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CHAPTER 1

THE PROBLEM

Introduction

The purpose of this study was to develop a paper-pencil
test of Piagetian levels of proportional thinking of junior high
school pupils in the context of physical science. This seemed
to be a desirable goal for several reasons:

1. The junior high pupil's proportionai reasoning ability
is of special interest. The age of thirteen, as Inhelder and
Piaget (1958) showed, is the common age for transiﬂion to formal
thought levels in proportionzl reasoning.

2. Preseht scizsnce curricula in the junior high school
include such content as dens;ty, quantitative relationships bf
chemical_reactions, genetic ratios and the Qynamic relationships
between force, ﬁass and acceleration. The establishment of the
level of proportional reasoning ability of a class of pupils would
provide a basis for the selection of appropriate curriculum content.

3. Instructional materials and instructional strategies
used by junior high science teachers are intended to develop, among
ofher outcomes, cognitive reasoning. Pre- and post-measures of
‘proportional reasoning levels would direct the choice and design

of appropriate materials and strateéegies of instruction.

1
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2

., Existing paper-pencil tests do not measﬁre the level of
proportional reasoning attained by the subjects. Mathematics tests
whose subtests purport to measure competency in using ratio and
proportion do so through seeking ome corréct answer. The other
answers available for selection do not have a logical basis and
make no contribution to determining the subject's level of pro-
portional reasoning in the Piagetian sense.

5. Taak interviews provide an intensive measure of a
limited population and are important as research tools. A
typical. interview requires about 20 to 4O minutes and estaﬁlishes
a proportional reasoning level for one person in one type of con-
tent. They are not, therefore, practically applicablé for use
with the large numbers of pubils with whom teachers meet,

6. Experience and techniques used in designing a paper-
pencil test from task interviews in proportional reasoning should
be applicable to other such test design;' Rigorous application of
the princiﬁles 6f criteribn—feferenced test design hés not been

frequently accomplished.

Statement of the Problem

Hypothesis and Task of Study

It was hypothesized in this study that proportional
reasoning in physical science may be measured ﬁy appropriate
criterion-referenced paper-pencil testing and that these

criterion-referenced paper-pencil tests would provide the same

11



kind and amount of information that could be obtained through the
use of other modes of examination.

The task of this study was to develop a set of paper~pencill
items to assess the Piagetian.proportional.reasoninghlével 6f ‘
pupils. The test to be developed should have these character-~
istics: 1) Require a 30-minute testing session. 2) Allow for the
measurement of large numbers of persors. 3) Use items with
different science content. U4) Have the reliability offered by
several measures of the same person. 5) Require no expertise of
Lhe test.administrator. 6) Be usable as a source of information
for determining the numbers of pupils at the various propertional

reasoning levels and which pupils are at each of these levels,

Definitions
Proportions, for the purpos:z of this study, are "two ratios
-t

that are equivalent" (Copeland, 1974, p. 160).

Proportional. reasoning levels, for the purpose of this

study, were the levels used by>ihhelder and Piaget (1958). They are
listed here in ascending order of complexity, with a description
Oof the kind of proportional reasoning pupils might use.

Preoperational Subject guesses or makes no ordered
connection between things which change.

Concrete I Subject compensates in some qualitative .

Operational way and may match direct ordered relations.
A < B < ¢ < 1
g < k¥ < L < M

12
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Concrete II Subject uses a rule, usually addition, to
Operational calculate increase or decrease and may
order corresponding relations with inverse.

g

< B < C < D

J > K > L >

Foxrmal I Subject calculates by multiplying or
Operational . using simple ratios, contrasts ratios
and can order them. 5/25> 2/25
Formal IT Subject uses proportions and recognizes.
Operational the appropriate proportion te be used.

A/B = C/D or A/B = C/D = E/F. Subject
wlll seek and refer to a general rule
linking the relationship. °

Criterion-referenced testing, for the purpose of this

study, is a testing referenced to the critéria of the discrete
levels of proportional thinking.' Item design and item selection
techniques are those of good criterion testing technique.

Performance criteria, for the purpose of this study, is

the level of performance which identified the behavior character-
'.istics of a person achleving the 1evél, a master, from a person

not achieving the level, a non-master. Potential masters and
potential non-masters were identifieq'by reason of maturity or
measurement. Grade 11 science pupils-were suppqsed, generelly, to
be masters of formal proportional reasoning while grade 5 pupils
were supposed, generally, to be non-mastersf Pigget and others in
the field suggest that most pupile would achieve formal proportional
reasoning only after reaching age thirteen. The performance
criteria of each proportional reasoning level for task interview

performance were derived from Piaget's descriptions. Performance

13



eriteria for paper-pencil performance were set at success on two-

thirds of the items for that level as discussed in Chapter 5.

Basic Design

This study was conducted in three steps or phases: an
initial trial or pilot phase, an intensive task testing phase with
40 pupiis to produce an initial item design, and an extensive:
paper-pencil testing phase with groups that in some cases exceeded

300 pupils from which the final item set was written.:

Phase I - Pilot SEE?V

In the pillot study the writer sought to assess whether it
might be possible to identify proportional reasoning 1§vels in the
pupils and to measure them with paper-pencil items.

Individual interview tasks were administered to a group of
pupils and different proportional reasoning levels were discerned
emong the pupils. Paper and pencll items derived from the tasks
were later administered to ‘the same pupils. It was found to be
possible with tasks to identify the different levels of proportional
reasoning to which the pupils had developed. These proportional
reasoning levels were found to be measurable with Paper-pencil

items.

Phase II - Task Interview Testing

In this phase the writer sought to measure proportional

reasoning levels of a sample of pupils by interview tasks and to

14



use this measure to validate and select an initial set of paper-
pencil- items.

Forty pupils were selected by stratifying all the giade
eight pupils of a school according to their ILorge-Thorndike total
score and : choosing pupils randomly within IQ score levels to
ensur: rai .. proportional reasoning ability. Extensive
individual cask testing on this saﬁple was carried out with
rigoroﬁsly defined tasks. Paper-pencil items were carefully derived
from the original tasks, written to four levels of proportional
thinking, and administered to the pupils. From the results of
this paper-pencil testing an initial set of ifems was chosen for

use in Phase TII.

Phase ITI - Paper-Pencil Testing

In the final phase the writer sought to produce a paper-
pencil test with an administration time of approximately 30
minutes that would measure proportional reasoning levels of
eighth grade pupils.

The initiallitem set was used with large populations of

~ grade eight pupils. The item responses were analyzed for their

ability to discriminate between proportional reasoning levels.
Items were revised or repiéced and the test was administered again.
Populations of masters, senior high science pupils, and of non-
masﬁers, grade five students, were also used. Ten versions of the
test were used. The validity and reliability of the final version

were measured.




CHAPTER 2

SURVEY OF RELATED RESEARCH LITERATURE

Because this stndy was concerned with the development of an
instrument for large scale measure of Proportional reasoning abiiity

- high pupils, three typ«s of literature were pertinent to |
the study: 1) studies of the formal stages of intellectual grow£h
of pupils, 2) studies of proportional thinking, and 3) studies of
measurenent with criterion referenced testing.

There is general discourse concerning Piaget's research
and there are scholarly statements of explanation like those of
Darley and Anderson (1951), Jensen {1973), Wood (197h4), Beistel
(1975), Herron (1975), ané Mallon :76) where postulates, guide-
lines and suggested instructional s° :tegies are proposed for
general science teaching and where tie problems of proportional
reasoning are discussed. Such discc. 7se and statements are not
reviewed in this chapter bhecause of their lack of research infor-
mation. Expert statements and procedural. recommendations in the
literature on criterion testing are reviewed because of their
interest to criterion test design.

Proportional thinking was tizssified by Inhelder and
piaget (1958) as a formal operational level ability. The studies
of formal operational stagesAare thus of concern. A proportion

is defined by Mandell (1974) as "a statement of equality of two
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ratios.” Studies of pupil operations with ratios as well as with
proportions are re&iewed. A criterion-referenced test as viewed
by Glaser and Nitko (1971) is a test that is deliberately con-
structed to yield measurements that are interpreted in terms of
performance standards. Criterion—referenged testing is concerned
with the measurement of individual and group performaance in
relation: :1p to established criteria. Professional étatements and

studies here dealing with the design of criterion-referenced tests

are important to the study.

Studies of Formal Operations

-~

Loigimz” Studies

“he description of formal operational thought originated
wir= -izgzet (1926). Specific attention to proportional reasoning

apperei later.

In The Growth of Logical Thinking, Inhelder and Piaget

.1959) zizscribed the study of intellectual stages of growth of
pearsons from five to fifteen years in age. The subJjects were
~wAividually given task intervimws, Fifteen such separate
~oyaat gations were conducted. (Etscernible levels of concrete and
% Irrmal thought were reported fix each investigation. Piaget
\1¢72) noted that individuals performing different tasks do exhibit
differs levels of thought. He suggested that the formal

or-:=zion tasks should be such that for subjects the situations

showi - involve equal aptitudes or comparable interests.

17



Piaget and Inhelder (1969) identified the emefgence of
proportional reasoning with the ages of eleven or twelve. Piaget
(1972) described the formal stage as being related to verbal
capacities and characterized the formal stage as a stage where the
capacity to reason in terms of verbally stated hypothesié appeared.
Piaget (1972) described the stages as resulting in a certain number
of overall structures which became necessary with development. An
important problem he noted was the time lag between solution of
problems in different areas. He reported that at certain ages-

'changing the material or situation used in testing .gave different
test resultc. Piaget (1964) identified maturation, experience,
social tramsmission and equilibration as factors which explain the
person's development from one set of structures to another. Such
development he saw as interaction with things. Xnowing an object
meant acting on it, modifying it and transforming it. It also
involves interaction with thought. This thought interaction is
the essence of equiliﬁration. Smeslund (1964) explained that the
difference between learning and equilibration is the difference
between the interaction of thought with things and the interaction
of thought with itsélf.

In summary, Piaget and his colleagues identif'ied a formal
stage of proportional reasoning ability emerging in early adoles-
cence; This stage should be discernible in the child's ability to
deal with spatial proportions, inertial speeds, probabilities and

related concepts in a verbal manner. Performance of the early

18
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adolescent in proportional reasoning should depend upon the content

of the problem and the child's experience.

Replications of Original Studies . -

Lovell (1961) repeated ten of the experiments described by
Inhelder and Piaget (1958) with 200 British pupils between the ages
of eight and eighteen. ILovell found that his resudis confirm:d the
main stages in the dgvelopment of logical thinking proposed by
Inhelder and Piaget., Lovell suggested that.few juniorxhigh pupils
reach the level of formal thought. He reported that the least‘able
students remain at a low level of thought. Some fifteen-year-olds
were found not to be at the first level of formal thought.

Zlkind (1961, 1962) used junior high, senior high and
college pupils respectively in a series of‘replication task inter-
views in the conservation of volume, mass and deunsity. Elkind
confirmed Piaget's finding of a regular age-related arder in the
conservation of mass, weight aﬁd volume,‘but did not agfeé on
acquisition of an abstract concept of volume by eleven- or twelve-
year-olds. He found only about 60 per cent of college freshmen
tested believed that the volume of a ball of clay remained constant
when the clay was rolled out into a sausage form,

Jackson (1955) studied logical thinking in normal and
subnormal children. He used six of the experiments of Inhelder
and Piaget with 48 British children with an IQ range 90‘to 100, and

40 British children with an IQ range 60 to 80. Jackson reported
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that the subnormal children showed only limited increase in
intellectual development beyond age nine, while the normal ones
displayed levels of thinking which generally éonfirmed the age
level statements of Piaget.

. DeVries (1973b) uz ! Pi.geviun .. _.s to compare the per-
formance of children classed as bright, average and retarded. She
asked two questions: with children of the same chronological age,
do higher IQ children perform better and with children_of the samé
mental age, do higher IQ pupils perform better? She reasoned that

‘if the answer to both questions is yes, then Piaget tasks measure
some type of intelligence, In the results, higher IQ pupils out-~
performed others of ths same chronological age but older children
(lower I outpe?formed others of the same mental age.

Dale {1970) reglicaici Inhelder and Piaget's first
chemistry experiments using 200 Austr#lian children from six to
sixteen years old. IHis findings did support the basic structure
of Piaget's theory of development of logical thinking with qge and
more specifically, the development of combinatorial thinking with
age.

Towler and Wheatley (1971) replicated Piaget and Elkind
conservation tasks with college pupils. In the 71 female subjects
studied at Purdue University, Towler and Wheatley found nearly
identical, 61 per cent versus 58 per cent, acceptable responses.,

Holloway (1967) reported that the child's conception of

geometry was realted to his/her intellectual development level. He
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noted that at the formal operatidnal stage the logic principle |
A = B, B = C therefore A = C appears.

Keasy (31971 studied formal opr ~~*ional thinking using
three age groups: sixth grade girls, éollege women and fifty-year;
0ld women. Five of'the experiments described by Inhelder and
Pizget (1958) were us=zd. Rezmlts showed the girls to be at the
lowest level, fifty—year-old:wﬁmen were intermediate and the
college women at the to?. Consistency betwéen age groups was
reported. Very few attained the formal operational level,

Bart (1971), Lovell and Butterworth (1966), and Lovell and
Shields (1S967), using Piaget tasks, suﬁstantiated that formal
operationzl skills have a large general factor. All researchers
used a pr;ncipal components analysis to analyze the task performance
of pupils. Bart, in his study, administered four Piagetian formal
thought tests, three formai’operational reasoning tests and a test
of verbal intelligence to 90 scholastically abové average pupils.
He also established that formal thought, as measured by Piaget's
tasks, has a substantial §erbal intelligence component as well as
a nonverbal intelligence component.

McKinnon and Remner (1971), using adaptations of Piaget
tasks, found that 50 per cent of college freshmen tested were
functioning completely at Piaget's concrete operational level. and
only 25 per cent of their sample could be considered fully formal

in their thought.
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svery replication s? . ..ted supported Piaget's model of
an ordinal sequence of development. Generally, replication study
iesults showed the stages of development came at later ages than
those reported by Piaget and Inhelder. This'observafioh was aleo'
that of Howe (1974) who reviewed the literature to determine the
extent of evidence to support the concept of formal thought; She
found the bulk of the evidence seemed to support that there is a
qualitative change in cognitive structure or reasoning_abiiity
beyond the level of concrete operations, no dependence on the use
of all the binary operations of propositional logic in the new

structure and more than one process involved in the development of

logical thinking beyond the concrete level.

Related Studies

Studies reported here’are related to Piaget's work with

formal operational thought. However, these studles are different

§
in that they used different techniques for measurement, used .
batteries of seVeral tasks or investigated relationships between
task performance and other pupil characteristics. 'The general
studies of cognitive development which were reviewed produced
results thas confirmed Piaget levels of development with different
testing techniques. Linn end Thier (1975) used a filmed testing
sequence to measure logical thinking.

Open questioning was the strategy used by Laurendeau and

Pinard (1962). In such questioning, the warding of the question

was changed when necessary using terms more familiar to the child,
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but with care never to suggest more than was included in-the
instructions, |

Karplus and Karplus (1970) uéed a group presentation with
elementary school pupils, junior high school pupils, senior high -
school pupils, science teachers and physicists of an Islands
Puzzle and including introduction of néw topics in.concrete terms,
pupii evaluation of an unsatisfactory hypothesis and creation of
diécrepant'events, requiring reasoning by contradiction. This
strategy could bve describéd as midway between the individual task
and the group paper-pencil ﬁeéts. An oral description of the task

was given. The subjects responded in writing.

Batteries of Tasks

The use of batteries of several tasks showed that different
tasks gave different results (0Osiki, 1974; D. R. Phillips, 1g7h;
Karplus, Karplus and Wollman, 1974; Lawson, Nordland and DeVito,
1975). High éorrelations between tasks ﬁere rarely reported.
Lawson, Nordland and DeVito (1975) found intercorrelations ranging
from .02 to .55. Almy (1970) reported .32 as the highest inter-
correlation among a set of tasks. The composite score of such a -
set of tasks was seen as the best predictor by Sayre and Ball (1975)
and Lawson, Nordland and DevVito (1975). ‘In some cases one Or ﬁwo
of the tasks alone were found to be better predictors than the entire
battery (Lawson and Renner, 1975). |

Wohlwill (1960) used a scalogram analysis of Green (1956)
to determine the scalability and homogeneity of a set of measured

tasks. !He determined that tasks had varying difficulties.
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Correlational Studies

The studies of Wohlwill (1960), Osiki (1974), D. R. Phillips

(1974), Lawson, et al. (1975) and Sayre and Ball (1975) previously

described as_studies using task batteries were also invest®gscions

of the relationships between task performance and other pupil -

: characterlstlcs.

Ball and Sayre (1972) 1nvestigated the relationshlp between f;. !

pupil Plagetlan cognltlve development and achleVement in sclence.
They contrasted the grades hl9 science pupils reeelved with their
level of cognitive development‘as.measured e& five ebstract ?asks,.
and cenc_uded that pupils are being penalized, by feceiving lower

grades, for not being able to think at the formal operational level.

Higgins and Gaite (1971) studied adolescent mode of thinking

on Elkind (1961) conservation tasks in contrast with thinking on a
task simulating a familiar real life situation. They found that in
the 162 pupile;meées thirteen,to elghteen, suecessful coﬁpletion of
the conservation tasks and the situation task were independent, A |
significant poSitive'cofrelation was eéstablished between the meaﬁ
age of the group and the number who used abstract thinking. No
significant positive correlation was found between mean age and
successful completion of the Elkind task.

Raven (1972), in a study of concept development in 160
kindergarten, grade one,.grade two and grade three pupils, found
that ta;k performance was‘dependent upon the: 1) inference pattern

of the task, 2) goal objects of the task, and 3) percepts of the

task.
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The generalization that Piagetian cognitive level is
positively related to achievement was supported by correlational
studies. Concrete and formal levels as measured by tasks correlated
with the sbstract performance level in tests of dogmatism (D. G. -
Phillips, 1974), achievement in science (Ball and Sayre, 1972; |
Bridgham, 1969; Sayre and Ball, 1975), achievement on commonly

used achievement examinations (Lawson, Fordland and DeVito, 1975;

Osiki, 1974), learning of formal concepts in science (Lawson, 1973).

Developrental Studies
A developmental sequence of levels and their scalability
was established directly by Wohlwill (1960) who used a Scalogram
analysis'to analyze a set of measured tasks. Studies not utilizing
Piaget tasgs or édaptationsngg them have also supported the
developmental sequence of levels postulated by Piaget. Nisbet
(1964) reported that those adolescents in England who had attained
puberty scored higher on intellectual and academic achievement |
tests than those youngsters who were still at the puberty stage of
development. Carpenter, et al. (1975a) reported that in the
National Assessment.of Educational Progress only Wl per cent of
. nine-year-olds correctly identified that a 2x8 rectangle had the E?
same area as a Uxh square. Almost as many of them chose a 3x5 .
rectangle as having the area of the éxS rectangle., It would appear !
that proportional reasoning was required here and that the reported

success is comparable to that found by researchers investigating

proportional reasoning. Meyers (1970) illustrated in a collection

25




17
of questions showing the nature of the math coptent of the SAT
test, that an item dealing with proportional measﬁrement would be -
answered correctly by 32 per cent of the population taking that. i
test. Reichard. Scheiden and Rapaport (194L), using sorting'tasks
that were not those of Piaget, found three levels of development.
"AE'the most concrete level, up to five 6r six years, children
classified objects on the basis of nonessentlal incidental features.
. A functional level, where classification was made on the basis of
use, extended to the age_ofbeight, and the abstfact‘level was not
much used before the age of ten, \

Kohlberg and Gilligan (1971), in describing their obser-
vations of the moral development of adolescents, suggested that in
moral development one stage of formal operations is reached at age
ten to thirteen years and thé more complete stage at around fifﬁeen ‘

to sixteen.

Studies of Proportional Thinking

Qriginagl Studies

A special éoncern}of this study was fhe nature of
proportional'thinking as one attribute of the formal. operational
~ level of thoughf.

Proportional thinking was dgscribed as one attribﬁte of the
formal operational level of cogniti&e develépment by Inhelder and
Piaget (1958). Théir task interviews to test proportional thinking

included the simple balance, a cart on an inclined plsne, the
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projection of shadows and a spinning disc testing centripetal
force. They commented that they were able to repeatedly observe
that proportional reasoning was not acquifed until pupils were at_
the formal operational level of cognitive development.
Proportional reasoning had been investigated by Piaget
previously in the areas of space, speed and probability in which
it was concluded thét the age for such proportional reasoning and

for formal operational thought was twelve to fourteen years.

Replication of Original Studies

A collection of research studies feplicated the original
researcn of Piaget in proportionai reasoning. These.studies
affirmed the existence of stages and the scalability of proportional
reasoning tasks, described the schema of proportional reasoning,
tested new measurement approaches and explored correlationé bétween
propoxtional reasoning and other pupil1characteristics. The studies
generally.found proportional reasoning being acquired at older ages
than Piaget reported; 

Lunzer and Pumfrey (1966) used tasks they designed
involving such things as matching lengths of cuisenaire rods,
pantograph, beam balance and similarity;judgﬁents of objects. They
reported that they found that proportional reasoning, unaccompanied
by physical actions was rarely used by average subjects beiow the
age of fifteen end that younger children solved some of the tasks

by successive addition.
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Wollman and Karplus (1974) investigated intellectual
development beyond elementary school, with 450 seventh and elghth
grade pupils in.Orinda, California. They studied childien's use

of ratio in solving beam balance, proportional length, proportionate

size of shadows and pulley turning rate tasks. All tasks were

designed by the authors. They concluded that to test proportional

" thinking, tasks would have to.be devise& that would applq:the

ratio céncept in femiliar éituations.

As reported by Steffe and Parr (1968), Lunzer.ki965)
studied the relationships of developmental thinking with ;6gical
proportion (verbal analogies) and with mathgmatical proportion

“ (metric equivalent ratio pairs). Iunzer's measufements of the
difficulties of thesé two types of tasks for subjects from nine to
seventeen years confirmed that numerical proportions and verbal
enalogies did require formal level thinking,

Steffe and Parr (1968) studied the development of the coﬁ—
cepts of ratio and fraction in fourth,'fiféh, and sixth grades of
elementary school. IG ﬁeasures were used fo designate a high,
middle and low group of pupils at each grade. An ability-
stratiflied sample of pupils was chosen. Six paper-pencil tests
were used, four on a pictorial level and two on a symbélic level,
They reported that there was little correlation between the ability
of children to perform successfully in proportionality é;tuations'
at a symbolic level such as 6/15 = 53/5, and their sbility to per- -

form successfully on proportionality situations based on ratio or
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fractional pictorial data. Also, whenever the pictorial data,
which displayed the proportionalities, were not conducive to
solution by visual_inspection, the proportionalities were diffibulp
for fourth, fifth, and sixth grade children to sclve.

Sheoler (1969) studied teachability of probability under-
standings. The subjects were pupils chosen from a population of
67 sixth grade pupils. All were volunteers and were above average
ability. In a pretest task post test approach they did acquire
probability concepts. |

Hensley (197&) studied proportional thinking in children
from grades six through twelve. FPifteen female and fifteen male
pupils from each of the sixth, eighth, tenth and twelfth grades
were tested with four tasks: beads, inclined plane, switches, pro-
jection of shadows. Hensley's results generally support the
findings of Piaget. He reported a scaldbility'of levels of pro-
portional thinking, a positivelrelationship betweaen gréde level
and task scores. No :eiationship was found, however, between sex
and task scores, No corre’ation between tasks were calculated. No
validity or reliability measures of tasks were reported.

Kavanaugh (1974) generally confirmed the theories of Piaget
in the development of the concept of speed in children. He used
five Piaget type tasks and determined the hierarchy among sutcon-
cepts of the concépt of speed. Thirty-six pupils, each frcm grades
six, seven and eight, participated. The average age of formal

operational thought of the sample was thirteen years and four
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months, A relationsitip bet-een IQ zTl TsrTormarcce on the taiiks
was establi  wes

Carpentex = al. (L.975b) identified two areas of pupil
Afficulties in tz= National Assessmen:t of Mathematics which may
relate to proportional reasoning. - B2 :ported that the concapt ¢
fraction was shown to be difficult tc¢ ymderstazri znd use., A
consumer probler =hat would be solve: with propcrtional reasoning
was correctly arswered by fewer than 4O per cent cof the seventeen-
year~olés or young adults.

Raven (1974) reported research studies he and his pupils
hed performed over the past seven years concerned with facilitating
logical operations in elementary school énd Junior high school
children. He saw the period. of formal operat;ons occurring between
the eleventh and fourteenth yeérs and proportional fhinking,
probability thinking, and correlational operations_appearing during
thig étage.

| Holloway (1967) reported that pupils at the formal
operations level were able to double an area and that a btransitional
age for this was about twelve years. .

Novak (197h4), in a review of science education research of
1972, summarized cognitive development research as supporting
Piaget's theory. He further saw the general need for established
validity in tests that were being used and ovgrall the need of

setting research in appropriate learning theory.
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-

ies o7 Components of Proporticf.l Reasoning

"—-obing into the nature oi sroportional reasc:=ing, Lovell

-, Bztiioworth (1966) made a prin.ipal component factor analysis

or a zwi cf twenty tasks as perform=d by 60 pupils o average to
% e wol age ability, from nine to fifteen years olé. They fou==
207 % 2 chems of proportions demz:nds on some centra.. intellectize=

a -Vyr wisich is behind performance on all tasks involving pro-

c wivn . w2t specific abilities contribute to the ability to use

)

T -~ awrzmnality in particular tasks. Also, tasks involving ratis

¢ nen:. Z=3s8 on the contrpl intellective ability than tasks involving
- . ~>=Ion. Further, they stated this proportional reasoning
abilzii;- was found to appear at fourteen years of age in some pupils,
whil= =t even fifteen years of age. some 50 per cent of the sample
mig=t mot use proportional r'easoning.

This d.istinction between ratio and proportion was further
coll==——nted by ths results oi" the Minnesota State Assessment of
Matl=er=xcs. In the Minnesota Assessment of Statewide Performance
in "I?{athematics, no objeétive specii‘icaliy dealt with proi)ortional
reasoning yet as reported by Adams, et al. (1975). Two items testing
proportion IIH3 and IIJl state per cent correct was respectively
16.1 =i 21.2, wkrile | an item involving ratio, VB-1l, was

answered correctly by 61.2 per cent.

LS

L wning Theory Implications of Some Studies

Lovell (1970) described two types of proportion, metric

provzrhions involving the recognition of the equivalence to two

3
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ratios and the schema oif proportions s:-uk as thermml capacity.
This schema of proportions involves sexconi order cperations, which
are operations on operations. Margena.. (2350) saw something like
these levels of complexity of Lovell's. ézrgenau;postulatéd that
concepts of physical reality should be 2l.zmified by the mfphod
through which they are attained and ths ti=tance they are removed
from reality.

Rosskopf, et al. (1970), as a =1t of cbservations, stated
that the Piagetian proportionality schema is a general structure of
actions or operations that can be applied to analogous situations.
This sugzests a general knowing with some different performances
depending upon content but not proficiency in one ani zero in
another,

Renner and Lewson (1973), in reflecting on their research,
suggesfed that mental structures represent a more or less highly
organized mental system to guide behavior. Structures, in their

understanding, actually represent our knowledge.

Studies Using Group and nger-Pencil Tests

A collection of research by Robert Zzrplus and his
colleagues has been based on group tests of'prvporti;ﬁél reasoning.
Included in this collection is a survey (Karplz=s =nd Peterson, 1970),

a longitudinal study (Karplus and Karplus, 1372), an investigation

of cognitive style (Karplus, Karplus and Wollman. IG7W), and a
197h).
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“n ez.. case, surZzcts in classroor i -{Ps were given pesges
with informat.:n and aquestions by one of ti. :=whors or a tra-ned
assistant. Th: experimemier explained eaci: rrpolem and carri=d ou_t
some demonstrations === m=asuremenis. The guestions asked for some
answer and a reason for the answer., Subject's answers were
categorized according to these previously designed categories
(Karplus and Peterson, 1970, pp. 814-815).

The survey involved 116 fourth and fifth grade suburban
pupils, 82 suburban sixth grade pupils, 95 == sixth grade pupils,
T> eight to tenth grade suburban pupils, 123 eizzt to tenth grade
urpen puoils and 153 eleventh and twelfth grads subzlrban pupils.

The survey results (E=rplus and Peterson, 1970) :showed that the
older urczun and suburban groups were bettér able to solve the ra.tio“
problem than their younger colleagues.

Interpreted in terms of Piaget levels, measured performance
for 75 eighth to tenth zrade pupils was Preoperational, 15 mer cent ,
Concrete Opera’giona.l, > per cent; Formal Operational, 36 p=r cent.
These group results substantially compare with those repef¥ef for
task mezmsures. .

Zn tk= longitudinal study, Xarplus and Kzrplus (1S72) studied
the growth of proporticomal reasoming of a group of 155 sizth,
eighth and el=wvamth grzSs suburban pupils ovar two years of time. -
About one~thimd of the =—=pils showed nc charze in level. The )
changes that did occur confirmed the hisrareny of proportional

reasoning ability as measured by the group test.
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The sev=rfh grade in the school had three instructional
groups: "slow,™ ‘average' and "fast." The three groups performed
very differen”l- when measured in eighth grade. The pupils of th?
"slow" group =2 virtually no progress. In the "fast" group only
three pupils E=iled to reach the Piaget Formal Reasoning Level.

The pupils in —:= "average" group made some progress, but nothing
as dramatic a: <hat of the "fast" group. |

Karpluc.. Karplus and Wollman (1974) studied cognitive st¥le
in the personal preference of persons for procedureé for solving
rztio and proportion problems.

Two forms of ratio tasks were administered to 616 pumils . in
grades Tour th—ough nine. Results suggested that persomnswho do:zot
usz proportional reasoning will use strategies thatAaféM;uggested
by the task's presentation. Specifically, when a t;sk involved
crmpariscr of two viewed objects, the subject without proportinonal
ressoning “ften qualitatively compared the two in a manner involving
sc=lirz. Wrm=n a task involved one object and numerical data for
~onpari=zon, the subject'without proportional reasoming offen use:s -
scme =zdditive =z=mproach toward solution.

The rzufo value itself might have had an effect. The
rzsic 1 3/2, w2rich lies between one and two, tended to increase
<=2 percentage =f additive responses. A ratio of 2/1 prompted
proportional ir=tead of additive reasoning, a ratio of 5/2 czused
some pupils tomse approximate ratios of two or three, or become

confused.
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Vhether the task itself affects the level of proportional
reasoning. wcr tiv subject of Wollman and Karplus' (1974) latest
study. Taey investigated the responses »f 450 ssventh and eighth
grade pwi:ls tn~ iz problems Shat requized proportionail reasoning
and representer diZfering degre=s of concreteness., The study |
suggested that proportional rsazsoning i=vel was depend=nt on the
content of the task and the type of ratio or proportion invelved.

in t}is’study Paper-pencil items were used. A contrast of
paper~pencil zrd growp intSarview resulis demonstrated that group
and paper-venc=l tests gav= substaxtially the same results.

rant =nd Renner {Z275) explored the use of written state-
ments ¢ explanation for m’;lﬁiple ckaice item responses as ‘a means
el idearsifying different levels of r=msoning zbility. Pupils, from
three ¢ IIzrent biology sections at one Izrge Oklahama City area
high sc-.cl, were asked to respond i» a twenty-minube ritZple
cholce 237 =nd give a written =xpl=mtimrn for select .of =ach
amsger. The szze pupils were admini—ter=d The separz“ion of
wroigble: Piaget task. Results from-the study were amelyzed through
cht-square tectmique and levels of sigmificance were reviewed.

Good agreement between task and written measures were established.

Studies and Precepts oi Criterizm-Refersnc=d Testing -

Measurement with cxiterion-~reiererrced testimz is a com-
zaratively new . zpproach in research. A concern of tizis study is

to demonstrate an exemplary approact:rto criterionzref=renced test
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design. Literature, that contained precepts for good test con-
struction as well as studies of test construction, item design and
appropriate statistics =z well as examples of criterion-referenced_
and other paper-pencil <sst design, was sought to be included 1n

the review.

Origina”. 3tumdies

“=sts, dealiné specifically with proportional reasoning at
the levzl of junior high, were not numercas in published test
collecsions. Within thes #D citations av=ilable in May of 1974 for
mathematics tests, grade zzven anc zbows Iz The test collection of
Fducaticzzl Testing 3erviz=, no s tes= wes found. Some sub=~

tests contadn proporticm:. ressorming commonents. In the Content

Evaluztion Series: Matismatics Test Form T by Gilbert Ulness cl969,

grades sevew fhrousz nizs, Houghton Mi®i-in, there is a subtest on

ratio. In =ime Tows Tests f Basiz E&ullc, Levels Edition Forms 5

and 6 by :. ®. Hieronymms, =£1971, grazdez three through eight,
‘Houghton Mi=flin, there is a subtest, rz:io and proportion. Ratio
and prczortion is o= of scme twemty topics of the McGraw-Hill -

e R

Basix I35 Jystem: Me—=wertics Tesw by .;Alton L. Raygor, cl970,

grades =leven through Z=mrieen, CIB/E«,&;:'E:;-;w—HiD. 3 no subscores on
ratic and proporiion =rs zvailable.
Droblems concernimg ratio amz sToportion is one’of eight

topics of emphasis in the Yathematics Izwentory IIT Basic Skills

of Problem Solvimg, cl97: , grades four Through twelve, American

Testimgz Company, bul mo .subscores are:-zvedilable.
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Test items in ratio and proportion, whén available, ask for
a single correct answer and do not identify the subject's reason
for a response. No items or subtests relate therscore.obtained to

a subject's proportional reasoning level.

Test Design

Glaser (1963) saw achievement test scores as offering
primarily two kinds of inf;rmation. One, the degfge to which the
pupil has attained criterion performance. Two, the relative |
ordering of individuals with respect to test performance.
Criterion-referenced tests were seen as having an absolute
standaxrd and providing explicit information on whaélindividuals
can do independent of the performanée of oﬁhers. Norm-referenced
tests were seen as having'a relgtive standard in comparison to
others and providing no information on the degree of prxoficiency
of an individual. They further differ in their coﬁstruction in
' that items within criterion-referenced tests would have similar
difficulties while items within nérm-refereﬁced tests would have
items with s range of difficulties. ‘

Hieronymus (1971) eqnated‘critefién-referenced tests with
mastery testg and éaw their contribution in the ﬁonitoring and
assessment of ingbtructional stratégies_and outéomes.

Ebel (1971) saw major limitations of_criteridn-referénéed}
testing, the fact that aé such testé do not tell us all we ﬁeed fo

know aboﬁt achievement, are difficult to develop on any sound basis
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and are only possible for a small fraction of important educational

achievements.

Task Testing Concerns

Chittenden (1974) saw task testing as requiring open ended, .
exploratory questioning. He felt that questioning children
according to the instructions of a standard protocql would force
the observer Fo.ggnclﬁdé that.they were, by and large, ﬁble to   4.
conserve. Using a flexible, exploratory methbd, he found it was -
eagy'to probe to find the children were precoperational.

Flavell (1953) saw the need to allow the pupil to identify
or select-reasons or rationales rather than give totally their

explanation.

Item Collections and Scoring

Fremer (1972) suggested ﬁ?a£ the judgment of achievemént
of mastery be based on achievement of a proportion of some group of
items tied to a single objective. The sampling error associated
with the selection of only a single exercise‘would pose serious
problems of interpretation,

Fremer's (1972) statement in generating cﬁtting scores was
to use an operatidnal approach. Ratingé and scores would be
collected for a sample of studies. That level of test performance
which best discriminates among pupils judged to be above or below
the minimel competency level would be sought. A.cutfing score on
the test could be selected that would lend to tﬁe most correct

clagsification in the sample.
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Easley (1974) found a conflict between the drive for
protocol uniformity to proquce reliability and the need for
flexibility to allow the necessary depth for probing., He felb
that the quest for reliability, which results in rigid formats, ié
doomed to generate many errors in the identification.of cognitive -
structures because it lacks the flexibilify needed for probing.

Rowell and Hoffman (1975) stated that a group measure-;as
needed. The individually administered tests developed by Inhelder
and Piaget (1958) were viewed as prohibitively time consuming for
use in the normal classroom situation. They saw that a group tést,
easily administered, readily marked, and yet retaining as many as
possible o the attributes of the original Piagetian tasks was
needed. They tested 193 pupils with a group chemistry task and
189 pupils with a group pendulum task.: .

No validation was made of the group task with individual
tasks; no reliability was measured; The product moment cofrelation _
coefficient between the groﬁp measures'was reportéd‘as r= .55.

| Studies, which involved the use of‘mofé'than éne task
{Lunzer and Pumfrey, 1966; HenSley; 1974), reported different
performances for the different tasks. Some taéks were easier than
other tasks and correlations between tasks when reﬁorted were in
the range .25 to .u42. |

D. R. Phillips (1974) identified these common errors and
misapplications of Piaget found in the literature: 1) training .

studies in which children are taught verbal responses to specific

A
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tasks, 2) interviewing techniques in- which the investigator does
not ask <he child for reasons for his choices and 3) scofing
criteriz for réasons, when asked, that do not incorporate
reversibility or logical necessity.

Soodyear and Remner (1975), in a preliminary study of_.
r=asons pupils gave for multiple choice item responses,szﬁnd
rumessing to be the highestlcatégory after thought that_théy knew

“he right answer. Also overall'2l.8'?er dent of those haﬁiﬁgfwroﬁg»““‘

znswers thought they were able to justify. them. The authors frdm‘11 

<his indication of probable partial knowledge suggested that 2

t=st involving pupil reasons for answers would be useful.

Written Tasks

Kerplus and Xarplus (1974) discussed interview versus
written tests. They saw the pupil's schcol work as more cloéely,
similar to the written task situation than to the ciiniéal

dnterview.

Studi=s Employing Criterion-Referenced Testing

DeAvilla and Struthers (1967) developed a group measﬁre of
pupil level with éﬁbtegts in conseivation, causality, relations
and logic. A cartoon format based on thirty or so situations frbﬁﬁm
Piaget experiments was used. Test quality was described in terms
of homogeneity ratios and reliability coefficients. Tests resvlting
had limited homogeneity and good reliability. The reliability "
values, Cronbach's Alpha (1951), were conservation, .69L; éausality,

.550; relations, .00Ll; logic, .227; total test, .717.. |
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The domain referenced assessmenf of Hively, Patterson and
Page (1968) is a process of generating items out of'a matrix or
grid expressing the contents and behaviors %o assess with the
assumption that all relevantjcontents, behaviors and related
factors can be defined from a domain or a ﬁniverse of objectives.
Basic item shells would next be constructed to generate items to
neet the prespecified criteria. Such prescribed procedures were
followed by Bar£ (1972) and Gray (1970) where items originated from
item shell descriptions for their stem and distractors.

DaVries (1973a) throggh factor analysis, probed the
relationships among Piagetian, achievement and intellectual assess-
ments. 3he concluded that Piagetian measures represent some
aspects of intelligeﬁée and achievement which are not included in
standardized assessments. DeVries (1973b) further reported that
psychometric tests and Piagetian tasks seem to reflect two
different kinds of intelligence. |

Robertson and Richardson (1975) studied the problem of
whether the conservation of a derived quantity in physics is de-

pendent upon the conservation of constituent fundamental
lquantities. A random sample of 25 boys and 25 girls from each of
grades seven through ten were_participants in the study. Thié
sample stratified for age and sex represented 25 per cent of the
pupils in a coeducational high school in anh outer Sydney area.

Testing was done using a procedure where the materials and

operations were demonstrated clearly to the pupils. A question
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which was printed on the question paper was repeated. - The subjeéts
were reguired to indicate their response on the paper by circling
yes or no. Relisbility of the testing was established through
test and retest of a random sample drawn from grades seven and
eight, individually and group processes were suitable. Testing was'
completed in two days. Chi-square analysis was applied to identify
significant change. The writer established'thét conservation of
constituent fUndamentalVAuantities vwas a determinant in conservation
of a derived quantity.

McLeod, Birkheimer, Fyffe and Robisoﬁ (1975) accomplished
the development of a collection of criterion validated test items
to measure the science procésses of contiolling variaﬁles, infere |
preting data, formulating hypothesis and defining operationally.

The development proceeded from writing a collection of face
validated items which were administered to 56 individual competency
measured pupils. :

Pearson product moment correlation coefficients between
scores on the individual criterion measures and scores on the
selected group test items ranged from .535 to .705 and all
correlations were significant at the .00l level._ .

An attempt was made to develop and validate a Piagetian-
based written test with successful-use of the logic of specifiec
Piagetian tasks defined as the criterion.-by Gray (1970). Ninety-
six rendomly selected nine- to sixteen-year-olds, stratified by

age, were individually presented the Piagetian tasks of pendulum,

~
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balance, and combinations and group administered a thirty-six item '
logically equivalent written test. Results indicated that a |
criterion-referenced approach to constructing a Piagetién—baéed'
writtenxtest of cognitive development 1s possible and that the
average age of change from concrete to formal operations is-

consistent with previous research.

Analysis Techniques of Validity and Reliability

Lawson and Renner (1975) develoﬁed content based reasoning
level tests. Tace ?élid}ty was established by six prominent Science
educators with competence in sciepce and experience in Piagetian
theory. =Zxaminations were content validated by the classroom
teachers_in the respective subject matter areas. Rellability of
each subject matter examination was determined by using the
were: biology exam, 0.76; chemistry exam, rg = 0.71; physics exam,
rg = 0.59. However, test items had no described theoretical basis
or zonstruct velidity.

Glaser and Nitko (1971) suggested that criterion-referenced
tests may not directly employ classical nmeasures of relidbiiity
since many of the item and test statistics employed with norm-
referenced tests are dependent on the observed variance of the
total test scores. Criterion-referenced tests are expected to
have little variance in total test scores.

Hpﬁbleton and Novick (1972), in reviewing the definitions

for criterion-referenced tests of Glaser and Nitko, Harris,
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Steward, Bormuth, and Hively, Patterson.and Page, stated that |
common to criterion-referenced tests is the definition of a well
specified content domain and the development of procedures for )
generating appropriate samples of test items. Criterion-referenced
tests may often be multidimensional while made up of unidimensional
subscales.

Cerver (1970) suggested that the reliability of a single
form of a criterion-referenced device could be estimated by
administering it to two comparable groups. The percentage that
net the-criteria.in one group could be. compared to the percentage
that met the criterion iﬁ the other group. He further suggested
that the reliability of a criterion-referenced test should be
assesscd by éomparing the percentage'of exaninees aéhieving the
criterion on parallel tests.

Zeiky (1974) described a reliability index as an indication
of the consistency or stability of a test score. A reliébility
index, in his description, technically indicates what percentage of
the score variance is true score variance.

Livingston (1972) proposed a measure for ériterion—referenced
test relisbility which includes a special case, norm-referenced
reliability., Livingston reasoned that the basic difference between
norm-referenced and criterion-referenced measurements is that when
using norm-referenced measures, one wants to know how far é
pupil's score deviates from the group mean and when using

criterion-referenced measures one wants to know how far his score
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deviates from a fixed standard. Therefore, each concept based on
deviations from the mean score should be replaced by a corresponding
concept based on deviations from the criterion score.

Harris (1972) objected to the Livingston coefficients
because it appeared identical to a éonventional reliability
coefficient, when that coefficient was based oh two populations
with means equally distant above and below the criterion score.
Livingston replied to this objection emphasizing that criterion-
referenced test score interpretations do not require that the
criterion score be seen as a ..¢an of score distribution.

A test-retest approach to criterionfreferenced.test‘
reliability was the suggestion of Zeiky (197h4)." The percentage of
cases that shift classification, between éuccessive administrations
of the same test or between parallel terms, would be the measure.

Content validity of a criteriop-referéncéd test must be
high. Popham and Husek (1969), Kriewall (1969), Carver (i97o) and
Hambleton and Noviék (1972) all state this in some way. Pophaﬁ and
Husek saw this as the primary measure of validity.

Zeiky (197h4) discussed the methods of cutting scores.

Among these he included the method of empirically using preselected
groups which within a.school system, particularly at the elementary
years, could be thé grade levels, Masters could be those pupils
who have taken a course or by age have pgd the experience. Non-.
mastefs would be from some lower gradef The criterion-referenced

test would be administered to both groups and the distribution of
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scores obtained. A cutting score ‘then woﬁld be selected that best
discriminated between the two groups. This idea of cutting scores
and empirical examination of 1evelis gives direction i.:o the
examination and design of a developmental level test, |

Zeiky (1974) applied the ideas of classical test theory to
criterion-—reférenced tests. He felt it should be pbssible to apply
traditional methods if score variance is "built-in" by selecting
two pretest samples known by independent xheans to be split e\fenly
above and below mastery level and pooling them into one group.

woodson (1974) had‘si.milar views and ctated that for
criterizsn-referenced tests, item analysis 2nd sest development must
be done on cbservations represenﬁative of t= observations within
the range of interest on tﬁe characteristic == interest that is
above and below the criterion level.

Zeiky (197h), Xriewall (1969) a.nd.I\(ens (1970) saw that
item difficulty measures can be used to improve a set of intended
haomogeneous items. Ivens suggested that any one of a set of homo-
geneous items that has a difficulty widely discrepant i‘rom.otlhers
in the set should be treated with caution.

Zeiky summarized the recommendations concerning item
discrimination indices use of Popham and Husek (1969) and Nitko
and Hsu (197h) that one should consider scc;re variance as well as
the index. If normal discrimination indices are low because score
variance is low, there is no problem. If score variance exists in.

reasonable amounts and item discrimination is still low, there is
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likely to be a problem, ' If d1scr1m1nat10n 1nd1ces a.re negative, |
there is definitely a problem which should be corrected An mdek |
of item quality was suggested by Besel (1973) based on estimates of

the probability that a "non-master" will answer an item correctly;

the probability that a "master" will have an item wrong. The index .|

identifies with high indices those items with the most information '

for dividing pupils into masters and non—masters. Estimates of the"

index .con be obta:.n._d by administering the item to groups known by PR

indepe==ient means %o cons:.st of non-masters and ma.ste:s

respec —vely.
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CHAPTER 3

PHASE I - THE PILOT STUDY

Phase I of this study was a probe into the nature of
proportiozzl reasoning levels and a trial‘bf the ‘possibility of

measuring-proportional reasoning levels with a‘péper-pencii test.
Setting

School Site

The pilot study was conducted in Penn Junior High School
in Blooaington, Minnesota. The city of Bloomington had three
Junior hizh schools. Pénﬁ Junior High School pupils ranked the
highest of all junior high schools in the mean composite score 6n
the Towa Tests of Basic Skills. With regard to socioeconomic’-
status, Penn Junior High School ranked second among the three
junior high schools,

Penn Junior High School was chosen because of the interestkf
and coo@eration of their science teaching staff. jhe writer had
worked with this staff to review their goals for science teaching.'
The study had its origin in questions this group had about the
problems their eighth grade pupils were having while using

proportions in physical science.
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Pupils
Classes of two of the four grade eight physical science

teachers were used by the writer in conducting Piagetian task
interviews with pupils., The teachers Qf these classes pointed out-
pupils with low and with high class performances so that the writer
‘might select pupils with some range of ability. The pupils in the
sample had completed some three months of the half-year course at

the time of task interviewing and had completed all of the course.

at the time of paper-pencil testing.

Basic Design

Initial Ssudy

The writer had tested four gfade eight mathemétics classes
with the Mr. Toll and Mr. Shor{ ratio problem (Karplus and Karplus,
1970). Pupil answers followed the pattern found by Karplﬁs.

Discussions, with Robert Karplus, with Clarénce Boeck and
with John Stecklgin,;encouraged the writer to develop a péper—
pencil instrument.

The writer Sought in a pilot study‘to gain some indication
of probable tasks to use, task testing experiehce,»and apprqpriate

content for proportional reasoning testing.

:Task Interviews

Pisgetien task interviews were conducted using a total of
25 tasks with a total of 25 pupils. Each group of five pupils

performed a set of five tasks. That is to say: pupils A-E
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performed tasks 1-5 and pupils F-J perZ—rmed the next fivg tasks
" and so on through the full 25. No pupZ_ performed more than five
tasks but each task was performedfby five pupils. This is tabied
in the Phase T results later in the chszser.

Each task involved physical ooi=cts aﬁd materials. The
pupils observed and handled these objects and materials. The tasks -
involved physical-and geometric proportions. Direct;'inverse,
direct-as-square and inverse-as-square relaiioﬁs were ;ll included
in the interview tasks. Each inter#iew followed a defined questibn
format that was structured after the Chittenden (1974) approach of
. probing .questions culminzting in a @iract question asking for the

studert's reasoning.

Task:

Tre rods are measured for
the pupil.

$yELLokTh

‘Th= longer one is set up
and its shadow measured,

R

Materials:

Cuisenaire rods,
8 cm orange and
4 cm yellow

Ruled grid,
Lamp -~ Hi intensity

2407

24680
-/
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Questioning:‘

Introduction: The orange rod you cen see is about 16 units
long. The yellow one is about 8. When I set up the orange
rod and the lamp, the rod has a shadow 10 units long.

Prediction: The nuuber of units of shadow I would get if
I set up the yellow rod in the same way without mov1ng the

lamp. . ,
Appendix B includes similar descriptions of the-final version ofl.“‘x
many of these tasks,

Five task interviews were conducted'with each pupil. The
interview and each pupil's response were recorded'on_audio tape a.s
well‘as being reeorded in notes. Responses were scored:into
categories according to the criterion behavior exhibited and given
o numerical value. This'scoring_isvdescribed in Table‘3.l., |

Table 3.1 .

Task Interview Criteria'

Stage Criterion Behavior and Example: . * . Score i

Preoperational Subject guesses--or'makes no- connection -0
' between how things change and some rule.
Pupil example: "I guessed ".

Concrete T Subject compensates in some qualitative WaY. 1
Operational Pupil example: "Because it's bigger "

Concrete II A rule, usually add1t10n, is used to 2
Operationel calculate the 1ncrease or decrease. :

. Pupil example:
+ "I added 10+ 6 = 16 so 2 + 6 =8,".

Formal I The subgect calculates by multiplying or 3
Operational using s1mple ratios.
’ Pupil example:
"10/16 x8=5, 1 multiplied."

Formal IT - The subject uses proportions. : 4
Operational Pupil example: .
"5/8 = 10/16., It's proportional."”
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 Sample pupil respohées and their sco:t;'ingﬂ.az;q,?how.n in
Tseble 3.2, Student answers were recorded iﬁ not‘.es.':and in audio
tape recording. The grading of responses was done from notes and
replaying the tapes, _
| Table 3.2

Sample Pupil Responses RN | " =

Answer Reason - Score

5 I guessed . | : 0
About 4 It has to go dovn 1
2 It goes down 6 2
5 I multiplied 10/16 x 8 3
5 | Because it goes the -sa.;ne way 10/16 is 5/8 4

. Pager—Pencil Tests

&

The twenty-five tasks we-;'e then written as paper-pencil
items and all items were given to all 25 pupils, Because the
wri‘ter questioned what form to use for the items, distractors for

. the\ paper-pencil items were written in the four different forms

illustrated. The item forms were distributed throughout the test,
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Flag Pole

LW Eel2 o

Introduction (stem): The orange rod you can see is about 16
units long. The yellow one is about 8.

‘ When I set up the orange rod and the lamp,
the rod has a shadow 10 units long.

Predict (question): . The number of units 6f’shédow I would get .-
if I set up the yellow rod in the same
way witheout moving the lamp.

Form I
Pupil solves the problem for nis answer whlch he records, and
selects s description indicating his method of solution.

_ Reason
Answer you found a - I guessed .
b - I added
¢ - I multiplied
d

I used a .ratio

Form IT
Pupll selects an answer and an sppropriate reason.

a -5 5/8=10/16

b - About 4% short is half as tall
c -4 I subtracted a little 1ess
d -2 I subtracted 6

~

Form JIIIX
Pupil selects an answer and a reason from 1dent1cal answers
but different reasons.

a - 5 because 5/8 = 10/16

b - 5 because 10/16 x 8 = 5

c -2 because 8 - 6 =2 : :
d - 2 because it should be smaller

Form IV '
Pupil selects a method. Select the approach you would use.
a ~ I guess
b - I use a proportion
c - I would add
d - I would multiply
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Pilot Study Results

Pupil results on tasks of this pilot study were analyzed to
cozfirm the prdbable existence of levels of proportional reasonlng‘:
and to examine the success of their measurement with de51gned

t=sks and paper-pencil items,

Task Interviews

- Levels of proportional reasoning were evident in the

results, As shown in Table 3.3, pupils did have & range of task -

scores.
Table 3.3.
- Pupil aAverage Scores on Pilot Tasks:
Level O Trans.® I Trans., II. Trans. III Trans. IV
Pupils 1 2k 3 & 2 8 1

& Prans., = Transitional |

The pupil results were also used to analyze the discrimi-
nation power and the consistency of the tasks.

All pupil task scores were arranged in the pattern shown in
Taeble 3.4. Here it can be seen that task T-1 Thermometer shows
discrimination for cnly one pupil scored. This suggested'thaﬁ this
task should not be used in further testing.

The underlined scores (3, O) are scores which differ‘by 2
or more from'the average score that pupil received. 8Such a wide

difference suggested that this task may not have been measuring.
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Table 3.U4

Rating of.Pilot Task Performance

Tasks -
-1 I-2 I-3 I-b - I-5
Pupils Thermom~-  Folds BB Cr Recipe Sq A Average
eter e
A 2 3 0 3 2 2.0
B 2 L 3 3 3 3.0
C 2 L L L b 3.6
D 0 0 0 3 0 .6
E 2 3 1 o] 3 1.8

the same thing as other tasks. This recipe task was rewritten
before it was used again. Description of all tasks, paper-pencil’

items and pupil scores may be obtained from the writer,

Paper-~Pencil Tests

Levels of proportioﬁal reasoning were present as found in

the paper-pencil testing. These levels are summarized in Table 3.5,

Table 3.5

Pilot Paper-Pencil Average Scores

Level and (Range of Averege Scores)
0 I II ‘ III v
(0 -~ 0.4) (0.5 - 1.4) (1.5 - 2.4) (2.5 - 3.4) (3.5 - 4.0)

Pupils

2 9 7 3
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There was.ﬁékéerceptible difference in pupil scores with
different distractor formaté. -Pupils who regularlyisolved problems -
by guessing would candidly ingicate that they guessed when asked or'
would solve the problem in that way when a solution‘ﬁas required.
The items lacked goo§bconsistency, had a wide range of
discrimination and showed variation in difficulty. In Table 3.6
it was noted that items 2.2 and 3.3.had average scores of 3.0 while
items 2.4, 2.5, 4.2, 5.3 and 5.5 each had an average .score of 1.9. |

Teble 3.6

Average Scores of Paper-Pencil Problems

Problem ' Average Score

1.1 2.8

1.2 2.7 )
1.3 2.8

1.4 2.4
1.5 2.h
2.1 2.4

2.2 3.0

2.3 2.5

2.4 1.9

2.5 1.9

3.1 2.2

3.2 2.4

3.3 3.0

3.4 2.9 .
3.5 2,2

4.1 2.0

4,2 1.9

4.3 2.0

b b 2.6

4.5 2.8

5.1 2.6

5.2 2,1
5.3 1.9

5.4 2.7

5.5 1.9
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That a relationship.between task scores and paper-pencil
scores exlisted was evidenced by the-contingency analysis in
Table 3.7. The hypothesis that the relationshtp'here was due to
chance was rejected after the chi-square statistic was.computed.
Chi-square here wag 19.97. For nine degrees 6f freedom this
hypothesis may be rejected for 98 of 100 cases. This calcuwlation
is found in Appendix A.

Table 3.7

Contingency Table of Average Task and Paper-Pencil Scores

Average Paper- Average Task Score
Pencil Score 1 2 3 4 Totals
1 11 | 2
2 2 i 2 1 9
3 2 1 3 1 7
b - - % 2 3
Totals 5 6 6 ly 21

Implications for Phase IT

Paper-pencil items did appear to measure proportional
reasoning and tﬁe results were comparable to those of other
researchers (Karplus, Karplus and Wollman, 1974). This fmplied
that a thorough research study to develop a paper-pencil test
should be attempted.

Variations between task measures were evident. This
suggested that exacting descriptions should be made of the task

interviews and three task measures based in the literature should
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! Se given to all pupils tested with tasks in the next phase. A. |
larger number of pupils should be involvgd in task testing in the‘
next phase in a way to give more.pupils at each reasoning level.

The results suggested that the paper-pencil items would
need much refinement. There appeared tec be no clear support for
pupil solution of the problem or selection of just an answer over
Jjust selecting the description of the method of solution. It was
reasoned that paper-penéil items should be rigoroﬁsiy designed,
written in sets for each of the four levels and empirically
improved through large volume and repeated tesfing.

Certain questions, including the higher ordered proportions,
direct as cube, inverse as square, sppeared to be at a different
level. Proportions involving circular areas gave very different
results,

It was decided that proportions should not involve cirecular
areas; the items with higher order.proportions should be

carefully screened.
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CHAPTER 4

PHASE II - TASK INTERVIEW TESTING

This phase of the study was the task %esting of a selected
group of 4O eighth grade science pupils. This phase accomplished
a Piagetian task measure of these pupils' proportional reasbning
ability. The pupil responses to task measures and the pupil
performance on task measures were the basis for construction and

[

selection of paper-pencil- items for the test instrument desired in

the study.
Setting

The writer, employed by the Bloomington School District,
chose to use Bloomington as the site for the study because of the
convenience of working within the district and the relevance of
this study to the Bloomington science program,

Demo4raphic and pupil test data from elementary schools
of the Junior high attendance areas were used to establish socio- ‘
economic and pupil ability rankings. This information was
gathered by the school district in g;ining Title I Elementary
Secondary Education Act (ESEA) designation of target séhools.
Data of this sort were available from the Informatioﬂ QOffice of
the Bloomington Schools. Table 4.1 shows a composite of the

rankings of elementary schools by socioeconomic status and by
50
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pupil achievement test grades listed for each junior high
atténdance area.

Table 4.1

Socioeconomic Comparison of Bloomington Junior High Schools

Composite Elementary School Ranking

School ' Socioeconomic . Pupil Tests
Penn 8 7
Portland ‘ 18 S 17
Oak Grove 13 13
Olson T 8

Qak Grove Junior HighAseemed to be a school that would
provide a mediaﬁ'type'of pupil population. “At Oak Grove, pupils
were modularly scheduled with science-mathematics a scheduled
inétructionél biock. It was possible at this school to give task
interviews within a pupil's scheduled scicnce time or independent
study time. An.8 % 8 foot room off the science office was used
for the task‘interviews. In this room were a tablg, a chair for
- the subject, a chair for the'interviewer,‘a tape recorder to record
task interviews and 19 small boxes, each holding the equipment for‘

one of the tasks. An average of 25 minutes was spent with each

pupil in completing all five tasks.

Sample Selection

A random sample of 40 pupils was selected from the Oak

Grove grade eight pupil population of 485 pupilé. This random
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~ sample had tﬂe-following composition as compared with the total
population as shown in Table L.2.

Table k.2

Comparison of Characteristics of Initial Sample
with Total Population

Bloomington Oak Grove = Sample of 4O
Grade 8 - Grade 8 Oak Grove
Pupils Pupils Pupils
Number ' 4o
% male : 51 ‘ 51 70
% female. L9 L9 30
Average Lorge Thorndike IQ 110 110.5 111.h

Because of the number inequalities in the male-female
composition of the sample, it was judged to be atypical. It was
decid=d, therefore, to stratify the population by sex and ability.

The pilot study results were reexamined for corrélations
between proportional reasoning and the verbal, nonverbal and total
IQ scores of the Lorge-Thorndike measure. Piagetian levels
obtained from task interviews were found to have the following
prodﬁct moment correlation coefficients with Lorge-ThorndikeiIQ
measures: nonverbal, .67; verbal, .7l; total, .71l. The calculation
of these values is found in Appendix.A.

The intent was to sélect a sample of approximately equal
numbers of boys and girls and to havé a range of abilities to
ensure that all levels of proportional reasoning would be
represented. Pupil nonverbal Lorge-Thorndike scores were mapped

out (see Table 4.3)., Choice was made by numbering consecutively
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Table 4.3

Pilot Sample Characteristics

Lorge-Thorndike ' ' Sample Al
nonverbal scores Boys Girls Boys & Girls Oak Grove
118 and above 5 8 13 1kg

99 to 117 11 L 15 o7 .
98 and below 7 12 86

— s

2
Totals , | 22 19 | ITo) 482

all persons (boys and girls) within the Lorge~Thorndike level and
then selecting with computer generated random numbers. When a‘
randomly identified student was found to have moved from the
district, another random number was used in the same ménner.

The levels and the sample sizes within the levels were
chosen, not to ensure a sample representati&e of all grade 8 pupils,
but to ensure a sample with pupils at each of the four levels of
pfoportional reasoning. Deliberately, larger proportions of pupils
were thus chosen from the lower and from the higher Lorge-Thorndike

ranges.

Basic Design

The task interview phase was used to measure proportionai
reasoning levels of 4O pupils through intensive interviews wherein
the pupil would manipulate physical objects while completing the
proportional reasoning tasks the pupil wa.s assiéned. The inter-

viewer followed a general format but asked dpen and probing
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questions after the manner of Chittenden and Bybee. The inter-
viewer's format was revigwed by Dr. Edward Chittenden during the
October 1974 Educational Testing Service Criterion-Referenced
Testing Seminar and by Dr.' Roger Bybee in meetings with the writer
in December 1973.

Task items involved proportionality with direct, inverse,
direct-as-the-square and iﬁverée-as-the-sware Proportions. The
cognitive content of the task was obtained from a véfiety of areas.
Physical tasks were those arising out of some physical law or

“ action. Geometric tasks were those arising out of geometric
figures. The nature of these task items is summarized in Table 4.k.

Task 1, the Shadow Task, and Task 19, Incline, were adapted

by Hensley (197%) from the work of Inhelder and Pi;get (1958).

Task 2, Mr. Tall, was a'task used by Ka.fplus and Karplus (1970).

Task 3, the Sled Task, was an adaptation of a task of Piaget (1970). .
Task 15, Pulley, and Task 16, Ruler, were those designed by Karplus,
Karplus and Wollman (1974). Wollman, Hensley and Karplus extended
permission for the writer's use of these tasks. The first three t'a.sks)
termed "literature tasks," were given to all 40 subjects. The -
other tasks, largely designed by the writer and termed "derived"
tasks were each given to at least five subjects. |

This pattern of task assignment used with pupils meant
that the first five pupils had tasks 1, 2, 3, 4 and 5. The second
five pupils had‘ tasks 1, 2, 3, 6 and 7. The third five pupils had

tasks 1, 2, 3, 8 and 9; the fourth five pupils had tasks 1, 2, 3,
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Table bk

~ Geometric - Geometrie

Task Specifications
Proportionality : |
Title Direct  Tnverse  Direct as Squave Inverse ag Square  Cognitive Conbent
1, Shadow Physical Light
2, Mr, Tall Geonetric Sealing
3, Sled : Physical Notion = Acceleration
b, Angle Geonmetric Similar
5, Balance Physical - Tever
6, Flag Pole Physical Light
7, BB Square Physical Geometric Ares
§, Pattern Geometric Scaling
9, Frosting Geometric Tnverse Square Lew
10, Paint Physical Chemical Proportions |
Speed, Physical - ~ Nobion - Uniform- - o
12, Boyle Physical Pfi - Gas Laws
13, Population Physical Density
14, Probebility  Physical | ‘Statisties
15, Pulley Physical Displacement
16, Ruler Physical Displacenent
17, Veight Physicsl Stabistics
18, Light & Shadow Physicsl Ligat |
19, Tncline Physical Simple Machines
Totals 11 2 2 . 1
Physical  Physical - Physieal  Geometric
2 i 2

ot o4
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10 and 11; the fifth five pupils had tasks 1, 2, 3, 12 and 13; the °

 sixth five pupils had tasks 1, 2, 3, 1l and 15; the seventh five
pupils had tasks 1, 2, 3, 16 and 17; and the last oi‘ eighth five
pupils had tasks 1, 2, 3, 18 and 19. o

Interview tasks were designed with written description of
the testing protocol, the scoring and the setting. Protocols were
te be open ended with the examiner making notes, asking for certain
Pupil responses and recording thq interview on tape.

The description for Task 1, Shadows, follows. The complete

set of task descriptions may be found in Appendix B.

1. Projeckion of ghadows (Hensley, 1974)
Thinking Tested:

- Schema of Proportions
Inverse proportion - Physical

. -

Material:

A screen, 30 cm x 30 cm, 15 used to observe the shadows.
The shadows are: made by three wire rings, 3.0 cm, 6.0 cm and 9.0
em in diameter. Each ring has a support wire. The length of the

support wire is such that the center of each ring is 12.5 cm above
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the bottom of the support wire. The rings afe made from different
colors of wire as follows: 3.0 cm (white), 6.0 em (red), 9.0 cm
(black). The rings are held vertically on a meter stick by optic
ﬁench screen holders. The meter stick has only marks at eack 10 cﬁ
length. Each mark is.labeled with the following letters: N, R, M,
K, G, F, A, B and 0. A clear light bulb is supﬁortéd at one end of
the beam. The center of thke bulb is 12.5‘cm abéve the top oi the .
beam. The 1igﬁt is turned on and off by connecting or discon-
necting the cord to the 6 volt battery. One meter stick marked in

centimeters and millimeters is provided for the pupil to use.

Introduction:
"Here is a board, a light and a screen. . I can put up one
ring (6.0 cm) on the board (av 50 cm) and then when I turn on the

light (do it), I 72t a shadow of the ring on the screen."

Question:

Initially seek out predictions of the effects of ring éize
and ring position on the shadow with questions such as: "What |
would you predict will happen if T use this smaller (3.0 ecm) ring?"
"What else vould change the size of the shadow?" "How?" Do what

is suggested.

Culminating Question:
"How might I make just one shadow using two rings?" "Explain

vhy this works?"




58
Scoring Criteria:

I The subject represents the shadow in the way the = O
object appears to him, He does not perceive how
the shadow is formed on the screen, '

ZTA The subjeét recognizes that the size of the shadow 1
depends on the size of the object. His knowledge
goes no further. ' .

IIB In addition to the ring-size dependence of the '2';ﬂ'*"
shadow demonstrated in IIA, the subject suggests
qualitatively that the distance affects the shadow
size, the closer the object is to the screen, the
smaller the shadow. ‘

IIIA The subject quantitatively compensates between . 3
distance and shadow size, between distance and -
diameter, but is not generalized as s rule. The
subject begins to measure distance from the light
source. .

IIIB From the start the subject measures both the , 4
distance from the light source and the diameter
of the rings. He looks for a numerical
hypothesis based on the divergent structure of
the light rays. The subject is able to state in
a numerical form the general relation for the
two rings to have just one shadow. -

- Phase II Results e it i g+ e e e

Pupil responses to task interviews were collected in,?ﬁpil
notes, observer notes and audio tape records. Pupil respoﬁsés :
were scored Ey the writer according to criteria as deséribed;w For
each task in Appendix B, overall calculation of correlatidns
between these task scores, was not made but postponed fdr'anﬁlyéis
with the final results of Phase III. The scores and the averages °

were used at that time.
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For a qualitative énaxysis of results, a composite listing
was made of all pupil scores, the average scores oh literature based
and derived tasks, and the overall average. The task'scores in
this phase were more cunsistent than task scores in the pilot
phase. The average pupil task levels are listed in Table 4.5,

These averages cluster at ILevel II. Some pupils did achieve every

level.

Table 4.5

Pupil Task Averagés by Level

Task Level

I I1 ITI v

(0-0.4) (0.5-1.4) (1-5-2.4) (2.5-3.4) (3.5-4.0)

Literature tasks O 6 p 9 3
All tasks 0 L 22 11 3

The difficulty of the literature tasks was estimated by
averaging the pupil scores obtained for each of these three tasks,

They were respectively: task 1, 2.40; task 2, 2.30 and task 3, 2.08.

Implications for Phase III

Recorded pupil responses were retained for £uild1ng the
paper-pencil items of Phase TIT. Pupils on task 3 had a low
overall average. Because it was suspected that task 3 had a
higher difficulty, multiple choice answers were designed with

clear illustrstions of the motion that the item questioned.
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It was not conclusive that any tasks should be eliminated.
A1l tasks were written as items at each of the four levels of
proportional thinking, insofar as possible. All of these tasks
were the content of test items. Some 76 items were used for the -

first testing in Phase III.

70




CHAPTER 5

PHASF III - PAPER-FENCIT TESTING

Phase III of the study was the design ang selection of
items for a paper-pencil instrumenﬁ to meésure propqrtional
reasoning. Paper-pencil testing started itk a set 6f 76 items
administered to the 40 pupils who had been tested with interview
tasks in Phase II. The content of the items was that of the 19
Phase II tasks. As many as for items were written for each task
covering the four proportional reasoning levels.,

Pupil performance was used to judge item effectiveress in
the selection of a set of 24 items from an initiél set of 76 ite?s.

This. selection and the continued item improvements made through

Turther testing are descrived in this chapter.

Test Versions and Sample Selection

Ten versions of the test were administered. Each version
was an improvement over previous ones as a consequence of the
changes in items or the replacement of some items with others.
Table 5.1 summarizes the characteristics of each version, the
pupil samples that were tested and the felationship between the
versions.

Version I consisted of 76 items over the four levels of

proportional reasoning. This was administered to 40 eighth grade

61 ‘
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Table 5.1
Test Versions ond Pupil Semples

Test | Pupil Semple
Version Characteristics Nurber Description  Selection
I 76 itens W0 Crede 8 Pupils selected randomly within
b levels "transitional” three intelligence levels for
. task testing
ITA 24 items 29 Grade § Rendonly selected from 365
6 at each of I levels "transitiongl" '
ITB 12 itens per pupil in & "metrix’ semple 27 Grade Ore total class
b at Level T; same for ell "on-masters”
Anothey 6 from emong Levels 11, TIT and IV
11 ¢ Same est for all 71 Chemistry  Chemistry classes at one high
6 gt Tevel I; 6 ab Level I1; 6 at Tevel 11T;  ~  pupils school
12 at level IV "nasters" | ‘
TI1 A 29 items; 6 of each level I, I, I and 10, 393  Grade 8 A1 Grade 8 pupils in one school
Five additional {tems for Level II "sransitional”
III B 12 items per pupil in & "matrix" strategy, 30 Grade § One total class
The same 6 Level I for all, "non-masters”
Another 6 chosen from Levels IT and IIT
IV A 30 items, 6 ot each level I, 1T, LT and IV; 77 2 separate 77 pupils selected randonly
additional Tevel IIT ifems Grade 8 grovps from 305 -
195 "transitional" 195 as half of the total
Grade 8 population
V3 30 items, 6 ab each level and 6 additional 69 Physies classes Physics classes in one high
Level IV items | "masters" school
VA 30 itens, 6 at each level and 6 sdditions] 427 Grade 8 ALY Grade § pupils in one school
Level IV itens :
VB Tdembical with V A except for the "transitiongl"

substitution of 2 items and rescoring
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pupils selected randomly within three intelligence 1é;éls for task
‘testing.

Version II A, vhich resulted from review of Version I
results, had two related verions, IT B and IT C. Version II A,
the basic set of items, consisted of 2l items, six items at each of
the four proportional reasohing-levels. Twenty-niné pupils, |
randomly selected from a group of 385 grade eight pupils, were
tested with this version. |

Version II B had three forms designed so that responses of
a class qf 27 fifth grade pupils, supposed non-masters, to Level I
items could be analyzed thoroughly andfsome measurement could be
made of the other items. Each of the forms had twelve items. Six
of the items in eachbform werebthg six Level I items ;;;m Version
IT A. The additional six items were selected from each of the
other three levels.

Version II C was a 30 item adaptation of Version II A that
was used with 77 high school chemistry pupils, supposed masters, to
thoroughly analyze Level IV items. An additional six Level IV
items were used elong with the Version II A items in order to
consider gome replacement of Level IV items.

Version IIT A, which was administered to 393 grade eight
pupils,waé the result of the improvements in Version I7. Twenty-
nine items were used in this version, six at Level I, eleven at
Level II, six at Level III and six at Levél IV. The additional
Level II items were intended for consideration for improvement of

Level II.
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Version III B, administered to 30 fifth grade pupils, was
designed as two forms with 12 items each. Sixv'i.evel I items of
Version III A and three items each from Levels II and III of
Version III A were used in the two forms. A special purpose of
this testing was the improvement of Level T items.

Version IV A was a set of 30 items that was administered
to 272 eighth grade ‘pu_pils. Seventy~seven of thesg pupils were
randomly selected from the 385 grade eight ﬁupils of a school.
The additional i95 pupils were the grade eight pupils enrolled in
second semester science classes in another school. The test con-
tained six Level I items, six Level II items, twelve Level III
items and six Level IV items. Overall item improvement was
intended-from this testing as was the possible replacement of some
Level III items, .

| Version IV B cqntained most of the items used in Version

IV A with the exception that six items were used at Level TII and
twelve items at Level IV. The responses of the supposed masters
who took tﬁe test, 69 high school physics pupils, were used to
improve the upper levels of the test. |

Versions V A end V B were administered to 427 grade eight
pupils, essentially all the grade eight pupils in one' junior high.
The purpose of this testing was to develop descriptive statistics
regarding the final version of the test. Version V A and V B were
the single test that was to be the final test version of 2L items.

Thirty items were used. The 24 items that were scored as the basic
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test consisted of six for each of the four levels, Six additionai
Level IV items were included. With the replacemént of two of the
original Level IV items by two from the additional six items which
were part of Version V A, Version V B came into being upon resédfihg

the papers.

Basic Design

The pgpér—penéil testing was carried out to seléct a final

form of 24 items, six items at each of four levels., An initial

" set of 76 items were written. Each item of the initial 76 item set = "

was constructed according to procedures for good item construction
after Mehrens and Lehman (1972). Only procedures 5-9 inclusive
were pertinent. T

5. Prepare a table of specifications

6. Decide upon the type of format to be used

7. Prepare test items

8. Evaluate

9. Revise

The table of specifications used was that to be. found in.
Toeble 5.2. It can be seen that the items were to sample a2ll levels
and to be written in both a geometric and physical context. Content
of the test item came from the nineteen tasks used in task inter-
views. Pupil responses to these tasks were helpful in forming the
items., N

The paper-pencil test items, the item key and the

distractors were written to specific criteria from Inhelder and

Piaget (1958). This was in accord with the specifications of
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Table 5.2

Specifications of Paper-Pencil Items Desired

Stage and Level

Context Concrete Stage Formal Stage - Approximate-
Level Level Level Level Totals
T II III IV
Geonetric a /. a a a 30
Physical . _a _a :) _a 20
Total 20 20 20 20 - 8o

8 Exact numbers in each context wére not established ghead of time.

' Glaser and Cox (1968) for cvriterio‘n-referenced megsur:. . As Glaser
and Nitko (1971) prescribed, the classes of behavior for each level
were specified as clearly as possible before the test was
con-éf-.ructed. ‘

Paper-pencilnte'st item format, criteria. and test examples
are illustrated by level in Figures I, II, III and IV.. Thg key is
located as the first answer in these examples. 1In practice, |
however, the locations of the key and distractors were var_ied by
setting out all possible cambinations of the first four answers
and then randomly assigning then.

Answer "E," I have no answer, was always placed as the

last answer. Thus, & pupil need not enter a guess when no answer

seemed plausible.
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Item Design Concrete I Stage (Level I)

Stage Score Criteria

Key ~ Concrete I = L Subject compensates in a gualite-

tive way. May match two direct =~

ordered relations or use addition
or subtraction to contrast or
calculate ratios

A > B > ¢ > D

J > K >1L >M

Distractor Reasoned .3 Subject makes erroneous connection
Guess but one which involves appropriate
elements
Distractor Reasoned. 2 Subject makes reverse ordered
Guess connection but involves elements
Distractor Illogical 1 Subject guesses or‘makes no
Guess ordered connection, nonsensical
Distractor None 0 Subject mekes no response

Item Example (1101)

A car moving at a constant I e e &o &o

speed of 30 mph will, if

Pictured. at one second - A~ Py v &

intervals, look like: 11 ko °

Answer . Stage

A. I DYecause it moves equal distances each “Concrete I
second :

D. II because it is increasing its distance Reasoned Guess

C. II Dbecause it changes : - Reasoned Guess:

B. None of these because it is moving Illogical Guess

E. I have no answer : None

Pigure I. Ievel I Item Design and Example: Test Item 5
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Item Design Concrete II Stage (Level II)

Stage Score Criteria

Key Concrete II L Subject orders corresponding
relations (with inverse) S

A > B > C>D
J < K<L <M

Distractor Concrete I 3 Subject compensates in some
qualitative, non-ordered way
(or direct - not inverse)

Distractor Reasoned 2 Subject makes erroneous connection
Guess ' but one which involves elements

Distractor Tllogical 1 Subject guesses or makes no con-
Guess nection between how things change

Distractor None 0 Subject makes no response

Ttem Example (14C,)

These nature hunt groups are chosen for a nature hike. The teacher

with the most pupils to help is: Mrs. Andrews - 5 pupils
Mr. Denton & Mrs. Felk - 8 pupils
Mr. Holt ™ <~ 6 pupils
Answer ' Stage
A. Mr. Holt because 6/1 is lorger than 5/1 is ~  Concrete II
larger than 8/2
C. !r. Denton and Mrs. Felk because they have Concrete I
the most pupils
B. Mr. Denton and Mrs. Felk because 2/8 is Reasoned Guess
larger then 1/5 is larger than 1/6
D. Mrs. Andrews because she has fewer pupils TIllogical Guess
E. I have no answer None

Tigure II. Level II Item Design and Example: Test Ttem 21
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Ttem Design Formal I Stage (Level III)

Stage Score Criteria

Key Formal I 4 Subject multiples, uses simple
: o ratios, contrasts ratios and can . -
order them 5/25 2/25
S 5/25 x 10 = 2

Distractor Concrete IT 3 A rule; usually addition or
- subtraction, is used.to contrast
or calculate ratios

Distractor Concrete I 2 Subject compensates in some
qualitative way

Distractor  Guess 1 Subject guesses or mskes no

connection between how things
.change
Distraﬁtor None : ‘0 Subject does not respond

Item Example (10F,)

Jim uses U heaping teaspoons of Tang powder with an 8 oz. glass of
water. How much Tang is needed for the same mixture with 12 oz.

of water? -
Answer Stage

A. About 6 teaspoons because 12/8 x L tsp.
6 tsp. .

Formal I

i

B. About 8 teaspoons because 8 oz. + L-oz.
12 oz. and 4 tsp. + 4 tsp. = 8 tsp.

concrete IT

i

C. More than L4 teaspoons because there is more Concrete I
water

D. U teaspoons because it is the same mixture Guess

E. I have no answver Nore

Figure III. Level III Item Design and Example: Test Item 1l
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Item Design TFormal II StageA(Level V)

Stoge Score C(Criteria

Key Formal IT L The subject calculates using pro-
portions and recognizes the appro-
priate proportions to be used:

A_C A_C_E
B D % ED°F
Distractor Formal I 3 The subject multiplies or uses

simple ratios

'Distractor Concrete IT 2 A rule, usually addition or Sub~-
traction, is used to calculate
the increase or decrease

Distractor Concrete I 1 The subject compensates in some
gualitative way '

Distractor  None 0 The subJject guesses or makes no
connection between how things
change

Item Example (2Fp)

Sketch #1 of a house is 5 pencil widths or 2 pennies high. Sketch
#2 of this house is not showmn. 8! :3ch #2 looks the same but is 8
pencil widths high. How high must sketch #2 be in pennies?

l Stage

Answer
B. Avbout 3 because 2.3.2 Formal IT

5" 8
C. About 3 because % x 8 = 3.2 rormal T
A. About 3 becmise 8 - 5 = 3 Concrete II
D. About 3 because it has to be more Concrete I
E. I have no answver : None

Figure IV. Level IV Item Design and Example: Test Item 22
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Phase III ResulEs/Intefpretations

Each testing period was followed by an analysis of results
~and an improvement of the item set. Deficient items were modified
or replaced. In the first stage, item analysis consisted’of.ccm-
paring the overall results with expectations. In‘later sfages’of
analysis the response patterns of masters and non~masters were
contrasted. In the last stages a biserial r was calculated to
evaluate the correlation of scc;es of masters with the levels

assigned by testing and a report of the mean scores of item masters

and non-masters.

Version I
Item writing fof Version I produced 76 items. fTable 5.3
summarizes the content and levels of thése items. Seventeen items
were written at the Concrete I stage, 17 at the Concrete IT stage,
18 at the Formal I stage and 24 at the Formal II stage. In total,
20 items were written with geometric context and 56 with physical
context. Usually four items were written4from each task although
as many as five and as few as one were written.

. It was intended that the final plamed array for Version II
after item selection would be that of Table .5.L.

Observed pupil performance was used to select itens for

Version II. The test was taken by 40O pupils who had been selected

to give performance at every level of proporticnal reasoning and

wvho had demonstrated such proportional reasoning in task testing.
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Piégetian Stage

Table 5.3 P9 or G2 Formal II
F Formal I
Content and Stage of Version T Paper-Pencil Items 02 (onerete 11

G Conerete }

Proportionality

P=Physical Tnverse " Direct Inverse

G=Geometricel Mulf'n of Mult'n of (Ordering as a3
Content context Relabions Relations Proportions Direet TInverse Square Square
1, Shadow P Cl 02 Fl F2
2, Mr, Tall & Cl 02 Fl F2
3, Sled P Cl C2 Fl F2 G2
b, mngle 6 4 C, Py R,
5, Bolance P &) C, B T,
6, Flag Pole P vy Gy ) F,
7, BB Soquare ¢ 0, Cy. P B, G,
8, Pattern 6 Cy C, i) R, 6y
9, Prosting ¢ G Cy F, Fy Gy
10, Paint P G Gy 5 )
11, Speed P oG R T,

E

5
ERIC

Full Tt Provided by ERIC.



Teble 5,3 (continued)

Content and Stage of Version I Paper-Pencil Ihems

Proportionality
PaPhysical Tnverse Direct Inverse
| G=Ceometrical Mult'n of Mulb'n of Ordering | 88 88
Conbent Context Relabions Relations Proportions Direct [Inverse Squere Squave
12, Bc?yle P | Cl 02 Fl F2
13, Population. P Cl Gy Fl u | - BG
W, Probebility P 0, C, | B B
15, Pulley‘ P Cl 02 Fl F2
16, Ruler P & Cy h By
17, Weight P Cl 02 Fl F2
18, Light & Shadow P I R,
19, Incline P F2
5 Physical
20 Geonetrical  17¢, 7€ 18 ) ue, 2§ 8 B35
ol 3,
76 Ltems

€L

ERICS




Th
Teble 5.4

Version II Test Item Content and Stage

Content Stage (Levels)
Concrete Formal
Level I Tevel II Level IIT Level IV Total
Geometric & »
Physical 6 6 6 ok

These general decision rules, as shown in Table 5.5, were applied:

1. Choose items which approximate these levels of
pupil performance:

Level I 50 - 60 % correct

Level IT Lo ~ 55 4 correct

ILevel III 30 - 45 4 correct

Level IV 20 - 35 9 correct

Such percentages were chosen from recognition that
correct answers to four of the six levels would be
mastery. It was also expected (Hensley, 197l4; Karplus
and Karplus, 1970) that most pupils would achieve
Level I, 70 per cent would achieve Level II, 25 pex
cent Level III and 10 per cent Level IV.

2. Use items with a variety of content and h.ve both
geometric and physical contexts within the selected
items.

3. Change items in accord with Piaget theory and item
design requirements for answers which have defined
characteristics.

Because a combination of these rules was applied, an item was not

rejected upon failure to meet any one rule.

817 .
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Table 5.5

Characteristics of Selected Version I Items for Version II

Level I Items

Test Item 1c, 2c, hCl 901., 1c, thl Average
9% Correct 53 56 43 63 58 53 5k.3
T o= 40

Decision Use Change Change Use Use Use

»

Level II Items

Test Item 1Co 3Co 5Cp-  6Cp 11C2 1k,  Average

9% Correct 38 35 28 25 60 68 k2.3
N = 4o

Decision Change Change Change Change Use Use

Level III Items

Test Itenm 2Fl 8Fl 10F1 11F1 17Fl 18Fl Average
9, Correct 40 38 55 48 28 25 39.0
N = Lo

Decision Use Use Change Use Change Change

Level IV Items

Test Item 1F, th %, WUF, 1TF, 19F,  Average

% Corvect 1k 2h 2l 28 10 31 21.8
N = %0
Decision Use Use Change Use Use Use
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Version TI
Version II, prepared through the selection process
previously described, consisted of a basic set of 2l items.

Version II was used in a different form with each of three groups:-

Version Characteristics Populaiion
II A 2L items; 6 from each 29 randomly selected
level; 2 forms - Grade 8 pupils
IJI B 12 items per pupil 27 Grade 5 pupils
3 forms each with (one class) 7
6 Level I items and
6 items from the Probable non-masters

other levels

II C 30 items; 6 for each 77 Grade 11 pupils
level; 6 additional -(chemistry)
items from Level IIT; .
2 test forms Probable mpsters -

All testing was done with at least two forms of the ﬁ%sf”ig_which,
items were randomly ordered. Form 2 had the reverse item order
from Form 1. o

Decision rules for improvement of Version II were more
corplex than for Vefsion I. The scoring provided for a classifi-
cation of a pupil's level of proportional reasoning. The assigned
reasoning ieve} was ‘then used to categorize responses. It was
possible then to note how the items discriminated between
proportipnal reasoning levels.

A pupil was assigned as a master of a part’ ~ular level when
he achieved correct responses for four of the six L. assumed to
be written at that level. It was reasoned}that with six items per

level and four responses per item (Level E response always was
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"I have no solution"), the probability of success‘by pure guessing
would be one-fourth per item. For six items, then, it was probable
that two items might be answered correctly by pure chance.

Through test scoring, the masters and non-masters for each
level were identified. Since all pupils were tested oﬁ all items,
the scoring may be thought of as a classification scheme where O
denotes non-mastering and 1 denotes mastering at respective levels
(see Figure V). A person mastering all levels would follow the
sort of performance on the right. A person failing all levels
would follow the performance on the left.

This Version II scoring acqomplished an assignment of each
pupil to a performance index based upon his meeting or failing the
criteria of achieving correct responses to four of the six items at
each level. In Table 5.6 there is a listing of all possible per-
formance indices arranged by the level they probably represent.

The number of eighth grade pupils, masters in proportional
reasoning, are listed by the performance index they achieved. As
gntiéipated, most of the eleventh grade pupils, 78 per cent,
achieved above Level II. Tﬂése results suggested, however, that
too many eighth grade pupils were being classified in Level O or
Level I.

The responses of grade 5 pupils, non-masters, were valusble
in evaluating the Level I items. Grade 5 reghlts, Version Ii B,
were obtaired by hand scoring. . The results, as shown in Table 5.7,

suggested that Level I items were working appropriately.
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Performance
Index  Failing

Tevel T items 0 Pails Level I
Level IT items 00 Fails Tevels I and II
Level I1T items 000  Tails Levels I, II and JII

level TV items 0000  Tails all levels = Preoperationel
B Stage - Level 0

Performance

~ Index

Passing

1

11

111

1111

Passes Tevel T
Passes Levels T and IT
Passes Levels I, IT and III

Passes all levels = Formal
II ~ Level IV '

Figure V, Performdnce Tndex

5
ERIC

Full Tt Provided by ERIC.
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Table 5.6

Performance of "Masters" and "Transitional" Pupils
on Versions II A and II C

Grade 11 .
_ Grade 8 Chemistry
Level Performance Pupils Pupils
Index® "~ "Pransitional” "Masters"
N = 29 N="175
0000 11 1
0001 0 0
00190 0 1
Level O 0011 0 0
(Preoperational) 0100 0 0
0101 0 0
0110 0 0
0111 0 0
1000 10 1
Level I 1001 0 0
1011 0 0
1010 5 8
Level II 1100 0 5
1101 0 0
ievel IIT © 1110 3 36
Level IV 1111 0 23

& This notation describes the levels passed and failed,
e.g., 1111 means
Passed Level I
Passed Level IT
Passed Level III
Passed Level IV
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Toble 5,7

Version TI B Results

Responses  Level T Tfems Level I Items  level IIT Items  Lavel IV Iteus
L-bonih 13561 2801178 1% 1719

13102 105315 30 113l

1<
T

n

1—

732228 213302 114311 34 21

bo2l b8 1h2obl 031720 02 11

[a%]
}__J‘
1 2
| Rl

D R2B 507 3hbl2l 221303

b 264391 016300 133011 11 16

Correct answers are underlined,

og
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Items J_'l.cl and 11;01 could have been too hard since they were
answvered éorrectly by fewer pupils. Results from other levels
confirm that these items do discriminate.
Tshble 5.8 lists responses for all grade 8 pupils: grade 8 ‘

Level 0 pupils (0000) and grade 8 Level I pupils {1000).

Table 5.8

Level I Ttem Results for Grade 8 Pupils on Version II A

Per cent correct by
student description

Item number All 0000 1000 Comment
N=29 =11 N=10
1hCy 62 36 70 okay
11¢ 1 62 9 90 okay
o, 69 55 70 okay
Le 1 72 27 100 okay
2¢C, 48 9 60 change
1c, 69 36 | 90 okay

The first criterion for item improvement was that items
for Level I should be answered correctly by a.pp.rox.imately 66 per
cent of the eighth grade pupils. Item 201 did not meet this
criterion,

Contrasting the results of Level O and Level I pupiis
gives some estimation of how well each item discriminated between
masters and non-masters. Itemfl_lc:L wa.;s especially good at dis-

crimination, as shown in Table 5.8, Ttem 2C, dit2oriminated well

1
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but should have been correctly answered by more persons. Item gﬂl;

it was concluded, needed improvement.

Very familiar objects weyp/

substituted for the pictures of the problem. Version Ii item

decisions are summarized in Table 5.9.

Table 5.9
Version II Item Decisions
- ‘A
Level 1T JTtems
Test Item 1kc; 11C; 9Cy he, 2c 1C;  Aver/¥y
% Correct
Responses 62 62 69 72 48 69 63
N =29
Decision Use Use Use Use Change Use
Example
Level II Items
Test Ttem 1hC, 11C, 6C, 5¢,  3C, 1c, Aver/Yy
49 Correct
Responses 52 59 62 . 7 38 59 L
N =29
Decision Use Use Change Change Use Reduce
Example Ratio Only 2 Ambiguity
Charts :
Level TII Items
Test Item 18F, 17F; 1F, 10F, 8F 2F)  AverRy
% Correct
Responses 21 52 L5 45 55 38 43
N=29
Decision Change Use - Use Use Change Use
Ratio Ratio
Level IV Items
Test Item 19F, 17F, 11F, %G,  UF, 1F, AverZy
% Correct
Responses 31 10 28 2l 24 1k 20
N =29
Decision Use  Replace Replace Use  Replace TUse
Iten Item Item .
VAN
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Version II needed some improvement. Version II had the
beginnings of appropriate discrimination but items at each level

needed changes.

Version ITI A and Version III B

Version III A was constructed from the experience in
testing with Version II. These decision rules were used:

1. Items within a level should have homogeneity in
their overall difficulty.

2. Items should discriminate between the responses
of persons identified with levels of reasoning,
that is, Level III pupils should have better
performance on Level III items than Level II
pupils. B ' ‘

Selected items were randomly ordered through the test. Two
versions of the test wefe used in all testing. One version had fhe
reverse order of items from the other. The key and distractors for
the items were randomly ordered. The population tested with
Version III included all grade 8 pupils in one junior high school
(see Figure VI). Thirty grade 5 pupils, one class at an
elementary school, were tested with Version IITI B. Version III B
differed from Version III A, since it included the iOWEr threae
levels.

Test deficiencies were evidenced by the very large number
of pupils failing to meet success by the criteria for Level I and
then shogiié success for higﬁef levels, Of 227 pupils who failed
to correctly answer four-of the six Level I items, only 99 failed

to meet the criteria at the other three higher levels. It was
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found that two of the six items for Level I had been incorrectly
keyed and that some program problem had not carried through the
old classification. The items themselves were likely better than
performance indicated.

Test analysis féllowedfthe same pattern as explained for
Version II. A summary of these improvements is proﬁided in

Table 5.10.
Table 5.10

Version III A Item Declsions

Level T Items

Test Item 1L4Cp 11c, 93¢, hcl 2C; 1C;  Average
% Correct
Responses 63 62 69 T2 68 64 66
N = 393 : '
Decision Use Change Use Change Use Use
only 2 Make more
examples discrimi-
nating
Level IT Ttems
Test Item - 14Cy  11Cp 6Co 5Co 32 1c, Average
% Correct ‘ .
Responses 61 23 38 52 60 69 56
Decision Use Change Replace Change Use Use
Responses 1 answer '
Level TII Ttems
Test Item 18F; 17F; 11F . 10Fy 8F1 2F, . Average
4, Correct 1 '
Responses - 68 k2 49 ‘?7 43 W7
Decision Use Add plaus, Change Use Change Use
answer 1 answer Pbm stem
Level IV Items
Test Item 19F, 15Fp -10F5 9Go 5Fp 1F, Average
% Correct R
Responses 3k 3k 62 21 38 22, 34
Decision Use Change Remove Use Use Add
order of words more

answers frm ratio numbers

100




86

Version IV A

Version IV A was prepared from analysis of Version III
results as previously described. Version IV A had thirty items.
Twenty-four of these were the six items for each of levels I, II, "
ITT and IV. An additional six items at Level IIT were included to
provide improvement of Level ITI. Test Version IV A was taken b&

272 pupils. Of these pupils, 77 were those random;y selected from

385 grade 8 pupils at Olson Junior High, Bloomington; 195 of these

pupils we.re those eighth grade pupils taking science__in the second
semester at Portland Junior High, Bloomington.

Version IV B had thirty items. The twenty-four items pro-’
viding the core test of six iftems for each of the Leveis I, 1T, III
and IV were the same as those of Version IV A. The additioﬁa.l six
items, however, were from Level IV to support improvement of Level
IV items. Test Version IV B was taken by 69 pupils who were
physies pupils at Lincoln High School, Bloomington. By maturity
and ability these pupils were assumed to be masters of proportional
reasoning.

It was intended that this testing be uséd to improve the
items selected .for test Version V. 'In addition to previous item
selection techniques, the point biserial measure of item discrimi-
nation was calculated. Decision rules for item impfé)vement were:

1. TItems within a level should have homogeneity in
their overall difficulty as evidenced in:

Aa.. the total percentage of persons correctly
answering the item ’
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b. the percentage of persons attaining the level
who correctly answer the item

c. the number getting the item right and the
number getting the item wrong

2. Ttems within a level Should discriminate between - .
responses of persons mastering that level and those
not mastering the level as evidenced in:

8. pupils coded as masters of the level should
have performance on items of that level that
distinctly exceeds that of non-masters

b. the average scores over the test of those who :
are masters of the level should be approxi-
mately the same .

c. r biserial values for each item should
approximate or exceed .5000

Version IV A results are described in Figure VII. Of the
272 éupils tested, 232 or 85 per cent were identified distinctively
with a ceftain level. Table 5.11 summarizes the broportional
reasoning levels assigned.
Table 5.11

Proportional Reasoning Levels of Grade 8 Pupils on Version IV A

Number Level Stage Per cent

35 0 13
26 Transitional 2 9
62 T Concrete I 23
12 : Transitional 4
76 II Concrete IT : 28
2 Transitional 1
55 IIT Formal I .20
_ L o Formal IT 1
Total 272
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Grade eight responses oy items are described in Table 5.12.
B

Table 5.12

Version IV A Item Decisions

Level I Ytems

Test Item thl J1cq | 9Cq. kcy 2Cq icy Average
% Correct
Responses 63 71 69 62 66 55 6L
N = 272 ‘ _
Decision Use Usze Use Use Add More
table diagram
detail

Level II Itenms

Test Item 14Co, 11C, 10Co 5Co 3Co 1co Ayerage'
% Correct : -

Responses 77 51 68 68 60 69 65

N = 272 :

Decision Use Use Use Replacé Use, Use

Level III Items . .
Test ITtem 18F 17F; 11Fy  10Fy ~ 8Fy 2F Average

% Correct
Responses 58 3k 65 48 37 43 418
N = 272 » _ }
Decision Use Use Replace Simplify Use Use
ratios

Level IV Items
Test Item 19Fo ‘15E2 lOF2 9%Go 5F2 1F2 Average
% Correct ,
Responses 21 18 38 19 3k 29 - o7

, N = 272

Decision Use Use Use Use Use Use
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Tt was apparent that Level I items weré too difficult and
Level IJ items too easy. Item d.iscrimination information from

Table 5.13 was used as indica.ted.

Version IV B~ -

Test Version IV B consisted of thirty items. The twenty-
four items forming the core of the test were identical to those of
test Version IV A. The a.dditional six- items, h}owev_er; ;rere from
Level IV to allow improvement of Level IV items. Test items vere
raﬁdomj\v ordered in the test. The te;t was é.dminis'tered ﬁ‘.n two
forms. One form had the reverse order of the other form.

Test Version IV B was taken by éix’cy—nine physics pupils
at the same time as tesf Version V A was being administered.
Results from Version IV B were not available for improvement of
Version V A.' Pupil perforinance 6n Version IV B is suxmnaiized in
Figure VIII. |

‘ Decision rules for improvement of the items of Version
IV B included information from calculztion of the point biserial

measure of item discrimination. The decision rules were:

1. TItems within a level should have homogeneity in
thejr overall difficulty as evidenced in:

a. the total percentage of persons correctly
answering the item

b. +the percentage of persons attaining the
level who correctly answer the item

c. the number getting the item wrong



Teble 5,13

Them Discrimihation Version IV A

Bretting  f Cetbing  Average Score on Point
Them Tten This Level Biserial T
Question Correct Wrong Corrects Wrongs Correlation Value
L b o7 189 188 1,91
1-2 27 25 ST 3 U7 10,72
13 oy 55 B8 5.l 36k B,00
1k 203 69 81,9 18,3 598 12,24
15 16} 108 8o 56,0 S70¢ 11,58
1-6 170 e B 53 - boB 14,75
Tevel T Average 199,7 72,3 .0 W2
2-1 198 Th 7,6 ko1 563+ 11,20
.2 % W6 U B, SRR " 1L,%
043 193 79 7,3 Wb 580 11,70
24l 202 70 03 1.l gL 9,27
25 155 7 Ll 530 % (L BT
26 19 153 mé 5.2 s 100
Tevel I Average 1R 99,8 1,9 4,0

% Significant at the ,001 level

6
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Table 5,13 (contined)

A Discrimination Version TV

fGetting  f Getbing  Averege Scoreon  Point

Iten Them  Mhislevel - Berd T
Question Correct Yirong Corrects Wrongs - Correlation ™ Value - -
3l RS R XS S/ S X (N
3 % I VI RN S S N
33 155 117 e b S L
4 175 9 30 b S 1209
3u5 52 220 k5 k.0 75k 1,24
36 0 iR 0T Bk St 0,62
Level TIT Average 1206 b %9 3.6 |
| B0 192 90 1.9 510k 9,73
b2 75 197 g 7.6 5k 10,62
I3 B3 189 00 15 S¥ 06
holy 48 20l 06 20.8 361 611
b no %9 196 ot T8
bt 3 23 8 2Ly 290 b7
Level IV Average 65,5 200,5 ¥8 193 ‘
# Significant ab the 001 level
¢ Significant at the .1 level . 9
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Table 513 (continued)

Ttem Diserimination Version IV A

- PR
# Getbing  ff Getting  Averege Scm/a dfl Dol
Ifen Then This Lew& pigerial I
n Correct Wrong Corrects Wzﬁ ___ Value
Wl 1) 119 11 P X
52 I A YR OBt L3
5 5 20 503 g S L0
51 ) o4 89 o b8
5 q . ke Py M B
546 5 206 03 f M one
Jevel V. Average 129,6 12 56,9 ﬁ\g, |
- W\rv .

% Significant ot the ,001 level
#* Significant at the .1 level
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2, Items within a level should discriminate between

responses of persons mastering that level and those
not mastering the level as evidenced in:
a. pupils coded as masters of a level should

have performance on items of that level

that clearly exceeds that of non-masters
b. +the average scores over the test of those

who are masters of a level should be

approximately the same

c. point biserialvﬁalues for each item should
approximate .500 or better

That physics pupils were indeed masters was confirmed by
their performance as summarized in Table 5.1k.
Table 5.1h

Version IV B Item Responses of Physies Pupils

Ievel I Items .
Test Item ey 1ic, 9Cy ke, - 2cy 1cq Average

% Correct
Responses 91 ol 95 91 93 o1 93
N = 69 N

Level II Ttems
Test Ttem  14C, 11Cp,  10Co 5o  3C2 1Co  Average

9, Correct :
Respgnses 93 86 91 81 86 8L 87
N = 69

Level XTI Items
Test Item 18Fy 17TF; 1P 10Fy  8Fy 2Fy Average

% Correct
Respgnses 8L 70 87 8h 62 90 80
N = 69 |

Ievel IV Items

Test Item 19F, 15Fp 10Fp Go 5Fo 1¥o Average
% Correct

Respgnses 52 h 57 h 5l 35 . 58

N = 69
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Ttem discrimination information summarized in"Tab.le 5.13
and the information from Table 5.1k supported the replacement of

item ng in Version V B.

Version V A

Test Version V A contained thirty items. Twenty-four items
were the core .of the test. Each of the four proportional reasoning
levels had six test items from this set of twenty-tfour. The
~additional six items were from Level IV to suppoi't improvement of
i.evel IV items fi*om pupll performance on this test and the per-
formance of masters on test Version IV B.

Items were randomly ordered in the test. The test was
administered in two forms. One form had the reverse order of the °
other form.

Test Version V A wes administered to 427 grade eight pupils
at Oak Crove Junior High School. Included were most of the |
original forty pupils who participated in task testing. Pupil
performance on test Ve}'sion V A is summarized in Figure IX.

Improvements of this version were possible through the
rescoring of Level IV items. Decision rules for such improvements
included information from calcwlation of the point biserial
measure of item discrimination. The decision rules were:

1. ‘Items within a level should have homogeneity
in their overall difficulty as evidenced in:

a. the total percentage of persons correctly |
answering the item
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b. the percentsge of persons attaining the..
level who correctly answer the 1tem

c. the number getting the item wrong

2. Items within a level shoul. discriminate betwecu
responses of persons mastering that level and -
those not mastering the level as evidenced in:

a. pupils coded as masters of a level should
have performzmce on items of that level
that clea:rly nxceeds that of non—masters

b. the average mscores: over the test of those
who are masi=rs-of a level should be - ‘
approxlmate]y the same I -

c. point biserial values for each item :
~ should approximate .500 or better

Seventy-five per cent (322) of the 1+27 tota.l grade eight
pupils were clearly identified with a proportional reasoning level.
Summarizing Figure IX results, the proportional reaso;ling levels
assigned were those of Table 5.15‘. |

Table 5.15

Proportional Reasoning ILevels of Grade 8 Pupils on Version V A

Nurber Level Stage B Per cent

99 o) | Preoperational ‘ 23
58 Transitional . b
71 T Concrete I 17
39 Transitional - 9
62 II Concrete II 15
8 Transitional 2
67 IIT Formal I 16
23 v Formal II 5
Totel ka7
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pupil responses by ° = are summarized in Teble 5.16,

o Table 5.16

Version V A Ttem Responses of Grade 8 Osk Grove Pupils

Level I Items

Test Ttem 1hC; 11C; 9C; MC;  20; 101 Average
% Correct ‘ ‘ ‘ '

Responses 68 71 T2 59 b 57 65 e S

N = 427

Level IT Ttems
Test Ttem 14C, 11C, 10C, 5C, 3G,  1C,  Average.

% Correct v .
Responses 67 55 69 35 50 53 55
N = L27 '

Level TIT Ttems
Test Ttem  18Fy 17F; 11Fy 10Fy 8Fp 2F;  Average

4 Correct . , o '
Responses 46 34 55 57 39 59 48
N = k27

( " level IV Items : S
\ Test Ttem . 19F, 15F; 10F, 9Gp  5F - 1F,  Average
' 4, Correct ' ‘

Responses 33 37 4 16 25 26 30
N = Lot : Co

It was apparent thed cﬁanges.from Version IV A were
improvements with.the exception of the replacemeiii: of item 5Co.
These results suggested th;t items 9Go, and 5Fo needed.improvement.
Results from Version IV B, physics masters, supported the change-

of item 5F,. Resulits on 9SG, by masters was commendeble suggesting
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that this item was likely a higher order proportional ;‘easoning
level. . The item discrimination information of-Table 5.15 con-
firmed the need for replacement 'of items 9Gp, and 5F, and suggested

that appropriate replacement items would be items 12F, and '2F2.

Version V B 4

Test Version V B was obtained by a reworkiz.ig‘ of ‘the V A
"resu.‘lts:“"'“Items 9G2 and 5Fp were repia;:ed with‘ 1tem812F2 :a.'ﬁd 2Fo.
The bresults_ fqr these ite;ns were appropriately ava.v.'ss.igﬁed a.nd ﬁhe
overall teé‘b resulté rec'alculated, Pupii perfoma.vnc‘é:’c’;h. t'h‘is:, the
final test version, is“éuqnna.rizéd_in Figure X. S‘elvenfv‘:y-foﬁzj per
cent (317) of the 427 totel pupils were clearly identified with a
proporbional. reasoning level., Table 5.17 summa-:rizés the Figure X~
results in terms of percentages of pupils attaining each
proﬁoﬁi.;;;i reasoning level.

Table 5.17

Proportional Reasoning Levels of Grade 8 Pupils on Version V B .

Number Level sté.ge Per cent

98 ' 0 Preoperational 23
58 Transitional 14
67 I Concrete I _ 16
b2 | Transitional 10
60 1I Concrete IT 1k
10 . Transitional 2
60 I1I . Formal I 14
32 TV . Formal II 7T
“Total ka7
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Table 5.18 presents pupil responses by item for Version
~V B. The feplacement of the two Level IV items did improve the.
test. B |
Table 5.18 o |  -' -

Version V B Resronses of Grade 8 Oak Grove Pupils

Level I Ttems ‘ - . R
Test Ttem  1bCy . 11c;  9¢; bey  2c;  1c; - Average
9, Correct ‘ ' - ) R '

Responses 68 L - T2 .59 6h 57 : 65 .
N = 427 ; - - L

Tevel II Ttems ‘ : ; ‘ : _ L
Test Ttem  14Cp 11C, 100, = 5C;  3C;  1Cp . Average . .
9, Correct ' ' o

Responses 66 55 69 35 50 53 55
N = ko7 ' -

Level IIT Items
Test Ttem  18Fy 17Fy 11Fy 10F; 8F) 2F;  Average

4 Correct
Responses

N = h27

&

3k 55 57 39 59 48

Level IV Items
Test Ttem  19F, 15F, 10F, 12F, 2F, 1F,  Average

% Correct - - (
Responses 33 37 45 28 33 26 34
N = k27

Table 5.19 presents data which confirm the hohogeneity of
items by level and relates the discrimination these items have.
There is consistency between the number getting the items correct

and wrong by level. The average scores on the items of those who
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Table 5.19

Version V B Item Discrimination

Test *  {f Getting ‘# Getting  Aversge Score on

Point

m

Ttem  Iten Tten This Level Biserial ‘T‘
Question  Number  Correct Wirong (orrects Vromgs  Correlation*  Value
11 1 W R N T ST S
1 5 3 W e kg 58 BE
W0 ®W wm e kg B e
10} 5 % o om9 Wk S b
15 9 B m9 o b ML R
1+6 23 by a8 Bl -l 6k9 17,57
level T Average 278 W 62 W3 565 1,30
@ B 13t B3 H BK
22 L 2% 191 6.2 %o 5k 13,40
.3 18 R R U T IR 1.
0.l TR om0 A M e
2.5 R a6 S »e
26 , w w67 ke M oup
 Jevel TT Average o W e By S BB
4 411 biserial correlebions are siguifioat ab the ,00L level - o
| | ‘ 8




mble 5.19 (contimed)

Version V B Item Discriminabion

",

=

Test  f Gottlng  # Gettlog  Average Score on b
Tten Tten ~ Item This Level v ordal T
question  Number  Correct Wirong Corrects Wrongs Zz&-ﬂf‘ ation*  Value N

W T 198 29 Gk w1 B ke
32 2 16 261 65.6 397 il 107
R S TS R RN X R R S
b o W 6y By a4 b
35 13 1 % 66l 303 Y
3-6 3 Bk 173 L2 0L ST 1hks
Level III Aversge 208 219 636 gl . 1M

ol 16 139 % ko285 BY
2 9 W o W6y S5 »B
I3 S N SR X N SR R X
! 0w w6 w5 B R
b5 2 W % PA B0 5k 13.23
| b6 6 109 318 b6 2h2 Mo ILYT
level IV Average | 113 B Bk @23 530 1’3

% A1 biserial correletions ave sipnificant st the 001 level

HOT

RIC - VS




+~+ th- tem correct and those - got it wrong aze similar. _“tem
ctwtrtizoation, as measured by ti point biserial currelation

:oeffiv . :nt, does consistently aprroximate .500. T-value suggests

T ab 'sw correlation values are not due to chance.

Surmmaxry

iaper-pencil items were zmproved through the changes
Axeaily based on test results of non-master pupils,
ssasioctiznal pupils and master pup:‘.ls;
Performance of comparable pupils on the five versions is
oo in Table 5.20. The items, which are reported under Version I,
cre those 24 of the 76 that were used in Version II. Increased
item homogeneity is evident in the decreasing range of percentage
ccorect.  Higher average values in most levels were also 'achieved.
in <he later versions. | ‘
. Tagble 5,20

o

Zercentage= Correct on Test Versions by Grade 3 Pupils.

Level I Level II  Level III ‘Level IV

Version Range Avg. Range Avg. Range Avg. Range Avg.
T (24 items 143-63 Sk  25-68 42  25.55 39 - 10-31 22

only) '

T 48-72 63 7-62 46  21-55 L43  10-31 22
111 . 6272 66 3869 56 27-68 47  21-62 3L
v 55-7T1 65 51-77 55 34-58 48  18-38 34
s 57-72 65  50-66 55  34-59 48  26-37 3k
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CHAPTER <€

CHARACTERISTICS OF T: I Z/STRUMENI

In this chapter, criteria for va. 3ity, r=liability and
discrimination of the instrument are sta'==. The statistical
analysis af the instrument is»desCribai.anﬁ;judgments are made
regarding the instrument's performance #ith respe;:‘i:. 'tol the stated

ceriteria.
Validity

Content validity

validity of a test is a measure of ;:he degree to which the
test measures what it is intended to measure, Qne component of
validity is coztent validity. In accord with Crombach (1960), a
test has content validity if the items in vthe test require behaviors
for their resolution that are proper to the trait being nieasured.
The purpose of this test {cras to measure fdur levels of proportioné.i
reasoning. Items were written for each of ti= four levels. Each
item used, as the question stem, a situation that had been used in
task testing or had appeared in the literaimr=. Specifications
for writing the responses were that the key, zorr=ct answer, would
be a response at the level tested and the distractors would be

plausible for lower levels of reasoning.

106
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~his _ . zical i:'-alatioﬁstxip of item &= 11 to theory is
demonstrated : the folicwing examples (sex . lzures XI, XII, -TIT,
and XIV) of itua desizn waken from the test's *inal version; Tha
test had strong cont=== v=1idity because tze items in each level
met the specifications for Droportional reasoniug of .Piaget and

Inhelder {1958).

Concurrent Validity

Concurrent validity, as defined by Cronbach (1960), exists
when the test correlates highly positively wit: lirect test
pezsures of the same trait as the initial test. Concurrent
validity of the paper-pencil test was assumed te be acceptable wheh
the pupil paper-penci™ test scores showed a ymsitive correlation
of at least .30 with their corresponding t=sk interview scores.

The criterion value of .30 was based on the range of reported
inter-task correlations -,15 to .5’5 (Lawson, Nordland and DeVito,
1975). Table 6.1 summerdizes the correlations for thirty-five
pupils w2o we;re measures- with both tasks and the paper-pencil test.

Tasks 1, 2 and 3 are, respectively, the shadow t=&u., Mr.
Tall tas: and the sled %ask. Rate &, Rate 8, and Rate 16 =re three
ratimz schemes used to evaluate paper-pencil results. Unger Rate b4
every pumil was zssigned to one of four proportional rez=—ming
levels, namely I, II, = or IV, with mo tr=msftional stzges.

Under Rate 8 transition=T stages were *dentiZied, namely 0, 1.0,

1.5, 2.0, 2.5, 3.0, 3.5, and 4.0, yUnder Rate 16 the valu=ss them-
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Ttem Design Joncrete I Stage (Level I)

SSupe Score Criteria
Key Zoricrete I 4 Subject compensates in a qualite-
‘tive way. May match two direct
ordered relestions or use addition
or subtraction to contrast or
calculate ratios .
A < B < c < D
J > K > L > M
Distractor Ixs=soned '3 Subject makes érroneous connection
Luess but - one :which 1nvolves gppropriate
' elements .
Distractor Reasoned 2 Subject 'makes reverse ordered con-
Guess - nection but involves elements
Distractor ITlogical 1 Subject guesses or makes no oré=red
"Guess connection - nonsensical
Distractor Nome 0 Subject makes no response
Ttem Ezample

Mz=y buys three tickets to a raffle where 30 tickets are sold,

J=te buys ons ticket to a raffle where 30 tickets are ‘sold.

Su=

buys three ZHckets to a raffle where 30C tickets are sold
Weich giz= have about the: same chance of winning? '

Ar=wer Stage

D. J=ne anZ Mary because three chances in 904 Conci'ete I

is The same as one in 30
5. Sze and M=y because edch have three tickets Reasoned QGu=ss

4, Jene znd 3=Ty because theirs are the least Reasoned. Guass

tickets
T. 471 girls have the seame chance ' Illogical Guess .
W, 1 hzve No ZIswer None
Figure XI. Le==l I Item Design and Example: Test Item 1
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Item Design Conerete II Stage (Level II)

Staus Score (Criteria

st

Key copzmete II 4 Subject orders corresponding
relativns (with inverse) -
A < B < C <D

J > K> L > M

Distractoer Czncrete I 3 subject compensates in some
gualizative, non-ord=red way
(or &irect - not inverse)

Distractor Reasoned 2 Subject makes erronsous connection
Jmess but one which involves elements

Disti‘actar Tlogical 1 Subject guesses or makes no con-
Auess nection between how tlrings change

Distractor Tone o) Subject makes no response

Ttem Ezample

Four c=rs have &ifferent speeds: Czr A is the fastest, Czr B. the
next Sastest, Car C the next fastest and Car D the next fastest.
The fe—xtest car takes the least tim= To mo 200 miles, the next
FTastes~ cazr the next least time and so cn. Which car is the third
Tastes: 2vd takes the third least time to go 200 mil=s?

Answer - Btag=
ist fastest 2nd fastest 3rd fastest
TED = Car B LCar O .
st least Sime 2nd least time 3rd least time'
1 Car C because: Torcrete I
1ss most fast 2nd most fast 2rd most fast
Car A Car B Car C
1lst most time 2nd most time  Zzd most time .
C. No car because they don't match wp Reasoned Guess BRI
‘'B. Car B because: : I1llogicel. Guess
1 -Car?D 2 -cCar C T -~ Car®
E. T have no answer Tfone

Pigure XII. ZI=vel IT Item Design ==i Exazmple: Test ITtem 12
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Ttem Design Formal I Stage (Level IIT)

Stage Score Criter:‘.a.‘
Key Formal I 4 Subject multiplies, uses .simple

ratios, contrasts ratios and can.
order them 5/25 2/25
5/25 x 10 = 2

Distractcr  Concrete IT 3 A rule, usually addition or sub-
traction, is used to contrast or
calculate ratios

Distrazctzr Concrete T 2 Subject cbn@ensates in some
qualitative way '

Distractor Guess 1 Subject guesses or mekes no con- .
nectior. between how things change

Distractor None 0 Subject Zoes not respond

ITtem Examnile

Jane is weighing out apzizs on-thkls sopec-market
scale. Fext will forrisen apoles weligh 2f six
apples w=izh 2 poumis?

Answer Stage

C. 4 2/3 Iws, vecause 2/6 = b= 4 2/3 Formal I

B. 3 c— k4 Ibs. beczuse it Is more Concrete II

A. -3 I&s. becavse 5+ F o= 4 Concrete T
2+ =10

D. Sherause 2 +2 + =5 Guess

E. I have no answer ~ None

Figure XiTI. ILevel IIT T==m Design =nd FExample: Test Ttem 24




Item Design Formal II Stage (Level IV)

Stage . Score Criteria _
Key Formal II L Subject calculates using pro-

portions and recognizes the appro-
priate proportion to be used.

A_C . A_C_E.
| BD %P BTDTF
Distractor Formal I 3 . Subject multiplies or uses smple
ratios

Distractor Concrete II 2 A rule, usually addltldn or sub-
traction, is used to. calculate the '
increase or decrease

Distractor Concrete I 1  Subject compensates in.some..
qua.lltatlve way

Distractd'r - jone 0 Subgect guesses or. ma.kes no.con~
nection between how things change

Item Example

On the ramp 1llustrated the cart and its welght are- balanced by
weights on the string. What amount of welght 1s needed to ba.la.nce '
400 g of cart weight at 2007

, Weight
Angle Cart  String
10° 200g - 35
10° 300g 52
20°  300g 100

20°  LOoog ?

Ansver | .. . gtege.

100 _ 133 L _
D. 133 because 360 = §00 o | Forma.l 1T
A. 133 because 388 uoo = 133 : Formal I
C. 177 because it goes up 17 for every 100 Concrete IT '
B. 150 because it is more . ... .(ConmcreteI .
E. I have no answer ' - ~ None

Figure XIV. Level IV Item Design and Example: Test Ttem 16
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Table 6.1
Pearson Correlstion Coefficients for

Tasks and Paper-Pencil Ratings
- N=33

Task 1  Task 2  Task 3 Task AVv. Rate 4 ~ Rate 8

Task 1~
Task 2 .59 ’ _ - /
S=,001%
5=.018  s=.062
Task Av .83 LT T3 )
$=.001  §=.001  S=,001
Rate 4 1o .31 .25 L
S=.011 S=.0h4 $=.079 $=.009 .
Rate 8 .36 .29 - 38 .99
$=.020  $=.052  $=.085 = §=.015  $=.001
Rate 16 .35 .28 .23 36 .98 - 1.00

$=.023 $=.058 S=.096 $=.019 = S=.001 $=.001

¥ 8§ is significance level

selves were used and ordered in this menner:

0000; 1000, 0010, 0001, 001l; 1100, 0101, 1001, 0100;
1110, 0110, Olll, 1010; 1111, 1101, 1011 '

See Chapter 5 for a corplete description of these ratings.
Correlations wxceeding the .30 level were reported for
Task_;'with all ratings, for Task 2 with Rate 4, for Task 3 with
no f;%gngs, for thevtask average with ali ratings,
. The test was assumed to have acceptable concurrent
vaiidity since the paper-pencil results reportgd.ﬁénkaté 8

(reasoning levels and transition scores) had a Pearson correlation
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coefficient of .38 with the average task score which exceeded the

minimum .30 level and was significant at the .015 level.

Construct Vvalidity

According to Crombach (1971), a test has construct validity
if it measures the attribute it is said to measure. It follows
theﬁ that if the test does not measure other things, it is
acceptable. Comparison of pupil testiperfqrmance was made with
pupil tésk scores and. with pupil intelligence_scores measured with
the Lorge-Thorndike verbal, nonverbal and total test.

The test had groups of questions for eachugf the successive~
ly more difficult lévels. The observed pupil difficulty levels
between groups of questions were compared.

It was assumed that construct validity would be evident in
the convergence of scores of other measures'of the same test.
Correlations between task scorés and the paper-pencil .scores would
be high,-positive and higher than task score correlations with
intelligence test scores.

The Pearson correlations using the scores of the thirty-firé _
pupils paerticipating in both task and paper-pencil testing were ;36
‘between average task score and paper-pencil test rating, .53
between task scores and Lorge-Thorndike nonverbal IQ and .35
between task scores,énd Lorge~Thorndike verbal IQ. Althéugh thé‘

correlation between task and paper~-pencil scores was positive and

high, it was exceeded by the value for task and nonverbal IQ
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correlaiion. It must be mentioned.that the corrélation betweeh,“
paper-penzil- scores and Lorge-Thorndike nonverbal IQ wésxf58 end
between mmper-pencil scores and Lorge-Thorndike ve:baliig was'.SOu
1t is =aspected that the high correlation'with LdrgeQThorndike'f
ronverbal is from some relationship ﬁith.whaﬁ is béihg measﬁiéd}
anz also from the continuous data provided by Lorge;Thorndike‘
LOYesS. ‘ |

Additionally, it is a construct of Inhelder and Plaget |
(2958) that successive 1evels of proportlonal reasonlng require
=—ogressively more sophisticated reasoning. Slmllarly, construct.
Telidztion suggests that the difficulty level Of‘items wpuldtbé _
=xpecetad to show anvincreasingbdifficulty with.highgr_ievels:of‘__, -

the test. This is illudtrated in Figure XV.

70 6 ~
5%
2 60
o 55%
a 0 S R
£
= ho '
o]
& 30 3
g .
Q 20
g
o 10
Z
-0
I II 11X v
Test‘Levels

Figure XV. Average Per Cent Success of 427 Elghth Grade Puplls
at the Four Test ILevels
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Further support for this d.ifflculty construct was obtained. '
by comparing the expected difficulty rank of 1tems by group a.nd
the observed difficulty rank. It was expected that in each level

1+2+3+h+5+6
s

all items would have identicalvra.nking, that is for

every item in Level I. The following array in Teble 6.2 resulted.

Table 6 2
Comparison of Observed and Expected Item Difficu.'l.tles
(# Right)
Test Expected | Observed
Ttem- Rank Rank
1 3.5 h
‘2 3.5 2
Level I '2 g:g ' ,:17'
5 3.5 6
6 . 3.5 8
7 9.5 5%
8 9.5 1
S 9.5 3%
Level II 10 9.5 1
11 9.5 1
12 9.5 13
13 15.5 ) 15
i 15.5 20
15 .15.5 12
Level III 16 15.5 10%
17 15.5 17
18 15.5 9%
19 21.5 22
20 21.5 lg
21 21.5 -
Level IV 20 ‘ 21.5 23
23 21,5 21
24 21.5 2l

* Items of evident discrepancy in rank order.
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A measure of the.continuity of this type of order is the
Spearman rank correlation coefficient (Glass and Stanley, 1970) )
which for this array has a value of .87. This value suggests good

construct validity in terms of difficulty rankings.

Discriminant Validity

A test has diseriminsnt validity if it discriminates
between the trait it measures and other trgits. "Evidence of
discriminant validity was expected in sméllervccrré;atibné of i
paper-pencil proportional reésoﬁing scores witﬁ notebook aVerageg
than correlation of paper-pencil préportibnal reasoning scores with
teacher-test scores. This should be evidenced also in smaller
correlations of paper-pencil proportiohal reasoning scores with
verbal IQ scores than with nonverbal IQ scores.

~ Pearson correlation coefficients with fest rating (0, 1,
1.5, 2.0, 2.5, 3, 3.5, 4) were for small group average, .42; class
test average, .60; notebook average, .22; verbal intelligence, .58;
nonverbal intelligence, .64. These were all statistically signifi-

cant at the .00l level.

Convergent Validity
‘ A test has convergent validity if its measurement corresponds
to other measurements of the same trait. Convergent validity would
be evidenced in high ppsitive correlations with other tests
measuring the same trait. That is, cor;elations between task

scores and paper-pencil scores should be high, positive and higher

than those with intelligence scores.
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Convergent vali@ity would be evidenced in.results that
compare with the results of other réséarchers. That is, the
proportion of persons measured to be formal qperational.should
correspond to the proportions reborted in the literature. There
should be noted a positive correlation between proportional
reasoning level and age (Inhe;der and Piaget, 1958; Karplus and
Peterson, 1970; Lawson, 1973; Hensley, 197h).

Convergent validity would be evidenced in the identity of
components of proportional reasoning. That is, components of
proportional reasoning shouid account for much of pupil achievement
and intelligence. Pearson correlation coefficients with'task
scores for the thirty-five person.swmig taking‘both tests and tasks
were: paper-pencil tests, .36; Lorge-Thorndike verbal, .35; Lorge-
Thorndike nonverbal, .53. |

The proportions of eighth grade pupils successful at each
level reported in this test were: Level I, 77 per cent; Level II,
56 per cent; Level III, 36 per cent; and Level IV, 13 per cent.
Corresponding values'repbrted for a sample of 75 eighth to tenth
grade pupils were: Levels I and II, U49% and Levels TII and IV,

36 per cent (Kexplus and Peterson, 1970). For a sample of 30
eighth grade pupils, the results were: Level I and below, 100 per
cent; Level II, 70 per cent;lLevel III, 20 per cent and Level IV,
one per cent (Hensley, 197h4).’

The correlation between test rating and age was found to

be -.0498, which was not statistically significant at the .05 level.
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The age correlation of other researchers cited wﬁsjreported over
ranges of ten to thirty years. .The age‘fange of the-sample was
about one year. . ' i
A principal components analysis identified two principal
components.> The firét éccéunting for 44,8 per cent of the variance,

the second 4.7 per cent. The first component loads heavily 6n

measures of pupil achievement and intelligence., The test had

acceptable convergent validity by these méasures;

Summary of Validity

In summary, the test had high content validity, acceptable
concurrent validity, good construct validity; high disériminant

validity and acceptable convergent validity.
Reliability

Reliability is concerned Wifh the.fgs} that repeated
measures should duplicate each other (Stanley; 1971). Measures of
reliability center on the variability of response. In a criterion-
referenced test, then reliability nay have a sfecial meaning, As
a criterion for reliability, it was expected that the seme person
or comparable person taking the paperapencil'instrumeat or a com-
parable paper-pencil instrument should exhibit a cémpérdble per-

centage of mastery. A classical one-form reliability measure

(Hoyt, 1941) was calculated. Individual pupil scores and the total

number of correct responses were used. The reliability coefficient,
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eqnivalent to the Kuder—Richardson Twenty value, was 78 Data,'ﬁ
and calculations of th1s are in Appendix C. -
In a second approach, the cr1ter10n-referenced nature of
the testing and the scoring by category were acknowledged and

Livingston's (1972) approach was used.

This-approachkaffcrded a correction for the criterion level S
and the variance limitation of criterion—referenced'testing. Zhe

relationship used was:" ,
2 = 2
re 0% (x) + (X - Cx)\

"0 + & - 0)°

- r, = criterion-referenced reliability
r, = classical measure of reliability (Hbyt, l9hl)
¢’2 = variance of the test scores
X ='mean of test scores
C = criterion level , .
The criterion-referenced reliability thus obtained (r ) was
Bh when the cr1terion level C was taken as 15. This was the level
value for assignment of pupils to be either concrete or formal level
proportional reasoners. Calculations may be;foundvin Appendix c.
| The relisbility of the test, ;8h,‘compafed favcrably with
other attempts, which ranged fron'.23 to .76, in the literature.
Using Spearman~Brown split half measures, Lawson and Renner fl975)
reported ry = .76 fqiﬁa&biology reasoning,level test, ryg = .7llfor
a chemistry reasoning level test and rg = .59 for a physics neasoning

level test. DeAvilla and Struthers (1967) used Crombach's alpha
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K

measﬁre'éf reliﬁbility and reported thesé'reénlts f@f a'sefbofu
cartoon format paper-pencilvtests: coﬁservaﬁibh,'}69h; cau§alify;
«550; relations,'.OOI; logic, .227;'and totai'fest,..717. )
Reliability was also meaguréd on a'fest—retééﬁ basis'apd S
enalyzed with the tetrachoric correlatipn‘éoefficiéﬁt’#hd ﬁhe.pegr;on;;T}jj
correlation coefficient (ﬁie, et al., 1975)¢,iTﬁé;féfiaéhoficJhéagﬁréﬁ;;;?f
.(rt) relates the reliability of the-teét-tbldiscriminaﬁeidonéfefé'?QF‘
and formal proportional reasoning’leveis. The feagédn cérrelation
coefficient describes the relation of test-retest scores on the 2k
tést items. i
The relationships were: rg ='fh0sand.r-=f.68Aforlé‘popuiéti6n
of 9h‘fifth grade pupils; r£ = ,T70 and r = .G for a'populaﬁidn of?i
419 eighth grade pupils and ry = .32 and r = U7 fbea populati§n '”
of 149 eleventh grade chemistry pupils. Past testing had suggésﬁed
that such fifth grade pupils would be lafgely non-masters of forma1 
level proportionalvthinking; eighth grade-pupils wguld be at the
transitional stage béﬁween concrete and formal level proportional
thinking and eleventh grade chemistry pupils would'bé masters of
formal proportional thinking. In the manner suégested by Zeiky
(1974), a sample of 338 fifth grade, éighth gfade and chemistry
pupils was randomly selected from those tested to comprise a sample
of approximately .equal numbers of_probable hon-masters, transitional
and masters., This combosite sample test-retest relationships were
ry = .84 and r = .83. Appendix C contains the calculation data

for these values,
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Sumnary of Reliabillty

In sumary, the test has high reliabillty as a crlterion-’
referenced test. This reliability supports its use as an excellent
group measure of proportional reasoning and a good individual

measure of proportionel reasoning.

Ttem Difficulty

Piaget has described developmental'levelslof proportiqnal
reasoni=g (Inhélder znd Pisget, 1958). The successive develop-
nental tevels require progressively more sophisticated-reasoning.
Tt was expected that the paper-pencil. items would 'show;increasin'g
difficulty as the higher levels ‘Were measured It was also
expected that within a level item aifficulties vould be similer.
Table 6.3 presents these item difficulties in terms of the ,
percentage of grade eight pupils fram>0ak Grové Jﬁpi6r High:Schobi‘ '
getting the item correct. There was increasing diffiéulty:with 3
higher levels as expected, The average percentage of pupils
getting items correct by levels was: Level I, 65 per cent, Level II,

55 per cent; Level ITI, 49 per cent and Level IV, 34 per cent.

Item Discrimination

It was expec£ed thet items selected for the test should
demonstrate discrimination between masters and non;mastérs suqh:
that:

1) differences in percentages correct should be in

agreemént with the measured reasoning level of
the pupils (see Appendix E)
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Table 6.3

Ttem Difficulties in Terms of Performance for L27 Grade 8 Pupils

Item in Final Percentage Getting - Average for

Level Test Version : Item Correct Level

1 : 68
5 7;

20 . ' T ~

I 15 59 65%

9 6l
L 57

21 , 67

18 25 _

1 9

II ™ 35 y 55%

8 50 :
2 53
7 | 46

23 b

17 5% .

III 1 57 Lot

13 ' 39
3 60

16 33

? i

i, 10 28 34%

22 33

6 26

2) r biserial values of .50 or above should be
reported between masters and non-masters of
items

3) item distractors selected by a pupil should
match the pupil's reasoning level

Table 6.4 presents the percentage of correct item respohses
of pupils at five-proportional reasoning levels. The O level

represents a pupil who was unsuccessful at achieving four or more
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Table 6,k

Percentage of Correct Pupil Responses in Relation to Pupil Tested Reasoning Level

Questions for
Level I

Questions for
Level II

Questions for
Jevel TIT

. Questions for

Tevel TV

AL =her

0000
Level 0

N=99

1000
Tevel I
=71

1100
Level II
b2

1110
Level II1
167

mlr
Level IV
=23

6 L7259 6k 57

29 29 4B 25 1 17

69 82808065 70

00 8 8 7h 73 61

% 9k 96 79 Bk 79

100 100 96 83 87 %

6755 69355053 .

%3 391630 3%

5330 b B304

@ 8L %5569 65
Ty 7630 TS

100 91 100 65 Tk 83

1634 55 5739 60

2719242816 29
2021 45 38 2 L6

216535827 5

BLéL789367 91

9L 65 83 87 83 100

337 4516 25 %

2&%20m15m

o7 62k 15

213l 58 16 21 15

363963 13 22 16

AABTHY

€ST




'7l.iéuf_‘ :
correct responses at any of the four prqportional reasoning‘lerels:.
1 - Concrete I, 2 ~ Concrete II, 3 - Form I, orrh_f"formal'II;' A.il
Level T pupil achieved four or mpre,cOrrectvresponsesIEt Level I
but failed criterion achievement at other‘levels,YIOOC :-A'Level II
pupll achieved four or more correct responses at both Levels I and '
II, but fa1led cr1ter10n achievement at Levels III and IV,‘llOO ;.7'
and so ecn for Level III, 1110 and Level IV, Illl._ The sharp |
d1scr1m1nat10n across the level was ev1dent at the 11ne on the
table separatlng the master and non-master levels._ Th1s llne for ."':'
questlons in Level II shows that level respectlvely 53, 31, hl 8
30 and 41 per cent of Ievel I puplls correctly answered these
questions while 92, 81, 9k, 55, 69 and 65 per cent of Level II
pupils respectively correctly answered them.r Clearly the 1tem
collections were capable of discriminating the masters ‘from the non-
masters. |

As an item discrimination index the biserial r correlatien
coefficient, ry;q, das calculated for each'item. "It was expected
that these values would be .50 or greater.j As reported in Table 6. 5,
only six of the twenty-four items failed to meet this.criterion.
Test items had good discrimination according to thisbheasure.

Ttem design required that the key, or correct answer, and.

_ the distractors, or other answers, all be written at different
reasoning levels. This was intended to make the correct answer
and other answers appeal to,.persons at each reasoning level.

- Level LV items had answers appropriate to all four reasoning
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TébiefG.s

Item Discriminabtion

Level Ttem r Biserial T Value Significance 425 df
1 .5992  15.h292°
zg ‘ .5257 13.2778
.5673 LR-To ) s
I 15 .5809 14,7110 o< .00l
’ 9 W20 10.1571 '
' 2k . - .6h473 17.5075
' 21 .5620 , 14.0085
1% .2h71 : 13.2732’,
: 1 .6057 15.692 '
1T 1k 14880 11.5266 - < 001
8 .5061 12.0961 o :
2 4959 - 11.7713
7 5871 1hk.9ko7
23 L4592 .10.8252.7v
T . 1 5797 1h.6676 < .00L
13 .5291 12.8531 )
3 .5780- 14.6031
16 .5581 13.8763
12 .2317 12,9411 :
<4773 11.1979
v 10 4527 10.4673 < .o01
-] .5243 12.6943
6 4595 10.6646

levels as illustrated in the proble.m below

19. A freeway driver keeps track of the dlsta.nce he travels. He
flnd.s that in 4 minutes he travels 3 miles/ in 10 minutes
75 miles. If he continues at this speed, how long: w:Lll it
take him to travel 10 miles? :

Dlsta.nce Time
miles - L4 min.

T miles 1O min.

10 miles '? min.
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A. About 13 minutes because - Level IV  F~rmal II

Y min. _ 10 min. _ 13 1/3 min.’
3 miles =~ 7.5 miles ~ 10 miles
B. About 13 minutes because Level IT Concrete II.
10 - 741? = 25 miles and
10 + 2% = 124 min.
C. About 13 minutes because ) : Level IiI Formal T
% x 10 = 13 1/3
D. - About 14 minutes because Level I Concrete T
74 + 3 = 103 and
10 + 4 = 14
E. I have no answer. Level O

L3

A more complete discussion of this i<vem design may be found in
Chapter 5.

A‘cross tabulation was made of item responses with pupil
levels for each item in Level IV. For item 19 fhe cross tabulation
was that found in Table 6.6. In the table it may be read that for -
58 pupils of Level III, four selected a Level O response, eight
selected a Level I response, thirteen selected a Level IIL response,
fifteen selected a Level III response and onl& elght selected a
Level IV response.,

These cross tabulations suggested that thé item design
worked. Pupils did select answers apprqpriafe to their reasoning
level. Table 6.7 shows that for only items four and six was this

selection pattern not significant above the .00l level.
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Table 6.6

Cross Tabulation of Pﬁpil.ReSponSevéndiPuﬁil Le#elffor;1t§ﬁ51§;¢i-[ ;w€

Paril ' Respbnse Level . S , Totals - .-
Level 0 I “IT IIT v o '

1 8 - '18"‘. 10’ 17 o 67
13 13 9 1 . 51
13 9 . 8. 16 ..s. .ol
B 1 8 T8 e

R
‘s b3 8 253

I
IT
IIT
Iv

lo:\n\n

8
Ry
Totals 28 43

Chi-square = 56.16 with 16 degréésvéf freéddm' ’
Significant at < .QOOOl

Table v6_.7'

Cross Tabulation Significance for LevelfIV.Itemggi;ﬂﬁ  u '

Item in Final ‘ TP LTI ST AP
Test Version , A Chi-square = . _ Significance = ‘.

16 - 56.465 . %001
19 ,. 56.161 | <001
10 52,159 © . . <doooro
4 : et L0387
22 - 78.902 - <0001
6 ' 39.668 , 7 0055
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Sumnary

The test instrument appeared to. have high content validity:
and good construct validity. Reliability of the instrument waS"m
good. TItems wereé excellent in their discrimination and generally

appropriate in difficulty.
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CHAPTER 7

CONCLUSIONS

Review of Purpose and Procedure

The purpose of this study was to devélop a paper-pencil
instrument tp evaluate pupil pfoportional réasoning levels and to
demonstrate how.the application of principles of criterion-
referenced test design could be used to build, validate and use
such a test. ‘

Individt%al task-testing of a representative group of forty
pupils was used to establish a reference grbup' for 'paper?-pehcil
testing and to determine probable topics for test items. Paper-
pencil testing of pupi‘ls who by reason of age were assumed to be
non-masters, at the transitional stage, and masters was conducted.
Analysis of item responses after each testing was used in item
inprovement. 2027 pupils were tested in arriving at the final
test and the description of its characteristics. Five major
revisiions were made of the item sets comprising the test. The
final test form cogsistlec‘i of twenty-four items with. four subtests
each of six items for Piaget levels Conérgte Operational I,
Concrete Operational II, Formal Operational I and Formél
Operational II. The final test was completed by 90 I;er cent of

the pupils in a 30-minute testing period.
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Findings 130
The final test version was analyzed to describe the test
characteristics. It was found that:

1) The paper-rencil test results correlated with the
initial task results of a group of 35 pupils taking
both tests. A value of .36 was obtained for the
three task average and the final test scores.

2) Content, concurrent construct, divergent and
‘convergent validity were established for the paper-
Pencil test. The test by all measures must be
considered valid. ‘

3) Reliability was assessed by the Kuder~R1chardson-20 )
approach as modified by Hoyt. The reliability
coefficient .77 suggested good reliability for the
test. Reliability, calculated according to 4
L1v1ngston gl972) for criterion-referenced test, was"

The .84 value suggested that the test had high
rellablllty.

Reliability calculated from test-retest results -
established a Pearson value of .83 for overall )
reliability end a value of .84 for the discrimination
of formal and concrete levels.

) GQood item discrimination between proportional
reasoning levels was established. The item design
utilizing correct answers but different reasons was
successful.

5) Pupil levels of proportional reasoning determined in
the testing agree with those of other researchers
(Hensley, 1974; Lawson, 1973; Karplus and Peterson, -
(1970). 1In contrast with Inhelder, Fiaget's (1958)

results, lower proportions of thirteen-year-olds
were found to be formal operational in proportional
reasoning in this study than in that of Piaget.

Educational TImplications

The results of this study tended to confirm the study of

Gray (1970) who found that paper-pencil measures of Piaget levels
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of cognitive development may be developed aﬁd thaticriterion—
referenced test theory of Hambleton and Novickl(l97h) is effective
in test design. S

Efforts for paper-pencil tests of Piaget measures in
other areas of cognitive development could be developed following
the strategy used in this study. Control of variables, higher
order proportions, causal relationships and functions are examples
of areas pertain'tq be of interest in séiencg;g@gqg??op.

The group test of this study and others like it should be
used by teachers in evaluating the level of proportionﬁl reﬁsoning

in their classes. It has been expressed as a concern (Almy, 1973),

that teachers recognize the level of thinking of-their pupils; - -

Present science curricula, resulting from the activifies of
the sixties, do demand formal reasoning. The Piaget levels
required in the science process skills are formidable (Wood, 197h4).
- This measurement tool and others developed in this manner
should aid teachers in locating the level of their pupils' cdgnitive
devélopmenﬁ; In an eia Qhere bféﬁd-fﬁhéé-ééﬁi;;é;e;£‘éné.iﬁﬁél-‘V )
ligence tests are under criticism, such a‘specific‘measure would
aid in diagnosié. The large scele testing possiﬁlé_ﬂith éhis
paper-pencil instrument will subbortiimpfovement.in curricula,
teaching stragegies and orgaﬁization for instruction.
“ Curriculum-design needs attention.  Measures of pupil
cognitive development are needed. Group testing with this test

and others to determine both the range and mode of these levels
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world provide a solid base for cﬁrriculum design and would help in.

"correcting past errors.

Limitations of the Study and Suggestions
for Further Reseaxrch

This study was 1im;£éd to the development of & paper-pencil
instrument to measure propbftional rgasoning"in eighth grgde pupils.
Research is needed in the applicability of this instrument OVér 8.
broad range of pupil ages. The original.attentidn to fééding’lEVel
and empirical improvement of items would have fo_be repeated ﬁith

large groups of pupils at the levels to be tested.  Longitudinal

studies of cognitive»development-with-awgroup~paper-pencil»measure~~f¥'~wn@

wguld then be possible,

The results of the study indicate that the test is a valid,
reliable measure over tge populations fested. Testing across other
socioeconomic and cultural groups would extend the generality of
the test. Some task testing to establish performance traits,
additional items'for itemrimproveméﬁf woﬁld bé‘;;;é;sgif.. The
itém improvement computer progrsms used in thi; study would support
additional items for alternative selection.

This study was directed toward the development of a single
paper-pencil instrument to measure pr&portional reasoning. Con-
tinued large scale use would allow the development of alternate
forms through which further reliabiliﬁy measures could be made ana
curriculum research supported by pre-post testing with these

alternate forms.
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The proportional reasoning measure developed in this étudy
should be complemenﬁed by the -devel.opment of pérallel méz;sures
including control of variables and logic. The test development -

strategy could follow that which proved to be successful in this

-study.
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Pearson Correlations between Pilot Task Scores and Vritten Test
and Intelligence Test Scores

Lorge~Thorndike

Pupil Task Paper Verbal Nonverbal Total

1 1.8 1.96 89" 97 93

2 3.0 1.40 118 121 120

3 3.6 3.53 - - -

L .6 1.60 75 65 70

5 1.8 3.48 128 1h2 135

6 3.2 2.48 111 130 121

7 2.8 2.41 108 138 123

8 1.6 2.32 86 101 o4

9 3.6 2.54 118 136 127

10 .8 .95 70 85 78

11 - 3.0 1.88 107 106 107

12 3.0 - 103 121 112

13 3.2 2.16 116 119 18

14 1.0 - 88 97 93

15 3.6 - - - -

16 3.2 2.36 101 105 103
17 2.6 2.24 103 111 107 -

18 1.h 2.56 81 90 86
19 3.6 1.88 10k 108 106

20 2.6 - 8L 97 91

21 2.8 3.04 11k 130 122

22 3.6 3.76 145 127 136

23 2.4 3.33 111 117 11h

2k 2.2 2.56 109 120 115

25 2.0 3.12 109 112 111

N Ix x8x Sy 52y Txy Fr 7 r
Task/Taper 21 52.8 149.6  51.6  137.3 13k.2 2,51 2.46 .35
Task/Verbal 23 55.8 153.4 2378 252664 6017 2.43 103 .709
Task/Nowerbal 23 55.8 153.4 2575 295933 649k 2,43 112 665
Task/Total 22 55.8 153.4 2482  27hh52 6269 2.43 108  .713
Paper/Total 20 48,0 124,8 2186 244978 540k 2,L0 109 TS
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Relationships between Task, Paper-Pencil
and Intelligence Test Scores

Lorge~Thorndike Lorge~Thorndike
Task Paper~ Non- Task Paper- Non-
Pupil Av. Pencil verbal Verbal Pupil Av, Pencil verbal Verbal

-1 2.3 1,00 111 110 19 2,3 1.25 111 111
2 3.7 2.25 135 12k 20 2.3 1.00 106 97
3 3.3 2,50 126 108 21 1.7 2.00 98 106
4y 2.3 1.00 124 117 22 2.3 2,00 105 104
5 2.3 L,00 126 97 23 3,0 3,00 106 122
6 2.0 2,25 133 111 24 3.0 3.00 110 120
7 1.3 1.00 97 109 25 2,3 3.00 126 118
8 1.7 0.00 109 112 26 1.0 0.00 86 92
9 2.7 0.67 121 118 27 3.0 3.25 137 120
10 3.7 2.25 121 101 28 3.3 2.00 129 119
11 1.7 3.00 123 =115 29 2,0 3.50 123 126
12 1.0 1.00 97 93 30 1.7 0.00 115 105
13 2.0 1.25 88 79 31 1.3 0.00 82 103
4 L.0 0.00 115 122 32 2.0 2.50 130 121
15 2,7 2.00 125 117 33 2.3 1.75 132 98
16 2.7 1.00 113 9k 3 1.7 0.00 121 11k
17 1.3 0,00 99 86 35 2,0 0.00 91 102
18 2.3 0.00 90 90
N Ix 2%x sy w2y rxy X v r
Task/Papef< 35 80.2 203 53.4 131 133 2.29 1.53 .35
Task/Nonverbal 35 80.2 203 3951 L56265 9285 2,29 113 .53
Task/Verbal 35 80.2 203 3677 ‘ho227t 8623 2.29 105 .35
Paper/tonverbal 35 53.4 131 3961 456265 6413 ‘1,53 113 .58.
Paper/Verbal 35 53.h 131 3683 L401531 5874k 1.53 105 .30
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APPENDIX B

Task Inberview Protocols
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[ 1. Projection of Shadows (Hensley, 197L) |

Thinking tested

Schema of proportions
Inverse proportions - physical

Material

|
% ]

\J

A screen, 30 cm x 30 cm, is uéed to observe the shadows.
The shadgﬁs are made by three wire rings, 3}0 cm, 6.0 cm, and 9.0 cm
\ in-diameter. Each ring has a support wire. The length of the sup-
port wire is such that the center of each ring is 12.5 cm above the
bottom of the support wire. The rings ;;gmmade frqm different
colors of wire as follows: 3.0 cm (white), 6.0 cm (red), 9.0 cm
(black). The rings are held vertically on a meter.stick by optic
bench screen holders. The meter stick has only marks at e;ch
10 cm length. Eacn mark is labeled with the following letters: N,
R, M, K, G, F, A, B and 0. A clear light bulb is supported at one
end of the beam. The center of the bulb is 12.5 cm above the top
of the beam. The light is turned on and off by connecting or dis-
connecting the cord to the 6 volt battery. One meter stick marked

in centimeters and millimeters is provided for the student to use.
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Introduction

"Here is a board, a light and a screen. I can put up one

ring (6.0 cm) on the board (at 50 cm) and then when I turn on the

light (do it), I get a shadow of the ring on the screen.”

Question

Initially seek out ppedictions of the effects of ring size
and ring position on the shaéow with questioné such as: "Whﬁt
would you predict will happen if I use this smaller (3.0 cm) ring?":
"What else could change the size of the shadow?" "How?" Do what

is suggested.,

Culminating Question

"How might I make just one shadow using two rings? Explain

why this works?"

Scoring Criteria

Stage Criteria - Score
I The subject represents the shadow in the way o

the object appears to him. He does not per-
ceive how the shadow is formed on the screen,

IIA The subject recognizes that the size of the 1
- shadow depends on the size of the obJect. His
knowledge goes no further. ‘

I1B In addition to the ring-size dependence of the 2
shadow demonstrated in IIA, the subject suggests
qualitatively that the distance affects’the
shadow size, the closer the object is to the
screen, the smaller the shadow.

IITIA The subject quantitatively compensates between 3
distance and shadow size, between distance and
diameter, but is not generalized as a rule. The
subject begins to measure distance from the light
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Scoring Criteria (continued)

Stage Criteria Score
IIIB From the start the subject neasures both the 4 =~

distance from the light source -and the diameter
of the rings. He looks for a numerical
hypothesis based on the divergent structure of
the light rays. The subject is able to state-
in a numerical form the general relation for
the two rings to have just one shadow.
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I 2. Mr. Short and Mr. Tall (Karplus and.Karplus, 1970) |

‘Thinking tested ‘ :
Schema of proportions
Direct proportion - geometric

Material

Paper sketch of Mr. Tall
Iarge paper clips
Small paper clips
Chart [

Mr .
Tall :

Biggies Smallies Big Small
Mr. Tall Mr. Tall 3 2
Mr. Short Mr. Short 2

T~

Introduction

"I have here a picture I call Mr, Tall. He measures about
3 big paper clips, that is, biggies from head to toe." Measure and
write on chart. "Mr. Small, whom I don't have here, looks just
like Mr. Tall but Mr. Small measures Jjust _2_ biggies from head to

toe." Write on chaxrt,

Question
"Measure Mr, Tall in small paper clips (sma.liies) and then
predict what height Mr.. Small wonld be if you could measure him

in smallius? Explain how you got your answer."
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Scoring Criteria

Stage Criteria , Score
I Subject guesses, gives answers with no 0
compensations. .

IIA Subject qualitatively compensates, "It~ 1
should be smaller" with no rule. :

I8 Subject compensates through inappropriate 2
but consistent addition or subtraction.
"Tt was 2 biggies less so it's 2 smallies
less."

IITIA Subject quantitatively compensates. Subject 3
works through some multiple or a multi-
plication factor.

TTIB Subject states a proportion with numbers 4
in his solution. ‘




3. 5led (Piaget, 1970) |

Thinking tested

Proportional reasoning
.Direct as square
Physical

Material

A 30 cm grooved ruler with a steel backing mounted so

that marbles may be rolled down it. Electric stop watch.

Introduction

"Imagine that this is a hill on which you are sledding and
you start at the top and go down like this marble (let the marble

" roll down chute, have watch running).' Imagiﬁe §ou‘had"a watch,"

Question
"Suppose, as you called out, each second as you went down

a flag just where you were at that time.

the hill someone placed

Sketch how the flags would be separated. Explain how you got

youwr answer."
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Scoring Criteria

Subject's pattern is erratic or he has no

Subject's pattern illustrates some notion

Subject shows some kind of acceleration but
without a constant pattern

Subject's pattern relates constant

Stage Criteria
I
pattern
IIA
of speed
IIB
IIIA
acceleration
IIIB

Subject's pattern relates constant
acceleration and subject states an overall
rule. "All the time you would go faster
and faster."

1717

Score



L. Angle |

Thinking tested

Proportional reasoning
Direct proportions
Geometric

Material

TN AN AR

2 7 A A N ¢ J’V N6 4 Zdo

Two rods are laid out perpendicular to a numbered
measuring grid. The orange rod is 16 units long, the yellow rod

is 10 units long. Then the orange rod is turned to another angle.

Introduction

"You can see the orange rod measures 16 units. The
yvellow rod measures 10. Now, if I turn the orange one, it will

cover 12 units."

Question
"Can you predict how many units the yellow rod would
cover-if I moved it to the same angle? Explain how you got your

answer."
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Scoring Criteria

Stage Criteria Score

I Subject guesses. The answer has no support - 0
"looks like it." )

ITA Subject qualitatively compensates. 1
"1t should be smaller.”

IIB Subject compensates quantitatively through 2
addition or subtraction. "Subract." Go back 6.

IITA Subject quantitatively compensates using some’ 3
multiplication or fraction. It should be
less than 6 difference.

II1B Subject refers to a general solution. It is b

proportional. The proportion 10/16 is the
same as 5/%.
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5. Bolsnce |

Thinking tested :

Proportional reasoning
Direct proportion
Physical

Materials

I 3
.

A light s uneql.}a.l arm balance has hooks Ffor weights and

there are 7-10 identical weights available,

Introduction

"Mwo weights just balance three on the other side. If I

add two more on the right, I will have I weights.”

Questicn
"Can you predict how many T will nave to add on the left

to balance again? How did you get your answer?"

Scoring Criteria

Stage Cri@eria S , Scorn
I Subject guesses or has no answer 0

ITIA Subject compensates qualitatively 1

I1B Subject compensates using some addition cr 2

subtraction 6 - Add up
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Scoring Criteria (continued)

Stage

Criteria

ITTA

I11B

Subject uses a ratio or multiplication
factor 2=3 so 4=6

Subject uses an appropriate proportion and
states some rule:-

1w~ ‘aing- = 3 small ones
.3 .. '‘'.ngs = 9 small ones
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I 6., Flag Pole |

Thinking tested

Proportional reasoning

Direct proportion

"Physical
Materials
i ( [
X 2 Rrpty TP D
pEok b P ol G L)
i A B
1]

0 s 2349547 8¢%

Two rectangular wooden beams
grid. A high intensity light source

shadows.

Introduction

"The green rod you can see is
blue one is about 5. Wwhen I set up

the rod has a shadow 10 units long."

Question
"Predict the number of units
set up the grecen rod in the same way

How did you get your answer?"

182

are laid out on a measuring

"is arranged to produce

about 8 units long. The

the blue rod and the lamp,

of shadow I would get if I

without moving the lamp.



Scoring Criteria

Stage Criteria Score
I No answer or a guess 0
IIA Subject qualitatively compensates - 1
"13 It's smaller"
I11B Subject uses subtraction for a more quantitative 2
compensation .

"k T just subtracted" .

IITA A ratio or multiplication factor is used 3
5/8 = 10/16

II1B An appropriate proportion is used and a rule 4
stated '

"Phe short one is half és tall so the shadow
will be half as tall."
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[ 7. BB Square |

Thinking tested
Proportional reasoning
Direct as square
Geometric

Material

!

A square 2 units on edge, a square 3 units on edge, and a
ruler are set out before the subject. The larger square has a

small edge so that it may be covered with BBs.

Introduction

"It takes just 140 DBs to cover this small square." Do it.

Question
"predict how many BBs would be needed to cover the large

square. How did you get your answer?"

Scoring- Criteria

Stage Criteria | - Score
I Subjéct has no answer or guesses 0
ITA Subject qualitatively compensates 1

"10 because it's less”
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Scoring Criteria (continued)

Stage

Criteria

I1B

TIIA

II11B

Subject uses addition to compensate
2+1=3 1o + 70 = 210

Subject uses a ratio or a multiplication
factor 3/2 = X/140

Subject uses appropriate proportion employing
some rule

9/L4 = X/140 About 300. Because it's the
axrea.
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8. Pattern ]

Thinking tested
2roportional reasoning
Direct as square proportion
Ceometric

Material

A pattern type érawing and a larger grid ore presenied to

the subject.

Introduction

"A small doll sized collar made with the pattern shown

uses 12 square centimeters of material.”

guestion

"How much material is there when I make a collar like this
from a pattern drawn on these larger squares?" How did you get

your answer?"




Scoring Criteria

Stage Criteria ' Score
I Subject guesses or has no answer 0
IIA Subject qualitatively compensates 1
"20 because it's bigger"
IIB Subject usééiaddition as a quantitative ' 2
compensation

"36 becauce 12+12+12=36"

IITIA Subject uses multiplication or a rstio 3
"3x3=9  1/9 = 12/81" ~

II1B Subject uses an overall rule : L

"It should be 3 x 3 as much because it goes
up as length x width"
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[:39. Frosting |

Thinking tested
Proportional reasoning
Inverse as square ) -
Geometric

Material

*card baard.

Al emx 4 em wood square, a 10 cm x 10 cm wood square and

a thin cardboard 4 cm x 4 cm square are laid out before the subject.

Introduction

"Inagine that this is frosting which has been spread out

just 1/8" thick over this small cake."

Question
"Can you predict what would be the thickness of this same

amount of frosting if it were to be spread out over the larger

cake? How did you get your answer?"

Scoring Criteria

Stage Criteria : 2core

I Subject has no answer or reason’ ) 0
"I don't kznow"
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Scoring Criteria (continued)

Stage Criteria

1IA Subject qualitatively compensates
"1t would be less"

IIB Subject quantibatively adds or subtractc
"It's 6 more so about 1/1k to 1/16"

IITIA Subject calculates using a multiplication
factor ratio
16/100 x 1/8 = 1/50
IIIB Subject uses an appropriate proportion
16 x

100 = /8
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[

'10. Paint |

Thinking tested
Proportional reasoning
Direct proportion
Phys.cal

Material

I §§E%%%%%1 %EE;EjT fé%éé;??}>
A small (1 ml) measuring spoon, some "Tang" orange drink

and a 60 ml and a 250 ml beaker of water are set out on the table.

Introduction

"If I add two meosures of Tang to the water in my small

60 ml bezker, I get a certain color and sweetness." 'Show this.

Question
"How much water should I add to make the same color and

sweetness wiﬁh 5 measuraes of Tang?' How did you get your answer?"

Scoring Criteria

Stage Criteria . Score
I Subject guesses or has no prediction - 0
IIA  Subject estimates with scme qualitative - 1
compensation .
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Scoring Criteria (continued)

Stage Criteria Score
IIB Subject predicts with some addition or 2
subtraction L

" 6 because 250/60 =4 So2.4+ k=6

IITIA Subject utilizes a multiplication factor 3
or ratio
“"pbout 8, 60/250 = L, k x 2 = 8"

I11B Subject utilizes the appropriate proportion 4

and relates some general rule
"For the same color it would be proportional”
2/60 = x/250
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| 1l. Speed I

Thinking tested
Proportional reasoning
Direct proportion
Physical

Material

A cart is pulled by the experimenter with a 50 cm length
of string. A meter stick graduated into centimeters is used for
measuring., &n electric tiimer gives digital readings of time in

tenths of a second.

Introduction

"I am going to pull this cart along. I want you to time & -
30 em run. The clock starts when you push it and stops when you
push it. Try it. Now do it with the run, Start! Stop! It took

seconds to go 30 cm."

Question
"If I were to continue pulling it along in the same way,
how long would it take to go 50 cm? Explain how you got your

answer.,"
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Scoring Criteris

Subject guesses or has no prediction

Subject qualitatively compensates
"It should be more, about seconds"

Subject quantifies his approach through
"It's 20 more cm so it should be 20 seconds

Subject consciously applies a ratio or
maltiplication factor

Stage Criteria
I
TIIA-
I1B
addition
more"
IITA
II1B

Subject recognizes and states a general law.
Subject uses proportion,

"The car is going the same speed SO...."
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[ 12." Boyle |

e

Thinking tested A

Proportio..al reasoning
Inverse proportion

Physical , -
Material
Bricks Syringe
0 30 cc
2 20
4 10

A brick is balanced upon a sealed off graduated syringe
to compress the trapped éir. Some extra identical bricks are

nearby.

Introduction

"rhis syringe, with its trapped air, feels kind of sguashy."
Subject tries it. "With no bricks the syringe reads 30 cc; I'm
going to add two bricks. Watch whabvhappens.f Add reading fo~
chart. "Next see what happens with four bricks." Add reading to

chart.

Question
"Can you predict what reading the syringe should have with

five bricks on it? How did you get your answer?"
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Scoring Criteria

Stage Criteria . : ~+. Score

I Subject has no reason, maybe no answer o

I1A Subject estimates qualitatively .
"It will be less"

IIB - Subject uses some subtraction for. a somewhat
quantitative approach
"It should be 3 less"

IITA Subject calculates quantitatively with some
multiplication factor - .
2 x 20 =40 4 x 10 = 4o 5x 8 =140

IIIB Subject calculates from dlfferences usmg
a sort of rule '
"5 bricks means the volume =8
Because 4/5 = x/10 so x = 8"
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|_13. Population |

Thinking tested
Proportional reasoning

Direct as square a1
Physical . -
Material
-4
L
L 3 1 . [ T )

A 50 wnit ruler, a square 10 units on edge and a square 18
units on edge were set before the subject. 3 markers were placed

on the 2 measure square,

Introduction

"Tf just 3 cows can live on this much grass, 10 x 10 units,

what is the most number of cows that can live on a plot of grass

that is 18 x 18 units?"

Question . \

"How did you get your answer?"

Scoring Criteria

Stage Criteria ' Score
I Subject guesses or makes no prediction 0

196




Scoring Criteria (continued)

Stage Criteria
ITA Subject qualitatively compensates
"About 5:: -
IIB Subject uses addition tb‘quantify his answer
"11 cows, 18 is & more than 10
8+ 3 =11"
IITA Subject uses a ratio or a multiplication .
factor possibly inappropriately
10 _ 3
18 ~ about 5
ITITB Subject projects a general rule into the data

and uses appropriate proportions
22 _2 _ 3
92 ~ 81 ~ about 10

"gbout twice as large a square has L times
as much grass"
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| 1. Probability |

Thinking tested
Proportional reasoning
Direct proportion
Physical

Material

o 3 Gl

5 clear packets each containing 2 red and 3 yellow gum

drops and a paper bag are placed in front of the observer.

Introduction

-

"Notice that this bag has 2 red and 3 yellow gum drops.
Suppose you were to close your eyes and reach into the sack. You
could then get either a red or a yellow gum drop. Suppose now I

empty all of these into the paper bag."

guestion
"What chance is theré that you would get a red gum drcp?

How did you get your answer?"
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Scoring Criteria

Stage - Criteria ) Score
I Subject has no reason or calculation and 0.
possibly no answer ' ,
"I don't know" ‘ - : -
IIA Subject estimates with some qualitative 1
compensation

"It's probably yellow because there are
more yellow ones"

I1B Subject predicts with some addition or 2
subtraction to compensate
"Now there are 5 extra chances for yellow,
because there sxe 5 more yellows"

ITIA  Subject quantitatively conipensates with 3
a multiplicative or ratio factor
"Tt's 2 to 3 for reds to yellows and now
it's 10 to 15 or the same"

IIIB Subject quantitatively compensates relating L
a general rule
"2 to0 5 for red and 3 to 5 for yellow., There
are 2 reds to 5 candies and 3 yellows to 5
- candies. Putting in more keeps the same
ratios"
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I 15. Pulley (Xarplus, Karplus and Wollman, 1974) |

Thinking tested
Proportional reasoniug
Direct proportion
Physical

Material

A system of two pulleys, one 3" in diameter the other 2"

in diameter,; mounted on the same shaft are arranged so that as one
turns the crank one pulley pulls string in while the other lets it

out. These strings pull markers along a meter stick.

, ' Introduction

"Hold onto this end (left) while T hold the other (right).
Now notice as I wind the crank, your end (subject) has moved 20 cm

while mine has moved 15 cm,”

Question
"How far will my string move when yours moves 5 cm? How

did you get your answer?"
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Scoring Criteria

Stage Criteria Score

I Subject guesses. The answer has no reason 0
or calculation.
"I can't explain it. I guessed.”

IIA Subject estimates with same qualitative 1
compensation outside of any comprehen31on
of the task or any rule.
"when I had 10 you had 15, so when I get 6
you should get more, about 8."

N

IIB Subject quantitatively compensates with
' addition or subtraction without regard to
any physical relationship.
"Zero 20~ 5=15 so5 - 5=0"

ITTA Subject quantitatively compensates with : 3
some mulbtiplication factor. Does not seek
out physical rule,
"20 matches with 15 so 5 should match with
about u4."

II1® Subject cuantitatively compensates seeking L
out a proportional relationship and a
physical rule.
"15 is 3/4 of 20 -~ so 3.75 is 3/h of 5.
The big pulley goes 4 for the little one's 3."
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| 16. ©.Jer (Karplus, Karplus and Wollman, 197L) |

Thinking tested
Proportional reasoning
Direct proportion

Physical i
Material
X
‘, ‘) )
All”l.[lll/nl:lll 2 0 Ll by Apd 0l Lol Lt § ¢4 4L lnl:nll:'s
- ! £oot ruler — '

On a centimeter and inch graduated rule, a yn long pencil

is placed.

Introduction

"Notice that this length of pencil extends about L units

on the inch scale and about 10 units on the centimeter scale."

Question.
Suppose I were to put down a pencil that covered 5 inches.

How many centimeters might it cover? How did ybu get your answer?"

Scoring Criteria

Stage Criteria Score
I Subject guesses. Makes no calculation. ' 0
"1 guessed."” .

ITA Subject estimates with qualitative compensation 1

IIB Subject quantitatively compehsates through 2
addition or subtraction.
"10 is 6 more than 4 so for 5 I would get 9."
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Scoring Criteria (continued)

Stage Criteria Score
I Subject guesses. Makes no calculation. 0
"I guessed." ‘ ‘
Subject estimates with quali’ .ive 1
compensation
1IB Subject quantitatively compensates through 2

addition or subtraction..
"10 is 6 more than 4 so for 5 I would get 9."

IIIA Subject quantitatively compensates without 3
reference to any general relationship.
"with & ifs 10 so with 5 it's about 13."

IIIB Subject quantitatively compensates iterating L
the relationship of inches and centimeters.
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1 17. Weight |

Thinking tested
Proportional reasoning
Physical

l\L\P
| 8

Weights are placed off center on a light rod.. Separate

Materiel

» \J

spring scales measure the weight on each side of the rod. An -

additional thrée weights are nearby.

Tntroduction

"you can see that these scales show how much weight each

set of wheels carry." Exsminer lifts slightly one welght.

guestion

"Now, can you predict how much each scale will register
if T add three more weights for a total of 5 weights? How did you

get your answer?"
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Scoring Criteria

Stage Criteria . : Score
I Subject has no reason or explanation and 0
possibly no answer,
"I guessed."
ITA  Subject estimates qualitatively some 1
compensation ‘ ’

"pAbout 6 end 2."

IIB Subject compensates with addition - : 2
"5 and 3 because it's one more"
"6 and U4 because it's two more"

IITIA  Subject quantitatively compensates with 3
some multiplication ' ,
"It's 2 to 1 so with 5 it must be about
10/3 to 5/3" -

II1B Subject states a general rule 7 4

"with 5 it must add up to 10 and be in the
ratio 2/1 so it's about 6 and 3"
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| _18. Tight and Shadow |

Thinking tested

Schema of proportions
Direct proportion
Physical

Material

A chart, lamp and "mask" were attached to a meter stick.
The lamp and.scroan.can be moved along the meter stick. An
obsexveation scr: - 30 cm x 30 cn has on its sx—Face & grid of 1 en
squares., Light ¢ =2 a bulb goes out through = "mask" with a 1L em
square hole and vmjected a square of light on the screen. The
"light" and "hole are positioned at the same height and at the
center of the observing screen. Markings on th= meter stick are
masked out., Letters note 10 cm marks on the meter stick. A meter

stick with centimeter imarkings is nearby for use in measuring.

Introduction

"Here is a light, a masking screen, and a chart. The way
it is now arranged it makes a lighted square with four units on the

n
.

screen
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Quastion

Tnitially seek out correspondence between change of "mask"
positionland the projection with questions such as: "what woulq
you predict will happen if I were to move the mask toward the
lighﬁ? toward the screen?" Do it. "With the "mask" at this
distance from the light, I get a projection just with four units
on the screen. What then should I do to get 16 wnits on the.

screen? How did you get your answer?"

Scoring Criteria

Stage Criteria Score

I The subject views the projection in the way 0
it works. He does not perceive how the
projection is formed on the screen.

IIA The subject recognizes how the projection can 1
be changed by moving the "mask."

IIB The subject suggests how changing the '"mask" 2
location will change the projection size. '
The subject maey use addition or subtraction
to predict same sizes.

TIIIA The subject quantitatively calculates same 3
predicted relationship between xize and
location. The subject measures distances
from the light source. e

II1B Me subject links "mask" location and L
' rrojection size with an overall model of what
34 causing the change. The subject states the
r--lationship in terms of a proportion.
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119, Incline (Hlensley, 1974) |

e

Thinking tested
Overall schema of proportions
Direct proportion

Physical

Material

o — £ TR 7 A 7. £P. /2 22

%7

Welch Scientific Company Inclined Plane, Hall's Carriage,
100 gram slotted welghts, weight hanger cord, meter stiqk.

An inclined plane demonstration device was used. Staté-
ments of mechanical advantage, angles and distances were masked

out where they were printed on the device.

Introduction

"I have here a cart with some weights on it. It can roll

on the incline (demonstrate), It now stays where I put it."
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Question

Seek initially all factors the subject can suggest. "What °

. showld T do to make the cart move? What else could I do to make:

it move? Up? Down? What other things could bé'changedz ‘What -
general rule can you suggest that will explai;.éhéﬁlwill make the
cart move?"

"The cart is now balann= L 1 7w take off 100 grams,
what else‘should T change to again make it balance? HOW'mhcﬁ

should I change it? How did you get your ansver?"

Scoring Criteria

Stage- Criteria . Score

I Subject explains the situation in terms of the 0
totality of the actions: which he can.perform
(he pushes the car up the incline).

IIA The subject percelves the role of the weight . 1
on the hook--more weight on the hook, the car
moves up the incline. The subject does not
perceive the role of the incline,

IIB The subject is able to compensate the effect 2
of weight with a chenge in the incline,

IIIA Subject coordinates the role of the weight and 3
inclination. The subject can state the overall
rule but does not state the proportion with
nunbers or make a numerical prediction.

ITIB In addition to the attributes at IITA, the L
subject gives correct predictions, states the
proportion with numbers, and may use the
words like its proportions in his explanation.
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APPENDIX C -

Calculations of Final Test Characteristics
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Calculation of Criterion-Referrnced Reliability

for 427 Grad: - Pupils Trsted wi‘'® “he Final Version
Jvo.e, 197h
2 = 2
. T, cfx + (X - C)
c

O/x2’+ (-)-{- - C)2

where
r, = criterion-referenced reliability
r_ = classical reliability estimate (Hoyt, 1941) .779
Cfxa = variance of test scores 20.81
X = mean of test scores 12,13
C = criterion level 15

_ (L779)  (20.81) + (15 - 12,13)?
c - 20.81 + (15 - 12.13)2

r, = ,842
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Calculations of Score Reliability for 427 Grade 8 Pupils
Tested with the Final Version

June, 1975
Score Frequency
3 L
L 7
5 19
6 22
7 2L
8 30
9 22
10 34
11 34 ,
12 k1. sV af - . 88 Variance
13 38
1k 19 = Total 10247 2561.7048 .2499955
ig i% Among items 23 212,2389 9.2277782
17 21 Among individuals = U426 385.8585 .9057711
ig 32 Remainder 9798 1963.6074  .200409
20 10 '
21 33 ‘ ,
22 7 (Variance among .
23 3 relisbility = individuals) = (Remainder)
2k 1 (Hoyt, 19L1) Variance among individuals
_ +9057711 - .200409 _
Tet © ~9057711 = .T19
Mean = 12.13
8D = U4,56
Range = 3-24
(21)

Subjects = L27
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Tetrachoric Test~Retest Reliability

Grade 5 Pupils

Master

. 5.3%
Master N= 5
Non- 12,8%
master N= 12
18.1%

N= 17

Non-

naster
8.5%
N 8

73.4%
N= 69

81.9%
N= 7T

rt'-:

Chemistry Pupils.

Master

91.3%
N=136

Non-  3.Lg
master N= 5

9k,6%,
N=141

aster

Non-
nmaster

L. 7%
N= -7

.T%
N= 1

5.4
N= 8

rt=

13.8%
N= 13

86.2%
N= 81

100.0%
N= 9k

4o

95.0%

N=143

4.0%
N= 6

100.0%
N=149

.32

213

Grade 8 Pupils

Master

41.5%
N=1714

14,69
N= 61

Master.

Non--
master

. 56.1%
N=235

Non-
nmaster

11.0%
N= L6

32.9%
N=138

43,9%

- N=18k

Composite Sample

Master

Mastex ﬁzigé
10.4%
N= 35

63.3%
N=21L

Non-
master

. Non~-
master

7.4%
= 25

29.3%
N= 99

36.7%
N=124

52.5%

N=220

N=199

100.0%

N=419

60, Iy
=20

39.6%
N=134

100,0%

N=338



Cross Tabulation of Test-~Retest Results by Reasoning Level

Grade 5 Pupils  Grade 8 Pupils
Test 2 Test 2
0O 1 2 3 L4 1ot 0 1 2 3 L4 7ot
p 0] 27 10 2 2 0 b1 o © 25 12 9 5 1 52
© 1/ 12 13 1 6 o 3 ©1 | 2 27 16 13 2 80
t 2 o 1 3 2 2 8 t 2 Y 7.17. 26 13 67
L3 3 5 005 0o 13 (3| 32016 79 35 153
B o0 0 0 0 o _o b1 o % 3 19 B 67
Tot 42 29 6 15 2 ol Tot 54 70 61 1k2 92 Mg
Raw chi~-square 55.L Raw chi-square 227 .
with 12 degrees of freedom with 16 degrees of freedom
Significance < ,0001 Significance < ,0001
Chemistry Pupils Cpmposite
' Test 2 Test 2
0O 1 2 3 4 7ot . O 1 2 3 L4 7ot
p O O 0 0 0 O 0 o O 3313, 2 5 O 53
e 1 O 0 0 o0 2 e 1|1 16 20 6 10 2 54
: 2 O 0 1 1 1 : 2 0O 1 8 12 5 26
1 3 1 2 2 58 16 79 1 3 11 | 5 82 24 123
L 1 0_1 17 4% 65 bl 1 1 121 583 17
Tot 2 2 4 76 65 1kg Tot 56 46 22 130 84 338
Raw chi-square 51.99 " Raw chi-square 295,0
with 12 degrees of freedom with 16 degrees of freedom
Significance < .0001 Significance < .0001
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Pearson Correlation of Test-Retest Reliability

~ Pearson
Test Correl. Level of

Pupils . Period Cases Mean SD Coeff. Significence

1 ok 8.6 3.6 .
5th Grade 2 o o L.y 08 .001

1 k9 14.1 4.3
8th Grade > b9 14.5 4.5 .70 .001
Chemistry (1lth Grede) , iﬁg ig'g gg A7 .001
Composite é' ggg' ig'g g'; .83 .001
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APPENDIX D

_Final Paper-Pencil Test

A
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SCIENCE PROBLEM SOLVING TEST

Use of the Test

This test is intended for use with grade 8 pupils, that is persons
who are approximately 13 years old. It will be completed within

30 minutes by 90 per cent of such pupils. The test may be used as
low as grade 5, that is with about 9-year-olds or as high as grade 12,
that is with about 18-year-olds. Use at these extremes will reduce
the reliability of measurement. Pupils at the high ages will have
scores clustered in the high ranges. Pupils at the low ages will
have scores clustered in the low ranges.

Directions for Administering

Pupils should have a good writing surface, & pen or pencil, and
answer sheets with A B C D E answers. for 24 questions.

Test Scoring

The correct order and answexrs to test questions are listed.
Mastery at each level is four or more of the six correct.

Level I Level II: Level III - Level IV
1-D 2-B 3-C ' . hec
5« A 8 -D 7 -8B 6 ~-B
9 - A 12 - A 11 - A 10 - B

15 - D 14 - B 13 - A 16 - D
20 - C 18 - D 17 - C 19 - A
23 - B 21 - A 2h - ¢ 22 - B

Grading master (1) and non-master (0) responses follows this form:

Preoperational Level T Level II Level III Level IV

0000 1000 1100 1110 1
' 0010 0101 0119 1101
~ 0001 1001 0111 1011
0011 0100 1010
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.

SCIGNCE PROBLEM SOLVING TEST TEST FORM # 1 (Version 9) Date 4/23

Directions: Select the answer that most closely.is the way you would solve cach problem,
Mark the letter of your answer on the unswer sheet in this manner A X C h E

.Y (1hey) :
,.ary buys 3 tickets to a raffle where 90 tickets are sold --- Jane buys 1 ticket to a raffle
© | where 30 tickets are sold === Sue buys 3 tickets to a raffle where 300 tickets are sold.

Which girls have about the same chance of winning?
A. Jane and Mary because their’s a;c-the least tickets
B. Sue and Mary because each have 3 tickets .
C. A giris have the same chance

D. Jane and Mary because 3 chances in 90 is the same as 1 in 30

E. I have no answer

2 (o) ‘ : .
A ring is held between a table and a light bulb. The light casts a shadow of the ring
onto the table. If the ring is moved closer to the table, the shadow may:
~ /
A. Become larger because the shadow spreads out - ;%-m

B. Become smaller because the light rays don't
spread as much

C. Stay the same because it's the same ring 1////// <::::::>
[ =

~ D. Become larger because the bulb is father away

E. I have no answer

3 (ery)

A lunchroom is 60 ceiling tile or 25 chairs wide. If a classroom is 12 chairs wide, how
wide is this classroom measured in ceiling tiles? )

A. Scems to be S50.

B. About 40 because it has to be less.

C. About 29 because 60 is about 29 .,

25 2

D. About 47 because 60 is 35 more than 25
and 47 is 25 more than 12.
!

E. I have no answer.
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h (lOl‘-‘g)
jlero is a rocipe for 4 cups of cocon: Heat to near boiling 4 ¢, milk
Add with stirring 6 T. sugar
. 5 T. Cocoa
low many tablespoons of sugar would be nceded to make 12 cups of thi.s cocoa?
A. 18 tablespoons because 6 , 12 = 18

B. More than 6 tablespoons because therc is morc cocoa

C. 18 tablespoons because 6 equals 18
4 12

p. 14 tablespoons because 4 ¢, + 8 ¢
so 6 T. +87T. = 14T,

E. I have no answer

5 (1cy)
"A car moving at a constant speed of 30 mph will, if picturcd at one second intervals, lookslike
A. I because ‘it moves equal distances each.
second i .
' o = A 2, |
B. None of these because it is moving
] Al
€. 1II because it changes ' ) v
D. II because it is increasing its distance "' > > o P ]
E. I have no answer
~
. s Y
6 (1rp)

A ring 3 inches across is 2 feet from‘ the 1ht and 4 feet from the table. The 3" ring '}—135‘
a 9" shadow. Where should a 4" ring be placed to make the same size shadow?

. (F '
A. The shadow will be larger than 9" wherever the ring : NP
is placed. -
: x_2: i N
B. About 3 ft. from the lamp because: F.3 .. . art l

and 3x = 8 .*__. -
(A%

C. About 3 ft. from the lamp because 2 x 4 = 2.7
. 3 yr /
. l : \
D. About 3 ft. from the lamp because the ring is 1"
larger 3 + 1 = 4 and 2ft, + 1 ft. = 3 ft. '

E. 1 have no answer
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7 (18r) ) ) L
A moviec projuctor lens spreads 10 1ipht out over a 3' x 3' screen § feet away. To make
the image spread over @ 60 x 5' aoreuen, how Lac back wmust the serecen be moved?

s, Anenat .. feet.  The § fuy im. - is 2 more than the 7 foor one and 11 feet is
ez wnan 9 f et -

B, Abwer .3 fect bocause 3/9 % 15
“¢. Abc.. .. feet because 9 + - 12
D. Abzut 18 feet because it . 1d be about twice as far _,//"”"/”’T~ 5Ft
E. I have no answer Lo o &‘if._——~—**”+‘—'”——;=>1
$:;"Qk . - - l '.
\ : L5y

8 (3c2)
This person sliding down a hill looks at her watch
Each second she puts a stick in the snow. What most
likely would be the pattern of these sticks?

A, 1 because she moves cach second

B, II because she speeds up”
C. 1 or II because she is moving
~ n. 1 because her speed is changing °

E. I have no ansver

9 (2C1)

i ,
. |A student's desk measures about three textbook lengths or § pencil lengths wide. If a
Iteachert's desk 1s 4 textbook lengths wide, how wide is a teacher's desk measured in pencil

-lengths?
. . . ‘ . Tert Fracily
A. More than 5 pencils because it is bigger than a student desk boeks
. . Studentr 3 5
B. Less than 5 pencils because 1t scems that way wes k
Tc.a._cb\\ I3 '-1( yf ?
¢. About 4 pencils because it was 4 textbooks ————E5 :

D. 5 pencils because that is what the student desk measured

E. 1 have no ansver
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10 (Qep) ’

tooks on top of this adyr spcing compress the spring. Fgr 2o T iprics is 8 am, long.
Far 9 book: it is 1.8 cm. . shat should be gz <pring bee=T Z2r 5 bogzs?

A. About 3 cm, to 4 ~ rcause it har to e about hald b-tw: oo
1.8 ecm. and 8 cw.

B. About 3 cm, because 2 books = 1.8 em.
. 9 books 8.0 cm,

Ehern 2 books = 3,2 cm. T
S books 8.0 an. Ky

C. About 3 cm. because 2 , g = 3,2 ' - ‘
=
o

D. About 5 cm. because hooks -~ 2 books = 3 iuoks
and {em. - 3 cm, = 5 cm,

E. I have no answer

11 (107q)

Jim uses 4 heaping teaspoons of Tang powder with an 8 oz. glass of water.
nceded for the same mixture with 12 oz. of water?

How much Tang is
"A. About 6 teaspoons because 12 x 4 tsp. = 6 tsp.
B. About g teaspoons because 8 vz.*+ 4 oz, = 12 oz.
. and 4 tsp. + 4 tsp. = g tsp.
C. More than 4 teaspoons because there is more water

D. 4.tecaspoons because it is the same mixturc

E. I have no answer

12 (1acs)

“our cars [zave different speeds: Car A is the fastest, Car B the next fastest, Car C the next
fastest, and, Car D the next fastest. The fastest car takes the least time to go 200 miles,
the next fastest car the next least time and so on. Which car is the third fastest and takes
‘the third lcast time to go 200 miles?

A. Car C because: 1st fastest 2nd fastest 3rd fastest
CAR A CAR B CAR C
Ist least time 2nd least time 3rd least time
B, Car B because 1-CAR D : 2-CAR C 3~-CAR B

C. No car because they don't match up

D, Car C because: lst most fast 2nd most fast 3rd most fast
CAR A CAR B CAR C
, 1st most time 2nd most time 3rd most time

E. I have no answer
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13 (8m)

A wodel airplanc wing made from 13- ° o pattes <hown
Measures Y cn. long. What would b i+ npth o . ach
a wving wade from a pattern with squ.-»  hat ar: 6 cw.?
A. S7 cm. because 6/2 x 19 =
B. 18 cm. because it looks thi: w.;
C. 22 cm. because 19 + 3% = 22
D. 19 cm. but the squares wou.; :. larger
E. I have no answer I ORI PSR
. "
-
b (5C5) . .
Trial 1 4 people on side "A" balance 6 of the same size people on side "Bv
Trial Il g people on side “A" should balance how many on sidec 'B"?
A. About 10 becauso 4 more on "A" should balance 4 :-more’ .F%
on "B" 8
oD o . o
B. About 12 because it goes up ¢ and g + g = I2 9, I _ G
Q I
. ’ - 00000
C. About 10 because it takes 4 morec and g + 4 10 ! QQQ9055 ad ?
ST IRy Y =

D. About 11 because it should be more
E. I have nou answer
15 (Lkey)

fhe "O" Tod here crosses 8 lines. The "Y" rod crosses 5 lines. The "0" rod, when turned,
" crosses 6 lines. llow many lines would the "Y" rod cross if it were at this angle?

111
\)\/q

T

A. About 8§ because iy should get lomg;: =

:

B. About 5 because the '"Y" rod is that long

C. About 6 because the "0" rod was &
D. About 4 because the "Y'" rod is :.orter

E. I have no answer

ERIC -
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W (15wa)

On the . {lluctrsced the cart and its veight is balanced by
weights the sirlay.  What wmount ol we: ht ‘s needed to Weight
balance 4+ g of carst weight at 20° 2 . Angle Cart String
109 200 35
A, 33 beczse 10D x 400 = 133 10° 300g 52
=90, 202 300g 100
B. 130 beczu:. .t is more . 200 400g ?
C. 77 beczuse it goes up 17 for every 3
D. 133 becuuse 30 = 133 "
30 400 e
E. I have =z answer
.17 (11Fq)

A car moving at a constant 30 mph travels 88 ft. in 2 seconds.
| by the end of § seconds?

How far will it have traveled
A. About 264 feet because 3 x 88 =75

B, About - 100 feet because it is only I seconds more

C. 220 feet because 88 x 5 = 220
)

D. 91 feet because 3 sec. + 2 sec. = 5 ser. >
and 88 ft. + 3 ft. = 91 ft,
E. I have no answer
18  (10Cp) .
Here are some recipes for Kool Aid L
; 2 quarts 4 quarts 8 quarss
Kool Aide / pkg 2 pkg ?
Powder ‘
Sugar Y ¢ lc
Water & qt 4 qts

How muce: powder is meeded for 5 quarts of Kool Aide
A, 9 pkg beczuse it is the same mixture

B. J pkg becmuse 4 qts + 1 qt =5 qts
mnd 2 pkg + 1 pkg = 3pkg

C. .About 3 be—muse it would hawe to ba more

D. 2} pkg because 4 qts + 1 qt = 5 qum
and 2 pkg + Y pkg = 2% pig

E. I have no answer




29 s
* A freciay - ver keeps track of the distance he travels, lle finds that in 4 minutes he

travels 3 Alics/ in 10 minutes 7: miles. If he continues at this speed, hLow long will it
! take him ta <ravel 10 miles?

Distance Time
3 miles 4 min
A. Aot 13 minutes because ' ‘ 7% miles 10 min
4 min, 10 min. _ 13 1/3 min. ’ 10 miles ? min

I miles © 7.5 miles 10 miles

B. A ..t 13 minutes because 10 - 7%
and 10 + 2 -
s

2!s miles
12)5 min. -

C. .swuit 13 minutes because 4 x10 =13 1/3
3

¢ D. #f=rat 14 because 7% + 3 = 10%
and 10++ 4 = 14
E. i .:ave no answer

20 (9Cy)

1 Imagine th;; frosting had been spread out % inch thick on top of a small 6" % 6" cake. Predict
‘what the tzickness would be if the same amount of frosting were spr2ad out over a 12" x 12v
cake?

A. More than % inch because it covers less cake

B. Lluss than % inch because it looks that way

C. .ess than % inch because it covers more cake
D. Morc than Y% inch because there is more cake

E. I have no answer

Fos ~ i [
Vi .__w.’;z) . . . ) . . . .
"These wature hunt groups arc chosen for a nature hike. Mrs. Andrews - 5 students
. Mr. Denton [ 'rs. Eelk - 8 students
Mr. Holt -6 students

The teacher with the most students to help is:

A. #= Holt because 6 is larger thun § is larger than 8
1 1 2

B. W¥r.. Denton § Mrs. Felk because 2 is larger than 1 is larger than 1

C. X=.. Denton § Mrs. Felk because they have the most students
D. E=s. Andrews because she has fewer students

E. I’have no answer
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o2
,chtch <. of n house 25 5 pencil widths or 2 pennies high, Sketch #2 of this house is not

shown, Sketeh #2 looks the seme imt is B pencil widths high, MHow high must sketch #2 be
“in pennres?

A, Abuut 3 because B - § = 3

B. Ab .t 3 because 2 _ 3.2
. S . :
€. Abuut 3 because 2 . g = 3.2 &4¢¢¢¢/ .
L. Arow: 3 beczuse 2t has to be —ore
E. . have no answer

SkercH ¢

i\23 (1c.)

A ring iz held betwees z table and a light bulb,

d The light bulb Tcasts a shadow of the ring,
Zf a smalier TINg Was h=id

in the same place the shadow of the smaller ring would

A. Be smaller because the Iight would change

B. Bz smaller because the Tizg is smaller

C. Ee the same size because the rimg is in the same place

D. Be larger becawsze it is Zifferent.

Z. I have no answer

2k (17F1)

Jlzne is weighing out apples on this supermarket scale. #hat will 14 apples weigh if 6 apples
weigh 2 1lbs? .

A. 10 1bs because 6 + 8 = 14
so
2 + 8 =10

B. 3 or 4 1lbs because it is mc=

3
C. 473 1bs because 2 x 14 = . 2/2
6
: because 2 + 2 # 1= =

D.

E. .. have no answer
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VERSION II1 (Test Forms 7§ 0: thanged from VERSION 11

) ,
Hary bups 3 tichets to & rafflo Mhere 0 lehets are sold -o« Jane bups | Utkel to o raffle

40 VEE-I-?LI.I VERS-I.O.N.I,” o ' vhere 30 thekets arg wold --e Suo buys 3 tlckets 1o & taffle where 300 tickets ore soly,
I ] AL 0000 10000)ALl 0000 1000 1la0 Yhich girls have about the same chance of whning? n
NRAREAR AR AR A, Jang and Mary beeause there are the least Uchets 3
0/0 Cwmc.]. 10 Bylofiio 2] 66l B, Sue and Bury brcause cach have 3 tickets .?. ‘
. 10 91 101 t5 % 0 0 €. M1 ghra have the same chance /
6 | % | njies || o] o () e iy b ded ¢
0 0! 0] 4 §1 0 0 . E 1 hevenomwer e

CIIANGES (The responses and the question appear appropriate,)

None

C VERSION IT VERSION 111
I I ] All 0000 1000 A1 00O 1000 1100 Aear ooving at a constant specd of 30 wph w11, 11 pictured at one second Intsrvals, ek m

62 9| 90| 70 | 40 98 }100 @ Hmu;a 1t roves equal dlstanges sach ‘1 ,
. 1econ
"B A
) '3 gl1od 6 ) W] 0f @ D. Hone of these beemuse dt s woving  { "‘“"‘—‘ﬁ"‘".—@"‘—]
a (s ofu o) 2] o0 & 11 e 1t cargs i "B e &R
10 )] o)l 6 [0l of 0 D, 1L becne {2 48 tnereastng It distanee ™ [ @& &, &
\3 9t of 2 sl ol 0 B 1 bave 00 snpver ©
CHIANGES
None
VERSION 11 VERSION 111
9 c imaging that [rosting had becn pread out Y fnch talek on top of wamall # x 6% exle, Trellet
J M1 0000 1000 A11 0000 100D 1100 ¥hat the thickness would be Lf the ssno anont of fresging were spresd out over 4 1 x 43
: . take! ' i 2‘
10, w2 '] ot .0 . A, More thin % Inch berause it covers loss cale
0 0] 0 2 T 0 0 D, Less than & dnch because §t Tooks ¢hnt vap J
69 [ 55| 70183 | 58 " o5 | 100 lc) Less thin & Inch bocause J1 covors moro eale
Mo fp10y9012]2]0 D, Horo then \ dnch because there 18 more cake / ,
Tl 93] e6foalo B 1 havo o amsver : (4]
CHANGES
. None
VERSION 11 VERSION III
C 'H'\c upt yod hore cvassen § Tnes, The M° sl crosses B lines, ik "“"' 3\‘-': bty
! ALl 0000 1000y AFl 000D 1000 110 croatet b 1ites, Tl many Dines vondd the *1* pod cross 86 41 were at this EREN
' 0 0f ofp 51 6fo) o ° A Ahoutllwuuse_:_lha J I | II I | ‘
w ot okl bat 2] " p, Moot & horause the "W rod s that Jong .
. 7118 Ol A [lofa] ‘ :'c‘n Mt & bocause the "0 rol Was b 1
N0 | 43101 68 ‘ o thout 4 because, the " rod {6 shorter
’ 227 Wl 0l 9 3L 6f 0 Be 1 have o apver
‘ o CIMGES

- Nono (Weoug key)



gl Mo ,QH}.‘H
i

I. v | ' ,‘ .
vers@ o test forms 78 g5 c@nged from version 1

LEVELT

VIERSION 7 ~ VERSION 3

201

Lere s sketeh 71 of & paner o), Sketch 0 15 10 pened! widthy or 3

e ‘ it's d2sk cmvures dhont throe textbook Jensihs ar:Sipemel) lenpths wide, X0 g ;
uarter? high Skoteh 13 cF this pajer doll is wot shovm, Sketch 12 Jooks AL 0000 ) “Wd"‘“l ot 1 | 2 el e
M1 000 1000 B v b I8 1 pensht ity h’l’:lh. Ho igh st sketch 12 e dn quirters? 10 ;::;"';:;l dukh“mm} Lemgchy wid, hov vide ds azzeschur's deol "umMr\-f(?
£ 9 0 @Iﬂm i 3 e bt pper ] B 10 e % 9'3_ 5 1904 |04 Ao Jtore than 5 beeavke £2:s blgper than » studeat desk ﬂd
nisjo b, Fovee quarters bersure 10 seeas that vay / 4110 [0} o b Lok it 5 eenwe e et vty 7
0 010 €. 14 quarters beeauss Lt s 14 ponells . p-2 Bl 9s]o]e C.' 1b0ut 4§ beeruso 14 vased testhooks 2
A1 110 . The sane uber of quirtars shnce s the some paper doll 3 1151600 ' B § beesuso ot 16 vhatsth stodeat ok mcasured 3 i
1l 9 |30 L Thave 00 sasver o /W\ 8110 {619 B, 7 hiave po:3umaner L)
v
\.fi@ﬁ)
<=1
CHANGES REASON
Student desk and teacher desk conpared in place of paper doll. Yore fanilinr, Wishmore succes with this item,

Students asked whore was the other paper doll,

Simpler integer ratios 10/4 bacomes 5/4. Hore appropriate to the problen, Intend a sizpler prohlen,
VERSION 11 VERSION 111
ALl 0000 1000 A1l 0000 1000 1100 A el 85 hold hetnecn 8 fable and a phe bulb, The Dight bulb costs 2 ehadow of the ring,
I ‘ Howsabder vh is held fn the sune plaze the shadii of the saller ring teuid
31010 6 o1 A Lo smiller beetue the Mght vonlid hange / R ,
115§ 0 6l in 0 . I, Pe farger becavse JU ¢ dffevent L :
3ol 8110 | o ‘ o
b 1 Ot B the sime sige betwnse the ving 49 Jn the sane place J ) ot
69136 |40 24 e | &7 Lo sl ber Teesune the ving ds snaller }{
310110 RIREREN] E, 1 e no antier 0
L

Responses appear appropriate '

239

CHANGES

“Noms  (Nrong key - Version I11)




11c,

VERSION ?

6C2. -

AL 1100 1000

18

These naturo hunt (roups are chosen for o nature hike, Hes, Andrevs

VERSION 3

The taachor with tho mast studmits to help dit

! @Mr. Hlobt begeuss % 13 larger than % I larger than g‘

v § students

Hry Dnton § Mra, Falk « 8 atodenta

L Ny it

« § students

.=

Me, Denten § Hen, Polk becauso 2§y laxgor than } 1 lovger thm% .Z
]

Mr, Danten § Hra, Toik bachuso thoy have tha most students

Nra, Andtaws bmu'u she hap {evor students

1 have no anseer

REASON

-~ Cas

o

Appeared satisfactory « wanted and got shout §0% succoss,

Four cars bave different tpavde: Cur A 48 the faatest,

QB

Dastest, nd, Car b tho next fastest, The Matemt car tokes ¢

@ (a7 € becauses

| N1E] 0

the Atat fuztass cav thy wext lengt ting and
the thind feast tio Sz po 200 nijes?

A

Int fastpst
W

4
Int bt Hiwe

Ha enr huckuse they doa't match vp
. A

Gr Cbtélulo:

I hava no answgr

REASON

VERSION 11 YERSION 11
AL 1110 2100 1000 AL THo Do e
52 {100 61| 87] 5516
ol o 8lwln| 5| o 10 '
72 - [ K
e
/]
Sl olu olslwlsin .
3 0 g 04 | 0 . 0 0,
10 a2l of -1 2 L
CIANGES
None l
VERSION 1T VERSION 111
All 1110 1100 1000 JALL 110 1100 1000
59 1100 60153 ) 57 0 | 2
W )
100 0] 21 2| 7 0] 0] ¢
Wl oo 5 ol 1ol
1710 o LIOf16t 3710 6 b
z
0] 0 ot ] ol ofst.
CHANGES
None

' About 18 feot bocsuror Plag poe 25 ¢ 10 # 35

3 E 0
1nle 0
1w] o] & [
I

2
110 10

- OWES (Vong ky)

Co Mbout T fust because It ahould Increans L1k thy {Ing pan.l.

Porson

(]
bothelg

Do About 84 foot becausn 1t asems that way

Ee T have 00 pnsver

‘f‘l. Used the nicbers 20, 10 and § o zlve recoplzable mltlples,

20

ERIC

- R
N +

/
0

¥ hore voquired sose contrast of ratlo 30 Lt vas replaced,

1

Ist mst fint

It aust time

!
wd lwm

v
I it tha

v
W nost fase

ind sast tine

Uhe next fastest, Car C the mext
lo Teast tine Lo go 200 olleg,

so on, Khlch cur is the third fastest and takey

. n \
I fstent 9‘
et ey )

c A
Mot e 3

Smsttim O

Mppeared sutisfactory - wanted and got about 50N success,

Tha Targn 25 foot flag pole hay & shadow 35 feot Im3, Hew dong & ehado i) 0 § fout porsen

"have? ! . '

y A
LA

“ l.:l About § oot decausa the Person §8 dass than \ ap big J

&/.

4 \
A 20 £t {lsg pole has a shadow 33 6, long, A 10 L4 trve has 2 shado 38 £t doeg,
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REASON
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a1 1 2 peopleen shdy A" balonce 3 of the save sire people on slde "B
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AR 2 D, About 7 because It shoubd be wore / o 10 - ¢ D, About 12 beeauan 11 should be rore ,
0
100 ¢ 30 B 1 have 0 dnwet 0 6 10 . 2 E. 1 heve no anguor ,
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_ 2 v o
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: lth A e prfector lew prsis 1" ot o o5 . ‘ . MU TIEL 11100 1000 the tnage spresdover o §0 g screcty how fay back must the sereen by sorn?
wvle profector lens spreads Lex Wt over & ' [ .
o0 AL 1L 1300 1100 p p { ver % 3" sereen 8 fect avay, o wakg the
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o mf l:ﬂ:? ':-:,:?:5‘,1; fw ::: )c:;':l: nﬁns\uch'u]“ wde ""T’/ e A wodol alrpdano wingsads fron the i, pattern shan T :
AlL 1110 100 <11 131 R110 1100 grom s patcern with squares that are.d tinos s long and 7 Il s 70, g, Mt seald e e s of ek 177 ! 1
p 3 tines 4y uide! ; & ving made from 3 paczern with squerey that are 6 oa! T | : L
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L6 ' wlkg 1 Alies Tp  Gsw sl . o
L ‘ ' " ¥ater g
E IR <c,’ fnbecuse sastsuight Sy g B y fan M]{“ " !
t slouest alking | Sally S Frin Miew ALY 1000 0o 1l liow much povder,is needed 'foriquam of Kool Alde
" st Allee P Sl aly 2 % oo |
g El‘I. 6| 3 D Su bcuuu” }“:mev:“m T Yow sl 7 97 [ 100 LR hcc::;e z ;;;: H{,'-’zﬂ';x, :
H . o k
1 2 2, 1 havs o dnsvoe ' - 6f 3[0 B, 3 phpbecase fqs v 1 gt S ;
- ) [TRFTERETERS ]
L ' ' § 1 41 01 0 ¢, About § boeeusn ke vould have ta bo wore /
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b, ) live 1o dnewer

CHANGE

waant spoed of 30 gl w1l A pletuied st one oornd dntorvals, lool: Hke

@ I Leeunt [t noves equal distances each 71

&

ALl 0000 oo 1100 At saving at & emstant spocd of 30 b wil, 1 plotwred et ean verr! Dutonnaly, Sick 1t

(]

1 29 69 ] oo @ Hm:;u,u wves gl dlstances nch ‘/
1000
et ‘ o

(W I I . .
Bt e S 11l b, bono of these because ¢ dxmoving  /
"i" E:- .85, A o 10 0 0 0 G 11 because 41 changes )

I -l S|l ojo * D, 'L becsuse {t ds dncreastng It daodd " SR

0 ' 6 [ 1B] 740 B, 1 have o ansuer o

0 018y No response

REASON

Reduce to only two illustrations,

i

Wish to concentrate on results
Wish to increaso correct responses,

Inaglne that frosting bad hoew spread out % Inch thick on top of a small 6" x & cake. Tredice
whit tho thickness wuld be if the sase amunt of Frosting were spread vt over 2 13" § 12
aked

A, Yore than ' Inch hecause §t covers losy cabe /

B Less than % dnch lrsause 4t Inoks that wa
f

b, Hare than ' Inch bocause there Is more cale

J
, @ Less than ' nch heeawse it covers sore eshe #
b
0

e 1 have no anwet

110000 1000 [(A11 0000 1000 1lag
Wil e frialn
Lo Loy ol s fusf s’
CEEIRI CREAERR
Mowiwl e ||
T L olof 6| 6] afs
CHANGE

None

REASON

& ]
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o VERSION 3
4C,

1 ot dines, The 'V rod erosses § Hines, The "¢ rudy When turnsd,

T "0 pnd hare eI
e Uty vt the O pod gres 1 10 wre an tis agle?

crngses O Bnan, he

0760 160

==
—_
—_

VERSION 4

0000 1000 1100

The #0 vod hore tosses B Lines, The M1 rod croses § isey, izt ", u‘n wred
cronses 6 1o, How nany dines vould the "1 rod crens 1f 4t vere at this r:.v -

E

i 14
- l - b ‘M“’ww%”.h 3 ‘J_JJ- ‘ ‘ LN I LS ) o Kbout § hecaune {p should le} tonger .3 ! 1
A ! 0] 0 B At § becse the T vod 1o that Jong  / ,—r",—jr- W ls[olo0 . Mhout § beatae the "0 vod o vt beg / o W
0 0 B
l ! 18 f €, Pbt B bene e the M0 pod vas ) A i c: 'lg 7J!' ; b 1" 0 8 & Mot § beeause he "0 rod van & 2 . t: : :: | |
. 1 ‘27 1) ‘b} Jhgat e 5o tho "M o d shorter” y FASPIETY 0 i R A@ phout & becangh the P rod 5 sheatex ¢ (A3YS l' " ""V:_
fobalo B 1 e Rh
! i o 1 hesame snsine 0 ) \ 15 0! 8 L” B, | have no aptuer 0 U) .
' L 0, y
‘. ' ' ‘q' l tT
[ | REASON . °| K
CHNE . AERE) A RIS
. ' ' The problem {n the ori {nal version suggests thinking inay I\"‘l“M(‘
Angwer "A" vewritten without including the proportion, fo}r this level, s y e ‘
Hish to make this move discrininating, ‘ oo
‘ VERSION 111 VERSION IV
§ studunt's deuk measutes dbout three textbook Lengths or § pened desghs aide. 102
I ALl 0000 1000 1300 fA1l 0000 1000 1200 toachorts desk §a 4 toxthook Jamstha whle, b how wide 19 0 teacher's dusk measeres i pescdl
Tt lengihst
\ eé 59. 94 | 94| 66 4‘1 01 8 @Mﬂrnthpmml because 1€ 39 bigter than a atwdmt dend. ’( e ',
sl w) ol ofito] 31 0} 6 K, Less thin § pened1s breause Jt eezs it way
11 o| of of 51 181 0] 0 ¢, foout 4 peacils becnuvo ¢ was 4 textbooks "'
1 l5 0l of 4 6l 0 0 D, § pencti beceuse thit §o what the student desk seasiined 3
sl s ol ofaj 6 5. 1 hoto 10 snseer ¢
CHANGE REASON
None Appeared o discriningte appropristely,
: I C VERSION 111 VIRSION 1V '
Arlnz L3 hedd between 3 table ﬂnhli M bulb, The . -
l ALl 0000 1000 1100{[A1l 0000 1000 1103  1f a smadler ving b8 held dn the sase PL“ :]ho 'llldwltl’;htﬁtu::;.;::’r:nf:gﬁlet e ri.;. ]
' 11 16 ol 61 ¢ 6] 8 6 A Do ssaller beosuse the  Jight would change 3 § .
L 6 lal»s] ofM |8 { 81l B, Bo lorger because 1t §6 Jifforent 2 7:\
. -
gl sf effoo BN 0. Do the saee size bevauso the ring Ls in the same plaze / b% X
' of | 42| 65| sl s | 6| 694 6l Ic sualdey hegsuse the ving 1 smatler y -
1867 2 3] 20 off 5 {181 0] 6 B, 1 have no anveer /]
e CHANGE REASON
CNans o iy vo discrinluate approprlatelys




VERSION 3 VERSION 4

. VERSION 111 VERSION 1V Thoko e hurt geups e ehes o & neare Mo, . oo oStk
p
‘ X ' R u”rr. 'Lcnm b ¥es, Falk ot
, ) , Mt CLXH
2 ML 1000 3000 DHIOJALL L00D TI00 10 rhecobewth e st sadensto hel s S
bl L 67 [ 55| 87107 | 6| w4l 03 @'Mr. Holt bachuse %vh lazger than\!_h Turger than ; ‘ %
W w0l 3]s 8] o ¢ B ‘We, Danton § U, Folk beceusa 2 4y hurger thm%h larger thay é 2
’ )
B {0 [ 4501y |23 6| 7 €0 Ko, nton ¢ e, Felk beu;ue they have the poit studeits 3
1 01 0 of 3 81 01 0 3, Wes, Andtows boceuss she hay feast seidents !
1 2L 0] 0 b1 0] 0] 0 5 2 have no angver : 0
CHANGE REASQY
I I c Neme . Sexningly sppropriate discrinlnation, :
2. ' . ! } :
Four tars have difForent speedst Car A Is the Fastest, Car B ae ware mu;g, Cur € the next Four cers have different specdst Cax A Is the fastest, Car & the rert fastess, Cor 0o rey
. fustest, and, Car B the next fastest, The fastest ear takos the Jedt thhe (o = 20 wilys, fostest, and, Car D tha nexe {astest, The fastast car Takes the lewss tloe &2 39 205 mlse, -
AL 1000 100 110 vhoreat fastest cer thorest lease tino md 5o 0n, Khich e I8 the thind fastust ahd taes ALL 1000 1100 1110 the nent Fastest car tho next least tleo and so o, Whith car 2 the third fistest a2d i
: the taird least tiy to [0 300 ailest the thizd least tlee 1o go 200 fles? , :
) A’ ] ¢ . :
| Aol atals @ Gar Cbectlse: 18t fostent nd fastost 3rd fastest }/ SLisS|entl o @ Cor Cbecsusa:  at fastane ad fastert N it #
¢ urh e Y
_ ' 1ot least thie i ledst thee  dnd Jeast tiee ot Jeast tion Tnd Jomit clae S doast tiee
bl vee ;- 3 [a] ol o Loard /
1 6] ol C. Ko car becauso they don't xateh up 0 31 0] 0 C. Mo car beckuta they don't mstch up 2
: * . A N ¢ , )
wolosl D CarClecase:  lstmostfast  Indmogt fast  3nd mest fast A uginl B GrChecnses  lteot fut  hdwstfist o ddwent s 2
' . Y uA o
Istnost tiwe . dnd st tine  Svd wost thpe | 3 ) .. Imsestudne  Indsort tlze  3rdmest time o -
158 ] 0 0 ' Dhavenoanswer ' 0 R jujul B, [ have o snsuee . o

Re=ove arrows and write out Car A ete,.., Reduce anbiquity,

+ Mazo dro somo retipes for Kool Alde
BC |OC . ~—tqent AT LTy
2 2 Yol M hipky g 1

Powdsr
' pA Supar he 1¢
l'~'\' ) !
A 10 £, flag pale hag 3 shadow 32 ft, long, A 10 It. trec has a sh,a‘dw, R lom:-.\ ' Wy, gt ]l
AL 2000 100 1110 Ve Teng 3 shadow witl a5 ft, petson have? Iﬂ /r , ALL 1000 1200 1110w och povder Lo neded for § quare of Kol Al
i.‘ [ R @ Rt 13 1, l-.‘\‘.\l'lv\l:i' ;‘: : :; : ii y ’4‘ . / 5 8]0 7. b hpe ilttl'lill 11 15 the tany mlitune .' !
' ' ! e g .
M 1Tt ety B Shaut 17 t, heeguse it 8 higger than e uﬁﬁ m\\\ \./ e 16 [ |20 5 I bec.lm : ::;: { ;;;-slg':: -7
¥ IR BB €. fbout 20 ft, because the ean 15 5 ft, less, 3 /, {7 } ’_.“/) 0 18 oo ' ¢ Mbout 3 brcause §¢ vould have to be ot 3 '
M . 13 10 0, Abut 10 .{l\ Devawse 1o soems that war AL l/";l ) : | " 3 " . oy @ % Pt baaunn 4 g o Fabo % 7[
h gl'6] 0 L, 1 have 10 dugwer o’ ) (} 5:/ nd Iphg e pk Bigly o
o ' 3 Bl 00 “Bu 1 havo ho wntuer
AN '
e REASIN
S | 250
El{klcis question . : - Previous change was destructive, The question {6C2) negatively discrizates,
a4




5€,

VERSION 3

Trial 1 2qoople on side “N" balance 4 of the same slzé people on shle 8"

ALl 1000 1100 1110 meist 1 4 people en side " balanco 8 of the sime sizo jeorte on side "B
" qrial 1N 6 people on Mde "N sheuld halanee how many on shle 'Y
SR oo " A Mest 10 bc:am'.’lwtn on A" should balanee tvo mcj _}u\\ t '?:E:"t
i . L LT
ol Adout 12 heeauso It goey up S and B o 4w I3 / f‘f?’?—-»-—qg‘[”/
N . ki T Apenee f
% b 0 0 €, Aout 10 beeause {t vakes 2 sore and 80 20 10 2 ﬂ%\ m;.-—---’
8 ool w D, dbout 12 because 1t should be wore
b 2 010 E, 1 have no answer 0
i
olME {

Distractor " changed from 12 to 11,

3C,

IC

ERI

. Aruitoxt provided by Eic:

VERSION 111

TelaLT 2 poople on side "A" balence 4 of the same si2é pecale oo plde M

AL 1000 1100 110 friuk 11 4 people on stdn A" Balinen B of the sume 5i1e pessle = side b !
Trlal 16 peoplo on side "K" shuuld balance bev many en 4i¢s 3
9 811 0 .A. :?102:"’0 bectuse 2 eore on A" should badence twa poge 3" t‘ ‘\'_': |
68 )60 | 78 | 93 @ Abat 12 Vo 16 gocs up { md 8.0 4 13 % ('..‘;'1?—-5-;-{.‘."-}.
8 1 81 61 0 . ¢ bathbwweitminmiterngy 2 me o 7
5 | 8 ‘ ’lti‘\"‘i’a" ,
QL 0 0 sboer 20 bacsuse dt shoud bo are /o ‘
9 Jolel 2 B, | v g anpr 0
REASON

Hished to have "0 be & more plaissble guess,

VERSION 1V

This porson s14ding dom a B31 Jooks at her watch

ALL 2000 1200 111 1000 1300 1110 4 she puts 8 stlck dn the snow, ¥hat past
pan : 5?&1;’53314'52 ‘:’:a p:uer: of these sticks? \A
10 115] 6] offl 6 ) 15 6{ 0 A T becsuro she moves eath second 2
RIw] ol w1 | a3l sla BT bectue de 48 o steep D /
TSI EINIE, G ot boweshlimin
60 81 84| 871 60 B 89 64 l becauss her speed 13 changlng ,Z
i 4 1 0l 4 8] 0 B 1 have no mmsver 0
CHANGE REASON
None

VERSTON 111

VERSION IV

The preblen appesrs easy yet it doss discriminate, When the .
the rosults for Grade 5 students fon pasters) i exanized
1t appoars to be an sppropriate question,

AL 1000 1100 11O A1 lono 1100 1110 A ving 45 hodd betveen 1 table and l.llzh: bulh, The Hskt eases & shadow of the pin;
onto the table, 1 the Fing 13 sured cluser to the table, the ssadw aays

) 51 % oll 22 i A Bacree Darger because the shadov spreads out / i
Woler W ol [l l;;:::; ::13::): Yeenst e Hekt rapy st ?’ =

1 01 0 off 8 oyl G Stay the sune because §t's the s ting o

Pl od sl e g D, ecoso Jarger bocause the Lulb Is fithor sy 3

2 | 64 01 o) 4 0l o 0 Bi 1 have no tnver 0 -
CHANGE: REASTN o

None Appears nearly too easy.yet does.discrininate. Scores of Grade 5

{non-nasters) are lower, o




VIZRSION 3

VERSION 11

1 100 110 11

oo
- ™

VERSION 4

1
VERSION TV

: A waovke projectar Tens aprands Ity 1ight oyt over a 3V 2 3* screm § feat way, Tamie
ML 1100 10 NN m:olngz sprend over 0 5' % 51 screen, how far beck wunt the sexeen be sovec?

171 5x ] 1] 516 W 110 A Moot 11 fest, The S foot Jumge s 7 mora than the § fact e md 11 feet §y
- —— 2oore than § faet A
' 52 | 49 { 27| 908 [ 50 93100 Kbout 15 feat because 309 v $/15 f
wWlw|loo] sh12 61 11 0 G About 12 fest bmm!oig]ﬂ ) /
1] 3oy 0] ¢ 0] 0} 90 Do About 18 fost decausn §1 should by sbout tuft a8 fur 3 T Y
b 3 0] 0] 6 Bt o] o E, 1 have no answer ; .
| :u
] .
CIHANGE REASON . !
- gy
None The iten has Teasonable overaly difficulty and discrizinates el

F o

Al ne e ) :ﬁ?ﬁs’fvfﬁf}?i"m"‘ Apples on this swemarket scale, ¥hat wi1] 1 apples weigh 1 6 syplos

—_—

‘8 3 3 S A S b because 50 S0 Yy p-)

30
ko gooy

3% 0] s boTordlsbewse bt lspre 3
6 o] w @ 3 1bs because WMl ' 7/
) ] '
spoejpoolo D St 4 Ibs beaaese it tooks that vy {
5 0 3 0 E I have no angwer ¢
GINGE )

I fron a guess question to an addition type answer,

IF,
AL Dle ‘A‘yc:;:::_{l"g[’; :{::i:’."‘ 45 egh travels 198 6. In 3 seconds, Fow far w1 It have traveded
iRl eqo A Morg than 193 feet beeause Jt 1s still noving 2
R N R R Y R B, Less than 400 fret because 3t ds only 2 seconds more {
W A R @ 330 feet decause 194 ¥ 5 « 830 }1
s
15 (80 ° |0 D, 300 feet bocatao § sex, + 3 sec. o § e, 3
198 £t 0 2 88, v 200 £,
§ L _h__p____._ B 1 have o snswer .0
250N

‘3 s Jid not select this distractor, The problom appeared to be too easy,

ERIC

J
LUy

Jamg 5 velghing cut apples on thls supereariet scate, ¥aat Wi1) 16 apples eigh 414 4pide

M1 1100 1110 111 wiph et

9 51 014 0 A Sy tbpbecauso 6ol 1 A
0
. Petegy
3 44 14 0 B, 3 or 4 1bs becavaa Lt Jg eore 3

L] .
W la[nter @Sklbs{bucm_u%_‘!vx.!‘lqﬂl‘_:’ _ f

2R Do Shboeausn (s 10 o 3y /] .
[} 0 0 0 Ey 1 hava no ansver 0

REASON

This gives a clesr distractor for a Level 2 reasoner.

The question previously cane across too caty probubly because it lacked this type of distracter,

by Aho end ol 5 sapomin?

W& 0] s Ao Wore than 198 feut bacanrg 1 4e w1513 eving

4 01 0 o - B Less thwi% fort bsarzs b 4s 2aly 3 totonst vore
-{:S-“ ..'r:.z.. -90 95 I fent e 112 4 00 3,

1 o |t s y
i 313700 Do 200 feet buttuse 3 see, ¢ 3 geg, v § see
BB, o2 s, 0208,
CIANGE

" from 198 feet to 400 feet to nake it 3 plausible answer,

M ntoome nn A car voving at » constant 45 rah travals 193 ft, fn 3 sesoni.

lea far 0] 48 b enaye

2
-l
¢
3
¢

254




VERS|()

A waded afrplane ving 22de fron the le’"i h":lill..h

AN 1w 1 meaturcs 7 gn. long, hat wearhd be N

A vlng rady £rem 3 pattem whtl sy o “‘n);' W
Sl RN (A) §7 e, bocause 612 5 19 0 gy
BN |3 B I8 eo. Bechuse it dooks iy, a
2R [ Lo boctuse 190 Ju b

Tl W10 (10 D 19 ez but the squares "’“um"" I‘I'f'ﬂ

MR Eo 1 have o ansver

CRASCE

Ning length 0 changed to 19 cn, -

%R

ERIG3

Aruitoxt provided by Eric:

VR

N3

AL o0 pio 1 an

VERSION 4

Jla usas 7 heaping teaspoons of Tang pavéer vit) an § o1, $103s of water, liow much 72 ﬁ
V0U 1O II1T eeded for the seme mixture vith 27 o3, of vater? ' .

|y L 85148 | 2|B3!a @ It 7 teaspoons beeasse 27 2 tep. v § Wi tsp y
- . ]

17 | 4 0 23 | 3 0] 3 B Mbout 21 teaspoons becouse 27 o2 " 3

= sbor end2tsp oo 19 tsp, 0 2] s,
1 5p Bordl s

ﬂ AR R IR €, Hore than 2 teaspomns betause there Is eare vatey 2

S0y 0] of 4 0l 0 0 Di 2 tuaspocns because it I tha saze slavore !

10 H 0] ol 1 6 01 0 B 1havenoanswer 0

CHANGE . REASON .

Nene

10
:,rcl.‘

Py

/

mmmmmmmmmmmmMm_
was desirad,

Amdi) n;rplm ving pida fres the 2 @2, pottemn sbom 1 ! T

1Mo 110 1111 sessures® en, Jong, Wt waald bo the lenth of ek g T
A 100 2 ¥ing rady from a pattem with squarsa that gre € cs,? N o1
L0 O
NIinjsn|yn @ $1 o, becausn /1 2 190 87 ¢ K L '_“‘-:---..~
. - . e i e e P . "[““1‘- - pingye
5 0] 7] 0 LW, beewse it ods thitwy g e
Bl 710 o oobamnresen )2 -
2 | | B |67 Bi 19 en, but the squares would bo luzer [/ :
16 jnnjofae BT have o ansuer 0 -
REASON

This was an error in the sten. The problem comes off as too hard,

* llero Iy shetch P) of un airplane, Srotsh 1487 puned] widths o 3 yenfe 48, Shensd b
1100 110 111 of thie llt{lane {8 nut ghown, Shetek 12 J30ks ehe same Sat I8 12 panef) wldehy Mgk,

high aust sketch 12 be in pennies?

13 [ 8] 6] o)) 8 6| 0] 0 A Seams v o 6 /
I N I N R A T e Y T Ry 5
B Tl s imofs a8 [ w |10 @Abmn o3l § -
T 7 7 :
' | D, About 8 berwuse 12 s S e ian? 3
LS SL O I8 D iy

5 6 01 0ll23 17 700 - B Thavons gnewer - o st ¢

Chavee REASON

Nong

Appesrs to be & super discrininator, 2 5




|5F,

A freeay deiver w.gs teack of the Aistance ho travels, Ho finds that 4n 4 minates ho

AL 10 HED  eaavels 3 elles/ dn
tare hia to trave] 10 ellest

Pl ‘100- @Mt 13 zinutes becsuse ’
dojn, 100, 13 1/3 nin,

Tailn " TS wles  Watjes

o About 13 einutes beeause 10 « T « 3y ailes
né 10 ¢ 2« Ryoin.

J.raro

B )]0 €, Meut 15 sinutes bmuuﬁg,m-ls 1

21 80 D, About 14 becauss Ty 4§ 204
od 0449 1

(=3
L)

f 17

o 1 have no answest

PEASON

Kanted the student td view the correct answer soonet

IF,

All g 1y W 13 8 recipe Io'rlcups of eocoa ¢ Jeat to near boltiny 4 ¢, wilk

Distance
Tollns
s elley
10 slles

o

MJ with stiering 6T, spar

) 5, Goco
| Lo mag tabdesgoens of sughr vould be needed to make 12 cups of Wiy cocon?
e |0 l 310 [ H lﬁ‘;lt!pw.ﬂ begause 6y 120 18 J
0
6 3 U] B, Fare tlan ¢ tsblespoons becouse there 13 more cocoa

62 | 90 | 100 @ 18 abtespoons because 6 T, wupar 12T, sumir
) ¢, cocon N2 €, cueu

7 3100 D, )4 ublospuons because A ¢, ¢+ B v M,
06T, ¢BT, AT,

5 0 [} Eo 1 havo ne anzuee

o

ERIC

@ Ved language fron distractar 9C,

0 ninutes 7 adles, If ho contdnues st this apeed, hov leng wild it

Ties
Tain
BRI
1aln

VERSION 4

On tho tanp d1lusteated the care and dts velght s bedunced b

MILI0 I g g e :30‘:2;‘3:5'"22;{ i S,

20 0| 652 00 : Ao 133 beeause i_gg X400 138 3 {55 :
nolosloofot ol B, 152 begatse 1t 1s wore ' /! w A
23 17 04l 25 29 0 G0 177 dbacaute {2 goes vp 37 for every 200 2 2 .
Holso) mila g 00 135 because %g% ' % }{ . }/jé 7
Hiunl iin 710 E, Dhovanoamper . 0 P m——
CHANGE REASON

None

Al 10 1

The. item appears to be discrininating appropristely,

A freesay dvbver \eeps traek of the distance he toavala, e finds toat In sy

Keiphs
OELRT]
:::( i3
NV n

't‘ ].n
k\'-‘ .

a
by

teaveds § uidesy In 10 minues 7p aldes, 1f he continues a8 tais specds A demg aeli gt

take o 10 teave, 10 miles? , fistawe  fins
‘ | 3 Tais 1o
Ao Mbout 13 pinutes bucause d x 10 % 13 ) T adles 10 uls,
U ‘ T ¥ Tl Y
13 3178 B About 13 minutes because 10 « T n 2y miles /
‘ =
10 ¢ 30 1y aln, .
B a0 €. Mbout M becasser Ty o 3w A0y <
&
) L Weda ld . o
381 50| 65 About 13 elnutes because 4 0in, o )0 gla, = 13 13 rln, V
piles TS eiles 10 ndics
Cf
S P10 0 E, 1 hove no answer [/
CHANGE .
Sultched onder: At €, Dto A, and € ta D,
‘ t
AL T10 VILE ero 45w revipe for & cups of coroat  Hest to neas Nofling 4, Bilk
M ajth stireing 6 [ separ
§ T, (v
_ How maay tablespecns of sugar wuld be neoded t0 male 12 cups of thiy ol
050 0 A 6 bl becase 6, 220 10 3
T
N 0l B Hore thin & Lablespocns decatse there L1 Bere coven !
Mo 36| @ 18 tablespoony because 6 cquals 13
ey f
b | M 0 D, M tablespocns because d e, ¢ 56 0 10 60 : 2
WL 8T ol
8 0 0 Eo 1 have 1o answer "0
REASON

The problem cume, across a5 toy mé_v. 1t was sus
G might have been u cuse,

pected that the vonds with answer-




EL T

5 ~ VERSION 3

IF.

Alb 1o 1
850 g, Vrern sheald a 40 plng bo phaced 1o mike the sane dito shad?

) ' 81310 A The shadoe will be Targer then 9% whorever the ring / \ﬁ,
Is plaesd, . — -/ln\
! NI 1N @ Byt 32, Tron the Javp becawse 20 2,7 }1 awm |\ \
’ i - . - I T DR
I nl
. i NI € Mowt 3 {8, Tron thy atp bocwio;_ pée \3 "y
S EEEE B, fowt 1 fr, fren the Jerp beerns e ging o 10 2o
Wrger o o dand 2ty o Hlte 310, ,
(A5 1310 B, | have no antwee ¢ —
CHANGE

)
E l{TC "i" changed with all proportions shown,
:

VEERSION 4

Ardog 3 Inches asross 1o 2'Tect from the 14Nt and & fead frunn the table, Tho 3% ving hes

ML 1110 1L AIL 110 1111 loagine that cencrate has been =ixed to eake o pato & fe, x 4 f2, and Y & Toot ek, Hw
thick i1l this concrete b 4f it §o nstesd spread ot ever an 4 2, x & {1, !
b1, thick decue 18 0 3 T
a1l (1o (O wited 4 -
L o
¥ o
LRI S S S UL 3 ¢
i . ' :
TT T
H
A L] g (M0 ¢l u\lclbnmn%h m zm% A
i
DL us] o 8 [0 [0 T e b i b /
0 0 of 12 0 0. Bo 1havo no ansuer ¢
CHANGE REASON
None This {tem exhibdts good dlserimination,
Telal 1« Two velghts on side "A™ Dalance theee of th {5 Y :
AL 100 WILEANL D10 DL Teid 10+ Fourocighs o e ot Sy e 22 vlS1 6
. Trial 1. Five veights on sido "% then should balance hov maar velghts on alds "1? -
7 113 ofi18 |43 |33 A “W‘”‘“‘"'%H-M 3
woloalwlls |76 ¢ @Ammmmg_a.s '
T ’z x
‘ A 3
B 113 ) 0] 18 7100 C. About Tbecemo d e Y g l ]A R
\ ;
feldn} ﬂfﬂ gh
a ]
15 7] sl % 0 b Ahout?b:mso%h 1."‘}“;_ A o &
o ¢+ BB
[J 3] 02 710 B 1 have o angvey v,
e , A 6
NG REASY
None The item appears to be appropriate,
AL 0 1 Aing 3 inthen acren 1o 3 fere froa the It and 4 foet fon the tahle, The I° pinp s
& B ahndox, Where sheudd a 4 ring bo placed to nale the sase plse paln .
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