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D 
avid is eight years old and has 
an I.Q. of 145 on the Wechsler 
Intelligence Scale for Children- 
Revised (WISC-R). He is 

capable of grasping anything of interest 
to him and has lately been “begging” his 
parents to  get geometry books for him. 
Just a s  David’s parents wonder whe- 
ther or not he is ready for geometry-or 
even beginning algebra-the regular 
classroom teacher may be uncertain of 
how to design an appropriate mathe- 
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matics curriculum for him. 
As a first step in developing a special- 

ized plan for students with advanced 
abilities in mathematics, parents and 
teachers often request an intelligence 
test as part of an evaluation. Although 
an I.Q. score can be a useful initial indi- 
cator of general academic talent, it does 
not provide information specific 
enough for evaluating or planning an 
educational program based upon a stu- 
dent’s strengths. One option for obtain- 
ing specific information and meeting the 
learning needs of a youngster such as 
David is the diagnostic/prescriptive 
approach described in this article. 

Julian C. Stanley, founder and direc- 
tor of the Study of Mathematically Pre- 
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cocious Youth (SMPY) at Johns Hop- 
kins University, developed a diagnost- 
ic/prescriptive model for the teaching 
of mathematics to students with ex- 
traordinary mathematical aptitude 
(Stanley, 1978,1979). Since its founding 
in 1971, SMPY has actively assisted 
mathematically talented junior high and 
high school students by identifying 
them as  well a s  devising and providing 
novel educational opportunities for 
them in mathematics and related 
subjects (Stanley & Benbow, 1986). 

Beyond - L e v e I Assess  m P n t 
The mathematically talented youths 

of SMPY are identified by their per- 
formance on a mathematical aptitude 
test that was designed for able students 
several years older than the youngsters 
of SMPY. Use of a beyond-level (also 
referred to a s  above-level) test is critical 
to the accurate measurement of 
aptitude. SMPY’s students are so 
exceptional in their performance that 
instruments normed for their age or 
grade restrict the evaluation of their 
talents. This type of restriction is 
known a s  a ceiling effect, where stu- 
dents figuratively bounce against the 
ceiling of a test because there are not 
enough difficult test items and therefore 
they answer all or most of the items cor- 
rectly. 

From a diagnostic perspective, an ed- 
ucator cannot determine what needs to 
be learned next when the student has 
answered virtually all of the items cor- 
rectly. An above-level test therefore, is 
necessary so that the student is pre- 
sented with challenging items that can 
eventually be used diagnostically. 

Some of the above-level procedures 
SMPY has pioneered for junior high 
and high school students can be adapt- 
ed for use with younger students who 
show promise in mathematics. Present- 
ed in this article is an adaptation of 
SMPY’s diagnostic/prescriptive model, 
which has been used effectively with 
junior high and high school students. 
Also included is an outline of how the 
model can be used with mathematically 
talented school students. 

Using the DT-)PI Method With 
Elementary S tudents  

Diagnostic Testing Prescriptive 
Instruction (DT+PI) is a beyond- 
level model (Stanley, 1978, 1979, 1984) 
developed for use with talented junior 

high and high school students who were 
ready to learn algebra at a faster rate 
and more advanced level than is typical. 
The DT+PI method can be adapted 
for effective use with elementary stu- 
dents who are extraordinarily talented 
in mathematics. Figure 1 depicts the 
five steps of the DT+PI model. 

Children who have earned a total 
math score at the 97th percentile, or 
above, on a standardized, group-ad- 
ministered achievement test such a s  
the Iowa Test of Basic Skills at their 
own grade level would be suitable can- 
didates for initial screening. A five-step 
procedure of standardized testing fol- 
lowed by instruction based on test re- 
sults is employed. (See Figure 1.) 

Step I: Aptitude Test 
After initial grade-level screening, the 

student takes a beyond-level test such 
a s  the School and College Ability Test 
(SCAT). The SCATis a scholastic apti- 
tude test developed by the Educational 
Testing Service (ETS) and marketed by 
CTB/McGraw-Hill, 2500 Garden Road, 
Monterey, CA 93940. The SCAT was 

designed for students in the third grade 
through the college freshman year and 
therefore is useful as  a beyond-level test 
for talented elementary students. It is 
highly important to use a difficult 
enough level of the SCAT. The staff of 
SMPY uses the following rule of thumb 
for determining an appropriate starting 
point: exceptionally able students in 
grades one through three should be 
given the level of the test that is two 
grades beyond their grade placement, 
and students in grades four through six 
should be given the test that is three 
grade levels beyond their grade place- 
ment (Cohn, 1988). 

SMPY recommends that students 
earn a score at the 75th percentile or 
higher for the grade level of the SCAT 
administered (e.g., for a third grader, 
use fifth grade norms) before moving on 
to Step 2. The authors recognize the 
need for curricular adjustments such as  
enrichment and problem-solving activ- 
ities for those talented students scoring 
below the 75th percentile, but the focus 
of this article is programming for the ex- 
traordinarily talented student. 

FIGURE 1 
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Step 2: Achievement Pre-Testing 
The examiner administers standard- 

ized mathematics achievement tests 
such as  those of thesequential Testsof 
Educational Progress (STEP). Where- 
as the primary goal in Step 1 was to de- 
termine mathematical aptitude, the 
purpose of Step 2 is to measure mathe- 
matical achievement. There are several 
levels of the mathematics portion of the 
ST€P tests, and each level includes a 
Basic Concepts and a Computation 
test. When originally developed, there 
were two parallel forms of the STEP 
mathematics tests, which are still used 
by SMPY. At present, only one form is 
available through CTB/McGraw-Hill. 
However, having at least two forms of a 
test is critical to the DT+ PI process, 
because the second form will be used in 
a later step. Obtaining two parallel 
forms of the STEP test may be accom- 
plished by checking with the support 
personnel responsibile for testing in 
your school district to see if both forms 
are on file, or contacting the senior 
author at the University of North 
Texas. 

The STEP or other mathematics 
achievement test is administered under 
standardized conditions. Students are 
encouraged to answer all questions, but 
are instructed to indicate those items 
about which they are unsure by writing 
a question mark to  the left of the item 
number on the answer sheet. When the 
testing time expires, the examiner re- 
trieves the test materials from the stu- 
dent, scores the test, and determines 
the percentile rank of the student’s 
score. The percentile rank is based 
upon the norms for the highest grade 
group available, as  this represents the 
most rigorous standard. For example, a 
second grader who correctly answers 
29 items on Form 4A of theST€f Basic 
Concepts test would rank at the 50th 
percentile when compared to first se- 
mester 6th graders. If the same score of 
29 were compared to first semester 4th 
graders, the student would rank at the 
92nd percentile. Thus, the 6th grade 
norms provide the most rigorous stan- 
dard. 

Progress to Step 3 in the D T l )  PI 
model is determined by the student’s 
score on this test. SMPY recommends 
that students score at least at the 50th 
percentile of the relevant national 
norms for the grade level of the test ad- 
ministered (Stanley, 1979). Students 

earning a score at the 50th percentile 
are likely to learn the rest of that subject 
quickly. Students scoring below the 
50th percentile should be given the pre- 
ceding level of that test. 

Step 3: Readministering Missed Items 
If the student scores a t  least at the 

50th percentile under standardized 
conditions, the examiner returns the 
test booklet to the student along with a 
list of the items he or she marked 
wrong. The examiner does not return 
the answer sheet to the student or tell 
the student how those items were 
missed. The student is asked to rework 
those items on a separate piece of 
paper, taking a s  much time a s  needed 
and showing all work systematically. 
The items are rescored, and instruction 
is determined based upon the student’s 
responses. 

Step 4: prescriptive Instruction 
The fourth step of the DT+ PI pro- 

cedure is prescriptive instruction based 
on the testing. Prescriptive instruction 
is conducted by an individual skilled in 
mathematics, known as a mentor. AI- 
though he or she may be the student’s 
classroom teacher, it is not necessary 
for the mentor to be a trained teacher. 

In Step 4, the mentor examines the 
test items by which the student has 
placed a question mark, those missed 
during the initial administration, and the 
readministered test items. The mentor 
places the student’s responses into one 
of four categories: (1) items answered 
correctly, but noted with a question 
mark, indicating that the student may 
have guessed; (2) items left blank in the 
initial administration but answered cor- 
rectly in the readministration, indicat- 
ing that time may have beena factor; (3) 
items missed in the initial administra- 
tion but answered correctly in the read- 
ministration, indicating that the student 
may have needed extra time (or may 
have guessed); and (4) items missed in 
both administrations, indicating that 
the student did not understand the un- 
derlying concept. For items missed 
twice, the mentor needs to determine if 
they were missed the same way both 
times, or not, and how the examinee ap- 
proached the problem. 

It is critical to  ascertain which items 
(and their underlying principles) are cor- 
rectly understood and therefore which 
points warrant further instruction. The 

mentor queries the student about prob- 
lem-solving procedures in an attempt to 
clarify further which underlying prin- 
ciples are not understood. An item pro- 
file chart (usually available in the test’s 
manual) may aid this process as well as  
assist in record-keeping. 

For those items answered correctly, 
but marked by the student with a ques- 
tion mark, the examiner should inform 
the student that the items were correct- 
ly answered, but ask him or her to show 
how the answer was obtained. In this 
way, the mentor guards against guess- 
ing and “good luck.” (E.g., the student 
may have eliminated two options and 
then guessed correctly between the re- 
maining two.) 

The mentor then works with the stu- 
dent on the principles (not the items!) 
he or she does not understand. SMPY 
recommends using mentor-made prob- 
lems to help the student study a topic. 
Textbooks may be useful resources for 
practice problems. The DT+ PI pro- 
cess requires mastering one topic 
before moving on to the next, but it is 
imperative that the mentor not require 
the student to work through every page 
of a textbook. An advantage of the 
DT+PI procedure is that students 
can study new concepts in greater 
depth than would typically be possible 
and will not needlessly repeat topics 
already learned. The purpose of the 
DT+PI model is to help the student 
learn mathematics well and at a pace 
that is challenging to him or her. The 
goal is not to race through the elemen- 
tary mathematics curriculum so that 
the child might start doing algebra a s  
quickly a s  possible (Stanley, Lupkow- 
ski, & Assouline, submitted). 

Step 5: fost-Testing 
In the final step of the DT+PI 

mentor model, the student is given the 
parallel form of the achievement test a s  
a post-test. The goal is for the student 
to score a t  least at the 85th percentile of 
the most rigorous norms for the test, 
thus indicating mastery of the material. 
Students who score lower than the 85th 
percentile require additional instruction 
and practice with the material. Those 
who score at the 85th percentile or 
above, but earn less than a perfect score 
on the test, require work on the topics 
they do not yet understand. When the 
mentor is satisfied that the student has 
adequately “cleaned up” his or her 
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knowledge of the topic under study, the 
mentor and student re-enter the model 
at  Step 2, using achievement tests and 
materials for the next level or topic. 
Thus, the student studies the mathe- 
matics topics in a linear fashion, demon- 
strating mastery before moving on. 

T h e  Role of the  Mentor  
For the “prescriptive instruction,” 
one needs a skilled mentor. He or she 
should be intellectually able, fast- 
minded, and well-versed in mathe- 
matics considerably beyond the sub- 
jects to be learned by the “men- 
tee(s).” This mentor must not func- 
tion didactically as  an instructor, pre- 
digesting the course material for the 
mentee. Instead, he or she must be a 
pacer, stimulator, clarifier, and ex- 
tender. (Stanley, 1979, p. 1) 

It is not necessary for the mentor to 
be a trained mathematics teacher. Engi- 
neers, college professors, and mathe- 
matics majors, as well a s  high school 
math teachers have been successful 
mentors. If the classroom teacher is not 
the mentor, it is important for mentor 
and teacher to communicate so that the 
teacher is aware of the level of mathe- 
matics instruction presented to  the stu- 
dent. 

SMPY recommends that a mentor 
and a student meet once weekly for two 
or three hours. In between meetings, it 
is helpful if the mentor is accessible to 
the student via telephone to answer 
questions or make clarifications. AI- 
though the DT+ PI process involves 
mentor-paced, rather than student- 
paced instruction, it is critical for the 
mentee to  take responsibility for his or 
her learning, especially by doing exten- 
sive homework carefully, completely, 
and well. Especially for younger stu- 
dents, parents may need to supervise 
homework to ensure that it is com- 
pleted each week. It is crucial, however, 
that the student be essentially self-moti- 
vated and interested in participating in 
the DT+PI process, and is not doing 
it simply to please the parents. Mentor 
and parents should try to make the 
work interesting and stimulating. 
Youths should find it much more fun 
and more ego-enhancing than regular 
math classes in school. 

The DT.) PI process is facilitated if 
the mentor has an overall plan. Setting 

particular goals and outlining a linear 
progression of topics to be covered are 
part of developing a systematic plan for 
the student. The item profile chart com- 
pleted in Step 4 is one device for organ- 
izing the plan of study. 

It is not necessary for mentors to 
work with only one student a t  a time. It 
is possible for skilled mentors to group 
as many as five students together for 
mentoring sessions. Students who are 
at  about the same level in their under- 
standing of mathematics, even if they 
are not the same age, may be grouped 
for mentoring sessions. For example, 
the Center for the Advancement of 
Academically Talented Youth (CTY) a t  
Johns Hopkins University offers class- 
es based on the DT..)PI model. Stu- 
dents are placed in small groups of two 
to five students according to  their per- 
formance on the diagnostic tests 
(Moore & Wood, 1988).* Students in 
these groups benefit from appropriate 
placement within the mathematics cur- 
riculum as well a s  from the opport,-+; 
to interact with their intellectual peers. 
Nevertheless, a one-to-one setting may 
be the preference of many students and 
mentors. The successful interaction be- 
tween David and his mentor is de- 
scribed in the sidebar to illustrate the 
DT+PI approach. 

Appropriate Instruction at 
a n  Appropriate Rate 

Although diagnostic testing is an im- 
portant component of the DT+ PI 
model and has been a focus of this 

*For more information about the programand materlalsfor 
mthematically talented young students. contact Dr Carol 
Mills. Director, Young Students Classes. Center for the 
Advancement of Academically Talented Youth ICTY). Johns 
Hopkins University. bltimore. MD 21218 Other university- 
based programs that serve mathematically talented students 
are: 

Academk Talent Program, School of Education. 
California State University. 6ooo J St , Sacramnto. CA95B19. 

Center for Academic Precocity. College of Education. 
Arizona State University. Tempe. A2 85287 

Center for Taknc Development. School of Education 
and Social Policy. Northwestern University, 2003 Sheridan 
Rd , Euanston. 1L 60201 

Challenges for Youth . Talented and Glhed. N157 
Lagomarcino. Iowa State University, Ames. IA 50011 

Mathematks Talent Dewclopment Project. University 
of Wisconsin at Eau Claire.3216S. Lexington Ave , Eau Claire, 
Wl54701 

Rocky Mountain Talent Search Summer Institute. 
Bureau of Educational Services, MRH 114, University of 
Denver. Denver. C O  808 

Talent tdentiflcation Program. B o x  4077. Duke 
University, Durham, NC 27706 

Uniwerdty of Mlnnsota Talented Youth Mathematks 
Program. Special Projects. School of Mathematics. 115 
Vincent Hall. 206 Church St SE. University of Minnesota. 
Minneapolis. MN 55455 

paper, the purpose of this model is not 
to test the students, but to provide 
appropriate instruction based upon 
their needs. A much larger proportion 
of time is spent in instruction, learning, 
and practicing compared to the amount 
of time spent in testing. The model goes 
beyond testing by using the diagnostic 
test results to plan instruction. 

In the DT+PI model, the study of 
mathematics is individually paced, so 
each student covers the material at an 
appropriate rate. Because students do 
not have to study topics they already 
know well, they have more time to 
study challenging topics, with which 
they are not familiar, in greater depth 
than would be possible in the regular 
classroom. The model is self-correcting 
because students do  not move on to the 
next topic before mastery is attained. It 
avoids the pitfall of the “gaps” that may 
occur with grade-skipping, while en- 
suring that the student is challenged by 
the pace at  which material is presented 
and stimulated by the more advanced 
material. Because extremely talented 
students who participate in the 
DT+ PI process are consistently pre- 
sented with challenging material, they 
avoid developing bad habits such a s  not 
writing out or checking their work when 
solving problems or doing complicated 
computations. Another advantage is 
that students learn that testing can be 
used for reasons other than evaluation. 
(E.g., testing in the D T I )  PI model is 
used to determine appropriate topics 
and levels of instruction.) 

Before starting the DT+ PI pro- 
cedure, the student, parents, and men- 
tors should work in concert with the 
classroom teacher and other school 
personnel. All of the people involved 
must consider the ramifications of par- 
ticipation in the DT+ PI procedure. 
For example, important issues to con- 
sider are how the student earns school 
credit for work completed with the 
mentor and how the mentoring experi- 
ence will fit in with the school’s cur- 
riculum and grading procedures. A ped- 
agogically sound approach is to permit 
the student to work on the mentor’s 
homework assignments during the 
regular mathematics period and give 
credit for work completed with the 
mentor, as  evaluated by appropriate 
mathematics teachers in the school. 

Although the DT+PI approach to 
educating mathematically talented 
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children has been successful with many 
children, it is not the only approach 
available for talented students. It can be 
thought of as an option for parents, 
teachers, and students to consider. 
This mentoring procedure provides an 
alternative to wholesale grade-or sub- 
ject-skipping and avoids inappro- 
priately placing the young student who 
has advanced cognitive skills into a 
grade that may be higher, but where 
math is taught at a pace more appropri- 
ate for average students. 

The D T I )  PI model allows students 
who are exceptionally able in mathe- 
matics to progress at an appropriate 
rate through a mathematics curric- 
ulum. These few students will move 
more rapidly through the school’s cur- 
riculum than is typical. This can be con- 
sidered an accelerative model, or what 
David Elkind might call “tailoring.” He 
S Y S  

Promotion [in grade placement or 
subject matter] of intellectually gifted 
children is simply another way of at- 
tempting to match the curriculum to 
the child’s abilities, not to accelerate 
those abilities. Accordingly, the pro- 
motion of intellectually gifted children 
in no way contradicts the accepted 
view of the limits of training on devel- 
opment, nor the negative effects of 
hurrying. Indeed, the positive effects 
of promoting intellectually gifted 
children provide additional evidence 
for the benefits of developmentally 
appropriate curricula. (1988, p.2) 

An Example of the DT* PI Procedure 

Step 1: Aptitude Test 
At 8 years of age, David earned 

a total mathematics score at the 
98th percentile on the Iowa Test 
of Basic Skills. Thus, he was elig- 
ible to try one of the recom- 
mended aptitude tests . David, 
who was in the third grade, took 
the quantitative portion of the 
elementary level of the SCAT 
test, which was designed for 
grades three through six. This 
beyond-level test was appro- 
priately selected following the rule 
of thumb described in Step 1 of 
the DT+PI Model for elemen- 
tary students. He scored above 
the 75th percentile and therefore 
was ready to proceed to Step 2. 

Step 2: Achievement he- 
Testing 

The STEP Mathematics Basic 
Concepts and Computation 
tests, Level 4, Form A (represent- 
ing a difficulty level appropriate 
for grades 4, 5, and 6 )  were ad- 
ministered under standardized 
conditions. David was instructed 
to place question marks on the 
answer sheet next to those items 
of which he was uncertain. On the 
Basic Concepts test, David cor- 
rectly answered 38 of the 50 
items, yielding a score at the 83rd 
percentile (when compared to the 
~ t i o ~ l l y  normed sample of first 
semester 6th graders). 

Step 3: Readministering 
Missed Items 

The examiner kept David’s an- 
swer sheet, but returned the test 
booklet to him. David was asked 
to retry the 12 incorrectly an- 
swered items without a time limit 
and show all work. He correctly 
answered seven of the twelve 
items on the second try. 

Step 4 Prescriptive Instruction 
Even though David’s score at 

the 83rd percentile comet close to 
demonstrating mastery of the 
topics tested, the DT.) PI pro- 
cess requires that he thoroughly 

understand all points before mov- 
ing on. Based upon a thorough 
analysis of David’s performance 
on the achievement test, the 
mentor determined what topics 
needed to be covered. me anal- 
ysis included an examination of 
(a) those items by which David 
placed a question mark; (b) the 
items he marked incorrectly; and 
(c) his written solution to the 
missed problems. These three as- 
pects to the analysis served as the 
guide to the interview that fol- 
lowed. All of this information was 
used to determine which princ- 
iples David did not understand 
and consequently what content 
needed to be covered. Steps 2 
through 4 were repeated for the 
Computation test, Form 4A. 

The mentor worked with David 
on Saturdays for two hours per 
session. David was permitted to 
read, work on the computer, or 
do other homework during large- 
group mathematics instruction. 
David worked on his mentor-as- 
signed homework while his other 
classmates worked on their 
homework. In the evening, his 
parents checked that the home- 
work was completed. The teacher 
was very supportive of David and 
the completion of the mentor-as- 
signed homework and encour- 
aged David to ask any time he had 
questions concerning the home- 
work. 

Step 5: Post-testing 
David took Form 4B of the 

STEP Mathematics Basic Con- 
cepts and Computation tests and 
scored at the 98th percentile on 
each test when compared to 6th 
graders. The mentor worked with 
him on the few items he missed or 
was unsure of to guarantee mas- 
tery of those concepts. Then, 
David reentered the DT*PI 
process at Step 2 by taking the 
next level of the Mathematics 
Basic Concepts and Compu- 
tation tests. 
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