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Abstract

) The purpose of this report is to describe the development of a Sool of
o . mathematical problem-solving ‘situations and a set of items.for each
situation which provides information about students' qualitatively
different levels of reasoning ability as applied to that situation.

The strategy being used is that, for each problem-solving situation, -
- ~a set of "structured superitems' was developed. "Superitems' are a
set of test items abocut a common situation or stem. Such item sets
. have been shown to be valid and.useful for assessing mathematical
. R problem solving. Four questions were written for each problem
situation. The questions attempt to assess five levels of reasoning
about the situation. The superitems then were administered to a trial -
population. This reports documents-the details of the preparation of
the items prior to their administration. A second report will describe
the results of the test administration. ’
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Introduction

The purpose of ‘this report is to describe the steps that were

é
followed to develop a pool of mathematical problem-solving situations

and a set of items for each situation which were designed to provide

2

information about Studeﬁts'qualigatively dﬁffegent levels of reasoning
ability.

The strategy followed was to develop a set of "structured super-.
items" for eééh'of a set of problem-solving si}uations} The method
for creating a pool of situations and questions was based on Cureton's

(1965) -notion of "superitems" (a set of test questions based on a

k]

common situation or stem). The structure for the superitems was based

-

on Collis and Biggs' (1979) SOLO taxonomy used to classify the structure
&

of observed learning\outcomes. The items were prepared to be adminis-— &
tered to students‘of 9, 11, 13, and 17 years of age. This report de-'
scribes how thg items were developed. A second project report will

examine the validity of the superitems and the utility of the precedure

. ‘ A
for large scale assessments. If the goals of this study are attained,

a more useful assessment procedure for this critical aspect of mathe-

matics will be availébleufor'lapge scale assessments.

v

The project was funded by the Education Commission of the States

(with funds supplied by the National Institute of Education). Ostensibly

’

the resulting items would be useful in future National Assessment of
Education Progress (NAEP) studies in mathematics.
To accomplish the goals of this study, a seven-stage project was

!
designed.

hY
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Stége 1. December to March 1981--Problem Situation Development,

For the student populations, a set of problem situations was

developed.

Stage 2. March to-May 198l--Basic Validity Check.

5 .

Each problem situation was examined by classroom teachers at the

P
o

respective grade levels to check on the appropriateness of the concepts

and prerequisite skills for students of those «ages.
A o
Stage 3. April to July 1981--Superitem Development.,

At this stage, sets of items for each situation were written, re- {

viewed, and tried out with a small sample of students under the direction

of Professor Collis. The items were again reviewed by graduate students
s

to check.the items for their mathematical appropriateness and their fit

“

_to the SOLO taxoriomy. This tryout was done to ensure that students could

read the items and follow directions and to see if there were any prote-

) . @

dural problems.

Stage 4. July to September 198l--Preparation of Trial Materials.

a

At this stage, the set of situations and superitems appropriate for

<

the target population was organized into batteries for administration
to a large population of students. o .
Stage 5. September 198l--Administration of Bgtteries.
Early in the school year the batteries were administered to a
population’of students. ‘ .
Stagé 6. October through December 1981--Data Analysis.
ALl test booklets and questionnaitres were scored and anaiysis of

the data was carried out at this stage.

Stage 7. December through Jénuary 1982—--Report Preparation.

S)
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In tinis report only informatdion about Stages 1 to 4 are included.

The administration of the items and the analysis will be reported in

a second technical report. }

. Basis of éhe Methodolegy

Problem Situations _ ' ‘

Practical problem solviné“haé been consistently and .broadly criti-
cized, most notably by Kline (1973). Kline has.been critical of the

application problems appearing in mathematics texts as purporting t%

.

represent ''real life" gituations but- having little in common with what

constitufas real life, Nelson and Kirkpatrick (1975) also have empha-

LA

sized the importance of "real life'" situations. What is imporcant’ is

v

that the problems be drawn from situations susceptible to mathematical

analysis (NACOME, 1975). A guide for the construction of apéropriate

é

situations might be found in Hilbert's (1906) comment: -

A mathematical problem should be difficult in order to.entice
us, yet not completely inaccessible, lest it mock at our .
efforts. It should be to us a guidepost on the hazy paths
to hidden truths and ultimately’'a reminder of our pleasure

in the successful solution. (p. 59)
o , s

'Sugeritems

In some tést;, items come in groﬁps, .8, paragrapﬁ—réading geéts
_with several questions on each paragraph, or table-reading tests with
séveral items on each table:. The probl;m situations or stems, the
paragraphs and tables in the example, contain considerable information.

The sets of questions with the stem are called superitems (Cureton,

1965), ; term chosen to emphasize that differences among respondents
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. in comprehension of a stem may produce correlated errors of measurement

A ,
bgtween itemd for E%e same stem., While such sets of items havé lorg

s N .
(2} . % | ”

..’ ) o .
> been used in some tests, Qgg problem of correlated errors was not con- -

-

sidered serious as long as the a%swé§ to any one question did not depend

ypon one's response to another"quéstion related to the stem. Curéton'é

v w

~ 3 .
.interest in superitems was, methodological, i.e., how to estimate the
. " - . ! . ) :

.

reliability of tests compTising such items. However, he argued that

0

.the specific questions within a set are not truly independent since

“they all depend on a basic underséanding of the paragraph or table.
In fact, if the questions within superitems were constructed carefully,

the structure of responses within the set potentially could be revealing.,

'

The unresolved question, is upon what basis structured superitems should

be constructed.” , « )
1 & - . ,?

&
kf i . e ~
It is this question which is being addressed in this study. That:

is, can a set of superitems be constru¢ted so @hatiresponses will reflect

"level of reasoning" used by the subject wit% respect to mathematical
\ 3 ’ .

- I

situations?

During the 1970s, Vearne and Romberg (1977) developed several versions
of a superitem test of mathematical problem-solving for elementary school
e = ’ .
children. Those tests were designed to produce three scores: a-compre-
. \? e
. . hension score, an application score, and a problem-solving score. Thus

‘

> T
each superitem contained a comprehension question, an application question,
3 1

»

and a problem-solving question. The comprehension question assessed the
3 .
child's understanding of the informat%on contained either ihplicitly or

explicitly in the item sten. The application question assessed the child's

3
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mastery of aaprerequisite concept or skill of the problem-solving

-

question (this was a fairl§ straightforward application of some rule
or Eoncept). The third question in the set was the problem-solving

question. ooe T e
+ 4 g

These tests were then used in several, sfudiesAcérried out under

Romberg's direétion:(Meyer, 1975; Meyer, 1976; UWearne, 1976; Whitaker,

-

1976). In all, these tests proved to be useful in providing information

aboutgg student's mastery'of the prerequisites for the problem-solving

\

question. The tests not ogiy yielded more information about the student

.
N

but also provided a "better' measure of problem-solving ability by

Fd

making it possible to consider §hly those problems for which the

L) »
. B .
student demonstrated preparedness. o

«

However, the problem~solving items in tne Romberg—Weérne tests do i&

not yield information about the level of a student’'s reasoning with
&

regard to each problem. situation. The "structire" used as a basis for

Ny
. o .

the development of those tests was derived from Bloom's (1956) Taxomony.

’
Y

The three questions+for each stem wereﬁﬂeveloped to.refiect Bloom’s
-~
*
¢

categories of comprehension, application, and analysis, respectively. .
For the pool of items constructed in this study, a recently developed

taxonomy’based on the "structute of the obgerved learning outcome' (SOLO)

»

(Collis & Biggs, 1979) was used as. the bluepriat:for the development of

\

superitems with four questions. There were two reasons for using this .

taxonomy. - First, the levels of reasoning reflect basic operational

stages of thought related to the Piagetian stages of development. Thus, ‘
5 .
rather than being used to simply categorize érrors and infer how reasoning

v
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was carried out, the responses can be aggregaté€d with respect to this

framework against which the appropriateness of learning activities even-

tually can be considered.

Second, individual items which reflect these

levels of reasoning had previodsly been written for the "ACER Mathematics: -

Profile Series" (Australian Council of Educational Research, 1977).-

\

\

Problem Situétion Development \g

Initially problem stems were written

-

for six content categories and

. . .. : Ly
for direct or indirect responses. The content categoriés were numbers

and numeration; variables and relationships; size, shape, and position;

measurement; statistics and probability; and unfamiliar. These categories

correspon

termed "unfamiliar."

d to the five NAEP content designations.and an additio.al area

The levels. of directness, labeled direct or indirect,

evolved from .consideration of research on moral dilemmas. A dilemma pre-

’

sents a solution reguiring a choice between equailly unfavorable, or dis-
. . \ .

'agreeable: alternatives. For Kohlberg (1963) respo%ses to dilemmas were

not seen,as correct or incorrect but rather as indicative of differences

in stages.in moral reasoning. In mathematical problem-solving, students

Y

~

may.be placea in-a setging which redquires them to examine patterns of

incorrect reasoning and generate responses consistent with that pattern.
a L0

"

In’responding the student is expected to congider the redsoning process

9

described 4n an item stem. ©Our intention was to focus on the reasoning

e

of the student rather than the correctness of a response. Hence, stu-

dents were asked to explain their’answers 'for many items. A direct

- +

%esponse was. one which usually followed:from a calculation but did not

w

3

I3




require explanation. Other direct response forms involved brief
wiltten statements or the drawlng ot dlagrama.

The initial 40 stemsvwere based on ideas and information from
a variety of sources: mathematics journals, items developed for the
National Longitudinal Study of Mathematical Abilities (Romberg &
Wilson, 1969), and textual material. The distribution of the items
by cortent and level of directness was posited, priér to the initial
validation check, to be that shown in Table 1. Then for each item
stem,~threewt0~five-qu221i0ns”weremwritten which reflected the . . . ... .

comprehension, application, and analysis categories used by Wearne

and Romberg (1977).

Table 1
Number of Item Stems

s
by Content Categories and Level of Directness

Levels of Directness

Content Categories
Direct Indirect

Numbers and Numeration

Variables and Relationships

Size, Shape, and Position

Measurement

Statistics and Probability

Unfamiliar




to see if teachers judged each question in a superi

Basic Validity Check

’79t this stage, 20 classroom teachers (8 Ewelftb—grade teachers, 6
seventh-grade teachers, and 6 fourth-grade teachers) were reégdige&wto
judge the superitems on three dimensions. The teachers were all Efom
the Waﬁsau, Wisconsin, school district. Thgy were recruited by DuWayne -
Kleinschmidt, the district's mathematics coordinator. :The dimensions
teachers were to consider were content--to see if the teachers thought

the item stems fit the six NAEP content categories; reasoning levels--

to fit one of _

item ! e e e e

_three objective categories; and appropriateness--to see if teachers thought

the questions in each superitem were appropriate for students at their

grade level.

The questions for each stem were randomly ordered and the superitems
also were randomly ordered and then the set of superitems for .each teacher
was se:f to Wausau for judging. The judging was done dJring March 1981.
The instructions for judging appearlin Appendix A. ’

The results of the judging have been summarized by presenting the
data in a set of contingency tables. First, the judgment of ;eachers
about the content of the stems is shown in Table 2. With the exceﬁtién

of the seven "unfamiliar" stems, content agreement by the teachers appears -

to be fairly consistent with the content -categories for which the items

. were written. Given the apparent agreement both an index of nominal

agreement (PO) for the total judgments (Frick & Semmel, 1978) and Light's

(1971) coefficient Kp for agreement on each category were calculated.

i
For these data, Po > .61 and K = .68, .48, .57, .51, .82, and .19 for
. - Py o
categories A to F respectively with an average Kop = ,54. These indices -
\ i )




Table 2

- Frequency-of Judgments into Six Content Categories by All 20 Teachers

Teacher's Judgment

Type of Item

A - B C D E F

(9 items) (7 items) (4 items) (6 items) (7 items) (7 items)
*A Numbers and Numeration 137 " 34 1 18 5 24
) B Variables and Relationships 18 79 0 2 b 24
C Size, Shage‘and Position 2 0 50 21 0 33
D Measurement 4 6 23 69 6 5
1 E Statistics and Probability 14 21 0 7 121 21
y F Unfamiliar ‘4 0 6 3 2 A33

o

*
Problem A-3 omitted from one teacher's review.

‘_-.A

M)
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are all significantly different from zero at p < .0l, and only Kp for the
i . .
"unfamiliar" is practically low. Since numbers or relationships between

numbers are a part of most of the "snfamiliar content" stems, this result

was not surprising. If one-omits judgments on this categofy, then the
nominal agreement Po = .69 and the average Kp = ,61., The judgments on

i .
content by the teachers at each grade level are very similar. Tables for

teachers at each grade level appear in Appendix B,
The teacher's judgments about cognitive objectives for each question

within the superitems is shown in Table 3. Clearly, overaf} agreement of

\
teacher judgments with the intended cognitive level for each question was

«

good. For these data the index of nomimal agreement PO = .62 and‘Light's

indices are K = ,49, .33, and .47 for comprehension, application,land
. g .
i . .
analysis, respectively, with an averagée Kp = ,43, Again all indices are
. i
statistically significant. The judgments about cognitive!level for teachers

%
L]

at each grade level also appear in Appendix B.

~ ' Table 3_

Iy

Frequency of Judgments into Three Cognitive

Objective Categories by All 20 Teachers . .

- Item Level of Cognitive Objective
Teacher's
Judgments' Comprehension Application Analysis .
Comprehension 506 131 46
Application 227 480 250
Analysis 64 169 | 509
Other 3 © 20 S

&

Co
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The teacher's judgments about appropriateness for each question
are shown in Table 4. ngrall.74.5§ of the questions were considered
app;opriate. However, the judgments by teachers at different grades
wefe;considerably diﬁfgrént.v This information by grade level appears
" in Table 5. Almostfall Q{ythe questions (94.3%) were considered appro-
priafe'by the twelfth grade teachers while 73.5% and 497 of the questiPns
were'consideredbappropriate by seventh or fourth grade teachers, respec-
tively. Obviously, many questions were considered to be too difficulf

for fourth-grade children or on content they had not covered.

The Use of SOLO Taxonomy Approach in Developing Superitems

This information from teachers provided us a bagk‘upon which revisions
" and rewriting could be done. Beginning April 1981 when Professo;LCollis
arrived in the U.S., the questions for each item were rewritten aécordiﬁg
to the SOLO taxonomy (Collis & Briggs, 1979). Levels of'direc;ness were
discontinued as an aépect in the development of items.

| fhe SOLO- taxonomy was designed as a response model,.the basic idea
being that the child is given information or data and asked a éuestion
which can be answered by reference to that information. The child's
response is classified as belonging to one of five ieveis accoxding to

the way in which the response is structured.

The SOLO Categories

\ ' .
There are five basic categories into which responses may be classified
using this method. They are set out diagrammatically 'in Figure 1. The

figure 1s meant to cover the general case. For a particular content area,




Table 4

[

Frequency of Judgments as to Appropriateness

by All 20 Teachers

- . Tedcher's
o Judgment f yA
Appropriate © 1787 74.5
Inappropriate 532' 22.3
I Undecided 64 2.7
, ‘ . .
Other ~‘ 17 .71 o
|
:
|
o i
|
. |
Table 5 , ’
Frequency of Judgments as to Appropriateness . Tre—
by Teachers at Grades 12, 7, and &4 -
, Grade 12 Grade 7 ~ »Grade 4 S
Teacher's :
Judgment £ /A £ Z . f %
Appropriate 905  94.3 529 73.5 353 49.0 -
Inappropriate 35 3.6 163 22,6 334, 46.4 -
Undecided 8 .80 26 3.6 30 4.2

Other 12 1.3 - 2 .28 3 42




Resporse Structure

SOLo o
Description ‘ Cue Response’
‘. A . —..(
X
[
X
Pre-structurel s
.
. R
.-——
o .
0
- °
. X
Uni-structure!l :
R _ -
T —————— . . ¢ N R v
T — .
T T
- e - —— et o e e [+ - - N
. X e B h
Mylti-structural X

Reletional

Extended Abstract

an e
1 @ on baamt A

XEY: Kinds of date uted:

- : ‘&- Irrelevant or insppropriste
- PN

ated and given in display n

o « Relatéd end hvpotheticel,

not given,

N - - :

. Figure 1. Levels of the SOL\taxonomy and responqc de.qcr iption
‘ (Collis & Bigg:, 1979\p. 16). ;

_..]: MC_— e e e o —

A Fuirmext provided by R .
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certain idiosyncracies peculiar to that area need to be-taken into account.
For nathematics, the information in’ Table 6 can serve as a highly condensed
summary of response models which are meaningful within the content of school-

based mathematical material. - ) ,

Table 6,

Summary of Response Modes for Mathematics
[ v

N
~

Responses Réspomse Modes

K

-

UNI-STRUCTURAL ° Makes a gingle direct relationship to concretely
“ (either physically or iconically) available criteria

MULTI-STRUCTURAL  Handles multiple operations with small numbers by a
series of meaningful closures, for instance, may be
seen as analogous to using a sequence of given propo-
,sitions to support a particular judgment in other
content areas - )

RELATIONAL Relates elements within the immediately available
concrete system and forms generalizations on this
‘basis

EXTENDED ABSTRACT Acceptance of lack of closure, use of the reciprocal
. operation, and ability to work with multiple inter=-

acting and abstract systems involve a comprehensive
use of the given data together with related hypothe-

tical constructs

a

¢

\\\g\it was hypothesized that, by using the SOLO technique in reverse as

o

it weére, one ought to be able to design items such-that a series of
questions 6n the stem would require more and more sophisticated use of the
information in the stem to obtain a correct result. This increase in

sophistication shguld‘parallel the increasing complexity of structure noted

in the SOLO categories.

.}{2




Criteria for Construction of Suferitems

I
)

Clearly, the construrtion of these items consists of two parts:
~first, the writing of the stem and, second, the construction and writing

of questions to reflect the SOLO levels. The former is concerned with
, . W -
content validity and will not be dealt with here. The slatfer requires

that suitable criteria be set up to enable four questions to be askedi
that will not only require a knowledge of the information ih the stem

but will also, if correctly responded to, indicate an ability to respond
to that information at least at the level reflectéd in the SOLO structure

of the barticUlar question. To achieve this last, the following criteria

were set up for designing the questions: .
. 1. Uni-structural: - Use of one obvious piece of information
coming directly from the stem.
1y -F ,
2. Multi-structural: Use of two or more discrete closures - N
3 ° directly related to separate pieces of
information contained in the stem.

3. Relational: Use of two or more closures directly
> ‘related to an integrated understanding
" of the information in the stem.

4. FPxtended Ahstract: Use of an abstract general principle or
. hypothesis which is derived from or
_——— - suggested by the information in the stem, -

In each superitem, the correct achievement of question 1 would indicate

> &

an ability to respond to the problem concerned at at least the uni-structural
level., Likewise success on question 2 corresponds to an ability to respond

©

at multi—structural"level and so on.

Second Validation .

The items were extensively revised following their validation check

by Wausau teachers and restructured according to the Collis' SOLO taxonomy.

23
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2
Some stems were eliminated and new ones written, and some "unfamiliar"

’ "o

stems were revised and categorized under other content headings. Selected

items were-administered to 6 children from Shawno elementary and middle

schools, 30 from Cottage Grove elementary ;Eﬁgol} and 6 from Monona Grove

.

High School, The Shawno children were ages 8 to 14 and distributed two

per grade from grades 3, ,, and 8. Eléven ;hildren from Cottage Grove

were dfawn from grade 2, 9 from grade‘S, and 19 from grade 8. The 6

Monona Grove students had successfully completed’'a grade 12 statistics

class. At each grade level, the‘children involved in the test program

were close to th; ;verage age and were considered by the grade teacler

to represent from the mid&lé go upper achievement levels in mathematics,
Children from Shawno and Cottage Grove were individuéily administered

four and eight items, respectively. Each child was administered common

items with the remaining items dssigned from the pool of 40 items so that

Y -

each item was administered at least once per grade level. The six students

P

at Monona Grove were eaéh given different starting points-in sets of items
in the same order and instructed to use the éne hour test administration )
pefiodftofWArk“as-many itemSHaS'possible. Both the individual interviews
and the group administered tests had the purpose of identifying the SOLO .
level used‘by'éach child in each item. Account was also taken of language
and conceptual difficulties children experienced.
° : R

, Results indicated a great deal of consistency in the SOLO levels re-
corded fpr each child and also for children at the same grade level. The
grade 2 children were generally operating at a uni—étructural level, the

grade 5 children at a muiti-structural level, the grade 8 children at the

transition from multi-structural to relational levels, and those from grade
. F] ®

Ao,
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12 at the transition from relational to extended abstract level., Variance

in levels for each child was almest wholly within one reéponse category of

. <«

the level of reasoning generally observed for the grade.

Based on this information, all items were reviewed and many revisions
were made. At this stage the content categorization of items was not
altered.  Some items, however, were adjusted to-reduce calculation work.
The wording of some items was modified to abbreviate the length of the
stem, reduce complexity, or simplify technical la%guage. Some students

. ) ) ‘\'.0-
had diffigulty following the information given in the stems of some of
* the geometry items. The stems were rewritten to present the information

in both diagrammétic and verbal forms. Finally, some questions were

rewritten to elicit responses at the desired level of reasoning. *

Third Validation

In Juné 1981, six graduate students in mathematics at the University
. ) B o

of Wisconsin-Madison reéponded to the pool of 40 items which had been

revised after the tryouﬁs at Shawno, Cottage Grove; and Monona Grove.
The g;aduate students were ig§tructed to work each item, classify each
as being primarily in one of the five NAEP content categories or most
likely to be outside the domaiﬁ of the mathematics regularly covered in
school. In addition, the students were to identify, for eaéh question
in rhe items, the level of reasoning likely to be employed. Both the

items and the questions within each item were randomly ordered for the,

. validity check. Prior to being given the items, the students were
9

instructed in the theory and development of the SOLO taxonom&. Sample ~

P}

El{lC R . 25
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: ;.itemsﬁyére“provided and disédséed for levels of féasoningu Instructions ‘<.
‘ to ﬁhe graduatékstudentsfaﬁbear in Appendix C.. i o . A v
: . The results shown in Table 7 indicate‘? generall§ high level ‘of \5

i s ’
agreement for both content and level of reasoning categorizations, The )

nominal index of agreement for the content of‘judgmgnts was high, PO = ,68;

o
.

“and Light's index for content categdries‘bas Kp, = .70, 53; .83, .62, .67,
and .22 for categories A to F, refpectivelyg with)an avifaée'of .60. Aggiq o
‘while all were statistically significant, Pnly tge Kk, for thgﬂfgqﬁaq%ligff
stems was practically low. For the level of feason%n; judgments, all ghq » -

indices were very high: PO = ,86, Kk = .85,?.76, .79, and;.83 for leels
. N i “ ° . \
1 to'4, respectively, with an average of .8l. In classifying for content .

items which, the authors considered would be "unfamiliar," there was a
. 1

wide response spread. This phenomenon was also noted earlier in the

responses of the Wausau teachers. During the debriefing session with -

N : v
a graduate students, discrepancies were discussed, -in Particular, reasons

for the low agreeement on the "unfamiliar stems" level. In general, it

. . . EY e - -
was felt that-while the item content may’'not have been commonly a part

of school.mathematics} in many-cases, there was disagreement and .thus "

3

the item was categorized inmto one of the other conégnt categories, Again

+

' 9
if judgments on the unfamiliar items are omitted, the overall indices on -
] . . R .

-
~ . .

<
Z' content. judgments are much highet: Po = .73 and the average Kp - c6].
) ’ i

~o Since these indices were quite high for judgments abéug content and

particularly for judgments on level of reasoning, we felt content or

. . 5 ‘ N ) '{i”ﬂ;!h
face validity of the superitems had been demonstratwed. !

-

~a

Aruitoxt provided by Eic:
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g . Table 7 . 19

Judgment:s off Graduate Student:s of the Content
of Superitems and ‘the Level of Reasoning

-]

Q z _ - . 2
] Content Cat:egory N Level of Reas:oning
. © Items A B ~ C D E . F 12 3. 4‘\ . e
= ' /46:};" ' — 7
© % Aq@-8 37 .5 - .-, 2 % '
a ) i 41 6 1 -
. b, 6 37 4 1
c - 5 36 7
d ¥ - - 741
B (1-8) 8 30 5 2 1 2
v a 46 2 - -
w b 2 44 2 - «
c ‘ - 9~ 39, -
d ‘ : . - 3 7 38
C (1-6) - - 3 1T -4 » _
a . - T30 4 C g e
b 4 -27 5 7 - .
c - 3 3 1
d | - - 2 3y
D (1-6) 1 1 s¢ 24 1 4 e
a ¢ 28 8 - - " .
b ) 6 { 26 4 -
. c ° - 9 26 1
d - - 5 31 .
) E (1-8) 5 6 - 1 35 1 , 3
a ; 46 2 - -
- ' b 17 42 5 -
c - 4 . 39" 5
d , - - 6 42
Fo(1-4) 705 2 1 2 7
a ' 22 2 - -
b . 1 22 1 -
' c . , - 121 2
d ‘ - .- 1 23
¥
& 2 7 ®




' Final Revisions for Test Administrations

‘A final technical review of all items was carried out by the project '

»

staff under the direction of the test development specialist. This review
- ' : ) q‘

e i;_ .

was in part editofial§'fdf example; Qording was simplified, tenseé were
checked, and agreement in terminology aﬁd'symbols among the stem and all.

questions for each item was inspected. Further, the appropriateness of

vocabulary both in terms of the grade levels to be tested and general

familiarity to students was reexamined. Art work was reviewed to insure

i3

that content was.consistent with the narrative, drawings were accurate

and to scale, and labeling was adequate.

-

. 119
Item and test format as a whole were also reexamined at this time.

[N
.

Such consideratigns.as sufficient space for student responsés, standard

size and terms for unknowns, and possible confusion between labels for an

.

item and information within the item,itself were checked. All items were

also worked once again as a final verification of expected responses.

. Separate group-administered test batteries were then prepared for
N N @ .

17 year olds, and for 9, 11, and 13 year‘olds. Separate- batteries were
necessary because the.test iter for 17 year olds included the stem and

questions for the four levels of reasoning whereas the tests for ages
[ :

9, 11, and 13 did not include the extended abstract question. From the
pool of 40 items, oSe B item which had been particularly: enjoyable for

students and had discriminated well among levels of reasoning was chosen

-
1 . <

for the sample item. One of the least successful items in the validity checks

. G, .
N

was discarded. It was decided that three items judged to be quite dif- . .
ficult for 17 year olds should be administered at ﬁhat age level only;
. and three items which were particularly easy for 17 year olds were

assigned only to the tests for ages 9, 11, and 13. Thus, there were

- » s

38 items total and 35 items in each of the two batteries.

Q ‘ K »

ERIC . P
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Five test forms of seven items each were created for the two test
batteries Ey randomly éssigning items with the restriction that eaéh
content qategory (except unfamiliar) be repfésented at least once
but no more than gwice per form. The assignment was adjusted so that

’ items in the same content categofy were not contiguous within each form.
The aésignment of items is outlined in Tables 8 and 9.
Test administrator's manuala and directions ﬁor students were

prepared for the two batteries. Copies appear in Appendix D.

Summary .

The procedures described above are typical in any test development
effort. From the care in preparing items and the various tryouts, we
were reasonably assured that the 38 items in the final batteries were

mathematically correct and were related to the levels of reasoning in

.
» LY i

)

the SOLO taxonomy. . '~ .

LRIS

i




Table 8

Order of Superitems by Form for 17 Year

Olds

Quesfion Form

Number 81 s2 83 S4 S5
1 3 c5 F3 c3 B7
2 B2 D6 E7 B6 D1
3 E8 A3 c2 D3 E3?
4 F1? D2 D4 B4 F2
50 'DS E6 B5 E5 c1
6 B8 B3 C4 A8 Al

7. A4 EL A6 Fl E4

#1tem not included in tests for 9, 11, and

[y}
(G

13 year olds,




Table 9

23

Order of Superitems hy Form for 9, 11, and 13 Year Olds

Question Form v

Number UMR1 UMR2 UMR3 UMR4 * UMRS
1 - A3 . B4 c2 F4 c5
2 B3 F2 B5 A6 A2®
3 YD2 E7 ' D4 1;7 E5
4 R E6 B8 E4 | ‘A7 B2
5 Cé Al AS? El A4
6 D1 ch E8 D3 DS
7 A8 D6 ~ B6 c3 c1

.

8Item not included in tests for 17 year olds.

e
o
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INSfRUCTIONS FOR SORTING TEST SUPERITEXS

LV{l‘

Materials

You should have

(1) a set of 40 superitems

(2) 1 large envelope

(3) a description of the progect
(4) Special Sorting Instructions
(5) Background Information .Eorm

Tasks

(1) - Read the description of the project.
(2) You are to find the answers to each question.for each superitem.

(3,4,5) You are then to' sort the‘items three times into sets according

\ the special sorting instructions.
{(6) Fill cut the background information formy

(7) Place all superitems and the background information in the large
envelope and return it to Duane Kleinschmidt.

to

i

Caut ion

(1) The sorting of superitems must be done independently.
» ;(2> Carefully follow the steps outlined in the instructions.

Frame of Reference for Judging

, You are to judge the items on the basis of how a typical "B" student who

llas just completed fourth, seventh, or eleventh grade (the grade prior to when
you teach them) would react to the problem.’ o

pes

a0
J{




Task 1. Kead the following information.

29°

Description of the Project

information about the student's qualitatively different levels of reasoning

ability applied to that situation. The strategy being used is that for each

~

The purpose of this study is to develop a pool of mathematical problem

solv1ng situations and a set of items for each situation which provide

problem solving situation, a set of "structured superitems' will be developed.
Thus, a superitem contains a problem situation or stem and a set of questions’

about the information presented in that stem. For example, the problem in

Fd

Figure 1 is a map with lots of information about towns, roads, and distances.
. 1, \ .

Three questions follow which can be answered based on that information.
However, the queStions differ in level of reasoning required to find the-
answer. The structure for deriving the levels of reasoning in the superitems

is based on a five-level taxonomy used to classify the structure of observed

f

iearning outcomes developed by Kevin Collis.
Assuming that a satisfactory pool of <items can be developed, a sample
of about 300 students from a population,of 9, 13, and in=-school 17 year olds

in the Wausau schools will be glven sets of the items next September. 1In

4 e—em T T

addition, they will be asked to complete a background questionnaire.and an
attitode,instrument. ‘From tnis\éata we expect"to‘demonstrate that this
’procedure for assessing mathematicai reasoning will be a v1able method of

gatherlng, analy21ng, and reporting oata for large—scale assessment projects

i

such as the Nationai Assessment. of Educational Progress (NAEP) who has

funded this p.oject. ‘ \\ = T .

v

The information derived should enablepeduéators to identify levels of

o
§

learned outcomes which should be useful in examining_differential_performance

4 N e

by diverse groups of students.

@ T




30
14 oilen “
v
— )
Drago-
» 19 nilea
. , Alta Elntown
The distance froa Alta to Srishc is: 9:37 milcs
£
«
. 12 afles
- 16 niles e e
4/19 wiles
J
The shortest distance from Alta to Drago is: through 3right
’ . : : - through Cable ' :
through Elmtown
th&ough Flagge
o LRIGHT 16 . | - L S .
- : The £iga should be placed: fn Drago : ' ‘ .
LuIoWN 19 | ’ o ' Lot
) o in Alta S ;
. ) in Flagge .
e fn Cable ' L

-

Figure 1. ~An example of a superitem (Wearne, 1976).
37 |
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Purpose. of Your Work
Th development of new tests takes a lot of time and effort. After
preparing a set of items one needs to know if the items are valid and |

appropriate. - We are asking you to help us make judgmeﬁts about the validity
and appropriateness of an initial set of superitems. After working the
items (Task 2), you are to sort the items three times (Tasks 3, 4, and 5)

- R 6 - .

following the special sorting instructions. The sortings will allow us

to judge- both validity and‘éppropriateness.




ERIC
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: e 1
Task 2. Open the set of superitems. Find answers to each of the questions
. .+ for each superitem, '

v
v

' This task is to familiarize you}with the superitems to facilitate the

sortiﬁg which followé.- (We are not going to score you gn number of items

yo& got correct.) However, please.jot down an§ comments on each page about
the items, wording, eté, as you do them. Also, for one of;ghe sorting
procedures, the set of questibné assoclated with each stem have been put

in random order. That would gggjbe.the'caseawhen-superitems are given to

stude%Fs. For them, the gets of questions would be ordered from least
By

-

complex to most complex.

o . .

v
TS

A
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~ B. Variables/ and Relationships

A . .
Special -Sorting lnstructions s
v s
“Task 3.. Content Sorting ;

In this task-.you are to sort ‘the set of\36.superitems into six content
categories. The purpose of this sorting is to establﬂéh the content Nalidity
| ) ¢ o ~

of the items. The term;, validity, refers to judging whether the items

measure what they’'were intended to measure. —

, ) R :

Step 1. Read the following information about-the content categories.
' : W v

-

There are six content categories used in this -assessment: ’

s

. - » N w

A.. Numbers and Numeration
0 ° .

3. Variables and Relationships o ‘ v
a \ » ’ } . . -

C. Size, Shape and Position

. . > 4

D. Measurement { -—

"E .Statistics and Probability‘ .

F. . amiliar A . ® : RN
“ , S

These comtent categories organize the domain, sbut are not intended to be

» ’

represented equally in the assessment.
. , )

: ~ s . &

A. NKNumbers and Numeration . .
N ’ -

This chtegory deals with the ways numbers are used, processed or written.

o

Number properties and ‘order ‘relations arefglso included.
' & ” . .

2
-«

The queétions in this cgntent;category deal with facts, definitions and -

’

symbols of algepra;-the use of variables in equations and inequalities;

the use of variables to represent elements of a number system; functions
. 7 - . -
. \ .

R . ! % \ i . - . 3
and formulas; and coordinate systems. . . S ’ T
\ ; .

C. Shape, Size and Position L E T SRS

The questions in this content category measure 6bjectiVes'felated to

school geometry. The emphasis is not on ggometry as a formal deductive
AR O , )
sy;&em. Phe questions concern plane and solid shapes, congrhehce,

. dg IR

.




o ) S

~ ‘ A 3& . @ A
similarity, properties of triangles, properties of quadrilaterals,
;\\\\ " .- ’ ) . >
™\, ‘constructions, 'sections of solids, other basic theorems and relationships,

b L)
I

L _rotations and_symmetry. .. . __

D.
) These ite@g gover appropriate uniﬁs; equivalence’relatiOns; instrument
; reading;‘iength, weight, cepacity, time and temperature; perimeter,
. \//' area and volume; non-standard units; aﬁé precis;on and interpofation.

E. Statistics and Probabildity .

) This content"area, statistics and probability, assesses data collection;
organizing data with tables, charts, graﬁhs; finding patterns in data,

interpreting and analyzing data; drawing inferences;.méking\geperalizations

©

and predicting outcomes. - 5

F)E}/ Unfamiliar

i This content area contains information which is not a part of a mathematics

i .

.

program. While in each of the other categories, some prior information

-

about the mathematical ideas can be assumed to have been taught in schools,
) :
in this category that is not the case.

o

' . Step 2: Sortigg; . Starting with the first supefitem in the set (vach

« ~
.

superitem is on a separate page) study the stem to determine what it Lesls.
Little attention should be given to such characteristics as difficulfy,

relative quality of distractors (incorrect alternatives), or to length of

: the item stem. Instead, attention should be focused on the content which

- a student should be familiar with to.find the correct answer. Once you have

decided what content it tests, put it down.

.

[

&ﬁﬁﬁr Study the second stem in the same ‘fashion. If you decide that the firapw°

and second superitems test the same content, place it with the first -stem.

Otherwise, form a second category.

G.‘
"ERIC -
¢ T
\ .
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i

e ——_ _Consider subsequent items similarly and in each_case decide (he contueng
the superitem\tests.
Step 3: Resorting. Review the six categories. Check to see that all

items within a category are--to your®satisfaction--similar with respect to

V. . - .
what content they test. When they are not, sort inappropriate items into

other categories. ' )

o

L - , ’
Step 4: Labeling. When you areé satisfied the items are in appropriate

categories, label each item in the content box with the letter A, B, C, D, Eor F

S
NS

associated with each content category.

()
M
')

v




Tasklﬁ. Judgment About the Level of Reasoning
v ' In this task you are to judge which of three lévels»of reasoning is

required by each of the questions in each superitem. The purpose of this

judgement task is to establish the construct vglidity of the questions in

each superitem.

~Step 1. Read the following information about the levels of reasoning.
e _ = g

There are three levels of reasoning used in this assessment.

. Q ’
A. Comprehension
8. Application - o -
C. Analysis‘ \
A. Compreheﬁéion ' @
Comprehension represents the lowest level of understanding. Lt refers to

a type of understanding or apprehension such that the individual knows

what is being communicated and can maké use of the material or idea
being communicated wighout necessarily relating it to other material or

.t seeing its fullest implications. va a question only requires a styde;; °
. to understand what is being communicated in order to .answer it, it\ig to

be labeéled as comprehenéion. For example, question (a) in Figure 1

requires only that the student comprehends how distance is communicated

on a4 map.
L. Application
- Application concerns the use of rules or procedures in particular and :

concrete situations. TIf a question requires a student to use a standard

rule(s) or procedure(s) to find the answer, it is to be labeled,

.

application. For example, in Figure 1 question (b) requires adding

indicated distances and comparing sums.

‘1 l} - N

ERIC - . | - o
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C. Analysis
| Analysis involves the breakdown of a communication into its constitucnt
. elements or parts such that the'reiative»hier%?chyaof'ideas is made clear R
and/or the reiations between the ideas expressed are maae'explici},
For example in Figure 1 question (c) requires a student to break down

the information in the question in order to determine the connection

’ a
between the elements. Questions such as that are to be labeled,.analysis.

I

Caution: Before you start deciding on level of reasoning re-read Frame of

Reference for Judgiqg.

%

Step 2. Jhdging, Starting with.the first superitem in the set, study
question (a) and ‘determine the level of reasoning that is neéded. . Once you “
have decided‘whaﬁ ie?el of reasoﬁing is appropriate, write él_jbgfﬁLéij“ the
box in front of question (a).

- Study qLeétion (b) in the same suﬁeritem in the same fashion and follow
* 1 . .
the‘same-procedures. Consider subsequent questions for é%ch superitem

-

similarly.

[JSN
(S
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Task 5. Judgment about Appropriateness

In this task you are to judge whether each quest}on in a superitem is

f~aﬁpr0priate for students aeéehe~gradewlevé1uyOu—ceachwun(Againjvrefer to . - e

the Frame of Reference for Judging.)

Step 1., Read the following.

Three levels of appropriateness are to be considered:
A. Appropriate
8. TInappropriate \ i ‘ T

C. Undecided. . ‘ . "

A. Appropriate
A question is to be judged appropriate if the terminology, symbols,
operations, rules or procedures are likely to be known by a student

at that grade level.

B. Inappropriate

A Question is to be judged inappropriate if the terminology, etc.

would not be commonly known by a student at that grade level.

C. Undecided. 1If you have doubt, code C and comment on your doubt.

Step 2. Judging. Starting with the first superitem,in the set, study

the stem and then question (a) and determine %f it 1s appropriate. Once you
have decided write A, B, or C in the appropriateness box in back of question a.
Study question (b) in the same superitem in the same manner. Consider

subsequent superitems and questions similarly.

M
<y
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Task 6. Fill out the following questionnaire.

Naéé

School

Grade level you teach
Wumber of years teaching ___

Sex Ethnicity

Task 7. Now put all of the superiteas and this questionnaire in the big
envelope and return it to Duane Kleinschmidt. B

b

Thank you for completing this set of ‘tasks. You will receive a check for

$50 for your effort within the next few weeks.
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Appendix B

WAUSAU TEACHER'S JUDGMENTS
Tables B-1 to B-6




Table B-1

Frequency of Judgments into Six Content Categories by Eight Grade 1Z legchers

Type of Item

F Unfamiliar " 0 0 0 1

Teacher's Judgment A ‘ TR c D N F
(9 items) (7 items) (4 items) (6 items) (7 items) - (7 items)

*A Numbers and Numeration s4 - 21 | 0 7 1 17

“ B Variables and Relationships 8 26 | 0 | 1 4 8
C Size, Shape ;nd Position 1 0 19 : 5 0
D Measurement \ l | 1 20 13 ‘ 30 4
E Statistics and Probabilfity 7 7 0 4 47
| 0

*Problem A~3 was omitted from one teacher's review.




Table B-2 ‘ . | . i
: \
equency of Judgments into Six Content Categories by Six Grade 7 Teachers '

Type of Item \
& Teachers's Judgment A B. C D E E\E
ki (9 items) (7 items) (4 items) (6 items) (7 -items) (7 ite §3
A Numbers and Numeration 41 11 | 1 ' 5 3 16
B .Variables and Relationships 4 | 23 0 - 1. L 5
C Size, Shape and Position 1 0 17 9 " 11
D _Meaéurement 1 i 2 4 19 S 2 2
E Statistics and Probability- , 4 6 . 0 0 34 . 0
F Unfamiliar- ’ / '3 0 2 2 2 -8
. | . -
51

50




;

Table B-3

K&/

Frequenty—cfgﬂudgments-into—Six—GontenE—G&EQgeries—by—Six—GradeNA_Ieachexs

" Unfamiliar

Type of Item
Teacher's Judgment : A B c D E F
(9 items) (7 items) (4 1items) (6 items)qy (7 items) (7 ite@s)
A Numbers and Numeration ’ 42 2 0. 6 1 6
B Variables and Relationships 6 30 0 0 1 11
C Size,~Shape and Position : 0 0 14 71 . 0 7
D Measurement 2 2 .6 20 0 1
E Statistics and Probability . 2 2 0 73 40 11
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—_— Table B=4 S S
‘ \ '
. Frequency of Judgments'into Three Cognitive
Objective Categories by, Grade 12 Teachers ’
Teacher's Item Level o§ Cognitive Objective g
Judgment Comprehension . ‘Application i ‘Analysis .
Comprehension 208 61 22 )
Appiication 92 201 116 “
" Analysis 17 45 177
Other ) -3 13 5
i Table B-5
o ) y L3N “ ) N
Frequency of Judéments into Three Cognitive
Objective Categories by Grade 7 Teachers
. 6 / Item Level of Cognitive Objective
Compfehension Application Analysis
. - . ,
Comprehension 169 © 37 ‘9 ;
Application - 57 - 157 69 '
; ' h ¥
Analysis 17 45 177
3 13 < 5

*  Other -
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Table B-6
Frequency of.Judgﬁents into Three Cognitive

Objective Categories bvaradg 4 Teachers

\

A

: . RN
_Peachers' Item Level of Cogn;tlve Objective

Judgments ' Comprehension Application Analysis

Comprehension 129 33 15
Application ‘ 78 122 65

Analysis 33 82 160

Other _ a o : 3 - : 0

e

-
i
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Appendix C

“INSTRUCTIONS TO GRADUATE STUDENTS FOR JUDGING ITEMS

- |
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INSTRUCTIONS FOR SORTING TEST SUPERITEﬂS

Materials
You should Have

i
(1) a set off 40 superitems
(2) 1 large envelope
(3) a description of levels of reasoning
(4) Special Sorting Instructions

Tasks »

(1) Find the answers to each question for each superitem,

(2) You are then ' to sort the items into content areas according to
the special sorting instructions,

(3) You are then to decide the level of reasoning required by each
question,

(4) Place all superijtems in the large envelope and return it to
Brian Donovan.

o
~{
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Description of the Project

The purpose of this study is to develop a pool of mathematical

_problem solving situations and a set of items for each situation which

provide information about the student's qualitatively different levels

of~reasqning ability applied to that situation. The strategy being .
gsed is that for each problem solving situation, a set of "stfuctured
superitems" will be developed. Thus, a superitem contains a problem
situafion or stem and a set of questions about the information presented
in that stem. Four or five quéstions follow which can be answered

based on that information. However, the questions differ in level of
reasoning required to find the>answer.. The structure for deriving the
levels of reasoning id.the superitems is based on a five-level taxonomy
used to classify the structure of observed learning outcomes developed

by Kevin Collis.

Assuming that a satisfactory pool of items can be developed, a

sample of about 300 students from a population of 9, 13, and in-school

17 year olds will be given sets pf the items next September. In-
addition, they will be asked to éomplete a background questionnaire and
an attitude instrument. From this data we expect to demonstrate that
this procedure for assessing mathematical reasoning will be a viable
method of gathering, analyzing, and reporting data for large-scale
assessment projects épch as the National Assessment of Educational
Progress (NAEP) who has funded this project.

The informatioq derived should enable educators to identify levels
of learned outcomes which should be useful in examining differential

performance by diverse groups of students.

\ | 55
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Purpose of Your Work

The development of new tests takes a lot of time and effort.
After preparing a set of items, one neéds to know if the items are

valid. We are asking you to help'us make judgments about the validity

of a set of superitems. After working the items (Task 1), you are

\

to sort the items twice (Tasks 2 and 3) following the special sorting

instructions. The sortings will allow us to judge both validity and

appropriateness.
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Task 1. Open the set of superitems. Find answers to each of the questions
for each superitem. '

This. task is to faﬁiliarize-you with the superitems to facilitate the
sorting which follows. (We are not going to score you on number of items
you got correct.) However, please jot down any comments on-each page about
the items, wording, etc, as you do them. _Also, for one of the tasks»
the set of questions associated with each stem have been put
in réndom order. That would not be the case when superitems are given to

>

students. For them, the sets of questions would be ordered from least

AY

complex to most complex.



Task 2.

categories.
of the items. The term, validity, refers to judging whether the items
measure what they were intended to measure.

Step 1. Read the following information about

52
Special Sorting Instructions

In this task you are to sort the set of 4Q superitems'into six content

‘h

Content Sorting

The purpose of this sorting is to establish the content validity

‘

the content categories.

There are six «<ontent categories used -in this assessment:

F.

These content categories organize the domain, but are not intended to be

represented equally in the assessment.

A,

Numbers and Numeration

Variables and Relationships

" Size, Shape and Position

.

Measurement

Statistics and Probability

Unfamiliar

Numbers and Numeration

This category deals with the ways numbers are used, processed or written.
Number properties éﬁd order relations are also included.

Variables and Relationships

The questions in this content category deal with facts, definitions and
symbols of algebra; the use of variables in equations and inequalities;
the use of variables to represent elements of a number system; functions

and formulas; and coordinate systems.

4

Shape, Size and Position

The questions in this content category measure objectives related to

school geometry. The emphasis is not on geometry as a formal deductive

system.

-

The questions concern plane and solid shapes, congruence,
Y

Yo«

4

-
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similarity, propefties of triangles, properties of quadrilaterals,

constructions, séctions of sélids, other basic theorems and relationships,,
rotations and symmetry.
D. Measurement
'
These items cover appropriate units; equivalence relationsj instrument
reading; length, weight, capacity, time aqg temperature; periméter,

areq‘énd volume; non-standard units; and precision and interpolation.

E. Statistics and Probability

This content area, statistics and probability, assesses data collection;
‘organiéing data with tables, charts, graphs; finding patterns in data,
interﬁreting and analyzing déta; drawing inferences; making generalizations
and predicting oﬁtgdmes.
F. Unf#miliar
This content area antains informatiop which is not a part o% a mathematics
progfam. While in each of the other categories, some priéF information
about the mathematical ideas can be assumed to have been t;ught in schools,

in this category that is not the case.

Step 2: Sorting. Starting withothe first superitem in tge set (each
superitem is on a separate page) stud& the stem to determine what it tests.
Little atténtion should be given to such characteristics as difficulty,
relative quality of distractor§ (incorrect alternatives), or to léngth of

the item stem. Instead, attention should be focused on the content which

a student should be familiar with to find the correct answer.” Oncé you have

4 i
i
4

decided what content it tests, put it down. . \
Study the second stem in the same fashion. If you decide that ‘the first
and second superitems test the same content, place it with the firstlstem.

L4

Otherwise, form a second category.

62
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. »Consider subsequent_items similarly and in each case decide the content
the superitem tests.

Step 3: Resorﬁing. Review the six categories. Check to see that all

-

° - items within a category are--to your satisfaction--similar with respect to

what content they test. When they are not, sort inappropriate items into

other categories.

Step 4: Labeling. When you are satisfied the items are in approptiate

categories, label e%ch item in the upper left-hand cormer with the letter
A, B, C, D, E, or F associated with each content category. Please use the

red marking pen to make this label.

>

ERIC

Aruitoxt provided by Eic:
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Task 4. Judgment About the Level of Reasoning
In this task you are to judge which of four levels of reasoning is"
required by each of tﬁe questions in each superitem. The purpose of this.

judgment task is to establish the construct validity of the questions in

each superitem.

Step 1. Read the following information about the levels of reasoning.

A. Comprehension
B. Application

C. Analysis

Introduction: A Response Model

The SOLO taxonomy was designed as a response model. The basic idea
-being that the child is given information or data and asked a question,
which can be answered by reference to thé informétion provided. The
child's response‘is classified as belonging to one of the five levels

to the way in which the response 1is structured.
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The Categories

There are five basic categories into which responses méy be classified

using this method. They are set out diagrammatically below:

5 ’

.

SOLO and Response Description .

’ _ Resporse Structure
soLe : Cue _ Response’ B
Description : . = x .
: ' _ x
Extended Abstract R S

Relational. x

Multi-structural .
KEY: Kinds of data useq‘:

X =« Irrelevant onlmporoérhu

e * Related and given in nﬁsphy

0 = Related and :wpotheuul.\.

Uni-structural A
not given, y

| | -

|
z

[
[¢]
o
o
X

Pre-structural’

ty

CooOoeee e x

4,

v

The above diagram is meant to cover the general case, For particular

content areas, certain idiosyncracies peculiar to that area need to be taken ,

<

into account. For mathematics the following can serve as a highly condensed

LRIC




summary of response models which are meaningful within the content of school
based mathematical material.
Summary of- Response Modes . . N

| UNI-STRUCTURAL RESPONSES

s Marked by a single direct telationsh@RAto concretely (either physicaily
‘ or iconically) available criteria '

- MULTI-STRUCTURAL RESPONSES

<
t

Thé ability to handle multiple operations with small numbers by a series
of meaningful closures, for instance, may be seen as analogous to using
a sequence of given propositions to support a particular judgment in
other content areas B

RELATTONAL RESPONSES

.

The individual relates elements within the immediately available
concrete system and forms generalizations on this basis

EXTENDED ABSTRACT RESPONSES

Accepéance of lack of closure, use of the reciprocal operation and
ability to work with multiple interacting and abstract systems involve

a comprehensive use of the given data together with related hypothetical
constructs '

Sugéritems

Cureton (1965) seems to have been responsible for coining this, term to

4
2

describe sets of queétions which were~55£ed about.a particular prqblem

. . situation. Typicélly the problém situation would‘be deseribed 1nkéhg
stem which wouiﬁ cogsist of a paragraph describing the problem and tﬁe

- items would consist of a se;ies of questions which could be answered by

reference to the information in the Stem. Cureton's basic interest

\ .
was methodological but others (e.g., Wearne & Romberg, 1976) have used

the notion since to develop tests of mathematigal problem solving.
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3

-
§

This latter wourk showed that the tests were useful because they [rovihed

‘more information abuut the student as well as a more refined deagure of | :
‘the qhild?S problem—solving ab;lity. ﬁoweyer, the? did not give inform;tion

about thé level pf a child's reasoning in respect of éaéh'problem situation.

It is this-latter aspect that this project is designed to shed light.on.

It 1s hypothesized thatj by using the SOLO technique'in'revérs% as

1

it were, one ought to be able to design items such that a series of questions

on the stem would require a more and more sophisticated use of the information .
# " : .
in the stem in order to obtain a correct result. This increase in

N .

sophistication should parallel the increasing complexity of structur

q

noted in the SOLO categories.

Criteria for Construction of Superitems

R}

. . . . : . ‘ ¢
Clearly the construction of these items consists of two parts, the

writing of the stem and the construction and writing of question§\to"keflecgz

3

the SOLO levels. The latter req@ifes that suitable criteria be set up to
enable four questions to be asked which would not only require a knowledge_ .-

of the information in tﬁe‘stem but would also be such that a correct re- .

\
Rl

sponse 'to gach question would be indicative of an ability to respond to the
1S

infofﬁation in the stem at least at the level reflected in the SOLO structure

of the particular question. To achieve this last; the following criteria

y

weré set up for designing the questions:
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1. ggi—structural; Use of one obvious, piece of information -
’ . , coming directly from the stem.
. %

2. Multi-structural: Usé>of two or more discrete closures
. - directly related to separate pieces
of information contained in the. stem.

3. " Relational: Use of two. or more closures directly related
i to an integrated understanding of the information
. in the stem. C .

4. Extended ABstract: Use of an abstract general principal or
: o hypothesis which is derived from,or
suggested by the information-in the stem.

\
In each superitem the correct achievement of the first question

[}

would indicate an ability to respond to the problem concerned at at

least the uni-structural level. Likewise success on & second question

corresponds to an- ability to respond at multi-structural level and so on.

N a

-

Step 2. Judging. Startirg with the first superitem in the set, study

a qdestion and dépermine the level of reasoning that is needed. Once
. o .

you -have decided what level of reasoning is appropriate; write 1, 2, 3, R

-

oér 4 in red in front of the question. t Vg

»

Stuay‘ﬁhe next question in the: same superitem in the same fashion
. and follow the same procedures. Consider subsequént questions®*for
] * N

4

each superitem.

te




Appendix D

\
‘TEST ADMINISTRATORS' MANUALS AND SAMPLE TEST

BOOKLET FORMAT AND INSTRUCTIONS TO STUDENTS

(Notef

The manuals pertain to two test formats,
Booklet 1 and Booklet 2. Booklet 1
contains the superitems in the format,
which is discussed in this report. The
content and format of Booklet 2 will be
examined in the second report in this

series.)
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Grades 4,6, 8

Test Admmlstrator s M#nual

|
Mathomatlcs Prob em-Solvmg Test

. Booklets 1& 2
. /

FoJms UMRY, UMR2, UM%#; UMR4, UMRS (Booklet 1)
‘Forms U, M, R, u7, UR, MR (Booklet 2) /

/




63

GENERAL) DIRECTIONS

i

Introduction

The purpose of this testing program in mathematical problem-solving is to
examine the validity, reliability, usability, and item structure of 35 test
problems called superitems prior to their possible use in the National
‘Assessment of Educational,Progress. Measures of related factors such as
attitude toward mathemat1cs, student background, and general verbal ability

. are also included.

Materials

Each student will need:

1 test envelope (contains both Booklets 1 and 2)
- 2 sharpened pencils with erasers
- library book or other schoolwork for use if finished early (optiional)

Fach test administrator will heed:

- watch or clock (stopwatch NOT necessary)
-1 test manual
- 2 sample student booklets, Booklet 1 and Booklet 2

NOTE: There are five forms of Booklet 1 and six forms of Booklet 2.1
The format and directions as well as both questionnaires and
the Similar Words Test are identical in all forms of a booklet;
only the mathematics problems differ. It is not necessary for
an administrator to have all forms.

Time Schedule

These materials, are developmental; therefore, the times given below are
estimates based on trial administrations. Some students will finish garly.
Others may need a few minutes longer,

NG It is important that the information for each student be as
complete as possible. You may-adjust the time schedule -
accordingly. (EXCEPTION: The 6-minute limit for the Similar
Words Test may not be changed.)

Booklet 1 (sitting 1) . Time Estimate
- cover, directions, sample problem 10 minutes o
- 7 mathematics problems 40 minutes™ R
(each with 3 parts)
: mathematics questionnaire 15 minutes

]800k1et 1: Forms UMR1, UMR2, UMR3, UMR4, UMR5

Booklet 2: Forms U, M, R, UM, UR, MR




Time Estimaté

-Break ; : | optional length

Booklet 2 (sitting 2)

. cover, directions - 5 minutes
- Similar Words Test 6 minutes (Timed)
10 mathematics problems 40 minutes
" (each with 1 or 2 parts) |
- student questionnaire 10 minutes

\

\
|

Monitoring the Testing
- mathematics problems (sitting 1 and 2)

Some students may find all or some parts of the mathematics problems
difficult. Reassure them, as necessary, indicating that they may not
yet have learned how to do these kinds of problems.

Encourage them to try‘every part of every problem but not to spend
too long on any part. (See specific directions below.)
A,

- mathematics test (sitting 2 only)

For sitting 2, due to the technical demands of this test program, the
six forms of the test vary in length and difficulty. *You may find
that some students finish considerably sooner than others. Therefore,
you may wish to have students prepared with a library book, or other
schoolwork, for sitting 2.

Certain prob]ems from sitting 1 are repeated in sitting 2. It is

important that students redo these problems and not be allowed to
refer back to sitting 1 (Booklet 1).-

Distribution of Test Envelopes

o

The test booklets have been packed and the envelopes boxed in random order.

Do not remove the tests from the envelopes and keéep the envelopes. in the order
they have been boxed (as much as possible). Distribute one envelope to each
student, after they have been seated (or place’ the enve]opes on the seats prior
to students' entering the room). If this procedure is followed, students’
sitting near-.each other.will not have the same test forms, except by chance.

a

Return of Test Materials

Since these test items may be used for the National Assessment of Educat1ona1
Progress, it is important that test security be maintained. All test booklets,
manuals, extra envelopes, etc., must be returned to your central office.

, | 70
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SPECIFIC DIRECTIONS (Booklet 1/Sitting 1)

N

Material enclosed in boxes below is reprinted |
directly from student test booklets.

SAY {or paraphrase])f Please do not open your envelope until I ask you to

DO:

SAY:

D0+

.SAY:

READ:

do so.

‘If you p]dn to collect the envelopes between sittings 1 and 2, direct

students to write their names on the envelopes. Otherwise, this is
not necessary.

There are two test booklets in ybur envelope. Take out Booklet 1--
it has a green cover, Leave Booklet 2 in the envelope.

Complete all the information on the cover of Booklet 1. Make an X
in the box next to "Boy" or "Girl." Stop when you see the STOP
sign. ’

\ . ’

If students do not know their year of birth, please ascertain this
from the school office after the testing. Make sure students give
their current age.

Open your booklet to the directions on page 2.
o .

Read the directions silently while I read them aloud.

DIRECTIONS

This booklet contains:

1) 7 mathematics problems
2) a mathematics questionnaire . .

You will not be graded on any of this work. But it is important that you
answer as accurately and carefully as you can because your test results
will be used for the National Assessment of Educational Progress.

Each of the seven mathemdtics problems has Parts A, B and C. Use the extra
space to do your work. Then write your answer on the line. If you don't
know an answer, leayg the line blank.

" Now please do the ex?ample. Stop when you see the sign.

You may paraphrase all directions as required to better communicate with your

students.

3 ‘o

L




DO:

SAY:

READ:

SAY:

DO:

SAY:
DO:

READ:

SAY:

READ:

SAY:

66

Allow about 3 minutes working time for the example. (The example is
somewhat easier than most problems, for which about 5 minutes is
suggested. )

Move about the room and see that studenfs go right on from Part A
to Parts B and C, and that they put their answers on the lines.

Do not assist them with the example.

<
8.

4 Stop working. Turn to the next page, page 4.

a
..

Here are the answers for the example. Read and.compare them with your answers.

You may look back at page 3 at your answers, but do not change them
or write anything else on page 3.

@

Pause briefly while the students flip backAahd forth from the answers
~-to their work.

Now look at page 4 while I explain the answers.

Read through the answers and explanations briskly. Do not discuss
the example further,

{ A. If 14 is put out, what number was put in?
l

1
:
| S—

msuvzal 4

The answer for Part A is 4 because the information in the problem
said that when 14 is put out, 4 was put in..

B. If we put in a 5, what number will the machine put oug?

17

ANSHER

5+5+5+2=17

. OR
& <5*5>+2=/7

The answer for Part B is 17 because 5 added three times is 15, ﬁ]us v
2 more is 17. Another way to do Part B is 3 times 5 is 15 plus 2 °
more is 17.

o

4 7




READ:

- SAY:

00:

SAY:

READ:

o

~

€. If we got'outba 41, what number was put in?

P
Ao

l“..2=3q _. | : :\NS'JER | ,3

- 39+3=3, :

The answer for Part C is 13. First we subtract the 2 that was
added. So, 41-2 is 39. That tells us that some number added 3
times gives 39. If we divide 39 by 3, we get 13. So the answer
is 13. _ ‘

Now look at the top of the next.page, page 5. Read it silently
as I read it aloud. A

The test begins on the next page. You will have 40 minutes to complete the
seven problems. Try every part for each problem but don't spend t0oo much
time on one part. If you have time, you may go back and try any part you
could not do at first. .

SAY: -

Turn to page 6 and find problem #1. | “

Remember, you may use the extra Space_to work. Then write your
answer on the line. Keep working until you see the STOP sign.
Begin. ' . '

Do not assist the students with the test; this includes not helping
them read the problems. Keep your responses to any questions

noncommital. 0

i)

Allow about 40 minutes working time (estimate). IMPORTANT: Slightly
over 5 minutes has been suggested for each problem, Therefore, after
5 minutes have passed, most students should have begun problem #2;
after 10 minutes, most should have begun problem #3; etc. Move about
the room to insure that students are working at this pace, encouraging
individual students to move on-as necessary. (GRADE 8 students may

be instructed to pace themselves--that is, to give themselves about

5 minutes per problem. Do not ask this of GRADE 4 & 6 students.)

_Stop working. Now turn to the mathematics questionnaire on page 20.

For this’questionnaire you will read sentences that describe feelings
about mathematics. If the sentence tells how you feel, make an X

~in the box under true. If the sentence does not tell how you feel,

make an X in the box under false. The Sentence might be mostly true
for you or mostly false. .Or, you might make an X under "I don't know."
Mark only one box for each sentence.

I will read the quéstionnairevto you. .Look at the top of page’ 20.
It says . . ‘

s . - 7D
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DO:

READ:

E

After the first sentence, make surevstudents have marked only 6ne

box.

Check agdain after the second sentence.
about 30 second$ per sentence (total reading and response time).

Then go on, allowing

Il.

MATHEMATICS QUESTIONNAIRE

WHAT DO YOU FEEL WHEN YOU TRY TO SOLVE A MATH PROBLEM? >

For each sentence please put an X in the box that best describes your feelings.

I feel there is something that keeps me from
getting at the problem, a sort of fence I
can't get across. .

mostly I don't mostly
false false know true

true

For each sentence Please put an X in the box that best describes your feelings.

[ feel 1ike I am inventing something when I

am solving a problem.

When I start a problem, I feel completely in

the dark. .

If I can't find the answer, [ feel defeated.

When I discover a way to do a problem, I

feel better. :

“Wwhen I see a problem, I want to give up

right away.

If I find the answer right away, I feel

satisfied.

WHAT DOES DOING MATHEMATICS MEAN TO.YOU?

It means doing something basic which is the

key to everything else.

It does not mean anything, it is nonsense.

It is doing something that you are told to

do and that you have to keep doing over and

over like a machine.

It is doing something which I think I just

can't do. . .

It is consténtly discovering something new.
20 .-

mostly I don't mostly

false false know * true

true
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J 1. (continued) .
o : ) @ mostly I don't mostly
’ - false false  know true true
13. It is doing something required, something
you have to do.
14. It is a way of training my mind.
15. It is trying to find connections between
. different things. ’
I1I1. WHAT DO YOU THINK OF THE FOLLOWING SENTENCES? ~
‘ For each sentence please put an X in the box that best desé?ibes your feelings.
mostly I don't mostly
false false know true true

‘16. When you do mathematics, there is no room for
your personality. Everything you do has been y
done before, everything has been planned.

17. "Mathematics builds a strong personality.

18. Mathematics may sometimes cause destruction;
just think of the atomic bomb.

19. Mathematics gives you the pleasure of
creating something. ;

20. Mathematics means another world in which I
feel at home.

21. Working with mathematics helps you build a
well-balanced personaltiy.

e

22. Hathematics helps you develop good reasoning.

23. When you are deeply involved in math work,
you have trouble quitting. Therefore you
must not get too involved in it.

24. Doing mathematics simplifies everything too
much; it takes away the beauty of things.

25. Those who do too much mathematics risk
losing touch with the real world.

21

.

SAY: This is the end of the first part of the tegt. Please put your
booklet back in the envelope.
DO Give the students a break. (If you collect the envelopes, for your
. convenience make sure student names are on them.) N
Q . o '
ERIC | - 7 o

P s /
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SAY:

READ:

SAY:

ERIC
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SPECIFIC DIRECTIONS (Booklet 2/Sitting 2)

Take out Booklet 2--it has a pink cover.

Write your name on the 1ine; Then open your booklet to }he directions

on page 3.

Read page 3 silently as I read it aloud.

oxdsg&xons

This booklet contains:
1) a Similar Words Test

2) 10 mathematics problems
3) a student questionnaire

Read the directions below for the similar words test. Stop when you

see the sign.

SIMILAR WORDS TEST ¢

In the test on the next paae there are rows of words. ONE word in each
row does not belong. Here is ap example: .

EXAMPLE. yellow green white . ( wet red

The word "wet" does not belong with the others because all the other
words are the names of colors. So "wet" is circled.

You will have 6 minutes to work. Do as many rows as you can. If jyou are

not sure about an ansyer, circle the word you think it is.

Now turn to pagé 4. Do not begin working until I ask you to do so.

¥ -4

Remember, circle the one word in each row- which does not belong.

Please try every row. - Begin working.

7‘3

[o0]
Cra




DO:

SAY:

. READ:

" SAY:

DOﬁ

SAY:
DO:

71

This is a timed test. Allow exaccly 6 minutes. Move about the .
room, making sure students try each row but do not dwell on one
row.

Stop working. LooK at the top of page 5. Read it siient]y as I
read it a]oud. ‘ : :

!
1

- I

There are ten mathematics.problems in tHe next test. They are like the
problems you did in Bboklet 1. But for this test some students will do
only Part A for every pfoblem. Some students will do only Part B or
Part C. Others will do Parts A and C, and so on.

You might have some problems. from Booklet 1 to do again; please do ‘the
work for them again. 0o NOT look back at Booklet 1. ’

You will have;g?nﬁnutes to complete the 10 problems. Try every problem.
If you have time, qo back and try any part you could not do.

S

Now turn to the next page,‘pade'ﬁ' find problem #1 and begin wcrking.

(OPTIONAL: If you finish this test ear]y, you may take out other
work, or, read a library book.)

'A]]ow about 40 minutes working time (est1mate)

As noted above, for sitting 2 the mathemat1cs tests vary in length
and difficulty. Some students, for example, have only one
easy part per problem; others have two hard parts. Therefore,

students may move through the ten problems at quite different speeds.

On the average, however, about 4 minutes per problem is suggested
(whether 1 or 2 parts are included). After 4 minutes, most students
should have begun problem #2; after 8 minutes most should be on
problem 3; etc.

Some students may have problems from sitting 1 egeated in sitting 2;
they must redo these problems without referring back to Book]et 1.

Stop working. Turn to the Student Questionnaire on page 26.

GRADES 4 AND 6--read the questionnaire to the students.
GRADE 8--students may complete the questionnaire independentiy.

You may assist the students as necessary with this questionnaire.
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! STUDENT QUESTIONNAIRE .

&
~

or 'each sentence put an X in ONE box, like this: @

-

"

Does your family: get a newspaper regu]arly7 ‘

D Yes D No o ‘ i D ldon't, know. }

\Does your family get any magazines regularly?

D Yes 4 D No V E] I don't kno\;. 4

|
3. Are there more than 25 books in your home? ve |
[ ’ ' ¢ 1
.. | l Yes l—_l No I l 1 don't know. ' 3 i
\ . :
4. Is there an encyclopedla in your home? -

D Yas D"No ‘ D r‘I don't know. /
5. How much school did your father complete?

(x IN THE QNE BOX which best shows how much school your father completed }
bld not complete the 8th grade '
éomp]eted the 8th grade_‘, but did not go to high s;hoo’l
Helnt to high scyhool, put did not graduate from high school

:‘Griﬂduated from high school

!

. Some education after graduation from high _;§.choo]

0 DDDDD

I do\n't know.

6. Did your father graduate from.a.college or university?

D Yes D No D I don't know.

26 Go right on to the next page.

. - - , : ey

[RIC - S

Aruitoxt provided by Eic: 9

I3
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7.

10.

How much school” d1d/your mother comp]ete"

(X IN THE QUE BOX which best shows!how much school your mother completed.)

Dled not complete the 8th grade

0
O
L]
L

D [ don't know.

Did your mother graduate from a college or university?

D Yes D No

Comp]e-{ed the 8th grade, but did not go to’high school
Went to high school,
G;'aduat@d from Righ school

Some education after graduatioﬁ from high school

but did not graduate from high schopl

D I don't know.

The metric system uses units like centimeters, liters, and kﬂograms

you used the metric system of measurement? r
D Yes D No

How often have you used the metric_system in mathematics?

D Often D ,Sbrﬁe’times D Never

5

E I don't know.

s

-

t

D‘ I don't know.

Have

.

13.

v Q
How often have you used a hand calculator?

D Often D Sometimes D Never

Do you or your family own a hand calclaton?

D Yes D-Y..NO \\D 2 don"t know.

€

Does your school have hand calculators that you-can use in mathematics class?

D Yes D No D Ido.n‘ﬁ kﬁow. "~

D I don't know-

Please put your booklet back in the envelope.
Thank you for your help. 7

SAY:

grsie

-

This is the end of -the test.

4 - s
a

Put your booklet back in thehénvelppe.

o
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- DIRECTIONS e
This booklet contains: : Eg i

1) 7 mathematics problems
2) a mathematics questionnaire

You will not be graded on any of this work But it is important that you
answer as accurately and carefully as you can because your test resu]ts
will be used for the National Assessment of Educational Progress

Each of the seven mathematics problems has Parts A, B and C. Use the extra
space to do your work. Then write your answer on the line. If you don't
. know an answer, leave the line blank.

/
Now please do the example. Stop when you see the s1'gn.

" . EXAMPLE : o

EX. This is a machine that changes numbers. It adds the number you
N put in three times and then adds 2 more. So, if you put in 4,
it puts out 14.

A. If 14’1s¥put out, what aumber washbut’in?

ANSKER -




\
76 \
\ \
! \\
B. If we put in a 5, what number will the machine put out?
: ! \
| : \
~ - j -
R
ANSWER __|
| S \
1 : \\
| : ! \
: 9 B
v i \\\
: \
L, ‘x
\
{
\ i
I ¢ .":
‘ o , . 1
C. [f we got out a 41, what number was put in? \
' .l
\
|
ANSWER t
Y ‘
| ! |
|
| |
STOP Do not ao on to the next
k - page until told to do so.
O B " . | . ‘5
ERIC

i
8‘;“ ) ‘

|
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Here are the answers for the example, Read and compare them with your an;wers. -

[\

A, If 14 is but out, what number was put in?

\

‘u : |  ANSKER | 4

B. If we put in a 5, what number will the machine put out?

5+5+5+2=17 . u _ ANSHER 17

OR

@*9)*2=17

C. If we got out a 41, what number was put in?

13

L“"_Z =39 ANSHER ~
39+3=13

ERIC

Aruitoxt provided by Eic:
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The test begins on the next page. You will have 40 minutes to complete the
seven problems. Try every part for each problem but don't spend too much
time on one part. If you have time, you may-go back and try any part you
could not do at first. ’

STOP Do not go on to the next
* page until told to do so.

~-
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GENERAL DIRECTIONS

Introduction

The purpose of this testing program in mathematical problem-solving is to
examine the validity, reliability, usability, and item stricture of 35 test
problems called superitems prior to their possible use in the National
Assessment of Educational Progress. Measures of related factors such as
attitude toward mathematics, student background, and general verbal ability
are also included. T .

¢

Materials

Each student will need: ¢

-1 test e;ve]ope (contains both Booklets 1 and 2 and one sharpened
pencil '

- library book or other schoolwork for use if finished early (optional)

Each test administrator will need:

- watch or clock (stopwatch NOT necessary
-1 test manual ' »
- 2 sample student booklets, Booklet 1 and Booklet 2

NOTE: There are five forms of Booklet 1 .and six forms of Booklet 2.
The format and directions as well as both questionnaires and
the Similar Words Test are identical in all forms of a booklet;
only the mathematics problems differ. It is not necessary for
an administrator to have all forms.

Time Schedu]e‘

" These materials are developmental; therefore, the times given below are

estimates based on trial administrations. Some students will finish early.
Others may need a few minutes longer.

“ It is important that the information for each student be as
complete as possible. You may adjust the time schedule
accordingly. (EXCEPTION: The 6-minute limit for* the Similar

. ‘ Words Test may not be changed.) )
Booklet 1 (sitting 1) ‘ Time Estimate
. cover, directions, sample problem 10 minutes
- 7 mathematics problems 40 minutes
(each with 3 parts) = ‘
* wathematics questionnaire 10 minutes

TBooklet 1: Forms ST, S2, S3, S4, S5

Booklet 2: Forms M, R, E, MR, ME, RE G
, . o X4

1

S |

[+3
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“Time Estimate

Break . optional length
Booklet 2 (sitting:2) ‘«
- cover, directions 5 minutes
- Similar Words Test : 6 minutes (Timed)
- 10 mathematics problems : 40 minutes
(each with 1 or 2 parts)

- .student questionnaire . 10 minutes-

4

Distribution of Test Envelopes

The test booklets have been packed and the envelopes boxed in random order.

Do not remove the tests from the envelopes and keep the envelopes in the order
they have been boxed (as iuch as possible). Distribute one envelope to each
student, after they have been seated (or place the envelopes on the seats prior
to students' entering the room). If this procedure is followed, students
sitting near each other will not have the same test forms, except by chance.

Return, of Test Materials

Since these test items may be used for the.Nétiona] Assessment of Educational
Progress, it is important that test security be maintained. All test booklets,
manuals, extra envelopes, etc., must be returned to your central office.

x
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SPECIFIC DIRECTIONS (Booklet 1/Sitting 1)

SAY (or paraphrase]): Please do not open your envelope until'asked to do s~.
DO: Distribute the envelopes.

If you need to collect the envelopes between sittings 1 and 2, direct”
the students to write their names on the eﬁve]opes OtherW1se, this
is not necessary.

4

- cover, directions, sample problem - 10 minutes

SAY: There are two test booklets in your envelope. Take out Booklet 1
(blue cover). Leave Booklet 2 (yellow cover) in the envelope.

(Pause. )
Please complete all the information on the cover of Bookiet 1.
(Pause.)

Now read the directions on page 2 and comp]ete the sample prob1em
on pages 2 and 3. Then go right on to pages 4 and 5.

DO: AlTow about 5 minutes. Do not assist students with the example.

- 7 mathematics problems 40 minutes

SAY: You have 40 minutes for the seven problems, so you should pace
yourself and spend no more than 5 or 6 minutes per problem.
Remember, use the extra space to do your calculations, and then
put your answer on the line. Begin working.

DO: Allow about 40 minutes working time (estimate). It is more important
that complete information for every problem and every student be
attained than it is to adhere str1ct]y to this time estimate.

Slightly over 5 minutes have been suggested for each problem.
- Therefore, after 5 minutes have passed, most students should have
NOTE begun problem #2; after 10 minutes, most should have begun problém
‘ #3, etc. Monitor the test to insure that students are work1ng at
th1s pace; encourage individual students to move on as necessary

Do not assist the students with the test; this 1ﬂc1udes not he]p]ng
them read the prob]ems Keep your responses to any questions
noncommital. _

T

]You may paraphrase all d1rect1ons as requ1red to better communicate with your
. students.

3. Sf) ' o

2
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SAY: Stop working.

rl mathematics questionnaire 10 minutes

SAY: Now turn to the mathematics questionnaire on pages 20-21.

You have about 10 minutes to complete this questionnaire which asks
5 "you to describe your feelings about mathematics. Please answer how
you feel. Mark only one box for each sentence. Begin working,

D0: Allow about 10 minutes for the questionnaire;
| SAY:  This is‘the end of the first part of the test. Please put Booklet 1
back in the envelope. .
Do0. Give students a break. (If you collect the envelopes between sittings,
make sure names are on them.) ‘ .

3
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SPECIFIC DIRECTIONS (Booklet 2/Sitting 2)

- cover, directions 5 minutes ‘
SAY: Take out Booklet 2 (yellow cover). Leave Booklet 1 in the envelope.
(Pause.) -

\\\ ’
Write your name on the line. Then read the di?éctions on page 3.
Please do not go on to page 4.

(Pause.)

©

(T'Similar Words Test ,6 minutes (Timed) |

SAY: Now turn to page 4 and begin working.

DO: This is a timed test.” Allow exaét{y 6 minutes.

SAY:  Stop working.’

. lo_hathematics pfob]ems : 40 minutes

SAY: Read the directions on page 5.

e
- \

(Pause.) : , 2

You will bé asked to do some parts of some problems from Booklet 1
again. These repeated problems are a special part of this testing
program. Do them again and do not refer back to Booklet 1. ’

There is an error in your booklet, which says you have 30 minutés.

You have about 40 minutes, so you should spend no more than 4 minutes
on one problem, If you finish early, go right on to the questionnaire.

00: Allow about 40 minutes working time (estimate). “ _
Students will have some problems fro , Sitting 1 reéeated in sitting 2;‘
they must redo these problems withoq?\referring back to Booklet 1._

For sitting 2-the 6 forms of the mathematics test vary in length and
- difficulty. Some students, for example, have only one easy part per
- problem; others have two hard parts. Therefore, students may move

through the ten problems at quite different speeds. .

On the average, however, about 4 minutes per problem is suggested
(whether 1 or 2 parts are included). After 4 minutes, most students

, shquld have begun problem #2; after 8 minutes most should ‘be %n '
problem #3; etc. : '

92

.
Q . . an




SAY:"  Stop working.
= :;_sﬁudent qugitig?nairg | w.19‘minutgi~;J
SAY: If you Have not begun the quegtionnaire on paée 26, please do so.
DO: AlTow about 10 minutes.'df
’ SAY: This is the end of the test. Be sure you put both booklets back in

&1

the envelope. You may keep the pencil if you wish.

o

Ll

.

L
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— ?
L]



You will not be. graded’on any of.this w5?k
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DIRECTIONS

- 4 N
. L . . . , . , g
. .

< -, . s . 3

This booklet-contains: : ' ‘ N e

1) 7 mathematics problems ~ .
2) a mathematics quest1onna1re

~

But it is impontant that you
answer as accurately and carefully as you can because your.test resu]ts
will be used .for the National Assessment of Edufat1onaﬂ Progress. - o :

Each of the seven mathematics problems has-Parts A Bs C and D. Use: the .. . .

extra space to do your work. Then write your answer on. the line. If you~
don't know an ‘answer, leave the 11ne b]ank Cor o .
- . ‘

'

Now please do the example. f Stop when you see the sign. ‘ T

X

' - .
. o Ed ' 8
. w >, . -
L . .

EXAMPLE

;

N ) 4/53/ % ‘ \V |
Ex;:‘Th'E is a machine thatochanges numbers. It adds the number you S /(

H
|
!

put in three tines and then adds 2 more. So, if you put in 4,
it puts out 14{'

gt

i
, -
.‘ - o -
‘ , .
)
l

& l| — . ' : /
J ; . . ; ? . - . ‘,/
- A If 14 1s put oyt, what number was put in? IR "7

-

" ANSWER
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~— <
- . G . i } ‘ | ,
, ’ | oy ANSWER ]
N | |
& !
r [
- /
G
N o °
C. If we got out a 41, what number was put in?
“ ¥ 1 "
- . . ANSWER )
- \CX = o

D. If x is the numbér that comes out of the~machigewfwheh the number y is
put in, write down a formula which will give us the value of } whatever

the value of x. _ T\ " /

-

ANSHWER __ |

Yo
<
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Here are the answers for the example. Read and compare them with your answers.’

A. If 14 is put out, what number was put in?

e ANSWER Z+

B. If we put in a 5, what number will the machine put out?

<

B+5+5+2 =[7-

\ OR

(3+5)*2717

ANSWER

o

i 4

C. If we got out a 41, what number was put in?

3

/-”-2:367 - ANSHER
39+3=13

S

D.- If x is the number that comes out of the machine, when the number y is

put in,-write down a formula which will give us the value of y whatever

ﬂthe value of x. 3y+2: X

By=X-2 |
_x-2
Y= X2 Y= 5

——— e

23 ANSWER

Note: The formula x = 3y + 2 is not a
correct answer because you were

asked to give a formula for y in Q

IERJ!:‘ { crms Sf X,




The test begins on the next page. You will have 40 minutes to complete the -
seven problems. Try every part for each problem but don't spend too much
time on one part. If you have time, you may go back and try any part you

could not do at first.

o
i

Do not go on to the next
page until told to do so.
2’1




