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Chapter 1. Introduction

The mathematics achievement of individual students has always been very important, but recently it
has become the subject of renewed focus. Many states have recently introduced statewide testing
requirements for high school graduation. Not only are students being judged and held accountable, but
also schools and school administrators are being judged by the test performance of their students.
There has long been aneed for an efficient, wide ranging diagnostic math test to assess studentsin a
way which would help pinpoint their weaknesses. This need is due to the math curriculum’s cumulative
nature, which builds on basic competencies, such as adding numbers or using fractions. Often success
in new courses or topics isimpossible without mastery of material covered earlier. The Diagnostic Te
for Pre-Algebra Mathematics (DT-PAM) is designed to provide diagnostic information on the
competencies of individual studentsin various areas of basic math. Thisinformation may be used to
direct instruction, which should help students do better on mandated statewide assessments.

Statewide Testing Programs

Massachusetts is one of many states that have instituted new statewide testing programsin the public
schools. A fundamental goal of education reform in Massachusetts is to raise expectations and promo
high standards for all the students of the Commonwealth. A central aspect of thisreformisthe
establishment of the Mathematics M assachusetts Comprehensive Assessment System (MCAS), a
statewide testing program now conducted at the 4™, 8", and 10" grade levels. Successful performance
will be required for graduation from high school beginning in the year 2003. The Massachusetts
Department of Education has released the test questions for several past tests. Much of the
development of the Diagnostic Test for Pre-Algebra Mathematics (DT-PAM) was guided by analysis
of these released test questions.

One important feature of the MCAS is that the questions generally require students to use several
competencies. This feature reflects the way mathematicsis used in the real world. However, thistype
of test question is not ideal for diagnosing specific limitations in a student's mathematical skills. If a
student answers a particular question incorrectly, it could be because of lack of knowledge in any of
several content areas. The MCAS only provides an indication of overall level of performance.
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Need for a Detailed Diagnostic Math Test

Thereisclearly aneed for a detailed diagnostic math test to assist students, teachers, and curriculurr
developers in monitoring progress and identifying weaknesses. Also, parents often ask, “What should
my child do to improve in math?” Frequently schools lack the diagnostic information which would
allow a specific response. The range of possible knowledge gapsis great. One student may have
failed to learn how to add and subtract signed numbers. Another may have failed to master addition of
common fractions. Another students may not have learned even the most basic aspects of percentages.
Statewide tests such as the MCAS provide an overall measure of competence, not diagnostic
information. Thereisclearly aneed for a detailed diagnostic math test to assist students in remediatiol
The DT-PAM was developed to provide diagnostic information on individual students aswell ason
groups of students to help solve this problem.

Need for an Overall Math Assessment

School administrators make placement decisions at the end of the 71" or 8" grade concerning
placement of individual studentsin various pre-algebra or algebra coursesin the following year. A test
which provides an overall evaluation of the level of mastery of pre-algebra math would be useful in this
placement process.

DT-PAM Diagnostic Areas: Content Analysis of the MCAS

A detailed content analysis was conducted of past 8" grade mathematics MCAS tests. Specifically,
for each test question the mathematical competencies required to correctly answer the question were
identified. Twenty-one competencies were found to be sufficient to answer the MCAS questions. The
21 competency areas of the MCAS are described in Table 1. Most questionsin the MCAS require
more than one competency. This part of the development of the DT-PAM is covered in more detail in
Chapter 3.
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Table 1. Competencies Needed to Answer the MCAS 8" Grade Math Questions
1 | Whole Numbers 11 | Geometry
2 | Common Fractions 12 | Comparisons
3 | Decimal Fractions 13 | Graphs
4 | Percentages 14 | Tables
5 | Units of Measurement 15 | Estimation
6 | Signed Numbers 16 | Probability
7 | Simple Powers 17 | Statistics
8 | Substitution 18 | Order of Operations
9 | Setting up Equations 19 | Ratios
10 | Solving Equations 20 | Math Vocabulary
21 | Word Problems

DT-PAM Scores
The DT-PAM provides a score in each of the 21 competency areas and atotal score.

Value of Using the DT-PAM as a Diagnostic Tool
The diagnostic information obtained from the DT-PAM will allow ateacher, parent, or student to
target remedial efforts.

The DT-PAM 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 individual students.

Since the DT-PAM is group administered, it is much less expensive than an individually administere
assessment.

Value of Usingthe DT-PAM as a Placement T ool
The DT-PAM can be given at the end of the school year to help make placement decisions for the

following year. Despite its usefulness, the DT-PAM is not meant to be a complete substitute for an
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individualized student evaluation by a competent guidance counselor or teacher.

This manual provides information about the DT-PAM materials, administration, scoring,
development, norms, and use.
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Chapter 2. Use, Administration, and Scoring of the DT-PAM

The DT-PAM materials include this manual, a disposable question booklet, and a machine-scorable
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 student
meant for use by individual students, (2) class reports - a summary listing of the student scores by clas
and (3) a school-wide report - a set of summary statistics for the scores for all students. The DT-PAM
is easy to administer and is suitable for administration to groups. This chapter providesinstruction for
administering the DT-PAM and for understanding and using the grade reports.

Qualificationstousethe DT-PAM

The DT-PAM was designed for use by middle-school teachers. No specific professional
qualificationsin testing are required to use and administer the DT-PAM. However, teachers and
administrators should follow the test administration instructions. Interpretation of the DT-PAM repori
may reasonably be made by the personnel for whom they are intended. Teachers and administrators
using the DT-PAM score reports should first carefully review the material in this manual.

Maintaining Test Security

The DT-PAM 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 to store and discard the test in a secure manner. The tests should be kept
under lock and key at all times when not in use.

Intended Uses

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

Test Administration

The amount of introduction that ateacher will give a class concerning this test may depend on the
amount and type of contact the students have had with such 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-PAM scores should take the test under the same test conditions. The school
should check the ID numbers on the student answer sheets to be sure the students completed them
correctly. If thisisnot done, it may be impossible to identify each student.
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The DT-PAM may be administered in one 45 minute class period (as a timed test) or in two such
class periods (basically as an untimed test). There is some indication that administration in two period:
yields more accurate scores.

Motivation of the Students

A student's performance on atest such asthe DT-PAM is areflection of the student's ability and
other factors such as his or her level of attention, motivation, or effort in taking the test. A student's te
results will be more accurate if the student pays attention and does careful work while taking the
examination. The teacher should prepare the students with thisin mind.

Introducing the DT-PAM 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 against them, that they will not be reassigned
to alower class as aresult of their test score, and that they will have an opportunity to address any
weaknesses with extra curriculum material. (Of course, if any of these statements are not true, that
reassurance should not be given.) Thisintroduction might best be done a day or two before the actual
test to allow 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-PAM. Students may be told what the test will cover and may even be given a copy of
the competencies list.

During the test itself, teachers or proctors should not help students answer any questions. We want
to measure the competency of the student alone. If a student 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
guestions without help. It israreto get questions from students while the test isin progress.

Use of Calculators
The DT-PAM has been normed on groups who took the test without the aid of calculators.
However, the diagnostic value of the test should remain strong even if used with calculators.

Answer Sheet Competencies

If students are not familiar with use of computer scored answer sheets, they may need instruction in
the use of the answer sheets. This might best take place a day or so before the test administration, and
might include the students filling out the ID sections of the answer sheet. Students may not get credit 1
what they know if they fill out the answer sheets incorrectly.
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Some of the things students need to know concerning answer sheets are listed below, together with

related problems.

1.

Complete ID numbers correctly

Sometimes studentsfill in 1D numbers incorrectly or in the wrong place or leave the ID blank. If thi
happens, it may be impossible to identify the students. This may also cause students to be included
in the wrong class report.

. Need to right justify numbers

Some students fail to right justify numbers. For example, if a student has an ID number of 6, it
should be entered with leading zeros. Sometimes students enter the digit 6 in the leftmost column,
and the computer may read that as a 6 followed by many zeros. A similar problem occurs when a
student incorrectly enters the date March 2nd and it is read as March 20™.

. Fill in bubble spaces completely

The correct way to fill in the bubblesis by shading the entire circle dark enough so that the letters
cannot be seen through the shading. The pencil marks must be within the lines. Common errorsin
marking answers include: circling answers, not filling in the entire circle, leaving a blank spot at the
center of the circle, or shading too lightly.

. Erase all stray marks fully

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

. 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 manually.

Scoringthe DT-PAM

The DT-PAM isreturned to the publisher for scoring. Instructions for returning the DT-PAM

answer sheets are included with each test order. After scoring, the DT-PAM answer sheets are
returned to the school, together with the student, class, and school grade reports.
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Interpretingthe DT-PAM Diagnostic Scor es

The DT-PAM 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 each scale score is based on
responsesto 2 or 3 questions. So, for example, a student report might indicate that the student
correctly answered 0 of the 3 questions on whole numbers. Thiswould indicate an area of weakness.
Anything less than a perfect score indicates an area of possible weakness. 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 |
answers. Norms are provided for this score (see Chapter 5).

Per cent Correct of Questions Attempted

The reports indicate the percent correct for only the questions attempted. This may provide
information about the student's test taking strategy, such as the willingness of a student to guess. Norn
are provided for this score (see Chapter 5).

Interpreting the DT-PAM Total Score
The reports give the total score for all competency areas, again in terms of araw score. The highest
possible scoreis50. Norms are provided for this score (see Chapter 5).

Setting Passing Pointson the DT-PAM

Sometimes it is necessary for schools to set an operational passing point for practical reasons, as
when selecting students for an advanced first algebra 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, asthe passing point is set higher, a higher proportion of the students selected will be
successful. Unfortunately, with higher passing points, more students will be rejected who would have
been able to handle the course work successfully. Setting passing scoresis a sensitive matter and
expert advice may be needed if thisisto be done. In some instancesit may be reasonable to make
class assignment decisions based solely on scale scores. In other circumstances class assignment
decisions may more reasonably be made based on scal e scores together with other information the
school may have about the students.
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Reporting DT-PAM Resultsto Students and Parents

When used for diagnostic purposes, we recommend that students be given a copy of their student
report and counseled that additional curriculum material 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
structure the reporting of DT-PAM scoresisto hold a meeting for both students and parents in which
topics are covered such as: the goals of the diagnostic testing, the nature of the diagnostic scores, the
limits of thistype of testing in general, and the steps which may be taken to address the skill deficits
revealed by the test.

When used for placement purposes, we recommend that students not be told that they have “failed”
the test. Rather, we suggest that students be told that they will be placed in the level/class that will be
best for them.

Ordering Information and Pricesfor the DT-PAM
The DT-PAM isdistributed and scored by:

APR Testing Services

27 Judith Road

Newton, MA 02459

(617) 244-7405

E-mail: Support@APRT estingServices.com

The prices on the Price List and Order Form include disposable test booklets, answer sheets, and
machine scoring. The turnaround time for grading is typically two weeks. Prices may be found on the
Price List and Order Form which are provided in Appendix A.
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Chapter 3. Development of the DT-PAM

During the development of the DT-PAM, two fundamental issues were addressed: (1) determining
the competencies covered in the 8™ grade M assachusetts statewide math test, and (2) developing a
relatively short test which would measure these competencies.

The purpose of the test istwofold: (a) to provide a measure of knowledge in various areas of pre-
algebra math, and (b) to provide an overall score predictive of future performance on the MCAS and in
math courses. For diagnostic purposes, thistest isintended 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 students in a group with stronger math preparation and competence.

The method used to identify the test areas and test format is described, followed by the description
of the test question development.

Identifying Test Content

Thistest was intended, in part, to help teachers and administrators prepare studentsin all the areas
needed to be successful on statewide math examinations, and specifically the Massachusetts
examination (the MCAS). Several sourceswere reviewed to identify the competency areas for the
DT-PAM. First, several textbooks were reviewed. The content of the MCAS was then systematically
analyzed (as described below) and competency areas identified. The competencies required by some
additional statewide testing programs were reviewed also. (For a systematic evaluation of the
relationship between the content of the DT-PAM and that of various statewide tests, see Chapter 4.)
Finally, discussions were held with a number of math teachers and math tutors concerning the tentative
test areas, and refinement of the material was undertaken as needed.

Competencies Required by the MCAS

The MCAS is a Massachusetts statewide testing program of the type in use by most states. A
fundamental goal of the Massachusetts Education Reform Act is to rai se expectations and promote higl
standards for all the students of the Commonwealth. Although the MCAS publications list test areas,
called “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
examined each question which appeared on the 8" grade mathematics section of the MCAS tests
(released questions for May 1998 and Spring 1999) and reviewed the list of learning standards.
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The test questions for the first two sets of MCAS 8" Grade Math released questions (1998 and
1999) were classified into 21 competency areas as listed in Table 1 (see Chapter 1). Each question on
these two released MCAS tests was classified as requiring one or more of the 21 competencies. One
MCAS question might require several competencies. The number of MCAS questions requiring each
competency is summarized in Table 2. Descriptions of the 21 competency areas are given in Table 3.

Table 2. Number of MCAS Questions Using Each Competency: Grade 8 Math

Subject/Competency Area | Number of Subject/Competency Area | Number of

Questions Questions
1. Whole Numbers 36 11. Geometry 19
2. Common Fractions 21 12. Comparisons 11
3. Decimal Fractions 10 13. Graphs 13
4. Percentages 8 14. Tables 10
5. Units of Measurement 11 15. Estimation 13
6. Signed Numbers 4 16. Probability 7
7. Simple Powers 3 17. Statistics 7
8. Substitution 5 18. Order of Operations 3
9. Setting up Equations 7 19. Ratios 8
10. Solving Equations 4 20. Math Vocabulary 19
21. Word Problems 47

Note: Thistable reflects analysis of the May 1998 and Spring 1999 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 MCAS Grade 8 Math Questions

Subject Area

Description

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

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

3. Decimal Add, subtract, multiply, and divide decimal fractions.
Fractions

4. Percentages

Add, subtract, multiply, and divide percentages. Determine X percent g
given number. Determine what percent X isof agiven number. Relate
percentages to awhole (e.g., 110% is more than 1 unit).

bw the

5. Units of Recognize and use units of measure. Convert from one unit to another.
Measurement | Understand measurements and common units (i.e. hours, feet, etc.) Kn
difference between measurements of mass, length, time, and volume.
6. Signed Add, subtract, multiply, and divide signed numbers.
Numbers

7. Simple Powers

Work with and solve simple equations containing powers and roots.

8. Substitution

Substitute values for unknowns in an expression or equation.

broblem

9. Setting up Set up a simple equation when given information in the form of aword
Equations or adata chart.
10. Solving Understand that variables may assume various numeric values. Simplify
Equations isolate variables to find the solution (without using the "guess and checl

method).

and
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Table 3. Competencies Needed for MCAS Grade 8 Math Questions (continued)

Subject Area | Description

11. Geometry Have knowledge of and be able to work with one and two dimensional figures
such as points, angles, parallel lines, surfaces, vertices, basic shapes
(rectangles, circles), different types of triangles (e.g., isosceles), and right
angles. Find the area and perimeter of triangles and rectangles, as well gsthe
area and circumference of circles. Know that angles of atriangle sum {o 180E,
acircle has 360E, and a square has 90E in each of itsangles. Apply this
information to new situations. Understand and work with figures within|figures
(e.g., acirclewithin a square).

12. Comparisons | Compare size of numbers/shapes.

13. Graphs Understand common types of graphs (i.e., bar, pie, and Cartesian). Findland
chart pointsusing X and Y coordinates (on a reasonable scale) and congtruct a
graph from given data. Read and apply the information in akey. Interprgt a
graph and explainit.

14. Tables Understand how row and column titles correspond to data inside atable] Find
pertinent information in atable and transfer the information to a graph.

15. Estimation | Know when and how to use estimation. Round and estimate to check
answers.

16. Probability | Find the probability of an event based on a narrative description and malte
reasonabl e predictions using probability.

17. Statistics Know how to find the average (mean), median, and mode of a data set. Work
backwards using the equation of an average (i.e., if Average = Sum/Nunjber,
know that Sum = Average * Number).

18. Order of Understand precedence. Know and apply PEMDAS (Parentheses,

Operations | Exponents, Multiplication, Division, Addition, Subtraction).

19. Ratios Represent datain ratio form and set up ratio problems, including attentijon to
units. Add, subtract, multiply, divide, and reduce ratios.

20. Math Know words like numerator, denominator, product, sum, and prime nunpber.

Vocabulary
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Table 3. Competencies Needed for MCAS Grade 8 Math Questions (continued)

Subject Area | Description

21. Word Understand scenarios and work with "real life" math situations. Translaje word
Problems problems into equations and discern what information is necessary to splve the
problem and what information is not.

Rationale for the Choice of a Multiple-Choice Format

The multiple-choice format was chosen based on several considerations, primarily for testing time
economy and grading ease. Since there are 21 competency areas identified, testing time was a major
concern. Typically, atest is constructed 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 practical for most users. The decision was made to use multiple choice questions with
15 choicesfor three reasons. First, it would increase the reliability of the scale scores, since score
reliability tends to be proportional to the number of answer choices. Second, it would reduce the scort
that would be expected if a student was merely guessing. Third, 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

Several goals guided the writing of the test questions. First, each question is a substantive test of the
competency area being tested. Second, each question is arather pure test of the competency,
minimizing reliance on knowledge of other areas. Third, the two or three questions for a competency
cover important parts of the competency. Fourth, the subject matter of the word problems is familiar t
most or all students and avoids areas which may be culturally biased. (Thisis consistent with the spirit
of the Civil Rights Act of 1964.) Fifth, the grammar, syntax, and vocabulary used is simple and
straightforward, thereby avoiding having the level of English competence unnecessarily affect the scor:
(*confounding”).

In writing distracters, we were guided, in part, by wrong answers provided by students who took the
test for this purpose.

Difficulty Level of Questions

For each competency area, we wrote some questions to be very basic and others to be more
advanced, while avoiding writing unrealistically difficult questions. Thiswas done so that the test woul
identify students who lacked even basic knowledge of a competency area. Each competency areawas
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tested with at least two questions and some with three.

Question Sequence

The questions were arranged so that even if a student only finishes half the test, at |east some
information will still be available for all competencies. Thefirst 21 questions cover each of the 21
competencies. The next 21 questions ask a second question in each competency area. The last 8
guestions cover those 8 competency areas which required 3 questions. So the first question measures
use of whole numbers, the 21% question measures word problems, the 22™ question begins the second
set with a question on whole numbers, and so forth.

Randomized Answer Key
After the questions were written, the correct answer was assigned to one of the 15 answer choices
using atable of random numbers, subject to the constraint that every choice be used 3 or 4 times.

Review, Piloting, and Revision of Questionsand Competencies

At several points during its development, the DT-PAM was reviewed by diverse subject matter
experts (teachers, counsel ors, 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 versions of the test by simply 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 field use.

An Evaluation of the 15 Choice Test Question Format

It is quite unusual to offer students 15 choices, so an evaluation of the efficacy of this approach was
done. There were several anticipated potential problems with this approach: (1) some of the 15
nominal choices might be very poor distracters (rarely chosen) which would have the effect of reducin
the number of real choices, and (2) the students might find the number of choices to be confusing. Bo
these possibilities are considered below and rejected.

The number of distracters the students chose gives an indication of how well the distracters are
working. (Inthisdiscussion, all 15 choices are referred to as distracters.) Choice of distracters was
evaluated using a group of 424 8" graders from an urban/suburban school. These students will be
referred to as Norm Group 1 for the remainder of the technical manual. (See Appendix B, Table B1
for alist of the norm groups and validity groups.) For all but 6 questions, students chose all 15
distracters. The number of distracters chosen averaged 14.8 per question. From this analysisit
appears that the 15 distracter approach worked as intended.
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The question intercorrelations within each competency area give another indication of how well the
guestions are functioning. In Norm Group 1, these question intercorrelations ranged from .066 to .42:
with amedian of .258 and a mean of .257. See Appendix C for the question intercorrelations within
each competency area. These question intercorrelations were reasonably high for individual questions
which indicates that the test questions were not confusing and were functioning as intended.

An Evaluation of the One Class Period Time Limit

Five approaches were used to eval uate whether one class period is sufficient time to takethe DT-
PAM: (1) the proportion of students who leave the last questions blank, (2) the difficulty levels of the
last questions (with high difficulties a possible indication of guessing), (3) the proportion of students v
leave many questions blank throughout the test, (4) the proportion of students who skip hard questions
(which is sometimes taught as test taking tactic), and (5) the correlation of the DT-PAM and the
MCAS.

Few students left blanks anywhere in the test. Norm Group 1 students took the test in one 45
minute class period. They tended to leave more questions blank on the last half of the examination (sex
Figure 1). However, no more than 6.4% of the students left any one question blank and each of the last
5 questions was left blank by less than 5% of the students. Thisis an indication that most students
finished the test.
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Figure 1. Number of Students L eaving Each Question Blank
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Note: Thereisone bar for each question. Thisfigureisbased on Norm Group 1 students (n=424) who took the DT-PAM in one
45 minute class period. The barsfor each of the last 5 questions represent less than 5% of the students.

The proportion of students who correctly answered the last questions can give an indication of
whether students were rushed or could not finish the test. The questions numbered 40 to 50 include
some of the easiest questions of the test. Question difficulties are presented in Figure 2. Thisfigure
indicates that the students who answered the questions on the second half of the examination were not

merely guessing.
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Figure 2. Difficulty Levelsof the DT-PAM Questions
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Notes: Thereis one bar for each question. This figureis based on Norm Group 1 students (n=424)
who took the DT-PAM in one 45 minute class period.

The number of questions which any one student left blank is one indicator of whether there was
enough time to take the test. Of the 424 8" gradersin Norm Group 1, 72.6% (308) answered all the
guestions, and only 3.5% (15 ) left more than 10 questions blank. Figure 3 shows the distribution of
blanks. Most of the non-zero entriesin Figure 3 represent one student.
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Figure 3. Frequency of StudentsL eaving Questions Blank
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The Number of Questions Which Were Left Blank

Note: Thisis based on the 424 studentsin Norm Group 1. Of these, 72.6% (308) answered dl the questions.

Students did not leave the most difficult questions blank. The most difficult questions were number:
11, 12, 33, and 37 (see Figure 2). The students did not |eave these questions blank more than the
other questions (see Figure 1).

Finally, the DT-PAM scores correlated highly with the operational 8" Grade Math MCAS. (The
validity research is discussed in more detail in Chapter 4.) Thiswould only be possibleif the DT-PAM
scores were meaningful.

Taken together, these five analyses indicate that students can complete the DT-PAM in one class
period without compromising their scores.

A Comparison of the Oneand Two Class Period TimeLimit
A comparison was made between the students who took the DT-PAM in one and two class

periods. Datafrom four school districts were used, two of which administered the DT-PAM in one
class period and two in two periods.

The mean total score for the two school districts which administered the test in one class period
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were compared with the mean total score for the two other school districts which administered the test
intwo class periods. The difference between the mean total scores was statistically significant (p<.00
F=143.7, df = 1, 971). Thedifference in mean total scores was 8.17 (see Table 4 for the means).

Table4. Summary Statisticsfor Scoresfor One and Two Period Administrations
Number of Mean Score N Standard Maximum
Class Periods Deviation Score

One 21.88 580 10.41 50

Two 30.05 392 10.41 47

Notes: N indicates number of 8" grade math students. The standard deviations were the same to the hundrediths place.

Although there was a large and statistically significant difference between the mean scores for
students who took the test in one period versus two, there was no statistically significant difference se:
between the schools which took the test within either time period. The comparison of the mean total
scores for the two school districts which administered the test in one class period was not statistically
significant (p=.64, F=.221, df=1, 578). The meanswere 21.8 and 22.2. Similarly, the comparison of
the mean total scores for the two school districts which administered the test in two class periods was
not statistically significant (p=.48, F=.507, df = 1, 390). The means were 29.6 and 30.4.

In one administration of the test to 79 8™ grade students, the students were given two periods and
the number of questions completed at the end of one period was recorded. The mean number of
guestions completed at the end of the first of the two periods was 34.1 (median = 34), with arange
from 20 to 50 questions compl eted.

These analyses have implications for selecting atime limit for the test and are discussed in the next
section.

Selectingthe Time Limit to Usefor Your School District

The DT-PAM may be administered in either one or two class periods, but the time limit should be
consistent within a school district. Scores for students who took the test with different time limits are
directly comparable. Comparing one period and two period test results is not advisable. Separate
norms for students who took the test in one or two class periods are provided for this purpose in
Chapter 5.
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When the DT-PAM isgiven in one period, it is somewhat speeded. When given in two periods, itis
not speeded. It is often best to administer the test in two class periods, which is ample time for almost
all students to complete the test, making it a power rather than a speed test.

Scoring M ethodology
The scores all represent the number of questions answered correctly unless a percentage is reportec
(asin the total score).

Professional Test Development Standards
In the development of thistest, we have tried to conform to the high standards and ideals 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-PAM

Thereliability of the DT-PAM may be considered overall and for each diagnostic area. Both
approaches are reported here. The validity of the DT-PAM is addressed in two ways: by
content validation, and by criterion-related validation using the MCAS as the criterion.

Reliability of the Total Score

To date, atotal of 972 8" grade students from four school districts in Massachusetts have taken the
DT-PAM: norm groups 1, 2, 3, and 4. (See Appendix B, Table B1 for alisting of norm groups.) The
reliability of the total scoreis.934 (Cronbach's alpha). (See Table5.) The question-total correlations
ranged from .23 to .66, with 35 of the question-total correlations being over .4. Thereliability of the
total score for the single largest school district (Norm Group 1, n=424) is.928. Thisisavery
respectable reliability for atest, and is especially high given the diverse content of thistest. Thislevel
reliability is certainly high enough for the intended purpose of the total score: to assess the total level
preparation of individual students or groups of students.

Table5. Reliability of the DT-PAM Total Score

Score Description Reliability* Sample Size

Total Score .934 972
* Cronbach'sdpha

Interpretation of the Competency Area Scores Not Limited By Guessing

Interpretation of non-zero test scoresis simplified because the probability of getting a
non-zero score by chanceislow and the probability of getting a perfect scoreis negligible. (See Table
6.) The probability of getting a perfect score by chanceis.004 for the competency areas measured by
two questions, and .00002 for the competency areas measured by three questions.

The low expected scores which would be expected due to chance are due to the large number of
choices. Each DT-PAM question has 15 answer choices, rather than the typical 4 or 5 choices. If
guestions with four answer choices were used, the probability of getting a non-zero score by chance
would be more than three times as high as seen with the DT-PAM.

In contrast to the low scores due to guessing, students who have mastered a competency area
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should be able to achieve a perfect score in that area because the DT-PAM questions are basic in
nature. The DT-PAM questions for any competence area are basic in nature, so students should be
able to achieve perfect scores in acompetency areaif they have mastered that area.

Table 6. Probability of Getting Various Competency Area Scores by Chance
Probability of Probability of Probability of Probability of
Getting a Score | Getting a Score | Getting a (Non- | Getting a Perfect
of Zero by of 1 by Chance | Perfect) Score of Score by Chance
Chance 2 by Chance

Competency 871 129 NA* .004

Area Measured

With Two

Questions

Competency .813 174 .012 .00002

Area Measured

With Three

Questions

*Not Applicable

In addition to this analysis of the practical utility of the competency area scores, we can consider the
classical reliability of these scores.

Reliability of the Competency Area Scor es

The median reliability for the competency area scoresis .47, as estimated using Cronbach’ s alpha.
Most (16 of 21 areas) were between .4 and .6, and the full range was from .12 to .61, with amedian of
.47 and a mean of .46 based on data from the 972 8" grade students in norm groups 1, 2, 3, and 4
(see Table 7). Thislevel of reliability is high considering the small number of questionsin each area
(either 2 or 3), and is high enough for the intended uses of the competency area scores, which are: (1)
to serve asan initial quick screen for individual students to suggest areas for more study and more
extensive testing, and (2) to assess the strengths and weaknesses of groups of students. The reliability
of the total score is high enough for more important individual decisions, such as class placement.

The correlations between the competency area scores and the score on the remainder of the test are
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generally higher than the reliabilities (see Table 7). This may indicate that the actual competency area
reliabilities are higher than the reliabilities estimated by Cronbach’ s alpha, or may indicate that the
various competency area scores reflect both their specific area knowledge and also a general math
knowledge. | think it is due to the former.

Finally the intercorrelations of the area scores ranged from .138 to .671 (based on data from the
same group of 972 studentsin norm groups 1, 2, 3, and 4). The area score intercorrelation matrix is
givenin Appendix D.
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Table 7. Reliability and Validity of the Competency Area Scor es

Area Reliability Area-total Correlation
Fall 2000 ValidityGroup | ValidityGroup
Administration( 1 (n=184) 2A (n=97)
n=972)
1. Whole Numbers (3 0.45 61* .61* .60*
2. Common Fractions 0.50 .55* A0* A45*
(2)
3. Decimal Fractions 0.48 .59* A49* .53*
(3)
4. Percentages (3) 0.47 72* .64* .70*
5. Units of 0.53 .62* .54* .58*
Measurement (2)
6. Signed Numbers (2 0.42 .39* .04 .54*
7. Simple 0.61 .69* .61* T1*
Powers (3)
8. Substitution (2) 0.61 .69* .66* .70*
9. Setting up Equations 0.43 .65* .59* .59*
(3)
10. Solving Equations 0.60 72* .68* 72*
(2)
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Table 7. Reliability and Validity of the Competency Area Scor es (continued)

11. Geometry (3) 0.58 .62* .62* .66*
12. Comparisons (2) 0.46 AT* .38*% 44*
13. Graphs (2) 0.25 A4* 32* .A8*
14. Tables(2) 0.38 .54* A40* 49*
15. Estimation (2) 0.51 .64* .54* .65*
16. Probability (2) 0.12 A1* A3* .39*
17. Statistics (2) 0.40 57* .50* .58*
18. Order of 0.41 57* .56* 40*
Operations (2)
19. Ratios (2) 0.49 63 .50* 51*
20. Math Vocabulary 0.45 .59* .50* .62*
(3)
21. Word 0.49 .64* .54* 57*

Problems (3)

Note: Number in parentheses after the area name indicates the number of questions for that area.
* p<.001

Content Validity of the DT-PAM for Statewide Tests

Content validity refersto the extent to which the content of the test overlaps or reflects the content
the area(s) to be measured. A content validation strategy was used to develop the DT-PAM. Content
validation is awidely used approach for test development. Typically this approach involves several key
steps: (a) determine the content areas of the test, (b) develop the test to measure these content areas,
(c) 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 content
validity of the DT-PAM may be evaluated with respect to the content of various statewide tests through
an examination of the content of the DT-PAM and the content of each state’ s test.

Content Validity of the DT-PAM for the Massachusetts Test
With respect to the Massachusetts statewide examination (MCAS), the content validity of the DT-
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PAM is strongly supported by the steps taken in its development (described in Chapter 3).
Specifically, the content of the DT-PAM reflects the competencies required for success on the 8™
grade MCAS examination.

Content Validity of the DT-PAM for the Florida Test

With respect to the statewide testing program known as the Florida Comprehensive Assessment
Test (FCAT), the content validity of the DT-PAM was determined by systematically evaluating each
guestion in the most recent official examination (Florida Department of Education, 2001b). Each
question of the 2001 8" grade math test of the FCAT was analyzed to determine which competencies it
required using the 21 competency areas of the DT-PAM (see Table 1). Often one FCAT question
required several competencies. The number of FCAT questions requiring each competency is
summarized in Table 8. There were no questions on this test which required the competency area,
signed numbers. However, signed numbers is one of the competenciesidentified by Floridaas a
“benchmark.” Florida hasidentified 36 benchmarks which broadly describe the skills necessary for
effective math problem solving (Florida Department of Education, 2001a). FCAT literature shows that
not every test has questions on every benchmark (Florida Department of Education, 2001b). Our
analysis of the competencies required by the FCAT shows that the typical FCAT question requires the
application of several competencies. So, like other statewide tests, the FCAT provides an overall
measure of competence, not diagnostic information.
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Table 8. Number of FCAT Questions Using Each Competency: Grade 8 Math

Subject/Competency Area | Number of Subject/Competency Area | Number of

Questions Questions
1. Whole Numbers 19 11. Geometry 7
2. Common Fractions 2 12. Comparisons 1
3. Decimal Fractions 2 13. Graphs 2
4. Percentages 3 14. Tables 5
5. Units of Measurement 1 15. Estimation 4
6. Signed Numbers 0 16. Probability 1
7. Simple Powers 4 17. Statistics 4
8. Substitution 2 18. Order of Operations 3
9. Setting up Equations 7 19. Ratios 1
10. Solving Equations 1 20. Math Vocabulary 4
21. Word Problems 8

Note: Thistable reflects andysis of the Spring 2001 released questions. Thetotd of these entriesis greeter than the number of
released questions because many questions were linked to more than one competency.

Content Validity of the DT-PAM for the Texas Test

With respect to the statewide testing program known as the Texas Assessment of Academic Skills
(TAAS), the content validity of the DT-PAM was determined by systematically evaluating each
question in the most recent official examination (Texas Education Agency 2001). Each question of th
2001 8" grade math test of the TAAS was analyzed to determine which competencies it required using
the 21 competency areas of the DT-PAM (see Table 1). Often one TAAS question required several
competencies. The number of TAAS guestions requiring each competency is summarized in Table 9.
Two TAAS questions, numbers 4 and 16, test the ability to visualize solids from different perspectives.
This ability is not included in the DT-PAM competency list and is not considered further. Texas
categorizes math subject matter in several ways, most specifically using 13 knowledge and skill areas
(Texas Education Agency, 2000). These areas are broader than the DT-PAM competencies, but

Page 28

Copyright © 2001 APR Testing Services
Newton, Massachusetts 02459
Ver. 1.10



cover the same types of material. Our analysis of the competencies required by the TAAS shows that
the typical TAAS question requires the application of several competencies. So, like other statewide

tests, the TAAS provides an overall measure of competence, not diagnostic information.

Table9. Number of TAAS Questions Using Each Competency: Grade 8 Math

Subject/Competency Area | Number of Subject/Competency Area | Number of

Questions Questions
1. Whole Numbers 41 11. Geometry 5
2. Common Fractions 8 12. Comparisons 4
3. Decimal Fractions 21 13. Graphs 12
4. Percentages 7 14. Tables 8
5. Units of Measurement 4 15. Estimation 4
6. Signed Numbers 4 16. Probability 5
7. Simple Powers 4 17. Statistics 3
8. Substitution 1 18. Order of Operations 3
9. Setting up Equations 17 19. Ratios 5
10. Solving Equations 7 20. Math Vocabulary 4
21. Word Problems 27

Note: Thistable reflects andysis of the 2001 released questions. Thetota of these entriesis greater than the number of released
questions because many questions were linked to more than one competency.

Content Validity of the DT-PAM for Other Statewide Tests
The content validity for the statewide math tests used by other states should be determined on a state
by state basis.

Criterion Validity of the DT-PAM Based On Operational MCAS Scor es
Two criterion-related validity studies of the DT-PAM based on the operational MCAS scores have
been completed to date. In both of these validation studies the DT-PAM was given in the Fall of 2000,
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and the criterion was the score on the Grade 8 Math MCAS given in Spring 2001.

Thefirst validity study involved 184 of the students from Norm Group 1 for whom validation data
was available. These 184 students are referred to here as Validity Group 1. Validity Group 1 students
all were from the classes taught by one teacher. (The other teacherslost the key to the student 1D
numbers used for this research project, making it impossible to match the students’ DT-PAM datawith
their MCAS data.) The Pearson product-moment correlation between the DT-PAM and the
operational 8" Grade Math MCAS is .808 (n=184, p< .001).

The second validity study involved 97 students from Norm Group 2 for whom validation data was
available. These 97 students are referred to here as Validity Group 2A. Validity Group 2A students all
were from the classes taught by one teacher. (The other teacher lost the key to the student ID numbers
used for this research project, making it impossible to match the students DT-PAM data with their
MCASdata.) The Pearson product-moment correlation between between the DT-PAM and the
operational 8™ Grade Math MCASis.881 (n=97, p< .001).

It may be noted that the higher validity coefficient was seen for Validity Group 2A which took the
test in 90 minutes.

If the correlations found in these two validity studies were adjusted for the unreliability of the two
tests, the correlations would be even higher. The high observed correlations mean the DT-PAM and
MCAS are measuring very similar things despite the differencesin test outline and orientation.

Criterion Validity of the DT-PAM Based on Released MCAS Tests

Two criterion-related validity studies of the DT-PAM have been completed based on administration
of released MCAS tests. In both cases, the criterion was the score on the multiple choice questions of
the Spring 2000 Grade 8 Math MCAS. This was the most recent set of released MCAS questions at
the time the studies were conducted. The full MCAS was not administered due to time constraints.
The relationship between this criterion (the score on the multiple choice questions of the MCAS) and
the total MCAS math score was shown to be high. First this evaluation of the criterion will be
described, and then the criterion-related studies will be reported.

Correlation Between the Multiple Choice and Full MCAS Scores

To determine the correlation between the multiple choice and full MCAS scores, we used the officie
“Test Question Analysis Report” of the official administration of the Spring 2000 MCASto all 171 8™
grade students in one suburban school district. Thisreport gives, for each student, the total score and
the score for each test question. Two of the 171 students left their MCAS answer sheets blank and
their data were excluded from the determination of the correlation. In order to calculate the correlatio
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we needed to create a new score for each student based solely on the multiple choice questions.

The Spring 2000 MCAS 8™ grade math test consisted of three types of questions: multiple-choice,
short answer, and “open response.” The Test Question Analysis Report provided by the state to the
schools gives, for each student tested, the response to each question, the total score (araw score of the
number correct or number of points earned), the numeric scaled score, and the performance level. For
each multiple choice and short answer question which was correctly answered, the student got 1 point.
The open response questions were worth either 3 or 4 points. The highest possible score on the test
was 53 points: 29 on the 29 multiple choice questions, 5 on the 5 short answer questions, and 19 on the
5 open response questions.

The detailed score report for the MCAS 8" grade math test for the 169 8™ grade students was
reanalyzed as follows. The score for each student on the MCAS multiple choice questions was
determined. Then this score was used to predict the MCAS total math score, which was available
from the Test Question Analysis Report. The Pearson product-moment correlation between these two
scores was found to be .946. That the correlation is extremely high is not surprising, since the total
score is made up in large part by the score on the multiple choice questions. Parenthetically, the
correlation of the multiple choice score and the sum of the scores on the short answer and open
response questionswas .776. The correlation between the score on the MCAS multiple choice
guestions and the MCASS scaled score was .935. (See Table 10.)

Table 10. Correlation Between Multiple Choiceand MCAS Total and Scaled Scor es

MCAS Total Score* MCAS Scaled Score
MCAS Multiple Choice Score | .946** .935**
* n=169 (2 sudents did not answer any questions and their data are omitted)

** p< 001

Thisreanalysis of MCAS data shows that the score on the MCAS multiple choice questionsis a
very good predictor of both the total and the scaled scores on the 8™ grade math MCAS. Therefore,
the score on the multiple choice portion of the MCAS is areasonable criterion to use in validating the
DT-PAM.

Correlation Between the DT-PAM and the Multiple Choice MCAS Scor es
All but nine Norm Group 2 students took both the DT-PAM and the (released) multiple choice
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questions from the Spring 2000 MCASS 8™ grade math test. (They had not previously been given the
Spring 2000 MCAS because they were 7" graders when it was administered in Spring 2000.) These
207 students will be referred to as Validity Group 2B. The two tests were administered about 1 month
apart, with the DT-PAM given first. The MCAS was given in two periods, which was long enough for
all studentsto finish. The Pearson product-moment correlation between the scores on these two tests
was .790 (n=207, p< .001). If the correlation were adjusted for unreliability of the two tests, the
correlation would be even higher. The high observed correlation means the DT-PAM and MCAS are
measuring very similar things.

Another group of 159 8" grade math students in a suburban school took both the DT-PAM and the
(released) multiple choice questions from the Spring 2000 MCAS 8™ grade math test.
These 159 students will be referred to as Validity Group 3. The two tests were administered within
about 2 weeks, with the DT-PAM given first. The MCAS questions were given in one period, and it
appeared that the students were rushed because the answer sheets were filled out in arelatively sloppy
fashion. The Pearson product-moment correlation between the scores on these two tests was .593
(n=159, p< .001). Thiscorrelation islower than that seen with Validity Group 2B. This may be due to
the shorter time this school district allowed for completing the MCAS questions.

Predicting State (MCAS) Scaled Score and Levels Using the DT-PAM

Based on the results of the studies above, it is possible to use the DT-PAM to predict the scores on
statewide tests. An example of how this was done for the Massachusetts statewide examination is
given in Appendix E.

Construct Validity of the DT-PAM

A test is said to have construct validity to the extent that it measures a characteristic whichitis
intended to measure. Typically, construct validity is evaluated in terms of the correlation of one test
with other measures of the same construct (or similar constructs). The relationship of the DT-PAM to
two other measures of mathematical knowledge/ability was investigated with a group of 64 10" grade
students from a suburban school. We will refer to these 64 students as Validity Group 5. Three math
tests were administered to Validity Group 5 in the same school semester: DT-PAM, COMPASS, and
PLAN (ACT, 2001). Theresults are examined in terms of construct validity of the DT-PAM. The
PLAN Testisa"pre-ACT" test and consists of four sections: English, Math, Reading, and Science
Reasoning. All four sections were administered and are considered in the following statistical analysis.
The COMPASS test consists of three sections: Mathematics Placement, Reading Placement, and
Writing Skills Placement. The Mathematics Placement section contains five subsections, of which thre
were administered. We present here data from two math sections of the COMPASS: Pre-Algebra, and
Algebra (only one student took the College Algebra section). The COMPASS and the PLAN were
administered by the school as part of their regular testing program.
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The Intercorrelation between the DT-PAM scores and scores on various sections of the
COMPASS are presented in Table 11. Thereisasignificant correlation between the DT-PAM score
and the COMPASS Pre-Algebra score that demonstrates the validity of the DT-PAM as atest of pre-
algebramath. The correlation between the COMPASS Algebraand DT-PAM islow because the
topics covered by the algebra test are more advanced, testing knowledge of algebra, whilethe DT-
PAM tests pre-algebra knowledge. The intercorrelations between the DT-PAM and the COMPASS
Reading Placement and COMPASS Writing Skills Placement are lower, (although still significant), tha
the intercorrelation between the DT-PAM and COMPASS Pre-Algebra. This was expected as the
DT-PAM isnot atest of English skills.

Table 11. Intercorrelation of DT-PAM with COMPASS

DT-PAM Score N
COMPASS Pre-Algebra 719* 35
COMPASS Algebra .280 48
COMPASS Reading 460* 64
COMPASS Writing .383* 64

Note: N isthe number of students. Some students took more than one math section of the COMPASS.
* Corrdaion issignificant at the 0.01 leve (2-tailed).

The intercorrelation between the DT-PAM math score and the PLAN math scores are presented in
Table 12. Theresultsfor the PLAN are presented for the math section only and the combined results
from all four sections. ( Intercorrelations for each of the 4 sections of the PLAN are not presented
because the school did not provide us with those data.) The strong correlations between the DT-PAM
and the math scores on the PLAN support the construct validity of the DT-PAM. The high correlation
with the PLAN overall score may be due to the math score being a component of the overall score,
and the science reasoning having a math component.
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Table 12. Intercorrelation of DT-PAM with PLAN
DT-PAM Score

PLAN Math Score .756*

PLAN Math Percentile 770*

PLAN Overall Score 671*

PLAN Overall Percentile .674*

*Correlation is significant at the 0.01 level (2-tailed); N= 59 Students

The intercorrelations between scores from the DT-PAM, scores from the two math subsections of
the COMPASS, and the scores from the PLAN math section are shown in Table 13. The low
intercorrelation between the PLAN Math Score and the COMPASS Algebra score supports the
earlier interpretation of the low correlation between the DT-PAM and the COMPASS Algebra score.
It may be noted that the correlations between the COMPASS Pre-Algebraand the DT-PAM and the
PLAN Math score and the DT-PAM are higher than the correlation between the COMPASS pre-
algebra and the PLAN math score. That is, the DT-PAM correlates better with each of the other two

tests than those tests correl ate with each other.

Table 13. Intercorrelation of All Math Scores

orew  [Sompasre [ompas - [raan
Compass Pre-Algebra | .719*

Compass Algebra .280 .008

PLAN Math Score .756* .686* .249

PLAN Math Percentile |.770 .655* .200 .905*

*Correlation is significant at the 0.01 level (2-tailed).
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Future Resear ch

Additional research is possible which would contribute to understanding the DT-PAM scores. For
example, research might evaluate the correlation of the DT-PAM with:

- Course grades

- Grades on additional math tests

- Grades on the math tests of other states.
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Chapter 5. Normative Datafor the DT-PAM

Some users may want to compare their students to students at other schools, while other users may
want to use local norms. The DT-PAM may be used in either way. School norms may be devel oped
when candidate groups are large enough. This chapter presents scores from several schools, including
all data available to date.

The means and standard deviations for each of the scales on the DT-PAM are presented in Tables
14 and 15. Each of these summariesis based on data from two school districts which administered the
DT-PAM to all their 8" grade students. The tests were administered in October or November of
2000. The normsin Table 14 include test administrations in which students were given one class peric
to complete the test. The normsin Table 15 include test administrations in which students were given
two class periods to complete the test.

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

What isan Acceptable Scor e?

What is an acceptable score or a high score will depend on the intended use of the diagnostic
information. The norm tables provide some guidance. However, if a student gets half or fewer of the
guestions correct for a competency area, there is reason to suggest additional remedial education in the
area.
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Table 14. Descriptive Statistics for the DT-PAM Scales (one period administration)

Competency Area Raw Score Raw Score % Correct % Correct

Mean SD. M ean SD.
1. Whole Numbers (3) 1.92 0.97 64.0 32.2
2. Common Fractions (2) 0.62 0.74 30.9 37.0
3. Decimal Fractions (3) 1.28 0.98 427 325
4. Percentages (3) 1.37 0.91 45.7 30.5
5. Units of Measurement (2) 0.85 0.80 424 40.2
6. Signed Numbers (2) 0.78 0.78 39.1 39.1
7. Simple Powers (3) 1.84 1.04 61.4 34.6
8. Subdtitution (2) 1.03 0.80 51.7 40.0
9. Setting up Equations (3) 110 0.92 36.6 30.8
10. Solving Equetions (2) 1.07 0.84 53.7 42.1
11. Geometry (3) 0.57 0.85 18.9 28.3
12. Comparisons (2) 0.17 045 8.6 22.3
13. Graphs (2) 0.56 0.65 28.2 32.6
14. Tables(2) 147 0.67 73.3 33.3
15. Edtimation (2) 0.66 0.76 33.0 38.2
16. Probability (2) 0.63 0.4 315 27.2
17. Sttistics (2) 0.95 0.80 474 40.0
18. Order of Operations (2) 1.20 0.75 60.0 374
19. Ratios (2) 0.75 0.76 37.7 38.2
20. Math Vocabulary (3) 1.29 1.00 43.0 335
21. Word Problems (3) 1.76 0.95 58.8 31.6
Tota Score (50) 21.88 1041 43.8 20.8

Notes: All dataabove from 8" grade students. (N = 580).
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Table 15. Descriptive Statistics for the DT-PAM Scales (two period administration)

Competency Area Raw Score Raw Score % Correct % Correct

M ean S.D. M ean S.D.
1. Whole Numbers (3) 2.17 0.92 724 30.5
2. Common Fractions (2) 0.78 0.81 39.0 40.7
3. Decimal Fractions (3) 157 1.00 52.2 335
4. Percentages (3) 201 0.89 67.1 29.8
5. Units of Measurement (2) 1.28 0.76 63.9 38.2
6. Signed Numbers (2) 117 0.76 58.7 37.9
7. Simple Powers (3) 2.44 0.84 81.2 28.1
8. Subdtitution (2) 145 0.77 72.6 38.6
9. Setting up Equetions (3) 159 0.87 53.0 28.9
10. Solving Equetions (2) 1.49 0.72 74.5 35.9
11. Geometry (3) 1.10 1.00 36.7 335
12. Comparisons (2) 0.50 0.69 24.9 345
13. Graphs(2) 0.86 0.75 429 375
14. Tables(2) 173 0.50 86.6 251
15. Edtimation (2) 103 0.81 514 40.5
16. Probability (2) 0.75 0.52 374 26.0
17. Statistics (2) 131 071 65.7 35.4
18. Order of Operations (2) 154 0.63 77.2 313
19. Ratios (2) 139 0.73 69.3 36.5
20. Math Vocabulary (3) 1.66 0.88 55.4 29.4
21. Word Problems (3) 2.23 0.82 74.3 27.3
Tota Score (50) 30.05 1041 60.1 20.8

Note: All data above from 8" grade students. (N = 392).
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Appendix A: Order Form for the DT-PAM
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PriceList for the Diagnostic Test for Pre-Algebra Math
(DT-PAM)

Prices effective September 1, 2001 (Prices are subject to change without notice.)

Description Price

L ess than 100 copies (minimum of 25) | $6.00 per student

100-499 copies | $5.50 per student

500+ copies | $5.00 per student

Technical Manual $25.00 each

Specimen set including atest, an answer sheet, atechnical $55.00 each
manual, and sample student, class, and school reports

Note: Thistest is offered only to school systems and credentialed personnel.

Thetest pricesaboveinclude:

. Normal shipping of the test materials (expedited and international shipping is extra).

. Instructions for test administration.

. Two week turnaround for grading of the test (after receipt of completed answer sheets).
. Test grading, including student, class, and school-wide reports.

. The database with all the student scoresis available in Excel or dBase formats.

. Our maintaining anonymous data for normative purposes.

OOk wWNE

Refund Policy: If you are not satisfied with the Specimen Set you may return it for afull refund. We
advise purchasing a Specimen Set before ordering multiple copies of the test.

Order from:
APR Testing Services
27 Judith Road
Newton, Massachusetts 02459-1715
(617) 244-7405 (voice)
(617) 244-8904 (fax)
Support@APRT estingServices.com

(An order form may be found on the next page.)



Order Form for the Diagnostic Test for Pre-Algebra Math (DT-PAM)

Product Needed

Number Ordered

Price

Disposable test booklets
25 t0 99 copies at $6.00/student; 100-499 copies at $5.50/student
500+ copies at $5.00/student

(minimum order is 25 copies)

Technical manuals (at $25 each)

Specimen sets (at $55 each)

Database with all student scores (at $0.50 per student)

Expedited or international shipping (at $50 per shipment)

Total Price

Shipping Address

Name and address of the person to whom the test materials shq
be sent.

(Fill in or attach a business card or |etterhead)

uld

Name of person to contact with questions about this order:

Name of person authorizing this purchase:

Signature:

Telephone #:

Send or fax thisorder formto: APR Testing Services
27 Judith Road

Date:

Newton, M assachusetts 02459-1715

(617) 244-7405 (voice)
(617) 244-8904 (fax)



Appendix B: Norm Groupsand Validity Groups
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TableB1. Norm Groupsand Validity Groups
Name Type of Number | Grade 45 minute | 90 minute | Took the MCAS
District of DT-PAM | DT-PAM
Students

Norm Urban/ 424 8 Y

Group 1 | Suburban

Validity | Urban/ 184 8 May 2001 official

Group 1 | Suburban administration

Norm Suburban | 216 8 Y

Group 2

Validity | Suburban | 97 8 May 2001 official

Group administration

2A

Validity | Suburban | 207 8 Spring 2000

Group released

2B

Norm Suburban | 156 8 Y

Group 3

Validity | Suburban | 159 8 May 2000 official

Group 3 administration

Norm | Suburban | 176 8 Y

Group 4

Norm Suburban | 71 10 Y

Group 5

Validity | Suburban | 64 10 COMPASS, and

Group 5 PLAN (ACT,
2001), are
examined in termg
of construct
validity of the DT-
PAM

Note: Norm Groups took the DT-PAM in the Fall of 2000. Validity Groups took the MCAS (except

where noted) and are subgroups of the Norm Groups.



Appendix C: Within Competency Area Inter-Question Correlationsfor the DT-PAM
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Area l: Whole numbers Area 3 - Decimal Fractions

R, | ----- | ----- | ----- |
QL | Pearson | 1. 000] . 129 |. 124

| Correlation | | | |

R, | ----- | ----- |----- |
@B | Pear son | 1. 000] . 213 | . 258

| Correlation | | | |

| Sig. | . | .008 |.010 | | Sig. | . | . 000 |.000
| (2-tailed) | | | | | (2-tailed) | | |
o R | ----- | ----- | ----- |
Q2| Pear son | . 129 | 1. 000].376 | Q4| Pear son | . 213 | 1. 000] . 183

| Correlation | | | | | Correlation | | |

| Sig. | .008 |. | . 000 | | Sig. | . 000 |. | . 000

| (2-tailed) | | | | | (2-tailed) | | |
Sl DR | ----- |----- | ----- | R, |----- | ----- | ----- |
43| Pear son | . 124 |.376 | 1.000] 44| Pear son | . 258 |.183 | 1.000

| Correlation | | | | | Correlation | | |

|Sig. |.010 |.000 |. |
| (2-tailed) | | | |
R R FEP TR EREEN

| Sig. | .000 |.000 |. |
| (2-tailed) | | | |

Area 2 - Common Fractions Area 4 - Percentages

| @ @3 | I | | | | |
el Bt |----- |----- | o AR Bttt Rl e
| @ | Pear son | 1. 000| . 287 | |4 | Pearson | 1.000].120 |.237 |
| |Correlation | | | | | Correlation | | | |
N e |----- |----- | N B |----- |----- |----- |
| ISig | | . 000 | | ISig | |.013 |.000 |
| [(2-tailed) | | | | | (2-tailed) | | | |
|---l---mmmmmm- - |----- |----- | N |----- | ----- |----- |
| @3| Pear son | . 287 | 1.000| | @5| Pear son _ | . 120 | 1. 000] . 255
| |Correlation | | | | | Correlation | | | |
N e |----- |----- | N B |----- |----- |----- |
| |Sig. |. 000 |. | | ISig |.013 |. | . 000 |
| [(2-tailed) | | | | | (2-tailed) | | | |
) e R R B e B
| | | | | | 45| Pear son | . 237 |.255 | 1.000
| | Correlation | | | |
N | == |----- |----- |
| Isig. | . 000 |.000 |. |
| | (2-tailed) | | | |
I
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Area5 - Units of Measur ement

I |6 |6 |
R B |-~ |-~ |
| @ | Pearson | 1. 000]| . 353

| | Correlation | | |
| |- |-~ |
| | Si g. | . | . 000

| | (2-tailed) | | |
R |- |- |
| 26| Pear son | . 353 | 1. 000
| | Correlation | | |
| |-~ |- |
| | Si g. | . 000 | |
| [(2-tailed) | I I
R R |- |- |
Area 6 - Signed Numbers
EEREEEEEEEEEEEEE | ----- | ----- |
I |6 | @7 |
R AR | ----- | ----- |
| @ | Pearson | 1. 000| . 292

| | Correlation | | |
|l | ----- | ----- |
| | Sig. | . | . 000

| | (2-tailed) | | |
Rt ERREREEEEEEE | ----- | ----- |
| @7| Pear son | .292 | 1. 000
| | Correlation | | |
|l | ----- | ----- |
| | Sig. | . 000 | |
| | (2-tailed) | | |
| -

Area7 - Simple Powers

| | Q7 |8 |
R ERREEEEEEEE | ----- |- |
| Q7 | Pear son | 1. 000| . 311

| | Correlation | | |
| |- |----- |
| | Si g. | . | . 000

| | (2-tailed) | | |
|-l | ----- | ----- |
| Q28| Pear son | . 311 | 1. 000]|
| | Correlation | | |
| |----- |- |
| | Si g. | . 000 |.

| | (2-tailed) | | |
| o] | ----- |----- |
| 46| Pear son | . 261 |.379

| | Correlation | | |
| |----- |----- |
| | Sig. | . 000 |.000 |
| [(2-tailed) | | |
R |- |- |
Area 8 - Substitution

| o |- |- |
| |8 | Q@9 |
| ool | ----- | ----- |
| @B | Pear son | 1. 000]| . 393

| | Correlation | | |
| |- |----- |
| | Si g. | . | . 000

| | (2-tailed) | | |
|-l |----- | ----- |
| Q9| Pear son | . 393 | 1. 000
| | Correlation | | |
| |----- |- |
| | Si g. | . 000 |

| [(2-tailed) | | |
|
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Area 13 - Graphs

Q13| Pear son

| Correl ation

| Si g.
| (2-tail ed)

B4| Pear son

| Correl ation

| Si g.
| (2-tail ed)

Area 14 - Tables

Ql4| Pear son

| Correl ation
| ____________
| Sig.

| (2-tailed)

| ____________

@35| Pear son

| Correl ation

| Sig.
| (2-tail ed)

Area 15 - Estimation

Q3 | @4 | I | Q15 | Q@B6 |
----- B R B B Rt
| 1. 000] . 092 | | QL5| Pear son | 1. 000] . 343
| | | | Correlation | | |
----- B | e
| . 058 | | | Sig. | . | . 000

I I | [(2-tailed) | I I
----- |- B B Rt SR
. 092 | 1. 000| | @B6| Pear son | . 343 | 1. 000
| | | | Correlation | | |
----- ERN I R R Rt EEERN
058 |. | | | Sig. | . 000 | |
I I | [(2-tailed) | I I
----- |- I R IR EEERR

Area 16 - Probability

----- | -----1 R Rt R
Q4 | &B5 | I | 16 | @B7 |
----- | ----- 1 B SRRt EEEEE EEEEE
| 1. 000] . 241 | | QL6| Pear son | 1. 000] . 123
| | | | Correlation | | |
----- | -----1 | e
| . 000 | | | Sig. | . | . 011

I I | 1(2-tailed) | I I
----- | ----- 1 B Bl EEEEE EEEEE
. 241 | 1. 000| | @B7| Pearson | . 123 | 1. 000
| | | | Correlation | | |
----- |- | e
000 |. | | | Sig. |.011 | |
I I I | (2-tailed) | I I
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Area 17 - Statistics

| | QL7 | QB8 |
|-l | ----- | ----- |
| QL7| Pear son | 1. 000| . 265

| | Correlation | | |
| |- |----- |
| | Si g. | . | . 000

| | (2-tailed) | | |
|-l | ----- | ----- |
| Q38| Pear son | . 265 | 1. 000
| | Correlation | | |
| |----- |- |
| | Si g. | . 000 |.

| | (2-tailed) | | |
|

Area 18 - Order of Operations

I |18 | QB9 |
I EREEEEREEEEE | ----- | ----- |
| QL8| Pear son | 1. 000| . 269

| | Correlation | | |
I EREEEEEEEEES |----- |----- |
| | Sig. | . | . 000

| | (2-tailed) | | |
RS EREEREREEEEE | ----- | ----- |
| @B9| Pear son | .269 | 1.000
| | Correlation | | |
I EREEEEEEEEES |----- |----- |
| | Sig. | . 000 |.

| | (2-tailed) | | |
I

Area 19 - Ratios

Q19| Pear son

| Correl ation
| ____________
| Si g.

| (2-tailed)

| ____________

0| Pear son

| Correl ation

| Si g.
| (2-tail ed)

Q9 |40 |
----- <=
| 1. 000| . 248 |
| |
----- <=~
| . 000 |
| |
----- <=
. 248 | 1. 000|
| |
----- [ ---- ]
000 | . |

Area 20 - Math Vocabulary

Page 50

Q0| Pear son

| Correl ation
| ____________
| Sig.

| (2-tailed)

| ____________

1| Pear son

| Correl ation

| Sig.
| (2-tail ed)

9| Pear son

| Correl ation

| Sig.
| (2-tail ed)
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[ <cm ] ee]
| 1. 000 . 278 |
| | |
EEEEE RS
| . | . 000 |
| | |
e
| . 278 | 1. 000|
| | |
EEEEREEE
| . 000 | |



Area 21 - Word Problems

Q1| Pear son

| Si g.

42| Pear son

| Si g.

b0| Pear son

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| .
| | Si g.
|

|

| Correl ation

| (2-tailed)
| __________

| Correl ation

| (2-tailed)
| __________

| Correl ation

| (2-tailed)
___| __________

| .000 |.000 |
| | |
| <cm e e
| 1. 000 . 209 |
| | |
EEEEEEERS
| | . 000 |
| | |
|- cm e
| . 209 | 1.000]
| | |
EEECR R
| . 000 | |

Note: All the correlations reported in this
Appendix are based on Norm Group 1

(n=424).
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Appendix D: Intercorrelation of Area Scores

AREA6 AREA10 AREA14 AREA18

Laa7(en) (758(+%) [578(+0) T616(+%)
000 000 000 000
o2 o2 o2 o2
T238(7%) Tago(*0) “361(7%) La1z2(rn)
jODO ’ jODO ’ jODO ’ jODO ’

000 000 000 000 000 000 000 000 000 000 000 000 000 000 000

o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2
T287(**)|.559(**) [ 1.000 | 544(**)|671(+*)|.432(**)|.306(**)| . 315(+*)|.396(**)|. 449(**)| . 284(**)|. 437(**)| . 403(**)| . 4BO(**) | . 434(**) | . 447(**)
000 o0 . 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000
o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2
L255(+%) | 516(+*)| . 544(**) | 1000 |.562(*)|.459(**)|.312(**)|.300(**)|.393(+*)| . 452(**)|.260(**)| . 394(**)|.38B(+*)| . 456(**)|.386(**) . 437(*)
000 - 000 | o0 . 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000
o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2 o2
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Appendix D: Intercorrelation of Area Scores (continued)

———————— e e B B R B B R e R T PP e

| AREAL | AREA2 | AREA3 | AREA4 | AREA5 |AREA6 | AREA7 | AREA8 | AREA9 | AREAL0
R REETRE D FEPENE el DT RS elosenees I-- \
|.486(**)|.366 |.513(**)|.276 |.562(**)[1.000 |.
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Appendix D: Intercorrelation of Area Scores (continued)

| | sum | AREAL | AREA2 | AREA3 | AREA4 | AREAS | AREAG | AREA7 | AREAS | AREA9 | AREA10 | AREALl | AREA12 |AREAL3 |AREA14 |AREAL5 |AREA16 |AREAl7 |AREA18 |AREA19 |AREA20 |AREA21 |
| AREA20| Poar son Corr el ati on| . 45(++) | 420(++]| . 337C++) | . 39901 | . 434C++)| . 376(-) | Z1L(++)| . 5000+ | 434C++)| . 3860+ | 445C++) | . 302+ | 253(++)| . 260 ++ | 360(++)| . 363(++) | 321(++7| . 370(++) | . 34(+]| . 380(++) | 1. 000 | 421(+")]
! T S O B B B S S B B IS 000 |
} I S P P e P P P P P P P P P P P P P P P P PP PP

| | |
|'Sig. (2-tailed) | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 | . 000 I |
|

¢
** Correlation is significant at the 0.01 level (2-tailed).
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It is possible to develop aformulato predict the scores of individual students on statewide tests
based on their DT-PAM scores. Thisformula must be based on the results of a criterion-related
validity study donein that jurisdiction or state. An example using the Massachusetts statewide test is
given here. First the development of the general method for prediction is described, and then an
exampleis provided using the DT-PAM data from one school district.

Developing a mathematical system to use the DT-PAM to predict the MCAS scoresinvolves
conducting a statistical analysis known as alinear regression analysis. A regression formulawas
computed to do this based on Validity Group 2B (n=97). The resulting formulato predict the MCAS
scoreis:

MCAS Multiple Choice Score = .904 (DT-PAM Score) - .777

This equation can be used to predict the MCAS scores for students who have not yet taken the
MCAS but who have taken the DT-PAM. For example, for a student with araw score of 32 on the
DT-PAM, the predicted score on the MCAS is calculated as follows:

MCAS Multiple Choice Score =.904 (32) - .777 = 28.15

The correlation of .88 between the DT-PAM and the MCAS gives an indication of the level of
accuracy of the predictions. Thisrelationship is shown in Figure E1.

Inasimilar fashion, it is possible to develop predictive equations for any state or school distric

Figure E1. Relationship Between the DT-PAM and the MCAS

Scatter Plot




