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Problem Solving gs a Function of Language

|

i

! I. Overview.

| Contemporary interest in the linguistic relativity hypothesis

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

who broadly suggested that cognitive behavior of 1nd1v1;ualo is

determined by the language system they use. Only recently have

psychologists begur. to move beyond anthropological descriptions to

controlled experimentation. In an extension of the Brown and 1

| Lenneberg (1954) codability study, Lenneberg and Robert; (1956) found

, that difference> in codability of coloru betwzen Zuni and English

'L Produced differences in recognition and memory of cclors for speakers

{ of these languages. Caxcoll and Casagrande (1958) explained

! differences in classificatury behavior hetween Navaho speakers and *

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

; of the many cross-culturai semantic differential studies, found that

} the three commonly detected factors (¢valuation, potency, activity)

E accounted for only 39% of the total variance, not the usual 66%.
Additional factors are apparently involved when Navahos interact with
their environmant. The present investigation was conceived and
motivated in this context.

It was ths tack of this project to relate problim-solving

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




between (1) problem solving and language typafand (2) problam

solving and categuries of bilingualism. Navaho and English were che

languages chosen. With the assumption that solutions to problems used

involve mediational processes, the following experimental hypotheses
were made: (1) Since ~ it‘unu assumed - Navaho evolved largely as

a thing-baged, nature-based language, in centrast to Indo-European
;ggggggggg_lansuagda, Navaho-speaking individuals will not do as

well as English-speaking persons on tasks placing great demsnd on
encoding and manipulation of encodings. (2) Bilinguais who encode
and‘unnipulatc equally well in both languages will exparience greater
interference than monolinguals or bilinguals dominant in one language,
which will reduce problem-golving efficiency.

These hypotheses were to be tested by presenting problems to
four groups of Navaho subj*cts presumably alike except for the independent
variable, language: namely - Navaho 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 scheol.:
Subjects were to be drawn from the eighth grade level in public schools
at Ft. Defiance and Chinle, both on the Navaho Reservation in Rorthern
Arizona. The study was to begin in Pt. Defiance and was to be replicated
in Chinle. |

Only three of the experimental Navaho growps were available st
Ft. Defisnce: English speaking, compound bilinguals, and ccordinate
bilinguals. Only two were found at Chinle: compound and coordinate

bilinguals. It was not feasible to select extramural 14 - 16 year old
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Ravaho-speaking Navahos since the language variable might be confounded

with other cultural-educ-tional-intellectunl variables. For the
Navaho-English comparison, an attempt was made to select 6 - 8 year
Navaho~-speaking and English-speaking Navahos from the Ft. Defiance-
Window Rock Schools. This met with failure since gaining reliable

data with the experimental apparatus from 6-year-old Navaho-speaking
Navahos was mout impractical - even with the aid of a native interpreter
known by the subjects.

Five frohlamw 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 elininazted. Because of a mechanical failure, problem
nurber 2 war given to approximately one-half of the Ft. Defiance
compound and coordinate groups.

In addition to the separation made dependent upon when Engligh
was learnad, anethér‘uus made according to whether bilingual subjects
used bothi languages or only a single language to solve the experimental
problams. This was done by simply asking each subject, upon completion
of all preblems, which language or languages, if either, he used while
doing the task.

With these modifications the study proceeded.
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II. Problem.

In & 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. Twe languages
learned hy an individual in the same context constitutes a
compound system. Learning Navaho and English simultaneously is an
exsmple of this. Two languages learned by an individual in different
contexts constitutes a coordinate system. Learning Engiish in school
after having mastered Navaho during pre-school yesrs at home is
an example of this. Por compound bilinguals, cross-linguistic
learning should be essentially the same, merely being two different
ways of encoding the same referential meanings. Fo: coordinate
bilinguals, the referential meanings encoded in the two languages
should differ mackedly. It follows that there should be a greater
amount of interference between languages in the case of the com-
épnnd_bilingugl,-:gducing the efficiency of cognitive belavior.
Evidence of meaning similarities and differences for com-
pound and coo. /inate bilinguals respeci:ively was obtained by Lambert,
Havelka, and Crosby. (1958). Semantic differential profiles for
word equivalents in French and English showed greater divergence
in m;nignsz for. the French-English coordinate bilinguals than for

the und bilinguals.  This was replicated by Stafford and Van

Keuren (1966) using Havaho-lnglish compound and coordinate bilinguals,

~lym
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with much smailer 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 Engliech words) from an interpolated list
of French equivalents, whereas the coordinate bilingusls did not.
This supports the Ervin-0sgood theory that there is greater chance
for interference in compound bilinugual 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 language among compound bilinguals
than among coordinate bilinguals.

These studies have: related types of bilingualism to meaning
similarities and dificrences, transfer effects, and semantic satiation
effects. In furthzr exploring the implications of the Ervin-0Osgood
theory, it should be of interest to investigate the relationship
between compliex mental processes, such as problem solving, and kinds
of bilingualiem, as well as monolingualism (where there should be
no interference effects).

The present study tested three experimental hypotheses.

(1.) Performance on problem-sclving taske will be poorer for com-
pound bilingual groups than for either the monolingual or
coordinate bilingual groups. That is, compound bilinguals
will solve fower problems and require more trials in their

efforts to get solutions.

2




(2.)

3.

Performance on problehysolving tasks will be vooraxr 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.

Performance on problem-solving tasks will be poorer for

biliﬁguais using both languages for solutions than for bi-
linguals haing énly one language for solutions. Bilinguals
using»two languages will sclve fewer problems and require

| ﬁbrc triais for @olutions.




III. Method.

S e e ey ——— -

Apparatus.- In testing the hypotheses of'this experimept, it was

| nece;aary to devi;e problems which required of subjects encoding,

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

é portable problem-presenting hppar&tus* was developed for this pur-

E Pose. It was designed so that problems should be equally fair to
Engligh-speaking, bilingual, and non~-English-speaking Navahos;

! that problem difficulty coulﬁ be gsystematically varied; aud that

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

mined. On the face of the device (see Fig. 1) 18 a screen divided

into quadrants; beside each quadrant 1srh'control button to be

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

light. A squere and a trianglé are flashed on the screen in separate

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

’thelreuard light flashes. Each time a button is pressed the figures

change position. Ten consecutive reward light flashes wers con-

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

before presenting another.

i

The expertmcntal task consisted of four progressively more
difficult problems, the relative difficulty of which was determined

empiricalily by ascertaining the number of problem solutions and trials

*huilt by American Atomics Corporation, Tucson, Arizona
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to criterion occuriag in a preliminary test of similar subjects.
Bach problem was in a film cartridge designed for the device and
oach,problom was visibly but easily placed in the machine by the
experimenter in full view of the subject. IThe subject not only
saw the old problem removed and a new one replaced, but wae told
that the next problem would be different. The stimulus- configur-
ations on the film strips (which, of course, appeared on the screen
of the device for the subject) were randomly arranged s¢ that no
pattern., other than the desired experimental pattern (e.g., button
by the square), led to consistent reward light flashes. The
problems were arranged 1n‘ order from leaso to most difficult and
presented to ench ou‘lwa’je‘ct in thnt uordor. An easy problem, for
example, could be solved by pressing th'e‘ bul:ton by the triangle;
a difficult probleinf oould‘ be solved by pressing the button by the
square uhen the aquaro and triangle are side by side and by
pressing the button by the tr:l.angle wvhen they are diagonal on the
screen (which roqu:l.res more complicated representation and places
greater demand on cogni.t:lve processes) 'rhe solution of every
problem involved prosa:l.ng a button contiguoua to a figure; the
coluti.on of every problem was different. The anb ject was required
to d:lscovor thele fncﬁ:s for himself and thua ench succeod:lng problem
made an incronaed demnd on his mmory nnd reuon.

The problm were givon to each oubject individually under
standardized conditions in a familiar setting in their achool.
Directions were given verbally in ;Ensluh, and a demonstration

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




demonstration problem (similar to but much simpler -thm the four
experimental prob lems) was placed in the machine, the experimenter
mathodically pressed huttons to show the subject how the configur-
ationc chungcd on the ocreen, thcn how pressing certain buttons
cuuud thc rcurd. light to fluh. The nubject: then was allowcd
to do thh, c-:mt:inuing um:il h. v;u able to get a ught flash
evcry t:l.vu a button was prcaud. When complet:o understanding of

the tuk vas uaured the firat exparimnul problem was presented.

In ordar of pruentation the probl.ems 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
-.0of -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 'byﬁ; the triangle

- when figures are diagonal on the screem. -

‘me mthod mployed 1n detemining .!.LBS}.S. and ___gg lansuagc

lolutionn mns bilinguals mrely 1nvolved thc lmwhat subjcet:lva




expadient 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 thnla Public Schools. This
level érovidad the larxest pool of homogeneous subjects - very prob-
cﬁiy more like each other, except for language, than eighth grade
pupils in a large city public school. Therxe ;aa 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
pbpnlttion,three groups wer: formed with the aid of a questionnaire
yhidh%rGVQaled the nature of English learning. Pupils who learnmed
ﬁnglish“tnd»mavnhd‘in the a;msic6ntexc (simultaneously before
#tirtiné\to?achbol) were placid in the compound bilingual group;
?hol.wuho,learn@d,nnglish.and Navaho in different contexts (Navaho at
ﬁoﬁé*during pre;chool years ani English after starting to school)
&eré*plucud in kheicoordiﬂate lilingual group; and those who learned
EnSliiK”on1y9wé%e placed in the monolingual group. From the Chinle
population, twoigroupshuare.foxned,by means of the same questionnaire -
compound and coordinate bilinguul groups. Means and standard

#

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

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

*Non-Lnnsuase section of the Celifornia Test of Mental Maturity.

#Reading Comprehengion section of ihe SRA Achievement Battery.




| TABLE 1
Sex Dhtribntiono, Means, and Standard Deviations
- for the Population Samples

lt'. Dofuncc 1
compound - 6
‘“ coordinat:e | 13

| Monolingual | 12

prtate
| compot 1,

| coord!.mto 1 o 1




IV. Results.
In relating independent and dependent variables, a Fisherian

design was used, analysis of covariance and the t test. The independeat
variables were linguistic clascifications: tyres of bilingualism, mono-
lyn;unlian, and whather single or both languazes of a bilingual system
were used. The depetident 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,

8 trial score of 400 was assigned; 1if s subject solvad one of the four
wich S0 trials, he received a trigl 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 ths experimental groups, an analysis of covariance (IQ covariate)’
was done with data from the combined Ft. Dafiance-Chinle groups. No
differences ware evident.

The research strategy involved a replication (in order to make
comparisone between highly homogeneous groups); pooling data from
both population arsas (to increase the power of statistical tests);

&nd a comparison of bilinguals reaching soluticns 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




strongly supported - even though the differences in many instances
might not reach the conventicnal .01 and .05 levels.

Findings are presented in Table 2.

Inspection of Table 2 reveals that the first hypothesis was
supported. Predicted directions of difference; wevre bérn out in
every case; only one of 10 tests showed nc 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 vé. English for prob-

j lems, combined), however, the direction was as predicted. Two of
4 tests showed no significance; 2 of 4 revealed direction reversals - <
suggesting no differences at all between coordinate vs. English for these *
barticnlar problem=solving aitu:t%ons. The third hypothesis was supported.
Predicted directions of differences were verified, and diffgrencen were {

significant.

o wl3e
ERIC
-




0€°1=01" ‘¢8°=0Z° (1%) 60°1=3 89°1=60° ‘0€°1=01° (1¥) s€°1=3 Yylog sa oamaﬁm
4log < a13ugs 4yaog > 218uts
Auumn aTuIyd)
9¢°1=6¢2° (0%/1) %1C°1=4 9#8°Z=01° °‘9€°1=62° (O%/1) €£9°1=4 | noma soSensue
*S°N (29) 9v1°=3 6£°2=20° ‘00°Z=S0° (Z9) €¥1°Z=3 ysyi8ug SA 93RUTPI0COD
ysy18ug > 93°uUIpPIOO) ysti8ug < °38UIPI0OH S :
£9°1=60° ‘0€°1=01° (6S) T%"1=3 9%°€=100" °99°2=10" (6S) 80Z°€=3 ysyi8ug sA punoduwod
4ys113u3a > punodumo) ysyi8ug < punoduwo) A
99°1=60" (£8) 99°1=3 99°1=50" °‘6Z°1=01" (£8) 98€°1=3 mwunwwuwoomwum,vauonaao
@238uIpIoc) > punoduo) 938uFpI00) < punodmod EAET RS
{ B Aumzouw € uand«nu_
. : : : .o vdu aunluwun *313)
€€°2T=01" ‘0%°1=5Z° (101/2) 6L°1=3 | 1€°L=100" ‘6L°¥=10° Aﬁoﬁ\uv,nwm.mmm : o T uunﬂaaou
§8°=02° ‘€5°=0€° (1%) SL°=3 $8°=0z° ‘€5°=0£° (1%) 95°=3 wauumwwupbu.npwmaaoaaou
218UIpI00) > punodwmo) @3evuypiooy < punodwod Loow i,
) | | . mmanauw 2)
9¢°1=62° (0%/1) 6E%°=4 9€°1=¢2° (0%/1) €L [ S aanwan

(3893 vmaﬁmurosu
‘uoriosayp pazdorpaadun):

89°1=01" ‘0€°1=02° (Z%) 9%°1=3
4ysii8ug A 238UIPIAINOD

“S*N (9€) €01°=3

4sy13u3 > punodwmo)

89°1=60" °0€°1=01° (0%) (9°1=1

238UfpPIOCOD V v#ﬁo mﬁou

: 6€°C2=01" ‘¢¥° aumew,nmmxmv 99°1=4

(3892 parrel-om3
qnoﬂuumuﬁv paioypaadupg)
"S°N (29) »1°1=3
 ysyi8ug > 23¥UIPI00)

. 68°=02° ‘€5°=0€° (9€) LS5°=
© ysyi8ug < punodwo)

20°2=20° ‘#9°1=50" (0%) 08°1=3

233urpiood < punodwo?)
mn Z=0T* ‘Ty°1=62* (8S/7) €L°1=d

- Y

' 4sFI8ug sA @IwuFPI00D

.#m«wwnman>wvﬂmomluu

uumﬁwvueou sa vﬁaanﬁbu

‘ Auaaouw £)
uoﬁn«man ¥

sWs1q03d %

uamuua ﬁuuoa N ;m

gdnoxd amunaa«uaanm mau uom mau @cum vum wﬂwwua uow wmuamuumwwn mo aowuumuﬂn

pue ‘(paiiel-2uQ) SITWI] muﬁaﬁacaoum ‘wopasag jo saaal8a(Q

¢ d1T48VL

‘sojavy 23

‘soraey 4




V. Discussion.
Basic to the Ervin-Osgood theory and the hypotheses formulated

in this study is Osgcod’s (1953) two-stage mediation model. In

sign ( [S]| ) learning, it is suggested that a portion (r,) of the total

ranrponse (R.r) to a significate ( S ) becomes associated with the formerly
neutral sign. The T, or meaning response is the occasion for self-
stimelation (s ), which can become associated selectively with
instrumental acts (R.x). 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 aiénificnte and learns to

respond instrumentally in a definite way. Fig. 2 shows this. No
mediational inﬁe:ierence would be expacted. The coordinate bilingual,

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

language ( [S3| ) with a mesaning responsé (rml) in a certain context, and

associates a word in another language ( [Sy| ) with a second meaning

response (’uz) in & different context. Both ry end r,, occasion

.“‘1 and ""'2’ which may become associated with two different

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

would be expected since and [S,] elicite different meaning

' rclponlci. The compound bilingual, in learning languages in the

same context, assoclates the two sign equivalents ( | S| and {S8'| )

with essentially the same mn:lhg responses ( r, and r' ). Mediational

interference would be expected in the intsrplay of languages, particularly

Y
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Figure 2. Two-stage mediation model
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Figure 3. Two-stage mediation model

““"related to coordinate bilinguslism
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Pigure 4. Two-stage mediation modezl
~ related to compound bilingualism




ina the case of complex problems where subtle behavior is involved.

These paradigme plus the concept of mediational interference
provide an explanation of the findings of the §resent study. Appar-
ently coordinate bilinguals tend to function with one language at
a time. In the Chinle expertﬁent the ratio of users of both
languages to users of single languages among coordinate bilinguals
wgs 1.5 to 1. Compound bilinguals, it seems, tend to function with
two languages at a time. The ratio of users of both languages 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 development of coordinate systems. An important follow-up
study would be to davise 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
1nter£erencé should be avoided if Navaho-speaking children, upon entering
a residential school, are exposed to suitable languagé-leaining
experiences: namely - common referents associated with English
words, then word combinations which embody basic English syntax,
and then, perhaps, phoneme-grapheme correspondances. It may well be
that after one or two years of concentrated work with the English

language, the other academic subjects can be st.udiec without the

nandicap of mediational interference.
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VI. Susmary.
Bnglish~speaking monolingusl and types of bilingual Navaho

eighth grade pupils were compared on problem-solving tasks. IQ {
and reading comprehension were controlled. Predictions were made

that ébmpound bilinguals would require mors 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-spesking monolinguals. PFindings indicated |
that the compound bilinguals did less well than the other two J

e —— —— p—

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 therlangu(gg training of bilinguals were mentioned.

©
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APPERDIX B
Questionnaire Used to Determine Type of Bilingualism

Name , — et AE® s Ssction

Please answur 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. I1f you know Navaho, when did you learn to speak Navaho? |
Before starting to school
After atqrt@ﬁ@;to school

3. Which lnnguagd»dgfjpu speak at home?

Navaho
English
Both f. i
4. When you do your ‘m’k in school, do you think in
Navaho | S
English
Both e i

| 5. When you thinﬂ~aéuiburﬁﬁdﬁn, do you think in
Navsho __
English _
Both

6. Whnn'you read these quigﬁions, did you think at all 1n :

Eaglish ______
Both __




APPLADIX ¢

Sample Designs on Film Strips
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