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ABSTRACT

THE RELATIONSHIP BETWEEN TIME CONCEPTUALIZATION
AND TIME LANGUAGE IN YOUNG CHILDREN
by

Joyce Weil

Adviser: Profes or Harry Beilin

This study examined the relationship between language and thought
through the study ot the child's development of the notion ot time and
the development ot (hose aspects ot language that express temporal
relations (time language). Based upon Piaget's treatment ! the
development of time concepts, and psycholinguists’ data of the develop-
ment o} time language, the study tested che following hypotheses:

(1) Cognitive development precedes ar is concomitant with linguistic
development. specifically chitdren wust sdequire reversible operations
betore they can comprehend or produce tenses such as the present pertect
and the past progressive, or can use correctly before and after in both
positions in a sentence. (') At later stages of conceptual development
(ages 5-7), yet prior to the development of certain concrete operations
(age 8), the child's language in and of ftsel{ will not be sufficient

to advance him to the next stapes of operational thinking.

Five groups of children, 12 nursery 35s, 29 kindergartners, 29 first
graders, 30 second graders, and 30 Y-, 10- and ll-year old children, were
administered, individually, a seriles of time concept (both verbal and

non-verbal) and time language tasks.
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The ianguage tasks consisted of: Y syntax {tems which tested the
following: present progressive, past, future, present perfect, past
progressive and the conditional, and 7 vocabulary items which tested

the following words: fast, slow, first, last, more(longer) time, less

(shorter) time; & Boturefg}ter constructions {(After X, Y; X before Y,

l.. X, Befure Y, X).

The time-concept measures included: » reversibllity-time-seriation
task, a Piaget-time concept task consisting ot 5 situation; and a time
concept dttainment task based on a discrimination model. The latter
task also included a verbal training procedure. The language productions
ot the children were recorded for all the concept measures.

The language measures used in this study {ndicated rhat speed words
were the easiest wvhereas words dealing with duration were the most
difficult. Tenses such as the present, past, future were mastered by
more than 79% of the subjects whereas iLhe pdast progressive was mastercd
by not more than 507% ot the 5s. The langudage measures emphasized the
importance ot the ~ortext within which a lexical item {s presented.
Children may comprehend an item within one context but not within
danother. Analyses of the Piaget Time-Concept Tusks indicated that
the order of difficulty ot the items was similar to that of Plaget's
and c¢losely approximated scalability criterion. The children's
explanations revealed that time space, distance and speed were confused,
lending support to Piaget's conception ot the child's development of
time.

The overall relationship among the above measures indicated that
reversibility operations precede developmentally the past progressive

tense, and the before/after connectives when the order of events are




the reverse of the order in which the sentence 1s spoken. The relation-
ship between the language measures and the concept measures were
significantly correlated. However none of the correlations within each
grade were significant nor were there any significant correlations
between specific Piaget situations and vocabulary and syntax scores.

The language productions ot the 5s revealed a relationship between
correct score on the Piaget situation and type ot cognitive explanatijon
nsed. Language explanations given after the concept-attainment task
and prior to verbal training indicated that there was a tendency tor the
younger 5s who were trainable to use the response patterns of the older
Ss while there was a tendency for the older 5s who were not trainable
to use the response pdatterns of the vounper s,

The second hypothesils, that language was not a sufficient condition
to advance operational thinking was confirmed. When the language was
used appropriately it only acted as dependent variable, an expression

ot a cognitive structure already present.



ACKNOWLEDGMENTS

Many people contributed to the shaping of this document, directly
and indirectly. First, I am grateful for the guidance of the members
of my dissertation committee: Chairman, Professor Harry Beilin, who
provided continuing intellectual support and stimulation; Professor
Francis H. Palmer, whose faith and encouragement significantly influenced
my career; and Professor William King whose advice was always available.
For aid in navigating among the ambiguities of academic organization --
helping to get things done, in other words -- I am especlally appreciative
of the help of Dean Marilyn Mikulsky. Mrs. Helen Moren advised me truly
and well on the statistical problems; my brother S5imon Welil, spent many
long and difficult hours at the computer to produce the numbers
necessitated by these problems. Behind the numbers, of course, were
flesh-and-blood children, and it was Mrs. Elsle Drescher who f{ound
them for me, Miss Helaine Poletein who helped with the classification
of the protocols, and Miss Saundra Dalton who assisted with the
administration of the tests. In any project of this length, it is the
last few steps which seem the most difficult, and this stage was made
easier by the skillful and patient typing of Diane Terranova, Kathy
Grenham, Mary Jane Barboza, Ellen Harrigan, and my cousin Carol Stern,
Pinally, 1 am fortunate to have spent the final months of the project
in the supportive atmosphere of Russell Sage Foundatiom.

This research was partially supported by National Institute of
Child Health and Human Development grant HD-00925-09 to Dr. Harry
Beilin and by a Training Fellowship under grant HD-00231 from the National

Institute of Child Health and Human Development.



Chapter

TABLE OF CONTENTS

Acknowledyments.e e vnansn ceeaas C e r i as e “eenn
Table of Contents . it e cnnieeaeanteannens P, .
lList of Tables..... C e e i waraa et et s e e e ceee s
Introduction........ Ceeaan .. e e s he e . caan
MeEHOU . o it it s ameornerassvseearnssesansosnaasesnsnoa
Results. v en e rveaanen e e e ce e ‘e .
Discussion.isesessas s c s s ae IO e e e
Footnotes ., ..o ueeenn s rae e er e Preua e e e s
Tables........... e aeas e e cauw f st s e

Appeodix A:

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

G:

Assignment of Ss by Session, Sequencae,

Sex and I e e s enas

Test Booklets........ f et e n e et e

Types of Explanations lised After
Situation T... . ... snnennnns

Types of Explanations Used After
Situation IT1,........ chr e

Types of Explanations Used After
Situation ITT......c0iverrunens

Tvpes of Explanations lsed After
Situation IV...i e naen P

Types of Explanations Used After
Situation V.....oeiinnerernnnnnan

Types of Explanations Given After
40 Councept-~Acquisition Trials:

Types of Explanations Given After
40 Concept-Acquisition Trials:

References. cuo e essrectsscasssennsssesasnnnssses

Vita

il

More.

Less.

LI

LI ]

104

LG8

130

137

l44

151



LIST OF TABLES

Table Poiyg
1 Order of Tasks by bession and Sequence. ... ... . oo, 3
Vocabulary scores by Grade amd sex (Xs and S.Ds).. ..o, m
3 Subjects Passing Fach Vocabulary Item by Grade
(in Per Cents) ... o, e e e e e e e e e e e e 1
I3 syntax Scores by Grade und sex (Xs and o.Ds)...... e 72
n subjects Passing Lach Syntax ltem {(in Per Cents)............ /3
t subjects Passing Fach Item on the Beiore/ifrter Test
(I Per CentsS) et e sttt e et e e e e e e e e e R
7 vomparison ot Before vs. After Pertormance in Reversed
and Non-Reversed Orpders: Within Grade comparisons........ 7
H The Relationship Between Betﬁre;’ﬁftt:r and Vocabulary

and syntax scores by Grade (Point-Biserilal ‘orrelaticosi.. 7/

" Correct TUT Rosponses by Grade, Sex, and Sitvation.......... 78
10 Subjects Giving Correct situation Responses: driterion &

L S o T O & W T Ki)
L1 subjects Giving forreat itudtion KHesponses: Uriterion B

O S T T S 200 0 T A 31
1. Number »f Correct Hesponses on Time-concept Attainment

Trials, Training and Criterion by Concept and Grade

(X8 and 508 it ittt et e e e e e B
13 Subjects Attaining Reversibility by Grade (in Per vents).,.. 83
la subjects' Pertormance on Plagetian Tasks (Criterion A)

and Language Lcores (Vocabulary and syntax Scores

Combined) (N8 ..ot i it e i i e et it et e s aaae s e a4
Ih subjects' Performance on Plagetian Tasks (Criterion RK)

and Language Lcores (Vocabulary and syntax ocores

Combined) (Ns)............ s S e e e B85
16 Relationship Between Plaget Situations and Total Syntax

score (Point-Biserlal Correlations),........... P < 1 o
17 Relationship Between Each Piaget situvation and Total

Vocabulary Score (Point-Biserial Correlatfons)............ B7

i1l



LIST OF TABLES Cont.,

Table Fage
18 Relationship Between Concept Reversibility and the

.omprehension ot the Complex Tenses (Expressed

in Number ot 5s)........0. ..., e e e e e e e HY
14 Concept Reversibillty Performance as o Function of

Langudge Reversihility (Ns) oo e i e H
20 Kindergarten :rubjects Glving Correvt Responses tu Each

Piaget Situation as a Functlon of Language

Reversibility (in Per (ents)........... e 41
A Firstr Grade Lubjects Giving Correct Hesponses to Rach

Plaget Sftualion as a4 Functlon ot Language

Reversibility (in Per tents).._....... e e e e e e e e
a2 second Grade Subjects Giving Correct Kesponses to Each

Plaget LHituation #as a Function of Language

Heversibiiity (in Per Uents). ... i i, "4
23 Relationship Between Reaching criterion atter Verbal

Training and Language sHeores (Point-Biserial

Correlation)........ e e e e e e e e oo
24 Classification of Explanation for Each Plaget Situation

by Category and Age (in Per Cents) ... ..ot inninnnnnan .YS
S5 Classiflcation of kExplanations tor Each Plaget Situation

by Category and Situation Score: Younger S5s (in

e o O S T e e e 97
26 Classitication of Explanations for Fach Piaget Situation

by Category and Situation Scores: Older 5s (In

o T -3 o 8 - T A e Y99
27 Type of Explanation Given After 40 Acquisition Trials as

a Function of Age (in Per Cents) . ... oo vuuinrcnann.. ceea. 101
28 Type of Explanation Given After 40 Acquisition Trials as

a Function of Trainability and Age {in Per Cents)......... L0O?

iv



CHAPTER I

INTRODUCTION

This study examined the relationship between language and thought
through the anatvsis ot the child's development o1 the notion ot time
and the development o1 those aspects ot language that express temporal
relations (time langunape). There 15 o long history concerning the
relationship hetween cognition and langnape . Chomcky (1466), in his

history of linguistics, points ont that the study of lanpuage has

glways contaiaed some psychological assumptions. o8 carly as the 17eh
century Denioartes justlitied o tailure 1o toromlate roles o sentence
constiuction because the Vsequence of wards oo o sentetic e Carrespond

Girectly to the tlow o thoeoght [p. 251" In the mid-oineteentn o entor, .,
J. 5. Mill felt that "sravmiar...ls the beginning of the analysis of
the thinking procvess [in Chomsky, 1%66, p. 95)1." 1In the early part of
the 'otlh century, some linpuists rejected the notion thet cognitive
processes should he studied as part of Tinguistics (Bloomtield, 1),
Capnitivists, however, have olways paid rome ettention to languape
development within their cognitive theories (Piaget, 1906 Vygotsky,
14962), ulthough the lase ten yenrs represent the heginning of o major
citort to explafio language development ond the rvole that copnition plays
within languape. (Piaget ., 1763 Bruner, 1Ybi; Beilin, 196Yh). There are
now several major theoretival views concerning the language/copnition
relatjonship,

According to one view, the source of intellectual operations has
its roots in the sensorimotor period, that is, the pre-language phase ot

development and both language and cognitive operations emerge from the



development of the symbolic function (Piaget, 1963: Sinclair~de-Zwart,
1968: Furth, 1869).

lLanguage acqulsition in this general position, Is dependent upon
the child's possessing of relevant cognitive structures (Plaget, 1963).
Reilin (1969b) has shown that the child's ability to form plurals is
related to his acquisition of number conceptunalization. Similarly,
research conducted with educable retarded children suepests that the
ability to inflect is dependent on level of operational thoupht (lLovell,
1968). In addition, both Cromer (}1968) and Slobin (1966) have found
that although a child has been exposed to certain forms. structures and
words with a hiph trequency, he fails to acquire them until he has
reached a particular stage of cognitive development, Forms of the per-
fect tense were found throughout tae mother's protocols, and althouph
the child had a sufflicient sentence span and the elements necessarv to
form the perfect tense he did not do this until after age 4:;6 (Cromer,
1968). Similarly, Kussian research has shown that the emergence of
certaln morphological categories can be expliined in terms of conceptual
difficulty. The conditional 1s late in emerging in the child's speech
although its grammatical structure is exceedingly simple (Slobin, 1966).

While the procvesses of lanpuage and thoupht development mav be
svnchronized after the sensorimotor period, the acquisition of language
is not necessary or sufficient for the development of preoperational
or concrete thoupght processes. Two different sources ot evidence have
been cited to support this view. oUne source derives from studies com-
paring deaf-mute children with normal-hearing children. These studies
have shiown that the deaf show only slight retardation in the acquisi-

tion of elementary operations [Furth, 1966). The second source stems



from studies which investigate the relationship between language de-
velopment and the stages of operational thought. TInhelder et al. (1966)
and Sinclafir-de-Zwart (1968) studtied children's verbal productions in
relation to their abllity to solve conservation tasks. Thev found that
children who solved conservation problems used palrs of coordinated de-
scriptions in the same sentence when describing a problem which varied
in two dimensions {e.g., 'he has more beads but thev are smaller'); non-
conservers lacked this linguistic form. Approprelate linpuistic training
did net improve conservation performance and onlvy In the case where an
intermediate stage had been reached was there progress to the next stape.
Beilin (1969a), on the other hand, offers evidence that providing the
non-conserving child with a verbal rule significantly {mproved conser-
vation performance. However, he states that it Iis questionable whether
what is achieved [s true conservation (Beilin, 1969a)."

Some developmental psvcholilnguists, particularly of the transfor-
mational school, have regarded language and thought processes as
independent. However, thev feel tha: the child is endowed with an innate
structure, the "laneuage acquisition device which guides the first stages
of linguistic development (McNelll, 1966). Onlv a minimal amount of ex-
posure to speech is required for language to emerpe (Miller and Chomsky,
1963). These linpulsts cite as evidance the seeminglv wide discrepancy
between the four-vear-old child's inabilityv to solve Flapetian tvpe
problems and the fact that by that age he has acquired all the complex
rules of grammar (McNeill, 1966). They feel that to account for the
rapid growth in grammatical competence they must appeal to some 1Innate
explanation. Thus, these linguistics would not concur with Piaget that

certain intellerctual operatlons obtained in the pre-languaece period are



necessary for the development of language. More recenitly, Bever (1970)
argues that some substantive as woll as formal universals (the latter
had always been considered as part of an Innate language structure) may
reflect general copnitive structure as opposed to innate structure. He
cites as an example. that the universalitv of the noun/verb distinction
in languape might be explalned as the linguistic reflection of the
general cognitive distinction between objects and the relations between
objects. Thus, the concept neun would not have to be taken as a
linguistic universal but merelv the linguistic expression of such a
copgnitive distinction {p. 1721 Bloom (1968) has emphasized that an
account of the development of lingulstic competence must incorporate the
interaction between lingulstic experience, non-linguistic experience and
copnitive-perceptual organization.

The Russian school as represented bv Vypotsky (1962) and Luria
(1957} differs with the abov: viewpolints. Thev view lanpuage a- the
source for creating the possibility of the '"dintelligent coordinatiaon of
function' (lLuria, 1957). According ro their theorv, thought and
language evolve independentlv at first. Then, at the stage when the
child hegins to discover the svmbolic functions of words (around 19-26
months of age) the developmental paths become Interdependent. Highly
dif ferentiated logical categorles emerge in the child's thinking as a
function of his abllity to develop more differentliated language (i.e.,
words). The 'word' in this case is the gulding function for the
development of genulne concepts {(Vygotsky, 1962).

Bruner and his colleagues (1964) have attempted to support this
view by demonstrating that improvement in language and "activation'' of

language habits can improve children's problem-solving ability. Using



a pretest, training, posttest paradigm, Frank (Bruner, 1964), and Nair
{Bruner, 1964) demonstrated posttest improvements on conservation
problems in children aged 5, 6, and 7 although not in children 4 years
of age, Bruner (1964) attributes success to the fact that the child

has been given an internalized verbal formula which he can use to over-
come the enormous perceptual discrepancies which had previously hindered
him, Beilin (196%a), in a somewhat similar position holds that

language in this case acts as a linguistic algorithm even though the
child lacks understanding of what he observes,

Watsonian behaviorists viewed thought as implicit tpeech. With
sufficiently sensitive instruments they argued one should be able to
detect some sort of muscular movement accompanying thinking. A more
sophisticated view, and one which resembles the formulation of the Ruseian
psychologists, has been proposed by modern behaviorists such as Kendler
and Kendler (i959) and Reese (1962). The main point in this theory is
that there is a transition period in which the child begins to make medi-
ating responses to the stimulus presented to him. The most important
mediating response is the word which becomes the guide in problem solving.
Although children can lrhel the cues before the transition period, they
have, according to Reese, a mediational deficiency so that labeling is
not brought to bear on problem solving.

In summary, there is one line of reasoning which makes the as-
sumption that, although language and thought processes may evolve
contemporaneesusly, language is not sufficient nor necessary for the
evolution of thought processes. There is within this viewpoint a
further division between the cognitivists and the psycholinguists of the

transformational grammar group: the cognitivists maintain that oper-



ational structures are necessary for language development, whereas the
transformational linguists insist on the importance of innate structure
for language development. Although as indicated an increasing number of
psycholinguists of this persuasion are modifying their position and are
making an accomodation to the influence of cognitive processes. The
other sachool of thought states that although language and thought
processes are Initially independent, there is a transition point after
which language directs the function of thought development.

The investigation to be reported here attempted to provide further
data relevant to these questions through the study of the relation be-
tween time language and time conceptualization. It was hypothesized,
for example, that the concepts of order and duration are necessarily
acquired before children can make effective use of those asapects of
language dealing with time. By examining the process by which time
concepts, on the one hand, and time language, on the other, develop, the
study provides data relevant to the more general questions surrounding
the relationship between language develupment and cognitive processes.
Befora specific relationships between these variables can be hypothe-
eized, a discussion of the development of the child's rotions of time
and time language is necessary.

The most extensive research on the development of time concepts in
young children has been conducted by Piaget (1954, 1955). He defines
several operations that the child must attain before he poesesses a
systematic notion of time. These are: (1) the logical operation of
seriation, (2) the logical operation of class inclusion, (3) the
coordination of the two, and (4) a concept of speed. Once these four

phases have been reached, the child is capable of discovering the



system of time measurement. In addition, Piaget delineates three de-
velopment periods during which these time concepts are acquired: (1)
the period of sensorimotor intelligence (0-2 years), (2) the preoper-
ative stage (2-7 vears), and (3) the period of concrere operations
(reached about 7 years).

At the sensovimotor level there are six stages in the development
of the temporal achemata, During the first two stages (@-4 months),
the observer views the child's actions as being arranged into a tempo-
ral series., However, the child does not perceive any order since to
him his actions are global and undifferentiated. During the third
stage (4-4 months), the child is able to perceive a sequence of events,
and probably has an elementary consclousness of a before and after re-
lationship. ¥or example, the child must understand that he needs to
pull a chain before he can activate his rattle., In addition, he is
beginning to form a memory for the very immediate past. During the
fourth and fifth stages (8-18 months), the child becomes capable of re-
taining A series of events in which he did not directly intervene. He
also attains the capacity to remember events for a longer period of time.
In the final stage of sensorimotor development, the child becomes capable
of objectifying the temporal schema on a representational) basis and
recalls even more remote past events,

In his research with the preoperational child Piaget has found
that:

1. Children under 5 have difficulty in judging the equality of
time or order in time when two objects are moved at different speeds
or follow different paths. 1f the objerts move at the same speed or

cover the same distance, they can correctly judge the simultaneity of



start and stop.

2. oOnlv 17% of Genevan children studied between the ages of 4
and 5 could judge equalitv of duration. Temporal duration was usually
judged according to the content of the action, the quantity of work
accomplished, or bv the external relationship of the ohjects (in
Fraisse, 1961).

3. In problems dealing with the coordination of order and duration
1t was found that even when children would admit to the simultaneitw
of starting and stopping, thev would not admit equalitv of temporal
duration, Even after children were capable of serilating successive
intervals or levels, they were not capable ot reconstituting these
events If thev had to deduce one temporal interval from antoher. Be-
fore the child rcould progress from a preoperational level to a concrete
level of thought he had to be capable of taking order and duration into
consideration simultaneously.

MeCarthv (1955), commenting on Plaget's descriptions and expla-
nations of the development of time concepts in the preoperative child
asked: (1) whether the child's progression to more advanced stages in
time concepts was accomplished at the same time that he began to use
the past and future tenses In his speech; (2) whether the child has a

first, which are inherent {n Piapet's method; (3) whether the time con-
cept was Inextricably bound up with the abilitv to express cuncepts
verballv. These questions still have not heen answered.

Cromer (1968), as part of a major longitudinal studv analyzed the

development of temporal referents in the spontaneous verbal productions

of 2 children. The analysis of thelir speech samples made possible for



the formation of a preliminary order of the emergence of what can he
differentiated as a time lexicon and a time syntax.l He found that with
respect tu time lexicon: (1) that words such as before, after, fast,
quick were not used spontaneously in the child's speech until age 4;6:
(2) that words such as before and after are used to relate two objects

in space before thev are used to relate two events In time. With respect
te time svatax, he found that: (1) uttevrances classified as future (use
of will + verb) do not appear until]l 3:6; (?) use of references to the
past bopln at 2;7 and show a slight {ncrease with age; (3) it is not until
about age 4:% that the child is able to produce utterances In which the
linguistic order does not perserve the real order in time: (4) the child
does not hegin to urfe the more complex tenses (perfect, progressive) and
condit ional statements until age 5;6. In fact, Cromer concluded that
something seems to occur after age 4 or 4;6 which "secems to make possible
a greatly expanded range of temporal reference and the relations be-
tween times [(p. 165}."

A cognitive analvsis of time svntax may indicate why some structures
emerge later than others in the child's speech. The present perfect
temse emerges late in the child's speech, although the components neces-
sarv for its use are avallable much ecarlier. The present perfectr tense
is defined as 'taking something which has occurred in the past and making
it particularly 'relevant' to the time of the utterance (Cromer, 1968,

p. 117)." Compare the sentence 'Have vou written a letter? which is in
the present perfect and asks a question about the present time, and the
sentence 'Did you write the letter?' which is a question about some
definite time in the past (Jespersen, 1929). The chi!d, in the first

sentence, must po from the present time (his situation) {nto the past
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time and then back to the present. This process seems tc be analagous
te the operation of reversibility. Similarlv. the abilitv to use after
and before in both pousitions In a sentence seems to implv the same
process. After, when used tn the first position in a sentence retains
the true order of events (After ¥X,Y): however, when used In the middle
position, the order of events Is reversed (Y after X). The vpposite is
true for before (X before Y, Before Y,X). The past progressive (was +
participle) seems to be tapping a different cognitive abi,{itv. The
purpose of the progresstve tense is not to "'express durat{on Iin 1itself,
but relative duration, compared with the shorter time occupfed bv some
other action {Jespersen, 1929, p 278)." 1In the sentence, 'He was
writing when [ entered the room,' the child must deal with two Iintervals
of time simultaneocusly.

Based upon Plaget's treatment of the development of t'.e concepts,
and psycholinguists’ data of the development of time language, the &t :dv
tested the following hvpotheses:

(l) Cognitive development precedes or is concurrent with linguis-
tic development. Children must acquire reversible operations before
they can comprehend and produce tenses such as the perfect and past
progressive, or can use correctlv before and after In both positions in
4 sentence.

(2) At later stapes of conceptual development (ages 5-7), vet
prior to the development of certain concrete operations (age B), the
child's language in and of itself will not be sufficient to advance him
to the next stapes of operational thinking. Although the child mav
have demonstrated knowledge of time vocabulary and time svatax, these

will not be sufficient for him to display a svstematic cotception of

time, that 1s, the ability to coordinate order and duraticn,
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CHAPTER 11

METHOD

Three groups of children, kindergartners, first graders and second
graders, were administered, individually, a series of time concept and
language tasks, Both verbal and non-verbal time-concept tasks were in-
cluded. The performance of all children on each test was first ana-
lyzed for developmental sequences. Then comparisons were made between
scores on all tests in order to determine relationships among time-
concept tasks and time-language tasks. Subsequently, two additional
groups of children, aged 4 and 9-11, were given some of the cognitive
and verbal tasks in order to provide baseline data on the language
measures and an adequate celling on the time-concept tasks. The results
of these supplementary studies are incorpnrared into the results of the
main study.

Experimental Design

All the kindergarten, first and second grade St were given the
same serles of six language tasks and time-concept tasks during two test-
ing sessions. Four-year-olds were given only the language tasks. The
9-1l-year-old children were given only the concept tasks.

Four testing scquences were devised in order to counterbalance the
effects of testing order. In two of the four testing sequences cogni-
tive (time-concept) tasks preceded language (time syntax and vocabulary)
tasks. In the other two sequences, the tasks were presented In the oppo-
site order. In addition, the effect of experience with the various tasks
was controlled by alternating the tasks presented in sessions 1 and 2.

Table 1] summarizes the testing sequences., No child was permitted to see



two films in a row and each fllm was separated bv an activity task.
Procedure

Each child was assigned a testling sequence as he entered the test-
ing room. Appendix A summarizes the assignment of Ss by session,
sequences, sex, E and grade. Each 5 -as seen {ndividually for two 30-
minute sessions. No sessions were separated by a period of less than
two days or more than five days. Each session was administered by a
different E. A total of three Es, including the author were used In
the study.2

The Se were brought into the classroom individually by the E and
seated in front of & chalr approximately 5 feet away from a child's
painting easel. Films were projected in this easgsel with a Kodak MF5-8
projector. For the non-film tasks, the S was seated behind a child's

table across from the E.

Time Language Tasks

Time--Language Film. A time language film was constructed to
measure the S's comprehension of time syntax and time vocabulary.
(There were 9 syntax items and 7 vocabulary {tems which are discussed
in detail below.) The original film consisted of 5 situations each of
which depicted 2 cars racing each other. Within each block of four
questions, the colors of the cars (black or white), and the position
of the cars on the film (top or bottem) were randomly assigned. The
test consisted of 21 questions, 16 vocabulary and syntax questiuns, and
an additional 5 questions 1in which the 58 were asked to explain their

cholce of cars. To minimize chance effects, a syntactic structure or

12
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vocabulary item was scored correct only if the child responded correctly
to that item in both sessiona. Only partial credit was given. The Ss
were instructed to carefully watch the two cars racing because they would
be asked some questions after each race. If the child requested, a

race was reshown, or if it appeared to E that the child had not been
watching the race from start to end, £ replayed the film., Each race
lasted about & seconds., In reporting the results of these language items,
the numerals 1 and 1] are used only if the game language structures are
repeated. The numeral I indicates that both position and epeed cues
could be incorporated teo comprehend the language items; the numeral 11
indicates that only speed cues could be used. When no numeral is used
both positicn and speed cues are available. The test guestions and
answer sheets are found in Appendix B.

(a) Time Syntax, There were a total of 9 syntax items designed

to test the child's understanding of the following tenses: past,
future, progressive, perfect, and conditional construction, Five of
these items could be answered correctly by relying only on position
cues, or pesition and speed cues. These items were: the present

progressive (is + verb + ing),; the past (verb + ed); future I (wiil +

verb); conditicnal I (If. . ., then) and present perfect 1 (has + past
tense of verb}. Three items could be answered correctly only by relying
on speed cues: future I1 (will 4+ wverb); conditional II1 (If. . ., then)

and present perfect Il {(has + past tense of verb).3 For example, in
future I: '"Whicn car will win?' the car that wins is ahead when the
question is asked. In future II: '"Which car will win?" both cars are
stopped at the same point when the qQuestion is asked, Thus, the child

must infer that the car going faster will win., The same holdas trie for
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present perfect I and II, and conditional T and II. The past progressive
is slightly different. The question: 'Which car was winning when the
bell rang?" 1is asked at the end of the race when both cars are at the
same polint. However, when the bell rings one car is clearly in front of
the other car. In order to minimize the effects of memory, the situation
is shown twice and only the second answer is scored.

(b) Time Vocabulary. There were seven vocabulary items designad

to assess the child's comprehension of order (first, last); speed (fast,

slow); duration (more or longer time I and II, less or shorter time).

The difference between more time I and II 1s that in the former case,
the car that took more (longer) time was ahead of the other car when
the question was asked, whereas in the latter case the cars were at the
same point when the question was asked.

Before/After. The connectives before and after may be used to

denote spatial or temporal successions. If thuse iltems had been
presented as part of the time vocabulary film, it would have been im-
possible to distinguish whether the child was responding to gpatial or
temporal cues. Consequently, the Beforef/After test was constructed to
azuess the §'s understanding of these connectives when used to connect
two points in time. Before and after may be used in two positions of
the sentence., When after appears in the first position and before in
the second, the sentence order depicts the true time sequence. However,
the true time order of the sentence I8 reversed. Thus, there are a
total of four time constructions: after x, y, x before y; and the

reversed sequence, y after x; before y, x.
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Each sequence of 4 constructions was randomized and repeated
twice using different toys. The § was told that he was going to play
some pames with a hand puppet and some of the puppet's toys. He was
then shown 8 minlature toyvs and asked to identify them. As the child
identified the toys, the E placed them in a circle, After all the tovs
had been identified, the E asked the § to pretend he was the puppet and
carry out his instructions. The 5 had to perform all the actions in a
partlcular construction in the appropriate sequence in order to receive
credlt for an item. The following items were used:

(1) After rhe bunny picks up his skate, he picks up his
guitar.

(2) The bunny picks up the telephone after he picks up
his trumpet.

(3) Before the bunny picks up his book, he picks up the
rolling pin.

(4) The bunny plcks up his cup before he picks up the
radio.

(5) Before the bunny picks up his trumpet, he picks up his
skate.

(6) After the bunny plcks up the sponge, he picks up his
guitar.

(7) The bunny picks up his book, after he picks up the
telephone.

{8) The bunny picks up the sponge before he picks up the
radio.

The Before/After score is based on the S performing each type of con-

struction correctly twice. Thus, 4 i. the maximum score. The test
instructions, questions and answer sheet are found in Appendix B,

Demonstration Vocabulary. This test was designed so that Ss would

have a break between two fillms. ™ ~ve were 6 vocabulary i{tems: faster,
slower, first, last, more time, !'ss time. The S was given two stuffed

animals, a yellow and a blue puppy, and was asked to demonstrate the
above concepts. The following questions were asked:

(1) Make the yellow dog go faster.
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(2) Which dog ran for more time (repeated 3 times)?

(3) Make the yellow dog atart first.

(4) Which dog ran for less time (repeated 3 times)?

(5) Make the yeliow dog run slower then the blue dog.

(6) 1Make the two dogs run. Make the yellow dog stop last.

For the concepts more time and less time E illustrated the concept and
asked § to choose between two alternatives. The 1item was repeated 3
times, The S5 was scored correct if he chose the correct item 2 out of
4

3 times. A six was the maximum score.

Time Concept Measures

Reversibility Tasks. This task is adapted from Piaget's notions
of reversibility. In the first reversibility task, the S was shown four
hand-drawn pictures of a tree. Fach picture depicted various stages
of leaf growth. The S was asked to "Place the pictures in such a way
that they show how one tree went from many leavcs (in tne spring) to no
leaves (in winter).'" The E who sat across from the S placed the spring
picture (#1) in front of and to the left of the §. The other three
pictures were placed in a fixed non-seriated order (#3, #4, #2) in front
of the E, facing the child. After the child completed the task, the E
collected the plctures, shuffled them, and placed the winter picture in
front of and to the left of the S and again asked him to 'Place the
pictures In such a way that they show how the tree went from no leaves

in the winter to many leaves in the spring."” The other three pictures
were placed in a fixed non-seriated order (#2, #1, #3) in front of the E
facing the S. In task 2, the § was shown five black and white hand
drawn pictures illustrating 5 stages of growth of a male: a baby, a
preschool boy, an adolescent, a man and an old man. All the figures

were of the same height. The 5 was again asked to take all the pictures

and place them in such a way that they show how the little boy (#l) grew
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up to become an old man. Picture #1 was placed in front of and to the
left of the S5, and the other pictures were placed fn a fixed non-
seriated order (#4, #5, #3, #2) in front of the E facing the §. In
part 2, the S5 had to make belileve and show how the old man became a
little boy. A cnpy of the test question and answer sheet are found in
Appendix B.

Pretest to Piaget Time Concepts. Before the actual Plaget Time-

Concept tasks, all the Ss were given a pretest to ensure that they

understood the terms: start at same time; stop at some time; travel for

the same distance. The S was given two minfature toys and asked to

demonstrate his knowledge of these concepts. For example, 'Make the

two cars travel for the same distance.' 1If the S scored {ncorrectly on
any of the items, the E demonstrated the concept until the S understood
it. 1f after 3 attempts, the 5 could not understand these concepts he

was eliminated. All the Ss scored correctly on the pretest the first

time except 3 kindergartners who were given training. No S was eliminated
because he could not pass the pretest items.

Piaget Time Concepts. A film was specifically devised to test the

child's underatanding of: order, simultaneity and duration.

Situation 1: YXquality of Time. This situation serves as a
warm-up or pretest item, since the questions and situations were
similar throughout. A black car and white car raced on a paral-
lel course across the screen. Before the race begins the cars
are lined up behind a start line. The E states: ''Watch these
two cars race.'' The E then begins the race. Both cars started
and stopped at the same time and traveled at the same speed.

The E then asked the following gquestions:

"Did the two cars start at the same time?'

"Did the two cars stop at the same time?"

"Did both cars travel for the same distance? If S5 looked
confused he was asked: 'Did one car go just as far as
the other?”

"Did one car travel for more (longer) time than the
other car or did they travel for the same amount of
time? How do you know?"
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After situation I, the § was told that he would be asked the same

kinds of questions again and again.

Before each race began, the S5 was instructed to watch the two
cars. This served to focus the S's attention on the start line. The
E did not begin the race until the S$'s attention was directed toward

the start line.

Situation 11: Equality of Time. The two cars race along a paral-
lel course. Both cars start and stop at the same time, but the
black car travels faster and thus further. Thus, the simultaneiry
of the two cars must be deduced operationally from the equality

of the two synchronous durations,

Situation III: Inequality of Time (more). A black and white car
start at the same time and race parallel across the screen. The

black car travels further than the white car; the white car stops
first. The S is asked the same questions as in situation I, but

in addition 1s asked te identify the car that took morc time; the
car that stopped first; and his reasons for picking the cars that
he did. In this situation, the concept '"'more time' is identical

to ''more distance™ or "further."

Situation IV: Inequality of Time (less). This situation is
identical to situation III, except that the black car travels for
a shorter time and covers less distance; the white car stops last.
In this situation the concept ''less time' 1s 1dentical to 'less
distance."

Situation V: Inequality of Time. The two cars race along a paral-
le]l course. The black car starts before the white car, and travels
fagster than the white car. Both cars travel the same distance.
Thus, the inequality of the durations must be deduced from the
speed of the car.

The situations were devised so that the S would be required to make
a logical differentiation as opposed to a verbal one. According to
Piaget, the predicted order of difficulty, from easiest to most difficulre,
would be situations I, III, IV, Il and V.

All the Ss saw the races in the same fixed order. Two scoring
procedyres were used. In one procedure every item response was counted

vielding a maximum score of 20. In the second procedure, a situation
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wag scored correct only if the 5§ answered correctly 3 out of 4 items
(criterion A) or 4 out of 4 items (criterion B). Thus 5 was the
maximum total score. A copy of the test booklet is in Appendix B,

Time-Concept Attainment Task. A time-concept attailnmment task
bagsed on a discrimination model was devised in order to have a measure
of time conceptualization which minimized the effects of language. In
this concept attainment task, time, speed, distance and starting time
were varled. Thus, it was comparable to a four cue-successive dis-
ccimination problem. A pilot study indicated that even when acquisition
was continued for 60 trlais, none of the Sg was ablc to learn that the
task was based upon time. Consequently, a verbal training procedure was
introduced to see whether the S could learn the required discrimination.
A posttest (criterion) was gilven to measure the effects of training.
Thus, the time-concept attainment task consisted of three sections:
time-concept acquisition; conrept training; criterion testing.

During the acquisition phase, the Ss were presented with 40 (4
blocks of 10) self-paced simultancous discrimination problems. MHalf the
5s had to select the car that traveled for more time; the other half
had to select the car that traveled for less time. 1In each block of 10
trials, starting time, speed, distance, color, and position of the
correct car was randomly varied. No trial lasted for less then 4 1/2
seconds or more than 6 seconds. There was a 1 1/2 to 2 second difference
between the times traveled by each of the two cars. These situations
were similar tc those presented in the Plapet time concept task and in
the language tasks. After each selection of a car, the § was told
whether he was right or wrong. At the end of the 40 trials, the S was

asked why he had picked the cars he had. These responses were recorded



20

verbatim. Criterion was reached if the S scored correctly on 18 out of
20 trials within a 20 trial block. If the child did not attain cri-
terion by the end of 40 trials, he was given concept training.

In the concept trairing phase, the S was first given the appropri-
ate explanation for the correct car, that is, he was told whether the
correct car was the car that took more time (or less time). Then the
E and the S began a series of races, in which they repeated the various
situations presented on the films. At the end of each race, the E ex-
plained who took more (or less time) and why. After this phase of the
training the S5 and the E went back to their tables, and two miniature
cars were taken cut. Then the E and the S went through the various
situations agaln using the cars. 1If the S could still not identify the
car that took "more time ', the E instructed the S to put his hands an
the two cars while the F moved the cars. Thus, in a sense, the S could
"feel” the time the cars traveled. There were 9 such training situ-
ations: 3 with the E and the § going across the room, 3 with the S§'s
hands on the car, and 3 with the 5 just watching. A sample of the
training procedure may be found in Appendix B. After these 9 trials,
the first block of 10 trials of the film was presented. During these 10
training trials, the 5 not only received 100X reinforcement, but when he
was Incorrect, the FE told him why and reminded him of the verbal ruyle,
"No,' he would say, 'That's not right, it's the car that traveled for more
time."

After the 10 training trials were completed., the criterfon resting
was begun. In this phase, the S received an entire series of 20 trials.
The S was considered to have reached criterion {f he scored correctly

on 18 of the 20 trials. This could include the first 10 trials in the



21

training phase and the next 10 trials in the criterion phase., For a
complete copy of the E's instructions and the S's answer sheet, see
Appendix B,

Subjects

Main Study. Thirty children, 15 bovs and 15 girls, were obtained
from each of the kindergarten, first and second grade classes {in one
New York City elementarv school to make a total of 90 subjects. The
school was located in a middle-class neighborhood in Queens. All the
sulsjects were white,

0f the 30 kindergarten children tested, one girl was dropped from
the sample because of bilingualism in the home. Of the remaining 29
5s 1n this grade the mean age for the boys was 5 years, 10 months.
Sh=3.21 months; and for the girls, 5 years, 10 months, SD=3.21 months.
The mean age for the kindergarten sample was 5 years, 10 months;
5D=3.25 months.

Ten Sa (5 girls and 5 boys) were drawn from each of the three
first-grade classes. Of the 30 first graders tested, one girl had to
be dropped from the sample because of bilingualism. In the final
sample, the mean age for the boys was 7 years, 1 month, SD=1.59 months
and for the girls, 7 years, 1 month, SD=3.15 months. The mean age for
the first graders was 7 years, 1l month, SD=2.45 months.

For the second grade, the mean age for the boys was, 8 years, 0
months, SD=7,33 months, and for the girls, B years, 0 months, SD=3_24
months. The mean age for the second grade was 8 years, 0 months,
SD=3.23 months. Twenty-four of the §s were drawn from two second grade
classes, and six were drawn from a third. There is a 15-month age

dif ference between the kindergarten and the first grade clagsses and only
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an l1-month difference between the first grade and the second grade.
This is due to the fact that 22 of the kindergarten children were taken
from thg afternoon class which is the younger of the two kindergarten
groups.

Since no standardized Intelligence tests are administered in these
schools, the kindergarten group was given the Peabody Picture Vocabu-
lary Test (PPVT} after the second session. The median percentile score
for the boys was 83; for the pirls, 77; and for the entire sample, 81,
For the first grade, the New York State Reading Readiness scores were
available. The median percentile for the boys was 74, for the girls,
66, and for the entire sample, 70. The Metropolitan Reading Achieve-
ment Test was available for the second grade. The median age score
for the boys was 3 years, 2 months; for the girls, 3 years, 4 months;
and for the entire sample, 3 vears, 3 months. The expected median for
the second grade 1s 2 years, 7 months. Thus, we are dealing with a
population whose standardized test performance is somewhat above
average.

Supplementary Studies. The nursery Ss were 12 children, 6 boys

and 2 girls, from a private nursery school, and 4 girls from a public

nursery school, The schools were located in the same district as the

schoel froa the wmain sample. The mean age for the boys was 4 years,

0 months, SD=5.18 months; and for the girls, the mean age was 4 years,
6 months, SD=3.98 months. This difference is significant (t=2.37;

p €.05). The median PPVT percentile scores which were obtained after

testing were 71st percentile for the boys and 74th percentile for the

girls., Thus, with respect to PPVT scores, the nursery school children

performed slightly lower than the kindergarten group of the main study.
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The older group of Ss consisted of 30 9-, 10-, and ll-year-old
children attending a Vacation School Playground in Queens.5 Each age
group consigted of 5 boys and 5 girls. For the 3 groups the mean
ages were respectively: 9 years, 5 months, SD=3.67 months; 10 years, 6
months, SD=3.71 months; 11 years, 4 months, SD=3.49 months. The PPVT
median percentile sceres for each of the groups were respectively: 73
percentile, 81 percentile, 90 percentile. The combined median for all
three groups was B2 percentile. The older group seems to be comparable

in PPVT scores to the kindergartners.
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CHAPTER 111

RESULTS

The main purpoge of this study was to examine the relationship
between time conceptualization and time language. A secondarv aim was
to look at the developmental trends within and between these two areas.
For these analyses two kinds of data were ut{lized. One was the number
of correct language and/or concept responses; the other was the cate-
gorization of the reports.
Time Language Measures

The time language tasks were broken down into 3 subdivisions: time
vocabulary, time syntax, and the time connectives, before and after.

Time Vocabulary. The intent of the vocabularv tasks wasg to

determine whether there were any developmental differences in the
child's time vocabulary, and 1f such differences did exist, whether
there was an order of emergence of time-related words. There were
seven time words divided into three categories: order (firat, last);
speed (fast, slow); and, duration (more time, longer time, shorter

time). The means and standard deviations of vocabulary scores by grade

and sex are presented in Table 2. The table indicates an increase

in scores up to the first grade and then a slight drop in the second.
A sex by grade analysis of varlance revealed that grade was the only

significant effect (Fw5.00; df=3,92; p < .01). The Newman-Keuls test
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for simple effects (Winer, p. 80) indicated that the only significant

difference was between the nursery group and the first graders (p< .05).
In order to discover any developmeantal trends for the vocabulary

items the percentage of S5s passing each item was computed and a test

of independent proportions (8) was conducted (Table 3). The analyses

Insert Table 3 about here

indicate that the percentage of kindergartners passing each of the

items (except for longer time I) is higher than the nursery group.
However, none of the differences hetween the two groups was sipnificant.
A devz2lopmental trend seemed to be emerging for first but the only
significant difference was between the nursery group and the second
grade (3=1.97; pe¢ .05). The wora last was significantly more difficult
for the nursery group, kindergartners and second graders than it was

for the first grade. This U-shaped relationship also held true for
longer (more) time I. The first graders also did significantly better

than the nursery pgroup and the second graders on the word shorter (less

time). Comprehension of the word last proved to be easier than first
in all four grades. GShorter (less) time was easier than longer (more)
time 1 and I1. The table also indicates that by the nursery years
most of the children demonstrate comprehension of speed words.

Time syntax. The intent of the syntax {tems was to see whether
there were any developmental trends in the emergence of these items.
There were nine time-syntax constructlons divided into two categories:
the simple tenses, present, past, future, and the complex tenses,
present perfect, conditional, and the past progressive. Moreover, the

future, conditional and present perfect were further subdivided into
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two types of sentences. Constructions labelled I could be comprehended
correctly on the basis of speed and position cues, and those labelled
II could be comprehended correctly only on the basis of speed cues.
Meang and standard deviations of the nine syntax items are presented

by grade and sex in Table 4. A sex bv . rade analysis of variance

revealed that grade was the only significant effect (F=5.33; p £.01).
The Newman-Keuls test for simple effects (Winer, p. B0) revealed that
only the differences between the nursery group and the second grade
were significant (p £ .05).

The percentage of Ss paselng each syntax {tem and tests of inde-

pendent proportions (#) were computed (Table 5). On the whole, the

kindergartners did better than the nurserv group but the only difference
which was significant was on future 1 (#=2.67; p<.0l). The first and
second graders also performed significantly better than the nursery

group on this item (Z=2.67; Z=7.18 respectively; p £.71). The five
questions which could be answerad on the basls of speed and/or position
cues (present progressive, past tense, future 1, present perfect !, and
conditional 1) were answered correctly bv at least 90 of the kinder-
gartners, first and second graders, whereas the three svntactic questions
which could only be answered correctly by making inferences from the
speed of the cars (future II, present perfect II and conditional II) were
answered correctly by not more than 50% of these Ss. Of these items

future I1 and present perfect Il are the only {items showing 4
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developmental trend. Significant differences were found only for
present perfect 11, and that was between the nursery group and the
second graders (%=2.17; p ¢ .05). A developmental trend also seems to
be emerging for the past progressive tense. The difference between

the nursery group and the second pgrade, and the kinderparten and the
second grade was significant (%=2.01; and %=?.26, respectively: p< .05).
In the past progressive tense the S8 had to deal with two durations of
time simultaneously.

Although the nursery Ss scored higher on conditional 11, the
difference between the nursery group and the ocher grades was not
significant. The correct response for this item was the '"black car."
A possible explanation for the high nursery group score is that these
Ss showed a color preference. Seventy per cent of the total nursery
groups’ responses were ''the black car.” In contrast, an analysis of a
random sample of 12 second graders' response sheets recorded that this
group used the response ''the black car’ only 587 of the time. It is not
uncommon teo find certain response sets when testing voung Ss.

The relationship between vocabulary and syntax scores was examined
by computing Pearson product-moment correlations. The correlations
are fair, although the only significant correlation is for the second
grade (r=.39; p« .05). The correlations for the nursery group, kinder-
gartners and first gradee are respectively: r=,25; r=,17; and r=.22,

Before/After. There were two categories on the Before/After test.
In the first category, the order in which the sentence was spoken was
equal to the order in time (0S=0T); in the second category, the order
in which the sentence was spoken was the reverse of the order in time

(OS¥OT). Table 6 presents the percentage of Ss passing each item on
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the Before/After Test by category, concept, and grade. The percentages
indicate that by 4;6 (nursery group) more than 657% of the Ss have
mastered the connectives before and after in relating two events in
time when 05=0T. Less than 357 of the nursery Ss have mastered these
connectives when OS$#0T. For the other groups, it appears that before
(0S$0T) is mastered earlier than after (OSAOT). By Kindergarten, 70% of
the Ss have mastered the concept before; it is not until the second grade
that 70% of the Ss have mastered after. A grade by concept analysis
revealed that a significant developmental trend existed for before when
0S40T (Y 2212.00; df=3; p<£ .01), and for after when 0S#OT ()L 2*8.36;
df=3; p . .05). For the concept before, tests of independent proportions
revealed that there were significant differences between the nursery
group and the kindergartners (@=1.98; p<« .05); the nursery group and
the first graders (2=1.98; pc .05); and the nursery group and the second
graders (#=3.08; p« .01). For the concept after, the only significant
differences were between the nursery group and the second graders
(Fisher's exact p = .03) and the kindergartners and the second graders
(B=2.47; p < .01).

McNemar's test for the significance of changes (Siegel, p.66) was
conducted within each grade to examine further before/after differences

(Table 7). The results indicated that for the nursery group before and

after is equally difficult whereas for the kindergartners after is more

difficult than before in both the reversed (1:2-5.06; p£L -05) and
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nonreversed situations (1_2-4.16; p <« .05)., Neither the first nor second

grade show any significant differences with respect to these connectives,
It was hvpothesized that concept reversibilitv would be related to

before/after reversibility (0OS¢#0T) as well as to svntax. Also, it was

be related to time vocabulary. Therefore, it was expected that there

and syntax, and between before/after (0S=0T) and vocabulary. Point-

biserial correlatlons were computed to see if there was any such re-

lationship (Table 8). This analysis revealed that the only

significant relationship was in the kinderparten grade. However, since
32 correlations were computed for this analysls alone, the relationsghip

between before/after reversibility and vocabulary is attributed to chance.

Summary

To summarize, the most important results of the analysis of the

language measures are:

(1) The main effect of prade was significant for the wvocabulary
scores. The first grade, but not the second grade did better
than the nursery group. There were no gsipnificant differences
among the other grades.

(2) Vocabulary items dealing with speed were the easiest, while
those dealing with duration the most difficult.

(1) The main effect of grade was significant for the syntax scores,
with the only si{gnificant difference between the nursery

group and the second ygraders.
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(4) By the kindergarten grade, a comprehensive knowledge of the
present progressive, the past, future I and conditional 1 had
been acquired by at least 757 of the Ss, but as late as the
second grade less than 55% had comprehensive knowledge of
the past progressive, future II, conditional II and present
perfect I1. The latter three required the 5 to incorporate
a concept of speed into his judgments.

(5) The kindergartners found before easier than after whether the
sentences were reversed or not.

Time Concept Measures

Twc measures were used to measure time operativity. One measure
was a replication of some of Plaget's time conceptualization tasks; the
other, was a nonverbal time-concept attainment task which included a
verbal training procedure. A time-seriation reversibility task was also
given to all Ss.

Piaget time-concept tasks. The Plaget task consisted of 5 situ-

ations: (I) Time equality: times and speed were egqual (warm-up item).
(I1) Time equality: times were equal; speed was varied. (III) Time

inequality (more time): times were unequal; distances were varied.

The car that went further took more time. (IV) Time inequality (less
time): same as situation LII1, except that the car that took less time
traveled for a shorter distance. (V) Time inequality: times were
unequal ; speed was varled but distances were equal. The slower car took
more time. Within each situation the S was asked 4 questions to make

a total of 20 items. Two methods of scoring were used. In the first

method, each item was scored right or wrong yielding a total possible
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score of 20 items correct. In the second wethod, each situation was
scored correct or iIncorrect., Two criteria were used for these analyses:
criterion A, a less stringent criterion, Indicates that a child was
scored correct on a particular situation if he answered three out of

the four items correctly; criterion B, which {s the more stringent
criterion, indicates that a child was scored correct on a particular
situation if he answered all four questions correctly. Since, in
analyzing Plaget-type problems, it is more meaningful to judge whether

a child responded consistently to all contexts 1in which the concept
appears the majority of the analyses were conducted using the second
scoring procedure. The first scoring procedure was only used in testing
for sex and overall prade differences. Table 9 gives the means and

6
standard deviations for each situation bv grade and sex. A sex by

grade analysis of variance was conducted on the total score. Grade was
the only significant main effect (F=35.33; df=3,110; p< .001). The
Newman-Keuls test for main effects was conducted and significant differ-
ences were found between kindergartners and the first graders, the
kindergartners and the second graders, and the kindergartners and the
older group {(p<« .01 for all three analyses). Significant differences
were also found between the first graders and the older group, and the
second grade and the older group (p < .0l for both analyses). There was
no significant difference between the first and second graders.

The percentage of Ss gilving a correct situation response was

computed for each situation by grade. Table 10! gives the percentage



of 58 obtaining a correct situation gcore for criterion A and the
overall4ZZzs for each item. GSignificant developmental differences were
found for situations I1 (1,2-52.9A; df=3; p<« .001); IIT (}:2~18.51;
df=3;, p«.001l),; IV (252-23.43;_15-3; p<.00l); and V (}’2=3?.?9; df=73;
p<« .001). Less than 55% of the kindergartners scored correctly on
situation lIl and IV whereas over 95% of the older group did. For
situation II significant developmental differences were found between
the kindergartners and the first graders (&=2.18; p« .05); the kinder-
gartners and the older group (d=3.89; p« .01); the first graders and
the older group (3=2.06; p« .05): and the second graders and the older
group (3=2.43; p . .05). For situation IV significant developmental
differences were found between the kindergartners and the first graders
(8=2.99; p« .0l); the kindergartners and the older group (B=3.84;

p <.01); and, the second graders and the older group (2=2.15; pc« .01).
Even more prorounced differences are found for situations II and V, the
only items involving a coordination of time and speed. Fnr situation
IT less than 5% of the kindergartners attained criterion A whereas more
than 90% of the older Ss did. Significant developmental differences
were found between: the kindergartners and the first graders (#=2.43;
p< .05); the kindergartners and the second graders (#=2.61; p< .01);
the kindergartners and the clder group (#~6.65; p« .00l); the first
graders and the older group (3=4.68; p.« .00l1); and the second graders
and the older group (&=4.56; p«..001). On situation V only 20X of the
kindergartners had attained criterion A whereas over 951 of the older

58 had. Slignificant developmental differences were found between the

32
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following groups: the kindergartners and first graders (&=2.473;
p £ .05): the kindergartners and the second graders (#=73.54; p < .01);
the kindergartners and the older group (2=5.68, p<£ .0l); the first
graders and the older group (#=3.44; p < .01); the second graders and
the older group (#=2.43; p<« .05).

Significant developmental differences were less pronounced when
criterion B was used to calcuiate the percentage of S5s scoring correctly

on each situation (Table 11). Situation 1 (le-ll.ﬁﬂ; df=13; p . .01},

11 (2 2=5.90; df=1; p.05), 111 (L °=26.14; df=3: pc .001), and IV
(1.2-8.61; df=3; p<.05) all showed significant developmental trends.

On situation I, 697 of the kindergartners scored correctly while 100X

of the older group obtained perfect scores. The per cent kindergartners
scoring correctly on this situation 1s much lower than would have been
expected according to Piaget since no time operativity vas required for
this irem. Significant developmental differences for this item were
found between the kindergartners and the older group (Fisher's exact

p <-.002); and the second garders and the older group (Fisher's exact

p «.005). Significant developmental differences were also found for
situations II1 where less than 20% of the kindergartners scored correctly
and more than 75% of the older group did. Significant differences were
found for situation III between the kinderpartners and the older group
(3=4.31; p« .001); the first grade and the older group (3=3.77;

P «.001): and the second grade and the older group (3=2.62; p«.0l),

On situation IV, 10X of the kindergartners scored correctly whereas 63

of the older group did. The differences between the kindergartners
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and the first grade (8=2.14; p<£ .05), the kindergartners and the second
grade (#=2.5%6; p < .01}, and the kindergartners and the older group
(3=3.94; pc .0N01), were significant. Differences between the first
grade and the older group approached significance (3=1.95; p. .10).

For situation 1I, none of the kindergartners, first or second graders
demonstrated operativity, that is, scored correctly on all four {tems,
while 53% of older group did., It had been expected that some of the
second graders would have demoustrated operativityv. The difference be-
tween the younder grades and the older group was significant ()12-5.90;
df=1; p«.05). Only 3% of the kindergartners demonstrated operativity
with respect to situation V whereas 207 of the older group did. The
developmental differences for situation V were not statistically
significant.

In order to determine whether these items were scalable and the
differences reproducible, Green's Index of Consistency was the measure
of scalability used (Green, 1956). The data from all 118 Ss for the
5 situations were pooled. Using criterion A, the reproducibility score
was .94, and the index of consistency was .44. Using criterion B, the
reproducibility score was .95, and the consistency index was .46. Green
suggests an Index of .50 as the criterion for scalability. According
toe Plager (1954), situation I should have been the easiest, IIT and IV
should have been about equally difficult and situation IT the most
difficult. Situation V, the time inequality situation, was added bv
the present author. It is quite -ossible that greater scalability was
not obtained because situation III and IV were of similar difficulty as
were situation II and V. Combining three levels would have left too

few tasks to scale according tc this method,
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Time-concept attainment task. There were three phases to the
time-concept attalnment task: 40 concept-attainment trials; verbal
training on the time concepts (including 10 film trials); and, criterion
testing. Table 12 pgives the mean scores for the total concept-attain-

ment trials, total training trials, and criterion trials.7 None of

the Ss attained criterion during the concept-attainment phase of this
task. A concept by grade analysis of variance of the total number of
councept-attainment trials reveals a significant concept effect (F=22.11;
df=1,110; pr .001). ‘“Less time' was significantly harder to acquire
than "more time.'' A similar analysis was conducted on the 10 training
trials with grade the only significant effect (F=21.23; df=3,110;

p <.001)., The Newman-Keuls test revealed that the differences between
the kindergarten and the older group, the first grade and the older
group, and the second grade and the older group were significant

(p £.01). The older group regardless of concept benefitted the most
during training.

Two types of analyses were conducted to examine the effects of
verbal training. The first analysls compares the mean number of correct
trials during criterion testing; the second analysis compares the per-
centage of Ss attaining criterion after verbal tralning.

A concept by grade analysis for the mean number of correct trials
during criterion testing revealed a significant concept effect (F=5.43;
df=]1,110; pr..05) and a significant grade effect (F=28.17; df=13,110;

p <.001). ''Less time’ was significantly more difficult to train than

"more time." Significant prade differences (Newman-Keuls test) were
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found between the kindergartners and the first graders, the kinder-
gartners and the second graders, and kindergartners and the older group
(p£ .01 for each analysis); first graders and the older group: and, the
second graders and the older group (p £.05 for latter 2 analvses).
The percentage of S5s attaining criterion after verbal training was
calculated., None of the kindergartners attained criterion whereas
177 of the first graders, 23% of the second graders, and B0Y of the
older group did. The difference between the kindergartners and the
combined first ard second graders was significant (&=2.63; p<« .01)
as was the difference between the kindergartners and the older group
(Z=6.26; p« .001), the first graders and the older group (#=4.873;
p .001), and the second graders and the older group (#=4.73; p< .001).
Reversibility task. There were 2 reversibility tasks. On each
task the S could score either U, 1, or 2. A zero score meant the §
could not seriate 1in elther direction; a score of ! meant he could
serlate Iin one direction, and a score of 2 indicates that he could
seriate in both directions and had attained reversibility. The scores
on the two tasks were combined, and three stages were formed: A total
score of O, or 1, on the two tasks combined indicated no reversibility;
a gscore of 2, or 3 indicated that an intermediate stage had been attain-

ed, and a score of 4 {ndicated reversibility. Table 13 presents the

percerntage of Ss attaining reversibility by grade. The percentages
indicate a developmental trend in the increase of Ss attaining reversi-
bility. At the nursery level, none of the 58 have reversibility where-

as by the second grade there 1is no child who has not attained some level
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of reversibility. The differences between the nurserv group and the
kindergartners is significant (4=2.94; p £.0l) as is the difference
between the kindergartners and the first praders, and the kindergartners
and the second graders (3=2.94; pg .01; and B=4.16; p £.01, respective-
ly). The difference between the first and second grade is not signifi-
cant. Moreover, whereas 8317 of the second graders had attained reversi-
bility only 20Z of the kindergartners had attained reversibility. This
difference i1s statistically significant (#=4.82; p £.01) as is the
difference between the kindergartners and the first grade (#=3.95;

p <.01).

Summary

The main findings on the time concept measures were:

(1) A significant developmental trend was obtained on the Piaget
time concept measures. However, by second grade no child has
attained time operativity on the Piagetian tasks (i.e., all
four {tems correct on situation II).

(2) MNone of the S5s were able to attain the time concepts on the
basis of time after 40 time-concept-attainment trials. More
was an easler concept to attain than less. The first, second,
and older groups profited significantly more than the kinder-
gartners from verbal training as indicated by the percentage
of S8 attaining criterlon after training, and the mean number
of correct responses during criterion training.

{(3) The rime-seriation data reveal that by the second grade there
is nn child who does not have some degree of reversible oper-
ations whereas almost half the kindergartners show no degree

of reversibility, and that 85% of the second graders show



38

total reversibility and only 20Y of the kindergartners demon-
strate this. None of the nursery 55 had attained anv level
of reversibility whereas all of the older S5s attained total
reversibilitv, Thus, there {s a very distinct developmental
trend In acquiring reversible operations, when such reversi-
bility is defined as a time-serliation task.
Intertest Comparisons
The main purpose of this study was to examine the relationship
between the development of the child's notion of time and the develop-
ment of his time-language. This section will be divided into three
parts in order to examine: (1) the relationship between all the
language scores and the Plaget time-concept scores; (2) the relation-
ship between all the language scores and reversibility; and (3) the
relationship between the language task and the time concept-attainment
task.
The Relationship Between Language levelopment and Piaget-Time Concepts
Since there were two concept scores available, the total number of
items correct and total number of situations correct, two separate
analyses were conducted to determine the overall relationship between
the Piaget time-concept scores and the total language score. In the
first analysis the Piaget items (maximum score is 20) were correlated
with the combined vocabulary and syntax scores {(maximum score is 15).
The overall Pearson correlation was statisticallyv significant (r=.57;
p«<.01). However, since the grade span covered three years, it would
be expected that the kindergartners would do more poorly than the older

Ss (grades one and twc). When individual correlations were conducted

within each of the three grades, only the correlation for the
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kindergarten grade was significant (K:r=.36; p «.05). The correlation
for the first grade was r=.18, and for the second grade it was r=,L28,
Thus, although the correlations within each grade were low, the overall
correlation indicates a very strong developmental trend for these
measures,

In the second analysis, correlations were computed on Plaget-
situation scores with language scores. Contingency tables were set up
and analyseg were conducted using the 50th percentile as a cut-off point
for the language and Plaget situation scores. Table l4 represents the

relationship between the Piaget situations (criterion A) and the

languapge scores when both measures are divided at the 50th percentile,

Table 15 represents this relationship using criterion B. None of these

Insert Table 15 about here

relationships were significant (Fisher's exact p> .05).

In the original hypothesls it was felt that some of the Piapet
situations especially those requiring operativity {situations 11 and
V) would show a relationship to syntactic development. Point-biserial
correlations were conducted with each of the Playet situations (cri-

terion A and B) and the total syntax score (Table 1l6). None of the

correlations was significant. Also in attempting to determine whether
the child's vocabulary was related to his score on any of the Pilapetian

situations, point-biserial correlations were conducted with each of the
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situations (criterion A and B) and total vocabulary scores (Table 17).

The only significant correlation was In the kindergarten, situation V,

criterion A (r=.39; p «.05). However, since 30 point-biserial corre-
lations were computed on this analysis alone, it is to be expected that
the significant correlation is due to chance.
The Relationship between the Complex Tenses and R.versibility

One of the original hypotheses was that reversibility would be re-
lated to the complex tenses. The 55 were divided Into two groups:
reversers (scores cof 1 or 2) and non-reversers (scores of 0). Thelir

8
performance on each of the complex tenses was analvzed. Table 18

shows the number of Ss who fell into each of the categories. Although
there 1s a trend from no reversibility to total reversibility, this
trend is not significantly related to the development of the complex
tenses (Fisher's exact p >.05). However, it should be noted that by the
second grade only about half of the Ss had obtained correct scores on
the past progressive and present perfect Il and one-third on conditicnal
I1. These data seem to indicate that the concept of reversibility is
attalned prior to these complex tenses,.

It was also hypothesized that time-concept reversibility mav be
related to time-language reversibility. That is, the ability to carry
out specific actions in their true time order even though the order of
events may be presented in reverse order (e.g., v after x; before y,

x)} is dependent upon the ability to reverse. Tontingency tables were
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set up to see if there was such a relationship (Table 19). None of

these relationships proved to be significant.

Insert Table 19 about here

Since solwving Piaget-type problems (especiallv situations IT and
V) provides another neasure of reversibility, the relationship between
language reversibility and correct responses to the Plaget-tvpe situ-

ations was examined. Tables 20, 21, and 22 present respectively the

Insert Tables 20, 21, and 22 about here

proportion of kindergartners, first graders and second graders glving
correct responses to each Plaget sfituation as a function of language
reversibility. None of these relationships was significant.
The Relationship Between Language Scores and Time Trainability

About 177 of the first graders and 7?37 of the se-ond graders reach-
ed criterion after verbal training on the time-concept-attainment task.
The relationship between language scores and reaching criterion after

verbal training was examined (Table 23). None of the point-biserial

correlations was significant,
Summary
The maln findings concerning the relationship between time-language
and time-operativity indicated that:
(1) The overall correlation between language scores and Piaget
scores was significant although the Individual correlation

within each grade was low.
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(2) There were no significant correlations between specific
Plaget situaticns and vocabulary or svntax scores.

(3) There was no relationship between reversibility and the com-
plex tenses nor concept reversibility and lanpuape reversi-
bility, although it appears that concept reversibility is
mastered prior to these tenses,

(4) There was no relationship between vocahulacy or svntax scores
and ability to reach criterion after verbal training on the
concept attainment task.,

At the end of each of the five Plaget situations {question 4), the
cihild was asked: ‘Which car took more tiwe (or less time)? or 'Which
car traveled for a longer time (or shorter time)?’ and/or ''Did the two
cars travel for the same amount of time?’ After the child picked one
of the cars, he was asked: ''How do you know that car took more time
(or less time, or the same amount of time)?’ In addftion, after com-
pleting the 40 acquisition trials and prior to concept training in the
time-concept-attainment task, each S was asked: 'Why did vou pick those
cars?’ Each of the verbal responses was recorded and subsequently
classified by two raters into twelve categories. The first 6 categories
were derived from Plaget's (1955; 1969) descriptions of the children's
responses to his time experiments. Category 9 is merely a combination of
any of the first 6 categories. Category 1l and 12 were derived from what
is know about children's problem solving techniques. Disagreements
between the two raters were discussed. If after discussion the raters
were still in disagreement, the responses were categorized as "Ambiguous'.

The twelve categories were as follows:
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(1)

(2)

(1)

(4)

(5)

(6)

(8)

(9)

(10}
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Perceptual. The S must use some perceptual properties in
giving his response, For example, he uses positional re-
lationships such as: ahead, behind, further, as far as, under.
He uses some kind of placement in space that is dependent

upon perception, such as: 'This one is there and that one

is there.” A response is also classified as perceptual if

the child is simply reporting what he has seen without making
anv further temporal iunferences or comparisons.

Spatial order. The S's answer must implv some type of numeri-
cal order in space such as: first, second, last. The § must
make some comparison of the cars in relation to each other, but
some numerical order concept must be included.

Temporal order. The § must position or numerically order two
cars in relation to one another in terms of time rather than
space. For example, '"This car stopped first', implies a
temporal order as opposed to a spatial order. A point In
time must be indicated,

Speed. The S uses some form of spced as an explanation. For

example, It went fast (or faster, slower, the same speed)."

Duration. The 5 uses some reference to time Intervals, such
as, more time, less time, the same amount of time. Un a time
continuum, the 5 Is referring to some extension in time rather
than an end point.

Coordination of Start and Stop. The 5's explanation shows
that he can dissociate spatial succession from temporal
succession. For example, "When one car stopped, the other
was still going (more time)'" or 'Thev both started and
stopped at the same time (same time).

Guessing and lon't Know. The S states that he doesn't know
the answer or the b is obviously guessing For - rample,

"1 think it at home” implies 5 had no understanding of the
question and just gave a response. These two catepories were
classified separately and then pooled Into one categorvy.

Combination. If a 5's explanation uses two or more of the
first six categories in his explanation, his explanation was
categorized as ''combination’. In the appendices the numbers
alongside the responses classified as '"combination' indicate
which of the catepories the S was using.

Ambiguous. If the raters were in total disagreement as to how

an explanation should be classified, the explanation was
categorized as "ambiguous. Uisagreement between the raters
arose most often when the raters were deciding whether the 5's
response should be classified as spatial or temporal order.

For example, the word before mav be classified as spatial {f

it indicates ''in front of" or temporal 1f {t indicates
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"earlier.  The concept "head start' is another example. The
child could mean that one car started an inch before tha
other car (spatial) or several seconds before the other car
{temporal). 1If the child gives no other clues, the response
was classified as "ambiguous.’

(11y Alternacion, The § uses some color or position sequence,
such as: black car, black car, white car, white car; or top
car, bottom car, top car, bottom car.

(18) iivpothesis Testing. The S makes up hypotheses about which
car he thought was correct. For example, 'Sometimes 1
thought 1t was the fast one, then I thought it mipht be the
one that's behind, then I thoupht it might be..."

Appendices C through C plve the protocols of all the 55 by category
and age for each of the five Piaget situations respectivelv. Appendicces
H and I give the actual protocols by categorv and ape of the children's
explanations after completing the 40 concept-attainment trials.

Two types of comparisons were made: Une analvsis compares the
differences in type of judgment made by the younger group and the older
group. The younger groups (Grades K, lst and 2nd) were pooled and the
older groups (ages 9, 10, and 11} were pooled for these analyses.

The other analvsis compare the tvpes of judgment used bv the Ss who
scrred correctly on a particular situation (criterion B) as opposed to
those who scored incorrectly; or those Ss who were trainable on the
time-concept-attainment tasks as opposed to those who were not. Each
of these analyses was done separately for each of the two age groups.
Percentage scores In each of the categories were calculated and tests
of independent proportions (&) were computed.

Time Language Production and Piaget Time Concepts

The percentages for each type of explanation were computed as a
function of situation and age group within each of the categories

(Table 24). Significant age differences were found in the use of

category 6, coordination of start and stop; category 3, temporal order;
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and category 6, coordination of start and stop. In situation 11, the
only appropriate explanation is: 'The cars took the same amount of

time because they started and stopped at the same time.' Such an
explanation would be classiflied as category 6. Yor that slituation., none
of the younger 5s8' responses Indicated a coordination of start and stop,
whereas 30% of the older Ss' responses were classified in that category.
The difference is highly significant (#=4.91; p..001).

Situations IIIl and IV were identical except that situation I17
asked the question '"Which car traveled for more (longer) time' and
situation IV asked: 'Which car traveled for less (shorter) time.'

The most appropriate response would have been some variation of 'That
car took more time because it kept on going when the other car had
stopped (catepory 6)' or 'That car took less time because 1t stopped
first (category 3).'" Both these responses could be interchanged for-
more or less. Thus, responses classified as categorv 3 or 6 would have
been the most appropriate. For situation IV, 10X of the older Ss used
category 6, whereas none of the younger Ss used this category. This
difference is significant (Fisher's exact p = .02). On the other hand,
13.63% of the younger Ss used categorv 4 speed whereas none of the older
S5s were classified in this category. This difference was also significant
(Fisher's exact p = ,02). On situation IIT, the significant difference
between the older and vounger Ss occurred in categorv 3, temporal order.
Almost 37% of the older Ss used this type of judgment whereas only about
67 of the younger Ss did. This difference is significant (#=3.99;

p< .01). The older group's use of a less sophisticated type of
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explanation might be due to the nature of the situation. In situation
111 "more time was equal to '"'more distance." In situation IV 'less
time' was equal to ''less distance.' Thus, the Ss could get this problem
correct by relving on pe.ceptual cues or temporal order cues. It is
interesting to note that for situations 11l and IV more than 40 of the
responses for hoth groups fall into categorv !, perceptual.

In situation V, the 5 had to relv on speed and duration cues In
order to obtain the correct response. Both cars started and stopped
at different times, but covered the same distance. Thus, the car that
traveled slower took more time because the cars traveled the same dis-
tance. An appropriate explanation requires rellance on speed, perceptu-
al and durational cues. Thirty per cent of the older S5 used such a
combination of cues wherecas only 10% of the younger Ss did. This
difference was significant (4=2.%3:; p£.05). 0Un the other hand, ahbout
317 of the younger Ss relled on temporal order cues (' 'This car stopped
first’) and onlvy 2% of the older S5s used such cues. This difference {s
also significant (#=2.81: p . .01). Clearlv the younger $s were not
incorporating any notlon of speed into their explanations.

In order to further examine the relctionship between lanpuage
production and Piapet time-operativity, comparisons were made between
the type of explanaticns used by those Ss who scored correctlv on a
particular situation (criterion B} versus those who scored incorrectly,
This type of analysis was conducted separately for each of the two
groups. There was a significant relationship between type of expla-
nation and correct score for situations I, II1, and IV for the younger
group (Table 29), In situation I, the cars started and stopped at the

same time, and traveled at the same speed. Category 6 {s the only
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appropriate explanation. Fifty-five per cent of the Ss who scored

correctlv used this tvpe of judgment whereas none of 5s who scored

Incorrectly pave this explanation. ‘This difference is stgnificant
(A=1.06; p £.01). It is interesting to note that there were 5 younger
58 who nad available the appropriate verbal algorithm for coordination
of start and stop but onlv used it {in situation I when no lopical
operations were involved. No test of independent proportions were
conducted for situation Il since none of the Se scored correctly,

The majoritvy of these 55 used perceptual cues (37%) or temporal order
cues (2B%) as explanations.

For situation IIl, almost 17% of the Ss who scored correctly used
temporal order as an explanation, whereas less than 27 of the 55 who
scored incorrectly used this explanation. Such a relationship also holds
true for situation IV, where almost 197 of the S5s who scored correctly
used category IIl and 3% who scored Incorrectly used a temporal order
explanation. JNevertheless the majority of the S5s, whether correct or
incorrect, relied on perceptual cues.

For the older 5s, there was no relatlonship between tvpe of expla-
nation used and score on the Plaget tasks except for situation 11

(Table 26). Fifty per cent of the 5s who scored correctly used catepory

6 whereas 77 (N=l) who scored incorectly used this category. This differ-
ence 1is significant (4=2.13; p £.05). Thus, it appears that there is

more 0:r a relationship between type of explanation used and correct
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situation score for the younger S5s than for the older Ss.
Explanation Given After Forty Acguisition 7Trilals

Inftjal analyses revealed that there were no sienificant differ-
ences between type of explanations piven by those Ss who were given
concept-atteinment trials of '"more time” and those glven concept -
attainment trials of ~ less time. Thus, these explanations were pooled.

Table 27 compares the judgments used bv the vounper and older greups

Insert Table 27 about here

after 40 acquisition trials. This table indicates that the older Ss’
use of perceptual cues decreases significantlvy, Thirtv-five per cent
of the vounger subjects (31 out of BB S$s) used perceptual cues in thelr
explanations, whereas only 6% of the older 8s (2 out ol 30 Ss) did.
This difference 1s significant (£2.79; p« .0l). On the other hand, the
older Ss use a combination of cues (categorvy 9) significantly more than
the younger Ss. Almost 477 of the older Ss gave this tvpe of expla-
nation, whereas onlv 207 of the younger Ss did. This difference was
also significan. (#=2.27; p <£.05).

The data were further divided according to whether the Ss were

trainable or not (Table 28). The data for the younger group reveal

rhat {f the S was trainable, he was more :ikely to use a combination of
cues {category 9) than 1f he was not. Fifty per cent of the S& who were
trainable gave explanations classified in category §, whereas only 18%
of the untrainable Ss Jid, This difference is sipnificant (&=2.27;

p <.05).
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The data for the older group revealed that there were significant

differences in the use of perceptual cues. The Ss who gave perceptual

explanations were untralnable. Two of the slx untrainable Ss used
perceptual cues. None of the trainable 5s used such cues. This differ-
ence is significant (8=2.02; p...05). The main differences between the

older and younger groups were In category 1 (perceptual) and categorv 9
(combination of temporal cues). The younger 5s who were tralnable were
more likely to use the response patterns of the older Ss. On the other
hand, the older Ss who were untrainable were more likely to use the

response patterns (perceptual) of the younger Ss.
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CHAPTER 1V

DISCUSSION

The main purpose of this study was to examine the relationship
between the development of the child's conception of time as defined
by Piaget and the development of those aspects of language that express
temporal relationships, Two general hypotheses were tested in order
to provide further data relevant to this relationship:

(1) Cognitive development precedes or is concomitant with

linguistic development

(2) Language {s not sufficlent to advance cognitive development.
liypothesis [

The first hypothesis tested was that cognitive development precedes
or 1s concomitant with linguistic development. Specliically, it was
hypothesized that reversible operations are correlated with or precede
the comprehension of the complex tenses, and the ability to comprehand
the connectives before and after in both positions of a sentence.

1t was found that a wmajority of the nursery school children, scored
correctly on the items dealing with the present progressive, the past
and the future (I). Un the other hand, less than 60% of the subjects
tested in the second grade had mastered such tenses as the past
progressive, conditional 11, present perfect I1. In contrast, none of
the nursery $s had attained reversibility whereas all of the second
graders had. Reversibility, then, seems to evolve sooner and
faster than the comprehesnion of the complex tenses. Analyses of the
relationship between the complex tenses and reversibility showed nomne

of these relationships to be significant. It was expected that Ss
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who demonstrated reversibility would score correctly on items dealing
with the complex tenses. Such a trend appeared in the nursery grade
for the past progressive and present perfect II. On the other hand,
the reverse held true for conditional I and present perfect I, that

is, the comprehension of these tenses preceded that of reversibhility.
One possible reason for this mav be that {n the case of present perfect
I and conditional I the subjects were responding only to the word "won."
This bhecomes evident from a comparison of the performance between
present perfect T and the past tense. Performance on these two ltems
was very similar, Although present perfect T appeared somewhat more
difficult for the nursery group and the kinderzartners than the past
tense, the first and second graders both achieved 100% performance on
these two items. In the case of the conditional, it is quite possible
that the Ss were not respondiny to the entire construction ...,
which...would...." but only to the latter part of the construction
"would win," and were interpreting this as "will win.”" Only with the
nursery $s does there seem to be a difference between future T and
conditional I, FKindergartners, first pgraders and second graders per-
formed similarly on these {tems,

Although there are grammatical and cognitive differences between
the past tense and the present-perfect tense, and between the future and
the conditional (see Chapter 1, p. 9 for Jesperson's distinctions), it
was difficult to find items that could make such distinctions. One way
to see if a child makes the appropriate cognitive distinctions among
the grammatical forms 1s to examine his language output over a period of
time, so that an observer could determine which constructions were truly

present perfect constructions and which were cognitively the simple past;



and determine which conditional constructions were confused with future
constructions. Cromer (1968), in his analysis of Adam's and Sarah's
protccols points out that the present perfect construction does not
appear until 4,6 and then very rarely. He does not point out whether
the use of this construction was correct or was used interchangeably
w' th the past. In an attempt to delineate the cognitive concepts
necessary for the formation ot tenses which developed at a later stage,
he also failled to find situations which would differentiate the past
from the present perfect, and the future from the future perfect. Thus
one possitility for not finding a significant relationship between
reversibility and these two complex tenses may be due to the failure in
developing items which make the necessary cognitive distinctions.
Another problem in interpreting these results is8 related to the
difference between those constructions which can be comprehended by
relying on both speed and/or position cues (labelled I) and those con-
structions which can only be answered by making inferences from speed
cues alone (labelled II}). When comprehension of the complex tenses had
to be inferred from both speed and position cues, there was less of a
tendency for reversibility to precede the understanding of the complex
tenses. In fact, in the case of conditional 1, 247 of the Ss scored
correctly on the complex tenses and failed the reversibility item.
Such a relationship also held true for present perfect I. As was
mentioned above this could be because the 58 were interpreting those

constructions as though they were simple tenses and not complex tenses.

On the other hand, when speed cues alone were available, there wer. only

8ix Sa (6%) who scored correctly on the present perfect who did not
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attain reversibility and twelve 5s (12%) who scorec correctly on the
conditional who had not at.a'ned reversibility. Thus, when the compre-
hension of a tense can be inferred from both position and speed cues,
such comprehension is much simpler than when only speed cues are
available. This finding also held true for the future tense, that is,
the abilit- to comprehend a syntactic structure depended on the number
on contextual clues avallable. UHerriot (1969) also found that his 4-,
5-, and 6-year-—old subjects’' understanding of the future was influenced
by the number of situational cues available to them.

Two major problems have arisen in trying to interpret the results
of the relationship between reversibility and the complex tenses: (1)
the failure to find measures that make the necessary cognitive distinct-
ions between the simple and the complex tenses; (2) the fact that language
comprehension is inextricably bound by the situation in which it is
presented. Nevertheless, the fact that reversibility operations were
mastered hbetween the ages of 4 and B while a complex tense such as the
past progressive was not mastered by 60% of the eight-year-olds is very
much in contrast with the generative lingulst's argumeut (such as
cNeill's, 1966) that the rules of grammar have been attained by age 5,
while Pilaget-type--problems are not similarly solved at that age. These
findings lead cne to believe that psycholinguists have been studying
grammatical structures that are cognitively simple. Carol Chomsky (1969)
and Menyuk (1969) have more recently shown that syntactic functions are
not fully achieved even by age 8 or 9.

A second prediction of this study was that concept reversibility
would be related to before/after reversibility. Again, we find that

concept reversibility was acquired prior to before/after reversibility.
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Only 13% of the §s who demonstrated knowledge of before-reversibility
had not acquired concept-reversibility,; and 10% of those S8 who had
acquired after-reversibility had not acquired concept-reversibility.

There was no significant correlation, however, between before/after-

reversibility and concept-reversibility. Cromer (1969) proposed that

the ability to "decenter' might be related to before/after-reversibility;

this hypothesis, however, was not confirmed by him, Nevertheless he

maintains that there is rRome cognitive component to before/after-re-

vergibility since it is late in emerging in the child's syntactic develop-
ment, Neither the cognitive measures of this study nor those of Cromer's
have resulted in a cognitive explanation of the late emergence of before/
after-reversibility.

Hypothesis 11

The second hypothesis observed that while language and thought
might develop concurrently, the child's language would not be sufficient
to advance him to the next stage of operational thinking. Although no
theory would be seriously disconfirmed by a positive relationship
between the language and thought measures, cognitivists would predict
that there would be significantly fewer S5s who would score high on the
language measures and low on the concept measures than Ss who would
score low on the language measures and high on the concept measures,
Further, they would expect a higher correlation between syntactic
development and concept development than between vocabulary develop-
ment and concept development since they feel that similar operations
underlie both cognitive and linguistic transformations,

The overall relacionship between the language measures (combined

vocabulary and syntax scores) and the Piaget Time-Concept Task was
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significant. However, except for the kindergartners, unone of the
individual relationships within each grade was significant. This
suggests that the relationship is in part developmental im that a full
range of scores in not achieved within any one grade but only over the
developmental span. Further, therc were no significant relationships
between each of the Piaget tiwe-concept situvaticons and syntax compre-
tiension, nor between the vocabulary measures and each time-concept
situation within the age range studied. Thus, McCarthy's (lY55) comments
that Plaget's time concepts were inextricably tied to the child’s

verbal understanding of these terms does not seem valid.

Other researchers (lnheldcr and Sinclalr-de-Zwart, 1969; sinclair-
de-Zwart, 196Y) have found a higher relationship between Plaget oper-
dativity and syntax than between operativity and veocabularly. However,
Inhelder and Sinclair were correlating the 5s' production scores and
not thelr comprehension scores. Sinclair (196Y9) points out that all
her subjects comprehended correctly the lexical and structural commands
on lhier compiehension tests. The main difference in language production
between those Ss who demonstrated operativity and those who didn't was
that the operational child was able to express differences between two
objects in one all-embracing sentence using a comparative and coordinat-
ed structure. The operational child would say: '"This one is longer and
thinner (than the other one),' whereas the preoperational child would
say: 'This pencil is long, this one is short; this one (the first)
is thin, this one {(the second) 1s fat (Inhelder and Sinclair, 1969,

p.- 16)." In the present study the language productions of the children
were analyzed for the type of cognitive explanations given. The language

structure reflected in the S8' explanations do not seem to dJdifferentiate
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an operational child's performance from a preoperational child's perform-
ance. A typlcal sentence uttered by an operational child would be;
"These two cars took the same amount of time because they started and

stopped at the same time."' However, even Ss who show no operativity
would use that type of sentence structure. For example, a second grade
child (#63, see page 135 of Appendix 1) would say: ''They started off
the same time and stopped the same time but they didn't stop the same
distance.” The sentence structure ''they started at the same time and
stopped at the same time' was even used by kindergarten $s In Situation
I of the Piaget-Time-Concept Task. In this situation the cars had started
and stopped at the same time and traveled at the same speed. The language
constructions, in the case of the Inhelder and Sinclair experiments
allowed the child to organize and structure what he saw in front of him
efficiently. 1In the time experiments here it was not enough to organize
what was perceptually in front of the child. The <hild nct only had to
lncorporate certain notions such ag speed, but alaso ignore others such
as distance. A cursory glance at the protocels reveals that children at
all levels produce comparative statements and coordinated descriptions
even though they were used more frequently by the older Ss. However,
even operational Ss would occasionally use sentence structures that were
not well coordinated. For example, subjects #108 (age 10) in Situation
11 demonstrated operativity and a well-coordinated sentence: 'They both
stopped at the same time and they both started at the same time.'' In
contrast, in sjituation V, he used a descriptive sentence reminiscent of
Inhelder's preoperational example: 'After the black one started and it
stopped and the white one stopped in the same place.' One important

measure which Inhelder and Sinclair have not reported to the writer's
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knowledge is the conslistency of sentence structures across various
situations.

The nonverbal concept-attainment task and the subsequent verbal
training provides the stroungest evidence for the notion tkat language
is not sufficient in advancing the child's operative level. Bruner
argues that verbal representation of objects and events is what enables
the child to acquire conzepts and operations. Berko and Brown (1960)
have argued and taken the position that cognitive advancement is no-
thing but vocabulary g.owth. (mne of the most interesting findings in
this study is that there were a few Ss as early as the kindergarten grade
that had available the appropriate verbal algorithm that was necessary to
demonstrate operativity: 'The cars started and stopped at the same time."
In the Plaget situation when the two cars were traveling at the same
speed the Ss had no difficulty in expressing simultaneity of start and
stop and equality of duration. However, as soon as the speeds differed
these subjects no longer used the appropriate linguistic expression.

The verbal-concept-training method which was initlated to teach
the conmcept of time showed that none of the kindergartners, and only
20%Z of the first and second graders profited from this training, whereas
almost all the 9-, 10-, and ll-year-olds were able to acquire the
concept, This finding substantlates other research on the limited
effects of training in ilmproving cognitive performance (e.g., Beilin
and Franklin, 1962) and supports the Plaget positiown that the child's
ability to benefit from training depends on his level of conceptual
development. Although Bruner may argue that it was the "activation of
language habits" which led to improved pe.formance, this "activation”

only helps in the case where a specific level of operativity has been
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attained or only serves to provide algorithms of limited utility as
is argued by Beilin (1969a).

Plaget (1963) has stated that "language is the vehicle par
excellence' through which thought is expressed. This statement seems
to be confirmed by the positive relationship between the type of cog-
nitive explanaticn used after each Plaget situation and correct scores
on these situations. There was also a relationship between type of
explanation used after 40 concept-acquisition trials and trainability.
The data reveal that there vas a tendency for the younger 5s who were
trainable te use the response patterns of the older S5s, while there was
a tendency for the older $s who were not tralnable to show a respounse
pattern wore typical of the younger Ss. bSinclair-de-Zwart (1969) also
found this to be true in her study. It should be emphasized that the
responses in this case were classified according to cognitive explana-
tion and not according to linguistic structure of the sentence. Lan-
guage 1s one method by which a person can express his cognitive organi-
zation but that does not imply that improvement of languag. skills will
reflect or bring about increased cognitive organization,

A serious methodological problem seems to exist in studying the
relationship between time language and time concepts. Methodologically
it is easler to dissociate language cues [rom cognitive tasks than it
is to eliminate cognitive cues from language. The former can be done by
developing nonverbal=-problem-solving procecires. In the present study
it was difficult to delineate the differences between items designated
as language and those designated as cognitive. The cognitive items
were designed o that the notions of order and duration would he

required in order to answer them appropriately. Analysis of the
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explanations given Iin the cognitive tasks shows that the children
confused time, space, speed and distance. This leads one to conclude
that the errors the Ss made were logical and not linguistic. In the lan-
guage tasks, the S was shown a situation which illustrated a specific
lexical or syntactic {tem. In dealing with tense and time words,
however, each structure reflected a very specific cognitive meaning.
The language items, in retrospect 1llustrated the child's understanding
of a specific concept, whereas the Piaget-type problems reflected a
general operation. There is a cognitive component in each, and at best,
when comparing language comprehension ltems to the Plaget items we may
be making a distinction between concepts and operations and not between
language competence and operativity,.
Intratest Comparisons

The purpose of the intratest comparisons was to determine 1f
there were any developmental trends among the measures and where appro-
priate, to replicate the findings of other research.
language Tasks

Three language measures were administered: comprehension of time
vocabulary, time syntax, and the connectives before and after. Analyses
of the vocabulary measures indicated developmental treuds but the only
significant difference was between the nursery Ss aad the first grade.
Words dealing with speed were the easiest although it is important to
note that the concept of speed is the most difficult for the Ss to
incorporate into their judgements, and that it is not done until about
age 9. This is another example of the child's possession of a lexical

item representing a specific concept but where he lacks possession of

the operation. Another interesting discrepancy 1is in regard to the
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difference between first and last. Across grades last was easier than

first. This difference may be due to the context in which the items
were presented., Although the technical aspects of the two items were
identical (that is, for both questions the cars were an equal discance
apart, each of the cars traveled for the same amount of time, etc.),
both items asked the question: 'Which car stopped first?" or '"Which

car stopped last?"”, 1Tt might be easier to remember which car stopped
last because {t is the last thing the Ss saw moving. On the other hand,
when the question 'Which car stopped first" was asked, the S$Ss in order
to respond correctly, had to so through a two-atep reasoning process.
"The hlack one stopped last, so that {t's the white one which must have
stopped first.,'” Thus, stop first would require two steps in remembering
whereas last would require only one step. These items might not have
been making a distinction between first and last but between stop first
and gtop last. The comprehension of these vocabulary items was a
function of the context in which they were presented.

The syntax items showed a clear dichotomy. Those items which
could be answered on the basis of speed and/or position cues were
answered correctly by at least 907 of the kindergartners, first and
second graders; those items which could only be answered by incorporat-
ing a concept of speed were answered correctly by less than 50% of the
Ss., The past progressjve tense was an exception. The question:

"Which car was winning when the bell rang?" was asked twice. Only the
child's second response was scored. When the bell rang, the winning

car was clearly in front of the other car. Nevertheless, only 507 of

the second graders answered this item correctly. Many nursery 5s refused

to choose one car and kept insisting that both cars "win."” The past
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progressive tense is a good example of a syntactic structure which
appears later in the child's linguistic development. Whether the other
com, .vX tenses are similarly belated in appearance is difficult to
determine from this study because of the lack of clarity between the
complex tense and the simple tense items.

An interesting result that emerged from the before/after test was

that before-reversibility {s easier than after-reversibility. A
transformational explanation alone cannot explain this finding since

the number of transformations required to perform either of the rever-
sibilities 18 the same, Using collepge sophomores, Smith and McMahon
{(1969) have also heen studying the comprehension of sentences using

these two connectives, They found that: (1) their Ss spend more time
looking at sentences containing the connective after than a sentence
containing the connective before regardless of the position in the
sentence; (2) what comes first in space or time is more accessible then
what comes second: (3) sentences which mention the first event first were
Ingpected longer than sentences which mentioned the second event first.
It should be mentioned that in the tasks used in Smith's and McMahon's
study the S had to view the sentence, and then was asked such questions
as "What happened first?" 'What happened second?'". Error scores were
very low and only latency scores were significant, In the present study,
the Ss had to remember the sentence and act it out in the correct order.
Thus, the task resembled a verbatim recall task. One explanation

for the before/after differences may be one of information coding.

When the word before appears at the beginning of a sentence it serves
as an immediate cue. The cue amounts to forewarning that the first

event mentioned i8 the second event in time. 1In contrast, when the
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reversal of time order is accomplishlied by the connective after, there
is no cue until the middle of the sentence. The first thing § hears
is an event in time; not until the middle of the sentence does he know
whether the key word will be before or after. 1f it is after, the
S must mentally recode the first part of the sentence in order to
establish its position in time. There is a likely bias fu favor of
before reversibility because of this build-in early warning required
by the sentence structure. For after reversibility there can be no
such early warning, and the coding must take place in the middle of
the sentence. A transformational grammar could only account for part
of the before/after difference. A memory and/or information processing
theory would have to account for the rest.
Time-Concept Tasks

Although there was a developmental trend Iin the Plaget-time
concept measures, none of the $s through the second grade attained time
operativity. This is contrary to the results of Lovell and Slater (1960).
They found that the responses of 13% of thelr 5-year-olds, 174 of their
6-vear-olds, and 3UZ of their 8-vear-olds indicated operativity, tihat
is, that the S5s answered correctly question 4 of the situation dealing
with equality of synchronoous intervals (situation 11: Lid both cars
travel for the same amount of time?). There may be several reasons for
the discrepancy between the two studies: (1) Lovell and Slater, in
analyzing the 5's response to question 4, did not take into account the
Ss performance on the first three items. They only report the percentage
of correct replies. In the present study, several Ss in each of the
grades answered question 4 correctly. However, since they did not

answer one of the first two questions correctly, they were not scored
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as operational. If the child states that one car stopped or started
bzfore the other car, it does not logically (i.e., necessarily) follow
that the two care traveled for the same amount of time., Ferhaps the
percertage of Ss attaining cperativity in the Lovell and Slater study
would be reduced if they had taken the first two gquestions into account.
Moreover, they did not analyze whether those who answered appropriately
on question 4 gave the appropriate reason (that is, "the two dolls
started and stopped at the same time, therefore they traveled for the
same amount of time"). In addition, in the Lovell and Slater study
the Ss saw the same sfituation 3 times in a row. Each of the situations
lasted 50 seconds, 25 seconds, and 12 seconds respectively. In the
present study, the S saw the situation only once 2nd it lasted 6 seconds.
The percentages that Lovell and Slater report are not the number of S$s
who responded appropriately to each of the situations but rather the
percentage of correct replies for the total of the three s tuations.
With only N=10 per group, one operational child could inflate the scores
for the entire group. Nevertheless, Lovell and Slater do show that most
of the children thought that the doll which travelled faster and/or
further took the greater amount of time, a finding which generally
supports Pilaget's notions, and which is also substantiated in this study.
Although operativity had not been attained by age 8 in this study,
an important finding is that the ltems were fairly scalable and in the
direction predicted by Piaget despite the fact that two of the items
were almost equal in difficulty. It 1s quite possible that a higner
scalability index would have been attained had there been more levels.
There were only three levels of predicted difficulty, which according

to Green (1954) is too few to be scalable.
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Conclusion

The main purpose of this study was to examine the relationship
between time-operativity and time-language. The first hypothesis
tested was that reversibility operations precede of develop concowmlitantl,
with the complex tenses, and before/atter reversibility. This hypothesis
was only partially confirmed. The reversibility operation seems to
precede developmentally only the past progressive, and the before/after
connectives when the order of events are the reverse of the order in
which the sentence 1s spoken. Possible sources for a lack of consistent
priority could be methodological: (1) It was verv difficult to dissoclate
cognitive cues from linguistic structures., Svntactic comprehension is
very dependent upon the contextual situation in which it is presented.
The number and type of contextual cues available greatly influence the
facility with which a sentence ‘s cowprehended. (2) Items must be so
constructed that they clearly present the cognitive distinctions implied
by certain syntactic structures. There was insufficient cognitive
distinction between the simple and complex tenses.

The second hypothesis tested was that language was not a gufficient
condition to advance operational thinking. This hypothesis was con-
firmed. When the language was used appropriately, it only acted as a
dependent variable, that 1is, as an expression of a cognitive structure
already present.

The language measures used In this study again emphasized the
importance of the context within which a lexical item is presented.
Children may comprehend a term in one context {(e.g., Future I) and not
in another (e.g., Future 11}.

Analysis of the Plaget Time-Concept Task indicated that the order
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of difficulty of the items was similar to that of Piaget's and closely
approximated scalability criterion. The children's explanations in the
age range studicd revealed that time, space, distance and speed were
confused, lending support to Piaget's conception of the development of

the child's conception of time.



FOOTNOTES

I. Beilin (1969c) makes a distinction between the time lexicon
and time syntax and calls attention te its heuristic value. Cromer
makes no such distinction nor uses these terms.

2. Because of one E's illness, twe Ss in the kindergarten, three
56 In the first grade, and two 5s in the second grade were scen by the
same k (the author) on both sessions,

3. On i{temsa labelled II there is a confounding of language cues
with cognitive cues.

4. The scoring reliability for the younger 58 was very poor. It
was very difficult to judge 1f im fact these Ss were making the appro-
priate motor response required by the questions. (Consequently, 1is was
decided not to report the results of the demonstration vocabulary task,
but consider it wmerely as an activity task.

5. This playground school 1s associated with the same school that
was usea for testing during the academic year., Of the 30 5s tested,

2}l attend this school during the academic year. The other 9 children
were from the neighborhood whe attend parochial schoels during the
academic year.

6. Means and standard deviations were calculated separately for
each of the three age groups (9-iU- and ll-year olds). An analysis of
varjance revealed no significant age differences (F=.54; df=2,27;

p <.05). The three age groups were combined to form the older group.

7. Means and standard deviations were calculated separately for
each of the three age groups for acquisition, training and criterion.
An analysis of variance revealed no significant age effects for

acquisition (F=1.71; df=2,27; p, .U5); training (F=2.29; df=2,27;
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FOOTNOTES Cont.
p <« .05), and criterion (F=1.18; df=2.27; p«<.05).

8. It was felt that a score of 1 showed some reversibility as
oppeosed to none of all, and therefore scores of 1 and 2 were combined
into one category. Analyses were also carried out combining those 5s
who had a score of U with thosc who has a score of 1. All the 12|a

remained non-significant.



TABLE 1

Order of Tasks by Session and Sequence

Sequence
Session
I 11

(C) Pretest to Flaget (L) Language FilmP
\C) Piaget Time Concepts (L) Before/After?

1 (C) Reversibility® (C) Reversibili:y?
(L) Before/After® (C) Pretest to Piaget
(L) Language FilmP (C) Piaget Time Concepts
(C) Concept Attainment Task (L) Language FilmP

11 (L) Demonstration Vocabularya (L) Demonstration Vocabulary?
(L) Language Filmb (C) Concept Attainment Task

Note.—letter preceding task denotes type of task: LwLanguage task;
C=Cognitive task.

% These tasks are activity tasks.

b The language films are identical. Each language film was admin-
istered twice, once at each session.

68
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Sequence
Session
I11 1V

(C) Concept Attainment Task (L) Language Filmb

1 (C) Demonstration Vocabularya (L) Demonstration Vocabularya
(L) Language Filmb (C) Concept Attainment Task
(C) Pretest to Piaget (L) Language Fllmb
(C) Plaget Time Concepts (L) Before/After®

I1 (C) Reversibilitya (C) Reversibility
(L) Before/After® (C) Pretest to Piaget
(L) Language Filmb (C) Piaget Time Concepts

Note. —Letter preceding task denotes type of task: L=Language task;

C=Cognitive task,

® These tasks are activity tasks,

The language films are identical, Each language film was admin-

istered twice, once at each session.



TABLE 2

Vocabulary Scores by Grade and Sex (is and 5.Ds)

Grade®
N (N=12) K (N=29) 18 (n=29) 2™ (Na30)
Sexb
X $.D. X 5.D. X S.D, X $.D.
M 3,67 1.07 4.40 .99 5.47 1.12 4.87 .99
F 4.17 .75 4.57 1.28 5.00 1.26 4,47 1.13
Total 3.92 .90 4,48 1.12 5.24 1.15 4,67 1.06

8 Grade differences are significant (F=5.00; p< 0.

b Sex differences are not significant (F=.02).
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TABLE 3

Subjects Passing Each Vocabulary Item by Grade (in Per Cents)

Crade
Item
N (N=12) K (N=29) 18¢ (N=29) 20d (N=20)
Slower 83.33 96.55 100.00 93.33
Faster 83.33 96.55 100.00 $3.33
First® 33.33 51.72 55.17 66.67
Lastb 58.33 65.52 93.10 73.33
Shorter (less) time® 41.67 75.86 89.66 66 .67
Longer (more) time (I)d 33.33 27.59 58.62 26.67
Longer (more) time (II) 25.00 34,48 27.59 50.00

8 The difference between N and 2™ grade is significant (3=1.97; p ¢ -05).

b The following differences are significant: N and 15C grade (3=2.24; P ¢(-05); K and 15t grade (Z=2.59;
p <.01); 18t and 2nd grade (3=2.02; p <.05).

C The following differences are significant: N and 15t grade (2=2.85; P <.01); 18t grade and 2nd grade
(8=2.15; p < .05).

d The following differences are significant: K and 18t grade (3=2.39; p <.05); 18t grade and 2nd grade
(3=2.48; p. < .01).
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TABLE 4

Syntax Scores by Grade and Sex (Xs and S.Ds)

Grade?®
N (N=12) K (N=29) 15t (N=29) 2™ (Na30)
Sexb
X s.D. X $.D. X S.D. X s.D.
M 4.00 1.26 4.93 2.07 5.47 1.27 5.87 1.27
F 4.67 1.51 5.28 .99 5.35 71 5.60 1.97
Total 4.33 1.37 5.10 1.52 5.41 .97 5.73 1.58

8 Grade differences are significant (F=5.33; pc .0l).

b Sex differences are not significant (F=.37).

A S



TABLE 5

Subjects Passing Each Syntax Item (in Per Cents)

Grade
Item
N (¥=12) K (N=29) 1°Y (¥=29) 2*% (Ne30)
Present Progressive 100,00 93.10 96.55 100.00C
Past Teuse 83,33 100.00 100.00 96.67
Future 1° 58.33 96.55 100.00 96.67
Conditional 1 83,33 89.66 100.00 100.00
Present Perfect I 66.67 76.47 100.00 100.00
Future II 16.67 17.24 27.54 40.00
Conditional II 66.67 41.38 34,48 33.33
Present Perfect IIb 8.33 41.38 34.48 50.00
Past Progressivec 16.67 27.359 48.28 56.67

Note.e=Only 17 kindergartners, 22 first graders and 15 second graders were given the present perfect I.

a Thg following differences are significant: N and K (2=2.67; p«.0Ol);, N and 1 (2=3.88;, p€.00l); N
and 2" (8=2.73; p&.01).

€L



TABLE 5 Cont.

b The differance between N and an grade is significant (Z=2.17; p «.05).

€ TIhe following differences are significant: N and an grade (2=2.17; p«< .05); K and 2["d grade (Z=2.26;

p<-05}).
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TABLE ©

Subjects Passing Each Item on the Before/After Test (in Per Cents)

Grade
Category Concept at )
N (N=12) K (N=29) 1% (n=29) 2% (w=30)
0S = OT Refore 75.00 89.66 89.66 76.67
After 66.67 68.97 82.76 90.00
0S ¢ OT Before? 33.33 72.41 72.41 86.67
After? 33,33 37.93 58.62 70.00

& The difference between N and K, and N and 18t grade is significant (#=1.98; p ~.(C5) as well as

between N and 20d grade (2=3.08; p ¢.0l).

b The difference between K and 209 grade is significant (#=2.47; p {.01).

cL



TABLE 7

Comparison of Before vs. After Performance in Reversed
and Non-Reversed Orders: Within Grade Comparisons®

Grade
Category Concept
N (N=12) K (N=29) 12t (N=29) 20 (Na30)
0S = QT After vs. Before 0 4.16*b .50 1.12
0S ¢ OT After vs. Before .25 5,06%¢ .90 1.17
0S = OT vs., 0S5 ¢ OT After vs. After 1.50 lc.92*d 2.40 2.50
Before vs. Before 3.20 1.78 1.78 L
a

Chi square values based upon McNemar's test (Siegel, p. 64).
Before is easier than after,

Before is easier than after.

d 0S = OT is easier than 0S ¢ CT.

* p £.05,
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TABLE 8

The Relationship Between Before/After and Vocabulary and Syntax Scores

by Grade (Point-Biserial Correlations)

Grade

N (N=12) K (N=29) 18t (N=29) 20 (N=30)

Category Concept
Voc. Syn, Voc, Syn. Voc. Syn. Voc. Cyn.
0S = OT Before -.28 -.29 .15 .12 .26 .15 -.12 .20
After .14 -.09 -.04 .12 .16 .10 -.32 -.05
0s # 0T Before -.34 -.45 .36* .24 .20 -.14 -.31 -.00
After -.34 -.45 .21 .18 .19 -.22 .07 -.32

* p .05,

Le



TABLE 9

Correct TCT Responses by Grade,

Sex, and Situation

Sicuation
I1 111 Iv Total
Grade® and SexP
X 5.D. X S.D. X $.D. X S.D. X 5.D. X S.D.
M 3.60 .63 1.47 .52 .93 .67 3.37 .69 .33 .67 13,20 2.22
K F 3.57 .76 1.29 .73 .75 .53 3.37 .83 4355 12.71  1.93
T 3.59 .68 1.38 .62 .84 .59 3.37 .75 38 .6l 12.97  2.06
M 3.60 .91 1.93 .88 23 .62 3,40 .51 .23 .59 15.40 1.86
15t F 3.93 .27 2.00 .96 25 .6l 3.50 .52 .68 .58 15.36 1.62
T 3.76 .69 1.97 .91 260 L6l 3.45 .51 97 L6 15.38  1.72
M 3.47 .92 2.13 .92 .50 .60 3.37 .48 .07 .62 15.53 2.22
and F 3.60 .83 1.93 .80 .03 .93 3.37 .70 .00 .87 14.93  2.53
T 3.53 .86 2.03 .85 3.27 .81 3.37 .58 3.03 .74 15.23  2.36
M 4.00 O 3.27 .59 .90 .20 3.63 .55 37 64 18.03 1.25
Older F 4.00 0 3.60 .83 73 .56 3.80 .37 30 .6l 18.40 1.40
T 4.00 O 3.43 .73 .82 .42 3.72 .47 3362 18.21 1.32

8!



TABLE 9 Cont.

8 Grade differences are significant (F=35.33; p ¢ .01).

b Sex differences are not significant (F¢ L.00),

61



TABLE 10

Subjects Giving Correct Situation
Responses: Criterion A (in Per Cents)

Grade
Situation
K (¥=29) 1% v=29) 279 (N=30) Older (N=30) overall X2
1 $9.66 93.10 90.00 100.00 3.54
11 3.45 31.03 33.33 93.33 53 .94 kW
111 48.28 79,31 70.00 96.67 18, 53%waP
1V 55.17 93.10 80.00 100.00 23, 43%%%C
v 20.69 55.17 70.00 96.67 37. 29wkl

8 The following differences are significant: K vs, 18t grade (&=

2.43; p <.05); K va. 2" grade (&=2.61; p (.01); K vs. older (2=6.65;
p <.001); 1%% grade vs. older (2=4.68, p < .001); 279 grade vs. older
(#=4.56; p< .001). B

b The following differences are significant: K vs. 1%tgrade
(2=2.18; p ¢.05); K vs. older (2=3.89; p <.01); 12% grade va. older
(28=2.06; p ¢ .05); 2" grade vs. older (&=2.43; p ¢.05).

€ The following differences are significant: K vs. 1°! grade
(Z2=2.99; p<.01l); K vs. older (&=3.84; p.0l); 2nd grade vs. older
(8=2.15; p ¢.05). )

9 The following differegces are significant: K vs. 18t grade
(8=2.43; p <.05); K va. 27Y grade (@=3.54; p<.01); K ve. older
(8=5.68; p <.01); 17t grade vs. older (&=3.44; p <.01); 2" grade vs.
older (#=2.43; p ¢.05). -

wik p <,001,

80
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TABLE 11

Subjects Giving Correct Situation
Responses: Criterion B (in Per Cents)

Grade

Situation Overall X

K 18t 2nd older
(N=29) (N=29) (N=30) (N=30)

I 68.97 86.21 73.33 100.00 11.60%x8
11 -- -- -- 53.33 5.90%
111 17.24 26,14 40.00 76.67 26, 14%%wd
Iv 10. 34 37.93  43.33 63.33 8.61%C

v 3.45 6.90 13.33 20.00 n.s.

% The follnuing differences are significant: K vs, older (Fisher's
exact p ¢.002); 2 d grade vs. older (Fisher's exact p <.005)}.

b The following differences are significant: K vs. older (&=4.31;
p <.001); 18t grade vs. older (@=3.77; p {.001); 2nd grade vs. older
(8=2.62; p <.01). B

€ The following differences are significant: K vs. 18t grade
(8=2.14; p <.05); K vs. 299 grade (2=2.56; p ¢ .0l); K vs. older (Z=3.94;
p < -001) 18t grade vs. older (&=1.95; p ¢ .10).

* P (.05,

ke P ¢ .01,

*hk p (001,



TABLE 12

Number of Correct Responses on Time-Concept Attainment Trials, Training
and Criterion by Concept and Grade (¥Xs and S.Ds)

b

Concept-httainmenta Training Criterion®
More Less More lLess More Less
Grade
X SD X SD X SD X SD X SD X SD
K 28.13 3.52 21.29 5.47 5.80 1.57 5.43 1.40 4,00 4.05 2,29 2.58
4
1s 28.23 3.63 24 .31 4.53 6.69 1.49 6.56 1,36 9,23 6.38 6.94 6,62
Z“d 26 .40 4.40 23.87 .14 6.60 1.99 6.20 1.65 9.67 5.75 7.73 b6.84
Older 25.44 3.90 22.57 4.47 9.00 1.21 8.57 1.22 18.63 2.22 14.64 6.37

8 There is a significant concept effect for concept-attainment trials (F=22.11; df=1, llO;;:(ZOOl).

b There is a significant grade effect for training (F=21.23; df=3, 110; p £.001).

C There is a significant concept effect (F=5,43; df- , 110; p <;05) and a significant grade effect
(F=28.17; df=3, 110; p ¢.001) for criterion, -

Z8n
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TABLE 13

Subjects Attaining Reversibility by
Grade (in Per Cents)

Grade
Level
BL nd
N K 1 2 Older

{(N=12) {N=29) (N=29) {(N=30)
No reversiosility? 100 44 .84 10.34 1] --
Intermediate level -- 34 .48 17.24 i6.67 --
Reversibility’ -- 20.69 72.41 83.33 100

lst

2 The foléowing differences are significant: N vs. K, N vs.
and N va. 2" (Pisher's exact p ¢.001); K vs. 1% (2=2.94; p <.01);
and K ve. 2" (a=4.16; p <.0013. )

® The following differences are significant: N vs. 1%t N vs, 274
(Fisher's exact p (.01); K vs, 18C (2=3,95; p <.01); and K vs, 2nd
(&=4.82; p ¢.01). -
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TABLE 14

Subjects' Performance on Piagetian Tasks (Criterion A)
and Language Scores (Vocabulary and Syntax Scores Combined) (Ns)?

Grade
K (N=29) 15t (N=29) 2" (N=30)
Hi Lo Hi Lo Hi Lo
Lang. Lang. Lang. Lang. Lang. Lang.
Hi Concept 6 5 7 9 L0 7
Lo Concept 10 7 9 4 ? 6

4 Median scores tor each grade serve as cut-off points.



TABLE 15

Subjects' Performance on Piagetian Tasks (Criterion B)
and Language Scores (Vocabulary and Syntax Scores Combined) (Ns)?

85

Grade
K (N=29) 15t (N=29) 27 (N=30)
Hi Lo Hi Lo Hi Lo
Lang, Lang. Lang. Lang. Lang. Lang.
Hi Concept 2 i 9 4 11 6
Lo Concept 6 18 7 9 6 7

4 Median scores for each grade serve as cut-off points.



TABLE 1o

86

Relationahip Between Piaget Situations and
Total Syntax Score (Point-Biserial Correlations)

Crade

K pud
Situation

Criterion Criterion Criterion

A E A B A B
I -.16 .30 12 .17 11 -.01
11 . 02 -0 00 -P
111 .09 .04 -.05 .26 -.02 .07
1v -.10 -.31 .12 .25 -.18 .35
v -1 - b .03 .3t .33 -.07

4 There was only 1 S who met 3 correct as criterion.

b Due to task difficulty, there were no Ss in this category.



TABLE 17
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Relacionship Between Each Piaget Situation and
Total Vocabulary Score (Point-Biserial Correlations)

Grade
K 18t gnd
Situvation

Criterion Criterion Criterion

A B A B A B
1 .25 .02 .30 .26 .11 .13
11 a2 U? SV 07 -P
111 -.11 -,20 .03 .09 .28 .13
v 02 -.25 .06 .02 .08 .30
v L 39% - -.30 -.18 .07 ~-.16

% There was only 1 § who met 3 correct as criterion.

b
Due to task difficulty, there were no S8 in this category.

*p (.05-



Relationship Between Concept Reversibility and

TABLE 18

the Comprehension of the Complex Tenses
(Expressed in Number of Ss)

Grade
N (N=12) K (N=29) 18% (N=29) 204 Na30)
Tense Score
Non- Non- Non- Non-
Rev Rev Rev Rev Rev Rev Rev Rev
Past Progressive + 2 0 3 5 1 12 0 17
- 10 0 9 12 2 14 0 13
Present Perfect 1 + 8 0 4 9 2 20 0 13
- 4 0 2 1 0 0 0 0
Present Perfect II + 1 0 5 5 0 10 0 i6
- 11 0 7 12 3 12 0 14
Conditional 1 + 10 0 11 15 3 26 0 30
- 2 o 1 2 0 0 0 0

8Y



TABLE 18 Cont.

Grade
N (N=12) K (N=29) 18t (N=29) 274 (N=30)
Ternse Score
Non- Non- Non- Non~-
Rev Rev Rev Rev Rev Rev Rev Rev
Conditional 11 + B 0 3 9 1 9 0 10
- &4 0 9 8 2 17 ] 20

68



TABLE 19

Concept Reversibility Performance as a Function
of Language Reversibility (Ns)

Grade
Concant N (N=12) K (¥=29) 18t N=29) 2" (N=30)
cep
(0S ¢ OT) Score
Non- Non - Non~- Non-
Rev Rev Rev Rev Rev Rev Rev Rev
Before + 4 0 7 l4 2 19 0 26
- 8 0 5 13 i 7 0 4
After + 4 0 4 6 2 15 0 21
- B 0 8 11 1 11 0 9

06



TABLE 20

Kindergarten Subjects Giving Correct Responses to Each Piaget Sictuation
as a Function of Language Reversibility {(in Per Cents)

Criterion A Criterion B
Before After Before After
Sitvation

Non- Non- Non- Non-
Rev Rev Rev Rev Rev Rev Rev Rev
I 87.5 90.5 88.9 47.6 62.5 1.4 72.2 63.6
11 0.0 4.8 5.6 0.0 0.0 0.0 0.0 0.0
III 37.5 52.4 4.4 54.5 25.0 14.3 11.1 27.3
Iv 50.0 57.1 6l.1 45.5 12.5 9.5 11.1 9.1
v 25.0 19.0 16.7 27.3 0.0 4.8 5.6 0.0

16



TABLE

21

First Grade Subjects Giving Correct Responses to Each Plaget Situation

as a Function of Language Reversibility (in Per Cents)

Criterion A

Criterion B

Before After Before After
Situation
Non- Non- Non- Non-
Rev Rev Rev Rev Rev Rev Rew Rev
1 160.0 90.5 100.0 88.2 100.0 81.0 91.7 76.5
9 37.5 28.6 33.3 29.4 0.0 0.0 ¢.0 0.0
111 75.0 81.0 83.3 76.5 25.0 23.8 41.7 11.8
1V 100.0 90.5 100.0 88.2 25.0 42.9 33.3 41.2
v 62.2 52.4 58.3 52.9 12.5 4.8 8.3 5.9

té



TABLE 22

Second Grade Subjects Giving Correct Responses to Each Piaget Situation
as a Function of Language Reversibility (in Per Cents)

Criterion A

Before

Criterion B

After Before After
Situation

Non- Non- Non Non

Rev Rev Rev Rev Rev Rev Rev Rev
1 100.0 88.5 100.0 85.7 75.0 73.1 66.7 76.2
11 50.0 30.8 33.3 33.3 0.0 0.0 0.0 0.0
111 75.0 69.2 66.7 71.4 50.0 38.5 22,2 47.6
Iv 100.0 76.9 77.8 81.0 50.0 42,3 44.4 42,9
v 75.0 69.2 17.8 66.7 0.0 15.4 11.1 14.3

£d



TABLE 23

Relationship Between Reaching Criterion after Verbal

94

Training

and Language Scores (Point-Biserial Correlation)

Grade
Language Tasks
15t 2nd Combined
(N=29) (N=30) (N=57)
Vocabulary .31 -.17 .02
Syntax .28 .22 .29

a Ss are divided into theose reaching and not reaching
verbal training.

criterion in



TABLE 24

Classification of Explanation for Each Plaget Situation by Category and Age (in Per Cents)

Situation
11 111 v v
Category
Young 0ld Young 0ld Young 0ld Young old
1 37.20 20.00 53.40 40.00 55.68 63,00 29.54 43.33
2 1.16 0.00 1.13 0.00 4. 54 0.00 1.13 0.00
3* 8.13 13.33 5.68 36.68 7.95 20.00 30.68 3.33
&P 27.90 10.00 12.50 3.33 13.63 0.00 5.09 13.33
5 3.48 0.00 5.68 3.33 0.00 0.00 1.13 0.00
6 0.00 30.00 1.13 3.33 0.00 10.00 3.40 0.00
7, 8 15.11 3.33 14,77 6.66 13.63 3.33 10,22 3.33
gd 8.13 16.66 4,54 6.66 4.5 0.00 10.22 30.30
10 0.00 6.66 1.13 0.00 0.00 3.33 4. 54 3.33

a6



Note.—Total younger N for situation

‘ The difference betwe=n the younger
and for situation V (&=2.33; p £.05).

D The difference between the younger
p=.02).

€ The difference between the younger
and IV (Fisher's exact p=.02).

d The difference between the younger

TABLE 24 Ceont,

11 is 86;

and older

and older

and older

and older

all other situations, N=88. Older group, N=30,

group for situation III is significant (2<3.99; p {.0l)
group for situation IV is significant (Fisher's exact
group is significant for situation II (Z=4.91; p £.0l)

group 1s significant for situation V (#=2.33; p «.0l).

96



TABLE 25

Classification of Explanations for Each Piaget Situation by
Category and Situation Score: Younger Ss (in Per Cents)

Situation
I 111 1Y v
Category
Correct Incorrect Correct Incorrect Correct Incorrect Correct Incorrect

{(N=32) (N=21) (N=24) (N=64) (N=27) {(N=61) (N=7) (N=81)
1 28.12 15.78 58.33 51.56 59.25 67.34 28,57 29.62
2 .00 .00 .00 1.56 3.70 4.91 .00 1.23
3 21,87 5.26 16.66 1.56 18.51 3.27 28.53 30.86
4b 3.12 26,31 4.16 15.62 7.40 16,39 .00 9.87
5 12.50 10,52 .00 7.81 .00 .00 .00 1.23
6° 55.55% .00 .00 1.56 .00 .00 14.28 2.46
7, 8 12,50 21,05 12.50 15.62 11.11 14,75 .00 11.11
9 j. 12 15.78 4.16 4,68 .00 6.55 28,57 8.64
10 .00 .00 4.16 .00 .00 .CGO .00 4.93

L6



TABLE 25 Cont,

Note.-Since no younger 8s scorec correctly om

% The difference between per cent correct and
p {.05) and IV (2=2.40; p (.05).

b The difference between per cent correct and

€ The difference between per cent correct and

situation 1I, tais situation

incorrect is significant for

incorrect is significant for

incorrect is significant for

tas been omitted.

situation III (&=2.24,;

situation I (8~2.05; p {.05).

situation 1 (3=3.06; p (.01).

86



TABLE 26

Classification of Explanations for Each Piaget Situation by

Category and Situation Scores:

Older Sa (in Per Cents)

Situation

1I 111 1v
Category —_—
Correct Incorrect Correct Incorrect Correct Incorrect Correct Incorrect

(N=16) (N=14) (N=22) (N=8) (N=19) {(N=11) (N=6) (N=24)
1 6.25 35.71 39.13 42.85 57.89 72.72 33.33 45.83
2 .00 .00 .00 .00 .00 .00 .00 .00
3 25.00 .00 39.13 28,57 26,31 9.09 .00 4.16
4 .00 21,42 .C0 14.28 .00 .00 33,33 8.33
5 .00 .00 4 3a .00 .00 .00 .00 .00
6" 50.00 7.14 4.34 .00 10.52 9.09 .00 .00
7, 8 .00 7.14 4.34 14.28 5.26 .00 .00 .16
9 6.25 28.57 8.69 .00 .00 .00 16.66 33.33
10 12,50 .00 .00 .00 .00 9.09 16.66 4.16

66
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® The difference between per cent correct and inccrrect for situation Il is significant (8=2.15;
p (.05).

001



TABLE 27

Type of Explanation Given After 40 Acquisition Trials

as a Function of Age (in Per Cents)

101

Older (N=30)

Category Younger (N=88)
14 35.22
2 3.40
3 4,54
4 7.95
5 .00
6 1.13
7, 8 20.45
gb 22.72
10 1.13
11 3.40

6.

3.

13.

13.

13,

406.

3.

66

33

33

33

.00

.00

i3

67

.00

33

a

significant (2Z=2.79; p < .0l).

b The difference between the younger group and the older group is

significant (3=2.27; p (.05).

The difference between the younger group and the older group 18



TABLE 28

Type of Explanation Given After 40 Acquisition Trials
as a Function of Trainabilicy and Age (in Per Cents)

Younger Older
Category
Trainable Untrainable Trainable Untrainable

(N=12) (N=76) (N=24) (N=6)
la 25.00 36.84 .00 33.33
2 .00 3.9 00 16.66
3 8.33 3.9 16.66 .00
4 8.33 7.89 12.50 16.66
5 .00 .00 .00 .00
6 .00 1.31 .00 .00
7, 8 .00 23,68 16.66 .00
9b 50.00 18.42 50.00 33.33
10 .00 1.31 .00 .00
11 8.33 2.63 4.17 .00

o1



TABLE 28 Cont.
3 The difference between trainability and untrainability for the older group was significant (2=2.02;
p <.05).

b The difference between trainability and untrainability for the younger group was significant (&=2.05;
p {.05).

£01



Assipnment

APPENDIX A

of 8s bv Session, Sequence, Sex and E:

All Crades

104

Sesston | Session 11 Session 1 & 11
Sequence I o . .
3 M f I M v T M F T
SN 4 } 7 1 2 } 5 5 10
T ny 1 1 10 6 16 10 7 17
HE 7 6 173 2 2 7 B 19
Total I iy 21 110 21 2220 42
Sh 5 6 11 3 1 4 8 7 I5
I1 JW 4 2 10 9 19 12 4 21
i 6 4 10 6 4 10
Total 113 1y 273 13 10 21 26 20 46
sh 9 4 11 2 4 ) 't 4 19
[11 TW Z HO10 9 R 17 11 16 27
HR
Total 11 12 21 1t 12 23 22 24 46
S5 } 9 12 6 1 7 9 10 19
PV W 7 2 9 4 10 14 11 12 23
HR
Total 10 11 21 e 11 21 20 22 42
5D 21 22 41 12 8 20 33 30 61
Total All
Tw 11 11 22 33 33 66 44 44 88
Sequences
HR 13 10 23 2 2 13 12 25
Total 45 43 88 45 43 88 90 86 176
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APPENDIX A Cont.

Assignment of Ss bhv Session, Seauence, Sex, and F:
Kinderrarten

Sequence " __"ifﬁsion [ iﬁiﬁ%ﬂl}l Session 1T & I7 B
_ - - Mooy oM F o ¥y T
Sh | 2 3 l ] 2 2 4
T I 3 } 6 3 3 6
HR 3 1 4 1 ] 4
Total 4 3 7 4 3 7 8 h 14
SD 2 3 5 2 I 3 4 4 8
T n 7 3 N ! ] 5
HR 2 1 3 J ] 3
Total 4 & B 4 4 B 8 8 16
sDh 4 2 6 ] ! 4 ! 7
IT! W 2 2 4 3 7 4 5 9
e
Total 4 4 ol 4 4 8 ol h 16
sh ] 2 ! 2 2 3 2 5
Iv W 2 i 3 1 J 4 3 4 7
HR
Toral 3 4 6 3 3 f f 6 11
5D # 9 17 5 2 7 11 11 24
Total All
JW 2 3 5 10 12 22 1215 27
Seguences
HR 5 2 7 5 2 7

Total 15 14 20 15 14 29 30 28 58
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APPENDTIX A Cont,

Assignment of S5s bv Session, Secuence, Sex, and E:
First Crade

Session 1 Session 11 Segsion T & 11
Sequence E o ) _
——— MR K M
8D 1 ] 1 I ] 1 g
! TW 1 2 5 3 2 5
HR 2 } b 2 ) -
Total 3 3 £ 3 3 g h 6 12
SD ] | 2 | 1 2 1 3
I'1 T ' 2 4 3 7 f i 9
HE 2 i 4 2 2 4
Total 9 3 H 5 3 B 10 3 16
sn 2 ! 3 1 1 2 3 2 n
1H J 1 3 4 2 3 S 3 b 9
HR
Total ) 4 7 k! 4 7 6 B 16
SN 2 4 b ] 1 k! 4 7
v AW 2 2 3 4 7 9 4 9
HR
Total 4 4 8 & 4 8 B 8 16
SN 6 6 12 3 Ve 5 9 8 17
Total Al
AW 5 3 8 12 12 24 17 15 32
Sequences
HR 4 5 9 4 5 9

Total 15 14 29 15 14 29 30 28 58
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APPENDIX A Cont,

of 55 by Session, Sequecre,

Second Crade

Sex and

E:

107

Total

Total

Totatl

v

Totatl

Total All

Sequences

Total

HR

5D

JW

HR

sSD

JW

HR

sD

TW

HR

nession 1 Session T1 session T & I[1
S S N SN B N 4 MoF T
2 ] 3 1 1 2 2 4
! l 4 1 9 4 2 6

2 ! 4 2 2 2 4 h
4 b B 4 &4 ¥ at R 16
! ? 4 2z 2 4
4 3 7 4 3 7

’ ! 3 J 1 3
4 ) 7 4 3 7 8 6 14
} ] 4 1 2 3 4 3 7

1 3 4 3 2 ) 4 ) 9
4 4 8 4 4 & o} e 16
3 3 3 1 4 3 4 7

3 ] 4 3 3 3 4 7
3 4 7 3 4 7 6 8 14
7 7 14 4 4 8 It 11 22
4 5 9 11 9 20 15 14 22
4 3 7 2 2 4 5 9
15 5 30 15 15 130 30 30 60




Name

APPENDIX B
Language Film 1

Session |

Date k.

108

L. savs:

0.

bk says:

06 .

07.

LI savs:
na.
Q9.
010.

011,

Situation 1 White car on top,
BRlack car on botton.

Watech these two cars race.

E L SToPPED THE RACE NOW (LIKI TIHIS) WHICIH CAR

WOULD WIN?

HOW Do YoU KNOW? A2,

Cirele anpropriate

response.

After the cars have stopped running, F oasks:
WHICH CAR GOES SLOWER?

I am going to show vou this race again.
(£ reshows trial.)

E asks while car (s running. WHICH CAR 15
WINNING?

WHICH CAR RAN FOR MORE TI!IME (A LONGER TIME}?

WHICH CAR STOPPED FIRST?

WHICH CAR HAS MN THE RACE?

Situation 2 Black car on top.

Now let's watch another race.

Stop race midpoint. WHICH CAR WILL WIN?

WHICH CAR WON THE RACE?

HOW DO YOU KNOW? AlO.

Al, HRLLACK  WHITE
Al BILACK  WHITE
A4 . BLACK  WHITE
AS. BLACK  WHITE
Ab, BILLACK WHITE
A7, BLACK WHITE
White car on bottom.
AS8. BLACK WHITE
A9, HBLACK WHITE
All. BLACK WHITE

WHICH CAR RAN FOR LESS TIME (A SHORTER TIME}?
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E days: 1 am going to show you this race again.

niz.

13,

014,

0ls.

Nl6,

7.

318.

019.

(320,

Q21.

{E reshows trials.)

WHICH CAR RAN FASTER?

Situation 3 White car on top.
Black car on bottom,

After about 3% seconds, E stops the race.
There is a one second pause. [ says:
[_JUST sTOPPED THE RACE. GUESS WHICH CAR

WILL WIN,

HOW DU YOU KNOW?  Al4.

AlZ.

Al

BLACK

BLACK

WHITE

WHITE

FE continues the racve. When the racve is
over, he asks: WHICH CAR STOPPED [LAST?

E savs: Watch this race agaln verv caretullwy,

WHICH CAR TOOK MORE TIME (A LONGER TIME}?

I savs: Now watch thils race again.
WHHICH CAR HAS WON THFE RACE?

HOW DO you KNOW?  AlSE,

ALD,

Alb,

Al7.

BLACK

BLACK

BLACK

WHITE

WHITHE

WHITE

E rings a bell about 4 seconds after trial
bepins.,  There is a sort of natural stop for

bell., WHICH CAR WAS WINNING WHEN THE BELL RANG?

19a. If c¢hild looks confused, deesn't remember,

etc, reshow the trial. Say: Watch again!
WHICH CAR WAS WINNING WHEN THE BELL RANG?

Situation 5 Black car on top.
White car on bottom,

E stops the race in the middle. There is a

natural stop to do this. I1F THE CARS STOFPED,
WHICH ONE WOULD WIN?

HOW DO YOU KNOW?  AZl.

AlG,

194.

A20,

BLACK

BLACK

BLACK

WHITE

WHITE

WHITE
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Language Film 11
Session T1

Name Date F

Situation 1 White car on top.
black car on bottom.

Circle appropriate
response .

F savs: Watch these two cars race.

l. IF I STOPPED THE RACE NOW (LIKE THIS) WHICH CAR

WOULIY WIN? Al.  BLACK WHITE
32, HiNG DO YOU KNOW? A2 L _ o
LI After the cars have stopped running, [ asks:

WHICH CAR GOFES SLOWER? Ad. BLACK WHITE

E savs: 1 am geing te show you this race again.,
(E reshows trial.)

0, E asks while car is running. WIICH CAR I3
WINNING? Abd. RLACK  WHITE
5. WHEICH CAR RAN FOR MORE TIME (A LONGER TIME)? AS. HBLACK WHITE
06 . WHICH CAR STOPPED FIRST? A6. HBLACK WHITE
07. WHICH CAR HAS WON THE RACE? A7. BLACK WHITE
Situaticen 2 Black car on top.
White c¢ar on hottom.
E savs: Now let's watch another race.
08. Stop race midpoint. WHICH CAR WILL WIN? A8. BLACK WHITE
Q9. WHICH CAR WON THE RACE? A9. HLACK WHITE

10, HOUW DO YOU KNOW? AlO.

G11. WHICH CAR RAN FOR LESS TIME (A SHURTER
TIME)? All, BLACK WHITE
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0173,

Ola.

L7,

318,

019,

1320 .

Q21.
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E says: 1 am goinpg to show you this race again.
(E reshows trials.)
WHICH CAR RAN FASTER? Al2. BLACK WHITE

Sttuation 3 White car on toop.
Black car on bottom.

After about 3% seconds, E stops the race.

There is a one second pause. E savs:
I JUST STOPPED THE RACE. GUESS WHICH CAR
WILL WIN. Al3. BLACK WHITE

HOW DY YOU KNOW?  Al4.

E continues the race. When the race f{s
over, he asks: WHICH CAR STOPPED LAST? AlS. BLACK WHITE

E savs: Watch this race again verv care-
fully., WHICH CAR TOOK MORE TIME (A

LONGER i[ME)? AlH. BLACK WHITKE

E savs: Now watch this race again.
WHICH CAR HAS WON THE RACE? Al7. BLACK WHITE

HOW DO YOU ENOW?  AlS.

Eorings a bell about 4 scconds after

trial begins., There Is a sort of

natural stop for bell. WHICH CAR WAS

WINNING WHEN THI BELL RANG? Al9 ., BLACK WHITE

194. 1f child louvks confused, doesn't

remember, etc. reshow the trial. Sav:

Watch agatn: WHICH CAR WAS WINNiIN(G WHEN

THE BELL RANGY 19a. BLACK WH!ITE

Situation 5 Black car oo top.
White car on bottom.

E stops the race in the middle. There
1s a natural stop to do this. 1F THE
CARS STOPPED, WHICH ONE WOULD WIN? A20. BLACK WHITE

HOW DO YOU KNOW? A2}.
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The Concepts of Before and After

N ame Date E Score

1. Introductory Task

E says: NOW WE ARE GOING TO PLAY SOME GAMES WITH THIS BUNNY AND SOME
OF HIS TOYS. 1 AM GOING TO SHOW YOU SOME OF THE BUNNY'S
TOY¥YS., CAN YOu TELL ME THEIR NAMES.

£ shows each toy, one at a time. After S idenrifies the toys, they
are placed in a circle on the table.

E says: THE BUNNY IS PICKING UP THE CUP. SHOW ME THIS. NOW MAKE
THE BUNNY PLAY HIS GUITAR. NOW, MAKE HIM LISTEN TO THE
RADIO, AND, READ HES BOOK.

[I. Scoring

Un the scoring sheet simply write the name of the toy the child picks
up. In the first blank write the name of the first toy he picks up, 1In
the second blank write the name of the second toy.
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BEFORE AND AFTER

Date E
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Score

AFTER THE BUNNY PICKS UP HIS SKATE, HE PICKS

UP HIS GUITAR,

THE BUNNY PICKS UP THE TELEPHONE AFTER HE
PICKS UP HIS TRUMPET,

BEFORE THE BUNWNY PICKS UP HIS BOOK, HE
PTCKS UP THE ROLLING PIN.

THE BUNNY PICKS UP HIS CUP BEFORE HE PICKS
UP THE RADIO.

BEFORE THE BUNNY PICKS UP HIS TRUMPET, HE
PICKS UP HIS SKATE.

AFTER THE BUNNY PICKS UP THE SPONGE, HE
PICKS UP HIS GUITAR.

THE BUNNY PICKS UP HIS BOOX, AFTER HE PICKS
UP THE TELEPHONE,

THE BUNNY PICKS UP THE SPONGE BEFORE HE
PICKS UP THE RADIO.

Sequence of
Action
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REVERSTIBILITY

Nate 3

Score

LA

of trees denictine

viarious

staves

Yosavs:r 1 am poing to show vou some pletures of a tree,
trees have manv leaves); some trees don't _have any.  Put

in such a way they show how this tree went

of

leaf

_aeme of the

these pletures

leaves .

E places the tree with

5. Then he places the

the child hesitates or

next.

the most leaves in

other pictures (3,

does not respond:

Can _vou put them in order for me?

1R
After the child has completed 1A, F takes
them . He places the tree with no leaves
to the child s teft,
the ochlld,

E says: Now show me

front of
A

Ask him:

, 4Y facine

and to
the

Which

t he

chiled.

tree

from many leaves to no

left of
Tt

Ccomes

Picture

order

the

in front

how this tree had no leaves.

materials

of the

He places the other plctures (2, 1,

and

child

shufftes

and

3) facing

Put these pictures

in such a wav to show how this tree went from no leaves to many leaves,

eto,

1h,

1

114
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2A
Materials: 5 pcitures of a bov showing various stapes of growth.

F savs: Here are some plctures of a boy and how he grew up. Put thesge

pictures in such a wiav that thev show how this bov went for a little

baby to an old man, etc.

1Y

Y places the nictures in the feollowing order in front of the child:

Start at +hild's left with 4, 5, 3, 2.

2a. I

2K

Pl

After the child has completed the task F takes the nictures from the

child and shuffles them, F osavs: Now show me how this old man hecame

a_little boy. Start with this picture. TUse the following order:




Name:
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Pretest

itate i3 _ No.

Corr.

The purpese of this section s to insure that the child knows

Put a

command ., Put an X if he does not.,

Foosavs

vertain
vocabulary words which are to bhe used throughout the various sections.

check in the apnronriate line 1s S carries out the apnropriate

Criterion

Materials: Red car and white car l 2
: I. Here are two cars. Make this car start
to run e I
Z. Show me how the car poes.  Now make the
cAar s%[(_lﬂ. e o
3. Take the two cars. Make them travel for
the same distance. o
4. Now take this car and make him travel
further than this one. L
5. Make the two cars start at the same
time. . e
£ Let's have a race. Make this car win. _ o
The ¢hild must carrv out all the actions appronriately before any of

the other tests mav be given. If the child should get

appropriate training should be given. The concepts helng tested are:

start,

stop, distance, further, time, win.

After

training has been completed, grive the test again.

child's answer {n column 2.

ANy wrong,

Score

the

116
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Piaget Time Concents

Name Date E No. Corr. _
Fosavs: Now we are poing to watch 4 race. I an poing to show von some

movies about different races., Watch the movies verv carefully

bhecause 1 am going ta ask vou some aquestions at the end.

CGeneral Instructions:
Betfore startine a trial make sure that the child is looking at the left

hand corner.  Verhbal warnines such as "Ready," "Wateh,” "Look," "Here
thev oo’ should be used te {nsure that the child is watehine. On Time ]
the child may sce anv rtrial over avain.  This is not o memory test ., Ko
sure the child heard the auestion. In recordineg the answer on the answer
shevet, F should write down exactly what the child savs., Most of the time

the response is yes or no, or black and white. 1f the child refuses to

answer he mav point to the car.
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Time 1

Situation 1 - Black
White
O1.  DID THE CARS START THE SAME TIME? Al YES NOY
Note: U the child answers no, ask:
s1, Which car started first? si. BLACK  WHITH

s2. How do vou know? s2. e

D20 DID THE CARS STOP AT THE SAME TIME? A2, YES Ny
sl. If the child answers no, b asks:
Which car stopped first? s2.  BLACK  WHITE
st How do vou know?  s2.

3. BID BOTH CARS GO THE SAME DISTANCE? Ad.  YFS N
s1. I'f the child answers no, ask:
Which var went further? . BLACK  WHITH
N4, DID ONE CAR TAKE MORF TIME THAN ‘TIE OTHIR? AL, VES N
s If the ohild answvers ves, ask:
Which var took more time? S BRILLACK  WHITFE

52, How do vou know? <2,

Situation 2 - Black
White
05, DID THE CARS START AT THE SAME TIME? AS.  VES NO)
tf the ohild answers no, ask:
51 Which var started firse? s, BLACY  TMITE

52, How do vou kpow? s2Z2.

e, DID THL CARS STOP AT THE SAME TIME? Ab. YIRS NO
If the child answers no, ask:
1. Which car stopped first? «l. HLAUK WHITE

2. How do vou know? g,

(7. DT BOTH CARS GO THE SAME DISTANCE? AT YES N}
If the child answers no, ask:
s1. How do you know that they didn't go
the same distance? sl

N8,  DID ONE CAR TAKE MORE TIME THAN THE OTHER? AR, YES N}
If the child answers ves, ask:
s1. Which car took more time? s1. BLACK WHITE

52. How do vou know? s52.




N9,

arn.

1104,

011,

] 1,

01z,

o12a.

ol 2h,

011,

14,

Oléa.

15,

0O15a.

Ol6.

l6a,

N16b,
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Situation 3 - White

Black
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DID THE CARS START AT THE SAME TIME? A9, YES NOY
[f the child answers no, ask:
sl. Which car started first? sl BLACK  WHITF
DID_THE CARS STOP AT THE SAME TIME? A10. YES NO
Note: Tf the child answers ves, skin 010a.

WHICH CAR STOPPED FIRST? AlOa. BLACK WHITE
DID BOTH _CARS_CO THE SAMF_ DISTANCE? AL VES N0
Note: It the child answers ves, skin 01la.

WHICH CAR RAN FURTHER (OR A LONGER DISTANCE)?  Alla. BLACK WHITE
DID ONE_CAK RUN FOR MORE TIME THAN THE_OTHER? AL2,  YES NO
WHICH CAR _RAN FOR A LONGER TIMI, {OR MORE

TiME}? Al2a. BLACK  WHITKE
HOW DO YOU RNOW? ALY —

Situation 4 - White
Black

DID BOTH CARS START AT THE SAME TIME? A3, YES NO
DID BOTH CARS STOP AT THE SAME TIME? Ald,  YES NOY
Note: If the child answers ves, skip fléba.

WHICH CAR STOPPEI LLAST? Alda. BLACK WHITE
DID _BOTH _CARS GO _THE SAME_DISTANCE? AIS.  YES NO
Note: If the child answers ves, skin 0D15a.

WHICH CAR WENT FOR A SHORTER DISTANCE? AlSa, BLACK WHITE
DID NNE CAR RUN FOF LESS TIME THAN THE OTHER? Al6, VES NO
Note: If the child answers no, skin 0'16a.

WHICH CAR RAN FOR LESS TIME? Alba. BLACK WHITE

HOW DO_YOU KNOW?

Albb.




n17.

g,

(19,

20,
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Situation 5 -~ White
Black

DI THE CARS START AT THE SAME TIME?
Note: Tf the child answers ves, skin 17a.
17a. Which car started first?

DID THE CARS STOP AT THE SAME TIME?
Note+ Tf the child answers vyes, skip [8a.

18a. Vhich car stopped first?

DI BOTH CARS GO THE SAME DISTANCE?
woter Tf the child answers no, ask 19a.
19a. Which car went further?

19, Why do_vou thi so?  14Yb.__

DID ONF CAR TAKE MORE TTME THAN THE OTHER?
Note: [f the child answers yes, ask:
20a, Which car took more time?

206, Why do vou think that? 20b.

1

120

Al7. YES NOY
17a.  BLACK  WHITE
ATHB.  YFS MO
18a. HBLACK WHITE
Al9,  YES N
194, HLACK  WHITE
A20 YES Nt
KA BLACEK  WHITE
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Time Concent Attainment: MORE

Answer Sheet

Trial
1. Hl+ Wh 11, Rl Wh+ 21, Bl+ kh 1. Bl Wh+
J. Bl L+ 12, Bl1+ Wh 22. B Wh+ 12, Bl+ Wh
3. Bl+ L'h 3. Rl Wh ¢ 270 BRI+ L 3. Bl Wh+
4, B1 Wh+ 14, R1+ Wh 24, RHI Wi+ i, Bl+ Th
5. 141 Wh+ 5. R wh+ 25, It "+ 15, Kl Wh+
6. i1 Lh 1h., K14 Wh 2h. BRI Wh+ 6. Bl+ Wh
7. Bl Wh 17.  RBl+ Wh 27, B+ Wh 37, B+ Th
K, Blt Wh 8. BRI Wh+ IR, RI+ Wh 18, BRI h+
9, B+ Wh 19, R1+ Wh 29, Bl+ Wh 39, H1+ L

10. Bl Wh+ 20, Bl Wh+ 0. Bl Wh+ an, Bl Wh+

At the end of trial 40 E asks:

1. Why did vou pick that (black or white) that car?

2. 15 that reason_the same one vou alwavs used? Ts that why vou

nicked the other cars?
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Concept Training

Name } Date I

1. Take the child and walk with him Trial | Trial 2 Trial 3
from one side of the room to the
uther. Ask him who took more or
lTess time dependine on which con- e L e
cept he iy heine trained. bo not
da hoth. Subst{itute the words
longer time or shorrer time and

use them interchangeably.

Mark down whether the chitd was
correct or not, Do this 2 or 3

times.,

2. Then yo back to chair and use the Trial 1 Across J 1
two cars,  Make the two cars start Room?
at the same time but one car cou-
tinue for a longer time. [t the
child anpears confused let hin put
his hands on the car while vou
demonstrate. Apain ask him which
car took more or lees time., 1f he
is confused the first time but was
correct while moving across the room
take him across the room again.

3. Make the two carsg start at differ- Trial 1 Trial 2 Trial 3}
ent times but end at the same noint.
Thug one car, the one that started
last, must go faster.

After the child has finished going through these situations, ask him:

DO YOU THINK YOIUr CAN FIND THE CORRKECT CAR, THE ONE THAT TOOK

TIME 0N THE MOVIES. LET'S SEE TF YOU CAN GFT ALL THE CORRFCT CARS

THIS TIME.
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Time Concept Training Procedure: Instructions to the E

NOTE: The following is only a sample of a training procedure. In
each case, be sure to modify your responses according to the §'s response.
The important verbal rules are: (1) If the cars start at the same time,
it's always the car that stops last that takes the most time. (2) If
the cars start at different times and they stop at the same time, It
is always the car that starts first which travels for the more time. It
Is important for the §s to realize that this is the case regardless of
speed or distance, In trying to teach the concepts, be sure to use the
following verbal phrases: Who started first? Did we start at the same
time? Who stopped last? Did we stop at the same time? Who stopped

first? Who was walking faster (slower)? Who ware walking for a longer
time?

Sample Training Procedure

The E says: THE CORRECT CAR WAS THE CAR THAT TOOK MORE TIME. DO
YOU KNOW WHAT MORE TIME MEANS? LET ME SHOW YOU.

The

Itz

takes the child to one corner of the room and says:
NOW STAND NEXT TO ME 50 THAT WE BOTH START FROM THE
SAME PLACE., LET'S HAVE A WALKING RACE ACROSS THE ROOM.

The E and the § begin at the same time. They walk at the same speed
but the E stops before (in time and space) the 5. The E asks:
DID WE START AT THE SAME TIME?

1f S says ''yes' continue:
DID WE STOP AT THE SAME TIME? WHO STOPPED LAST?
WHO WALKED FOR A LONGER (MORE) TIME? HOW DO YOU KNOW?

E reinforces the appropriate rule:

IF WE START AT THE SAME TIME, AND YOU STOP LAST, THEN
YOU SPENT MORE TIME WALKING THAN 1 DID.

The E then says:
NOW LET'S RACE AGAIN.

The E let's the S begin first. Both stop at the same time. E re-
peats the questions:
DID WE BEGIN AT THE SAME TIME? YOU BEGAN FIRST. DID
WE STOP AT THE SAME TIME7 WHO SPENT MORE TIME WALKING?
YOU DID, BECAUSE YOU STARTED FIRST AND WE STOPPED AT
THE SAME TIME. THEREFORE YOU SPENT MORE TIME WALKING.

Repeat this kind of technique using all the variations outlined
in the preceding page.

1f the child answers incorrectly repeat the situations, and ask the
questions again, not at the end of the situation but at the moment it is
taking place. Correct him immediately if necessary.
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TYPES OF EXPLANATIONS USED AFTER STTUATION 1T

{. PERCEPTULAL

kindergarten l

1.
10 .
11.
14,

24

First

Cause thev're even,

Both went together.

It's not ahead.

Because thev were poing the same,
Cause thev went the same.

(‘rade

32,
L
i

48,

6,

Because they were both even.,
Because one's on bottom and one's on top and thev're even.

The white one was stil)l poing.
Because the black car got there just a little uphead of the
white car,

Ssecond Grade

72.

7.
90 .

Apes

Cause the black car started and the other car catched up cause
thev started like an inch awavy from each other.

They kept together.

Because thev were going together,

9, 10, & 11

None

123

INumber left of sentence is the S's identificatlion number.
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I1. SPATIAL

Kindergarten

None

First Grade

None

Second Grade

None

Ages 9, 10, & 11

None

III. TEMPORAL ORDER

Kindergarten

17. Because it started last; they went the same time.

18. Because I saw it go first.
20. They both% ran at the same time.

First Grade

37. Because they went same time.
40, Cause 1 saw them taking off the same time.
44, PBecause they stopped at the same time.

Second Grade

68. Because they started together.
69. Cause they started at the same time,
85. They both went at the same time.

124
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T1, SPATIAL

Kinderparten

None

First fOrade

None

Secomd Crade

None

Apes 9, 10, & 11

None

ITT, TEMPORAL ORDER

Kindergarten

1. Because T saw it vo first,

First Crade

37. Because thev went same time.,

40, Cause T saw them takineg of f the same time.,

L4, Because thev stopred at the same tire,

Second Crade

68. Because thev started topether.
A9,  Cause thevy started at the same time.
#5. Thev hoth went at the same time.

86. The black car stopped first and the white car took

get to the black car.

Apes 9 10, & 11

A -

None

more time

Lo

125
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IV, SPEED

Kindergarten

. Going zlower,
5. 1t went slower.

Firgt Grade

36. Red one vent a little bit faster.

Second Grade

71. One went at more faster speed.
75. Because the brown one went faster,
80. Cause the white was going slower than the red.

Ages 9, 10, & 11

None

V. DURATION

Kindergarten

8. Both took same time.

First Grade

50. Because they were both going at the same time.

Second Grade

70. Because they were going Iin the same time.
82. Cause they were both together on the same time.

Ages 9, 10, & 11

None
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VIi. COORDINATION OF STOP AND START TIME

Kindergarten

15. Because they both left at the same time and they hoth stopped
at the same time,

First Grade
41. They hoth went at same time and got there at same time.

45, Cause thev both started and they both stopped at the same time.

Second Grade

62. GStarted at same time and stopped at same time,
66, Both started and ended at same time.

Apes 9. 10, & 11

None

VII. & VITI. GUESSING AND I. D. X.

Kindergarten

4. No Response
6. I don't know.
9 Cause it was a tle,

13. The white car isn't good there.

First Crade

35. Don't know.

Second (Grade

64. Don't know.
65. I don't know.
84. Because the black car won.

Ages 9, 10, & 11

None

127
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IX. COMBINATION

Kindergarten

None

First Grade

31. Both started at same time and went just as fast as each other,
(111, TV}

33. He didn't po as fast so the red car won so the white car last.
(L1, 1V)

Secong Grade

74 . Because the black car went faster than the white car, white took
more time.

B6.  The black car stopped first and the white car took more time to
pet to the black car, (111, V)

Ages 9, 10, & 11

None

X. AMBIGUOUS

Kindergarten

7. Because the other one didn't yo before.

First Grade

None

Second Grade

79. Cause the bhoth traveled the same.

Ages 9, 10, & 11

None
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XI. ALTERNATION

Kindergarten

None

First Grade

None

Second Grade

None

Apes 9, 10, & 11

None

XIT. HYPOTHESIS TESTING

Kindergarten

None

First Grade

None

Second Grade

None

Ages 9, 10, & 11

None
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TYPES OF EXPLANATIONS USED AFTER STTUATION I1

I. PERCEPTUAL

Kindergarten

l.
2.

1T.
14,
15.
16,
19,
21.
22,
23.
25,
26,
21.

First

Cause it's in back.

Recuase they didn't yo same distance.

Recause it's all the way down there.

Because thev're Iin different places,

Hecause the black one is ahead of the white one,
Because it's behind the black one.,

Because the white one is behind the black one.
Because it's back there,

Because it stopped when it was nearest to the
Cause the red is further than the white.

Because it was ahead.

Becanse the black car was more ocut, the white | ar
Fecause the black one was at the finish Tine,

(‘rade

i1,
3z,
373,
37.
38.
42,
46.
52.
53,
58.
99.
60.

Because it's way In the back.

Hecause it's all the wav in back.
Because the white one is at the pale.
Because it went farther.

White in back, bhrown in front, white one not too much gas.

Black one is in front of white one,
Cause he's finished and won the game.
Cause 1t's further up ahead.

Cause it's behind.

It's Iin the lead.

Because it's in back.

Hecause it's behind the white one.

Second Grade

66.
73,
7.
78,
81.
86.
89.

It didn't go all the way to end.

It's way in the back.

Because at the end he way longer.
Because it's in back of the black one.
Because it went In a further distance.
Because it's in back.

Because it's more further back.

is more

in.,
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Ages 9, 10, & 11

93,
35,
101.

112.
113.
114,

Because it was ahead of the white car.

You can see that the black car is ahead of {t.

Because when the picture stopped vou could sece that the white
car was behind the black car.

Because it went further.

Because the black 1s near the end and the white is in the middle.

Because the black stopped before the white.

11. SPATIAL QORDER

Kindergarten

3.

Because It come in second place.

First Grade

None

Second Grade

None

Apes 9, 10, & 11

None

ITT. TEMPORAL ORDER

Kindergarten

29,

Because he was going when the white one stopped.

First Grade

48.

The brown was stopped when the white one was still going.

Second Grade

61 .

I.Like that car started before.,
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69,

Ages
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Because the red one finished first.
Because {t started last.
Because black started before and white started

9, 10, & 11

97.
9g.
107.
117,

Because the black stopped first.
Because they stopped at the same time,
They bot . stopped at the same time,
They hoth stopped at the same time.

1V. SPEED

Kindergarten

3.
4.
7.
10.
12,
18.
248,

Going slower.

Because the white one was geing slower.,
The other one went faster.

Because it went slow,

He was slower.

Hecause it was slower than the other once.
Hecause he went a little bit fast.

First Grade

34 .
35.
36.
43,
44 .
50.

51.
96,
57.

Because the white nne was so slow.

Red one was woing faster.

Because white one went slow.

White one is slower than black one.
Because the white car was golng slower.

Because the white one was poing slower and the black one was

going faster.
Because he's going slower than the black car.

Because the black car was polng faster than the white car.

last.

The white slowed down when the black still went.

Second Grade

62.
65.
71.
74,
75.
79.
B2.
83,

Went slower.

The white one went more slowly than the other car.

Because it went slcwer.
It was slower than the black car.
It went slower.

Cause It went real slow and the black one went real fast,

Because he went slower than the hlack one.
Because he's slower than the black one.
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Ages 9, 10, & 11

100. Because the white car was slower.

106, Because the black car was going slow and the black car was
going fast.

116. Because it went slower,

V. DURATIUN

Kindergarten

None

First Grade

47. Because the white car took less time right there,
49. The white was moving a shorter time than the black one.

Second Grade

B4, Because it's losing, it took more time to get out.

Aves 9, 10, 11

None

VI. COORDINATION OF STOP AND START TIME

Kindergarten

None

First CGrade

None

Second Grade

None
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Ages 9, 10, & 11

102.
103,

105.
108,
1il.
115.
118.

119.
120,

They stopped and started at the same time.

Because they started at the same tlme and they stopped at the
same time.

Bercause thev started at the same time and they stopped at the
same time.

Because they both stopped at the same time and thev started at
the same time,

Because they bhoth started at the same time and they both stopped
at the same time.

Thev started at the same time and thev stopped at the same time
s0 they have to po the same time,

Thev stopped at the same time and they began at the same time.
Because they both stopped and started at the same amount of time,
Because they both stopped at the same time and thev both started
at the same time.

VEL, & VITI., GUESSING AND [. D. K.

Kindergarten

6.
9.
13.

20,
24,

I don't know.

Cause he won,

Because 1 sec¢ that car and tha! car one tells me won the other
didn't.

Cause 1t stopped.

Because, T don't know.

First Grade

39.
40.
41.
45,
54.

Cause of 1 lock

I saw it.

( 3use he won.

{use it won first.
BC‘CHUS(‘.‘ ht’ wWOon more tiﬂlt‘ﬁ.

Secend Grade

64 .
70.
90.

Cause 1t won,
Just did.
I don't know.

Ages 9, 10, & 11

92.

Because 1 saw {t.
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IX., COMBINATION

Kindergarten

8. Black went further and took more time. (1, V)
30. Just bhecause the black one is ahead of the white one and the
white one took more time. (1, V)

First Grade

55. Because the black car started after the white car and didn't go
as far. (1, I1L)

Serond (Grade

h1. Cause thev started off the same time, and stopped the same time,
but they didn't stop the same distance. (I, VI)
72. Cause {t's slower than the black one, the black one finished.

(1, 1Vv)

0. Cause the red won and the white was in the back so the whire took
the less, more time. (1, V)

87. Because [f the white one started when the black one started and

they were at the same distance, thev'd be at the finish line at
the same time. The white cone. (I, VI)

Ages 9, 10, & i1

91. The car on the top went a little faster and the one on the bottom
took more time. (1v, V)

94. Because it went faster and it got there hefore the olher one.
(111, IV)

96. Even though the black car traveled further, the white car went
slower but it still went the same amount of time. (I, IV, V)

104. I1t's in back of the white one and went slower. (I, V)

110. It was going slower and didn't even get there. (I, [V)

X. AMBICUOUS

Kindergarten

None
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First Grade

None

Second Grade

None

Ages 9, 10, & 1

98, HBecause they started the same and they stopned the same,
109, 1t started the same and it stopped the same,
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TYPES OF EXPLANATIONS USED AFTER SITUATION

111

1. PERCEPTUAL

Kindergarten

Wk B

12,
15.
16.
14.
19,
21,
22.

o
“

25.

29,
30.

White one went farther,

They were going same amount,

Because it came in second.

Because it's over there and the black one's
1t went further and black ene stopped.

He got at the end.

Because the winite one is ahead of the black
Because the white one is ahead.

Because it's all the wav down to the end.
Because the black one was behind the white.
Because it's back there.

Because it stopped when it was the c¢losest.
Because the white is at the end and the red
the white farer.

Because it was in the front.,

Because the black one is not on the finish line

one is.
Because it's ahead of the black one,
Because the white is ahead of the black one.

First Grade

3t.
32.
36.
38,
40,
43,
46 .
47.
49,
a1,
52,
53.
54,
55.

56.

Because red one is wav in the back.
He stopped short,

it's a little hit behind.

White one's ahead and brown in back.,
It's ahead.

Because it's ahead.

over thoere.

onid,

is

tfurther down

than

and the white

Cause he's half-wav and the white one's finished.
Because the black car was in the back of the white car.

It's in front,
Because It's ahead of the black car.
It's further up ahead than the black one.

White one is ahead and the black one {s hehind.

Because he's ahead.

Because the white car got to the place when the black car was

still going.

Because the white car s ahead of the black car.
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60,
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I1t's in the lead.
Because it's in front.
Because “t's behind the white one.

Second Grade

65, The white car is further more in front than the other car.
b6. Red one stopped in front of white one,
70. Black one stopped and white didn't.
72. HBecause the black one's a little behind the white cne, the white
one went a little farther than the black one.
73. Because it's farther than the black one.
76. When one of the cars go further then we know hecause the white
went to the end of the picture,
78. Because the white is ar the end and the hlack is still golng.
79. Cause it's at the finish line,.
BO. Cause the red car's in the back and the white in front.
B81. Because he went for a further distance.
84, Cause it's bhehind the white car.
87. HBecause the white one's ahead of the black one.
89, Because it's more further back.
Ageg 9, 10, & 11
92. Because the white car made it to the other side.
98. Because the white one is farther ahead tuen the black one,
100. Because its farther than the black one.
103, Because the white car 1s in the lead,
104, Because it went more distance and further.
107. Because the black one stopped and the white one kept on going,
109. Because they started the same and then the white car came ahead
and they stopped the same,
110, When they were golng the black stopped and the white went on
a bit.
116. Cause it's behind the white car.
12(}. Because the white went further.
I1. GSPATIAL
Kindergarten
None

First Grade

None
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Second Grade

None

Ages 9. 10, & 11

NHone

ITL, TEMPORAL ORDER

Kindergarten

None

First Grade

44. The black car stopped first and the white car kept going.

Second Grade

61. Black car stopped before white car did.
62. Because the black car stopped first.
67, They hoth stopped at the same time.

85. Because that stopped last.

Ages 9, 10, & 11

93. When the black car stopped the white car was still going on.

96. Because while the white car was still moving the black car
stopped.

97. Because the black stopped first.

99. Because the black one stopped first when the white one was still
poing.

102, Because the black one stopped before the white one.

111. Because when the black car stopped the white car kept on polng.
114, Because the black stopped before the white.

115. Because the black one stopped and the white kept on going.

117. Black one stopped sooner.

118. Because the white one stopped before the black one.

119. Because the black car stopped before the white sne.
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1v._ SPEED

Kindergarten

7. The other cne went faster.

9. Because he was slower.
10. Cause "t's goineg slower.
24 . Cause ae went slow.

First Crade

50, Cause the white cne was going faster.

Second Grade

69. Because it went slowoer.

71. It went at a more slower speed.

74. Cause it went slower than the white.
82, Cause he went faster,

83. Because 1t's slower than the white one.
88. Because it's faster,

Ages 9, 10, & 11

106. Because t @ bhlack car was going a lirtle faster than the
white ca-~.

V. DURATION

Kindergarten

11. Because it took longer.
l4. Because all the other times it went longer.

20. The black car stopped for a longer time and the white car didn't.

First Grade

37. Because 1t took more time to get there.

Second CGrade

77. Because the engine was running a little more longer than the

white car.
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Ages 9, 10, & 11

94. The white car took longer because the white car stopped.

VI. COORDINATTON OF STOP AND START TIME

Kindergarten

None
First (rade
48. The white one was going and it stopped and the brown one was still

gaing when the white one stopped.

Sccond Grade

None

Ages 9, 10, & 11

105. Because they started at the same time but didn't stop at the
same time.

VITI. & VIII. GUESSING AND 1. D, K.

Lindergarten

1. Can't answer.

4, White one was having more gas.
26. Because the white was the win.
13. NO RESPONSE.

17. NO RESPONSE.

First Crade

33, 1 don't really know how vou say 1t because I'm only in the first
grade and I never learned this type of thing.

39. Because red one was taking it's time.

39. Because you can look.

41, Cause white won.
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45,
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NO RESPONSE.
Because 1t won first.

Second CGrade

64. Because it's alreadv won.
9G6. 1 just guessed,
Ages 9, 10, & 11
91. 1 don't know,
95. You can see {t,
[X. COMBINATIUN
Kindergarten
None

First Grade

57.

The black took more time than the white, the black stopped over

there and the white stopped at the line, (I, V)

Second Grade

63, Well they start off the same time and they stop the same time,
but che black one's In back of the white one. (I, VI)

68. DBecause it went last hecause other car went farther. (I, I11)

86. Because he's ahead and the black car stopped first. (I, I1I)

Ages 9, 10, & 11

101. Because the white car was ahead of the black car when they both
stopped. (I, I1T1)

108. Because the white one went further and stopped after the white

one. (1, TIT)
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X, AMBIGUOUS

Kindergarten

None

First Crade

None

Second Crade

79. The brown one stopped hefore jt.

Ages 9, 10, & 11

None
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TYPES OF EXPLANATIONS USED AFTER SITUATION IV

I. PERCEPTUAL

Kindergarten

~ T P e

8.

12,
14,
1.
13,
15.
i6.
18.
19,
23.
25.
27.
29.
39.

Cause it's in back.

Because red one didn't go as far as white one,

Because {t's over there and the white one’s over there.
The white one went further.

Cause it's In back.

CCause it got ahead of the other one.

Because black there and white there.

Because the black car is under the white car.
This car there and this car there and 1 can sce the wheels.,
Because the white one is ahead of the black one.
Cause it's behind the white one.

Because it's down to the end.

Cause the black is beliind the white.

Hecause the red is farer down than the white.
Because it's going ahead.

Because he's over there and he's over there.
Because it's ahead of the white one.

Because the white one 1is ahcad of the black one.

First Crade

31.
32,
36,
40,
43,
47.
48.
49,

51.

52,
53,
54.
55.

59.
60,
44 .

Because red one is wav in the back.

Yellow one up ahead.

A little bit behind white one.

Cause it's back or the other.

Because it's behind white one.

Because the black car is in back of the white car.

Because the white was further than the brown.

The white one is in front of the black and the white one went
further.

Because the black car 1s behind the white car and the white car
is all finished.

It's behind the white one.

Because 1t's behind and the white one is in front.

Because he's in the back.

Because the black car is closer to the starting line than the
white car is,

Because It's in the back.

Because it's ahead of the black one.

Because the white car was still geing when the white one stopped.
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1t's hehind.
the red car is further back than the white car.

White one went all the way down and red one stopped.

when the white car stopped the red one stopped.
other one passed it.

the back of the white one.

the white went further than the black.

it's in front.

it's more close to the start and it went shorter,

the black is in the front.
he went for a shorter distance,

Cause he's 1in back and the white one's in front.

it's not ahead, it's behind.
hlack is more further back,

Cause it's behind the white one.

The black was ahead of the white and then the black stopped and

the black car is ahead before the white car,

it stopped and the other one kept on roing.

the black one didn't go as far as the white one.
it's behind the white one.

the white car is behind the black car.

it didn't go as far as the white,

the white car went ahead of {t.

the white one went all the way and the black one went

of the way.

the black one Is shorter than the white, the black

it's in back of the white car.

it didn't go as far as the white one.

the white car went farther than the black car.
the white went further.

the black one is behind the white car.

it stopped further back than the white one,
the black one is in back of the white one.

Cause it's behind the white one.
He stopped while the other car was still moving.

I11. SPATIAL

it came in second place.

64, Because
65. Because
66,
67. Because
68. Because
73. It's in
76. HRecause
78. Because
79. Because
80. Because
81. Because
83.
88. Because
89, Because
90,
Ages 9, 10, & 11
92. Because
94, Berause
98. Because
100. Because
101. Because
104. Because
103. Because
107. Because

all 3/4
110,

the white went on.
109, Because

is behind.
111, Recause
112. Because
113. Because
114. #ecause
115. Because
120. Because
118. Because
116.
117.
Kindergarten

5. Because

22,

Cause 1t got there first.
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First Crade

37. Because it's last.
46. The white one ended up first.

Second Grade

None

Apes 9. 10, & 11

Hone

[11. TEMPORAL ORDER

Kinderparten

None

First Grade

35. Because whitce one stopped last.

Second Grade

6l. It stopped before white car did,
62. Because it stopped first.

70. HBlack stopped before white.

75. It stopped before the white.

85. Because 1t stopped first.

86. Because 1t stopped first.

Ages 9, 10, & 11

91. Because it stopped before the white one.
97. HBecause the white stopped first.

102. Because it stopped before the white one.
105. B:ecause Ir stopped before the white one.
108. Because {t stopped before the white one.
119. Because it stopped first.
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lv. SPEED

Kindergarten

4. Because the black one was going slower than the white car.
9., Because the white went faster.

1¢, Cause {t's vsolng slow cause white one won.

24, Because [t went slower.

21, Cause it went faster.

First f(irade

19,
50.
h6.

57.

Cause it runs slower.

Cause the white one was poing faster.

Because the hlack car was yoing slow and the white car was going
slow, but he (white) was giving more gas so the car was going
faster.

The white went faster than the black,

Second Crade

7.

— .

77.

Apes

Went almost at same speed,

Cause one car goes fast and the other car poes slow, thev're
using up the same amount of gas.

Because it was slower and white car was poing a little faster
and the engine was running longer.

9, 10, & 11

NOone

V. DUIATION

Kindergarten

None

First Crade

None
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Second Grade

None

Apes 9, 10, & 11

None

VI. COORDINATION OF STOP AND START TIME

Kindergarten

Nong

First Grade

NORn

Second {rade

None

Ageg 9. 10, & 11

93. When the black car stopped the white car was still going on,

96. Berause when the white car was still moving the black car
stopped.

99. Because the white one was goiug when the black one stopped.

VII, & VILIT. GUESSING AND 7. D. K.

Kindergarten

3. Don't know.
17. N{) RES5PONSE.
24. 1 don't know.
26, Because the white was the win,
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First Grade

38. 1 don't know how.

41, Cause white won.

42. NO RESPONSE,

45, Because the brown one didn't win.

58. Tt stopped winning.

Second Grade

69, Cause white won and black lost.

84, Because it won the race.

"7. Because the white one won the race.
Apes Y, 10, & 11

2%, You can sce {t.

IX. COMBINATION

Kindergarten

None

First Crade

33, Because he came abead of the red ear and he
the finish, (v, 1)

Second Grade

63. Thev start off the same time and thev stop

the black one's still {n back of the white
74. Because 1t went faster than the black car,
time. (IV, V)
B2. Because the white car was further than the
stopped before. (I, I11)

Ages 9. 10, & 11

None

took less time to

the same time but
one. (I, VI)
and that takes less

black one and he
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X. AMBICUOUS

Kindergarten

None

First Grade

None

Second Grade

None

Ages 9. 10, & 11

106, Because {t went more.
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TYPES OF EXPLANATTONS USED AFTER SITUATION V

I. PERCEPTUAL

Kindergarten

R

e

11.
16,
19,
23,
25,
26.

27,

Cause it was in back.
Because the white one was over there,

Because white kept on going a little more.

The red went further.

Cause he didn't get started.

Cause the white's a little more ahead.
Because it's under the white car.
Because {t was lower than the white one.
Because thev went the same distance.

Cause they both stopped at the same place,

Because it was ahead.

Because the white one was still left and the

polng.

Because first the white one came over there

one started to go.

First Grade

32.
36.
39.
43.
52,
56.

58.
59.

hlack was still

and then the black

Yellow one at hegioning and red one went ahead of it.

When red one started white was behind line.

Cause it was still at the start line,
White one was left bebhind.
Cause thev both went to the same apot.

You could see as the black car was golng and then 1t stopped the

white car was going already and then it stopped.

Because thev're both leading.
Because it left back,

Second Grade

65.
7.
79.

84.
89.

The white one got to the front first then the
Because the black car got a head start and then when it stopped

the white car start to go.
Because they're abhove each other.

red one.

While he was moving he was still behind that black line.

Because the black 1is more further hack.
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Ages 9, 10, & 11

93. Because when the black car %“ad stopped the white car was still
gaing in.

97. Because thev both went the same distance.

98. Because thev both stopped even,

100. Because they both stopped at the same placc.

102, Because thev're both cven,

103, Because the black started and went wav ahecad and the white car
was still at the starting,

106. Because 1t, the black car, started and stopped.  Then the white
car came.
109. Hecause 1t went further

112. Because they both went the same distance,

113, Because thev're both in the same distance.,

114. Because the white was on the starting line when the black stoppoed,

119. Onc¢ car started, then stopped, then the other car started and
stopped but thev still went the same distance.

1200, Because thev both went the same distance,

I1.  SPATIAL

Kindergarten

24, Cause the black onc's first then the white,

First GCrade

None

Second Grade

None

Ages 9 10, & 11

None

ITT. TEMPORAL ORDER

Kindergarten

2. Because [t started last.
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15.
22,
29.
30,
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Because first black started thenm white one came,
Because the white one stopped last.

Because 1t started last,

Because the black one started firsc.

Because 1t started second.

First Grade

33.
35.
38.
41,
4,
45,
49,
BF/
57.
60,

Because the red one left before the white one.

Because red car stopped first and white stopped last.

It started first.

Cause he was last to stop.

Because the bhlack car started first.

Because the brown one went first and the white one went last.
The black went first.

Because he started first.

The white stopped first and the black didn't.

Ssvcause it started last,

Sceond Grade

61l. Because the black rar started hefore.

63. Thev didn't start off the same time. The hlack one wasn't first
and the white one went second.

64 . Cause it started first,

68. Because the brown one started before white one.

69. Because white started before and black started later.

70. White one started after black one.

Bl. Because it went last.

85, Because that stopped last.

88. Because the black car stopred first.

75. Because the brown one already went when the white one just
started.

Ages 9, 10, & 11

116, Because it started later than the black one.

Kindergarten

3. Because it was going slower,
12, Cause he went slower.
18. Because it went slower than the red one.
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First Grade

50. Because the black one was zoinpg faster.

Second Grade

62, Because he went slower than white car,
71. Both went at same speed,

78. DBecause it went slower,

82. Cause he went slower.

Apes 9, 10, & 11

92. Hecause the white car made it to a certain point faster than the
black car.

94, Because it went verv slow and the white car went fast,

104. 1t went slower.

1li7. Black one was coing slower than the white one,

V. DURATION

Kindergarten

None

First Grade

31, Because it staved there for a longer amount of time.

Second Grade

None

Ages 9, 10, & 11

None

VIi. COORDINATION OF STOP AND START TIME

Kindergarten
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None

First {Orade

155

51. Because the black car was starting first and then the white was

coming up.

Second Grade

66. White didn't start vet but red one had all
white started.
67. Because the red one started first,
white cone came and then it stopped,
Ages 9, 10, & 11
None
VIT. & NVITII. CGUESSING AND 1. D.

time to run until

and then it stopped then the

K.

Kindergarten

6. 1 don't know.
a. N RESPONSE.

17. N} RESPONSE.
20, 1 don't know whv.

First Grade

46, I don't know.

Second Grade

80. Because the white won.
90. NO RESPONSE.,
83, NO RESPONSE.
Ages 9, 10, & 11

111. NGO RESPONSE.
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IX. COMBINATION

Kindergarten

21.

Because the hlack one started first and the white one was back
there. When the black one almost stopped the white one came
up then. (I, TIT)

First Grade

37.

47.

573,

Because the red started first and white second and both landed
at game place. (I, 11I)

The black car started before the white car and the white car was
stil]l there and then the white car moved. (111, 1)

Cause when the white one was behind the line and came speeding
up. (I, V)

Recause the white car come to the place after the black car

and it alsc came faster. (111, 1V)

Second Grade

72. When the white car was still at the beginning the black car went
but it was going slow and the black car started a 1ittle later
but it carched up. (IV, I)
73. They stopped at the same time and they equal the same. (I, II11)
76. Because the white one started last, if 1t started last it has
to have more time to go., (117, V)
87. The black one started first but the white one went faster,
([Lr, 1v)
Ages 9, 10, & 11
91. Because the black one started ahead first and the white one was
still at the starting line. (I, TTI)
96, 1 think the black car took a little more time, because the black
car went a little bit slower than the white car. (IV, V)
99, They started at the different times but they took the same
amount of time. (111, V)
101. Because first the black car started, then the white car had to
wait a longer time before it started. (Il1, V)
107. They both took the same time. Both of them went slow. (V, 1V)
108. After the black one started and it stopped ad the white one
stopped 1in the same place. (III, I)
110. Because the black one went first and then the white one got
there. 1 think they went at the same speed. (III, IV)
115. They traveled the same amount of time because they went the

same amount of distance. (I, V)
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118. Because the hlack one started before the white one and the white
one was poing a little slower, Tit, IV)

X. AMBIGUOUS

Kindergarten

13. 1 see this one more <o, and not the other one.

First Grade

40, Because | saw this one over here and first this started and
then that one.
48. Because the brown went hefore the white.

Second Grade

74. Because the black one ypot ahead start.

Ages 9. 10, & 11

95, Black one pot there first then the white one.
105. Because it got there before the other one.
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TYPE OF EXPLANATIONS GIVEN AFTER 40 CONCEPT

-ATTAINMENT TRIALS: MORE

I. PERCEPTUAL

Kindergarten

5. Recause it was ahead.

13. Cause | saw the white car there (point to line) hut | didn't see
the other car there,

14, The oune that was more ¢lose | thought was [t.

17. Cause it was ahead of the black one.

Bevause the running car went, and one running car was left,

200, Cause it's ahead of the white car.

First Grade

39, It looks like it's closer.

42. The black car it went in front of the white and the white car
it goes in front of the black,

43.  Because the white car is alwavs ahead of the white one.

51. HBecause it was going ahead most of the times. Yes.

60. Because it was alwavs ahead.

Second CGrade

62, Because it was ahead of the white car.

69. Cause it's poing to win. Cause it's ahead.

74 . Because it was ahead of the black.

78. The winner was in front and the one in the back could stop the
traffic. When the car poes In front and the other one goes in
front of the other one, [ picked the one in back,

Ages 9, 10, & 11

None

1E. SPATIAL ORDER
Kindergarten
2. Because the white car 1s first.
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First Grade

None

Second Grade

70, Because

Ages 9, 10, & 11

None

APPENDIX H Cont.

it was first.

THMPORAL ORDER

Kinderparten

18.

Because |

wood or bad?) Good

First Grade

49,

Second Crade

alwavs saw one

car po
Oone .

The

first

(which car went first

Cause like this is going forward first (pointed te white car).

The other car

car started first and
and the other car started last came all the way through

went to the end.

None

Ages 9, 10, & 11

119. The one that stopped last was correct.

106. The car that started first without stopping won,
that stopped and didn't go on.
stopped
and worn.

108. The one that went first was [t unless one

111,

thought yvou were giving it to me.

Again, To see how I
thinking.

reacted.

Cause [ was thinking of the questions that vou gave me and 1

I was a thinking of what you were
Which car started first.
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IV. SPEED

Kindergarten

4., Because [ saw whiclh one was golng faster.
25. Because It was going faster most times,

First Grade

None

Secend Crade

83. Sometimes they go fast and sometimes they go slow,

Ages 9, 10, & 11

104. Because it was goling slow.
Sometimes 1 picked the fast too.
117. It was volng the slowest.

V. DURATION

Kindergarten

None

First Grade

None

Second Grade

None

Ages 9, 10, & 11

None
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VI. COORDINATION OF START AND STOP TIME

Kindergarten

None

First Grade

none

Second Grade

71. When the black car dida't start at the same time as the white,
the white car won because the black car didn't have a head start,
When the white car stopped, black car was still going, white
car won.,

Apes 9. 10, & 11

None

VIT. & VIII., GUESSING AND I. D. K.

Kinderparten

8. I just picked it,.

10. Cause the brain food helped me.

23, 1. D. K. Cause | thought white were better than black.
30. I just knew it. 1 learned so manv homework.

First Grade

59. Because 1t won.
I don't know.

Second Grade

85. I don't know. When there wasn't any black dots it was the white
car,
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Agpes 9, 10, & 11

99,
107.

[ just guessed,
Cause 1 thought you were asking that question. (which? Guess?)

Which car went further?

IX. COMBINATION

Kindergarten

24.

Because the white went faster.
Because the white one first. (IV, I1)

First Grade

32.

35.

40,

48,

Beenuse the white one stopped first.,

The one that stopped first, (111, V)

I. D, K. If one of them went first and the other went second.
If one of them starts slow and the other starts fast the other

one can win when it goes fast. (111, Ty, VvIII)
I't went faster and went ahead.
I saw them go ahead. 1 saw them stop before the other person

stop. (I, 1711, 1V)

Because the black cne was slower and the white one got a head
start. (Iv, X)

When the other car saw that the car won then it stopped. The

the other car didn't think 't was going to win. It took a chance
in trying to get ahead.

The car that got there first lost and then the other guy won
because he got there last. (1, 1T1)

Second Grade

H7.

88.

61,

67.

Becaur 2 the one that got farther but sometimes 1 thought it was
slower and that's why 1 picked the other car.

The one was starting first. (I, 111, 1V)

Because it was going faster.

Another reason it was ahead, {(r, Lv)

[t started before the black car and it was ahead boefore it
stopped. (I, IIIL)

Because when I first tried the one that got to the end of the
paper won most of the time.

Because some of the cars had a head start. Most of the time
they won. (I, X)
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77. The one that vot a start first.
Because one pgot to this end and the other hasn't at the end
vet., (I, I11)

90. Because it was first.
Because ! used the one that was further. (T, 11,

Ages 9, 10, & 11

92. (What were vou thinking?) How long it would go and the speed.
(v, V)

93. The one that started first or the one that made it to the end
of the screen. (I, TL1)

100. The one car was further than the other one. Tt started first
and sort of slowed down and the other staved behind it.
(r, II1, 1V)

104, Sometimes one was less behind and went slower. Sometimes the
black would start and the white would pass. The one started
First. (1, 111, IV)

112, The vne that was ahead of the other one. The other times just
puess ing., (i, VIT)

95.  Most of the cars are in the lead. (1, VIIT)

101. Because it was in the levad before the othor was. 1t came in
first. Sometimes that came in last. The one that comes in
first and then goes back to last again. (I, 1)

103, Cause | saw the white car in the lead. 1f the white car went

to the vnd and the black car caught up it would have been the
black car. (1, XIID)

X.  AMBIGUOUS

Kindergarten

None
First Grade
68. Becaure it started first like if it had a head start it would

probably win.

Second Grade

None

Ages 9, 10, & 1

None
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K1, ALTERATION

Kincerpar en

None

First Grade

None

Second Grade

None

Ages 9, 10, & i}

None

X[I. HYPOTHESIS

TESTING

Kindergarten

NoOte

First Crade

None

Second (rade

None

Ages 9, 10, a 11

None
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TYPES OF EXPLANATIONS CIVEN AFTER 40 CONCEPT-ATTAINMENT TRIALS: LESS
1. PERCEPTIIAL
Kindergarten
1. Hecause it was in the back,
15, Cause the white one was ahead ot the Bblack one.
Car T picked was ahead.
2. The white one was ahead and the black one was. ..So [ picked the

white once.
6. One was this wav (S points to ettt oned  One was that wav.

(Which one was right7) 5 ans:  Thatl wav. (Points to Toft

First Grade

31, Beeause it's wav o in back.,
36, Because the black one D9 a0 Titt)e bhebiind the white one,
I8, Because [t was back.

Yes .,

)

46, By watching them race; hecause the one that went the farthesr.

58. Because it was behind.
Some woere behind and some were in the lead.

Second Grade

659, The car had to be further back.
P I think it was in the back more.

7h. i kent puessine the back one and soon it was all right ) and

I kept guess ing the back one.

79, Because ity closer to that (5 points to start line.)
Tried the top one, the bottom one,

S0. 0 Because the Black one was io the back.

Bl. T pivked the one behind,

S0

(What did vou pick when they were tovether. ) It the one bhetore
I

wits black ['d puess white,

8. Hecause it was back some. Back more than the white one.
Somet imes [t owas o4 difterent car. Tt vhianyed «olor,

LLE I The one that was closer to the line.

When thev looked the same I othoueht the one that was farther up.

Ages 9, 10, & 11

98. The one that was behind.,
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113. The one hehind.

1I. SPATIAL ORDER

Kindergarten

Nione

47 Coause U like hlack,

Canse It was P irst.

Second Orade

NOTLe

Apes 9, 10, & 1

116. The car that came in last,

I11T. TEMPORAL ORDER

Kindervarten

Nonee

First trade

41.  Hecause thev stopned last,

Second Grade

#o. Because it stopped tirst.

Ages 9. 10 & 11

None
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Iv, SPEED

Kindergarten

. The red went faster.
I, I was looking at how fast they were gpoinge.
nder the ties T o checked how they lTook. Fist wis rivht .,

D4, [t wasn soing taster,
Sometimes [ opicked the losing car and sometimes |opicked the
winning car.  Soamet imes one wis eoiby faster amd somet fmes
one was eoing slower.

7. Cause it owent Taster.
Like the slow one,

seeond Grade

MNone

Ages 9, 10, & 11

10,  The one that was the slowest.  Twice it didn't work.

115, 1T was just thinking about the questions.  Which one was poing
slower,
I changed the question cach time.

V. DURATION

Kindergarten

None

First Crade

Lonw

Second Grade

Noae
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Siy .. Jbhecanse bloe

don't know whether

Apes 9, 10, & 11
None
VI, COORDINATION OF START AND STOP TIMI

Kindergarten

Nonte

First trade

Homne

Second Orade

None

Apes 890 10, & 11

Sone

VII. & VILl. GIESSING AND 1. D.

Kindergarten

3. 1 don't know.

6. | don't know.

3. 1 don't know. | jpucsses.

12, Figure something out,

19. I knew.

Gtuessed.

21. [ guessed,

27. Because 1 guessed em. The car was myv favorite color.
Caunse tf someone used a blue one, 1 would
my favorite color,

First Grade

173, 1 don't know how to really do this cause T
vou win or loonse,

37, 1 think it's the one that looses.

is
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Because it was— I don't know I just wanted co pick 1t.
Evervtime 1 pilcked one 1 was wrong when that one was it 1
the other one.

t ook

The one that didn't win was the one that vou were looking for.

Second Gride

frdh

N1 FetasoT,

Ages 9, 10, 6 1]

o,
10,

I don't know,

Purs bt vnneesssedd,

TN COMBINALTONS

Finderparten

16,

29,

Cause T ovan tell whiiehh one went thas fastest,
It's hard to ¢l when ones boehiind and ot ather yoets the
t o the other car.,.it's hard. (1, 1IV)

t
The black was in back of the white car.

LTvgy
Il

Bi-cause the black one wins somet fmes voine faster than the

O
(hid vou alwavs pick the Taster one?)  Yes. (1, V)

frade

First

44 .

Becatse the hlack car was 20ing faster.

Sometimes the white car stops tirst and its coinge slower
black car starts and its poing taster.

(Which one would wing  The one started last, 1V, Vi)

First I thought it was the hlack car becansse the bhlack car

started first because it went fascter. (111, 1)

Second Grade

63,

66,

B4 .

Because it was in back.

1 tust guessed, (I, VII)

Because it seemed to stop last.

Sometimes one that went nearest to the end. (I, 111}

and

et

white

Because he stopped short. He was ahead of the white car until

the black car went by.

When the black car was going to the tinish llone mavbe the white
car wias just comiog out, lhen I picked the white car. (0,

Vi)

the
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75. Because he started last.

Sometimes I thought one was hehind and that was him, and then
one went slower and one went faster., (I, I1IT, 1V)

Ages 9, 10, & 11

94 . 1 thought that it was that the car that started first and then
passed it owas it.  The car that went the furthest, (1, [I11)
96,  Sometimes which car started firse or started last. {Which car

sol to the end of the picture?) The car that started last; the

car that stopped firse, (1, II1I)

97. The one that ended last. (What did vou do when they ended at
the same time?) I just took a puess. (111, VIiI)

102, First T thought that it was the Taster one, then furthest, on
top, on hottom, the slowest. (1, 1V)

114, 1t went the shortest,
Sometimes which stopped first, which stopped second, There
might be a pattern to it. (111, X11)

118, First I thoupht it was the one that stopped first, sometimes |1
thoupht it was the one that stopped last. A lot of the times
Iojust wuessed. (111, VIT)

. AMBIGUOUS

kinderparten

MOt

First Grade

None

Seconu Grade

None

Apes 9, 10, & 11

None
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Xi. ALTERNATION

Kindergarten

NOone

Flrst Grade

50}, Black then white,

Sevcond Crade

/7. Cause, it was back forth-black/white,

black-black-white-white.

Ages 9, 10, & 11

e

120, Black white—white black {She was trving

et e iee . }

K11, UYPOTHESIS TESTINC

Kinderparton

N

First Crade

None

second Grade

None

Ages 9, 10, & 11

None

Then

tl'l

sSomet jmes

fivure

out

it

t he

Was

colar
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