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INTRODUCTION 

The MANS Tests (Mathematics Applied to Novel Situations) are a collection 
of short tests that assess how well students in grades 2 to 6 can use 
mathematical thinking and skills to solve problems that are new or unfamiliar 
to them. 

Both the content and the format of the MANS tests are markedly different 
from tests in mathematics now available. The emphasis of most current tests 
is on mathematical content such as computation, terminology, or word 
problems. Students demonstrate that they have learned this content by 
answering questions presented in fonnats they have seen many times before. 

The MANS Tests broaden the traditional content of tests in mathematics by 
emphasizing abilities such as estimation, mental arithmetic, production of 
many correct answers to a given problem, and recognition of patterns and 
relationships, in addition to computation and word problems. Students 
demonstrate that they have acquired these abilities by solving exercises 
presented as a series of interesting, almost game-like, problems. 

Poor problem solving skills in mathematics have become a matter of 
national concern (National Assessment for Educational Progress l, The 
National Council of Teachers of Mathematics 2). Within the next several 
years mathematics curricula and instructional strategies will be developed 
that emphasize mathematical problem solving. For educators who will be using 
these new programs, or who wish to assess the present status of students' 
problem solving abilities, the MANS Tests can be used to assist them in 
curriculdr and instructional planning. 

More than seven years of research with more than 20,000 students has 
already been done on the MANS Tests. The tests are sensitive to the effects 
of mathematics programs that emphasize problem solving. The MANS Tests are 
practical to administer; they are technically sound; and, unlike conventional 
tests in mathematics, most students like to take them. 

l Report No. 09-MA-Ol. Changes in Mathematical Achievement, 1973-78. 
Denver, Colorado: NAEP1 August 1979. 

2 Reconnendations for School Mathematics of the 
1rg n1a:

...... 

Ari Aaenda for Action: 
01s. v· 1 NC'f1'1, 1980. 
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ADVANTAGES OF THE MANS TESTS 

• The MANS Tests measure and report separate scores for a broad range of 
mathematical processes that reflect goals identified by the National 
Council of Teachers of Mathematics. Current standardized achievement 
tests give only two or three scores, typically in traditional areas such 
as computation, concepts and applications. 

The MANS Tests challenge students to apply their mathematical skills to 
unfamiliar, novel problems. Current tests emphasize knowledge and 
computational skills using item fonnats that students practice 
frequently . 

• The MANS Tests require little or no reading; when reading is required, 
sentences are short and words are easy. Current tests require reading 
comprehension skills that are beyond what many students possess . 

. The MANS Tests are a series of short tests; each test has a few items 
dealing with a single kind of problem, has specific directions targeted 
to that problem, and has flexible time limits (except where estimation 
skills are tested). Current tests contain as many as 50 items, with 
general directions that must fit all items, and timed as a single unit . 

• The MANS Tests often require students to generate answers for themselves 
and to record them directly in the student test booklet; sometimes 
students are given credit for as many correct answers as they• can give 
to the same problem. Current tests require students to select one 
correct answer from four or five given alternatives . 

. The MANS Tests compare class performance to norms based on the ability 
level of the class; ability is measured by a special vocabulary test 
that is part of the MANS. Current tests compare individual students to 
general norms for the whole population, rather than to students of 
similar ability . 

• The MANS Tests have been used in research to show curricular and 
instructional differences in several kinds of problem solving. The 
problem solving section of current tests are dominated by one-step word 
problems with heavy computational demands . 

• Students enjoy taking the MANS Tests because of the novelty, variety, 
and intrinsic mathematical content of the tests. 
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ADMINISTERING THE MANS TESTS 

The MANS Tests are contained in two student booklets at each grade level. 
These booklets are consu1m1able and are printed on inexpensive newsprint. 

The booklets contain several tests. Each test has its own directions from 
the Tester Directions Manual, which the tester follows in explaining the task 
and the sample items. Students then complete the test items on their own. A 
flexible time limit, usually about 5 or 6 minutes, allows almost all students 
to finish. 

Each MANS Test takes up one or two pages in a booklet so that diagrams and 
illustrations are large. words are easy to read and there is ample space for 
stud�nts to do scratch work. For most tests� students produce their own 
answers instead of selecting one of several given alternatives. Answers are 
to be written in the booklet and can be erased or crossed out; no special 
pencil is required. 

Most tests have two parallel fonns, one for each half of the class. The 
two fonns deal with the same problem solving task, with comnon tester 
directions and sample items. Only the actual test items are different and the 
fonns look the same at first glance. The score for the class on a test is 
then based on both fonns of the test. Thus the time required for testing is 
much less than if every student did every item. 

ln addition to the Tester Directions Manual there is a Coordinators 
Manual, which local test coordinators can use to train MANS testers. Both 
manuals are important to the MANS testing process; the directions for each 
scale have been developed very carefully so that the nature of the task, but 
not the means to solve 1t, can be presented efficiently to students. 

On the next pages, two sample tests are shown. For each test, the 
relevant pages from the Tester Directions Manual and the student booklet are 
shown in reduced fonn. 
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Sample1est from third grade. 

Tester Di rec.ti ans 

Student Page 

Loot It Ula nllllllber line It tM io, of Ula pqa. (Dlmnstnca.) 

The nUIIIOln 11'1 t111t •line ,.,. 2. Ii, TO, then • boJi, then 18, 22, 211, and 30. 

To11 blvt to tf;u" out wt'l1t nlllllDtr tGUld ga in the box, 

L..c'I f1nd out. (-P1ua:e.) TIie arts 11"'1 gofn9 up by 4 11.dl t1m, u,d 4, IIIDT'I: 

t11• 10 1s 1', so you wrtt1 14 1n t/11 baa Md then put your pencils down. (Pause.) 

In tlll prolll• ._. just did, W nudltr Tina ..,t up by 4 •ch t1-. Slit 

thl r"'lft af the problas ay bl: dtff■rtnt and :,ou'll hive ta ft;ure out for 
yolll''Hlf l'low llldl ~ ani gi,1119 up by. Som rA t1M111 11"'1 lllrd, and ff you 9et 

stucJr; jlll't ga 11111 to th4I ltUt one. 

Som rsf tM •rts clan' t have I nllllilll' ll'ldlr tlla. Ti,u CUI wl°1 U fn t:11 

n..-.r ff tt wttl llelp you, tMt you don't bl.ft to. 

Alrtglff:, ga 1bad 111d do tM "911: rA tM Pl"OOT-. 

z ' 10 

□ 
18 Z2 " 30 

7 ' 11 

□ 
15 17 ,. 21 

• 
□ 

ll " 
,. 22 

0 14 

□ " .. 

20 " .. " 
,. 

" 
,. 
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Sample from fourth grade 

Tester Directions 

Student Page 

On this P•!II • hive to lllke uP nillb•rs using th• dtg1ts 1t th• top of t:11• 

pqa; s. 7, 2 llld a. lhel"I 11'1 two n.ilH ... •lwQS h•¥1 to CDe)', First ft 

s�, •us. only thtse dtgtts. • Tllat m111s you can't use !!!t otller dtgfU, 

Thin tt sl)'S, "UH 11cll dtgtt only once.• You c .. •t 1111 the !!ml dtg1t twtce. 

Look It •�1• 1. It ll)'S, "What 11 the largest tll"l'N d1g1t IIIIIDII'?" 111d ntne 

hundred ntn1ty-ntn1 ts Cl'OHld out. It's wrong beauH ft has nints tn ft and you 

CU only UH s. 7, 2 111d ,. (P1 .. 1.) Etght hundred etgtity .. 19ht 1s wrong beC:11/SI 

tlle)' 11Hd 8 thNI t1as and :,Oil can't UH I dfgft 1111"9 than anca. If 1011 follow 

the l"UlH, 875 ts tM largest 3 digit nUllber you can ••· 

Now look at •�l• z. It SIYS, •111at 1s the 1Nll1st two dtgtt nllllblr 
llltlilNft 70 111d an• So you couldn't HY "25" bec:11111 1t's too 1111111; 1t has to 

be� 70 and M. You couldn't say •71• bec11111 •1• isn't I df9tt :,ou can use 

•·tM ll!SW9r .. t be •n•. ite.mer, you c; .. only "51 tJle d1glts 5, 7, 2 and 8 Ind

you c•'t ... tn. - d19ft twice fn .. 111si,er. !bl ,ou do the l'fft of tlle

prob 1 - OIi tll1s ,ag1.

rn m 
m 

llults: UH onlJ tMH dfg1u. 

UH Helt cl1g1t GIily one■, 

!!!!e!1L 1, Jlllt 11 the J.m1!!!. thrN clfg1t nlllNrf � � !l!. 

1!!!!e!!.:.. 2. llllt ts tlll !!!!ll!!1 i. dt9tt •--r bet.ell 70 111cl 81?"' ¾ 1. t

11111 fl the SMllllt i. d1fft niaber? __ 

Whet ts tlll !£!1!!1•1-G lfgft n_..,. betwln 74 and aei? __ 

lllllt 11 tM �!ml!!!. UIP"N d1g1i ._..,., __ _ 

Whit fl tlle ,.nut tlll"II dftfi nlllDlr betwNn 730 111d 850? ---

llhat 11 tM ll".91't fOllr d1t1t IIUINT'? ___ _ 

5 
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CONTENT 

MANS Test booklets provide an interesting and varied sequence of tasks for 
students. For analyzing and reporting purl)oses1 however, tests are grouped 
into categories of similar mathematical processes. 

Seven categories comprise the 11core 11 group of MANS Tests; there are tests 
in each of these categories at each grade level. These categories are 
described below with samples from tests at various grade levels. 

Computation 

Straightforward calculation 
with basic facts and algorithms. 

Examples from a third grade test. 

Estimation 

Rapid calculation of 
approximate answers. For 
this category only, fixed 
time limits are prescribed. 

Examples from a sixth grade 
test. Short time limit. 

... ,. ¾ • l 

ii • 5 
'11 

't T ' 

6 

SUBTRACTION 

11 
- 5 

7 l 
- 5 

~ULTIPLICATION 

5 X 8 • 

Less tllan ] 

64 
-28 

l l 
x2 

CIIECK CIIE 

E.11c:tl~ l filol'I! thlll 1 

✓ 



Mental Arithmetic 

Solution of numerical 
problems that emphasize 
an understanding of numbers 
and operations, but do not 
require great mental 
computational facility. 

1.001 - 6.999 • t 
---

12 x Sil0 • .... I _ ___, 

l0lx 43 • 

Examples from a sixth grade 
test. No "scratch work" is 
allowed. 

98,001 - _j _ __.I• 98,000 - S,000 7ic ll! • J01 

Number Representations 

Recognition, or prodution 
of different ways of 
representing numbers, 
including place value, 
number lines, measurement. 

Example from a second grade 
test For each of the first 
group of items (A through F), 
the tester says aloud a number 
for students to write in the 
blank. 

Relationships and Number Patterns 

Recognition or application of 
given patterns, orders. or 
relationships in sets of numbers. 

Examples from a fourth grade test. 
Three sample items, explaining how 
the "machines" work, are done 
previously. 

111 x 113 .. I._ __ ..J 

£. --------­

F. ---------

W.lt 11ner 1, 1 ., ... thin 356? 
-------

Whit IIIA'llber 1s 10 IICI" tlMl11 402? ______ _ 

lllat nlolllblr 1s 200 .,,.. Uwin 101? 
-------

7 
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Word Problems 

Solution of word problems 
requiring low levels of 
reading comprehension and 
computation and classified 
according to type of problem. 

Examples from a second grade 
test. Tester reads the items 
aloud, frame-by-frame. 

App 1 IS CCIS t sc • Hell 11\d 
boMolHI COit 2t Hell. 

A f1nt11t1c Mt 1s 
1Urt1fll I trip. 

S.lly b'-4)'1 3 IPPlH Ind 
I 1Wn1111. 

• 
Aftl'r ant day tlle ant 
IIH pt 2 .-Iles. 

lbolllUChd11esH 
cost 1ltog1t/ltrr 

At that SI .. spc~o. 
l'lolll far •111 he f 
1fter 5 Ol:,os? 

Elucidation of Mutiple Answers 

Production of many correct answers 
to a given problem. 

.,10: TIU out thrwa i..111. a @ 

- to girt I total ICON. X ~ 
Examples from a sixth grade test. 

Special Topics 

ltw 111 1'M possible ICDNI, ..,, .. ..._ ___________ _ 

!!!!!!,: ~ 11.-.rs _, Ila bat.a 500 •d MO. ?(' 
'Tim of till d1gtU .at be 9. X 

II• 111 tM carn1ct .... rs. !'°'"'--------------

In the upper elementary grades there are also tests in one or more of the 
special topic areas of algebra, geometry, probability and 
organizing/interpreting data. 
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DEVELOPfoENT 

The MANS Tests were developed to evaluate the Comprehensive School 
Mathematics Program (CSMP), an innovative mathematics curriculum now being 
used by more than 50,000 students throughout the country. 

CSMP is a curriculum that develops mathematical problem solving skills. 
It is a spiral curriculum based on generalized rather than behavioral goals. 
CSMP uses representational 11languages 11 to develop key mathematical concepts 
through a spiral approach of carefully developed lessons. 

The MANS Tests evolved from a need to develop tests which could be used to 
compare the progress of CSMP and Non-CSMP students. The tests had to reflect 
the emphasis CSMP places on generalized thinking skills and problem solving. 
However, to be fair to non-CSMP students, they could not contain any of the 
representational languages or activities associated with CSMP. 

To meet the need for tests that could be used to evaluate the 
effectiveness of CSMP as a program that develops mathematical thinking and 
problem solving skills, an extensive process of test development and revision 
was undertaken. The development occurred sequentially, one grade level at a 
time. At each grade level, the Mathematics Research and Evaluation Studies 
(MRES) staff first developed prototype tests. Sometimes the ideas for the 
tests were adapted from ideas in previous research fn mathematics education; 
most times the ideas were original. The Advisory Panel (whose members are 
listed on the front cover) independently reviewed all of the test prototypes. 
Occasionally, teachers, math supervisors and researchers also reviewed the 
tests. If the tests survived these reviews, they were pilot tested in a few 
local classes. On the basis of results from these pilot classes, tests were 
revised or 1n some cases eliminated. 

The original version of the MANS Tests resulted from this continuing 
process of development, review, testing, and revision. The original version 
of the MANS Test was used fn the first CSMP evaluation study involving 15 to 
20 classes. After further refinement of the tests, they were used in the 
final evaluation of CSMP at that grade level. This evaluation study involved 
from 40 to 60 classes. 

To simplify administration of the tests, and to provide coherent 
organization and year-to-year continuity of a11 of the tests that comprise the 
MANS, one final revision of the whole set of MANS Tests, grades two through 
six, was completed and pilot tested at the end of the entire sequence of 
evaluation studies. 

At each stage in this process of development, review, testing, and 
revision, the work was guided by the Advisory Panel. Some of the important 
considerations in the review and revisions of these tests, were the following: 

o Intrinsic Merit: importance of the mathematical skill required;
curricular fairness; student interest in the novel problem context. 

o Administration: clarity and brevity of directions; student understanding
of the task; low reading level; attractive format; unspeeded. 

o Technical: item analysis including range of difficulty levels, error
analysis, discrimination coefficients; test analysis including 
ceiling and floor effects, ability level differences, reliability 
(KR 20 studies of internal consistency), analysis of class means 
and evidence of construct validity. 
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SCORING ANO REPORTING 

To satisfy previous research needs, the MANS Tests have been scored by a 
combination of hand scoring and direct key entry, so that detailed item 
analysis and patterns of errors could be studied. 

The next proposed step in making the tests usable to schools at 
competitive cost is the adaptation of the tests for local processing of data 
via a microcomputer scoring diskette. Research has indicated that the data 
from a classroom set of MANS Tests could be entered in approximately 40 
minutes, resulting in an irrmediate computer generated report including lists 
of scores, tables and graphs. Such a diskette could easily be adapted to each 
of the widely used microcomputers. This optional scoring feature could be 
selected by school districts or individual teachers with access to this 
corrmonly available equipment: a centralized scoring service would also be 
available. 

Scores of individual students will be reported for each MANS category in 
one of the usual norm-referenced ways. The major innovation in reporting, 
however, is the emphasis on class mean scores, which are also reported for 
each MANS category. At each grade level, one of the built-in tests is a 
vocabulary test. The class mean score on this test provides a measure of the 
general ability level of that class and plays an important role in subsequent 
reporting. 

The reporting of class mean scores for the various MANS categories is done 
in a nonnative way. But instead of showing the standing or rank of a given 
fourth grade class com ared to all other fourth rade classes (through 
standard scores, gra e equ1Va en s or percen e ran s , a es and graphs are 
used to show the perfonnance of that class compared to other fourth grade 
classes of similar ability. 

The graph below shows class means (actual data) for the second grade 
MANS. Each dot on the graph represent one class. The ability level of the 
class is measured~bY vocabulary score; classes farther to the right are higher 
in ability and, consequently, tend to have higher 1¥.NS scores (the vertical 
axis). 

Total MANS Score 

• 

• • 

• 

• 
• • 

• 
• 
• 

• 

• 

•• 
• 

• •• 

• • •• . ,. . 
• • • .. 

•••• •• • 
• • • •• 

• • ,: 
• •• • • 

• 

• • • • 

Figure 1, Second Grade Class Means, Total MANS 
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The line drawn through Figure 1 represents the best predictor of class 
MANS score for given vocabulary scores. One can easily focus on any single 
class and determine how well the class is doing given the level of ability 
(vocabulary score) of the class. Classes represented above the line have
higher than expected scores, classes berow the line have lower scores. In
this way, attention is drawn to the perfonnance of the class compared to what 
should reasonably be expected of the class, instead of being compared to other 
classes who may be much higher (or much lower) in ability. 

Figure 2 shows a group of 18 classes with approximately the same 
vocabulary score. This figure is the inset from Figure 1, where it can be 
seen that the group is above average in ability . 

• 

• 

• 

• 

•�--c1ass A

Figure 2, Inset From Figure 1 showing 
MANS scores for classes of similar ability 

For illustrative purposes, consider Class 8. From Figure 1, it appears 
that Class B has an average MANS score; compared to the entire group of 126 
classes, its percentile rank�on the Total MANS is between 45 and so. But from 
Figure 2 it fs clear that Class Bis not doing average work when compared to 
classes of similar abilftyi fn fact. lr;s well below average. 

Similarly, if a group of low ability classes had been examined, the 
converse would occur • .  There would be classes with MANS scores that would be 
below average compared to the whole group, but who would be doing very well 
for their ability level. 

A table will be developed, showing for each range of vocabulary scores, 
the expected Total MANS Score and the upper and lower limits of MANS Scores 
that would include 2/3 of the classes at that vocabulary range. 

In addition to a graphical and tabular presentation of results for the 
Total MANS, similar data will be provided for each of the MANS categories. In 
this way, a teacher or administrator can evaluate the strengths and weaknesses 
of a given class on various kinds of problem solving. 
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MANS Scale Descriptions 

Comprehensive List 

Process Categories: 

C: Computation 
E: Estimation 
M: Mental Arithmetic 
N: Number Representations 
R: Relations & Number Patterns 
U: Elucidation 
W: Word Problems 

Special Topic Categories: 

A: Algebra 
G: Geometry 
L: Logic 
0: Organization of Data 
P: Probability 



Category C: Computation 

Cl Whole Number Computation 

Abstract: Given straightforward computation problems involving whole 
numbers, produce exact answers (by calculating on paper if 
necessary). The items do not have the multiple choice 
response fonnat but are similar in range and difficulty to 
those found in the standardized achievement tests of the appro­
priate grade level. 

Grade Levels: 2, 3, 4, 5, 6 

Examples (from Grade 4): 

CZ Fraction Computation 

352 
+683 

675 
-469 

143 
X 5 

Abstract: Given straightforward computation items involving simple 
fractions, produce exact answers (by calculating on paper if 
necessary). Though the items do not have the multiple choice 
response fonnat, they are similarTn range and difficulty to 
those found in the standardized achievement tests of the appro­
priate grade level. 

Grade levels: 4, 5, 6 

Examples (from Grade 5): 

C3 Decimal Computation 

1 r + □. 1 t X 
1 r ·□ 

Abstract: Given straightforward computation items involving one and two 
place decimals, produce exact answers (by calculating on paper ff 
necessary). Though the items do not have the multiple choice 
response format, they are similarTn range and difficulty to 
those found in the standardized achievement tests of the appro­
priate grade level. 

Grade Leve 1: 6 

Examples: 0.5 + 0.25 = D s - 1.s. D 0.5 x 0.5 • 0 



Category E: Estimation 

El 2 or 5 or 10 Times 

Abstract: Given two numbers, quickly estimate whether the first is about 
2 or 5 or 10 times as large as the second. A sample is worked 
collectively. 

Grade Levels: 3, 4 

Examples (from Grade 3): 65 is about 

98 is about 

E2 Estimating Intervals: Addition 

times as large as 12 

times as large as 51 

Abstract: Given a computation problem involving whole number addition, and 
5 fixed intervals (0-10, 10-50, 50-100, 100-500, 500-1000), 
detennine which interval contains the answer to the problem, and 
put an x in the interval. By instruction, fonnat and short time 
limits, students are discouraged from computing exact answers. 
Two or three sample items are done collectively. 

Grade Levels: 2, 3, 4, 5 

Examples (from Grade 2): 51 + 53 0 

189 + 273 0 

E3 Estimating Intervals: Subtraction 

10 

10 

50 

50 

100 

100 

500 

500 

1000 

1000 

Abstract: The scale is similar to E2 (except that it involves whole number 
subtraction) and follows it directly in the test booklets. 

Grade Levels: 2, 3, 4 

Examples (from Grade 3): 93 - 86 

147 - 99 

E4 Estimating Intervals: lllltipllcatlon 

0 

0 

10 

10 

50 

50 

100 

100 

500 

500 

1000 

1000 

Abstract: The scale is similar to E2 and E3 (but is devoted to multiplica­
tion with whole numbers for the most part) and follows them in 
the test booklets. 

Grade Levels: 2, 3, 41 5, 6 

Examples (from Grade 4): 40 x 10 

4 X 29 

0 

0 

10 

10 

50 100 

100 

500 

500 

1000 

1000 



ES Estimating Intervals: Division 

Abstract: The scale is similar to E2, E3 and E4 (but is devoted to division 
with whole numbers for the most part) There are only four fixed 
intervals (D-1, 1-10, 10-20, 20-100) in the response format. It 
follows E4 in the test booklets. 

Grade Level: 5, 6 

Examples: 1 i 15 

101 : 9 

0 

0 

E6 Estimating Fractions <, a, >1 

10 

10 

20 

20 

100 

100 

.Abstract: Given a calculation ( +, -, or :} of two numbers (at least one of 
which is a fraction or mixed number), quickly estimate whether 
the answer would be less than, equal to or more than 1. Students 
are encouraged to work quickly and not to compute exact answers 
before making their choices. A completed sample item is 
provided. 

Grade Level: 6 

Examples: CHECK ONE 
Less than 1 Exactly 1 More than 1 

15 - 1 
8" m 

21 • 3 2" • 



Category M: Mental Arithmetic 

Ml Whole Number Open Sentences 

Abstract: Given an open sentence, where the box may be either on the right 
or the left of the equal sign, where the numbers are large and 
easy to work with, and where only one operation is used, put the 
number in the box which makes the sentence true. By instruction 
and prompting, students are discouraged from 11comput i ng the long 
way11 and are not allowed to do any figuring on paper. 

Grade Levels: 2, 3, 4, 5, 6 

Examples (from Grade 3) 500 + D = 800 

D- 150. 5o 

2 x 200 = D 

M2 Above and Below Zero 

Abstract: Given a starting score {which could be above or below zero), and 
how much the score went up or down, select the correct final 
score (multiple choice). 

Grade levels: 2, 3 

Examples (from Grade 3) 
Score at the start: 3 below zero 

Then: Lost 4 
Score at the end: 7 below zero 1 below zero 1 above zero 7 above zero 

Score at the start: 2 above zero 
Then: Lost 4 

Score at the end: 6 below zero 2 below zero Zero 2 above zero 



M3 Negative Hits and Misses 

Abstract: Given the description of a 11game11 with two rules ( a) each hit 
means a gain of 5 points and b} each miss means a loss of l 
point} and partial infont1ation on the outcome of turns, the 
student must deduce the missing information. Two sample items 
are completed collectively. 

Grade Levels: 4, 5, 6 

Examples: 
Started with 
a score of 

Pam: J 4 above zero I 
John: 

M4 Fraction Open Sentences 

~mber 
of Hits 

D 
[TI 

~mber 
of Misses 

[TI 

DJ 

Ended with 
a score of 

13 above zero 

i 1s below zero i 

II 

10 

I 
.......... 

a ___ .,._ 

I 
lllow n,a 

10 

(provided, 
but not 
mentioned in 
instructions) 

Abstract: Given an open sentence involving at least one fraction, and one 
of the four arithmetic operations, complete the sentence. 

Grade Level: 6 

Examples: 
3 • • 

• □-
MS Decimal Open Sentences 

1 3 
,f 

Abstract: Given an open sentence involving at least one decimal number and 
one of the four arithmetic operations, complete the sentence. 

Grade Level : 6 

Examples: 0.5 + □"" 1 0.75 - □ "' 0.5 



Category N: ltimber Representations 

Nl Writing Whole ltimbers 

Jlbstract: Part I: The student must write numbers as they are read a1oud 
by the tester, 

Part II: Given a number, written in the test booklet, the student 
must write the number which is 1 (or 10 or 100) more 
than it, A sample item is worked collectively. 

Grade Leve 1 : 2 

Examples: Part I: Tester says, "Eight hundred twenty• (repeats) 

Tester says, "Seven thousand sixty five" (repeats) 

Part II: What number is 1 more than 9991 ___ _ 

What number is 10 more than 495? ___ _ 

N2 1, 10, 100 or 1000 More 

Jlbstract: Given two numbers, decide whether the first number is about 1, 
10, 100 or 1000 more than the second number, (None is exactly 
right,) Two sample items are worked collectively, 

Grade Leve 1 : 3 

Examples: 1 
10 

4,265 is about 100 more than 4,254 
1000 

1 
10 

1,001 is about 100 more than 998 
1000 

71 



N3 Constructing rtimbers 

Abstract: Given the use of only four digits (2, 5, 7 and 8) and the rule 
that no digit be used more than once, construct numbers like the 
smallest (or largest), the second smallest (or largest) or the 
closest to a given number. The constructed numbers are to be of 
either 2, 3 or 4 digits and sometimes restricted to a given 
range of numbers. Collectively, to clarify the rules, two 
incorrect answers and the correct one are examined for two 
sample problems. 

Grade Leve 1 : 4 

Examples: What is the second largest four digit number? __ _ 

What is the smallest three digit number between 
730 and 850? __ _ 

What four digit number between 2,000 and 3,000 is 
closest to 2,800? __ _ 

N4 Representing Fractions 

Abstract: The scale has five short subsections each containing one of two 
kinds of items: a fraction or mixed number is given in standard 
form and must be represented in another specific way or else 
that process is reversed and the response format is multiple 
choice. Instruction is largely in the form of a written 
question or conrnand at the beginning of each subsection. 

Grade Leve 1 : 4 

Examples: Put an arrow at 4t inches. 

How much is shaded? 

I' I I I' I I I' I I I' I I I ' I I I' I I I 
3 1n. 

1 ,r 

5 tn. a 1n. 



NS Representing Fractions and Decimals 

Abstract: The scale has five short subsections each containing one of two 
kinds of items: either a mixed number or decimal is given 
in standard fonn and must be represented in another specific 
way or else that process is reversed and the response fonnat 
is multiple choice. Instruction is largely in the form of a 
written question or corm1and at the beginning of each subsection. 

Grade Level: 5, 6 

Examples: Put an arrow at 1.35 inches. r "jll 111,.11 11,1 T, 1, I' 1,1 1,11. 1111• i 
0 

How much is shaded? 1 
J 

2 

1 
2" 

(A completed sample was given.) 

N6 Equivalent Fractions and Decimals 

3 4 

2 'J none of these 

Abstract: Given a fraction (or decimal) determine which members of a set of 
fractions (or decimals) are equivalent to it. A sample set 
of four completed items is shown. 

Grade Leve 1 : 5, 6 

Examples: Circle all the fractions that are eoual to the one in the box. 

[I] 9 rr 4 r 3 
2" 

10 
TS" 



category R: Relationship & ttimber Patterns 

Rl Solving Number Rules 

Abstract: Given 3 clues (i.e.1 pairs of numbers) in a game, detennine what 
the secret method is (i.e., the unique rule relating each of the 
pairs of numbers) and then use the rule to calculate the missing 
number from the fourth pair. 

Grade Levels: 2, 3, 4, 5, 6 

Examples (from Grade 3): Maria1 s Game Jim's Game 

Class Maria's Class Jim1s 
said: answer: said: answer: 

First clue: 5 10 2 6 
Second clue: 7 12 5 g 
Third clue: 8 13 10 14 

Question: 2 □ □ 12 

R2 Using Number Machines 

Abstract: Given labelled 1'number machines11 in sequence and either the 
initial or the tenninating number, detennine the other number. 
There is an introduction showing that 11number machines11 take in 
numbers; add, subtract, multiply or divide by a fixed quantity; 
and give out the resultant number. Then three sample items 
(each with a "number machine11 sequence) are worked collectively. 

Grade Levels: 3, 4, 5, 6 

Examples (from Grade 4):~ 

~l 13 
'---, 

R3 Sequences 

Abstract: Given an incomplete portion of an additive sequence of numbers, 
detennine the missing number. Cxie sample item is worked 
collectively. 

Grade Level: 2 

Examples: 28, 

1, 
--· 19, 

2, --· 

16, 

3, 

13 

3,: 4 • 



R4 Which Result is Larger 

Abstract: Given two quantities (usually similar computation problems 
using+, ~, or x) mark the one which yields the larger result, 
or mark them both if they are equal. By instruction, fonnat and 
time limits, students are discouraged from computing exact 
answers. The correct response should be more easily detennined 
by inspection than by computation. Two sample items are worked 
co 11 ect i ve ly. 

Grade Levels: 2, 3 

Examples (from Grade 2)': 585 + 250 0 
580 + 290 □ 

RS Labelling Number Lines 

3 X 31 □ 

31 X 3 □ 

Abstract: Given partially labelled number lines, with varying increments, 
detennine certain missing numbers. A sample item is worked 
collectively. 

Grade Levels: 2, 3, 4, 5, 6 

Examples (from Grade 2): -.,...---r---.---,--,--,--.---.--

10 16 22 

20 24 28 32 36 

R6 Multiplication Series 

Abstract: Given an incomplete portion of a multiplicative series of 
numbers. detennine the constant multiplier involved in order to 
complete the portion shown. Portions of several series are 
shown altoge'ther with one, two or three numbers missing from 
each. A sample series is examined and completed collectively. 

Grade Leve 1 : 4 

Examples: I 10.000 I 1oa.* I ... . . . I I I I 1 1,000 

. . . I z I I 1, I ... 



R7 Which Fraction is Larger 

Abstract: Given two non-whole numbers written in fractional fonn ( a proper 
fraction, an improper fraction or a mixed number), circle the 
larger one. A completed sample item is shown. 

Grade Leve 1 : s, 6 

Examples: 3 or 11 
4 4 

3¼ 5 or ! z 

RB Which Decimal is Larger 

Abstract: Given two non-whole numbers written in decimal fonn, circle the 
larger one. A completed sample item is shown. 

Grade Level: 5, 6 

Examples: 4.999 or 5.1 

1.Sor0.58 

R9 Fractions Between Two Others 

Abstract: Given two fractions, write another which is larger than the 
first and smaller than the second. 

Grade Level: 6 

Examples: 
I , 

is larger than 3, but smaller than 9 
is larger than¾ , but smaller than "i 

RlO Decimals Between Two Others 

Abstract: Given two decimal numbers, write another which is larger than the 
first and smaller than the second. 

Examples: is larger than 1.25, but smaller than 2.0 

is larger than 0.42, but smaller than 0.43 



Category U: Elucidation 

Ul Number Sentences About 8 

Abstract: Students are to produce as many different "sentences about 811 as 
possible, always in the form 118 -= .•• 11

• Four correct answers to 
similar exercises about 9 are examined collectively. 
(9 • 10 - ], g • 1 + 5 + 3, 9 • 3 X 3, 9 • 18 - 2). 

Grade Leve 1 : 2 

Example: My number sentences about 8. 8= ____________ _ 
8 • -------------

U2 Producing Many Answers 

Abstract: Given several different situations each of which poses a problem 
for which there are many correct solutions, produce as many of 
them as possible. For each situation, some potential solutions 
are accepted or rejected for not following the given rules as 
inappropriate. 

Grade Level: 3, 4, 5, 6 

Examples (from Grade 3): 
Rules: Take out two balls. 

Add the two numbers to get a score. 

What are the possible scores?--=-6.....,2"--"3:.5 _____ _ 

Rules: Write all the two digit numbers you can. 
Use only the digits 1, 2, 3. 

Give all the numbers that follow the rules. _:.34'-'-.,,2"'2 ___ _ 

U3 Getting to 12 

Abstract: Given a starting point (0), a goal (12) and two rules, invent as 
many ways of reaching the goal as possible. The rules are that 
only the numbers 2, 3, 5 & 7 can be used along with addition, 
subtraction, multiplication or division. Two sample solutions 
(see below) are worked collectively. 

Grade Level: 6 

Examples: 
Sample 1: 0!.L•7 

7 X 2 • 14 
14 .:..1. • 12 

Sample 2: 0 + 5 • 5 
5 + 3 • 8 

8 + 2 • 4 
- 4 X 3 • 12 



category W: Word Problems 

Wl One Step Word Problems 

Abstract: Solve word problems in which the story (including the question) 
is read by the tester while the student looks at a series of 
cartoons and/or follows the story in the captions beneath the 
cartoons. Seven items require one-step solutions; two items 
require two. 

Grade Leve 1 : 2 

Examples: 0 .0 
How many bananas did 
she buy? 

Jill spent 6¢ to 
buy some bananas. 

Bananas cost 
2¢ each. 

Jim found 3 
marbles but 
he lost 4. 

W2 Two Stage Word Problems 

And now he 
has 5 marbles. 

How many marbles 
did he have to 

begin with? 

Abstract: Solve word problems in which the solutions require two opera­
tions. The numbers in the problems are relatively small; the 
computational and reading requirements are simple. 

Grade Levels: 3, 4, 5, 6 

Examples (from Grade 4): Pam gets 50¢ each week. 
She always spends 30¢ and saves the rest. 
How much will she save in 4 weeks? ___ _ 

Tom has 3¢ more than Ann. 
Tom has 5¢ less than John. 
If John has~. how much does Ann have? __ _ 

131 



W3 Miscellaneous Word Problems 

Abstract: Solve word problems which are unusual for third graders in 
one of several ways: requires three-stage solution, requirPS 
working backward from a given final state to an unknown initial 
state, requires more logical analysis than straight computation, 
involves proportional ratios, involves extraneous data. 

Grade Leve 1 : 3 

Examples: At first, Sally had some marbles. 
Then, she lost 3 of them. 
Then, she found 2 marbles. 
After that, she still had 8 marbles left. 
How many did she have at first? 

Sam has to move 10 boxes. 
He can carry 3 boxes each trip. 
How many trips will he need to make? 

W4 Extraneous Infonnation 

Abstract: Solve word problems in which extraneous information is given. 
Once the relevant infonnation is selected, the solutions are 
simple one-step problems involving small whole numbers. 

Grade Leve 1 : 4 

Examples: A belt costs $4. 
A shirt costs $5. 
A hat costs $10. 
How much more does a hat cost than a belt? 

Peter has $10. 
He needs 4 pounds of candy. 
Candy is $2 per pound. 
He is buying candy for 6 people. 
How much will the candy cost altogether? 

WS Fractional Sugar 

Abstract: Solve word problems each of which start with cups of sugar. 
The one-step solutions all require simple computions (+, -, x 
or-) with fractions or mixed numbers. 

Grade Leve 1 : 4 
Examples: Tina has 4½ cups. 

She buys s½ more cups. 
How much sugar will she have then? 

Kari has 4½ cups. 
She gives away half. of it. 
lbw many cups of sugar will she have left? 



W6 Three Stage Word Problems 

Abstract: Solve word problems in which the solution requires three opera­
tions. The problem is stated in 3 to 5 short sentences and the 
numbers given in the problems are relatively small. 

Grade Level: 5, 6 

Examples: Shirts cost $10 each and ties cost $5 each. 
Altogether Joe spent $35 for shirts and ties. 
He bought 2 shirts. 
How many ties did he buy? 

Bill loads 6 boxes in 2 hours. 
John loads 4 boxes in 2 hours. 
Together, how many boxes do they load in 6 hours? __ 

W7 Decimal Gas 

Abstract: Solve word problems each of which start with 6.5 gallons of 
gas. The one-step solutions all require simple computations 
(+, -, x, or-) with decimals. 

Grade Leve 1 : 5 

Examples: Peter· has 6.5 gallons. 
Then he spills 1.2 gallons. 
How much gas will he have left? 

Ron has 6.5 gallons. 
Next week he will use ten times this much. 
How much gas will he use next week? 

WB ttive 1 Word Prob 1 ems 

Abstract: Solve word problems which are novel for sixth graders in one or 
two of the following ways: involves fractions or decimals, 
requires more-than-three-stage solution, answer choices are 
approximate, requires solving for two unknowns, requires the 
use of data which is comnon knowledge but not given in the 
problem. Response format is multiple choice. 

Grade Level: 6 
Examples: 

Ellen saw pepper plants on sale at 3 plants for 40¢. 
She bought 12 plants. 
She usually bought 3 plants for 50¢. 
How much did she save? 

20¢ 40¢ 48¢ $1.60 $2.00 

George's father gives him 2t for every hour he spends in school. 
About how much would he have given George for the month of October? 

$.SO $1.00 $3.00 $6.00 $10.00 



Category A: Algebra 

Al Algebraic Symbols 

Abstract: Given the numerical value of a letter (or letters) produce the 
numerical value of an expression involving that letter (those 
letters}. In written instructions, two sample items are worked 
out and implied multiplication (e.g. in 3bc or in d4) is ex­
plained. This scale follows A2 in the test booklet. 

Grade Level: 6 

Examples: If g • 4 and h = 3 then 5gh • __ 

If P = 2 then p5 = 

A2 Solving Equations 

Abstract: Given simple equations in one unknown, solve for the unknown. 
Three sample items are worked collectively, including one with 
a parenthesis. 

Grade Leve 1 : 6 

Examples: (7 x h) + 1 • 15, so h • -­

{n +1) ♦ 3 -=6, son• 

A3 Surrmation Operator 

Abstract: Given an open sentence involving one or more surrrnations of 
consecutive integers, select the answer that completes the 
sentence. A symbol for such surrmations (°T") is introduced 
and explained (~=1.+3+'1+5+h) and two items are worked 
co 11 ect i ve ly. 

Grade Level: 6 

Examples: 

•. 1 .... . 

·~ 
-~-50 

C, 100 II, lit 

-~ 
•~+50 



A4 Transfonnations 

Abstract: Given two different transformations ( "=I which turns a design 
clockwise by 900 and "'C which reverses the number of symbols 
at the top and bottom of a design), the scale consists of two 
different sections: requiring the application of either"=! or 
1:. to a design, requiring several app1 ications of ~ and/or ""C 
to a design. Several sample items are worked collectively 
in each section. 

Grade Level: 6 

Examples: Section I: 

Section II: 
•• • 

• 
OD 

do 't, tnd tllen ", 

do 1: twfu 

End up wftll 

CJ 
CJ 



Category G: Geometry 

Gl Geometric Loci 

Abstract: Detennine which picture is described by a given statement, where 
several pictures are given, each of which has identically placed 
elements (an 'x, 1 an 10 1 and a line) but a different set of 
dots, detennine which picture a given statement describes. First 
statement is read by the tester. 

Grade Leve 1 : 4 

Examples: A E 

' 

• • 

In which picture are all the dots the same distance from the x7 A B C D 

In which picture is each dot just as close to x as to o7 A B E F 

G2 Geometric Congruencies 

Abstract: Given a regular geometric shape dividethe shape into a certain 
number of congruent parts. The word 11congruent 11fs not used. 
Three correct and three incorrect solutions to a sample problem 
are examined collectively. 

Grade Leve 1 : 5 

Examples: 

I 
2. + 

\ 

171 



Category G: Geometry 

G3 Geometric Categories 

Abstract: Given nine different geometric figures, identify a set of 2 to 7 
figures that are alike in some way, describe the distinguishing 
characteristic and label the figures accordingly, Go through 
this process as many times as possible. Two examples are worked 
co 11 ect i ve ly. 

Grade Level: 6 

Examples: 

□ A 

All the ftgwres wtth •t• 

etc. 



Category L: Logic 

Ll Logical Identification 

L2 

Abstract: Given a specific set of individuals, a specific set of character­
istics, the fact that each individual has a distinct combinat.ion 
of characteristics, and several facts about some of the charac­
teristics of some of the individuals, identify the characteris­
tics of each individual. A smaller sample problem is worked 
collectively. 

Grade Level : 6 

Example 

T- ... u .. flcn: heft._ ,1.,, t• I ltff•-t 111 ..... 

1111 flll'I I•••" 

r. ~ ,1., _i.,. 

t• l!l!!.:J. t111 ■wt.-.. _, ... ~ t11J IKOlf'. 

It 11: 1•-r ,occtr .. , .... ,_ .. 1_ .. _., 
-- .. -•1 ,.,, I-• IICUf' .. t_, MCClf' 

'·-· -i•J 
--•-•1 

to, t•-r IOCCff' .,.'4ool' 1ocnr ,_._o., M-r ~Hilty 

,.n, I•-• HCCI• --.. ""'" ,._ .. -••1 ... ,_ -••1 

Making Sentences False 

Abstract: Given a picture of a set of blocks and a true sentence about 
them, make the sentence false by changing the blocks. In the 
first two items, three suggested changes in the blocks are ~iven 
and the student need only nark which ones would falsify the 
sentence. In the last th-ree items, the student must write a 
change in the blocks. An item of the first type is worked 
collectively. 

GradeLevel: 6 

Examples: 
JD£' S 11.0ClS 

0606□ 

□□ 
•There are triangles above the line and squares below the line. 11 

a. Take away the triangles. 
b. Take away the squares below the line. 
c. Add squares above the line. 

"Triangles go above the line or circles go below the line.• 
(You write what Joe could do to make the sentence false.) 



category 0: Organization of Data 

01 Graphing Weight 

Abstract: Given a graph in which weight (axis labelled at 10 pound 
increments for each 5 graph units) is plotted against age (axis 
labelled at 2 year increments for each 2 graph units), determine 
age per given weights and vice versa. Oie sample item is worked 
collectively. 

Grade Leve 1 : 5 

Examples: How much did Bill weigh at 4 1/2 years of age? __ 

How old was Bill when he reached go pounds? ___ _ 

02 lnterpo 1 at i ng from a Tab 1 e 

Abstract: Given a table of prices for pipe of 4 different widths and 4 
different lengths, interpolate or extrapolate to obtain the 
price on a pipe of given dimensions: at least one of which is 
not shown fn the table. Two sample items are worked collectively. 

Grade Level: 6 

Examples: ~st of Pipe 

Langt:11 

100' 100' 600' 1 .ooo· 
•• S50 1150 $300 $500 ..... •• 170 1210 1420 1700 

u· 100 1270 1540 $900 ,.. $110 1110 1660 S1100 

HOW filJCH D0£S IT COST TO BUT PIP£ WHICH JS: 

611 X lQQ 1 
:s $ ·---

2011 X 1000' s ---



Category P: Probabi 1 i ty 

Pl Oloosing the Best Box 

Abstract: Given three boxes containing different combinations of 1, 2 and 
50-cent"balls", determine from which box it would be best tn 
make a blind draw. 

Grade Level: 5, 6 

Examples: WHICH BOX WOULD YOU CHOOSE? 

P2 Dependent Outcomes 

©@@ 
©@@ 
©@@ 
©@@ 

WHICH BOX WOULD YOU OtOOSE? 

Abstract: Given two (or three) spinners and an amount (10) to be achieved 
or exceeded to win, select (from five standard choices) how 
often a player would win. Collectively 1t h shown how a player 
could win or could lose with a specific set of spinners. 

Grade Level: 6 

Examples: ~ ~· 

'two fonns, approximately 3.5 minutes. 

..... 

..... 

leH t.klll 
1111, tflt ... 

..,, ... ... ........ IIIHW ... 

11WQ'I 

,1..,. 
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