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Chapter 1. Introduction

The mathematics achievement of individua students has aways been very important, but recently it
has become the subject of renewed focus. Many states have recently introduced statewide testing
requirements for graduation from high school. Not only are students being judged and held
accountable, but also schools and school adminigtrators are being judged by the test performance of
their sudents. There haslong been a need for an efficient, wide ranging diagnostic math test to assess
sudents in away which would help pinpoint their weaknesses. This need arises from the smple fact
that much of the math curriculum builds on basic competencies, such as adding numbers or using
fractions, and often successin later courses isimpossible without mastery of materia covered in earlier
courses. The Diagnostic Test for High School Mathematics (DT-HSM) is designed to provide
diagnogtic information on the competencies of individua students in various aress of basic, high school
math. Thisinformation may be used to direct ingruction, which should help sudents to do better on
mandated statewide assessments.

M assachusetts Comprehensive Assessment System (M CAS)

Massachusettsis one of many states that have indtituted new statewide testing programs in the public
schools. A fundamenta god of education reform in Massachusetts is to raise expectations and promote
high standards for dl the students of the Commonwedlth. A centrd aspect of thisreform isthe
establishment of the Massachusetts Comprehensive Assessment System (MCAYS), a Satewide testing
program conducted the past several years at the 4", 8", and 10" grade levels and now being expanded
to additiond grades. Successful performance will be required for graduation from high school beginning
inthe year 2003. The Massachusetts Department of Education has released the test questions for
severd of itstests. Much of the development of the Diagnostic Test for High School Mathematics (DT-
HSM) was guided by andlysis of these sets of released test questions.

One important feature of statewide tests such asthe MCAS isthat the questions generally require
students to use several competencies. In thisway the test reflects the way mathematicsis used in the
redl world. However, thistype of test question isnot ided for diagnosing specific limitationsin a
student's mathematica sKkills. If astudent answers a particular question incorrectly, it could be because
of lack of knowledgein any of severa content areas. These statewide tests only provide an indication
of overdl levd of performance.

Need for a Diagnostic Math Test

Thereis clearly aneed for adiagnogtic math test to assst sudents, teachers, and curriculum
developers in monitoring progress and identifying weaknesses. Also, parents often ask, “What should
my child do to improve in mah?’ Frequently schools lack the diagnostic information which would
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alow a specific response. Therange of possible knowledge gapsis grest. One student may have
faled to learn how to add and subtract sgned numbers. Another may have failed to master addition of
common fractions. Ancther student may not have learned even the most basic aspects of percentages.
Statewide tests such as the MCAS provide an overdl measure of competence, not diagnostic
information. So, thereis clearly aneed for a diagnostic math test to assst sudentsin remediation. The
DT-HSM was developed to provide diagnogtic information on individua students aswell as on groups
of sudentsto help solve this problem.

Need for an Overall Math Assessment

School administrators make placement decisions at the end of the 9" or 10" grade concerning
placement of individud studentsin various pre-caculus or caculus coursesin the following year. A test
which provides an overdl evauation of the level of mastery of pre-caculus math would be useful in this
placement process.

DT-HSM Diagnostic Areas. Content Analysis of the MCAS

A content anadysis was conducted of the May 1998, Spring 1999, Spring 2000, and Spring 2001
MCAS 10th grade mathematics released test questions (M assachusetts Department of Education,
1998, 1999, 2000, and 2001). Specificdly, for each test question the mathematical competencies
required to correctly answer the question were identified. Twenty competencies were found to be
necessary to answer the MCAS questions. The 20 competencies are listed in Table 1. The mgjority of
the questions in the MCA'S require more than one competency. This part of the development of the
DT-HSM iscovered in more detail in Chapter 3.
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Table 1. Competencies Needed to Answer the MCAS 10" Grade Math Questions
1 | Whole Numbers 11 | Graphs
2 | Common Fractions 12 | Tables
3 | Decimd Fractions 13 | Egimation
4 | Percentages 14 | Probability
5 | Signed Numbers 15 | Satidtics
6 | Powersand Roots 16 | Order of Operations
7 | Subdtitution 17 | Ratios
8 | Sdting up Equetions 18 | Math Vocabulary
9 | Solving Algebraic Equations 19 | Word Problems
10 | Geometry 20 | Miscdlaneous

DT-HSM Score Reports
There are three DT-HSM score

v The Student Report is a one page score report intended for use by the student and his or
her parents/guardians. It reports number correct in each of the 20 competency areas and

reports.

total correct and total percent correct.
v The Class Report isintended for use by the teacher(s). It presents asummary for each

cassin terms of number and percent correct overal and by area, alisting of diagnostic and
total scores for each student in each class, and the distribution of total scores for each class.

v The School-Wide Report isintended for use by the adminidration. 1t highlights areas of
greatest weakness in each class, reports on the number of questions left blank and the

number with multiple answers, and shows the distribution of total scores within the school

didrict.

Individua student scores are dso available to the school in a computer compatible format (such as

MSExcel).

Value of Usingthe DT-HSM

The DT-HSM will dlow ateacher, parent, or student to target remedid efforts, thereby maximizing

efficiency of the remedid efforts and yidding improvement in the shortest time,
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Sincethe DT-HSM is group administered, it is much less expengive than an individudly administered
assessment. The DT-HSM can be given at the start of a school year when the teacher does not know
the students, and thereby quickly provide the teacher with detailed information about the strengths and
weaknesses of individua students. Despite its usefulness, the DT-HSM is not meant to be a complete
subgtitute for an individuaized student evauation by a competent guidance counsdor or teacher.

The DT-HSM may be used by school administrators to track student performance over years, and
to hep evaduate the math curriculum.

Thismanud provides information about the DT-HSM materids, adminigration, scoring,
development, norms, and use.
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Chapter 2. Use, Administration, and Scoring of the DT-HSM

The DT-HSM materids include this manua, a disposable question booklet, and a machine-scorable
answer sheet. (A version that is scored over theweb isdso available. Information oniit is available on
the web at: http://APRTestingServices.com. This chapter focuses on the use of the paper answer
sheet.) Completed answer sheets are returned to the publisher for computer scoring. The grade
reports provided by the publisher include: (1) student reports - alisting of scores, one page per sudent,
meant for use by individud students, (2) class reports - asummary listing of the sudent scores by class,
and (3) a school-wide report - aset of summary satistics for the scores for al sudents. The DT-HSM
is easy to administer and is suitable for administration to groups. (The computerized verson is better
for testing individuals) This chapter provides ingruction for administering the DT-HSM and for
understanding and using the grade reports.

Qualificationsto usethe DT-HSM

The DT-HSM was designed for use by high school teachers. No specific professond qudlifications
in testing are required to use and administer the DT-HSM. However, teachers and administrators
should follow the test adminidtration ingtructions. Interpretation of the DT-HSM reports may
reasonably be made by the personnel for whom they areintended. Teachers and administrators using
the DT-HSM score reports should first carefully review the materid in this manual.

Maintaining Test Security

The DT-HSM isasecuretest. The questions should not be shared with students or parents. The
test areas may be shared (for example as presented in Table 1 in Chapter 1 or in the tables in Chapter
3.) Care should be taken that the test is stored and discarded in a secure manner. The tests should be
kept under lock and key at dl times when not in use.

Intended Uses

There are three intended uses for the DT-HSM: (1) to identify possible areas of weakness of
individua students currently taking pre-caculus math or beginning a calculus course, (2) to assess
overdl readiness of astudent or group of students to undertake afirst caculus course, and (3) to
evaluate progress of grades/classes over time, such as from year to year.

Test Administration

The DT-HSM may be administered in 90 minutes, as atimed test. The amount of introduction that a
teacher will give a class concerning this test may depend on the amount and type of contact the students
have had with standardized tests. The teacher should encourage students to do their best, but not
create undue anxiety about the test. All students who may be compared on their DT-HSM scores
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should take the test under test conditions which are as smilar as possible. The school should check the
ID numbers on the student answer sheets to be sure they have been completed correctly. [If thisis not
done, sudent results may be grouped with the wrong class, or there may be some other confusion in
the score reports.

Motivation of the Students

A student's performance on atest such asthe DT-HSM is areflection of the student's ability and
other factors such ashisor her leve of attention, motivation, or effort in taking thetest. A student's test
resultswill be more accurate if the student pays attention and does careful work while taking the
examination. The teacher should prepare the students for this test with thisin mind.
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Introducing the DT-HSM to Students

Efforts should be made to minimize test anxiety. Any test may be threatening. When possible,
reassure the students that the test results will not be used againgt them, that they will not be reassgned
to alower class asaresult of their test score, and that they will have an opportunity to address any
weaknesses with extra curriculum materid. (Of course, if any of these satements are not true, that
reassurance should not be given.) Thisintroduction might best be done a day or two before the actua
test to dlow for maximum testing time on the day of the test administration.

Answering Students Questions

Prior to the day of test administration, students should be given an opportunity to ask questions
about the DT-HSM. Students may be told what the test will cover and may even be given a copy of
the list of competencies. During the test itsdlf, if the teacher or proctor helps a sudent answer any
questions the resulting grade will reflect the competency of both the student and the teacher/proctor. I
agudent asks, “Am | on the right path?” the proctor should explain that the testing time is not a lesson,
and that the student needs to answer the questions without help. It israre to get questions from
sudentswhile the test isin progress.

Use of Calculators

Schools may wish to mirror the test administration conditions mandated for their officia Statewide
tests. The DT-HSM normsin this manua are for groups who took the test without the aid of
caculators. Scores for sudents who take the test with calculators are not directly comparable to
scores for students who do not use calculators.

Answer Sheet Competency

If students are not familiar with use of computer scored answer sheets, they may need ingruction in
the use of the answer sheets. This might best take place aday or so before the test administration, and
might include the students filling out the ID sections of the answer sheet. Some of the things students
need to know concerning answer sheets are listed bel ow, together with related problems. In short,
students may not get credit for what they know if they fill out the answer sheets incorrectly.

1. Fill in bubble spaces completely.
The correct way to fill in the bubbles is by shading the entire circle dark enough <o that the letters
cannot be seen through the shading. The pencil marks must be within the lines. Common errorsin
marking answversinclude: circling answers, not filling in the entire circle, leaving ablank spot a the
center of the circle, or shading too lightly.

2. Erasedl dray marksfully.
Students must use new erasers to achieve a clean erasure. Any residue from the eraser or any dark
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smudge |eft after the erasure may cause the answer to be scored as incorrect because the scanner
reads this as two choices being picked.

3. Complete ID numbers correctly.
Sometimes studentsfill in an 1D number incorrectly or in thewrong place. Thisleadsto some
confusion in the grade reports. For example, the student may be included in the wrong class report.

4. Right judtify ID information.
Some sudents fail to right judtify ID information. For example, if aclass number is6, it should be
entered with leading zeros. Sometimes students enter the digit 6 in the leftmost column, and the
computer readsthat as a 6 followed by zeros. This can lead to the student being included in the
wrong classreport. A lack of clarity aso occurs when a student incorrectly enters the date March
2nd and it is read as March 20™.

5. Fill in the rectangular boxes above the bubbles.
The ID information bubbles have rectangular boxes above the bubbles for writing in the information
by hand. Sometimes students leave these boxes blank. Thisinformation is needed because
sometimes the bubbles do not scan correctly and some errors are sent to a (human) test scorer to be
corrected manualy.

Scoring the DT-HSM

The DT-HSM isreturned to the publisher for scoring. Ingtructions for returning the DT-HSM
answer sheets are included with each test order. After scoring, the DT-HSM answer sheets are
returned to the school for its use, together with the student, class, and school grade reports.

Inter preting the DT-HSM Diagnostic Scor es

The DT-HSM diagnostic scores are reported in terms of raw scores. Thisis done so as not to
create an impression of precision which the scores do not support, Since most scale scores are based
on responsesto 2 or 3 questions. So, for example, a student report might indicate that the student
correctly answered O of the 3 questions on whole numbers. Thiswould indicate an area of weakness.
Anything less than a perfect score indicates an area of possible weskness. Norms are provided for
these scores (see Chapter 5).

Number of Questions Not Attempted

The reports indicate the number of questions left blank. This may provide information about the
speed with which a student can answer these types of questions or the confidence of the student to fill in
answers. Norms are provided for this score (see Chapter 5). Only in extreme cases will this score be
of great use.
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Percent Correct of Questions Attempted

The reports indicate the percent correct for only the questions attempted. This may provide
information about the sudent's test taking strategy, such as the willingness of a sudent to guess. Norms
are provided for this score (see Chapter 5). Only in extreme cases will this score be of great use.

Interpreting the DT-HSM Total Score
The reports give the totd score for dl competency areas, again in terms of araw score. The highest
possible score is60. Norms are provided for this score (see Chapter 5).

Setting Passing Points on the DT-HSM

Sometimes it is necessary for organizations to set an operationd passing point for practica reasons,
as when sdlecting students for an advanced math course. This can pose adilemma Thereisno magic
number above which students will be able to do the course work and below which students will not.
Rather, as the passing point is set higher, a higher proportion of the students selected will be successful.
Unfortunately, with higher passing points, more students will be rgjected who would have been able to
handle the course work successfully. Setting passing scores is a sendgtive matter and expert advice may
be needed if thisisto be done. In some instances it may be reasonable to make class assgnment
decisions based solely on scale scores. In other circumstances class assignment decisons may more
reasonably be made based on scale scores together with other information the school may have about
the students.

Reporting DT-HSM Resultsto Students and Parents

When used for diagnostic purposes, we recommend that students be given a copy of their sudent
report and counsgled that additiona curriculum materid is available to help them in areas of weakness.
The student reports explain that the diagnostic scores are only an indication of their strengths and
weaknesses, since they are based on only 2 or 3 questions for each competency area. One way to
gructure the reporting of DT-HSM scoresis to hold a meeting for both students and parents in which
topics are covered such as. the gods of the diagnodtic testing, the nature of the diagnostic scores, the
limits of this type of testing in generd, and the steps which may be taken to address the skill deficits
revealed by the test.

When used for placement purposes, we recommend that no student be told that he or she has
“falled” thetest. Rather, we suggest that students be told that they did not score well overdl and in
certain aress.
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Ordering Information and Pricesfor the DT-HSM
The DT-HSM is distributed and scored by:

APR Testing Services

27 Judith Road

Newton, MA 02459

(617) 244-7405

E-mail: Support@APRTestingServices.com

Pricing information is available on-line at: http:/mww.gprtestingservices.com/educationa. The prices
include test booklets, answer sheets, and scoring. The turnaround time for grading is typicaly under
two weeks.
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Chapter 3. Development of the DT-HSM

During the development of the DT-HSM, two fundamenta issues were addressed: (1) determining
the competencies covered in the 10" grade statewide math test given in Massachusetts (the MCAS),
and (2) developing ardatively short test which would measure these competencies.

The purpose of the test was twofold: () to provide a measure of knowledge in various aress of high
school math, and (b) to provide an overadl score predictive of future performance in math courses. For
diagnostic purposes, this test is intended to be used on an absolute basis: either the student has or has
not mastered certain material. For placement purposes, the test may be used on a normative basis, to
identify those studentsin a group with stronger math preparation and competence.

Firg the method used to identify the test areas and test format is described, and then the
development of the test questionsis described.

| dentifying Test Content

Thistest wasintended, in part, to help teachers and administrators prepare sudentsin al the areas
needed to be successful on statewide math examinations, and specificaly the Massachusetts
examination (the MCAYS). Severd sources were reviewed to identify the competency areas for the
DT-HSM. Fird, severd textbooks were reviewed. The content of the MCAS was then systematically
analyzed (as described below) and competency areas identified. The competencies required by some
other statewide testing programs were reviewed aso, but less systematicaly. Findly, discussons were
held with a number of math teachers and math tutors concerning the tentative test areas, and refinement
of the materia undertaken as needed.

Competencies Required by the MCAS

The MCAS is a Massachusetts statewide testing program of the typein usein mogt states. A
fundamenta god of the Massachusetts Education Reform Act is to raise expectations and promote high
standards for al the students of the Commonwealth. Although the MCAS publications list test aress,
cdled “learning standards,” some are rather broadly described. For example, one learning standard is
to “use patterns and functions to represent and solve problems’ and another isto “ create and apply
number theory concepts, including prime numbers, factors, and multiples’ (Massachusetts Department
of Education, 1999, pages 144-145). To identify the competencies required by the MCAS, we
reviewed the list of learning standards. We also examined each question which appeared on the 10
grade mathematics section of the MCAS tests (released questions for May 1998, Spring 1999, Spring
2000, and Spring 2001).
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The test questions for these four sets of MCAS 10" Grade Math released questions (1998, 1999,
2000, and 2001) were classified into 20 competency areas as listed in Table 1 (see Chapter 1). Each

question on these four released MCAS tests was classfied as requiring one or more of the 20

competencies. One MCAS question might require several competencies. The number of MCAS
questions requiring each competency is summarized in Table 2. Descriptions of the 20 competency

aessaegivenin Table 3.

Table 2. Percent of MCAS Questions Using Each Competency: Grade 10 Math

Subj ect/Competency Area % Subject/Competency Area %
1. Whole Numbers 17.25 | 11. Graphs 5.33
2. Common Fractions 321 | 12. Tables 3.48
3. Decimd Fractions 3.74 | 13. Edimation 2.37
4, Percentages 2.74 | 14. Probability 2.03
5. Signed Numbers 2.69 | 15. Sidtics 2.09
6. Powers and Roots 3.97 | 16. Order of Operations 4.60
7. Subdtitution 294 | 17. Ratios 0.86
8. Setting up Equations 7.75 || 18. Math Vocabulary 451
9. Algebra Equations 6.60 | 19. Word Problems 12.81
10. Geometry 8.85 | 20. Miscelaneous 2.19

Note: Thistable reflects analyss of the May 1998, Spring 1999, Spring 2000, and Spring 2001
released questions. Thetotd of these entriesis greater than the number of released questions because
many questions were linked to more than one competency.
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Table 3: Competencies Needed for Grade 10 MCAS Math Questions

Subject Area | Description

1. Whole Add, subtract, multiply, and divide whole numbers; including carrying, borrowing,
Numbers and saving a place with a zero.

2. Common Add, subtract, multiply, divide, and reduce common fractions and mixed numbers,
Fractions including finding common denominators.

3. Decimd Add, subtract, multiply, divide, and convert decima fractionsinto common
Fractions fractions and percentages (including multiplying and dividing numbers by 10 and

powers of ten).

4, Percents Add, subtract, multiply, and divide percentages, and convert percentagesinto

common and decimd fractions; determine X percent of a given number; determine
what percent X isof agiven number; relate percentages to awhole (e.g., 110% s
more than 1 unit).

5. Signed Add, subtract, multiply, and divide sgned numbers.

Numbers

6. Powersand | Work with and solve eguations containing powers and roots, including use of the
Roots laws of exponents.

7. Subgiitution | Subdtitute values for unknowns in an expresson or eguation.

8. Sdting up Set up an equation or series of equations when given information in the form of a
Equations word problem or adata chart.

9. Solving Solve one equation with one unknown, and two equations with two unknowns,
Algebraic solve quadratic equations using factoring; Smplify and isolate varigbles to find the
Equations solution (without using the "guess and check™ method).

10. Geometry | Have knowledge of and be able to work with points, angles, pardld lines, lines of

symmetry, surfaces, vertices, different types of triangles, smilar figures, A, the
Pythagorean theorem; find the area and perimeter or circumference of basic
shapes, olve problemsinvolving inscribed and circumscribed polygons and
circles, know properties of common triangles (e.g., 3/4/5 and 45°/45°/90°).
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Chart 3: Competencies Needed for Grade 10 MCAS Math Questions (continued)

Subject Area

Description

11.

Graphs

Understand common types of graphs (Cartesian, bar, pictograph, scatter, pie),
read axes and their scales; find and chart points using X and Y coordinates;
reflect, rotate, and trandate figures across axes, write the equation of aline
when given the graph of the line, two points on the line, or the dope and a point
on the ling; interpret a graph; graph aline and extrapolate vaues, write an
equation for the gpproximate line-of-best-fit for severa data points; know the
notation for the four quadrants, congtruct a graph from given tabular or narrative
data; use information in akey.

12. Tables Understand how row and column titles correspond to data inside a table, find
pertinent information in atable and transfer the information to a graph, be able
to match data in atable with graphica representations and written equations,
extrgpolate from datain atable.

13. Egimaion Know when and how to use estimation, round and estimate to check answers.

14. Probability Find the probability of an event based on a narrative description or tabular data,
meake reasonable predictions using probability, calculate odds, find the
probability of the occurrence of two independent events

15. Satigtics Know how to find and interpret the mean, median, mode, and range of a data
st; work backwards using the equation for the average (e.g., find the sum from
the mean and N); recognize and be able to work with box plots (box-and-
whisker graph) and stem and lesf plots.

16. Order of Understand order of operations; know and apply PEMDAS (Parentheses,

Operations | Exponents, Multiplication, Divison, Addition, Subtraction).
17. Ratiosand Represent datain ratio form and set up ratio problems; add, subtract, multiply,
Proportions | divide, and reduce ratios (including attention to units); understand difference
between and be able to convert between ratios and proportions.
18. Math Know words like numerator, denominator, product, sum, meter, reciproca,
Vocabulary | absolute vaue, irrational number, integer, origin, redl number and prime number;

know geometry vocabulary such as equilatera triangle, congruent, and
perpendicular.
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Chart 3: Competencies Needed for Grade 10 MCAS Math Questions (continued)

Subject Area | Description
19. Word Understand written and diagramed scenarios, trandate word problemsinto
Problems equations, discern what information is necessary to solve the problem and what
information is superfluous.
20. Misc. Convert between units of measure, caculate the nth term in a data series, solve

basic trigonometry problems, solve and graph smple inequdities, be familiar
with the notation f(x) =, perform smple matrix arithmetic operations.
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Rationalefor the Choice of a M ultiple-Choice Format

The multiple-choice format was chosen based on severa condderations, primarily for ease of
grading and economy of testing time.  Since there are 20 competency areas identified, testing time was
amagor concern. Typicdly, one constructs a test with 10 or more questions to measure a competency.
However, that would result in atest with over 200 questions, and it was thought such atest would be
too long to be practica for most users. The decison was made to use multiple choice questions with
10 choices for two reasons. First it would reduce the score which would be expected based on
guessing. Second it would reduce the feasibility of “working questions backward” (i.e,, trying each
answer to seeif it satisfies the conditions of the question).

Writing Test Questions

Severd gods guided the writing of the test questions. First, each question should be a substantive
test of the competency areabeing tested. Second, each question should be arather pure test of the
competency, minimizing reliance on knowledge of other areas. Third, the two or three questions for a
competency should cover mgor parts of the competency. Fourth, the subject matter of the word
problems should be familiar to most or al students and avoid areas which may be culturaly biased.
(Thisis congagtent with the spirit of the Civil Rights Act of 1964.) Fifth, the grammar, syntax, and
vocabulary used was kept smple and straightforward, thereby avoiding entangling (“ confounding”)
measurement of math with measurement of English.

Difficulty Level of Questions

In writing the questions to reflect the range of the competency areas, we avoided writing
unredidicaly difficult questions. Thiswas done s that the test would identify students who lacked
even basic knowledge of a competency area. Each competency areawas tested with at least two
questions and most with three. Thefirst question in each area was written to be relatively easy.

Question Sequence

The questions were arranged so that even if a student only finishes haf the te, at least some
information will ill be available for dl competencies. The first 20 questions cover each of the 20
competencies. The next 20 questions ask a second question for each competency area. The remaining
guestions cover the areas which have 3 questions. So the first question measures use of whole
numbers, the 19" question measures word problems, the 21 gquestion begins the second set with a
guestion on whole numbers, and so forth.

Randomized Answer Key
After the questions were written, the correct answer was assigned to one of the 10 answer choices
using atable of random numbers, subject to the congraint that every choice be used about an equa
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number of times.

Review, Piloting, and Revision of Questions and Competencies

At severd points during its development, the DT-HSM was reviewed by diverse subject matter
experts (teachers, counsdors, mathematicians, psychometricians) from diverse backgrounds (including
both public and private schools). The competency areas were reviewed for clarity and accuracy.
Student feedback on the test questions was collected on early versons of the test by smply asking
students to comment while taking the test. Based on these reviews, some questions were edited and
others added to improve clarity and exhaustiveness. The questions were pilot tested prior to fidld use.

An Evaluation of the 10 Choice Test Question Format

It isunusud to offer students 10 choices, but research on a pre-algebratest with 15 choices showed
that none of the anticipated problems materidized, and the response format was practical aswell as
utilitarian (Wiesen, 2002).

Usingthe DT-HSM asa Power Versusa Speed Test

When the DT-HSM is given in 90 minutes, there should be enough time for most sudents to
complete the test, making it more of a power rather than a speed test. Y ou may aso give the test
without atime limit.

We suggest that the time alowed for the DT-HSM be consigtent within a school district. Scores for
students who took the test with different time limits are not directly comparable.

Scoring M ethodology
The scores dl represent the number of questions answered correctly unless a percentage is reported
(asinthetotal score).

Professional Test Development Standards
In the development of this test, we have tried to conform to the high standards and idedls embodied
in the Sandards for Educational and Psychological Testing (AERA, APA & NCME, 1999).
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Chapter 4. Reliability and Validity of the DT-HSM

The reiability of the DT-HSM may be considered overal and for each diagnogtic area. Both
gpproaches are reported here. The vaidity of the DT-HSM is addressed using content validation.

Reliability of the Total Score

To date, atotal of 1,138 students from three school digtricts in Massachusetts and one in Texas have
taken the DT-HSM. Therdiability of the total scoreis .89 (Cronbach'sdpha). (See Table4.) Thisis
repectable overdl rdiability for atest, and is especidly high given the diverse content of thistest. This
levd of reiahility is certainly high enough for the intended purpose of the totd score: to assessthe totd
level of preparation of individua students or groups of students.

Table4. Rdiability of theDT-HSM Total Score

Score Description Rdidhility* Sample Size

Total Score 0.89 1,138
* Cronbach's dpha

Reliability of the Competency Area Scores

The median rediability for the competency area scoresis .23 and the arithmetic mean (a
consarvative esimate) is.27. Thislevd of rdigbility ishigh consgdering the smal number of questionsin
each area (usudly 3), and is high enough for the intended purposes for the competency area scores,
which are: (1) to serve asaninitid quick screen for individua students to suggest areas for more study
and more extensive testing, and (2) to assess the strengths and weaknesses of groups of sudents. The
religbility of thetotal score is high enough for more important individua decisons, such as dass
placement.

The correlations between the area scores and the score on the remainder of the test have a
mesan corrdation of .50 (see Table 5). Thisindicates that the various area scores reflect both
knowledge of the various specific areas and dso agenera math knowledge.

The item-total correlations range from .54 to -.01 and average .35, with 39 of the question-
total correlations being over .3 and only 1 below zero.

Finally the intercorrdations of the 20 area scores have arange from .088 to .431 with a mean
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of 0.28 (based on data from the same 1,138 students). The competency area score intercorrelation
meatrix is given in Appendix A.

Table5. Correlation of DT-HSM Competency Area Scoreswith the Rest of the Test
Competency Area* r** Competency Area* r**
1.Whole Numbers (2) 0.36 11. Graphs (3) 0.51
2. Common Fractions (3) 0.58 12. Tables (3) 0.41
3. Decimd Fractions (3) 0.54 13. Edtimation (3) 0.55
4. Percentages (3) 0.42 | 14.Probability (3) 0.58
5. Signed Numbers (3) 0.59 15. Statigtics (3) 0.49
6. Powers and Roots (3) 0.39 16. Order of Operations (3) 0.54
7. Substitution (2) 055 | 17.Ratios(3) 0.56
8. Setting Up Equations (3) 0.42 18. Math Vocabulary (3) 0.55
9. Solving Algebraic Equetions (3) 0.53 19. Word Problems (3) 0.41
10. Geometry (3) 0.52 20. Miscdlaneous (5) 0.48

Note: All correlations are gatisticaly sgnificant at thep = .01 levd.
* The number of questionsin each arealis given in parentheses after the areaname.
** The correlation is between the area score and the score for the test questions for al other areas.

Content Validity of the DT-HSM

The vdidity of the DT-HSM wasiinitidly approached usng content vaidation, which isawidey used
approach for test development. The content validation approach involves severd key steps: (a)
determine the content areas of the test, (b) develop the test to measure these content aress, (€) develop
the test so that the questions are a good sample of each content area tested, and (d) minimize
measurement of areas not needed (such as unnecessarily hard vocabulary). The steps taken to support
the content validity of the DT-HSM are described in Chapter 3. The content vaidity of the DT-HSM
for the Massachusetts statewide examination (MCAYS) is particularly supported by the test devel opment
work described in Chapter 3. The content validity for the statewide math tests used by other Sates
should be determined on a state by State basis.
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Criterion Validity of the DT-HSM

No criterion-related vaidity studies of the DT-HSM have been completed to date. We are actively
seeking research partners for such research and offer use of the DT-HSM at half price for schools
offering to share agppropriate data (such as course grades or scores on statewide math tests).

Congtruct Validity of the DT-HSM

No congtruct validity studies of the DT-HSM have been completed to date. We are actively seeking
research partners for such research and offer use of the DT-HSM at hdf price for schools offering to
share appropriate data (such as scores on other math tests).

Future Research

Additiona research is possible which would contribute to the understanding of the DT-HSM scores.
For example, research might evauate the corrdation of the DT-HSM with:

- Course grades

- Grades on other math tests

- Grades on the state administered MCAS

- Grades on the math tests of other States.
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Chapter 5. Normative Data for the DT-HSM

Some users may want to compare their students to students at other schools, while other users may
want to use loca norms. The DT-HSM may be used in either way. School norms may be developed
when candidate groups are large enough. (Candidate groups of 100 or more are large enough.) This
chapter presents scores from severd schools, including dl data available to date.

The means and standard deviations for each of the scales on the DT-HSM are presented in Table 6.
Thisis based on data from four school digtricts which administered the DT-HSM. The tests were
administered in calendar years 2000 and 2003. The means seem low and we expect themto rise as
more data becomes available.

Additiona normétive data is expected to be available soon. Contact the test publisher for the latest
norm tables.

What is an Acceptable Scor e?

What score will be considered acceptable or high will depend on the intended use of the diagnostic
information. The norm tables provide some guidance. However, if a student gets less than half the
guestions correct there is reason to suggest additiona remedid education in thet area.
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Table 6. Descriptive Statisticsfor the DT-HSM Scales

Competency Area Raw Score | Raw Score || % Mean* % S.D.
M ean S.D.
Total Score (60)** 19.35 8.66 32.3 14.4
1. Whole Numbers (2) 1.57 0.60 78.7 30.1
2. Common Fractions (3) 0.86 0.81 28.7 27.1
3. Decimd Fractions (3) 1.50 0.86 50.0 28.8
4. Percentages (3) 0.99 0.92 328 30.6
5. Signed Numbers (3) 0.86 0.83 28.7 27.7
6. Powers and Roots (3) 0.30 0.56 10.1 18.6
7. Substitution (2) 1.20 0.72 60.2 36.1
8. Setting Up Equations (3) 1.08 0.76 36.1 25.2
9. Solving Algebraic Equations (3) 0.61 0.74 20.2 24.5
10. Geometry (3) 1.03 0.74 345 24.7
11. Graphs (3) 0.59 0.74 19.8 24.5
12. Tables (3) 1.62 0.68 54.1 22.7
13. Esimation (3) 1.34 0.80 44.7 26.7
14. Probability (3) 0.87 0.75 29.1 24.8
15. Statigtics (3) 0.96 0.72 32.0 23.9
16.0rder of Operations (3) 1.00 1.01 334 33.6
17. Ratios(3) 0.91 0.80 30.4 26.5
18.Math Vocabulary (3) 0.57 0.76 19.1 25.4
19. Word Problems (3) 0.50 0.65 16.6 21.8
20. Miscdlaneous (5) 0.96 0.77 19.1 155

* 9% Mean is the mean of the % correct. (N = 1,138)
** The number of questions in each area is given in parentheses after the area name.
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Appendix A: Intercorrelation of Competency Area Scores
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Appendix A: Intercorrelation of Area Scores

Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area Area
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Area 1 1 .283 .259 163 272 174 277 182 .205 232 144 151 .245 199 .264 177 176 190 129 231
Area 2 283 1 .359 279 431 321 .335 244 .365 314 .348 221 .330 391 312 .386 .308 .380 .284 .288
Area 3 .259 .359 1 .283 404 223 311 .286 294 .284 .263 297 .392 .309 .283 .353 .355 .310 242 .285
Area 4 .163 279 283 1 271 151 .263 218 .218 .238 241 224 .280 262 204 224 282 270 .210 .228
Area 5 272 431 404 271 1 .325 .364 251 .350 .301 .328 227 .395 .366 .306 .394 .334 378 .246 327
Area 6 174 321 223 151 325 1 234 .158 237 224 231 .088 247 .285 199 .284 .208 .320 132 172
Area 7 277 .335 311 .263 364 234 1 .289 .316 .378 .316 274 347 .368 .330 .336 .308 .303 .290 .286
Area 8 182 244 .286 218 251 158 .289 1 .294 .307 219 .206 .267 .259 271 213 .253 233 .190 244
Area 9 .205 .365 294 218 .350 237 .316 294 1 .325 331 228 .280 .368 .320 .295 .349 .336 .305 277
Area 10 232 .314 284 .238 301 224 .378 .307 .325 1 .363 244 .337 .339 314 .295 297 301 225 .313
Area 11 144 .348 .263 241 .328 .231 .316 219 .331 .363 1 .243 .292 .358 282 .288 374 .360 .236 .254
Area 12 151 221 .297 224 227 .088 274 .206 .228 .244 .243 1 .309 222 232 .260 .332 .219 .188 257
Area 13 .245 .330 392 .280 .395 247 .347 267 .280 .337 292 .309 1 341 .238 .358 .349 .308 .260 .336
Area 14 .199 .391 .309 .262 .366 .285 .368 .259 .368 .339 .358 222 .341 1 .334 .379 .382 .399 .262 .326
Area 15 .264 312 .283 .204 .306 .199 .330 271 .320 .314 .282 .232 .238 .334 1 .284 .368 .296 .241 .250
Area 16 177 .386 .353 224 .394 .284 .336 .213 .295 .295 .288 .260 .358 .379 .284 1 .316 402 232 .327
Area 17 176 .308 .355 .282 334 .208 .308 .253 .349 .297 374 .332 .349 .382 .368 .316 1 376 .305 313
Area 18 .190 .380 .310 .270 .378 .320 .303 .233 .336 .301 .360 219 .308 .399 .296 402 .376 1 .262 .267
Area 19 129 .284 242 210 .246 132 .290 .190 .305 .225 .236 .188 .260 .262 241 .232 .305 .262 1 .208
Area 20 231 .288 .285 .228 .327 172 .286 .244 277 .313 .254 257 .336 .326 .250 .327 .313 .267 .208 1

Note: All correlations are based on 1,138 students and are significant at the 0.01 level (2-tailed).
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