maximum

4.0

4.0

4.0

4.0

4.0

42
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Geometry Proof ¥ocused-Holistic Score Scale Distribution

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Common 8.4% 5.5% 19.2% 9.4% 11.1% 8.6% 12.9% 7.2% 17.6%
(N=43,926)

A 6.7% 25.7% 25.5% 20.3% 21.7%
(N=11,177)

B 15.5% 43.4% 32.4% 7.7% 1.0%
(N=11,017)

C 28.6% 29.7% 12.7% 9.4% 19.7%
(N=10,925)

D 17.3% 37.5% 21.6% 15.6% 8.1%
(N=10,807)

a2
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Appendix E

(A Summary of Teacher Assigned Proof Grades
and Geometry Proof Scores: Common and
Variable Proofs)
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Proof
Scores

Proof
Scores

Procf
Scores

Proof
Scores

AWN~O hPUN—O FUN=Oo

AWN=O

TEACHER ASSIGNED PROOF GRADES AND
GEOMETRY PROOF SCORES: CORE PROOF

Proof Grades
D C B

Ny
«Q
Q
S

N i
NSO
\lwwo\l

[FSR Y]
NGB o
WwWhwoo

N W

) +me

o0 Cco
VIWN
Q=N
NOLOO

Proof Grades

F D C B
To % %

39.21 189 104 4.5
509 557 490 32,9
9.7 244 363 48.6
2 1.1 4.0 129
0 .0 3 1.1
Proof Grades
F D Cc B
% % % %
6.8 385 242 9.6
36.1 423 337 .6
3.1 122 172 181
1.1 39 N3 167
.9 31 136 370
Proof Grades
F D Cc B
% % % %
425 235 116 4.3
479 534 413 244
1.7 16.8 274 311
1.5 56 149 260
.4 .8 4.9 142

:Variable Proof A
Perpendicular Bisector

S>>
Tl

NN se
hone,
OO0 W h ~Joo
NN
LN
00 1V & 00~

:Variable Proof B

Three-Dimensional

A Al
% %
1.7 15.6
16.8 43.4
47.2 323
29.3 37.7
5.0 1.0
:Variable Proof C

Parallel Lines

A All
% %
3.1 286
.71.2 299
79 126
16.9 9.3
649 197
:Variable Proof D
Similar Triangles
A All
% %
1.0 173
9.2 376
23.2 215
384 156
28.2 8.0
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Appendix F

(Sample School System Disaggregate Report)




- . ] HORTH CAROLINA END-OF-COURSE TESTING PROGIVAM PAGE 1
- GEGMETRY PROOFS --- 1989
REGION
SYSTEH SYSTEM REPORT
VARIABLE PROOFS
NUMBER  PERPENDICULAR THREE PARALLEL SIMILAR
TESTED 8ISECTOR DIMENSIONAL LINES TRIANGLES COMMON PROOF
SCORE POINTS 01234 01234 01234 01234 0.0051.01.52.02.53.03.54.0
ALL STUDENTS TESTED
STATE 43926 726262022 164332 8 1 293013 920 17372216 8 8 5 I5 9 11 9 13 7 18
REGICH 7279 720262027 14344210 1 2927° 1622 1536201910 7 5 18 9 11 8 14 8 21
SYSTEM 851 616202921 9304313 1 2329. 1619 11442615 5 6 4 17 & 12 8 17 9 30
SEX
MALE STATE 19291 724252122 154034 9 2 2627141122 17262216 9 8 S 17 9 117 9 13 @ 19
REGION 3242 520242129 13324311 2 2423131327 14342022 9 6 4 16 8 11 9 11 9 23
SYSTEM 385 312293224 8295011 2 3022 92019 12392917 3 ,4 4 17 6 14 8 16 9 22
FEMALE STRTE 22799 626262022 14453t 8 1 293213 919 16382216 9 8 S 20 10 11 8 17 7 17
REGION 3761 620261927 13364010 1 302912 820 1438191811 7 4 19 10 11 8 14 7 20
SYSTEM 433 719263018 10314216 1 1833181318 104622 14 7 6 3 18 11 11 9 16 6 a1
PARENTAL EDUCATION
LESS THAN BTH STATE = 249 92533 725 274328 0 2 2046 . 713 20471015 7 12 4 24 13 9 7 13 6 12
REGION 40 142957 0 0 334122 0 0 403010 010 867 017 8 13 0 23 20 13 5 10 3 15
SYSTEM 1 0* 000 0O 0 0 O O * o0 0 o
BTHTO 12TH  STATE 2466 835261714 395026 S 0 373511 611 234519 9 4 11 8 24 11 12 7 19 s 1
REGION 386 11 37281213 213836 6 0 423511 4 6 294815 S 2 13 8 27 13 11 5 § o 9
SYSTEM 20 1429142914 0 0 0* 0 572914 0 0 06020 0 0 5 5 2% 15 15 5 15 35 10
HIGH SClioOL  STATE = 9953 729201818 174729 6 1 313413 714 15422113 S 10 6 21 11 12 &8 12 6 14
REGION 1511 825301820 153938 8 0 363212 612 18441717 4 9 S 21 11 12 9 13 ¢ 14
SYSTEM 133 717293314 213438 7 0 383512 8 8 85817 8 8 7 5 19 10 13 8 15 9 14
MORE TIN 12TH STATE 29188 6 23252224 14403410 2 2525 141123 153523 1710 7 5 18 g 11 9 14 g 20
REGION 5013 417252232 11324312 2 2324131228 1232212213 5 4 16 8 11 9 15 8 25
SYSTEM 665 41528312) 7304714 2 1927151821 12392118 4 5 3 17 § 12 8 17 o 22
NOTE: FOUR FORMS OF THE GECYETRY PROOFS TEST WERE ADMINISTERED IN EACH CLASSKOOM. EACH STUDENT
TOOK CNE COM:ON PROOF AND ONE OF FOUR VARIADLE PRCOFS. THE NUMBERS IN THE TAULE REPRESENT THE
PERCENTAGES OF STUDENTS ATTAINING EACH SCORE POINT. 100% IS REPRESENTED LY '#%%. PERCENTAGES FOR
ALL STUDENTS TESTED WERE OBTAINED DIRECTLY FROM THE SCORE DATA. PEKCENTAGES BY SUBGROUP
WERE OBTAINED FROM DATA CODED ON THE MULTIPLE-CHOLCE ANSWER SHEET.
tRic °7
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e =) NORTH CAROLINA END-OF-COURSE TESTING PROGRAM

) GEOMETRY PHOOFS --- 1989

REG1ON
SYSTEM SYSTEM REPORT

VARIABLE PROOFS

NUMBER  PERPENDICULAR THREE : PARALLEL SIMILAR
TESTED BISECTOR DIMENSIONAL LINES TRIANGLES COMMON PROOF
SCORE POINTS 0121234 01 2134 01 23 4 0 1°2 3 4 0.00.51.01.5 2.0 2.5 3.0 3.5 4.0
GRADE IN SCHOOL
HINE STATE 7820 2 818 29 43 4 27 45 21 4 1015131745 4182632 21 2 1 7 5 9 8 16 13 38
REGION 1532 2 6152849 6 17 49 26 2 1013111848 519 2234 20 2 1 7 5 8 7216 13 41
SYSTEM 157 0 23233838 31] 4731 3 2 7182339 017343 17 1 1 3 5 8 4 20 14 45
TEN STATE 19998 6 23 27 21 22 14 45 33 7 1 2531151019 14302515 8 6 5 18 10 12 9 14 g 18
REGION 3186 419272120 113544 8 2 24 29 15 10 22 12 35 23 19 11 5 416 9 12 9 16 g 21
SYSTEM 400 614243521 8324811 0O 1833171419 8393316 4 4 4 14 8 13 11 18 9 19
ELEVEN STATE 11103 10 37281411 225024 3 o 403611 6 7 254816 B8 2 13 8 26 11 12 ¢ 10 4 g .
REGICN 1757 11 30321314 174732 4 o 43311 6 6 224931511 2 11 7 27 12 12 8 11 4 g
SYSTEH 216 727391611 74244 7 0 39321210 7 216010 9 0 10 3 a1 11 13 7 13 5 3
THELVE STATE 3162 12372914 7 244826 3 0 413811 4 6 334413 8 2 16 9 26 111 7 9 4 3
REGION 510 7343911 9 233540 2 o 443410 5 7 2351013 3 14 G 26 10 13 7T 10 4 g
SYSTEM 45 082364518 0 383825 0 0 55 0 0 0 08317 0 0 13 13 MN g 18 72 7 2 o
OTHER STATE 109 616131945 015372622 71 & 51158 1327131738 10 7 ¢ 2 6 7 6 15 40
REGION 7 %5 0 01873 0 7294321 11 0 1111 67 9 9 914 55 9 2 0 0 2 9 4 15 go
SYSTEM 7 000+ 0 0 0% 0% 0 0 0* 0 0 0* 00 14 0 o0 o 0 29 14 14 29
ETHNIC GROUP
MMER. INDIAN  STATE 436 11313714 6 166716 1 0 36 39 9 8 8 245117 6 2 11 9 24 12 i4 9 8 5 7
REGION 25 40 04020 0 964127 0 0 40 20 20 020 50 0S0 0 O 20 16 16 8 12 8 12 4 4
SYSTEM 0
BLACK STATE 10089 10 36 27 13 13 234923 4 ¢ 4237 9 5 7 274417 8 4 14 g 27 11 11 8 9 4 g
REGION 2134 1131301414 234130 5 o 443310 5 8 26471410 4 12 7 26 12 11 9 10 4 ¢
- SYSTEH 206 92629191/ 16403212 0 37 35 17 8 ’4 17% 24 1 2 9 8 24 13 14 8 10 4 %0
HHITE STATE 30681 521 252325 124036 10 2 23 28 1511 23 133524 18 10 6 416 9 11 9 14 g 21
REGION 4669 3152523 34 82304713 2 20 24 14 13 29 932 2224 13 4 314 7 11 9 16 9 27
SYSTEM 582 411 203622 ) 204914 2 19 25 14 1823 94225 19 4 5 215 712 9 19 190 23
OTHER STATE 854 617242034 10383217 4° 14 25 11 15 34 15 27 24 24 10 7 413 7 9 8 15 11 325
REGION 164 3 B 221157 0373721 § J 1411 19 53 13 21 2t 36 10 4 4 7 7.1¢ 5 18 12 33
SYSTEM 29 020204020 0 07525 0 0 27 927 36 13 2% 30 13 1) I 017 7 10 3 ¢t 7 34

NOTE: FOUR FORMS OF THE GEOMETRY PROOFS TEST WERE ADMINISTERED IN FACH CLASSHOOM. EACIHl STUDENT

TOOK ONE COMMON PROOF AND OHME OF FOUR VARIABLE UROOFS. THE NUMDERS IN THE TARLE REPRESENT THE

PERCENTAGES OF STUDENTS ATTAINING EACH SCORE POINT, 100V IS REPFICFNTED By **2f,  PERCENTAGES FOR

ALL STUDENTS TESTED WERE OBTAINED DIRECTLY FROM 1Nk SCORE DATA. PERCENTAGES 15t SUBGROUP E;()
WERE OBTAINED FIOM DATA CODED ON T HULTIPLE-CIKMGE ANCWER SHEET.

FRIC 59 . |
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CLASS ROSTER FOR GEOMETRY PROOFS

REGION 6

SCHOOL ANSON JUNIOr H,.S.

COBE 40304

SYSTEM ANSON CUUNTY SCHOOLS

TEACHER RANDZ UL P CLASS PERIOD 1

NOTE: CODE THE PROOF SCORES ON THE APPROPRIATE STUDENT ANSWER SHEETS ACCORDING
TO THE DIRECTIONS ON PAGES 13 & 14 OF THE TEST ADMINISTRATOR'S MANUAL FOR

THE GEOMETRY TEST. CODE THE COMMON PROOF SCORE IN COLUMNS K AND L, THE
VARIABLE SCORE IN COLUMNS M AND N, AND THE FORM IN COLUMN O. ONLY THE COMMON
PROOF SCORE SHOULD BE USED IN DETERMINING STUDENT GRADES. THE VARIABLE PROOFS
VARIED IN DIFFICULTY AND WILL BE USED FOR SCHOOL AND SCHOOL SYSTEM REPORTING.
FOR YOUR INFORMATION, THE PROOFS FOR EACH FORM WERE AS FOLLOWS:

A=PERPENDICULAR BISECTOR, B=THREE DIMENSIONAL, C=PARALLEL LINES, D=SIMILAR TRIANGLES.
THE STATEWIDE SCORE DISTRIBUTIONS FOR ALL PROOFS ARE GIVEN BELOW.

COMMON PROOF SCORES ARE BASED ON TWO INDEPENDENT READINGS WHICH PRODUCE SOME
MID-POINT SCORES. VARIABLE PROOF SCORES ARE BASED ON ONE READING.

STATEWIDE DISTRIBUTION COF SCORES
1l

=
PROOF 0.0 0.5 .0 1.5 2.0 2.5 3.0 3.5 4.0 TOTAL

COMMON  8.4% 5.5% 19.2% 9.4% 11.1% 8.6% 12.9%  7.2% 17.6% 43926

N C END-OF-COURSE TESTING PROGRAM: 1988-89

A 6.7% 25.7% 25.5% 20.3% 21.7% 11177
B '15.5% 43.4% 32.4% 7.7% 1.0% 11017
C  28.63 29.7% 12.7% 9.4% 19.7% 10925
D 17.3% 37.5% 21.6% 15.6% 8.1% 10807
COUMON VARIABLE
STUDENT PROOF EORM PROOF
2.5 A 3.0
1.0 A 3.0
4.0 D 2.0
3.5 B 3.0
1.5 A 3.0
| 1.0 B 2.0
1.0 c 4.0
3.5 c 4.0
4.0 D 3.0
2.0 A 2.0
3.0 D 3.0
1.5 c 2.0
) 0.0 B 2.0
. 2.0 D 4.0
5 2.0 B 1.0




Appendix G

(Teacher Survey Data)
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Question 1a: Was there suffi

Responses to 1a:

Response

Unclassifiable response E 0.7%

Responses to Evaluation of Geometry Field Test

Question 1: Test Administration

cient time to do two proofs in one period?

Yes

Yes - with conditions E 1.0%

Ne | 0.3%

Response

No

Yes-- with conditions
Yes

Unclassifiable response
Missing

Summary of 1a:

This question had by far the most response;
single answer--yes. The three conditional affirma
There was only one no without explanation.

Count

297
12

furthermore, the response was focused more directly at a
tive responses were concerned with administrative duties.




Question 1b: Should all testing be done first period?

Responses to 1b;

/1 )

Unclassifiable response {Z
ponse ¢/ )

Other W/%M/’/ 7 R
D D 007 >
Yes - with conditions W  101%
No - with conditions Q///////% 1.7%
)

Response Number

Don't know 6

Unclassifiable response 12

Other 52

Yes 113

Yes - with conditions 29

No - with conditions 22

No 53

Missing 28
Summary of 1b;

Yes was reported more than twice as much as any other response. However, the other response showed a
different measure; these teachers expressed a concemn that all testing should be done du-ing the same period for
all students all over the state. Many of the teachers reported that students wi9 were in their classes late in the
day already knew which proofs were going to be on the common tr * The no and no--with conditions that
had explanations were generally concemned with late buses cr tardy students. But most did think that testing in
the moming was a good idea. Some, preferring to take the test in their regular class, explained their no
responses because of probleins with rescheduling other classes,
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Question 1c: Is the end of March an appropriate time?

Responses to 1c:

Rncnnnsg

Yes - with conditions 7/’////// 7.4%

7
No - with conditions / 49%

4

No V/////////////////ﬁ 21.1%

Response Number

No 79

No--with conditions 14

Yes-~with :onditions 21

Yes 171

Missing 30
Summary of 1c:

Again, yes received twice as many responses as an
not have explanations because the question sums u
usually are followed by reasons; in this case,
than the teachers thought it should have beer:.
semester; therefore, testing should be done e
better time. Much of the condition
testing.

y other answer. In general, the affirmative responses do
p the response. The negative responses, on the other hand,
the no responses were reported because the test was given later
Many teachers explained that they taught proofs in the first

arlier. Many reported that the end of first semester would be a

al response was due to conflicts with spring break and other End of Course




Question 1d: Did students reveal their true abilities?

Responses to 1d:
Response

Don't know /////////////// 16.0%

Y @k

Yes - with conditions V/ ///////////////% 19.2%

Maybe o 3.5%

No - with conditions V////////% 8.2%
No 7///// R

Resnonse Number
No 26
No--with conditions 21
Maybe 9
Yes--with conditions 49
Yes 109
Don't Know 41
Missing 60
Summary of 1d:

Again, yes was twice as popular as any other response. The res

i*Jnses with phrases such as "most gid"

and "probably did" were categorized as yes--with conditions. Also in this category are the responses with

“background interference” such as nervousness. Many teachers wrot
this question until they know their students' scares. The negative res

e that they would not know the answer to
ponses are founded upon explanations of

students' apathy, nervousness, and, from the response to question 1b, the apparent cheating.
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Question 2a: Is it important to test "proofing"

Responsc§ to 2a:
Response
Don't know ¢4 1 &
% 3.8%

Yes

Question 2:

Proofing Skills

in addition to multiple choice testing?

7 //W// % 73.1%

Yes - with conditions % 3.8%

No 7/////// 14.8%

No - with conditions 7// 4.5%
Response Number
No 39
No--with conditions 12
Yes--with conditions 10

Yes 193
Doa't Know 10
Missing 51

Summary of 2a;

By far, the majority of teachers' responses fits into the yes cate
largely of responses that did not answer this question, but did answ.

gory. The missing category is comprised
cr question 2b with resnonses such as "'
f a multiple choice test with choices of
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Question 2b: Is it worth the General Assembly providing $3 per stud:nt or would sampling be
acceptable?

Responses to 2b:

B.em

\

No- with conditions % 5.8% |
“
Don't know // /////////’ 12.4%

\

Response Number

No 94

No--with conditions 14

Yes 103

Don't Know 30

Missing 74
Summary of 2b:

Yes and no were reported in almost the same frequencies in response to this question. Many did not know
whether or not it was worth the cost. The teachers who responded yes to this question thought that it was worth
it to test all students, while some of the no responses favored sampling.
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Question 2c: Have there been any benefits beyond scores for students and curricalum
information-- e.g., use of scoring method in class, agreement on standards, discussion
among geometry teachers?

Response to 2c:

Response

N &
Yes - use of method ir class 7//////////////////////////////////////////////// 24.0%
Yes - agreement on standards ////////////% 8.8%
Yes - teacher discussion [/ //////////////% 8.8%
Yes - other [/ //////// R
Yes - combination of above V/////////////////////////////% 17.5%
Don't know 7//////4 3.7%

Response Number
No 17
Yes 48

Yes - use of method 1n class 52
Yes - agreement on standards 19

Yes - teacher discussion 19

Yes - other 16

Yes - combination of above 38

Don't Know 8

Missing 98
Summary of 2c:

Only 5% said no. Of the benefits, use of the method was reported the most often. Teachers generally liked
the method for scoring proofs. Almost everyone whe responded agree “hat the method was useful. Another

commonly reported benefit was agreement on standards; many teachers did not know expectations of iheir
curriculum.




Question 3: Scoring of Proofs

Question 3a: Should lead, practicing teachers continue to be scorers?

Responses to 3a;

Response

Y

Yes - use of method in class [/ /////////////////////////////////////////////%

Yes - agreement on standards %///////////////A 8.8%
Yes - teacher discussion %////////////% 8.8%
Yes-otwer /77772 R

Yes - combination of above [/ ///////////////////////////////// 17.5%
Don't know % 37%

Response Number
No 14
No--with conditions 4
Yes--with conditions 6
Yes 241
Unclassifiable response 14
Missing 36
Summary of 3a:

manner. The positive responses were not necessarily directed at the benefit for scoring, but rather at the
Improvement in teaching skills of individual teachers which results from the experience of scoring.

Y0

N T

24.0%




Question 3b: Should different teachers score each year?

7

TR

Response
No

No - with conditions
Maybe

Yes - with conditions
Yes

Unclassifiable answer

Don’'t know

Responses to 3b:
Response

No
No--with conditions
Maybe

Yes--with conditions

Yes

7

7

Unclassifiable Answer

Don't Know
Missing

Summary of 3b:
The negative res;

about quality of teacl
evaluators.

ponses were based on concems about cost; the positive responses were based on concemns
hing. The conditional responses and maybe category represent a large number of unsure




Question 3c: Can scoring move to school systems in the next five years?

Responses to 3c:

Response

Ne - with conditions % 17%
Mayhe % 3.6%

Yes - with conditions % //)/’ 45%

)

Unclassifiable response

5.9%

Don't know V// 2.3%
Response Number
No 59
No--with conditions 17
Maybe 8
Yes--with conditions 10
Yes 108
Unclassifiable response 13
Don't Know 5
Missing A

S'“mmary of 3c:

Teachers responded yes to this question in general. Those teachers who did respond no questioned
whether their school system or oiher school systems would be honest when it came to scoring their own
students. Many of the conditional responses showed concem for this matter.




Question 3d: Should we use school days or weekends if scoring is done at the regional levei?
Responses to 3d:

Response

Weekends V///////é 14.8%

Unclassifiable response // 5.9%

N

Response Number

School Days 203

Weekends 38

Unclassifiable response 13

Missing 59
Summary of 3d:

School days was by far the most popular answer to this question. Some were strongly opposed to

weekends. Many teachers were opposed to testing taking away from class time; these teachers answered

weekends or suggested using teacher workdays. The issue of reimbursement for this scoring came up

repeatedly in responses to this question; some wanted extra pay for weekends-- some would not score on
weekends even for extra pay.




Question 3e: Is this scoring regular duty or extra duty?
Responses to 3e;

-Response

Regutar duty |/ ///// 159%

/
Unclassifiable response 7/
%
Response Number
Regular duty 40
Extra duty 198
Unclassifiable Response 14
Missing 63
Summary of 3e:

Extra duty was the winner here., Again, many included payment as an issue.

74

12




—ﬂ

Question 4: Training on Holistic Scoring

Question 4a: Rate the awareness and scoring sessions compared to other staff development.

Responses to 4a:

Respense

Worse than other 1.9%

Sy

Comparable // //4 12.5%

Most teachers did not respond at all to this question. But those who did respond responded favorably.




ﬁ By

Question 4b: How often should a person receive this training-- once, every three years, never?

Response to 4b:

Response

Once 7/////////////////% 21.1%
Once a year V/////////////////////////////% 33.1%
Once every 2- 3 years [/ /////////////////////////////////////// 43.8%

Other V%/ 2.0%

Response Number

Once 33

Once a year 83

Once every 2-3 years 110

Other 5

Missing 64
Summary of 4b:

14 76

|
|
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Qu

estion dc: Have you (1)used this technique in class- (2)has it improved instruction?

s No ?/////////////// 24.1%

No

No - with conditions

Yes

Unclassifiable response

)

12.3%

7

4.3%

.

1.3%

72.5%

Don't know 3.6%

Response Number
No 17
No--with conditions 6
Yes 100
Unclassifiable response 10
Den't Know 5
Missing 177

. Summary of 4c:




Question 4d: Would You trust scores from others?
Response 10 4d:
Response
No 1 2.0%

Cwi g %
Yes - with conditions % 6.1%

N @@L

' 7
Don't know é 2.5%

4

‘Response Number

No 4

Yes--with conditions 12

Yes 177

Don't Know 5

Missing 117
Summary of 4d:

A typical response-"yes, if trained as I."

6 mg




Question 4e: Should awareness and/or scoring be continued?

Response t0 4e:

* Response

No % 4.5%

Yes 7//////}%/////////////////////////////////2 92.3%

Unclassifiable response Z 3.2%

Response Number

No 7

Yes 143

Unclassifiable response 5

Missing 160
Summary of 4e:

Half of the teachers left this question blank. The response was almost all positive.
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Question 5a: What percenta

- score count?
Responses to Sa:

Response
0-4%

5-10%

11-15%

16-20%

21-25%

Unclassifiable response

Don't know

Response

0-4 %

5-10 %

11-15%

16-20 %

21-25 %

Unclassxﬁable response
Don't Know

Missing

Summary of 5a:

] 49

Question 5: Grading

////////////////////////////////////////////

7

10.8%

77

3.1%

Z

Number

/| 5%
) 5%

10 % was by far the most common answer.

3 80

21.3%

ge of a "geometry" total score should a single focused holistic

48.8%




Question 5b: Comment ahout the apparent resuits that one-third of students are re

ceiving 0 gr
1 scores when only half of students even take geometry.

e e ),
Proofs are difficult %/M &‘% 10.3%
T it [ s
Other - don't understand // /////////////////////////////////% 25.2%
Don't know /// /// 5.2%

Response Number

Students take geometry 39
too early

Proofs are difficult 16

Teachers don't prepare 6
students well

Other- Don't understand 39

\ question
Don't Know 8
Missing 160
Summary of 5b:

The majority of teachers did not understand what they were supposed to be answering. Other teachers
reported that the logic necessary for proofs is not yet developed in their students. There were several

suggestions of classes without proofs for these students; the advanced students would be taught and tested on
proofs in these classes.

-

1
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Question §: Other

Question 6: What would or do you pian to tell your principal, superintendent, or legislator
about this effort?

Responses to 6:

Response

Not worth time & 7////////// 10.8%
Other negative opinions /7 7 99%
st D .
Other positive opinions , 7 / / / ////////////////%/// 44.6%

Facts about sessions 3.3%
4
Response Number
Not worth titne &/or money 23
Other negative opinicns 21
Beneficial to students &/or teachers 16
Other positive opinions 95
Facts about sessions 7
Other 51
Missing 102
Summary of 6;

The responses to this questior: were positive in general. The most common response was that this testing
should continue. Another theme that occurred frequently in response to this question was that the scoring was
very exhausting but worth the benefits to teachers' instruction. Other teachers reported lost instruction time
due to the scoring and due to testing as a whole.
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