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Isakkalia.dagta...1 a Function

I. Qualm.

Contemporary interest in the linguistic relativity hypothesis

traces largely to the descriptive-speculative work of Whorf (1939),

who broadly suggested that cognitive behavior of individuals is

determined by the language system they use. Only recently have

psychologists begun to move beyond anthropological descriptions to

controlled expevimontation. In an extension of the Brown and

Lenneberg (1954) codability study, Lenneberg and Roberts (1956) found

that difference., in codability of colorii between Zuni and English

produced differences in recognition and memory of colors for speakers

of these languages. Carroll and Caaapande (1958) explained

differences in classificatyry behavior lmtween Navaho speakers and

English speakers in terms of Navaho grammar. Suci (1960), in one

of the many cross-cultural rumentic differential studies, found that

the three commonly detected factors (evaluation, potency, activity)

accounted for only 39% of the total variance, not the usual 66%.

Additional factors are apparently involved when Navahos interact with

their environment. The present investigation was conceived and

motivated in this context.

It was the task of this project to relate problem-solving

behavior to language. This was to be tone by finding relationships



between (1)* problem solving and language typq/and (2) problem

solving and categories of bilingualism. Navaho and English were he

languages chosen. With the assumption that solutions to problems used

involve msdiational processes, the following experimental hypotheses

were made: (1) Since - it was assumed - Navaho evolved largely as

a jaarktimi, nature7lett language, in contrast to Indo-European

14ml-based languages, Navaho-speaking individuals will not do as

well as English-speaking persons on tasks placing great demand on

encoding and manipulation of encoding.. (2) Bilinguals who encode

and manipulate equally well in both languages mall experience greater

interference than monolinguals or bilinguals dominant: in one language,'

which will reduce problem-solving efficiency.

These hypotheses were to be tevted by presenting problems to

four groups of Navaho subItcts presumably alike except for the independent

variable, language: namely - Nwpitho speaking; English speaking;

bilinguals who learned Navaho and English in the same context, i.e.,

at home before starting school; and bilinguals who learned Navaho and

English in different contexts, i.e., English after starting school.

Subjects were to be drawn from the eighth grade level in public schools

at Ft. Defiance and Chinle, both on the Navaho Reservatton in Northern

Arizona. The study was to begin in Ft. Defiance and was to be replicated

in Chinle.

Only three of the experimental Navaho groups were available at

Ft. Defiance: English speaking, compound bilinguals, and coordinate

bilinguals. Only two were found at Chinle: compound and coordinate

bilinguals. It was not feasible to select extramural 14 - 16 year old



Navaho-speaking Navahos since the language variable might be confounded

with other cultural-educ.tional-intellectual variables. For the

Navaho-English comparisons an attempt was made to select 6 - 8 year

Navaho-speaking and English-speaking Navahos from the Ft. Defiance-

Window Rock Stdtools. This met with failure since gaining reliable

data with the experimental apparatus from 6-year-old Navaho-speaking

Navahos was most impractical even with the aid of a native interpreter

known by the subjects.

Five problems were to be used with the experimental groups, based

upon previous exploratory work with Navahos at Phoenix Indian School.

Problem number 5 proved to be too difficult for the subjects at

hand; it was eliminated. Because of a mechanical failure, problem

number 2 was given to approximately one-half of the Ft. Defiance

compound and coordinate groups.

In addition to the separation made dependent upon when English

was loomed, another was made according to whether bilingual subjects

used both languages or only a single language to solve the experimental

problems. This was done by simply asking each subject, upon completion

of all problems, which language or languages, if either, he used while

doing the task.

'filth these modifications the study proceeded.



II. Froblam.

In a psycholinguistic theory of bilingualism, Ervin and

Osgood(1954) speculated that the kind of bilingual system

developed by a bilingual is related to whether the two languages

were learned in associated or disassociated contexts. Two languages

learned by an individual in the same context constitutes a

pound system. Learning Navaho and English simultaneously is an

example of this. Two languages learned by an individual in different

contexts constitutes a sm./IL...elite system. Learning English in school

after-having mastered Navaho during pre-school years at home is

an example of this. For compound bilinguals, cross-linguistic

learning should, be essentially the same, merely being two different

ways of encoding the same referential meanings. For coordinate

bilinguals, the referential meanings encoded in the two languages

should,differ markedly. It follows that there should be a greater

amount vflonterferenceHbetwewlangueges in the case of the com-

pow4btlingual4-reducing the efficiency of cognitive beLavior.

Evidenceol:M.0444tAlimiaarities and differences for com-

Pmnd auCCO.04411;04.1441SP144tespectively was obtained by Lambert,

ftvelka,14.0jOrp*OYJX95WHSemantic differential profiles for

word 0114Y0444.4J4:1;renckAnd,Engliik:-showed greater_divergence

inmeaningLfpx,00 FrenakInglish:coordinate bilinguals than for

the compogadA444W444, is was replicated by Stafford and Van

Xeuren (1966) using NavahoEnglish compound and coordinate bi lingual.,



with much smaller profile differences, however.

In a retroactive inhibition experiment, Lambert, Havelka, and

Crosby (1958) found that compound French-English bilinguals benefited

(on relearning a series of English words) from an interpolated list

of French equivalents, whereas the coordinate bilinguals did not.

This supports the Ervin-Osgood theory that there is greater chance

for interference in compound bilingual systems. Lambert and

Jakobovits (1960) provided additional support for the probability

of interference in the case of compound bilinguals. They found com-

pound bilinguals to exhibit greater, cross-linguistic semantic

satiation effects; that is, there was more transfer of semantic

satiation effects from language to linguage among compound bilinguals

than among coordinate bilinguals.

These studies have related types of bilingualism to meaning

similarities and differences, transfer effects, and semantic satiation

effects. In further exploring the implications of the Ervin-Osgood

theory, it should be of interest to investigate the relationship

between complex mental processes, such as problem solving, and kinds

of bilingualism, as well as monolingualism (where there should be

no interference effects).

The present study tested three experimental hypotheses.

(1.) Performance on problem-solving tasks will be poorer for com-

pound bilingual groups than for either the monolingual or

coordinate bilingual groups. That is, compound bilinguals

will solve fewer problems and require more trials in their

efforts to get solutions.



(2.) Performance on problem-solving tasks will be poorer for the

coordinate bilingual groups than for the English-speaking

monolinguals. Coordinate bilinguals will solve fewer prob-

lems and require more trials to get solutions.

(3.) Performance on problem-solving tasks will be poorer for

bilinguals using both languages for solutions than for bi-

linguals using only one language for solutions. Bilinguals

using two languages will solve fewer problems and require

more trials for solutions.

.,



III. Mold.

Apmusia. In testing the hypotheses of this experiment, it was

necessary to devise problems which required of subjects encoding,

storage of encodings, and manipulation of encodings. An automated,

portable problem- presenting apparatus* was developed for this pur-

pose. It was designed so that problems should be equally fair to

English-speaking, bilingual, and non-English-speaking Navahos;

that problem difficulty could be systematically varied; and that

the exact number of trials to criterion (solution) could be deter-

mined. On the face of the device (see Fig. 1) is a screen divided

into quadrants; beside each quadrant is a control button to be

operated by the subject; above the screen is a signal or reward

light. A square and a triangle are flashed on the screen in separate

quadrants. The subject presses a button. If it is the correct one,

the reward light flashes. Each time a button is pressed the figures

change position. Ten consecutive reward light flashes were con-

strued as a solution; 100 trials were allowed for each problem

before presenting another.

The experimental task consisted of four progressively more

difficult problems, the relative difficulty of which was determined

empirically by ascertaining the number of problem solutions and trials

*Built
by American Atomics Corporation, Tucson, Arizona
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to criterion occurring in a preliminary test of similar subjects.

Each problem was in a film cartridge designed for the device and

each problem was visibly but easily placed in the machine by the

exputrimenter in full view of the subject. The subject not only

saw the old problem removed and a new one replaced, but was told

that the next problem would be different. The stimulus-configur-

ations on the film striPs 1which, of course, appeared on ,the screen

of the device for the subject) were randomly arranged so that no

pattern, other than the desired experimental pattern (e.g., button

by the square), lad to consistent reward light flashes. The

problems were arranged in order from least to most difficult and

presented to each subject in that order. An easy problem, for

example, could be solved by pressing the button by the triangle;

a difficult problem could be solved by pressing the button by the

square when the square and triangle are side by side and by

pressing the button by the triangle when they are diagonal on the

screen (Which requires more complicated representation and places

greater demand on cognitive processes). The solution of every

problem involved pressing a button contiguous to a figure; the

solution of every problem vas different. The subject was required

to discover these facts for himself and thus each succeeding problem

made an increased demand on his memory and reason.

The problems were given to each subject individually under

standardized conditions in a familiar setting in their school.

Directions were given verbally in English, and a demonstration

problem was used as an illustration of what was expected. The



demonstration problem (similar to but much simpler than the four

experimental problems) was placed in the machine, the experimenter

methodically pressed buttons to show the subject haw the configur-

ations changed on the screen, then how pressing certain buttons

caused the reward light to flash. The subject then was allowed

to do this, continuing until he was able to get a light flash

every time a button was pressed. When complete understanding of

the task was assured, the first experimental problem was presented.

Th order of presentation the problems were:

Demonstration problem: The button by the square (Only

the square appeared on the screen.)

Problem #1: The button by the triangle (On this and all

subsequent problems a square and a triangle appeared

on the screen.)

Problem #2: The button by the figure on the lower half

of the screen.

Problem #3: The button by the square when on the right

side of the screen; the button by the triangle

when on the left side of the. screen.

Problem #4: The button by the square when figures are side

_ by side on the screen; the button by the triangle

when figures are diagonal on the screen.

The method employed in determining single, and bib language

solutions among bilinguals merely involved the somewhat subjective



expedient of asking them, upon completion of the session, which

language or languages if either, they used in attempting solutions.

This was done at Chinle only.

Population. The subjects were chosen from eighth grade sections

of Navaho pupils in the Ft. Defiance and Chinle Public Schools. This

level provided the largest pool of homogeneous subjects - very prob-

ably more like each other, except for language, than eighth grade

pupils in a large city public school. There was also some assurance

at this level of sufficient mental maturity and adequate grasp of

English to cope with the experimental situation. From the Ft. Defiance

population, three groups wens formed with the aid of a questionnaire

which revealed the nature of English learning. Pupils who learned

English and Navaho in the same context (simultaneously before

starting to scitool) were placcd in the compound bilingual group;

those who learned English and Navaho in different contexts (Navaho at
rn

home during preschool years and English after starting to school)

Were placed in the coordinate tilingual group; and those who learned

English only were placed in the monolingual group. From the Chinle

population, two groups were forned by means of the same questionnaire

compound and coordinate bilingusl grOups. Means and standard

deviations for age, IQ*, and reading comprehension', plus sex dis-

tributions, for the population ssaplea are given in Table 1.

artionliiiemosommeremanisemr

WO

`Non- Language section of the California Test of Mental Maturity.

Reading Comprehension section of the SRA Achievement Battery.



MLR 1
Sex Distributions, /bane, and Standard Deviations

for the Population Semplos

Defiance'

Compound

Coordinate

Monolingual

6

13

12

hinle

Compound

Coordinate

Sex loge

Y2

11

8

14

11

14.8 .60

14.9 .60

13.8 .67

14.7 .60

14.7 .59

IQ
Read.
Comp.

t' 10.7 5.1 1.5

78 10.0 4.7 1.3

98 17.2 6.4 2.2

90.6 10.3 6.6 1.4

85.9 10.8 6.6 1.3



rv LuL I.

In relating independent and dependent variables, a Fisherian

design was used, analysis of covariance and the t test. The independent

variables were linguistic clascifications: types of bilingualism, mono-

1gualimm, and whether single or both languages of a bilingual system

were used. The dependent variables were total number of trials made

in attempting solutions to all problems and percentage of problems

solved. For example, if a subject failed to solve all four problems,

trial score of 400 was assigned; if a subject solved one of the four

with 50 trials, he received a trial score of 350. If a subject solved

three of the four problems, his problem score was .75; or two of three,

.66.

In every analysis, IQ was the covariate. As a test of whether

knowledge of English (reading comprehension scores) differed significantly

for the experim ental groups, an analysis of covariance (IQ covariate).

was done with data from the combined Ft. Datance-Chinle groups. No

differences were evident.

The research strategy involved a replication (in order to make

comparisons between highly homogeneous groups); pooling data from

both population areas (to increase the power of statistical tests);

and a comparison of bilinguals reaching solutions with either one

language or both (to check for concordance between performance here

and bilingual types). It was the belief of the experimenter that if

a "concatenation of evidence" should emerge, the hypotheses would be

-12-



strongly supported - even though the differences in many instances

might not reach the conventional .01 and .05 levels.

Findings are presented in Table 2.

Inspection of Table 2 reveals that the first hypothesis was

supported. Predicted directions of differences were born out in

every case; only one of 10 tests showed no statistical significance

(compound vs. English for problems, Ft. Defiance). The second

hypothesis was not supported. There were direction reversals in two

instances (coordinate vs. English for trials and problems, Ft.

Defiance), one of which was statistically significant. Another

comparison showed no significance (coordinate vs. English for prob-

lems, combined), however, the direction was as predicted. Two of

4 tests showed no sighificance; 2 of 4 revealed direction reversals -

suggesting no differences at all between coordinate vs. English for these

particular problem-solving situations. The third hypothesis was supported.

Predicted directions of differences were verified, and differences were

significant.
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V. Discussion.

Basic to the Ervin-Osgood theory and the hypotheses formulated

in this study is Oagood's (1953) two-stage mediation model. In

sign ( 1-3 ) learning, it is suggested that a portion (rm) of the total

rarponse (ir) to a significate ( S ) becomes associated with the formerly

neutral sign. The rm or meaning response is the occasion for self-

stimulation (%), which can become associated selectively with

instrumental acts Cy. This is illustrated in Fig. 2. With this

model, predicted differences can be illustrated for the monolingual, the

coordinate bilingual, and the compound bilingual. The monolingual

typically associates one sign with one significate and learns to

respond instrumentally in a definite way. Fig. 2 shows this. No

mediational interference would be expected. The coordinate bilingual,

in learning languages in separate contexts, associates a word in one

language ( S1 ) with a meaning response (rml) in a certain, context, acid

associates a word in another language ( ) with a second meaning

response (rte) in a different context. Both rall and rm2 occasion

s and s
m2 '

which may become associated with two different

instrumental acts. See Fig. 3. Little or no mediational interference

would be expected since and elicits different meaning

responses. The compound bilingual, in learning languages in the

same context, associates the two sign equivalents ( S and

with essentially the same meaning responses ( rm and elm). Mediational

interference would be expected in the interplay of languages, particularly



S RT

r m Now IMMO M410 S Rx

Figure 2. Two-stage mediation model

§Is-
lq

r s R
ml Xi

r
2

----lows Rx
2

Figure 3. Two-stage mediation model
related to coordinate bilingualism

rm

r X

Figure, 4. Two-stage mediation model
related to compound bilingualism



is the carne of complex problems where subtle behavior is involved.

These paradigms plus the concept of mediational interference

provide an explanation of the findings of the present study. Appar-

ently coordinate bilinguals tend to function with one language at

a time. In the Chinle experiment the ratio of users of both

languages to users of single languages among coordinate bilinguals

was 1.5 to 1. Compound bilinguals, it seems, tend to function with

two languages at a time. The ratio of users of both languageb to

users of single languages among compound bilinguals was 3.6 to 1.

An implication of this study is the desirability of minimizing

the chances of mediational interference among bilinguals by emphasizing

the tievelopment of coordinate systems. An important follow-up

study would be to devise a controlled experiment in which Navaho

bilinguals, both compound and coordinate, attending our conventional

Reservation schools are compared with coordinate bilingual Navahos

who have undergone a special language training program. Mediational

interference should be avoided if Navaho-speaking children, upon entering

a residential school, are exposed to suitable language-learning

experiences: namely - common referents associated with English

words, then word combinations which embody basic English syntax,

and then, perhaps, phoneme-grapheme correspondences. It nay well be

that after one or two years of concentrated work with the English

language, the other academic subjects can be et:tidied without the

handicap of mediations' interference.

-15-



English-speaking monolingual and types of bilingual Navaho

eighth grade pupils were compared on problem- solving taiks. IQ

and reading comprehension were controlled. Predictions were made

that compound bilinguals would require more trials in attempting

to solve the experimental problems and solve fewer of them than would

coordinate bilinguals, and also that coordinate bilinguals would

do poorer than English-speaking monolinguals. Bindings indicated

that the compound bilinguals did less well than the other two

groups, but that there was no difference between the coordinate

bilinguals and the 'monolinguals. Differences were explained in

terms of Osgood's two-stage mediation model and interference.

Implications for the language training of bilinguals were mentioned.

,-
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AP

Questionnaire Used to Determine Type of Bilingualism

Section

Please answer each question by checking (V) the one right place.

1. When did you learn to speak English? (check one)

Before starting to. school

After starting to school

2. If you know Navaho, when did you learn to speak Navaho?

Before starting to school

After starting to school

3. Which language do you speak at home?

Navaho

English

Both

4. When you do your work in school, do you think in

Navaao

English

Both

3. When you think at your home, do you think in

Navaho __

English

Both

Whsn you read these quostions, did you think at all in

Navaho

English

Both

1111111111111111111114111M010111111



APP64DIX C

Sample Designs on Film Strips
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