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THE RESEARCH REPORTED HERE CONCERNED THE RELATIONSHIP
BETWEEN LANGUAGE AND COGNITION IN THE CONTEXT OF THE WHORF
HYPOTHESIS ABOUT LANGUAGE AND CULTURE. EXPERIMENTS WERE
CARRIED OUT INVESTIGATING THE EFFECT OF SOME LINGUISTIC AND
REFERENT DIMENSION VARIABLES ON THE LEARNING OF MINIATURE
LINGUISTIC SYSTEMS. A MINIATURE LINGUISTIC SYSTEM (MLS) IS A
LIMITED, ARTIFICIAL LANGUAGE MADE UF OF NONSENSE SYLLABLES
AND NONSENSE FIGURE REFERENTS ARRANGED IN RELATIONS ANALOGOUS
7O THOSE IN NATURAL LANGUAGES. A TOTAL OF 230 ADULTS WERE
ASKED TO LEARN THE MAMES OF THE REFERENTS WITHOUT BEING TOLD
THERE WAS A LINGUISTIC SYSTEM UNDERLYING THE NAMES. THE CORE
EXPERIMENTAL GROUPS EXFLORED THE LEARNING OF MLSS WHERE
GRAMMATICAL STRUCTURE WAS HELD CONSTANT, AND THE REFERENT
DIMENSIONS WERE PAIRED WITH STRUCTURAL UNITS IN ALL OF THE
POSSIBLE COMBINATIONS ALLOWES BY THE SET OF DIMENSIONS AND
UNITS USED. THE LEARNING OF THESE SYSTEMS WAS SIGNIFICANTLY
AFFECTED BY BOTH GRAMMARS "AS A WHOLE®™ AND MORPHEME TYPES,
AND THESE TWO VARIABLES INTERACTED SIGNIFICANTLY. THE RESULTS
WERE DISCUSSED IN TERMS OF A MILLER AND CHOMSKY FERFORMANCE
MODEL. THE HMAJOR DETERMINANT APPEARED TO BE THE NATURE OF
STRUCTURAL UNITS, WITH LESSER EFFECTS DUE TO REFERENT
DIMENSIONS., SEVERAL ALTERNATIVE INTERPRETATIONS OF THE
LEARNING PROCESS WERE GIVEN., THE AUTHOR CONCLUDES THAT ANY
STRONG FORM OF - THE WHORF HYPOTHESIS OVERSIMFLIFIES THE
LANGUAGE-COGNITION RELATIONSHIF. (AUTHOR/JD)
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Y In peychoiogy, one prevalent view of the zelation hetwsen lzzguage
' and thought has scen thought as the primary process: thought occurs and
4 may then be encoded into the language of the thinker. Languages wmay

. 3 differ in thelr efficiency in communicating thought processes, but for
the individual tainker, language 1s a separate, aubanuent processe,

m-l'nhnni- Anﬁ-nm{nlng Afﬁnnra o hie nngn-‘f-lnnn
\

In the 1940s, a linguist, B. L. Whorf (1956), published a series
of articles proposing the exact opposite set of assumptions. He hypo-
thesized that the structure of the language spoken is a primary determinent
of the individual's cognitive processes. This point of view was not
completely new (Humboldt, 1836; Sapir, 1921; Cassirer, 1953-57), tut
Whorf's presentations seem to have come at an appropriate time, and his
work received much attention and discussion from psychologists and
anthropologists.

There ensued much theoretical dispute about what came to be known
T as the Whorf hypothesis (Levi-Strass, et al., 1953; Hoijer, 1954;
\'j-‘ Henle, 1958). Empirically oriented psychologists published thorough-
going methodological critiques (Lenneberg, 1953; Osgood and Sebeok, 19543
Lenneberg and Roberts, 1956; Brown, 1958; Fishman, 1960). The main
corclusion of these were that either v:lew--language deternines thought,
or thought determines langusge---in its 'strong form' is scientifically
g meaningless. What remains are the very real problems of the “What?",
'3 . "Howl", "When?", and "Who?" of the relationship between linguistic
3 ‘ structure and cognitive procesees.
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l-: . The present program of research was instituted in the atmosphere
1] of the general debate about the Whorf hypothesis——-in which there
4 existed very little experimental data that could be brought tc bear om
E the issues. The Miniature Linguistic System (MLS) technique seamed a z
- fruitful but unexploited means of getting such data. MLSs can be

b constructed to differ in ways analogous to differences in natural

; languages. Because of the limited scope of MISs, these structural
differences can be used as specifiable independent variables. In
natural languages such close specification of differences is not feasible
because of the complex interdependence of linguistic processes within
languages. The object was to explore in detaill the effects of some
general kinds of linguistic variables on cognition. The dependent
{cognitive) varisbles were measures of various aspects of the learning
process.

Although artificisl laugusge material hes been used in a variety
of experiments, only 5 publiehed studieg, and 3 unpublished dissexcations
using MLSs, in the sense of a full linguistic system (Hockett, 1955),
have been found in the literatura. This ingenious technique was first
proposed by Thumb (1907). Esper published a pioneer study uesing the
MLS technique in 1925. His predicted extensive use of this technique
B has not eventuated. Esper's 1925 study compared the learning of 5o
3 MLSs in which both phonetic and morphological variables were manipulated.
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I» 1923, he pubiished an iunvestigation of the effects of perceptual
categories set up in the leavning of an MLS on the subsequent categori-
gation of the same kind of stimulus material. .

D. L. Wolfle's Master's essay (1928) was a study of the previous
learning of a manuzl code on the subsequent learning of an MLS using
the manual operations &s referents. He also ran an experiment (1932)
comparing the learning of regular and irregular MLSs.

These early studies are marked by a lack of statistical sopiiiéi:i-
scation and by dicecussion of problems and results in terms of an over-
simplified and atomistic associationism. Very little about the learxning
of MLSs as systems could be inferred.

The present investigator started using the technique again in the
early 1950s; his dissertation (1955) contains three experiments on the
learning of MLSs. The first of these (Horowitz and Jacksom, 1959) was
designed to clarify coaflicting iuterpretations of Esper's (1925)
experiment which reguited from confounded variables. The other two
extended the technique to study a problem in phometic symbolism, and
to a more complex ifnguistic structure. Rapoport and Horowitz (1960)
carried the MLS technique up to the sentence level, and also bsgan
work on a mathematical model that allows inferences about the process
of learning MLSs as systems. This model has been developed further,
and applied to some of Horowitz' data, by Levant (1962).

gseries of experiments. These were what Morris (1946) calls syntactic
and semantic rules. Syntactic rules are defipved as the relations
between symbols in & language code. Semantic rules are defined as the
relaticns between symbols and referents in such a code. Operational
details of these variables will be made clear in the explication of
procedures and design.

Two kinds of structural variables were manipulated in the presenti]

The general pregran nas been to set up MLSs that differ ima
numbar of spseifishle waps, The question asked in each of the com-
parisons to be made was: gilven a difference in linguistic structure,
what are the differences in the process of leasrning these systems?




METHOD e,

General Design

An MLS is a set of nonsease syllables used as names for a set of
nonsense figures. Relations among the syllables-——or parts of sylliableg=~—
and those between the syllables and the figuves (referents), are arranged
in a wanner anslogous to the structurel festures of natural langusges.

Each group of Ss learn an MLS that differs systewatically £rom the other
MLSs to be investigated. These systematic differences in linguistic
structure constitute the independent varisbles. The names are taught

: to Ss by a standzrd anticipation method. Instructions simply state

. that the tzsk is to learn the names; the fact that they constitute a
language system is not meutioned.

X The derivational rules in Figure 1 can be used to generate 125

~4 two-syllable names made up of three typee of stractursl units (Sts).
Rule 1 indicates that each name consists of three morpheme types. Rule
2 {ndicates that the first morpheme type is a consonant-vowel-consonant
(CVC) syllable in initial position, and preseats the five alternate sets
of CVC syllables in the set. Ruyle 3 indicates that the second morpheme
type is a vowel (V), and presents the five alternate sets. Rule 4
indicates that the third mcrpheme type counsists of consonant-consonant

3 (C-C) frames in final position, and presents the five aiternstie sets of

a2 frames. Rule 5 indicates that the process of forming a name is to take

one alternate from each morpheme class and imbed the V in the C~C frame,

forming a two-syllable pronouncable unit. These derivationsl rules

define the morphological structure of the MLS.

" Each of the morpheme types is tied to a referent dimension (RD), |
3 and each member of a set to a value of a dimension, by a semantic r.ule.J
This set of relations defines the semantic structure of the MLS.

Three RDs are used in any single MLS. The dimensions for most
groups in this project have been Shape (Sh), Color (C), and Size (S).
In group 29 and 30 (see Appendix A, Position (P), was substituted for
Sige. Each has 5 values; 5 different shapes; 5 different colors, etc.,
generating & possible 125 different figures. These 125 'things' con-
3 stitute the universe of discourse in the MLSs in these experiuents,
<3 Only 25 of these things were sctually comstructed, chogen by a Latin-

: Square procedure to be a representative sample of the total number of-
conmbinations. The examples at the bottom of Figure 1 illustrate how
the linguistic structure specifies the names of nonsense figures in
two different MiLSs. The shapes were cut out of colored poster paper
3 in the appropriate sizes and pasted on Bristol Board cards for pre~
sentation to Ss. '

The design of this research in temms of differences in linguistic
structure, variations on this structure, and groups run under each
condition is presented in Table 1. Comparisons between rows and/or
columns wili siicw determination of the effects of the manipulaticn of
linguistic and referent varisbles.
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Rule 1. Nanme

Rule 2. Mk

Rule 3. My

Rule 4. Mz

Figure 1

Derivational Rules for MLSst
Mozpheme X (¥x) + Morpixeme ¥ (My) + Morpheme Z (Mz)

¢9op #2
sawb

dus

1y

ay

ah

uw

DV

D)
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® <4 o 80
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Rule 5. (D), @@?@»@’@

Language VII:
(Sh~C~€)

Language XIV:
(C~S~Sh)

les .
Figure Abl; (Shapé A, blue, smnllest size)- foyg # ziyc
Figure Axl; ( " " <zed v " )~ foyg # Oiyy
Figure Brl; (Shape B, " " " Y~ dus # Oiy¥
Flgure Abi~ foyg ¥ =ive
Figure Arl- gef { ziyc
Figure Bri- gef # zuwc

1. Trager and Smith (1951) phoneric transeription.

2.

# Indicates junction between syllables.




Table 1 ™
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MLS Groupsl Ruiz Under Different Conditiomns

Languagez A3 183 03 1)3 E3
\'A 4
14
(P) S-C-Sh 16 17 30 18
36
Vil 22 5
23 26 29 27 6
Sh-(_:—S (®) 37 20
21
X1
C-Sh-S 30
X11
32
S-Sh-C 33
XITX
Sh=-5-C 34
X
C-S-Sh 35

1. Each group number differentiates a group of 10 Ss according to the
coding system of the project.

2, Each MiS ie identified by a Romsn numeral and the order of the
referent dimensions in names is given.

3. Coliusn diffarences indicate tha following variationa in structura:
A. Core Groups: invariant structure with all possible combinations
of semantic order within names.
B. Greater size differential between figures than in Core Groups.
C. Position instead of size as referent dimension.
D. Discontinuous morpheme in initial position.

E. Different vowels as size morphemes than in Coxe Greups.

4. More than one group in a cell indicates replication. Detalls of Es
and samples are presented in Appendix A.

-6~
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Comparisons among the groups in the first column (Core Groups)
will allow for estimation of the effects of changes ir semantic rules
with syntax and RDs held constant. Comparison between columns A and B
will show the effect of making ome of the RDs, Size, more discriminable.
Column C indicates a ‘substitution of Position for Size, and will show
the effect of this variation. Colum D indicates a simple chasge in
syatax. In these two groups, Mx followed iustead of preceded My-Mz.
Colum E indicates groups run to investigate phonetic symbolism—e—
the inherent symbolic value of vowels to represent size differences

The above are the msin lines of the planned analysis, the purpose
of which is to explore the effects of variations in syntactic and
semantic rules on the learning of MLSs. The replications (see subiects
below) allow for estimates of the stability of the results.

Subjects have beer Harvard, Radcliffe, Michigan, and Hofstra
undergraduates, equally distributed by sex. This heterogeneity was
determined primarily by the author s academic peregrinatioms, but has
produced certain advantagzs for generalizing within the undergraduate
population. Of the 21 groups run, about one~third are replications using
identical experimental conditions (indicated by more than one group per
cell in Table 1) with sample Ss from differemt colleges. Comparisomns
among these replications will allow estimation of the stability of results
under these sampling variations.

Exigencies of time, place, and working conditions during 13 years
of data collection determined that a number of Es were involved in
running Ss. This situation has dissdvantages where E, sample, zud
experimental condition are confounded, but also allows for comparisons
to find any E effects (Rosenthal, 1963). Details of samples, E, and
experimental condition distribution are presented in Appendix A.

Ss were always assigned randomly Co the conditions being rum at
any given itime. There are 10 Ss per experimentcl group, a total of
210 in the study. Ss were run an hour a day. An average of about 10
hours per 5 was needed for the learning to be completed.

At different times and places, Ss wexre paid by the hour, volunteered,
or were given extra credit in elementary psychology couxses.

Materials

-
.

A

k .

‘3

e

3
»

Es
!
»

Tue CVC syllables used in these MLSs were chosen from a set of
800 such combinations. The syllables were constructed according to
the Trager and Smith (1951) phonemic analysis of English. All 800 were
tasted by a word association technique in which chkoice cf syllables to
be used was made on the basis of slow reaction time. Further analysis
of the original 800 syllables for other indices of association value
and meaningfulness is now in progress by the present author in coopera-
tion with J. B. Carroll of the Educational Testing Service.

(%)




Using the same Ss as for the protest of the nonsense syllables,
ten nonsense shapes were tested for meaningfulness. The five shapes
with the greatest jcommunality of response to the question, "What does
this figure look like?" were eliminated. The five shapes used in the
experiments are shown in Figure 2,

The figures were made in five colors; red, yellow, green, blue,
and orange (Milton-Gradley Tonal Poster Papers 19P, i3P, 11P, 25P, and
15P). The figures were varied in size by aetarting with a figuwre
2.00 cm.? and doubling the area to produce five figures of graduated
size. In Groups 17, 18, 26, 27, size wes varied by startiag with the
seme smallest size and trebling the area. In groups 29 and 30, all the
figures were 7.85 cm.z, and thelr placement on the cards was varied
(the four quandrants or center) instead of size.

The 25 figures used as referents in these experiments were chosen
from the 125 possible combinations of five shapes, five colors, and five
sizes (or positions) by a Latin Square procedure so that each shape
eppeared in combination with each color and size (or position) once.

The shapee were traced on the poster paper of the selected color,
and in the selected size, cut out, and pasted on five by seven inch
(the laxger series on eight by ten} white, matte, bristol board cards.
The cards were sprayed with clear acrylic plastic to allow for periodic
cleaning.

Procedure

The experiments were conducted in small rooms. Ss sat across a
table from E; separated by a low acreen behind which E kept his materials
and did the recording. Facing the S was a small stand on which the
referent cards were placed.

Each time through, the cards were presented in & different random
order. The first time through, E presented the card and said the name,
which S repeated. On every time through after this, the cards were
presented and S had 15 seconds in which to give the name. At the erd of
the 15 seconds, E sald the correct neme und S repeated it. The criterion
wag thres times through the figures with all responses correct. The
systematic nature of the names was not made explicit in the instrructions.
Ss' responses were racorded in phonemic transcription (Trager & Smith,
1951), giving an essentially complete reproducibility of the verbal re-
sponses. Comments and questions from Ss wer:s also recorded. This recorxd
of the verbal responses allows derivation of a variety of dependemt
variables indicative of aspects of the learning process.

MLSs and Independent VariﬁBles

Given the linguistic structure specified by the rules in Figurs 1,
there are six different ways of pairing RDs with SUs to produce
'languages' with different semantic structures at the morphological
level. These are the six MLSs in the left header zolumn of Tabla 1,
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This variation in semantic structure is the independent variable withiu
the Core Groups {Column A, Table 1). In these Groups, the size differ-
ential was made by doubling (S2) the area of figures.

The Groups in Column B had figures that were differeantiated in size
by a trebling (83) of the areas. Those im Column C had figures where
position differences were substituted for size differences. The six
cells of Table 1 made up of the first two rows and the first three
colums therefore constitute a design in which semantic structure and RD
were varied oxrthogonally.

In the Sroups in Colum D, a wodification was mdde in the linguilstic
structure specified in Figure 1. Mx was made the second syllable of

the name, and the syllsble constituted hv Rule 5 was the first syllsble.
For example, the name of Figure Abl, given as /foyg # ziyc/ in Figure 1, -
became /ziye # foyg/ in Group 27. The four cells of Table 1 nade up of
the first two rows, Coiumns B and D, therefore constitute a design where
semantic structure and order/position of the discontinuous morpheme are
independently varied.

The second xow of Table 1, Columus A and E, make up a design
testing the effect of vowels scaled for phonetic syrbolic value.
Newman (1933), using a paired comparison procedure, scaled the effective-
ness of a set of vowels for symbolizing differences iz size. The set of
vowels in My are among these that Newmzn gives scale values for. In
MLS VII (Table 1), My is the Size Morpheme. In Groups 5 and 6, there
was agreement between the scaled value of the vowels and the size of
the referents: the smallest size was palred with the smallest scale
value, the next larger size with the vowel with the next larger scale
value, and so on. In Groups 20 amd 21, tie sizes of referents, and the
gealed value of the vowels were reversed: the smallest size was paired
with the vowel with the largest scale value, the next larger size with
the vowel with the nmext lower scale value, and so on. In Groups 22 aud
23, there was no relation between the size of figures and the scale
values of the vowels paired with them,

If the scaled phonetic symbolic values of the vowels are effective
{n the more complex MLS situsiion (Bestley and Varon, 1933), Sroups 5
and 6 should learn faster than the Groups in Cclumn E of Table 1. The
reversal of scale value of vowele and the size of referents may interfere
with learning. In that case, Groups 22 and 23 should learn faster than
Groups 20 and 21. However, if the phometic symbolic value c£ vowels is
'built into' Ss, as their scalability would iudicate, than the learning
of these MLSs might show the samc kind of phenomena as that reported by
Rendler, Kendler and Wells (1960). Their experiment demonstrated that
verbal ehildren learn reversai shifts faoter than nonreversal shuifts,
vhereas for pre~verbal children ease of learning is in the opposite
direction. The implication is that verbal Ss can use linguistically
based cognitive structures to counterbsalance S-R relations in an
experimental situation that would be interfering for a nonverbal
organism., 17 the oheastic symbolic scile is effective in the MIS
gituation, Groups 20 and 21 may iearn faster then Groups 22 and 23.
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The above four desigas specify the experimental manipulations made
in these experiments: difference in semautic rules with linguistic
structure hold constant (Column A, Table 1); referent demension differ-
ences (Rows 1 and 2, Columns A, B, and C); a 'syntactic' difference

/

|

(Rows 1 and 2, Columms B and D) and differeaces in phonetic symbolic \l

relations (Row 2, Columns A and E).

Dependent Variables

This report will present the results of analysis of one direct and
one indirecc measure of the time 1t took Ss to iearn the MLSs.

The direct measure is the number of series (t¢iizes through the
refarent ecards) to reach criterion. 4nalysis is separated into total
learning time (TLT)~-~the number of series to reach criterior for the
MLS as a whole, and for each morpheme type separately.

Experimeniox and sample differences seem to reflect 'capacity'
differences amsugst Ss (Tolman, 1232) and criterion differences amongst
Es (Swets, Tanner, & Birdsall, 1964) and not differences beZween experi-
mental conditions (see Results below). Taking the proportion of number
of series to criterion for each morpheme type to the TLT (M/TLT) elimi-
nates most of the E and sample differences, gives a clearer picture of
the learning process. Full tabulations of these two measures are given
in Appendix C.

1 The machine analysis of this data and the derived measures are
discussed in Appendix B,




Sample Differences

Groups 14 (MLS V), 22 (MLS VII), 36 (MLS V), and 37 (MLS VII) were
all run by one experimentor (El), but 12 and 22 were with Sample 1 and
36 and 37 with sample 3, A two way Analysis of Variance (ANOV) on TLT
showed a significant different (5%) between MLSs and a significant (12)
interaction between MLSs and samples. A two between Ss, one within Ss
ANOV of number of series to criterion for morphemes produced sigpificant
differences between samples (5%), MLSs (1%), and the interaction between
these variables (1%). There was no significant differences among mor-
phemes. From Table 2, it can be seen that the meane and standard
deviations for Group 36 om this measure seem inordinately large.

Since the main interest of this research ig the process of lea
ag affected by differences in MLSs and morphemes, such sample differences,
and particularly interactions between samples and the variables of
interest make interpretation extremely difficult., If different samples
of Ss learn MLS differemtly, it places severe limitations on any gener-
alization about the learning process and the manipulated variables. The
M/TLT measure mentioned in the previous section gives a picture of the
process uncontaminated by possible differences in the abilities of Ss.
Figure 3A shows the difference to be compensated for: &the curves for
both Giocups learning MLS V are similar but that for Group 36 is displaced
upward because this group took much longer to learn. Figure 3B, shows
the same functions with M/TLT as the plotted dependent measure; the
‘curves for MLS V are much closer together. ANOV of M/TLT confirms the
impression from Figure 3B. There are significant differences (1Z) due
to MIS, Moxphemes, and their interaction. The sample difference 13 not
g’gnificant, nor are any of the other interactions. This indicates that
use of the M/ZLT -measure is warranted in intexpretation of process as
free from individual differences.

Experimentor Differénceq

El and E2 each ran half the Ss in Groups 6, 21, and 23, ail from

~...5ample 2, These groups all were MLS VII but with different referemt

size- gtic symbolic value of vowel relations as outlined ghbove.
ANOV Med a significant (1%) difference between Es with no
significant di ence among the groups due to the difference in
phonetic symbolic relations. ANOV of the number of series to eriterion
for morphemcs showed g significant (1%) difference between Es and
morphemes (1%) with no gther significant difference or interaction.
Figure 4A, where number of series to criterion for the norpheme types
are averaged over groups for the two Es is showm, indicate that the
process was similar, but that El's Ss took longer to learn. Again this
impression is confirmed by ANOV of the M/TLT meagure, where cnly the
Morpheme difference was significant (1%).

-
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Szoups 25 (MLS ViII) and 30 (MiS ¥V}, where position was substituted
for size as an RD, where split between El and E6, both working with




Sarple Differencas

-

Number of Series tc Criterion M/TLT

Group Sample MLS TLT  CVC#  #C-C #V— CVC# #0C #-V-
T 28,6 22,5 20,3, 25.0 o8l o726 o876

U 1 V SD .6 609 507 5.7 o209 187 4109
w X U496 U1.0 3656 L6.7 818 o773 0933

36 3 ¥V SD 22,1 2001 15,9 21,7 o129 156 o056
. ! Z 31 o 7 . 13 oh 16 09 29 07 oh86 57’4 0923

% 1 VII 5 oz 3.6 3. 10.2 262 C66 .07
‘ i 27 06 12 06 ‘ 16 ;1 "2603 oh83 06721 09!&9

3 - 3 VIl s 7.8 b7 hek 81 JAB o234 0099
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Experimentor Differences

Number of Series to Criterion . M/TLT
Group B TLT CVC§ #0<C HV- CVCHF #C<C #V-
£2:,2 284 26,0 51.0 510 554 0952

o)
=3
2Rl

26,8 15.8 12,0 25.0 70§ -L87 902

o
N
g

51 3 X 390 156 2h.2 37.h Mg A0 ogh
5D 11.2 2.9 745 10.8 o175 089 0062
2 2 T  26.6 13.8 18olh - 26,8 545 o635 o937
SD 1109 308 1,100 1109 0237 '0152 OO?h
2 1 X 39.h 22,k 21,2 36,2 o562 .523 o922
3 o)) 76 9.9 8.0 6.8 206 M1 086

5 2 X 22,2 12,8 14,8 22,2 619 675 1,000
3 SD 5.7 keb Mol 5.7 o250 o097 000
M3 1 T U35 221 238 WS 5B o565 o5k6
am3 2 X

25.9 ol  15.1  2he7 623 o699 o9h6
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Note: All groups vers from sample 2, with MIS VII N = 5 per 09.110
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sample 2. ANOV of TLT showed no significant differences, and of number
of series to criterion for morphemes only the Morpheme diiference was
significant (5%). The same analysis of the M/TLT measure produced
significant (5%) differences between both Es and Morphemes. Figure 5,
where M/TLT is plotted, indicates the proportion of TLT of the morphemes,
relative to each other was similar for both Es, the overall M/TLT was
higher for E6. This suggests that though the process was similar, E6
was using a more stringent perceptual criterion in judging the correct-
ness of Tesponses. L6 was lass experienced, both linguistically and with
the experimental situation, than El, and may well have besn 'leaning over
backwards'.

Sample and EBxperinventor Differences Confounded

Several times during the years of running these studies, circumstances-——
and error--—caused sample 1 and E differences to be confounded over experi-
mental conditions. If wide differences in the results occurred among
these confounded conditions, it would seriously complicate interpretation
of the process and limit the gemeralizability of findings. Paradoxically,
gimliarity of results under these confounded comditicns msy very well
imply greater gemeralizability.

Groups 14, 16, aid 36, all MLS V, were run with samples 1, 2, and 3
respectively, but E1 ran Groups 14 and 36, and E5 zan Group 16, Means
and SKs for these groups are presented in Table 6. One way ANOV showed
a significant (5%) difference among Groups and a one between Ss, one
within Ss ANOVs on number of series to ciiterion for morphemes showed
significant differences due to both Groups (52) and Morphemee (1Z). The
same snalysis on the M/TLT measure, however, gave only a 1% differemce
among Morphemes with both Groups and the imteraction being non-significant.
Once again, despite the E and sample differences, the measure most closely
reflecting the learning process is stable and doesn’t interact with
non-process variabies.

Groups 32 and 33, both MLS XII, were rum by El with sample 3, and
by E4 with semple 2. There was no significant difference between the
groups on TLT, but both Morphemes and the interaction between Morphemes
and Groups was significant (17) in an ANOV of number of series to
criterion for morphemes. With the M/TLT measure both Groups, Moxphenmes,
and theilr inte-action were significantly (1%} different. Figure 6
presents the curves for Groups 32 and 33. Both groups show the V shaped
function between Moxrpheme and M/TLT, but Group 33 is displaced upwards,
and the interaction is reflected in a steeper left leg for this group.
The vertica® displacement between El and E4 in Figure 6 is similar to
that between El and E6 in Figure 5, and may be due to the same reason.
No immediate speculation presemts itseli for the intexaction, and this
finding muct cast some uncertainty on the general picture oi the stabii-
ity of the learning process given in all the comparisons above. Only
Group 32 is used in any further analysis to be xeported here.

Groups 18 (MLS V) and 27 (MLS VII) were run with two sauples and
three Es (Table 7). However, ANOV of TLT and nunber of series to
criterion for morphemes showed only the differemce among morphemes




TABLE 4

g:primentor Differences

Number of Series to Criterien H/TLT
Group MIS E TIT IVC# #CL #<V- CICH# #CL #V-
< ¥ 29:0 19k 230 25.6 659 o763 o855
29 VIL I g 71 7.3 B2 8.8 .13k .37 - 158

T 21k 16l 19,2 2002 o761 o886 o956
29 VIL 6 g "yl 8.6 3.8 L6 176 .09  .0u8
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Experimentcr avd Sample Differences Confounded

Group E Sample MIS TIT COVCH - #C-C #V- OVCH #C£L FVa
w1 1 ¢ T 286 229 203 250 o8l o726 576
SD 5.6 649 5.7 5ol o209 o187 <109
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16 5 2 v Z 32,0 28,2 23.5 3005 0859 ‘QM o9L?,
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Notes N « 10 per cell.
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Experimentor and Sample Differences Confounded

Nunber of Seriss to Cx¥erion M/ILT
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to be significant (1%). With the M/TLT measure; only the Moz,

variable and the Morpheme by language interaciion was significant -
apd 5% respectively). Here again, it is the variasbles of impcrtance
for interpreting the learning process that produce significant differ-~
ences, not the sample and/or E variables.

Referent Dimension Differences

The six cells of Table 1 consisting of the first three columns zuad
the first two rows make up a design to test the effect of warying RD
over two lLSs. The differential between sizes Zu column A was a doubling,
of the area: the differential in column B was trebling it., Given the
game MLS, the S3 difference should be casier to learn due to greater
discriminability of the sizes. Ia column C, position was substituted for
size as an RD. This also may be viewed as producing greater discrimin-
ability.

For this comparisen, all groups were f£from sample 2, though the Es
varied. To discount this E variation, only analysis of the M/TLT
neasure will be discussed, though the other measures are presented in
Table 8. ANOV showed significant differences between ,:Ss (5%), and
among morphemes (1%). The interactions between RD and Horphemes, and
that between MLSs and Morphemes were also significant (52). The shape of
the function is clearly different (Figuxe 7) when Position is substiturzd
for size 2c an RD. There is a steadlily rising propor:tion of TLT as SUs
go from Mx to Mz to My. With MLS V, the size variatizz does not effect
the shape or level of M/TLT. In MLS V (Groups i6 and 17) Mz 13 learned
faster than My, with Mx learned at zu intermediate rate. and little orx
no difierence between the two groups. MLS VII (Groups 23 and 26) is
learned at a generally faster rate thaa MLS V, but there is a differunt
shaped function due tc the CVC#-S52 morphemes being learned at z faster
rate than the CVC#-S3 morphemes. The patterning of pointcs at ifx and the
close clustering at My would seem to preclude differemce in discrinin-
abliity as determining variable.

Syntactic Variation

Rowe one two, columns B and D of Table 1 specifies a design for
evaluating the effect on MLS learning of interchanging the order of Mz
and the syllable produced by Rule 5 (Figure 1) from My and Mz. Both
Es and sauwples were confounded in this comparison so that the results
of the TLT and number of series to criter:lon for morphemes analysns caa
only be generalized with caution.

ANOV of TLT produced a significant (5%) difference for both MLSs
and Order. From Figure 8A, it can be secen a significant interaction
would be expected---which may heve been washed out by the rather
extreme S varlance in Group 17. ANOV of the number of geries to
criterion for morphemes yielded significant differzaces for Order (5%),
MLSs (12), and Meczphemes (1%), with no significant :lm:e::act;;l.ons° The
M/TLT measure produced only a Morphems difference a2t the 5% ievel.
These results present 20 clear cut effects of the syntactic variation
on MLS learning.
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TABLE 8
Order Difference
Number of Series to Criterion M/TLT
Group Mr MIS TLT cve G0 - Vo GWC CL V-
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Variation in Phonetic Symbolic Relations

The set of variations of the lMy-scaled vowel relation (Row two,
colums A and E of Table 1) produced no differences in MLS learning
attributable to it, Ounly the difference among Horphemes was sig-
nificant (1%). Figure 9 presents the mean M/TLT for each condition.
The only implication te be drawn do to Ineresce tha imnression of

stability of MLS learning.

The Core Groups

Comparisons among the Core Groups, where the SV-RD pairings wera
made in the six possible combinations (Column A of Table 1) are the
ones most directly related to the general problem of the relation
between linguiscic structure and cognition. As embodied in thie design,
the questions to be asked are about the effects of the gemantie gtruc~
tures of MLSs as systems, and about the effects of the SU-RD pairings
embedded in the MiSs. The question about the relative effects of RDs
and SUs independently on the learning of these MLSs cammot be angwered
directly with the present design.2 An attempt will be discussed below
to get an extremely rough estimate of these effects.

Means and SDs for the learning measures on the Core Groups are
presented in Table 10. One way ANOV of TLT shows a significant (5%)
difference among MLSs. MLSe, Morphemes, aud their interaction are
significantly diffexent at the 1% level by ANOV of the number of series
to criterion for morphemes. The same analysis of the M/TLT measure
produced a significant difference among MLSs (5%), Morphemes {1%), and
their interaction (i%). 1In figure 10A, the groups are ordered along
the abcissa by TLT, and the mean number of series to criterion for SUs
is plotted. It is clear that TLT goes up in paraiiel with time t5 learn
My---regardiess of the RD paired with {#-V~- and the other RD-SU pairings
in the MLSs., Time to learn Mx and Mz vary erratically with both RD and
the other pairings. Figure 10B confirms the impression that rate of
learning My is the main determinant of TLT. M/TLT remains constant and
high over all MiSs while the curves for the other two SUs vary unsys-
tematically.

In Figure 11, the M/TLT for RD-SU pairings is averaged over MLSs
and plotted. This gives the best available picture of the relative
effects of RD and SU. Proportica of TLT goes up directly with SU, the
slope of this function varies with RD. How much of these functions
are due to interactions with MLSs as a whole and/or the other pairings
within MLSs cannot be estimated, but the impression is strong that
differences in SUs account for much more of the variance than differ-
ences in RDs. The lack of signifficant main effect due to RD in the
design aimed dirsctly ot this variable, also stremgthens this inter—
pretation.

2 The psychophysical problems involved in trying to comstruct such
variations as Sh-5h-Sh, or C-S-C that would be reasonably comparable
wvith the present RD variations sesm insurmountable with present
nmethodology. Statistical estimation is also impossible: 1n the in-
complete lattice design that these groups make up, RD and SU are
confeuaded with the LS and Morpheme main effects and cannot be
extracted as independent sources of variance.
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DISCUSSION

Using a model proposed by Choubsky (1963, Miller and Chomsky, 1963) ’
the learning of the MLSs in thege experiments can be interpreted in
terms of the phrase structure gram.r of Figure 12, Levant's work
(1962) with the Rapoport model (1956, 1960, Rapoport and Horowitz. 1G£0)

Figure 12 ,
__éom’ tence Model of an MLS
Name

Syllfﬁ.'l'e— 3 SyIlsble 2

I T

foyg 2™ e’ iy

gef 0 z - f ey
..} . ] é .

\ . / . . \ . §

indicates that Ss fivst learn that there are three morpheme types
(Levent does not tadieate whether there is a previous stage of breaking
the name into two syilables). The learning of morphemes, (the pairings
of particulax phonemic combinations and particular RD valueg) comes
aftsz the discovery that there are three morpheme types. The distribution
of learning times for morphemes 1is ordered by morpheme type. As implied
by Figure 11, the order of leaming morpheme types seems to | primarily
detexnined by SU end only sccondarily by RD. The consistent finding of
significant Morpheme main effects in all the analyses reported, with the
lack of RD main effects in the design to evaluate this variable is con-
sisteot vith this interpretation.

There seem to be several poseible hypotheses about the source of
this predominance of SU effects in MLS learning. The first is that it
comes from the graater complexity of the right hand branch of the
grammar. Once Syllable 1 and 2 sre separated, the process from Syllable
1 to moxphenas is linear; from Syllable 2, there is another branching
into Moxphers types before reaching the level of murphemes. This extra
branching from Syllsble 2, may be what delays the learning of My and Mz,
This iaterpretation, however, provides no rationale for the consistent
learning of Mz faster than My, ¥ngve's hypothesis (1961) that the left-

most nonterminal symbol in the last line of the already constructed
derivation ie always processed firat, is conpisteat with graimaz as

presented in Figure 12, and with the finding that Mz is cousisteatly
learmed before My. Fovever, the resulis of thege experiments cannot be
taken a8 confirming the Yngve hypothesis: Figure 12 was conscructed,
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and the norphens types ordered, to make this psint about his depth
hypothesis. The Mx-Mz-My order came out of the data, and was not pre-
cited from the Yogve model.

The oxder in which the moxpheme types were learned probably could
not be derived frem any purely linguistic model, oxr certainly none of
o the ones being curremtiy discussad. On an intuitive basis, it could
- De proposed that Eugiish speakers &ié noi famiiiar wiih the discon—
3 tinuous morphené construction. This may ds true, despite the existence
o3 of this type of construction in the paxadigm of English ‘irregular’

4 verbs. But this intuitive notion would again provide no basis for
predicting that Mz would be learned faster than My.

Psychological considerations may provide such a basis. Thouga
dMscriminability differences could not nmske sense out of the pattern
of resultg when one RD was substituted for another, differences in the
& discriminability of SUs may account for the order of their learning
within MLSs. Again intuitively, it secems clear that differences among
: fCVC/s should be more easily discriminable than those between /C-C/s,
which in turn, should be more discriminable than /-V-/s embedded in a
conscpant frame. The work at Haskiuns Laboratory tends to show, in
generel, that vowels are iess discriminable than consonants (A. M.
Liberman, Personal Communication).

3 Neither linguistic (the complexity of branching), not psychological
4 (relative discriminability of SUs) hypothesis, would seem a complete
accovnt of the process of learning MLSs. Probably both factors account
for some variance and further work on this question is necessary.

Relative rate of iearning is ordered shape, color, size with both
Mx and Mz (Figure 11). VWith My, the points are much closer togetiher,
and it is probebly not semsible to discuss the fact that there is oniy
= one disagreement---out of only six possible orders---in My from that
" found in the other two morpheme types. Discriminability of RDs within
3 MISs may provide a clue to the order of rate of learning over differ-
I vaces in SUs. There seens no doubt that the differences among S2 were
- more difficult to discriminate than those among Shape and Color. There
were a substantial minority of Ss who spontaneously stated that there
» were only three sizes (In our culture, everything comes in Small, Medium
and Large.) as opposed to five shapes and five colors. This difficulty
in discrimination may account for the high level and shallow slope of
the S2 function in Figure 1l. It is difficult to carry this notion over
R to account for the observed sureriority of shape over color in learning
13 rate. The colors were chosen to be highly discriminable and should
have been learned faster than the shapes: which, as can be seen in
3 Figure 2, were unfamiliar and there were indications from Ss comments
v that Shapes A and C were rather confusable.

£ ~:.'

Considerations of codeability (Brown and Lenaeberg, 1954) may serve
to throw light on the order of RD learning rates. We have no informatiocn
" on three of Brown and Lenneberg's meacures of codeability; reaction

§ time, conmmality, and S reliability. The average number of syllables,
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zad the aversge number of words that one would need to nene the shapes
used in these experiments would seem to preclude the Shape 4D coming
out sore ccdeable than Color-——or Size—--Lif the BDs of these MLSs wers
run through a codeability testing.

Starting frow the RD order findimgs im Pigure 11, the analysis of
pEocess can be carried one sisp further. - In ordering the Core Groups
MLSs by TLT (Figure i0A), it was foumd that cuzve for liy iolilowed The
TLT curve wvery closely. The groups were crdered by the Sh-C-S order
of mesn H/TLT of the RDs per SUs. For example, ordering Mx by RD
oxder produces the semantis structure Sh-C-§, Sh-5-C, C~Sh-S, C-5-8h,
8=Sh~{, §-C-Sh, which e¢orresponds to the order of MLSs, VII, XIII, XI,
XIV, XII, V. The data for mesn M/ILT with the groups ordered thusly
for Mz is plotted in Figurc 13, and for Mz and My in Pigures 14 eund 15
respectively. Not surprisingly, as Mx ic paired successively with
shape, color, and size, the proportion of ILT taken to learn it goes
up, while Mz variea unsystematically (Figure 13). The same is true
of MLSs ordered by the RD of Mz (Figure 14). As would be expected

from Figure i0B, M/TLT for My remains high snd constaiut over both these

orderings. When the MLSs are orderad Ly the RD of My (Figure 1i5),
M/TILT for My presents tha same pictuxe of comstancy and Mz varies
erratically. The interesting finding under this ordering is that the
proportion of TLT taken to leaxn Mz goes falrly steadily down. This
observation probably represents ocne or more of the interactions that
cannot be evaluated within the limitations of the present design and
anslyses---no immecGiate hypotheses present themselves.

The gbove discussion has beoan of the MLS learning process ia the
Core Groups wherzs RU variables have been constant and counterbalanced
over MLSs. The framework developed there will now be applied to the
results of the other varisbles in these experiments.

Sample and E differences, supposedly resdding in 'ability' and
‘critericn' differences, could affect the process in many ways and
furcher explication of them must walt on fuller understanding of the
basic MLS learning procesg. Whether this will hinge on the difficult
problem of the 'two pasychologies' (Gsgne, 1967), only time will tell.

The quastion asked about the effectiveness in the MLS situation
of vovels scaled for phonstic syzbolic value seems answered with a
clear negacive. Parhaps the relations manipulated here would have
an effect 1f the norpheme was made an 'ending' in the fashfon of most
Indo-European langusges rather than embedded in a discontinueus
morpheme as in the preasent investigation.

The leawning of MLSs V and VII remained essentially constant under
the change from 82 to S3 referents. VWhen Position was substituted for

Size as an RD, the differences between MLSs V and VII vwere washed out.
The M/TLT-Morpheme function (Figure 7) with Position as an RD isg the
gane as the simple SU functdon of Figure 1l. If discriminability of
RDs within MLSs 1s an lmportant varlsble, as suggested above, this
£inding could be further purswed with sets of RUs that are controlled
and varied psychophysically.
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The syntactic variastion in the position of the discontinuous morpheme
can be sesu a5 merelv as a reversal of the first branching of the model
in Figure 12, putting the wmore complex branch structuze on the left.
The MLSs with this grammatical gtructure did learn significantly faster
than with the compiex bramching on the right (7zble 8). Here ias gome
posaible support for Yngve's model (1961). If comzplex analysis 1s done

L3 firat, the load on immediate memory would be less detrimental to 'holding'
: tha siwnler unit *han vice~vearsa. A CVC gyllahble nrabably has o good deal
of unit-gaquence character (Onderwood & Fostman, i5¢0) emd unless attacksd
Jmmadiately may be more rasistant to analysis because of this cohasiveness.
This factor would seem to affect the whole lesrning process, eince only the

Morphemes difference remains significant for the M/TLT measure. —




- major limitation on all the results must be mentioned. All the Ss were

~ and time consuming {ac witness the SSRC Southwest Project in Comparative

CONCLUSIONS AND IMPLICATIONS

Alveys the beautiful answer who asks a move beautiful guestioa.

e. ¢, cumings

Taeze i2 only one conciusion coming directly out of the results {
of thease experiments that one would want to take a real stand on: :
the phonetic symbolic relations ss manipulated did not have an effact J
on the learning of the MLS. Other f£indings, very properly at this
stege of luvestigation, ralse more problems than they settie.

Put in the context vhere this reszarch origiansily arose, this series
of manipulations of varlables 4n the MLS situation demonstrate, as if
another vere really nzeded, that the relation between linguistic structure
and cognition 1s extremely complex. Although rzsults here indicata that
structural varigbles account for the preponderance of variance being
accomted for by structural differences, thece are important indications
that other variables do certainly interact with structural variables in
the learning of MISs. Here is empirical evidence that any strong form -
of the Whorf Bypothesis is oversimplifying the language-cognition relation. ]

Perhaps the major implication of these studies is the usefulness of
the MLS experiment fer investigating the complexities of language be-
havior. The control achicvable and the amount of information derivable
should make the use of MLSs widegpread, perhaps even the ‘tool of
preference' in studying these phenomena. In comnection with this, one

vative speakers of Engrlish. Whether the problem is conceptualized in ;
terms of aseociative interference ox of S=R compatibility (Fitts and .
Deininger, 1954), there is no evaluation of how the long established ;
linguistic and cognitive structures of English speaking Ss may interact

with new oncs vequirsd ic loarm MISs. It would be most interssiing to

replicate st least some of these experiments with speakeis of a non~-
Indo-European language. Cross—-cultural research is extremely expensive }—'“’“‘

=
Psycholinguistics) and methodologically "fluky". Amexican psychology- ‘
must £ace up, however, to the severe limitations nn the generalizability ’
of many of its findings-—-not only in the language behavior area where 2
it is most obvious---placed on them by lack of cross-cultural comparisons. :
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SUMMARY

A series of experiments were carried out investigating the effacts
of some linguistic and referent dimension variables on the learniug of
Miniature Linguistic Systems. A Mindature Linguistic System is a
limited, artificisl language made up of nonsense sylisbles and nonsense

figuve refarsnts srranged in velations gsnalogoua to those in natural

languages. Subjects were asked to learn the names of the referents
without being told that there was a iinguistic system determining the
names. This experimental situation seems idesl for studying the re-
lation between language and cognition under specifisblic snd controllable

conditions. '

2}

The cc - axperimental groups éxplored the learning of Miniature
Linguistic Systems whers grammatical structure was held constant, and (
the referent dimensions wera paired with structural units ia all pog-
gible combinations allowed by the set of dimensions and wmits used.
The learning of these systems was siganlficantly affected by both
graumars ‘as a whole' and morpheme types, and these two variables
interacted significantly. The results wexe discussed in terme of a
Miller and Chomsky performance model. The major determinant appeared
to be the nature of structural units, with lesser effects due to )
referent dimensions. Several alternative interpretations of the i
learning process wara presented. :

In a set of Minature Lingulstic Systems where a syntactic differ-
ence was latzoduced. the overall time to. learn was different for the (

e

syntactic differences, but the intra-language process seemed weffected. \

When different refereat dimensions wexe substituted in systems of
the same structure, there was no direct diffeyence produced by these
differences but they did interact significantly with the main effects
due t:0 grammatical system and morpheme type. Several alternate inter-
pretatione of these findings were discussed.

A test of ihe effectiveness of vowels scaled for size used as Size

Morpheras produced no differences among groups where the reforent size,
scaled value of the vewal morpheme relation was varied.

Both subject and experimentor differences were found in the overall
time to learn language systems, but there were only minor interactions
between these variables and those manipulated to gain understandiung of

the learning process.
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APPENDIX B

Machine Analysis and Data Extracted

The coding end punching the date from the original protocols took

- almost two years, begiuning before the contract period and rumning

through a great part of it. The data analysis was planned in four
stages.

The firet stage was a series by series ordering by response number
from the rendom order in which the figures were pzesented. The three
parts of the response (the threec morphemes) were categerized as correct,
intralist confusion, extralist response, Jr no response. This informa-
tion was punched in a highly condensed form but stiil generated three
cards of output for every two of input. This gutput is the bage of
further analys.s. It i3 in a forn that, hopefully will provide the
scurce for any new analyses thast may be carried out in the future: it

is esgentially a complete reproduction of the original protocols cate-
gorized in the above terms.

The second stage derived measures for cach S's performance from the

previous output. These measures includel learning criteria of increasing

stringency, end-curve stability measures ( rate measures for series by
series progress, and confusion matrices.t

Stage three of tlic analysls derived sroup summaries of the S measures

extracted in the previous staze.

Stage four was---and is---plamned as the 'open-ended' tracking down
of interpretable features of tie findings from the most obvious indi-
cators to lower levels that vould allow illucidaticn of the process ox
learning MLSs and the effects of the manipulated vsrisbles. It was at
this point that errors in the analysis, despite the many checks built
into the process up to this point., began to show up and the time con~
suming process of tracking them cown for corrsction began.

By this time, the project was well into the six wonth extension of
the contract yecar and a decision was made to present the final report
aiming for breadth of coverage b7 reporting only the znalysis of time
to learn measures. This decisioa was made in order to demonstrate the

interesting findings coming out of these experimental msnipulations, and
the general usefulness of the MLS situation.

There is thus stiil a mass of unreported data in a highly available

form. and the work will continue during the condng year while the author .

g on half-time leave.

Srecial acknowledgement must be made here of the diligcnce and skill

of Stephen Josephson, who ¢id this complex programming cad helped the
project in many other ways.
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GROUP 32

NUMBER SEReS TO CRiTe MORPH/TLT
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GROUP 34

NUMBER SEReS TO CRITs MORPH/TLT
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GROUS 35
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GROUP 37

NUMBER SEReS TO CRITe MORPH/TLT
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