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Background of the Study

Differences between femdes and mdes in mahematics have long been observed and
discussed among educators and researchers.  Presumably, because of the complexity of
gender-rdlaed issues and the multi-faceted nature of test performance, results reported
from a variety of studies are inconsstent and often even contradictory (Hoover and Han,
1995). Evidence from severd comprehensve meta-andytic sudies (Willingham and Cole,
1997; Hyde & Linn, 1988; Linn & Hyde, 1989; Hyde, Fennema & Lamon, 1990; Hyde,
1991; Cleary, 1992) suggest that such contradictory results may be accounted for by
disentangling effects of different cohorts (different populations by age and grade),
congruct (knowledge and skills assessed by the test), and sdectivity of the sample (sdf-
sdlected, representative, or avalable). Cleary (1992) examined gender differences in test
performance on commonly used achievement tests across three subject aress including
mathematics. The effective sze was compared a the levels of quantitativeness of the test
and task complexity for age groups, sdective and unsdective samples, and students at the
10", 50", and 90" percentile ranks. She concluded that between-group differences are
smaler when compared to differences within each group, but femaes are generdly scored
lower redive to maes. This disadvantage becomes greater as age increases, task
complexity increases, and the quantitativeness of the test increases. Factors such as course
sdection, tedt-taking drategies, socid environment, and interest patterns have dso been
investigated as an dternative to explain gender differences in mathematics.

Although evidence support the smilarities of overdl mahematicad performance between
femaes and maes in many reports, researchers have increasngly recognized the effects of
differences in vaidbility in order to understand better the gender-rdated issues in
mathematics  Recent anadlyses seem generdly consgtent, finding grester variability for
maes than femaes on many mahematics achievement tests (Willingham and Cole, 1997;
Fan e al, 1997, Wang, 1995; Feingold, 1992; Benbow, 1992; Cleary, 1992). As a
consequence, there are more males than females scoring in the highest and lowest ranges.

When the differences in varigbility are combined with mean differences in test scores, the
gender differences among students in the top 10% of a test can be subgtantid. In light of
the obvious importance of variability, Willingham and Cole (1997) used the femdemde
dandard deviation ratio (SDR) and the ratio of number of femdes to number of maes
(F/M) in addition to the standard mean difference (D) in their outstanding study to describe
gender differences.

A number of writers investigated the grade or age trend of gender differences and
amilarities in mathematics. A consgtent onclusion over the past two to three decades has
been the genardly smilar achievement between femades and mdes in mathemdtics in the
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ealy grades (Zhang, Wilson & Manon, 1999; Wilson and Zhang, 1998; Willingham and
Cole, 1997; Cleary, 1992; Hyde, Fennema & Lamon, 1990). Willingham and Cole (1997),
in a summary of recent literature on gender and performance, indicate a generd agreement
that there is little overal gender difference in mathematics test scores in dementary school,
some differences appear in middle school, and average differences favoring mdes ae
more common in high school, paticulaly on problem-solving. Maes tended to gan in
math scores relative to femaes as they move through the school grades, especidly in high-
levd thinking tasks (Willingham and Cole, 1997; Cleary, 1992; Hyde et d, 1990; Maccoby
and Jacklin, 1974). Data from Project TALENT in the 1960s and NAEP in the 1980s
support the grade trend tha the greaster gain by maes on problem solving and reasoning
occurred in high schoal, particularly in grades 11 and 12.

Over the years, research data indicate that the nature of differences in mathematics
performance between femaes and males can be masked or distorted by looking at tota
score done and paying no attention to the construct components of the test (Cole, 1997;
Lane, Wang & Magone, 1996; Wang & Lane, 1996; Ryan & Fan, 1994; Cleary, 1992,
Dodlittle & Cleary, 1987). Many andyses have atempted to identify item features, such
as content, format, context, and cognitive process required, that are relaed to differentid
performance. For example, some reported that males outperformed females in the content
aeas of geometry, ratio, proportion, and percent, and arithmetic/agebraic reasoning
involving a red-world context; femades tended to peform better in dgorithmic or
computationd skills; but showed little difference on genera knowledge of mathematics.

The recent educationd reform of curricllum in mahematics focuses on high-leved
thinking, such as problem solving and reasoning rather than rote memorization and
computation.  With the incressng use of peformance assessment (eg., constructed-
response items) in the loca, state, and national assessment programs, evidence is needed to
ensure that inferences made from the measures are equdly vadid for different sub-groupsin
the population (Linn, Baker & Dunbar, 1991). In examining the format effects
Willingham and Cole (1997) reviewed various types of tests that provided both multiple-
choice and congtructed-response items. The data indicate a format effect as a discrepancy
in the gender difference on a CR (congructed-response) test compared to the gender
difference on a MC (multiple-choice) test in the same subject for the same sample of
dudents.  However, consequentid format effects were sddom found in mathemdtics.
Comparing three dtatewide mathematics assessments, the results suggest that there were
dight format effects favoring femdes on CR items in Kentucky and a notably larger
format effect in the same direction in Kansss. The authors cdled attention to the
characterigtics of the particular CR test when only a few items are used for a given test. "It
Sseems wiser to regard such results as illudrative rather than the bass for concluson about
format effects”  Congructed-response, free-response, and openended items are used
interchangesbly throughout this paper.

Purposes of the Study

The primary objective of this sudy was to invedigate the overdl paterns of gender
differences and amilarities of test performance in mahematics. To achieve that objective,
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observed test scores on the Delaware standard-based assessment were andyzed to examine
(1) gender differences and smilarities across grades 3, 5, 8, and 10 over two years, (2) the
exigence and magnitude of the effects of item format on gender performance; and (3) the
exigence and magnitude of the effects of test condruct, content standards and cognitive
processes, on gender performance.

Methodology of the Study

Assessment _Instrument The Deaware Student Testing Program (DSTP) mathematics
assessment is designed to measure students  progress toward the Delaware Content
Standards (See Appendix A: Delaware Content Standards in Mathematics) in grades 3, 5,
8, and 10. Multiple-choice (MC), short answer (SA), and extended constructed-response
(ECR) items are used to measure concepts and procedures in computation, estimation,
number sense, patterns, agebra, and functions, geometry, probability and datistics on three
cognitive processes, conceptual  knowledge, procedural knowledge, and mathematical
process (or problem solving) (See Appendix B: Definitions of Cognitive Processes). The
Stanford Achievement Series, 9" edition (SAT9) abbreviated verson in mathematical
problem solving is administered to the same grades as part of the DSTP. SAT9 scores are
used to compare Delaware students achievement with the nation and combined with the
Ddaware developed items to derive a standard-based score in mathematics.  Number of
items, item format, and the maximum possble points (MP) in the categories of content
standards and cognitive processes are presented in Tables 1a to 1d by grade and test form.
About 30% of the Delaware developed items were replaced in the 1999 test form from the
1998 test form.

Item Format and Scoring Rubrics The DSTP mahematics assessment conssts of three
item formats multiple-choice, short answer, and extended constructed-response items (See
Appendix C: Item Format). The traditiond multiple-choice item format has four response
options and is scored dichotomoudy. Short answer items require students to reflect on a
Stuation and communicate briefly the reasoning behind their solutions with a couple of
words or sentences. The extended congructed-response item format requires students to
congder a dtuation within or across the content strand aress, solve the problem, and
provide evidence of their solution drategies. Generd and specific scoring rubrics (See
Appendix D: General Rubrics and Sample Items) are developed for scoring short answer
and extended congtructed-response items on a 2-point scde and a 4-point scde
respectively. One trained reader was used to evaluate each student's response in both 1998
and 1999.

Test Administration The DSTP mathematics assessment was given in three sessons. The
SAT9 was adminigered in a 28-minute sesson of the fird day under standardized testing
conditions followed by an approximatdy 60-minutes session for the Delaware developed
items. A 10-minute for the rest period between the two sessions was recommended. In
day 2, students took another 60-minute sesson for the Delaware portion. Commonly used
mathematical formulas for grades 8 and 10 were provided as a reference during testing
(See Appendix E: Mathematics Reference Sheet). Cdculators, graphing cdculators for
grade 10, were dlowed for one session of the Delaware portion.




Sample of Subjects Students in grades 3, 5, 8, and 10 who received a vaid score on the
1998 and 1999 SAT9 and the Deaware portion were included for data andyses in this

study.

Data Analysis Destriptive  datistics, means, sandard  deviations, and  frequency
digtributions of test scores on the SAT9 and the DSTP, were caculated for the total group,
femdes, and mdes by grade and year of testing. Data andyses focused mainly on three
measures of gender difference and amilaity: the sandard mean difference (D = (femde
mean - mae mean)/pooled standard deviation), the femae and mde raio (FM = number
of femdesnumber of maes), and the standard deviation ratio (SDR = femade sandard
deviagion'made dandard deviation) by grade, test condruct, item forma, and <Student
achievement. The Point Ratio (PR = average score/maximum points) as an indicator of the
average test difficulty was reported for selected comparisons.

Results and Discussion

Means, standard deviations, and frequency distributions of test scores were caculated for
each comparison group. The index D is referred to as the sandard mean difference. The
measure varies about zero. That is, when there is no gender difference, D is zero; if
femaes have the higher mean score, D is pogtive, if maes have the higher mean score, D
IS negative. D is comparable from measure to measure, even if the score scaes on the
measures are different. A widdy used criterion for the interpretation of Dvalues proposed
by Cohen (1988) evauates .20 - .49 is a smdl difference, .50 - .79 is medium, and .80 or
higher is laage. Many researchers, however, srongly encouraged using these criteria as
reference only and conddering the particular Stuation of a given test to avoid mideading
(Willingham and Cole, 1997; Glass et d, 1981). In this study, Dvaues are interpreted in
the latter way. SDR is the ratio of femde to mde sandard deviation. The vdue of SDR
indicates the difference in varigbility of test scores between genders. A vaue of SDR
greater than 1.00 means that females test scores are more variable than maes; a vadue of
SDR smaller than 1.00 neans that maes test scores are more varigble than females. The
F/M is the ratio of number of femdes to mdes among the 10% of high and low scores on
the SAT9 mathematical problem solving test and the DSTP mathematics assessment.

1. Destriptive statistics and the indexes of D, SDR, and F/M on the 1998 and 1999 DSTP
mathematics assessments are summarized by gender and grade in Tables 2a and 2b. The
gandard difference means (D) ranged from -.06 to .03 across grades 3, 5, 8, and 10 over
two years. A dight mde advantage in mean score in grades 3 (D = -.06) and 8 (D = -.04)
was found in 1999. The near zero D-vaue indicates that there is no gender difference in
ovedl peformance. The SDRs show a condstent pattern that female standard deviations
are dbout 95%, on the average of the four grades, as large as that of mde dtandard
deviations across years. The vaue of SDR agppears to decline from .99 to .87 from grade 3
to grade 10 in 1999.

Smilar patterns are observed from the andyses for the SAT9 mathematicd problem-
solving test (Tables 3a and 3b). The D-vadue ranging from -.11 to .01 suggedts that there is
no significant gender difference on the overadl performance across grades 3, 5, 8, and 10.
Mdes performed, however, a little better than emaesin grades8 (D = - .09) and 10 (D = -
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A1) in 1999. In viewing the two years data, variability of test scores for mdes is
consgently larger than tha for femdes. On the average, femde standard devidions are
about 94% as large as that of mae dandard deviations. Similarly, the sze of SDR drops
dightly from grade 3 to grade 10. For example, the SDR of .98 for grade 3 and .88 for
grade 10 in 1999 smply indicates greater gender difference of variability in higher grades.

2. The current educationd reform has great impacts on teaching and learning; however, the
implementation of the new curriculum usudly takes a long time and the Sage of the
implementation may vary from school to school. From such condderdtions, the PR (the
ratio of the mean score to the possible maximum points) was caculated on the Delaware
developed portion and SAT9 to explore the possible interactive effects of test difficulty
with gender performance. Data presented in Tables 4a and 4b show the results of analyses
for the same group of sudents. It is apparent that the Delaware portion is more difficult
(PR = .57 to .62 in grade 3; PR = .35 t0 .27 in grade 10) than SAT9 (PR = .63 to .67 for
grades 3 and 5; PR = .43 to .50 for grades 8 and 10) within each grade. \Wha is the
corresponding relationship between test difficulties with gender performance? Can gender
difference be masked by the difficult test, epecidly in grades 8 and 10 in this case? No
aufficient evidence or clear pattern, however, was found in this study for any reasonable
explanations.

3. Gender differentid performance in the top and the bottom 10% illugtrates an interesting,
but different picture from the overal performance on the DSTP (Tables 2a and 2b). Firs,
the D-vaues are noticesbly more variable in the range of -.26 to .16 across the four grades.
In grade 3, a podtive D of .16 and .10 indicates a higher mean score for females at the
bottom and the top 10%, respectively. Smilaly, femde mean scores are higher than
maes among both low-achieving and hightachieving students in grade 5 in 1999. In
grades 8 and 10, femaes continued outperforming to males but only at the lower end (D =
.14 for grade 8 in 1999; D = .09 for grade 10 in 1999); while maes outperformed femaes
a the higher end (D = -.06 for grade 8 and D = -.16 for grade 10 in 1998; D = -.26 for
grade 10 in 1999). Second, grester mde variability is present through grades at the top
and the bottom of the score didributions with only a few exceptions. On the average,
femde dandard deviations are about 95% as large as corresponding mae sandard
deviations. Third, the F/M ratios show a paitern of consderably more maes than femaes
among the 10% of low-achieving and high-achieving students in each grade. This peattern
becomes clearer in grades 8 and 10 (F/Ms range from .82 to .99; F/Ms range from .68 to
85 for grades 8 and 10). This quite different picture a the mean and in the tals well
illusrates why it can be inaufficient to examine gender difference only using the average
score (Willingham and Cole, 1997).

There are severd interesting features to the overdl pattern of gender performance on the
SAT9 mahematicd problemsolving test.  First, maes consdgently performed better than
femaes a the top 10% with a D in the range of -.02 to -.16 in 1998 and a D in the range of
-.05 to -.20 in 1999; whereas females performed better than maes a the bottom 10% with
a D in the range of .00 to .17 for most grades (Tables 3a and 3b). Second, the SDR
ranging from .87 to near 1.00 and the F/M ranging from .57 to .89 suggest a greater
variability of test scores with an excess of maes found at the top and the bottom of the
distributions through grades and years.



4. The DSTP mathematics assessment consgsts of three item formats, multiple-choice
(MC), short answer (SA), and extended congtructed-response (ECR) items. MC items
require students to choose the correct answer from the four responses provided; both SA
and ECR items typicdly require sudents to reflect on a rea-world dtuation. SA items
require students to explain their solutions with a couple of words or sentences, ECR items
require extended written response and evidence to support their solution drategies in
problem solving.

Bdow is an example of a rdeased ECR item for grade 3 (Appendix D). This item
measures several components of number sense. Students may use different drategies to
solve the problem in the context involving a physicad representation of number. A correct
answer with clear verba or pictorid explanationsis required to receive a 4-point score.

O/ \{”\( Y_"“u”;) Alioe and Richad are colpring eggs and putting them. back
into the egg catons. Alice colored 21 eggs and Richard
x_,f‘\__}\ k ,,,'\_ J colored 18 eggs. (There are 12 eggsin acarton.)
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VOO0 ©80088e
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How many cartons will they need to hold dl the eggs? Explain how you got your answer.

Tables 5a and 5b show the results of andyses of gender differences by item format. Firg,
al negative D-vdues, ranging from -.11 to -.01, indicate a pattern of dight male advantage
in mean score for MC items.  This result is generdly smilar to previous findings. Gender
differences for ECR items tended to dightly favor femdes in grades 3 (D = .10) and 5 (D =
.09) in 1998 and in grades 5 (D = .18) and 10 (D = .07) in 1999. The largest D-vdueis .04
for SA items that suggests no gender difference on short answer items. It is dso noticed
that the DSR increases dightly from MC to SA to ECR items for mogst cases within each
grade of 5, 8, and 10 across years. Further, Dgcruc, the difference of D-vaues for ECR
from MC, was caculated and compared. Postive vaues of ECR-MC indicate that
femdes, compared to males, do rdatively better on extended congtructed-response items
than on multiple-choice items. Here, dl the values of Dcrmc in the same direction (Decrovic
= .11, .11, .04, and .03 in 1998; D:crmc = .03, .23, .10, and .18 in 1999 for grades 3, 5, 8§,
and 10 respectively) present a consstent pattern of dight format effect favoring femaes on
ECR items. Appaently, gender differences on different item formats are not uniform in
direction or sze of Ds. It is worth repesting based on the evidence from the current
andyses that maes gppear to do somewha better than femaes on multiple-choice; femaes
appear to do somewhat better than males on extended constructed-response items; femaes
and maes do nearly equdly wel on short answer items. These results support early
findings that item format involving the &bility of writing (especidly extended writing) may
favor femades. Such connection further suggests that different item formats may measure
different condructs, where format effects associated with writing skills contribute to
differentia gender performance.



5. The reaults compiled in Tables 6a b 6¢ give a picture of differentid gender performance
by content standards. Unlike the categories used in early studies, the present andyses were
based on broader content areas specified in each standard (See Appendix A: Delaware
Content Sandards in Mathematics). The negaive vdues of Ds suggest that maes
consgently outperformed femdes dightly on estimation, measurement and computation
across grades and years.  These differences became more noticegble in 1999 than the
previous year (D = -.09 for grade 3; D = -.06 for grade 5; D= -.07 for grade 8; D = -.11 for
grade 10). For the standard of number sense, femaes and mades performed equaly wdl in
grade 3, a dight advantage on the mean score favored females in grade 5, but in grade 8,
maes outperformed femaes (D = -12 in 1998; D = -.15 in 1999). Performance between
femdes and maes presented a mixed picture on spatid sense and geometry, where maes
received a higher mean score in grade 3 (D = -.15 in 1998) and grade 8 (D = -.11 for 1998;
D = -.09 for 1999), but amost no gender differences in grades 5 and 10 (Ds are ranged
from -.01 to .04). Further, the near zero D-vaues for agebra, satistics and probability,
and patterns, rdationship and functions suggest no gender differences exis in these areas.
Although mae variability is dill larger than femaés in mos cases, the SDR is near 1.00 in
grades 3, 5, and 8 across adgebra, datistics and probability, and patterns, relationship and
functions. Note dso tha the sze of SDR drops in grade 10 across the five content
Sandards, indicating larger varigbility for males at a higher-grade leve.

These mixed patterns and inconsstencies may be explained by three possble reasons.
Firs, each standard contains broad content domains which are messured with a limited
number of items. The question here is whether the standard scores provide a rdiable and
aufficient picture of gender performance. Second, indead of focusng on a single theme,
constructed-response items tend to measure more complex knowledge and skills a the
higher thinking level and usudly have more than one definite answer. One item may be
assgned to more than one category. In examining the effects of test condructs, it seems
important to categorize the item in an gopropriate and consstent way to reflect the content
and cognitive process measured by the item. Some suggest categorizing the item on dl the
knowledge and skills measured; some suggest categorizing the item on the dominant area
only. Third, some items may assess irrelevant congtructs.

6. The Mathematics Content Standards provide the framework of what types of knowledge
and sKills are to be measured in the assessment. Data reported in Tables 7a and 7b show
tet peformance of femdes and mdes on three cognitive processes.  Conceptud
Knowledge, Procedurd Knowledge, and Mathematical Processes (or Problem Solving).
As can be seen in the tables, standard mean differences vary widdly across the three
cognitive categories from -.11 in grade 5 to .08 in grade 3 on mathematical processes.
Even within the cognitive category, there is some varidion in gender differences. Dda in
Table 7s aso show larger male standard deviations across cognitive categories, grades, and
years of testing with only a few exceptions. The size of the SDRs between femaes and
males drops from grades 3 and 5 to grade 8, especialy in grade 10.



Findings of the Study

The primary objective of this dudy was to examine the overdl patterns of gender
differences and dmilarities of test performance in mathematics. To achieve the objective,
gender performance was analyzed using the observed test scores on the 1998 and 1999
Dedawvare daewide assessments by item format, student achievement, content standards,
and cognitive processes across grades 3, 5, 8, and 10. Four main findings are summarized
below based on the current andyses. These findings, however, must be viewed and
interpreted within the limitations of the desgn and analyses of the current study.

1. The dmilaities of the overdl test performance and digtributions of test scores between
femdes and mades indicate no gender differences on the DSTP mathematics assessment
and on the SAT9 mahematics problem-solving test. Data, however, reved a tendency to
somewhat grester variability in tet scores of maes than femades in mathematics across
grades. Congdent with previous findings, a redive increase in the vaiability of mae
scores from grade 3 to grade 10 was observed in this study.

2. BEvidence from the current andyses suggest that gender differences do exist when the
ggnificant differences in variability are combined with mean differences among sudents
scoring at the top and the bottom 10% of the DSTP and the SAT9. In grades 8 and 10,
femdes tended to outperform maes among the low-achieving students, while maes tended
to outperform femaes among the high-achieving students.

3. The reaults of data andyses indicate a dight, but consstent format effect across grades,
that maes performed better than femdes on multiple-choice;, femdes performed better
than males on extended condructed-response items.  All postive Dgcruc-vaues (from .03
to .23) further provide evidence to support the notion that item format involving the ability
of writing, paticuarly extended constructed-response format in this sudy, favor femaes.
Such connection suggests that different item formats may measure different congtructs,
where forma effects associated with writing skills contribute to differentid  gender
performance.

4. Unlike a variety of early studies, no clear patterns of test performance between femaes
and maes have been found in this sudy by the content and cognitive categories in
mathematics A mixed picture shows that mdes condgtently outperformed femaes
dightly on estimation, measurement and computation across grades, maes aso somewhat
performed better than femaes on number sense in grade 8 and on gspatid sense and
geometry in grade 3 and 5. These results may be due to the broader content areas (or
knowledge and skills) covered by each standard but measured with a limited number of
items.

Educational I mportance of the Study

Test peformance of maes and femaes has been one of the mgor research topics of
historical interest in education, and it continues engaging scholars, educators, researchers,
and society a large.  In designing a test, the fundamental concern is vaidity, whether the
test measures what it is intended to measure and whether it provides al students with an
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equa opportunity to demondrate what they know and are able to do. Many educators
point out that standardized tedts, particularly traditional norm-referenced, multiple-choice
teds ae usudly desgned to assess generic skills with indirect measures, that are
decoupled from any specific curriculum or indructiond goas of the schools (Linn, 1993;
Burton, 1996). Although there have been an abundance of research ingpecting gender
differences and dmilaiities, few dudies have examined gender peformance on
assessments meesuring  high-level  thinking and reasoning in mathematics.  With  the
increased use of peformance assessment in large-scde testing programs in recent years,
there is a great need for evidence to ensure that inferences made from the messures are
equdly vdid for different sub-groups in the population (Linn, Baker & Dunbar, 1991).
The chdlenge is underdanding gender differences and sSmilarities, questions such as
whether there is possible format effect; how item format changes the test congtruct in ways
that tend to favor either mae or femde and how the content standard and cognitive
process of a given tes change the patterns of gender performance.  Such chalenges
become criticd when test peformance is used as the primary indicator for high-stakes
decisons, such as retention, summer school, and graduation. The educationd implications
of the current study can be consdered as following:

Frd, the results of this study provide evidence to confirm the dominant pattern of
amilaity of tet peformance between femaes and mdes on a daewide mahemdtics
assessment.

Second, concerns are raised regarding the differentid gender performance in the high-
scoring and low-scoring regions of digtributions because the test scores serve as the
primary indicator for high-stakes decisons of most datewide assessment programs.
Consequently, there are more male than femae students at the extreme score leves -- in
the top sdected group of students for rewards and in the bottom selected group of students
for sanctions when multiple cut-off scores are used even if there is no mean gender
difference.

Third, with the growing use of peformance assessment in nationa, state, and locd large-
scde assessments, research evidence concerning the format effects on differentid gender
performance is needed to develop a better understanding of the reationship between item
format, particularly constructed-response items, and itsimpact on test constructs.
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Table 1la
Number of Items (Maximum Points) by Grdae, Content Standard, and Y ear

Content Standards Grade3 Gradeb Grade8 Grade 10

1998 1999 1998 1999 1998 1999 1998 1999

Estimation, M easur ement 15(17) 15(17) 15(17) 15(17) 14(16) 12(13) 18(19) 17(18)
& Computation

Number Sense 13(18) 13(18) 12(18) 12(18) 11(14) 12(16) 4(7) 4(7)

Algebra 5(6) 5(6) 5(6) 5(6) 12(14) 13(18) 14(15) 14(15)

Spatial Sense & Geometry 10(14) 10(14) 9(11) 9(11) 6(8) 7(9 7(®) 8(9)

Statistics & Probability 8(11) 8(9) 10(14) 10(14) 11(15) 11(15) 12(17) 12(17)

Patterns, Relationship 9(11) 9(13) 9(11) 9(11) 7(11) 6(7) 6(12) 6(12)
& Functions

Total 60 (77) 60 (77) 60 (77) 60 (77) 61(78) 61(78) 61(78) 61(78)

Table 1b

Number of Items (Maximum Points) by Grdae, Cognitive Process, and Y ear

Grade3 Gradeb Grade8 Grade 10

1998 1999 1998 1999 1998 1999 1998 = 1999

Conceptual Knowledge 24 (30) 24 (28) 24(29) 23(26) 25(29) 26(30) 25(31) 26(31)
Procedual Knowledge 28(32) 28(35) 28(32) 28(31) 26 (28) 26928) 28929) 28 (31)
M athematical Process 8(15) 8(14) 8(16) 9(20) 10(21) 9(200 8(18) 7(16)

Total 60 (77) 60 (77) 60 (77) 60(77) 61(78) 61(78) 61(78) 61 (78)




Table 2a
Test Performance on the DSTP M athematics Assessment
by Gender, Achievement, Grade, and Y ear

Gender 1998 1999
N. Mean S.D. D F/M Ratio SDR N. Mean S.D. D F/M Ratio SDR
Grade 3 MP =77
Total 7971  45.85 13.90 0.03 0.94 0.97 8097 48.95 14.06 -0.06 0.94 0.99
female 3871  46.03 13.71 3915 48.54 13.95
male 4100 45.68 14.07 4182 49.32 14.16
Bottom 10%
female 345 21.37 412 0.16 0.82 0.94 363 22.38 4.36 -0.04 0.92 0.95
male 422 20.71 4.36 393 22.55 459
Top 10%
female 414 67.34 2.84 -0.05 0.90 0.98 441 69.30 2.72 0.10 0.82 1.02
male 462 67.49 2.91 540 69.04 2.67
Gradeb MP =77
Total 7919 4173 14.36 0.01 1.01 0.96 8243 40.74 14.46 -0.02 0.94 0.98
female 3971 4181 14.04 3985 40.74 14.35
male 3948 41.65 14.68 4258 41.00 14.57
Bottom 10%
female 348 16.56 3.57 0.03 0.86 0.98 390 16.39 3.23 0.14 0.99 1.00
male 403 16.45 3.64 392 15.94 3.22
Top 10%
female 377 64.43 2.89 -0.07 0.90 0.89 433 64.72 3.56 0.08 0.87 0.95

male 420 64.65 3.24 497 64.43 3.76




Table 2b

Test Performance on the DSTP M athematics Assessment

by Gender, Achievement, Grade, and Y ear

Gender 1998 1999
N. Mean S.D. D F/M Ratio SDR N. Mean S.D. D F/M Ratio SDR
Grade 8 MP =78
Total 8235 32.88 15.51 -0.03 0.93 0.96 8226 34.54 14.96 -0.04 0.98 0.93
female 3973 32.67 15.15 4078 34.21 14.40
male 4262 33.07 15.83 4148 34.87 15.49
Bottom 10%
female 331 11.60 2.15 -0.04 0.80 0.99 345 13.26 2.49 0.14 0.77 0.92
male 412 11.68 2.17 448 12.90 2.72
Top 10%
female 391 63.19 5.43 -0.06 0.82 1.00 374 63.87 5.15 -0.01 0.82 0.94
male 477 63.51 5.45 455 63.91 5.45
Grade 10 MP =78
Total 7140 26.38 13.61 0.00 1.00 0.92 7469 29.49 13.63 -0.04 0.97 0.87
female 3570 26.36 13.02 3679 29.18 12.62
male 3570 26.39 14.18 3790 29.78 14.54
Bottom 10%
female 253 9.48 1.59 0.03 0.74 0.96 273 10.95 2.07 0.09 0.77 0.95
male 341 9.43 1.65 356 10.75 2.17
Top 10%
female 358 54.33 6.89 -0.16 0.85 0.93 321 56.61 5.96 -0.26 0.68 0.88
male 422 55.49 7.39 469 58.27 6.80

Table 3a

Test Performance on the SAT9 Mathematics Test



by Gender, Achievement, Grade, and Y ear

Gender 1998 1999
N. Mean S.D. D F/M Ratio SDR N. Mean S.D. D F/M Ratio SDR
Grade 3 MP =30
Total 7971 19.04 5.67 0.01 0.94 0.97 8097 20.00 5.56 -0.05 0.94 0.98
female 3871 19.08 5.58 3915 19.85 5.49
male 4100 19.00 5.75 4182 20.14 5.62
Bottom 10%
female 359 8.26 1.92 0.14 0.79 1.01 282 8.24 1.89 0.10 0.84 1.00
male 457 7.99 1.91 336 8.06 1.89
Top 10%
female 516 27.09 1.11 -0.09 0.89 0.99 639 27.00 1.14 -0.20 0.79 1.03
male 580 27.19 1.12 814 27.22 1.11
Gradeb5 MP =30
Total 7919 19.26 6.16 0.00 1.01 0.94 8243 19.67 6.00 -0.03 0.94 0.96
female 3971 19.25 5.96 3985 19.56 5.86
male 3948 19.27 6.35 4258 19.76 6.12
Bottom 10%
female 538 8.50 2.13 0.09 0.84 0.98 479 8.73 2.11 0.17 0.78 0.95
male 639 8.31 2.17 613 8.35 2.22
Top 10%
female 654 27.36 1.21 -0.14 0.85 0.96 711 27.44 1.24 -0.05 0.81 0.96
male 767 27.53 1.26 879 27.50 1.29

Test Performance on the SAT9 Mathematics Test
by Gender, Achievement, Grade, and Y ear




Gender 1998 1999
N. Mean S.D. D F/M Ratio SDR N. Mean S.D. D F/M Ratio SDR
Grade 8 MP =30
Total 8235 15.10 6.15 -0.03 0.93 0.94 8226 15.11 6.04 -0.09 0.98 0.94
female 3973 15.01 5.97 4078 14.83 5.84
male 4262 15.19 6.32 4148 15.38 6.22
Bottom 10%
female 403 5.63 1.47 -0.06 0.78 1.08 422 5.62 1.38 0.00 0.84 0.95
male 514 572 1.36 503 5.62 1.46
Top 10%
female 405 26.03 1.62 -0.02 0.75 0.92 394 25.93 1.61 -0.13 0.76 0.87
male 537 26.07 1.76 517 26.15 1.86
Grade 10 MP =30
Total 7140 13.31 5.92 -0.02 1.00 0.92 7469 12.86 5.84 -0.11 0.97 0.88
female 3570 13.24 5.67 3679 12.53 5.44
male 3570 13.38 6.16 3790 13.18 6.19
Bottom 10%
female 341 499 1.20 0.02 0.78 0.95 442 487 1.25 -0.01 0.88 1.01
male 437 497 1.26 500 4.88 1.24
female
male 277 25.40 1.99 -0.16 0.78 0.95 224 25.42 2.11 -0.17 0.57 0.98
Male 356 25.72 2.10 396 25.79 2.15




Table 4a
Test Performance on the Delawar e Portion and SAT9
by Gender, Grade, and Year

Gender 1998 1999
N. Mean S.D. D PR SDR N. Mean S.D. D PR SDR
Grade 3
DSTP MP =48
Total 7971  27.59 9.05 0.03 0.57 0.98 8097 29.77 9.27 -0.05 0.62 0.99
female 3871 27.72 8.94 3915 29.52 9.24
male 4100 27.46 9.15 4182 30.00 9.30
Grade 3 SAT9 MP =30
Total 7971 19.04 5.67 0.01 0.63 0.97 8097 20.00 5.56 -0.05 0.67 0.98
female 3871 19.08 5.58 3915 19.85 5.49
male 4100 19.00 5.75 4182 20.14 5.62
Gradeb
DSTP MP =48
Total 7919 23.15 9.06 0.02 0.48 0.97 8243 21.80 9.42 0.03 0.45 1.00
female 3971 23.26 8.93 3985 21.93 9.43
male 3948 23.04 9.18 4258 21.68 9.42
Gradeb SAT9 MP =30
Total 7919 19.26 6.16 0.00 0.64 0.94 8243 19.67 6.00 -0.03 0.66 0.96
female 3971 19.25 5.96 3985 19.56 5.86

male 3948  19.27 6.35 4258 19.76 6.12




Table 4b
Test Performance on the Delawar e Portion and SAT9
by Gender, Grade, and Year

Gender 1998 1999
N. Mean S.D. D PR SDR N. Mean S.D. D PR SDR
Grade 8
DSTP MP =48
Total 8235 17.77 10.16 -0.03 0.37 0.96 8226 19.43 9.79 -0.01 0.40 0.93
female 3973 17.60 9.97 4078 19.37 9.45
male 4262 17.88 10.34 4148 19.49 10.21
Grade 8 SAT9 MP =30
Total 8235 15.10 6.15 -0.03 0.50 0.94 8226 15.11 6.04 -0.09 0.50 0.94
female 3973 15.01 5.97 4078 14.83 5.84
male 4262 15.19 6.32 4148 15.38 6.22
Grade 10
DSTP MP =48
Total 7140 13.07 8.58 0.01 0.27 0.93 7469 16.62 8.70 0.01 0.35 0.89
female 3570 13.13 8.26 3679 16.65 8.16
male 3570 13.01 8.86 3790 16.60 9.20

Grade 10 SAT9 MP =30

Total 7140 1331 5.92 -0.02 0.44 0.92 7469 12.86 5.84 -0.11 0.43 0.88
female 3570 1324 5.67 3679 12.53 5.44
male 3570 13.38 6.16 3790 13.18 6.19




Table5a
Test Performance on the DSTP M athematics Assessment
by Gender, Item Format, Grade, and Y ear

Item Format 1998 1999
N. M ean S.D. D PR SDR N. M ean S.D. D PR SDR
Grade 3

MC MP =50 DECR-MC= 011 DECR-MC: 004
female 3463 32.04 8.77 -0.01 0.64 0.98 3674 33.45 8.70 -0.07 0.67 0.99
male 3626 32.13 8.96 0.64 3861 34.10 8.78 0.68

SA MP = 16
female 3871 7.96 4.10 0.03 0.50 1.01 3915 9.71 4.05 0.00 0.61 1.00
male 4100 7.84 4.07 0.49 4182 9.73 4.05 0.61

ECR MP = 12

female 3871 7.29 2.52 0.10 0.61 0.94 3915 6.48 2.80 -0.04 0.54 0.97
male 4100 7.04 2.67 0.59 4182 6.59 2.88 0.55
Grade5

MC MP = 50 DECR-MC= 0.12 DECR-MC: 0.23
female 3777 32.18 9.67 -0.02 0.64 0.96 3790 3155 9.35 -0.05 0.63 0.96
male 3739 3241 10.09 0.65 4038 32.02 9.79 0.64

SA MP = 16
female 3971 6.45 3.45 0.00 0.40 0.97 3985 6.85 3.68 0.00 0.43 1.02
male 3948 6.44 354 0.40 4258 6.86 3.61 0.43

ECR MP = 12
female 3971 4.13 247 0.09 0.34 1.00 3985 3.37 2.93 0.18 0.28 1.04
male 3948 3.90 248 0.33 4258 2.86 2.81 0.24




Table5b
Test Performance on the DSTP M athematics Assessment
by Gender, Achievement, Item Format, and Grade

Item Format 1998 1999
N. Mean SD. D PR SDR N. Mean  SD. D PR SDR
Grade 8

MC MP = 50 Decrmc= 0.04 Decrmc= 0.10
female 3681 2541 9.52 -0.05 0.51 0.96 3719 2542 910 -0.08 0.51 0.94
male 3954 2591 9.94 0.52 3844 2616 971 0.52

SA MP = 16
female 3973 4.60 3.89 -0.01 0.29 0.95 4078 5.29 3.64 -0.01 0.33 0.94
male 4262 4.63 4.10 0.29 4148 5.34 3.88 0.33

ECR MP = 12

female 3973 2.91 2.88 -0.01 0.24 1.01 4078 3.80 2.98 0.02 0.32 0.96
male 4262 2.93 2.85 0.24 4148 3.75 311 0.31
Grade 10

MC MP = 50 Decrmce= 0.03 Decrmc= 0.18
female 3276 22.08 8.55 -0.03 0.44 0.90 3407 21.47 8.15 -0.11 0.43 0.87
male 3275 22.39 9.50 0.45 3528 22.40 9.42 0.45

SA MP = 16
female 3570 2.89 3.19 0.04 0.18 0.98 3679 4.65 3.30 0.02 0.29 0.92
male 3570 2.76 3.25 0.17 3790 4,59 3.58 0.29

ECR MP = 12
female 3570 1.56 2.34 0.00 0.13 0.97 3679 3.28 2.33 0.07 0.27 0.91
male 3570 157 241 0.13 3790 311 2.55 0.26




Table 6a

Test Performance on the DSTP M athematics Assessment
by Gender, Content Standard, Grade, and Y ear

Content 1998 1999
Standards N. Mean S.D. D SDR N. Mean S.D. D SDR
Grade 3
Estimation, Measurement MP = 17 MP = 17
& Computation female 3871 9.64 3.65 -0.01 0.99 3915 10.64 3.52 -0.09 0.99
male 4100 9.68 3.68 4182 10.96 3.55
Number Sense MP = 18 MP = 18
female 3871 10.39 3.72 0.01 0.98 3915 12.31 3.80 -0.01 0.99
male 4100 10.34 3.78 4182 12.33 3.83
Algebra MP =6 MP=6
female 3871 251 1.48 -0.03 1.01 3915 2.93 1.55 -0.03 0.98
male 4100 2.55 1.46 4182 2.97 1.58
Spatial & Geometry MP = 14 MP = 14
female 3871 10.01 2.42 0.00 0.92 3915 8.73 2.87 -0.15 0.94
male 4100 10.02 2.63 4182 9.16 3.04
Statistics & Probability MP = 11 MP=29
female 3871 5.17 2.00 0.00 0.98 3915 7.57 2.24 0.03 0.99
male 4100 5.16 2.04 4182 7.51 2.27
Patterns, Relationship MP = 11 MP =13
& Functions female 3871 6.13 2.64 0.04 0.99 3915 6.61 2.65 0.01 1.02
male 4100 6.02 2.66 4182 6.59 2.61




Table 6b

Test Performance on the DSTP M athematics Assessment
by Gender, Content Standard, Grade, and Y ear

Content 1998 1999
Standards N. Mean S.D. D SDR N. Mean S.D. D SDR
Gradeb5
Estimation, Measurement MP = 17 MP = 17
& Computation female 3971 9.73 3.80 -0.02 0.94 3985 9.72 3.85 -0.06 0.96
male 3948 9.79 4.03 4258 9.96 4.03
Number Sense MP = 18 MP = 18
female 3971 9.56 3.24 0.07 0.96 3985 8.44 3.69 0.04 0.98
male 3948 9.32 3.38 4258 8.30 3.77
Algebra MP =6 MP=6
female 3971 3.17 1.80 0.03 0.99 3985 3.23 1.77 0.02 1.00
male 3948 3.12 1.82 4258 3.20 1.77
Spatial & Geometry MP = 11 MP = 11
female 3971 4.85 2.04 0.02 0.93 3985 5.00 2.08 -0.01 0.96
male 3948 4.80 2.19 4258 5.02 2.17
Statistics & Probability MP = 14 MP = 14
female 3971 8.34 3.21 -0.02 1.00 3985 7.88 3.07 0.04 1.05
male 3948 8.40 3.21 4258 7.75 2.93
Patterns, Relationship MP =11 MP = 11
& Functions female 3971 6.17 2.73 -0.02 1.02 3985 6.46 2.73 -0.01 1.02
male 3948 6.23 2.67 4258 6.50 2.67




Table 6¢c

Test Performance on the DSTP M athematics Assessment
by Gender, Content Standard, Grade, and Y ear

Content 1998 1999
Standards N. Mean S.D. D SDR N. Mean S.D. D SDR
Grade 8
Estimation, Measurement MP = 16 MP = 13
& Computation female 3973 6.22 3.14 -0.05 0.95 4078 541 2.69 -0.07 0.96
male 4262 6.39 3.30 4148 5.60 2.81
Number Sense MP = 14 MP = 16
female 3973 5.48 3.37 -0.12 0.96 4078 5.80 3.77 -0.15 0.96
male 4262 5.89 351 4148 6.38 3.94
Algebra MP = 14 MP = 18
female 3973 7.08 371 0.09 1.01 4078 8.48 4.03 0.02 0.96
male 4262 6.75 3.69 4148 8.39 4.21
Spatial & Geometry MP =8 MP=29
female 3973 3.08 2.22 -0.11 0.95 4078 2.80 2.19 -0.09 0.95
male 4262 3.32 2.33 4148 3.00 2.31
Statistics & Probability MP = 15 MP =15
female 3973 5.55 2.85 0.04 0.96 4078 7.59 3.18 0.07 0.95
male 4262 5.42 2.96 4148 7.37 3.36
Patterns, Relationship MP =11 MP=7
& Functions female 3973 5.26 2.79 -0.02 0.99 4078 412 1.90 0.01 0.96
male 4262 5.31 2.81 4148 410 1.98




Table6d

Test Performance on the DSTP M athematics Assessment
by Gender, Content Standard, Grade, and Y ear

Content 1998 1999
Standards N. Mean S.D. D SDR N. Mean S.D. D SDR
Grade 10
Estimation, Measurement MP = 19 MP =18
& Computation female 3570 6.71 3.24 -0.05 0.91 3679 7.49 3.20 -0.11 0.87
male 3570 6.89 3.55 3790 7.87 3.67
Number Sense MP=7 MP=7
female 3570 153 1.69 -0.01 0.92 3679 152 1.60 -0.05 0.90
male 3570 1.54 1.84 3790 161 1.77
Algebra MP =15 MP =15
female 3570 6.40 311 0.03 0.95 3679 6.29 3.15 -0.02 0.94
male 3570 6.30 3.29 3790 6.34 3.36
Spatial & Geometry MP =8 MP=29
female 3570 3.07 191 0.04 0.97 3679 251 1.57 -0.04 0.92
male 3570 3.00 1.96 3790 2.58 1.71
Statistics & Probability MP = 17 MP = 17
female 3570 6.09 345 0.04 0.98 3679 6.65 3.21 0.06 0.94
male 3570 5.94 3.53 3790 6.46 342
Patterns, Relationship MP = 12 MP = 12
& Functions female 3570 2.57 2.27 -0.06 0.94 3679 3.89 2.43 -0.05 0.89
male 3570 2.72 241 3790 4,01 2.73




Table 7a

Test Performance on the DSTP M athematics Assessment

by Gender, Cognitive Process, Grade, and Y ear

Cognitive 1998 1999
Process N. M ean S.D. D SDR N. Mean S.D. D SDR
Grade 3
Conceptual MP = 30 MP =28
Knowledge female 3871 17.63 5.30 -0.01 0.95 3915 17.44 5.51 -0.06 1.00
male 4100 17.68 5.57 4182 17.79 5.52
Procedural MP= 32 MP = 35
Knowledge female 3871 21.30 6.36 0.02 0.98 3915 23.06 6.80 -0.07 0.98
male 4100 21.17 6.46 4182 23.55 6.94
Mathematical MP = 15 MP = 14
Processes female 3871 7.10 3.33 0.08 0.99 3915 8.11 2.85 0.03 0.98
male 4100 6.83 3.37 4182 8.03 291
Gradeb5
Conceptual MP = 29 MP = 26
Knowledge female 3971 15.01 5.44 0.01 0.96 3985 13.08 5.27 -0.05 0.97
male 3948 14.97 5.64 4258 13.37 5.43
Procedural MP= 32 MP = 31
Knowledge female 3971 19.71 6.34 -0.01 0.94 3985 20.06 5.97 -0.03 0.97
male 3948 19.77 6.71 4258 20.24 6.16
Mathematical MP = 16 MP = 20
Processes female 3971 7.09 3.44 0.05 0.99 3985 7.60 4.38 0.11 1.03
male 3948 6.91 3.47 4258 7.12 4.26

Table7b



Test Performance on the DSTP M athematics Assessment

by Gender, Cognitive Process, Grade, and Y ear

Cognitive 1998 1999
Process N. Mean S.D. D SDR N. Mean S.D. D SDR
Grade 8
Conceptual MP = 29 MP =30
Knowledge female 3973 12.86 6.11 -0.07 0.95 4078 13.10 5.64 -0.10 0.91
male 4262 13.33 6.45 4148 13.67 6.19
Procedural MP= 28 MC = 28
Knowledge female 3973 14.11 5.87 0.02 0.96 4078 14.92 5.77 -0.01 0.95
male 4262 14.01 6.10 4148 15.00 6.06
Mathematical MP = 21 MP = 20
Processes female 3973 5.70 4.32 -0.01 0.98 4078 6.19 4.28 0.00 0.96
male 4262 5.73 4.42 4148 6.20 4.47
Grade 10
Conceptual MP =31 MP = 31
Knowledge female 3570 10.30 5.70 0.01 0.93 679 10.93 5.57 -0.04 0.89
male 3570 10.24 6.16 3790 11.20 6.29
Procedural MP =29 MP = 31
Knowledge female 3570 13.22 5.48 0.02 0.93 3679 13.89 5.50 -0.05 0.89
male 3570 13.09 5.87 3790 14.18 6.20
Mathematical MP = 18 MP = 16
Processes female 3570 2.90 3.08 -0.07 0.92 3679 4.37 2.79 -0.01 0.89
male 3570 3.11 3.33 3790 4.40 3.15




Appendix A

Ddaware M athematics Content Standards

Standard #1

Students will develop their ability to Solve Problems by engaging in developmentaly
appropriate problem-solving opportunity in which there is aneed to use various
gpproaches to investigate and understand mathematica concepts; to formulate their own
problems; to find solutions to problems from everyday Stuations; to develop and apply
drategies to solve awide variety of problems; and to integrate mathematica reasoning,
communication and connection.

Standard #2

Students will develop their ability to Communi cate Mathematically by solving problemsin
which there is a need to obtain information from the redl world through reading, listening,
and observing; to trandate thisinformation into mathematica language and symbols; to
process this information mathematically; and to present resultsin written, ord, and visud
formats.

Standard #3

Students will develop their ability to Reason Mathematically by solving problemsin which
there isaneed to investigate Sgnificant mathematical ideasin dl content aress; to judtify
ther thinking; to reinforce and extent their logica reasoning abilities; to reflect on and
darify their own thinking; to ask questions to extent their thinking; and to congtruct their
own learning.

Standard #4

Students will develop their ability to make Mathematical Connections by solving problems
in which there isaneed to view mathemétics as an integrated whole and to integrate
meathematics with other disciplines, while alowing the flexibility to gpproach problems,

from within and outsde mathematics, in a variety ways.

Standard #5

Students will develop an undergtanding of Estimation, Measurement, and Computation by
solving problems in which there is a need to measure to arequired degree of accuracy by
selecting gppropriate tools and units; to develop computing strategies and select

gppropriate methods of cdculation from among mental math, paper and pencil, caculators
or computers, to use estimating skills to gpproximate an answer and to determine the
reasonableness of results.

Standard #6

Students will develop Number Sense by solving problemsin which thereis aneed to
represent and modd real numbers verbdly, physicaly and symbolicaly; to use operations
with understanding; to explain the relationships between numbers; to apply the concept of
aunit; and to determine the relative magnitude of read numbers.
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Standard #7

Students will develop an understanding of Algebra by solving problemsin which thereisa
need to progress from the concrete to the abstract using physical mode, equations and
graphs; to generdize number patterns, and to describe, represent and analyze relationships
among variable quantities

Standard #8

Students will develop Spatial Sense and an underganding of Geometry by solving
problems in which there is a need to recognize, trandform, analyze properties of, and
discover relationships between geometric figures.

Standard #9

Students will develop an understanding of Statistics and Probability by solving problems
in which there is aneed to collect, appropriately represent, and interpret data; to make
inferences or predictions; to present convincing arguments; and to model mathemetica
Stuations to determine the probability.

Standard #10

Students will develop an understanding of Patterns, Relationship and Functions by solving
problems in which thereis aneed to recognize and extend a variety of patterns; and to
analyze, represent, model and describe real-world functiond relaionships.
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Appendix B

Definitions of Cognitive Processes of
DSTP Mathematics Assessment

Conceptual Knowledge involves the congtruction of fundamenta mathematical idess
including the notions of a unit, counting, ordering, part vs. whole, mathematica

operations, geometric figures, pattern, measurement, and chance. Conceptua knowledge
deepens as concepts are connected one to another and applied more widely.

Procedural Knowledge involves the skills performance of a sandardized routine. It tends
to be most firmly held if based upon strong conceptua foundations. Not all-conceptual
knowledge, however, istransformed into procedura knowledge. Only certain fundamental
procedures need to be practiced to the point of fluency.

While conceptual and procedura knowledge can be assessed independently, the
gpplication of these concepts and skillsis described under the broad category of

M athematical Processes (or called Problem Solving). Both concepts and procedures
may be caled upon in non-routine Stuations that require problem solving. Connections
between diverse mathematical concepts or between mathematics and another discipline can
be assessed.

16



Appendix C
[tem Format

Multiple-Choice
This type of items conssts of a stem and four response options. They are scored

dichotomoudly.

Constructed-Response Items

This type of items requires students to creete their own responses. Two constructed-
response items are used in the DSTP mathematics assessment. I1n scoring, constructed-
response items alow for the awarding of credit for more than one response or gpproach.
They dso dlow for crediting growth in student knowledge. They enrich the andysis of the
assessment by providing information about students' approaches to problems,
misconceptions, abilities, and understanding.

Short Answer requires sudents to reflect on aSituation and communicate briefly
the reasoning behind their solution.  Short answer items are scored using the 0-2
scoring rubrics.

Extended-Response requires students to consider a Situation within or acrossthe
content strand areas, understand what is required to solve the Situation, choose an
approach to the problem, carry out the 'attack’, and interpret the solution in terms of
the origind Stuation. The response mode requires that student provide evidence of
their reasoning and communicate their decison-making steps in the context of the
problem. Extended-response items are scored using the 0-4 scoring rubrics.
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Appendix D

Sample Itemswith Scoring Rubrics
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GRADE 3 MULTIPLE CHOICE

Standard M easured:

Standard 10: Studentswill develop an understanding of PATTERNS, RELATIONSHIPS, AND
FUNCTIONS by solving problems in which thereis aneed to recognize and extend a variety of
patterns; and to analyze, represent, model, and describe real-world functiond relationships.

[tem:

The graph below shows how many minutes it takes to make different numbers of pogters.

Time Needed to Make Posters

Number of Minutes

1 2 3 4 5 6
Number of Posters

If this pattern continues, how many minutes will it take to make 6 posters?

50
55
60
65

oo oo

Answer: C



GRADE 3 EXTENDED CONSTRUCTED RESPONSE

Standard M easured:

Standard 6: Students will develop NUMBER SENSE by solving problemsin which thereisaneed to
represent and modd real numbers verbdly, physicdly, and symbolicdly; to use operationswith
understanding; to explain the relationships between numbers; to apply the concept of a unit; and to
determine the rdative magnitude of red numbers

[tem:

V ¥V Y ¥ v Aliceand Richard are coloring eggs and putting them beck into the
N % egg cartons. Alice colored 21 eggs and Richard colored 18 eggs.
L AAA X)) (There are 12 eggsin a carton.)

Alice’'s Eggs Richard's Eggs

0035000 09VOOO
0000000 960088
0000000 0000

How many cartons will they need to hold dl the eggs? Explain how you got your answer.
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GRADE 3 EXTENDED CONSTRUCTED RESPONSE

Scoring Rubric:

4  Correct answer (4 cartons) with clear verba or pictoria explanation. (Thismay or may not
involve finding the total number of eggs. For example, the problem might be successfully
solved by grouping the egg imagesinto groups of 12.)

3 Correct answer (4 cartons) but sketchy explanation or incorrect answer of 3 cartons with
explanation that describes the number of cartonsfilled.

2 Thereisan (unsuccessful) attempt to divide eggs into cartons. Perhaps total number of eggs
(39) is correct but attempt to divide into cartonsis flawed.

1 Anattempt is made to count eggs (perhaps even successtully), but there is no evidence of an
attempt to divide eggs into cartons.

0 Trace evidence of work but without clear connection to problem Stuation.

Commentary:

Thisitem addresses savera components of number sense. The student must use severa operations
with understanding including addition and division but is able to do thisin a context involving a
physical representation of number. A great variety of solution strategies have been observed. For
example, some students actudly identified the first, second, and third dozen eggs in the diagram and
found that three full cartons were needed and a fourth with only three eggs. Other students found the
sum directly and compared this to the number of eggsin three dozen.
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GRADE 5 EXTENDED CONSTRUCTED RESPONSE

Standard M easured:

Standard 6: Students will develop NUMBER SENSE by solving problemsin which thereisaneed to
represent and model red numbers verbaly, physicaly, and symbolicdly; to use operations with
understanding; to explain the relationships between numbers, to gpply the concept of a unit; and to
determine the relative magnitude of read numbers.

[tem:

John split a cake into four pieces. The pieces are not dl the same shape. Do you believe the four
pieces are the same sze? Please explain.
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GRADE 5 EXTENDED CONSTRUCTED RESPONSE

4

Scoring Rubric:

Explainsthat the four pieces are the same size because they are eech hdf of a hdf (or one-
quarter) of the full cake. Or the student might recreate a picture of the rectangular cake in the
response booklet and use an area or measurement model, i.e., counting the number of answer
grid squares in each piece of the cake.

3 Agreesthat the four pieces are dl the same sSize but the explanation is weak or incomplete.
For example, aresponse in this category might describe the process of cutting the cake but
fall to describe the ultimate equdlity of haf of ahdf: “I cut the cake into two pieces of the
same sze and then cut one of these in haf the long way and the other in haf the other way.”

2  Agreesthat the four pieces are the same size but without coherent (or perhaps any)
explanation.

1 Assertsthat the resulting pieces are not the same size, with or without retionale.

0 Attempts aresponse but does not clearly address the task.

Commentary:

Operations with fractions must be built upon afirm foundation of conceptua understanding. Using an
areamodel of fractions asin thisitem, students are asked to compare fractiond pieces of different
shapes but the same area. A strong somewhat abstract response may involve the recognition that
half-of-a-haf represents one-quarter. Other students may have cut each shapeinto smaler unitsin
order to compare the shapes' aress.
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GRADE 5 SHORT CONSTRUCTED RESPONSE

Standard M easured:

Standard 5: Students will develop an understanding of ESTIMATION, MEASUREMENT, and
COMPUTATION by solving problemsin which there is a need to measure to a required degree of
accuracy by selecting appropriate tools and units; to develop computing Strategies and select
appropriate methods of cdculation from among menta math, paper and pencil, caculators or
computers; to use estimating skills to gpproximate an answer and to determine the reasonabl eness of
results.

[tem:

Use your ruler to draw aline segment CD hdf the length of line segment AB shown below. What is
the length of the segment you drew?

Scoring Rubric:
2 35cm(or 1% inches) segment drawn and length so labeled (need not be labeled “CD”)
Range of 33cmto 3.7 cm OR * 2 inch

1  Segment drawn to correct length but not labeled with length.

0 Length of lineincorrect (3.2 cm or shorter or 3.8 cm or longe).

Commentary:

This item assesses both measurement and computation. The segment is 7 centimeters long (or,
dterndively, 2% inches) so a segment haf aslong will be 3.5 cm (or 1% inches). It isaperformance

task in that aruler must be used to measure the given line and then construct one half aslong.
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GRADE 8 MULTIPLE CHOICE

Standard M easured:

Standard 6: Students will develop NUMBER SENSE by solving problems in which there is aneed to
represent and modd real numbers verbdly, physicdly, and symbolicdly; to use operations with
understanding; to explain the relationships between numbers; to apply the concept of a unit; and to
determine the rdative magnitude of red numbers

[tem:

Mr. Garcia was assembling a set of shelves. Hetried a%—inch wrench, but it was too smdl. Then he

tried a% -inch wrench, but it wastoo large. Which of the following wrenches might work?

)
[

1 -
4|nch

=)
[

3.
8|nch

o
[

5 .
8|nch

o
[

7 -
8|nch

Answer: C

Commentary:

This item assesses a gudent’ s ability to order smplefractions. It is set in a context which may
provide additional access for students. Solution strategies can range from the forma —rewriting both
fractionsin terms of eighths— to the informa — for example, usng common benchmarks or a
familiarity with a conventiond ruler.
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GRADE 10 MULTIPLE CHOICE

Standard M easured:

Standard 8: Students will develop SPATIAL SENSE and an understanding of GEOMETRY by
solving problems in which there is a need to recognize, construct, transform, anayze properties of,
and discover relationships between, geometric figures.

[tem:

The sze of a TV st is measured diagonaly. Cdculate the gpproximate area of the screen if it is
considered to be a21-inch TV with awidth of 16 inches.

109 gqin.
211 qin.
218 g in.
222 qqin.

oo oo

Answer: C

Commentary:

This item requires that students apply one of the most fundamenta geometric relationships, the
Pythagorean theorem, within a common context. Because students had access to calculators for the
section of the test in which this item gppeared, the calculations (involving the square root of 185) are
eadly managed. The item assesses whether or not students will be able to bring their knowledge
about the Pythagorean relationship to bear in the solution of ared-world problem.
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GRADE 10 SHORT CONSTRUCTED RESPONSE

Standard M easured:

Standard 7: Students will develop an understanding of ALGEBRA by solving problemsin which
there is aneed to progress from the concrete to the abstract using physica models, equations, and
graphs, to generdize number patterns; and to describe, represent, and analyze relationships among
variable quantities.

[tem:

Rewrite Q/ + 2 = x — 3 sothat you can enter it into your caculator to determine its graph.

Scoring Rubric:
2  Response may bey = x* — 6x + 7 (terms on right side may be in different order) or
y=(x—-3)°-2.

1 Responseinvolves minor agebraic error, e.g., adding 2 to both sides, hence,
y = (x —3)*+ 2 or error in squaring binomid, eg., y = x*— 11 (or y = x* — 7, €tc.).

0 Any other response including those in which both sides not squared or not of theform
y=...

Commentary:

The grgphing cdculator aids in understanding of functiona relationships by quickly and easlly
presenting tabular and graphica representations of functions represented algebraicaly. However, in
order to graph functions, they may need to be manipulated agebraicdly to be put in the sandard y =
f(x) form. Thisitem features symbolic manipulation in the context of entering a function in the
graphing calculator, a context that should be familiar to students who are sudying mathematicsin a
standards-based classroom.
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GRADE 10

EXTENDED CONSTRUCTED RESPONSE

Standard M easured:

Standard 10: Students will develop an understanding of PATTERNS, RELATIONSHIPS, AND
FUNCTIONS by solving problems in which there is aneed to recognize and extend avariety of

patterns; and to analyze, represent, model, and describe redl-world functiond relationships.

[tem:

The table below shows thinking, braking, and stopping distances at different highway speeds.

Thinking Braking Stopping
Speed Distance Distance Distance
(mph) (ft) (ft) (ft)
v 2
10 10 5 15
20 20 20 40
30 30 45 73
40 40 80 120
50 50 125 175
60 60 180 240

For the valuesin the table, if speed is represented by V, then aformulafor the braking distance would

2
\"
bezo'

a. What formulas would represent thinking distance and stopping distance?

b. According to the formula, how many feet would it take to stop if acar istraveling 55 mph?

c. Theusud ruleisto alow one car length (approximately 20 feet) of space between your car and a
car in front for every 10 mph of speed. How good is the rule when compared to the data above?

Explain your ressoning.
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GRADE 10 EXTENDED CONSTRUCTED RESPONSE

Scoring Rubric:

4  Correct answersto dl parts.
a. Thinking diganceisv;
Stopping digtanceisv +

b. 206.25 (feet)

c. Explanation which indicates that the customary rule works for low speeds (through 20
mph) but fallsto provide enough stopping distance at higher speeds. Thisis because the
ruleislinear but stopping distance is quadratic. (Student needn’t use the terms linear and
quadratic but should note thet the rule fails for speeds above
20 mph).

v? 20v+v?
20 or 20

3 Partsa and b. answered correctly, but explanation in c. does not contain enough detall, i.e,
doesn't identify 20 mph as the maximum speed for which the conventiond rule works.

2 Partsa and b. answered correctly, with, perhaps, minor computationd errorsin b. Response
to . inadequate or even missing.

1 Unableto write formulafor stopping distance though perhaps able to gpproximate stopping
distance at 55 mph through linear interpolation from tabular vaues.

0 Somework but without much evidence that this work addresses the question.

Commentary:

A primary god of high school mathematicsis to promote the development of avariety of ways of
modding theworld. Thisitem features a quadratic mode in a context that isimportant for young
adults, that of the opping distance of an automobile. Theitem involves scaffolding to promote
access to the agebraic representation and then proceeds to require interpretation of the mathematical
results.
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Appendix E

M athematical Refer ence Sheets
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GRADE 8 MATHEMATICS
DSTP REFERENCE SHEET |

AREAS OF POLYGONS VOLUMES
Triangle A= 3bh Cube V=e’
Rectangle A=bh Pyramid = % Bh

. , where B = area of the base
gquare A=g3

. Cyli = *?h
Parallelogram A =bh ylinder  V=nr

Rectangular Prism V = lwh

Trapezoid A= %h{b, + bs)
CIRCLES
C=2rr =nd RIGHT TRIANGLES
A=nr?
o i
' b
at+p? =¢?
SURFACE AREAS
Cube SA = 6e?

Cylinder  SA=2nrh + 2nr®



GRADE 10 MATHEMATICS
DSTP REFERENCE SHEET

AREAS OF POLYGONS VOLUMES
i 3
Triangle A= 2bh Cube V=g
Rectangle A = bh Pyramid Wo= ;1 Bh
where B = area of the base

Sguare A=g

Cylinder V=nrfh
Parallelogram A =bh

c V= darip
Trapezoid A= zl h(b, + b) one 3 e

Sphera Vo= %m.a

CIRCLES

RIGHT TRIANGLES

C=2nr =nd

A=nr?
(=
a
SURFACE AREAS b
Cube SA = 8af a®+b® =¢"
Cylinder SA =2rrh + 2nr? sing = 2
3 cos@ =L
Sphere SA = d4nr e %

DISTANCE BETWEEN POINTS (x,, y1) & (X2, ¥2)

d= J{xz '"3"1}2_"'(3"'2 -y, F



