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INTRODUCTION

QUESTIONS THAT INITIATED THE STUDIES

The question of the relative roles of visual information and
"bodily" information for orientation rélative to the vertical
direction in space dates back to the studies of Wertheimer
(1912) . Theoretical as well as experimental studies led to
contradictory views. After 40 years of controversy, Gibson
(1952) argued that studies on the interaction between the
relevant stimuli were more important than the debate about

which mode is decisive.

Accepting Gibson's point of view we noted that no experimenter
had sufficiently demonstrated the effect of changes of tactile
stimulation on perception of the vertical. In fact Howard &
Templeton (1966) explicitly omitted a discussion of the po-
tential value of the tactile stimulation from their otherwise

quite comprehensive survey on human spatial orientation.

Since we believed - mainly based on everyday experience - that
the tactile modality plays at least some role for perception
of the vertical, we set out to determine the potential effects

of changing tactile stimulation on perception of the vertical.

Our point of departure was the frame of reference known as
field dependency - field independency (Witkin et al., 1954,
1962/1974) . The main proponent of this frame of reference -
Herman A. Witkin - had, however, rejected the hypothesis that
"bodily sensitivity" plays a role for performance in the rod-
and-frame test (RFT) with which we intended to work. On the
other hand Culver et al. (1963) had shown that people do in
fact differ in tactile sensitivity. Especially interesting to
us in this connection was that Culver et al. (ibid.) demon-
strated that field dependent subjects were less sensitive to
tactile stimuli than field independent persons. On the basis

of this conflicting evidence we decided to reexamine whether



changing tactile stimulation effects perception of the verti-

cal in the RFT.

During this work, another question soon arose. We found con-
siderable individual differences in susceptibility to changes
in the tactile stimulation which did not conform to our ex-
pectations. Thus, our next task was to determine why the per-

formance of some persons deviated from our hypothesis.

A third question was why did a number of authors obtain con-
tradictory results with the RFT. According to Mann (1952q)

the contradictory observations might at least in part be ex-
plained by the use of too "weak" a frame in some of the appa-
ratuses. As light intensity was a variable that differed ra-
dically from study to study, we wondered whether light inten-
sity could cause the contradictory results. We thought that

a frame with a high level of light intensity (in Mann's ter-
minology: a "strong" frame) might influence the perception

of the vertical more in a completely darkened room than a less
"leading" ("weaker") frame. The possible effects of light in-
tensity on RFT performance were of interest for other reasons
as well. We planned to study what influences "frames" of dif-
ferent geometrical structures might exert on RFT performance.
The experimental means for testing this variable inevitably
involved considerable changes in light intensity. We therefore
wanted definitely to settle the guestion of the effects of
light intensity because changes in the light intensity in the
RFT might interfere uncontrolably with the possible effects

of changing the geometrical structure of the frame, thereby

making such experiments meaning less.

The next question was whether the traditional ways of scoring
the RFT were satisfactory to our purposes. We needed a me-
thod that took the complexity of the RFT performance into ac-
count. We wanted of course first of all a method that was sen-
sitive to all the most important variables in the RFT situa-
tion. Secondly, the method should be devoid of variable con-

tamination. Thirdly we wanted to use the method to obtain an
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estimate of the response consistency of subjects. Finally we
wanted a technique that enabled us to relate the estimate of
response consistency to the other variables in such a way that
it could be determined whether the scores for the variables
were due to random fluctuation. The traditional method of
scoring the RFT did not fulfill our needs. Therefore, we crea-

ted a method that conformed to our needs.

The next question was to determine whether the statistical

method behind our method of scoring the RFT was valid.

Next, we had to determine whether the conclusions arrived at
earlier about the meaning of light intensity changes should

be re-formulated when the new method was applied to the ori-
ginal data.

We had on the basis of a statistical model claimed to have
"isolated" the yp-parameter values as an indication of a sub-
ject's degree of "frame dependence". We then saw that we had
to provide empirical evidence that the g-parameter - and only

this - was sensible to changes in the frame structure.

In a recent book, Nielsen, Nyborg & Dahl (1976) presented

the results of studies on girls who lack sex chromosome ma-
terial (the so-called Turner girls). The girls were studied
with the RFT as well as by other means. One of the main fin-
dings with the RFT in this study was that these girls - con-
sidered as a group - performed much more field dependent than
any other group studied so far. The study was initiated a num-
ber of years ago and the method of scoring the degree of field
dependence in the RFT was accordingly the traditional one as
prescribed by Witkin & Asch (1948). We wondered whether the
extremely field dependent performance of these girls according
to the old method needed re-evaluation when the new method

was applied to the original data. Such re-analysis could as

we saw it attain three major goals: 1) a practical one by

obtaining a deeper understanding of what has been called "cog-



nitional deficit" in Turner girls; 2) a theoretical one by

studying in more detail a possible relation between sex chro-
mosome abnormalities and cognitive functioning; and 3) final-
ly a methodological one by learning more about the new method

of scoring the RFT.

In short, through a re-analysis, we hoped to determine whether
the previously observed high degree of field dependence in
girls with Turner's syndrome was equivalent to a high ¢-para-
meter value; and also to see how the new method of scoring

the RFT worked for a greater number of subjects than previous-
ly studied.

During this work several serious questions arose centered main-
ly about the interpretation of the RFT. What is "really" field
dependence? What is implied in the term "field" and what is
meant by the term "dependence"? What is "frame dependence"?

Is field dependence an unequivocal "perceptual dimension ex-
isting in its own right? Is it the only and unique dimension

that may explain RFT behavior?

It was apparent that the concept of field dependence had ap-
pealed to an amazingly great number of researchers as a valuab-
le heuristic concept, but we wondered whether performance in
the RFT could be better interpreted without implying the so-

called field dependence dimension?

We considered the answers to such questions to be vital for

an understanding of the subject’s performance in the RFT. It
must, however, be made quite clear that we certainly do not

- directly or indirectly - by these critical questions suggest
the non-existence of consistent individual modes of responding
to the RFT situation. We also do not deny possible relations
between such consistent individual modes of responding in the
RFT and the observer's level of "differentiation", or between

his characteristic organization of personality.



What interested us was the possibility of considering the RFT
performance in a much broader context than the field depen-
dence frame of reference, namely as a complex expression of

a subject's approach to maintain spatial orientation to the
vertical as intact as possible. One of the main questions was
whether it was necessary to implicate a special perceptual di-
mension such as the field dependence dimension in order to
handle the data from the RFT. In order to find out, we used
the new method of scoring the RFT in order to reinterpret the
data. Our approach required radical re-thinking about what is
measured in the RFT and pointed towards the end of the long

era of field dependence.

The last part of this treatise, Part IV, presents a general
introduction to those aspects of human spatial orientation that
have special relevance for an understanding of RFT performance.
We also addressed the question of how a specific subject func-
tions in the RFT situation. In our approach, we tried to em-
brace distal, proximal and phenomenal aspects in one and the
same consideration. Our approach to these questions was some-
thing between the neural-discharge level and the verbal-pheno-
menological level. We focused mainly on some hypothetical cen-
tral-nervous mechanisms assumed to be involved in the perceptu-
al performance in the RFT. We tried to consider these hypothe-
tical neuro-psychological mechanisms in a system-analytic frame
of reference. In Part IV of this treatise, the approach of
Bischof (1966) is followed closely by applying some principles
of human spatial orientation he has adapted and in some aspects

reformulated from earlier studies of this area.

We thereby hoped to provide an overview of how the important
variables in the RFT situation might be related to each other,
i.e. how they function together. In order to facilitate the
understanding of such a functional approach we presented a
cybernetic model for the RFT performance. Such models seem
especially suitable when highly complex mechanisms are under

consideration. With the help of "flow-diagrams" we obtained



a more clear understanding of the subject's performance in

the test situation.

As a secondary aim we also hoped by such an approach to be
able to relate the multitude of specific responses - measured
by the new method for analysing the RFT performance - to an
understanding of Zow the perceiver solved his task in the RFT.

Clearly the question of "Why" the subject responded as he did
is also in focus. In Part IV we try to provide some answers
to this question in a developmental perspective which seems
so important for an understanding of individual differences

in RFT performance.

2. AIMS AND METHODS

Part I of this treatise outlines the background, the development,
and the application of the traditional concept of field depen-
dence as related to the RFT. Part I also presents our attempts

to obtain answers to some questions on the effect of tactile
stimulation and light intensity on perception of the vertical,

within the traditional field dependence frame of reference.

Part II presents an overview of traditional ways of measuring
performance in the RFT situation, followed by a discussion on
some problems encountered working with these methods of scoring
the RFT. As a consequence of the problems encountered we substi-
tuted the old methods with a new. Some aspects of the new method

are discussed and compared to old methods.

We put emphasis on individual or person-specific performance
in the RFT. Finally, we studied the validity of the statistical
basis of the new method.



Part III deals with studies in which the new method was applied.
Reevaluation of the data from our earlier experiment on the ef-
fect of changes in light intensity was done in chapter V. In
chapter VI we tried to answer questions such as "Has the new
measure sufficiently high validity as a measure of frame de-
pendence?" and "Do the traditional and the new method give e-

qual results when applied on the same material?".

The RFT data from an extensive six-year study on girls who lack
sex chromosome material were reanalyzed in Chapter VII. The girls
had been found to perform in a very field dependent way in the
RFT as measured by the traditional measures. We studied whether
the new method gave results different from those previously ob-

tained.

In Part IV of the treatise we incorporated the RFT performance
into a more general theoretical context. We did this by first
presenting in chapter VIII some broad viewpoints on matters re-
levant to the theory. In the following chapter we related these
viewpoints to a more specific discussion of the content of the
concepts of "field" and of "dependence" as traditionally applied
in connection with the RFT. Drawing on this material we re-

interpreted RFT performance,

The RFT test situation is very complex. In order to facilitate
an understanding of RFT performance

we present in Chapter X a cybernetic model. The model
takes into account the complexity of the test situation while
at the same time it keeps an overview of the important variab-

les as well as their possible relations.

In the reinterpretation we considered the organism as an infor-
mation processing system. We outlined some major functional
types of information processes and discussed what possibilities
a subject may have to keep her orientation to the upright intact
while exposed to an experimental created "conflict" between op-

tic and vestibular/somesthetical cues in the RFT.



Chapter XI ends with a discussion on the differences between
the use of population-dependent estimates of RFT performance
and person-specific estimates. The response consistency para-
meter (0), and at the g-parameter are considered with respect

to chronological age in Chapter XI.

Experimental method plays a prominent role in RFT studies. We
used a variety of common statistiecs. In one case, however, we
had to develop a statistical model convenient to our purposes.
In Part IV of the treatise a cybernetic model is used to illu-
strate how the postulated information processes may solve the
RFT task. We focused on hypothesized neuro-psychological mecha-

nisms that might operate in spatial orientation performance.
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CHAPTER |

THE EMPIRICAL BACKGROUND FOR THE DEVELOPMENT OF THE ROD-AND-
FRAME TEST AND THE CONCEPT OF FIELD DEPENDENCE

1. INTRODUCTION

This chapter gives a brief history on the empirical basis for
the rod-and-frame test (RFT), followed by an account of the
traditional concept of "field dependence", and its relation
to the "psychological differentiation" hypothesis (Witkin et
al., 1962).

In the RFT the subject is required to adjust a rod within a
tilted frame to a position which appears to her tO be upright
while her body is restrained in a certain position (usually
gravitational upright). As perception of verticality takes a
prominent place in the RFT, we give a short account on how ac-
curate subjects usually react in a test situation in which
they are required to adjust a rod or their own body to an up-

right position without a visually presented frame.

2. PERCEPTION OF THE VERTICALITY
a. of a "rod"

Most people are able to adjust a luminous rod to a vertical
position with an accuracy of about + 2 degrees in an otherwise
completely darkened room with the body in a gravitational ver-
tical position (for review: see Howard & Templeton, 1966). In
most studies the deviation of the rod from gravitational ver-
tical were recorded unsigned, i.e. without taking into account
whether the rod deviated to the right or to the left of gravi-
tational vertical. In a study in which the direction of devi-
ation was recorded, Cohen & Tepas (1958) found a constant de-
viation of 2.3 degrees to the left of gravitational vertical.
This observation of a counter clock-wise tendency for all sub-
jects can be explained. The rod always started from the same
position, and under this condition the "rod-starting-posi-

tion effect" is demonstrable (see: Nyborg, 1974).



Small discrepancies between head- and body-axis may result

in systematic deviations from gravitational vertical in set-
tings of a rod (Neal, 1926). Inadequate head adjustment appa-
ratus and asymmetrical conditions in the experimental situa-
tion can affect a subject's adjustment of the rod (Nyborg,
1971a; Rosman, 1960). Constant deviations of the rod to one
side for all subjects probably are experimentally induced and
not person-specific. On the other hand, Gibson and Radner
(1937) and Naylor (1965) found consistent small individual dif-
ferences in constant error for + 2 degrees in the final posi-
tion of the rod while there was no systematic deviation for

the group as a whole.

In the RFT situation we have observed constant errors as great
as 12 aegrees in the subject's settings of the rod (Nyborg,
1974, p. 122). Errors of this magnitude are, however, quite
unusual. Often the constant error in the RFT will be in the

range of + 2 degrees.

A number of other factors influence perception of the verti-
cal with the body gravitationally upright. Besides the previ-
ously mentioned "rod-starting position effect" (Werner &
Wapner, 1952; Schneider & Bartly, 1962; Morant & Aronoff, 1966;
O'Connel et al., 1967) thereare adaptation(Morant & Aronoff,
ibid; Cohen & Tepas, 1958), rod adjusting method (O'Connel

et al., ibid.}, and stimulus complexity of the "rod” (Weiner,
1955) .

The meaning of individual differences in the rod-starting
position effect and of the constant error (subjective verti-
cal) for the final adjustment of the rod to an apparent verti-
cal position in the RFT is discussed in Nyborg (1974; see also:
Chapter IV in this treatise). The effect of the structural
complexity of the "frame" is discussed in Chapter VI in this

treatise.

Unilateral stimulation by heat, noise, mild shocks and mus-

cular asymmetry (see e.g. Kleint, 1937) together with body
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asymmetry (unilateral brain damage, unilateral amputations)
(Werner, Wapner & Chandler, 1951; Teuber & Mishkin, 1954;
Comalli, 1963) can influence perception of verticality. The
meaning of unilateral tactile stimulation in the RFT is dis-
cussed in Chapter II of this treatise and by Nyborg (1971q,
19710) . Taylor (1963) has reviewed most of the evidence for
a preference for stimuli oriented in the vertical and hori-

zontal plane.

Perception of verticality of one's own body

If a subject is required to adjust his own body to a vertical
position while blindfolded or in a dark room, seated and til-
ted passively, he can usually do so with an accuracy equal to
that found in rod positioning (see: Howard & Templeton, 1966)
The degree of initial filt, speed of return from the tilted
position, and duration of delay in the tilted position influ-
ence apparent vertical posture. These factors are not, how-
ever, considered in detail in the present treatise since the
subjects studied were tilted only in the first experimental
series, and since Nyborg (1971a, 1971b) discussed these expe-

riments in detail previously.

Perception of the verticality of a "rod" by tilted subjects

The case of adjusting a rod to an apparent vertical position
by tilted subjects deserves some attention in connection with
our first experiments. In 1861, Aubert noticed that when he
looked at a vertical ray of light and tilted his head to one
side, the ray of light appeared to tilt to the opposite side.
This phenomenon became known as the Aubert-effect (A-effect).
Later Miller (1916) found that small tilts of the head caused
the vertical ray of light to appear to tilt to the same side:
the so-called E-effect. Sandstrdm (1954) found, however, con-
siderable individual differences in A- and E-effects. Wade
(1968) suggested that the individual differences seen by Sand-
strdm resulted from his method. Some later studies found no
A- or E-effects with body tilts up to 20 degrees, while E-

effects occured with tilts from 20-70 degrees and A-effects



predominated for tilts beyond 70 degrees. Schdne (1964) on the
other hand observed only the A-effect for 180 degree body tilt.

Mainly due to the uncertain status of the A- and E-effects
under body tilt, the subjects in our studies from series three

onward were not tilted.

THE DEVELOPMENT OF THE ROD~AND-FRAME TEST

In the late nineteen-fourties Witkin and collaborators per-
formed an extensive series of studies on space orientation. In
some of the first reports they presented the results of expe-
riments on perception of the upright with displaced visual
fields (Asch & Witkin, 1948a, 1948b). In these studies the
investigators required their subjects to adjust a rod to an
apparent vertical position while at the same time they were
exposed to a tilted scene. For technical reasons they could
not easily change the experimental conditions in their first
studies. Later, they developed a new technique (Witkin & Asch,
1948) in which a luminous frame measuring approximately one
meter i square, with sides approximately 2.5 cm wide was used.
This frame could be tilted to the left or to the right around
its center. A rod, 95 cm in length, was mounted in the center
of the frame. The rod could be tilted independently of the
frame but within it in such a way that the rod did not collide
with the sides of the frame. The task of the subject was simply
to adjust the rod to a position which she considered to be
vertical. The deviation of the final rod settings from gravi-
tational vertical was measured in degree. The authors called

the test the "rod-in-frame".

Since the publication of these studies, it became a standard
procedure to tilt the frame 28 degrees either to the left or
to the right off gravitational vertical and to keep the frame

at this position.



The subject was usually tested either (1) with her body tilted
28 degrees to the same side as the frame, (2) with her body
tilted 28 degrees to the opposite side of frame tilt, or (3)
while sitting upright. Witkin concluded on the basis of these
experiments that perception of the vertical was influenced by
visual as well as postural factors, but that the visual fac-
tors usually dominate (for critical discussion see: Gibson &
Mowrer, 1938; Gibson, 1952; refered to in Nyborg, 1971a, p- 1).
Witkin found extraordinarily large individual differences in
the subjects' performance (see e.g.: Witkin & Asch, ibid.).
Some subjects considered the rod to be vertical when it was

in fact tilted as much as the frame, i.e. 28 degrees from gra-
vitational vertical, while other subjects could easily adjust
the rod to perfect or nearly perfect gravitational vertical.
Most subjects adjusted the rod somewhere between these extremes.
Witkin and coworkers found it difficult to interprete the
considerable individual differences in a general and simple man-
ner that accounted for the determinants of perception of the
vertical for the group of subjects as a whole. The estimation
of some of the subjects appeared to be highly influenced by
the tilted visual field while other subjects could "overcome"

this influence.

FORMULATION OF THE CONCEPT OF FIELD DEPENDENCE IN RELATION TO
THE RFT

As a preliminary hypothesis to explain individual differences
in RFT performance, Witkin first suggested, that some subjects
were simply "inaccurate" in their judgements. This hypothesis
was soon rejected. Then Witkin hypothesized that the indivi-
dual differences in responses were reflections of differences
in "body-sensitivity"; this hypothesis was also rejected (for
discussion, see: N&borg, 1971b, p. 136). As a third hypothesis
Witkin suggested that his observations could be explained by
differences in the subjects' capacity to "overcome an embed-
ding context". This hypothesis became the basis for the deve-

lopment of the concept of "field dependence".
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In the book "Personality through Perception", Witkin et al.
(1954) postulated the existence of a bipolar perceptual di-
mension: the "field dependence - field independence" dimension.
Field dependence was defined as incapacity to "... overcome
the influence of the surrounding field or to separate an item

from its context." Its counterpart was described as capacity

.. to distinguis@ an item from its context" (see also: Wit-
kin et al., 1962).

A subject's position on the field dependence - field indepen-
dence continuum was decided on the basis of her performance in
one or more of the tests that measure this dimension. The sub-
ject's performahce in the tests is said to reflect "... the
quality of the person's experience of his surroundings, his
way of perceiving and using his body, the nature of his rela-
tions to6 other people, and aspects of his controls and defen-
ces." (Witkin et al., 1962, p. 3). The degree of field dependen-
ce was claimed to be related to perceptual, intellectucal,
emotional, motivational, defensive, and social aspects of a
given subject." Thus, investigations that dealt with indivi-
dual differences 1n a seemingly narrow perceptual acticity de-
veloped into a study of broad differences among people in what

seemed to add up to a "style of life" (ibid., p. 4).

The concept of field dependence appealed to researchers all
over the world. Many accepted it on face value, while some
were sceptical. The concept has been applied broadly in clini-
cal and experimental psychology. Personality researchers have
also used it. Nearly two thousand reports dealing with the
concept have been published, and the number of publications

increases every year.

In experimental psychology,field dependence has been related to
such topics as the effect of instruction, "set", effects of
training, perceptual development, sensory deprivation, arousal,
illusions, constancy, intelligence, creativity, sensory-motor

discrimination, and much more.



In clinical psychology, the concept has been studies in rela-
tion to alcohol abuse, stress, different forms of therapy, sex
differences, chromosome abnormalities, mother-child interac-
tion, degree of similarity between twins or between adopted
children and their families, the effect of medicaments, phy-
siological responsivity and so on. Furthermore, groups with
paranoia, with obsessive or compulsive symptoms, people with
brain damage or with ulcers have been studies as have psycho-
pathic, schizophrenic, or manio-depressive persons. In later
years students of cross-cultural research have made extensive
use of field dependence terminology as have researchers in

educational psychology.

A DEVELOPMENTAL PERSPECTIVE ON FIELD DEPENDENCE AND PSYCHOLO-
GICAL DIFFERENTIATION

In a book entitled "Psychological differentiation” (Witkin et
al., 1962) and in later publications (e.g. Witkin & Berry,
1975) Witkin discussed his theory of psychological differen—
tiation. This theory was important for the concept of field
dependence.

In Witkin & Berry's words, the "... typical progression in
psychological development is from less differentiated to more
differentiated. A salient identifying characteristic of grea-
ter differentiation is specialization. Subsystems emerge with-
in the general system which are capable of mediating specific
functions. This implies a measure of separation of psychologi-
cal functions - as perceiving from feeling, thinking from ac-
tion; it implies as well specificity in the manner of func-
tioning within an area. Greater differentiation also carries
implications about relations with the environment; a more dif-
ferentiated system is characterized by separation of what is
identified as belonging to the self from what is identified

as external to the self. Finally, differentiation carries im-
plications for the way in which a system is integrated. Inte-
grations have two aspects: complexity ... and ... effective-

ness ... To the extent that greater complexity of integration
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is possible in a system with many components, complexity of
integration is related to differentiation. Effectiveness of
integration, however, bears no direct relation to differentia-

tion." (p. 6).

"Progress toward greater differentiation during development in-
volves the organism as a whole, rather than proceeding discre-
tely in separate domains." "... among the tests used to assess
differentiation in perception is the rod-and-frame test (RFT)."

(p. 7).

"As might be expected from the differential framework, a cha-
racteristic developmental progression toward increasing field
independence has been observed up to the period of early ado-
lescence, when a leveling off occurs..." (Witkin & Berry, 1975,
p- 8). A tendency, beginning in adolescence, for males to be
significantly more field independent than females, has been ob-
served. Evidence from cross-cultural studies suggests that
socialization variables are associated with the achievement of
a relative field-dependent or field-independent style, or more
broadly, with a relatively less developed or more developed
level of differentiation (Witkin & Berry, 1975, p. 13). Thus,
"... encouragement of autonomous functioning as an emphasis in
child rearing is associated with the development of a more
field-independent style and greater differentiation; and that,
on the other hand, field dependence and limited differentiation
tend to be associated with demand for adherence to parental
authority" (Witkin & Berry, ibid., p. 13). It is clear that

1) witkin's "differentiation theory" is a developmental theo-
ry, 2) the field dependence-independence dimension is the main
component within the theory, and 3) that field dependence can be
assessed by the RFT. Thus, according to Witkin, studies on
field dependence with the RFT are developmental studies and

can indicate a subject's level of psychological differentia-

tion.

The subject's level of differentiation is according to Witkin

influenced by her earlier experiences: "The commonplaceness of
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the perceptual function at the heart of the field-dependence-
independence dimension (disembedding part of an organized
field from the field as a whole) makes this cognitive style

a particularly valuable indicator of socialization effects"
(Witkin et al., 1974, p. 12).

A number of procedures can be used to measure field dependen-
ce. The present treatise is concerned primarily with the RFT.
This test is according to Witkin a main indicator of field
dependence: it is "... the only one of our tests of field de-
pendence which seems to show no practice effect" (Witkin,
1965) . Bloomberg (1967) found that the RFT is considered as

... the barometer of field dependence in which researchers

have greatest confidence".

In the following chapter we present our works carried out
within Witkin's frame of reference.



CHAPTER I1I

OUR OWN EXPERIMENTS WITHIN THE TRADITIONAL
FIELD DEPENDENCE FRAME OF REFERENCE



CHAPTER 11

OUR OWN EXPERIMENTS WITHIN THE TRADITIONAL FIELD DEPENDENCE FRAME
OF REFERENCE

This chapter represents some aspects of our studies on field de-

pendence. Further details of our studies are in the relevant pu-

blications.

1.

SERIES I

wrgetile stimulation and perception of the vertical I. Ef-
fects of diffuse vs. specific tactile stimulation™

(Nyborg, 1971a)

Introduction

Gibson (1952) pointed out that studies of interaction between
relevant stimuli are important for learning more about opti-
cal-vestibular conflict situations. We noted from everyday
life experiences and from animal research (Magnus, 1924)

that tactile stimulation may contribute to human spatial ori-
entation. However, we found contradictory results in the li-
terature on tactile stimulation. Witkin claimed that "bodily
sensitivity" could not explain individual differences in RFT
performance. Later, Culver et al., (1963) demonstrated that
field dependent subjects were hot as "sensitive" as the field

independent in their response to tactile stimulation.

But neither Witkin nor culver studied the effect of tactile
stimulation in a RFT situation. Accordingly it was not known
to what extent tactile stimulation influenced the interaction
of stimuli in the RI'T. We therefore decided to study this pro-
blem.

Earlier studies on the effects of stimulation on perception
can be classified in two main groups: 1) experiments aimed
at studying the effect of changes in tactile stimulation in

concert with input from other modalities, and 2) experiments



in which the influence from all modalitites except tactile

was restrained.

The results of these studies were as mentioned contradictory.
We suggested that some of the contradictory findings might be
due to lack of sufficient control of the relevant variables.
We proposed a number of experimental criteria which we consi-
dered necessary in order to study tactile stimulation. An ex-
perimental apparatus was designed to reduce and control the
input from a number of modalities other than tactile stimula-—
tion. The apparatus was used to study effect of changes in
the "specificity" of the tactile stimulation on the degree of
field dependence in the RFT as measured in final adjustment
of the rod.

The question of whether field dependent and field independent
persons differ in sensitivity to tactile stimulation was al-
ready answered in the affirmative by Culver et al. (ibid.).
Our main question was whether changes in tactile stimulation
effect RFT performance. If so, then individual differences

in "bodily sensitivity" to tactile stimulation might actually
explain some individual differences in RFT performance. The
answer to this question is of particular theoretical interest
because Witkin claimed that RFT performance was a question of
"extracting" the rod out of its context, and that this extrac-
ting process had nothing to do with differences in "bodily
sensitivity". But Witkin may have rejected the "body sensiti-
vity" hypothesis prematurely. If tactile stimulation can be
shown to play a role in RFT performance, then it would be ne-
cessary to consider tactile stimulation to be a relevant va-

riable for perception of the vertical.

We did notuse terms like "increased" versus "reduced", but finally
chose "specific" versus "diffuse" tactile stimulation; neither did we
present a quantitative definition of the tactile stimulation,
mainly because "specific" tactile stimulation as defined ope-

rationally in the experiment cannot be separated from general



stimulation of the tissue (see Gibson, 1966, p. 106). Recep-
tors in and near the surface of the skin can be stimulated

by pressure, stretching, rubbing, and so on. "The definition
of stimuli in these terms, however, can be useful without

its having to be a quantitative definition, a magnitude"
(Gibson, ibid.). We agree with Gibson who remarked that it

is possible to study the relations between perception and
stimulation in a meaningful way without first having to esta-

blish a metric psycho-physics.(Gibson, 1948).
The traditional "unsigned error" method of analyzing the RFT
performance (Witkin & Asch, 1948; see chapter III) was used

in this work.

Results and discussion

Our observations made clear that when the general level of
sensory input was lowered and the tactile stimulation was then
made more "specific" the subjects - considered as a group -
adjusted the rod nearer to gravitational vertical. The hypo-
thesis that specific tactile stimulation gave a more adequate
basis of estimation for perception of the apparent vertical
than "diffuse" tactile stimulation was thus confirmed for the
group as a whole. Although the effect of tactile stimulation
was not great, it was evident that the subjects' degree of |
field dependence in general was lowered experimentally under

the specific tactile stimulation conditions.

The reduction in field dependence was, however, not characte-
ristic for all subjects. On the contrary, some subjects had

a higher field dependence score when the tactile stimulus
changed from diffuse to specific. This observation led to the

following analysis.

SERIES II

"Tactile stimulation and perception of the vertical II. Ef-

fects of field dependence, arousal, and cue function.
(Nyborg, 1971b)



.
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Introduction

As consequence of the considerable individual differences in
the effect of changes in tactile stimulation on RFT perfor-
mance, we decided to study further the cause of the individu-
al differences. We postulated a prior? that field indepen-
dent subjects would make much use of changes in the tactile
stimulus conditions towards the more specific, while the
field dependent persons would not. In other words, our hypo-
thesis was that field dependent subjects would not adjust the
rod nearer to physical vertical under specific tactile sti-
mulation relative to diffuse tactile stimulation conditions

while the field independent subjects would.

Results and discussion

Our results did not support our hypothesis. We then attempted
to interpret our results in terms of individual differences
in level of arousal and corresponding differences in "cue-
function". Partly because a relatively detailed report on the
relevant aspect of our study is presented in Nyborg (1971h),
partly because of the somewhat speculative interpretation,
and finally because of the critigue that can be directed to-
ward the traditional method applied in analysing the RFT per-~

formance, we will not discuss this report further here.

SERIES III

"Light intensity and perception of the vertical. Two experi-
ments with the Rod-and-Frame Test."
(Nyborg, 1972)

Introduction

In the study on the meaning of light intensity on perception
of the vertical we applied the "tilting stand" device used
in series I. To secure homogeneous, exact and stable condi-
tions of light intensity we constructed a modified version

of the classical RFT set-up (see, Nyborg, 1972). By means of



this apparatus we could vary separately in well defined

steps the light intensity level in the frame and in the rod.
Before the experiment a subjective equidistant scale of light
intensity was established in order that the physically defined
level of light intensity were optimal for the experiment.
Contrary to series I and II our subjects were not tilted in
this or in the following experiments. But as in the fore-
going series of experiments, we also applied the "unsigned-

error" scoring method in this series III.

Results and discussion

Our data showed that level of light intensity play no or only
very little role for perception of vertical in the RFT. This
holds true regardless cof whether the subject was field depen-
dent or field independent, and regardless of whether the
change in light intensity was actual all over the total vi-
sual field or only in part of it. On this basis we discussed

a number of implications for use of RFT apparatusses with dif-
fering level of light intensity. We also discussed an experi-
ment (Curran & Lane, 1962) the result of which was only appa-

rently contradictory to the result we obtained.

At this time we began to suspect shortcomings in USD scores due
to variable contamination. We therefore performed a methodo-
logical study of the RFT, the results of which are presented
in part II.



SUMMARY OF PART I

Chapter I presented the basis for the traditional interpretation
of RFT performance considered from empirical, theoretical and de-=

velopmental points of view.

Chapter II then shortly discussed some studies performed within

the traditional field dependence frame of reference.
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MEASURES OF FIELD DEPENDENCE
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CHAPTER 1

TRADITIONAL WAYS OF MEASURING PERFORMANCE IN THE ROD-AND-FRAME
TEST

1.

INTRODUCTION

This chapter concentrates on traditional ways of scoring
the RFT. Critical analysis of how the data in the RFT is
handled is important because the final results are usually
the only basis for reaching conclusions about the person
tested and final results might mask some important informa-

tion about the person.

The specific reason for the present critical evaluation of
the scoring method of RFT data was that during our own stu-
dies we began to suspect that the scoring method we had ap-
plied - the common unsigned deviation method - confounded a
number of important variables. At the same time, we found the
other methods at hand for scoring the RFT to be incomplete in

one or more respects.

In the book entitled "Human spatial orientation", Howard &
Templeton (1966) remarked that "one of the disturbing fea-
tures of research in this field is the lack of consistency
in the statistics used by different workers to summarize
their data.” (p. 241). We consider this remark to be especi-
ally true for field dependence as measured with the RFT.

There are four main types of methods for scoring the RFT. The
four types will be termed (1) the unsigned deviation, (2) the
constant deviation, (3) the variable error, and (4) the stan-

dard error.

METHODS OF SCORING THE RFT PERFORMANCE

Unsigned deviation

The unsigned deviation method is recommended by Witkin, and




most researchers within the field have followed his advise.

The terms "absolute error", "crude average error", and "un-
signed error" have been used as synonymous for "unsigned de-
viation". Mean unsigned deviation is calculated in the fol-
lowing way:

"The direction, in which the setting (... of the rod
...) was off - that is, whether it was clockwise or
counter clockwise from the true vertical aﬁd horizon-
tal - was not taken into account. The scores for all
trials given the subject under a given condition were
then averaged, the results representing his mean er-
ror for that condition. Finally, to obtain the mean
error for the group as a whole, the mean errors of
the individual subjects were simply averaged."

(Witkin & Asch), 1948, p. 764)

Later the means from trials under "given conditions" were con-
verted to standard scores and finally to a "total RFT index"
(see, Witkin et al., 1962, p. 37)

Mean unsigned deviation (Y) can mathematically be written

- 1
Y = N ZYi
where Yi (unsigned deviation) is the rod position measured in
number of degrees (numerically) from gravitational vertical

in the ith trial, i.e. without regard to the direction of the
deviation; N = number of trials. The formula simply expresses

the mean of summed scores over N trials.

Constant deviatigg

Constant deviation is sometimes called "subjective vertical",

"point of subjective verticality", "response set", and "con-
stant error”. The constant deviation can mathematically be

written




X =N ZXi
where X, (signed deviation) is the rod position measured in
number of degrees off gravitational vertical in the ith trial
(measured positively for clockwise deviations and negatively
for counter-clockwise deviations). The formula expresses

the algebraic mean of final rod positions around gravitatio-

nal vertical.

The constant deviation reflects the tendency of a subject to
adjust the rod either to the right or to the left of gravi-

tational vertical.

Variable error

The variable error can be calculated in several ways. Common
to all ways is that the calculations are independent of the

constant deviation. Some authors calculate variable error as

which expresses the average of deviation between uns<gned

deviation and mean unsigned deviation.
Other authors calculate the variable error as

1
(2) N ZIXi - X]
which signifies the average of deviations between signed de-

viation and constant deviation.

Variable error reflects the precision with which the subject

adjusts his response to the stimulus-conditions.

Formula 1 gives a measure of response consistency without re-
gard to the side of vertical to which the rod is adjusted,
while the measure of response consistency provided by For-—
mula 2 does reflect the side to which the subject tended to
adjust the rod.
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Standard error
S—grarc error

Standard error reflectsg the range within which the scores can
be expected to be found. The formula for standard error can
be written as

where Xi is signed deviations under comparable experimental
conditions, and where

1
X=Nix

Standard error gives an estimate of the consistency of the
Scores. Given that RFT scores show an approximation to a nor-
mal distribution, 95 per cent of the scores can be expected
to be found within an interval of 4 g Ssymmetrical around X.

DIFFICULTIES WITH THE TRADITIONAL MEASURES OF RFT PERFORMANCE
Review of the literature
—==r_ 2~ the -‘iterature

Witkin et al. (1954) wrote that "Some of the measures we de-
veloped are avowedly crude, in relation to the complexity of t
phenomena to which they refer" (p. XXITI). 1In addition, they
assumed that "Fresh measures, as well as improved versions of
the measures developed here, are sure to follow the first step
taken in this study".

Witkin and his collaborators certainly knew that "There are a
number of possible alternative scoring methods for the RFT..."
and remarked in this connection, that "These alternatives may
be useful for specific research problems, but we have not foun
a4 scoring method that has dgreater construct validity as a mea-
sure of field dependence than does the absolute error" (Wit~
kin et al., 1962, p. 37).



Kurtz (1969) supported the statistical treatment applied by
Witkin. In an analysis of Witkin's work, Kurtz noted that "He
[Witkin] has used adeguate controls, the mathematical assump-
tions underlying the statistical treatment of the data were
usually met with a degree of precision sadly lacking in much

psychological research" (p. 522).

But a number of authors have been sceptical about the scoring
method advocated by Witkin. Most notably among these are Gru-
en (1957), Lester (1968), and, Fine & Danforth (1975).

Gruen focused on "... the role of Witkin's method of scoring
perception ..." and found that "... this simple method obscures
what may be actually happening in these situations" (ibid.,

p. 81). The unsigned error score appeared to give no indica-
tion of how deviations from vertical in the adjustment of the
rod were arrived at by the subjects in the RFT. In a replica-
tion of Witkin's experiment, Gruen found that some subjects
did not accept the frame as upright on either side, while
other subjects did view the frame in this way. Nevertheless,
the unsigned error score treated all subjects as though they
viewed the frame in a similar fashion and thereby could be
ordered along the same continuum. Gruen noted that 90 per cent
of the men and 96 per cent of the women moved the rod in the
direction opposite to the tilt of the frame at least once du-
ring the test, and that such events are not reflected in the
unsigned error score. These observations caused Gruen to con-
clude, that "... the complexity of behavior emanating from
these space-orientation tests is not given expression in Wit-
kin's presentation of data. It fails to reflect phenomenolo-~
gically different events by lumping different kinds of beha-
vior along one continuum. This not only reduces the validity
with which his data purports to give us a picture of what the
subjects' perceptual performances were, but cuts off from con-
sideration of the full implications of actual behavior in these
situations. It results in unjustified simplifications which

may bear limited relationships to what people really do ..."




which are concerned with variability of the averaged scores
from series to series. Gruen stated that "Obviously any intra-
individual variability within A series if presernt gets lost
in the process of averaging the trials., Nevertheless Witkin
proceeds as if the score for any one series can be taken to
represent some consistent function of a person's perceptual
behavior." (ibid., p. 86) . Gruen also pointed out that Witkin's
method of scoring "... covers up initially wide variability
in performance and may be averaging different factors along
one continuum. We Suggest that actual performance in these

In agreement with Gruen, Lester (1968) wrote that ".. . errors
made by the subjects (in the RFT) were apparently then analy-
zed without regard to their direction. No control readings were
taken; error Scores were calculated with respect to objective
rather than to the individual's subjective vertical." He con-
cluded that ", _, as long ag ... doubts exist about the test,

it seems Very much worth the while of personality researchers
to improvelnethodolog3q with the hope of improving the accuracy
of measurement and finding some trustworthy answers to the
existing questions." (p, 1312).

Fine & Danforth (1975) also Ccriticized the traditional way of

scoring the RFT. They stated that ". .. Witkin appears to have
while, at the same time, attributing high "construct validity"
to a scoring methog which ignores it". (p. 685). Fine & ban-

forth were "... forced to conclude that rod-and-frame perfor-

would lead us to believe." (p, 691) .

Thus, Witkin hagd dismissed a number of ways of scoring the RFT
in favour of the unsigned deviation scoring method which a num-
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ber of researchers characterized as inadequate to measure per-
formance in the RFT.

Our own problems

According to Witkin et al. (1962) what is required of the sub-
ject in the RFT is "... straightforwardly ... separation of an
item (rod) from the context or field in which it is embedded"
(p. 45). Witkin claimed that "For succesfull performance in
this task the subject must "extract" the rod from the tilted
frame through reference to the body position" (p. 36). Witkin
considered all trials in which the subject adjusted the rod
far from the vertical to indicate "adherence to the visual
field", while small deviations in the adjustment of the rod

to vertical were considered to indicate independence of the

field and "reliance on the body".

According to Witkin, the subject mobilizes information from
his own body with regard to position in order to overcome the
"embedding" effect of the tilted frame. But information of "up-
rightness” from the upright positioned subject’'s body can be
erroneous (Gibson & Radner, 1937; Naylor, 1965). Consequently,
a subject that normally "receives" erroneous information on

"uprightness" from his own body would be considered frame de-
pendent on the basis of unsigned deviation scores, even though
he may not be influenced at all by the frame tilt. It is evi-
dent that the method of scoring the RFT on the basis of unsig-

ned deviation has some serious shortcomings.

Since Werner & Wapner (1952) demonstrated that the starting
position of the rod may have a significant effect on its fi-
nal position, a number of authors have confirmed this pheno-
mena (Davies & Laytham, 1964; O'Connell et al., 1967; Lester,
1968; Girotti & Beretta, 1969; Groberg, Dustman & Beck, 1969;
and others). The rod-starting-position effect also can contri-
bute to frame dependence scores using the unsigned deviation
method, even though it has nothing at all to do with the frame.
This is another reason why the unsigned deviation method is

unsatisfactory for analyzing RFT performance.




An additional shortcoming of the unsigned deviation score is
that it gives no indication of Tesponse consistency. It ig
to be noted that tremendous variability in the response con-
sistency of subjects in the RFT has been reported (Gruen,
1957; Nyborg, 1974) . witkin & Asch (1948p) tried to account
for the variability in response consistency by claiming that
" the luminous frame has a very simple structure (and) it
provides a rather "weak" frame of reference. This is additio-
nal reason to expect that judgements made in its bPresence will
not be very consistent" (p. 773). Witkin & Asch calculated the
consistency with which their subjects responded to the RFT si-~
tuation and found values ". ., sufficiently high to indicate
that a tendency to be influenced by the tilted frame, or to

of the upright under the several conditions employed", (Wit-
kin & Asch, 1948p, p. 768) . But they calculated response con-
sistency on the basis of mean scores from a series of trials.
Their method failed to reflect the type of variations in re-
Sponse consistency that occured during the trials. It is to be
noted that Gruen (1957), for example, found that some subjects
started the RFT with field independent Scores and ended up with
fielad dependent scores, or vice Versa. He commented that if
the mean score of series are taken as basis for estimations

of response consistency one may be "...averaging what may not
be component along one behavioral continuum. Yet performance
that incilude field-dependent ang field-independent solutions
is simply averaged." (Gruen, 1957, p. 87).

Summarizing the shortcomings of the unsigned deviation method
of scoring the RFT we concluded, that this method does not
unequivocally reflect the subject'sg degree of frame dependen-
ce. It gives results that are variable—contaminatad to an un-
known extent. The variables which are indiscriminately lum-
ped together in the unsigned deviation score are 1) the sub-
ject's constant deviation, 2) his rod—starting—position ef-
fect, 3) his effect of the tilted frame, and finally 4) hisg

degree of response consistency.
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If field dependence in the RFT (unsigned deviation score) is
taken to reflect "dependence on the frame" as has been sug-~
gested by Witkin (Witkin et al., 1962), then the method of
scoring the RFT advocated by Witkin cannot be considered to
have great construct validity.

We consider the RFT to be a very usefull test- and research
instrument. We therefore undertook the task of developing a
new method for analyzing RFT performance. We required of the
new method that it takes at least the four above-mentioned
variables into account. The next chapter presents a brief ac-

count of this work.

At this point attention should be given to the terms "devia-
tion" and "error". In the following we discriminate between
these terms. The advantage of making a discrimination between
these terms came rather late to us, and therefore it was not
made in all our publication. In the following, however, we
use the term "deviation" to characterize the discrepancy be-
tween the information about the vertical as delivered by the
perceptual mechanisms and the true vertical. On the other hand,
we use the term "error" to refer to the statistical variation
of the perceived vertical (such as the standard- and variable
error) which may be related to the amount of precision of the

mechanisms in guestion.
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CHAPTER [V

DEVELOPMENT OF A NEW METHOD FOR ANALYSING PERFORMANCE IN THE
ROD-AND-FRAME TEST

1. SERIES IV

"A method for analysing performance in the rod-and-frame
test. I."
(Nyborg, 1974)

a. Discussion

In the foregoing chapter it was emphasised that a simple arith-
methic averaging of the data on the behavior of a subject in
the RFT does not give an adequate account of the complexity

of the subject's response. A number of variables influence

the subject and these variables are not taken into account
properly by the traditional ways of scoring the test. In ad-
dition, the importance of measuring inter-individual differen-
ces 1is to be stressed. The traditional method of scoring the
RFT measures neither the variables nor inter-individual diffe-

rences.

A more adequate account of the RFT performance can be obtai-
ned when the subject's performance is scored in such a way,
that the unique values of her response parameters can be rela-
ted to localized sources in the test situation, and then esti-
mated in relation to the response consistency with which she

obtained these values.

A more adequate method of scoring the RFT would allow for un-
equivocal and separate measures of the perceptual variables
while at the same time giving basis for an estimation of the
subject's response consistency. We wanted to develop such a
method. Furthermore, we wanted a method which enables us to
consider the subject's parameter-values in light of his own
response consistency and not primarily by comparison to a

group mean score.




The new method is based on the assumption that the effect of
tilting the frame to the left equals the effect of tilting the
frame to the right; the effects so to Say counterbalance each
other symetrically. This balancing effect is assumed also for
the rod-starting-position effect; thus starting the rog from
a left tilteg pPosition has the same effect on final adjusted
position as when started from the right tilted position, but

of course with sign reversed.

For details on the practical application of the method ang for
Ccomparison of results obtained with the traditional ang the
new method the reader is refered to Nyborg (1974; gsee also se-
ries VII and VIIT in this treatise) .

In the new method the focus is not SO0 much on general diffe~
rences in field dependince but rather on the single person in
order to learn what her Specific response pattern looks like.

We believe that attention to the Specific response pattern of



an individual is of particular importance in studies on the re-—
lation between perception and personality. Unsigned deviation
scores cannot be used to study the specific response pattern

of a subject. For example, a very inconsistently responding
subject as well as a very consistently responding subject can
obtain identical unsigned deviation scores. As a result, im-
portant differences between the subjects are overlooked by the

use of unsigned deviation scores.

We agree with Gruen (1957) that it is essential to investigate
what the perceptual responses mean in relation to the subject
who makes them. Although the new method does not give direct
information about why the subject scored as she did, it does
allow for a person-specific estimation of the relative role

of test variables on her response. Thus,'the new method can be
used to study an individual's specific response pattern in the
RFT. This cannot be done by any other single method presently
available for scoring the RFT.

SERIES V

"A method for analysing performance in the rod-and-frame test.
IT. Test of the statistical model."
(Nyborg & Isaksen, 1974)

Discussion

The new method for analysing performance in the RFT is based
on a two-ways analysis of variance and on the assumption that
scores in the RFT are normally distributed or near-normally
distributed. The assumption of normal distribution is impor-
tant for the sensitivity of the analysis of variance to non-
normality, and the extent to which non-normality can be ex-
pected to be actual in the RFT scores. With regard to the sen-
sitivity of the analyses of variance, Edwards (1960, p. 128)
pointed out that "The F test for means is, like the t test,
remarkably insensitive to nonnormality of the population dis-

tribution, provided the departure from normality are of the




same kind for the various populations sampled. Thus, for ex-
ample, if the population of observationsrepresented by one
treatment is gkewed and if the populations for the various
other treatments are skewed in the same direction, the F test
will be Primarily sensitive to differences in means and not

to the skewness." Edwards also remarked that "...since the

F test ig Very insensitive to nonnormality and since with e~
qual N's it is also insensitive to the variance inequalities
it would be best to accept the fact that it can be used safely
under most conditions. The F test of the analysis of variance,
in other words, remains a robust test under a variety of viola-
tions of the assumptions on which it isg mathematically based."

It would be desirable to present empirical evidence to show
that the assumption of normal distribution of RFT scores is
reasonable. But an attempt to attain empirical evidence for
this has several difficulties. A test for normality would for
example reguire many repeated measurements under identical
conditions. In such a series of repeated measurements it can-
not be excluded that for effects such asg adaptation and varia-
tions in the subject's motivation affect the results to an in-
controlable extent. Thus, although the normality of RFT scores
has not been proven conclusively, data from several hundred
subjects do not give reason to dssume that the scores are
skewed.

test the new methog (Nyborg & Isaksen, 1974, p. 125). Thus testing
the model presenteq in Nyborg (1974) two measures of response
consistency (Ol and 02) were calculated so that they are com-
parable in the Sense, that except by chance they have the same
size and both express the consistency of the subject, O, gives
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while O, Presupposes the model. These two measures were used
by Nyborg & Isaksen (ibid., p. 125) to determine whether the
model gives a reasonable description of the "reality" in the
experimental situation for a given subject. If S, is great re-
lative to o this wguld be reason to doubt the applicability
of the model. The x“-values obtained for the comparison of

o and O, supported the model. Table 1 in Nyborg & Isaksen
(1974) shows that there are many small values of F, indicating
that the model fits better than could be expected.

The model is based on the assumption that the subject's respon-
se to the RFT can be partitioned into three additive components.
v, ¢, and p, which all separately have been shown to be rele-
vant for different subjects to a different extent. The model
would be inadequate if for example the effect of the tilt of
the frame and that of the rod-starting-position interfered so
that the mean score, n, could not be written as a sum of single
effects. It is important in this connection to stress that the
assumption of additivity does not imply that interactional
effects between the components are inconceivable or just not
observed. Rather it means that the interactions are of so small
importance that in practice they can be neglected (see Chapter
VI). This point of view is also supported by the fact that the
model "fits" the data so well.

SUMMARY OF PART 11

An overview of the most common ways of scoring performance in the
RFT was given in Chapter III. wWe discussed some difficulties con-
nected to the use of these methods and concluded on this basis
that there was a need for a new method of analysing data in the
test. The new method shouid provide separate measures of the
constant deviation, the "genuine" frame tilt effect, and the rod-
start-position effect. Furthermore the method should give an ade-
quate measure of the subject's response consistency, and it should

be possible to relate the response consistency to the values of




the other parameters in such a way that they could be checked
for chance variations. In Chapter IV a method that conformed to
these requirements was bresented and some aspects were discus-
sed. Also the importance of focusing on the specific response
pattern of a subject rather than On general measures of field
dependence Scores in groups was emphasized.




PART [II

OUR OWN EXPERIMENTS WITH
THE NEW METHOD




CHAPTER V

THE LIGHT INTENSITY STUDY RECONSIDERED

1.

SERIES VI

"Light intensity in the rod-and-frame test reconsidered.”
(Nyborg, 1974b)

Discussion

An earlier publication (Nyborg, 1972) on the effect of changes
in light intensity of the frame and rod in the RFT indicated
that such changes do not influence perception of the vertical.
However, the unsigned deviation scoring method used in that
study was later shown to be faulty (Nyborg, 1974; Nyborg & Isak-
sen, 1974). Therefore, the data were reanalysed by the new me-
thod of scoring the RFT in order to see whether the original
conclusion that changes in light intensity have practically

no influence on perception of verticality in the RFT could be
maintained. The answer to this question was important for us
because the next study we had planned involved inevitable
changes in the level of light intensity in the visual field.
If changes in light intensity were in fact important in RFT
performance, then they could interfere to an unknown extent
with the effects of changing the structure in the visual field

in our next experiment, and thereby invalidate our study.

The results of the reanalysis confirmed fully our previous con-
clusion that even extreme changes in the level of light inten-
sity have negligible effects on perception of the vertical in

the RFT. The hypothesis that changes in the level of light in-
tensity affected frame dependent persons more than frame inde-

pendent observers was also rejected.

On this basis we concluded that the inevitable changes in light
intensity in our next experiment could be considered to be un-

important for its outcome.




CHAPTER VI

THE GEOMETRICAL STRUCTURE CHANGE STUDY
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CHAPTER VI

THE GEOMETRICAL STRUCTURE CHANGE STUDY

1.

SERIES VI

"The effect of geometrical structure on perceptién of the ver-

tical in the rod-and-frame test."
Introduction

In the present chapter we study whether the frame dependence
parameter value (®) obtainable by our method of analysing per-—
formance in the RFT is sensitive to variation in the geometri-
cal structure of the frame. We furthermore test empirically
the additivity assumption behind the method by determining
whether the constant deviation (u), the rod-starting-position
effect (P), and the response consistency of the subject (o)
are affected by changes in the structure of the frame. We com-
pare the validity of the ¢-score with the validity of the
traditional unsigned deviation measure of field dependence

(frame dependence) in the RFT.




The problem

The rod-and-frame test (RFT) (Witkin & Asch, 1948) is one
of the most used instruments in studies on individual diffe~-
rences in spatial perception and on possible relations between
pPerception and personality. The RFT is used in pedagogical,
clinical and cross-cultural psychology. But despite its wide-
spread use, there is still doubt about what is "really" mea-
sured in the RF7T, Witkin, the originator of the RFT, claimed
that is measures the influence of the tilted frame on the sub-
ject's perception of vertical. Gruen (1957) pointed out, how-
ever,‘that Witkin's method of scoring the RFT "...covers up
initially wide variability in the performance and may be ave-
raging different factors along one continuum." Gruen suggested
"that actual performance in these tests is SO variable as to
make it difficult to accept without modification Witkin's
theory of a special perceptual dimension called field-depen-
dency—independency.: In agreement with Gruen, Fine and Danforth
(1975) stated that: "o Witkin appears to have assigned theore-
tical importance to direction of frame tilt while, at the
same time, attributing high "construct validity" to a scoring
method which ignores it." Thus, some authors consider the RFT
to be more complex than the traditional scoring methods can
account for,

Our studies support the notion that both the RFT and the
subject's behavior in the test are complex. We found that the
tilt of the frame, the constant deviation, the starting posi-~
tion of the rod, and the consistency of a subject's performan-
ce all affect the outcome of the RFT (Nyborg, 1971a; 1971b;
1972) . We constructed a model to separate the effects of these
variables on RFT performance (Nyborg, 1974) and tested our mo-

del (Nyborg & Isaksen, 1974),



- 62 -

The present study was carried out mainly to test our model
further. Three of the assumptions of the model were tested. The
first assumption is that the @-parémeter is a function of the
tilted frame configuration. Tﬁis assumption was tested by
determining whether the geometrical structure of the tilted
frame affected the value for ¢. The geometrical structure of
the frame was changed by varying its completeness from luminous
points in the form of a square to a continuous luminous frame
(Fig. 1). According to our model, the value for ¢ will change
as a function of the geometrical structure of the frame confi-
guration. Evidence against our model would be obtained if grea-
ter completeness of the frame failed to affect the values for
@®. The second assumption is that the geometrical structure of
the frame would affect subjects with high ¢-values (so-called
frame dependent subjects) more than subjects with low @-values
(so-called frame independent subjects). This assumption was
tested statistically by comparison of the outcome of the RFT
in frame dependent and frame indepcndent subjects tested under
varying conditions of geometrical structure of the frame. Evi-
dence against our model would be obtained if there were no
differences between frame dependent and frame independent sub-
Jects in the effect of the geometrical structure of the frame
on their ¢-values. The third assumption is that the parameters
¢ {(frame tilt effect), H{subject’'s constant deviation effect)
and p(rod-starting-position effect) are independent and addi-
tively related. This assumption was tested by determining whe-
ther changes in ¢ induced by changes in the geometrical struc-
ture of the frame were associated with changes in p and/or p.

Evidence against our model would be obtained if changes in the




geometrical structure of the frame lead to changes in u and/or
P , in addition to changes in o,

In addition, the present study was carried out to enable
us to compare further our scoring method to the unsigned de-
viation method of scoring the RFT (Nyborg, 1974; 1977). In par-~
ticular, it was of interest to determine the relationship be-
tween the field-dependence score given by the unsigned devia-
tion method and the scores for @, W and p given by our new me-
thod of scoring the RFT. Our previous work suggested that the
two methods of scoring classified subjects differently. The
subjects selected for the present study were wéll—suited for
@ comparison of the classification given by the two methods of
scoring the RFT.

Material and methods

Eleven males and nine females were selected from 150 fresh-
men psychology students on the basis of their unsigned devia-
tion scores (USD) in the RFT. Ten of the students were field
dependent (USD > § degrees) and the other ten were field inde-
pendent (USD < 2 degrees). The subjects were retested in the
RFT and scored by the new method (Nyborg, 1974; Hyborg & Isak-
sen, 1974). The frame dependence (o), constant deviation (u),
rod-starting-position effect {P) and response consistency (0)
parameters were calculated for each subject. Eight subjects
obtainéd ®-values significantly different from zero (frame de-
penden£ group) while the ¢-values in the other subjects were
not significantly different from zero (frame independent group) .

Immediately before the tests the subject was blind-folded

and placed standing upright ina man-sized box, supported by
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inflated rubber cushions and a firm head rest to prevent body
and head movements (Nyborg, 1971a) . Then, the room was totally
darkened and the blindfold removed. The subject faced at a dis-
tance of approximately 2.25 m. two acrylic plates, one before
the other. A rod confiqguration on one plafe and a frame-figure
on the other appeared when lighted from behind by a projector
(Nyborg, 1972). The configurétion could rotate independently

of each other about a common axis. The tilt of the frame-figure
was controlled by the experimenter while the rod was directed

by the subject by means of electronics.

During the experiment the geometrical structure of the
frame-figure configuration was changed by adding more and more
idenﬁical, uprightstanding stimulus-elements. The addition of
new stimulus-elements was kept within the geometrical area of
the traditional frame.

The subjects were informed that their task was to adjust
the luminous rod to what appears to them to be a vertical po-
sition. Several describtive definitions of upright were of-
fered, examples from everyday life were given, and it was as-
sured that the subject had a clear understanding of what was
meant by the term upright. The presentation of the frame—fi-
gure configurations was randomized; they were exposed "tilted"
28 degrees to the right or left of the gravitationel vertical.
The rod starting position was 28 degrees to the right.or left
of gravitational upright. Each subject was tested once with
the three configurations and the full frame in each of the
four possible tilt-combinations with the rod. in the first
single trials the subject was repeatedly reguested to adjust

the rod, and if necessary to re-adjust it until he felt quite
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convinced that the rod was positioned upright. When the sub~
ject fihally reported the rod to be upright, the illumination
of the configuration was switched off, and the next trial be-
gan, after the prescribed changes in "frame" configuration and
tilt. This procedure provided sixteen scores for each subject.
The position of the rod was measured in whole degrees by the
experimenter who stayed in a light-tight room adjacent to the
experimental room. The experiment took approximately one hour
for each subject.

Analyses of regression were performed in order to deter-
mine whether the ®-values, U-values, and P-values for each
single subject were linearely related +o the degree of ambi-
guity (incompleteness) of the frame-figure configurations.

The slope of the regression lines was then examined.
Results

A statistically significant linear relation (p < 0.05)
was found between the degree of "completeness" of the frame-
figure configuration and the ¥-parameter values in nineteen
of the twenty subjects, The regression line for "completeness”
of frame-figure configuration versus ®-parameter value was sig-
nificantly positively sloéed (p < 0.05) in seven subjects while
the slopes for the other thirteen subjects were not significant.
The data presented in Table 1 show that six of the subjects with
positively sloped regression lines were "frame dependent” while
eleven of the thirteen subjects with unsloped regression lines
were "frame independent" according to the ®~values obtained
when they were shown the "completed” frame. Fisher's exact
test (Fisher, 1970) indicated a statistically significant

difference (p < 0.01) between the proportion of frame depen-
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dent and frame independent subjects with positively sloped
Oor unsloped regression lines for figure-frame completeness
versus ¥-values. Table 1 also shows‘data on the effect of
frame~-figure configuration on the values for ¥ and 0 in the
RFT. The slope of regression lines for frame~figure configu-
ration versus M was significant in only 2 of 20 subjects; the
slope was positive in one subject and negative in the other.
The slope of regression lines for frame~figure configuration
versus £ was significant in only 1 of 20 subjects:; in this
subjeét it was negative. No significant difference was found
between frame dependent and frame independent groups in the
slope of regression lines for figure-frame completeness ver-
sus either ¥ or 0.

Table 2 presents the traditional USD scores as well as
® , 4 and 0 scores for each subject in the RFT. It is apparent
that as a rule the USD score for each subject waé well-related
to only one of the new parameters; either ¢, 1 or p. OFf the 9
subjects with USD scores less than 2 degrees (field indepen-
dent groups), ;'4 were predominantly frame dependent, 4 were
characterized by constant deviation while the remaining subject
was predominantly influenced by the rod~starting-position in
the RFT. Of the 7 subjects with USD scores between 2 degrees
and 8 degrees (moderately field dependent group), 3 were pre—~
dominantly frame dependent, 2 were characterized by constant
deviation, 1 was influenced predominantly by the rod-starting-
position, while 1 subject showed both frame dependence and con-
stant deviation. Of the 4 subjects with USD scores of at least

8 degrees, all were predominantly frame dependent.

1) Upon retesting, one of the field independent subjects from
our previous study obtained a USD score greater than 2 de-
grees,




Eight subjects had g-values significantly different from
zero. Table 3 shows the distribution of significant ¢@-values
and insignificant ¢-values with respect to the USD scores. A
Chi-square test showed that the difference in the distribution
of significant and insignificant p-values was significant
(p < 0.01). Inspection of the data show that the frequency
of significant g-values tended to be higher in field dependent
and moderate%y field dependent subjects than in field indepen-
dent subjects.

Discussion

Three of the assumptions of our model for analysing RFT
performance were tested in the present study. These assump-
tions were (1) that the ¢-parameter is a function of the +til-
ted frame éonfiguration, (2) that the geometrical structure of
the frame would affect frame dependent subject more than frame
independent subject, and (3) that the parameters ¢, p and p
are independent and additively related. The finding that varia-
tions in the gebmetricai structure of the frame resulted in
corresponding variations in the tp-parameter values supports
the first assumption. The finding that variations in the geo-—
metrical structure i the frame resulled in corresponding vuria
tions in the ¢-parameter values only in subjects previously
classified as frame dependent supports the second assumption.
The finding that changing the geometrical structure of the
frame affected p-parameter values but failed to afﬁect reliably
H=-values or p-values supports the third assumption. No eviden-
ce against the three assumptions of our model was obtained,

It is necessary to consider whether an artefact of the

test procedure, rather than an effect of the geometrical struc-



ture of the frame, was responsible for the results obtai-

ned. It is to be noted that the variations in the geometrical
structure of the frame led to variations in the light intensi-
ty in the visual field in the RFT. But the alterations in
light intensity cannot account for the present results because
previous studies show that light intensity has only negligible
effects on perception of the vertical in the RFT (Nyborg, 1872;
Nyborg, 1974b). No other artefacts can be found that could
have led to the present findings.

The traditional method of scoring the RFT classifies sub-
jects on a field-dependence versus field~independence continu-
um based on their USD scores. Tt was pointed out previously,
however, that there is uncertainty about what is "really"” mea-
sured in the RFT and whether USD scores provide an adequate
measure of RFT performance. The present findings show that
USD scores do not represent the effects of any particular
aspect of the RFT, such as the frame for example, on the sub-
ject's performance. Our data show that in some subjects the
USD score was mainly due to effects of the tilt of the frame
(p), while in others the USD score was primarily due to ei-
ther the subject's constant deviation (n), or the rod-star-
ting-position effect (p), or a combination of effects. A
relationship was nevertheless observed between significant
p=-scores and'high USD scores. This relationship indiéates
that frame dependent subjects are usually also field depen-
dent. However, the failure of high USD scores to be reliably
associated with significant g-scores indicates that field de-

pendence is not synonymous with frame dependence.
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USD scores failed to discriminate between effects of
the components of the RFT (e.g. the frame, the constant devia-
tion, and the starting position of the rod) on the performance
of the subjects. It is to be Aoted that the traditional method
of scoring the RFT by USD scores has been used in many studies
on person-specific differences in frame dependence (See: Wit~
kin et al., 1973; Witkin et al., 1974). Unfortunately, USD
Scores are inappropriate and inadequate for this purpose. Only
the ¢-scores obtained by the new method of scoring the RFT gi~
ve a valid measure of a subject's degree of frame dependence.
The traditional method gives only nonspecific information a-
bout the subject'sg perception of vertical while the new method
can indicate the source of the subject's deviation in adjust-
ment of thevrod to vertical. Our findings suggest that the
new method of scoring the RFT can be used to specify the sour-

ce of individual differences in perception of the vertical.
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Figure 1. Configurations of the frames shown to sub-

jects in the RFT. The geometrical relation of
gurations was changed by addition of identical
ments to increase the "gestalt-quality” of the
The stimulus elements were vertical regardless

to which the frame configuration tilted.

the confi-
stimulus ele-
tilted frame.

of the side




Table 1.

The frequency of significantly sloped regression lines
(B £ 0) angd unsloped regression lines (B = 0) for frame-~
figure configuration versus ©, ¥ and p-values in frame de-

pendent . and frame independent subjects in the RFT.

Parameter Grxoup Regression line slope
’ B+ 0 B =0

Frame dependent 6 2

@
Frame independent 1 11
Frame dependent 1 7

1
Frame independent 1 11
Frame dependent 0 8

e}

' Frame independent 1 11

1. Frame dependent subjects have a o-value significantly
different from zero in the RFT test under normal condi-

tions and calculated according to Nyborg (1974).
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Table 2.

A comparison between USD scores calculated by the tra-
ditional method of scoring the rod-and-frame test and values
for o, u ahd p calculated by the new method of scoring the
test. The dominant paraﬁeters calculated by the new are under-
lined. Negative values for ¢ indicate that the subject adjus-
ted the rod to the side opposite Lhat to which the frame was
tilted. Negative u-values indicate that the rod was adjusted
to the left of physical vertical. Negative p-values indicate
that the rod was adjusted to the side opposite the starting~-

position of the rod.

Subject Traditional method New method
number USD score © in o)
14 .50 50 .00 .00
18 .50 .50 .00 .00
1 1.00 .00 - .50 1.00
2 1.25 .75 1.25 - .25
4 1.50 1.50 - .50 - .50
11 1.50 .50  1.50 =~ .50
15 1.50 1.50° .00 - .50
10 1.75 .75 1.75 .25
17 2.00 1.50  2.00 .00
19 3.50 3.50  1.00 - .50
6 3.75 -1.25  3.75 - .25
20 4.00 3.50° -3.50 =-1.00
5 5.00 4.00" - .50  5.00
3 5.75 5.75" - .75  4.25
12 5.75 5.75 -2.75  3.25
13 6.00 3.50  6.00 1.50
8 8.00 8.00 .00 4.00
7 8.25 8.25 -1.75 5.25
9 9.00 9.00° .00 .50
16 9.25 2;23* .75 .25

* = gignificantly different from zero kp < 0.05).
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Table 3.
The frequency of frame independent (¢ = 0) and frame
dependent (¢ # 0) scores in field independent (USD < 20) and

field dependent (uUsD > 20) subjects,

Group © =0 © % 0
Field independent 8 1
Field dependent 4 7
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CHAPTER VII

SEX CHROMOSOME ABNORMALITIES AND COGNITIVE PERFORMANCE 11,
FIELD DEPENDENCE , FRAME DEPENDENCE, AND PERCEPTUAL INSTABILITY
IN GIRLS WITH TURNER,S SYNDROME

1. SERIES VIII

"Sex chromosome abnormalties and cognitive performance II.
Field dependence, Fframe dependence, and berceptual Instabi-

lity in girls with Turner's syndrome.
a. Introduction
—=220uction

In this series we administered the rod-and-frame test (RPT)
to Turner girls, their normal sisters, and to nonsiblings with

Primary amenorrhoea and growth retardation as seen in Turner

girls. The test was scored by the traditional method that gives

& measure of "field dependence" as well as by a new method that

gives a measure of frame dependence and response inconsistency.

We wanted to study whether "field dependence"”, frame dependen-
€&, Or response inconsistancy is a characteristic of RFT per-
formance in Turner girls.



- 76 -

b. The problems
In 1938 Turner ( 9) dgscribed a group of women with
short stature, webbed neck, cubitus valgus, and undeveloped
secondary sex characteristics. The triad of short stature,
webbed neck, and cubitus valgus became known as Turner's
syndrome and young women with these characteristics became

known as Turner girls. Only short stature seems, however,

always connected with Turner's syndrome (3).

Turner girls have abnormalities in their sex chromosomes.
Karyotype 45,X is found in approximately half of the Turner
girls with other chromosome aberrations such as lack of
certain parts of a sex chromosome or lack of a sex chromo—
some in only some cells appears in the other half (1, 2,

6, 8). Nielsen, Nyborg, and Dahl (3) have estimated the
prevalence of Turner girls in a normal population to

.004 per cent.

The full-scale intelligence in Turner girls is slightly
below normal, due mainly to poor performance IQ. "Perceptual
organization" and "freedom from distractibility" are also
lower than normal in Turner girls (cf. 3). Shaffer (7)

concluded that Turner girls have a "cognitional deficit".

In 1969 we began developmental studies on selected cog=-
nitive functions in Turner girls to learn more about the
nature of their so-called "cognitional deficit". The rod-

and-frame test (RFT) was used in our studies because it
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is a nonverbal test correlated with performance IQ sub-
tests (10). It soon became apparent to us that the tradi-
tional method of scoring the RFT described by Witkin and
Asch (11) had some serious shortcomings; it failed to pro-
vide measures of an individual's characteristic performance
in the test. Consequently, we developed a new method of

scoring the test.

In the present study, the results of the RFT in Turner
girls and in control groups were analyzed by the traditio-
nal method and by the new method. The outcome of the two
methods are discussed with special emphasis on obtaining
a better understanding of the "cognitional deficit" in

girls with Turner's syndrone.




C.
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Material and methods

Forty—five girls with Turner's syndrome were studied.
Twenty-one of them had a karyotype of 45,X while the others
had other chromosome abnormalities as described by Nielsen,
Nyborg and Dahl (3). Their age ranged from 7lto 38 years
with mean age of 209 years. 23 of the girls lived in
Copenhagen while the others lived in smaller towns aﬁd

rural districts in Denmark.

Twenty-one of the Turner girls had a sister that was
less than 5 years older or younger than she. Nineteen ofb
these sisters consented to be tested and were studied
(Sister control group). The mean age in the Sister control
group was 229 with a range of 145 to 39 years. Also included
in the study was a control group of 15 girls with growth
retardation and primary amenorrhoea as in Turner girls
but without chromosome abnormalities (Nonsibling control
group) . The mean age in the Nonsibling control group was

19”7 and ranged between 93 and 32 years.

The RFT apparatus used was a transportable model from
DARRO. It consisted of a table top sized box. The subject
put her head in one end of the box so that her view was
restricted to the inside of the box. A square frame with

a moveable rod inside it was visible at the other end of
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the box. The frame wag tilted 28 degrees to the right or
to the left of gravitational vertical. The subject's
task was to adjust the rod to apparent vertical within

the stationary tilted frame.

The traditional method of scoring the RFT gave an
unsigned, unweighed deviation score (USD) for each subject.
The USD mean sScore was calculated by dividing
the arithmetic sum of measured deviations of the rod, in
degrees, from gravitational vertical by the number of
trials as described by Witkin & Asch (11). This parameter
gave -a measure of how much the subject's judgement of the
vertical depended on the tilt of the frame. This Parameter
is called field dependence. It is to be noted, however,
that field dependence scores calculated by the traditional
method neither gives information about the direction
of the deviations nor estimatés the response consistency

of the subjects,

The new method of Scoring the RFT was carried out for
each subject using the procedure described in details
by Nyborg (4) and Nyborg and Isaksen (5). The direction
of deviation of the rod from gravitational vertical was
recorded to calculate a "signed deviation" score. An
account was kept of whether the rod was adjusted to the
Same side to which the frame tilted or to the other side.
The "pure" effect of tilt of the frame on the final position

of the rod (frame dependence parameter, ¢ ) was calculated
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from the data on signed deviation of rod setting, in degrees,
from gravitational vertical. The tendency of a subject to
adjust the rod consistently to one side of gravitational
vertical (constant deviation, u ) was noted. The tendency

of a subject to see the rod as vertical even though it

was still inclined towards its original tilted position

(the "rod-starting-position effect", o ) was recorded.

Thus, the new method of scoring the RFT enabled the source
of eachl subject's deviation to be traced and also gave

an estimate of each subject's response consistency (o ),
which was a measure of the "stability" with which the subject
responded to comparable conditions of iﬁitial rod and

frame tilt.

In order to assess the significance level of the
¢ -values, each subject's calculated ¢-value was related
to her estimated response consistency ( ¢ ) by the formula
presented by Nyborg (4). If the @-value was found to be
significantly different from zero {p< o0.05), then the subject
was classified as "frame dependent". The value obtained
by this procedure was called the "weighed o@-score"; it
provided an index of the degree of significant frame

dependence with respact to the subject's response consistency.
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Results

Table 1 shows the results of the RFT based on the trad-
itional method of scoring the test. The scores of Turﬁer girls
with karyotype 45,X (11.82 + 8.58) and Turner girls with
other chromosome abnormalities (11.16 + 7.62) were very
similar and were therefore combined for statistical analysis.
The USD score of Turner girls was significantly higher
than that of their sisters. The USD score of the Nonsiblings
was notf significantly different from that of the Turner
girls or of their Sisters. The standard deviation (SD)
of scores in Turner girls and in the Nonsiblings was

approximately twice as high as the SD in the Sister group.

The groups were subdivided on the basis of their USD
scores in Table 2. Scores greater than 8° are considered to
indicate extreme "field dependence" while scores less than
2° indicate "fiela independence". 49 per cent of the
Turner girls showed extreme field dependence while only
11 per cent of their sisters and 27 per cent of the
Nonsibling control group had USD scores greater than 8°.

On the other hand, less than lo per cent of the .Turner

girls showed field independence while more than 25 per

cent of their sisters and of the Nonsiblings had USD

scores below 2°. Chi-square tests showed that the difference
between Turner girls and their sisters were statistically
significant ( x” = 9.34, p< 0.0l), while the differences
between Turner girls and Nonsiblings or Sisters and Non-

siblings were not statistically significant.
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Table 3 shows the unweighed scores for frame dependence
( ® ) and for response consistency (g ) in the RFT calculated
by the new method of scoring the test. The ¢ scores of
Turner girls with karyotype 45,X (lo.23 + 8.99) did not
differ significantly from the ®-scores of Turner girlé
with other karyotypes (9.50 *+ 7.29), so the data were
combined for statistical analysis. The mean unweighed
¢ - score of Turner girls was significantly higher than
that of their sisters. The néan unweighed © -score of the
Nonsiblings was not significantly different from that of
the Turner girls or of their sisters. It is to be noted
that frame dependence scores obtained by the new method
of scoring the RFT were smaller than the USD scores for
frame dependence obtained by the traditional method
because in the new method constant deviation ( p ) and
rod-starting-position effect ( p ) are subtracted from the

@ - values (4).

Borderline statistical significant differences were
found for mean cg-scores between Turner girls and either

their sisters or nonsiblings, while the mean o~scores for

the sisters and the nonsiblings were nearly identical.

Table 4 shows the distribution of weighed p-scores in
‘the groups. 51 per cent of the Turnexr girls had weighed
@ ~ scores that were greater than zero on five per cent
level, i.e. they were significant frame dependent. 37 pexr
cent of the sisters and 60 per cent of the nonsiblings
were significantly frame dependent. None of the differences
in significant frame dependence between the groups were

statistically significant.
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Discussion

An important aspect in studies on Turner girls is
establishment of appropriate control groups so that the
effect of the abnormal karyotype in Turner girls on their
berception and performance can be determined. It must be
noted that Turner girls typically have primary amenorrhoea
and growth retardation in addition to an abnormal karyotype
(3). Control groups should be established to permit the
effect of the abnormal karyotype in Turner girls to be
distinguished from the effects of retarded growth and
abnormal sexual development. This was done in the present
study by the use of two control groups. One wag composed
of sisters to the Turner girls. They had normal karyotypes
and showed no abnormalities in growth or sex characteristics.
Since Turner's syndrome is, to the best of our knowledge,
randomly distributed in é given population, the sisters
of Turner girls represent a random sample of normal subjects.
The other control group was made up of unrelated girls
with normal karyotypes but with Primary amenorrhoea and
growth retardation as seen in Turner girls. Thig groﬁp
served as controls for the effects of abnormal sexual
development and retarded growth on perception and perform—
ance in the RFT. Al}l groups were of comparable age, so that
possible effects of age on the outcome of the RFT were

ruled out in the present study.

The main purpose of the present study was to obtain a
better understanding of the "cognitional deficit" in
Turner girls. This was accomplished by comparing the results

of the traditional method and the new method of scoring
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the RFT. The outcomes of the analyses of the RFT data for
Turner girls, their sisters, and nonsiblings by the tradit-
ional method of scoring the test and by the new method were
quite different. Based on the traditional method, Turner
girls appeared to be extremely field dependent compared

to control groups. The new method of scoring the RFT
showed, however, that Turner girls were not significantly
more frame dependent than the controls. Evidently, field
dependence in girls with Turner's syndrome measured by

the traditional method does not represent significant
effects of frame tilt on their behavior in the RFT. On the
contrary, the new method of scoring the RET indicated

that Turner girls show high response inconsistency that
leads to their high field dependence scores. Thus, a
characteristic feature of the "cognitional deficit" shown
by Turner girls in the RFT was reéponse inconsistency

rather than significant frame dependence or field dependence.

Our findings show that thertraditional method of scoring
the RFT is inadequate mainly because it fails to pin-point
the source of the deviations in the test and mistakenly
treats all deviations as though they were due to frame
dependence. The new method of scoring the RFT differentiates
between errors due to "pure" frame dependence, constant
deviation, rod-starting-position effect, and response
consistency, and thereby provides a more accurate account
of the factors responsible for a subject's performance in
the test. It is obvious that RET performance can only
be fully understood on the basis of multidimensional

considerations.
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TABLE 1

FIELD DEPENDENCE SCORES (USD) IN THE ROD-AND-FRAME TEST
IN TURNER GIRLS, THEIR SISTERS, AND NONSIBLINGS,
(AFTER NIELSEN, NYBORG, & DAHL, 1976)

Group UsD
Mean SD
Turner girls 11.47 7.9%0
R
Sisters 4.59 4.70
Nonsiblings 7.67 8.14

* o Significantly different from Turner girls at P <0.05.
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TABLE 2
DISTRIBUTION OF FIELD DEPENDENCE SCORES (USD) IN THE
ROD~AND~FRAME TEST IN TURNER GIRLS, THEIR SISTERS,
AND NONSIBLING CONTROLS. SCORES GREATER THAN 8°
INDICATE EXTREME FIELD DEPENDENCE WHILE SCORES LESS
THAN 2° INDICATE FIELD INDEPENDENCE

GROUP USD SCORE
< 2° > 2-8% > 8°
N % N 3 N 3
Turner girls 4 9 19 42 22 49
Sisters 5 26 12 63 2 11

Nonsiblings 4 26 7 47 4 27
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TABLE 3
UNWEIGHED SCORES FOR FRAME DEPENDENCE (¢ ), AND RESPONSE
CONSISTENCY (9) IN THE ROD-AND-FRAME TEST IN
TURNER GIRLS, THEIR SISTERS, AND NONSIBI,INGS

Group ® - scores U ~scores
Mean SD Mean SD
Turner girls 9.84 8.04 7.35 8.13
Sisters 3.97** 5,09 3.93% 2.05
Nonsiblings 6.73 8.61 3.43 2.25

*
I

Borderline significant difference compared to
Turner girls ( 0.1>p>o0.05)

*% = Significantly different from Turner girls at p <o.o05.
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TABLE 4
DISTRIBUTION OF SIGNIFICANT FRAME DEPENDENCE (@ # o)
AND FRAME INDEPENDENCE ( ¢ = 0) SCORES IN THE ROD-AND-
FRAME TEST IN TURNER GIRLS, THEIR SISTERS, AND NONSIBLINGS

Group ® # o0 © =0

N % N %
Turner girls 23 51 22 49
Sisters 7 37 12 . 63

Nonsiblings 9 60 6 40




SUMMARY OF PART 111

In part IIT were presented works applying the new method. In the
first experiment material from a previous experiment on the mea-
ning of light intensity for perception of verticality was re-
analysed; the re-analysis gave no reason to change the original
conclusion, namely, that changes in light intensity within a
wide range do not influence adjustments of a rod to an apparent
vertical position.

In the next experiment was demonstrated that the frame Zs the
effective stimulus for the ¢-parameter value because changes in
the frame structure were followed by corresponding variations in
the ¢-~value. The constant error (u), and rod-starting-effect

(0) were shown to be independent of changes in ¢-values. It was
finally shown that the "unsigned error" scoring method and the
new method give different neasures of frame dependence; the djif-
ferences were discussed.

was found - using the "unsigned deviation"scoring method - that
such girls, generally speaking, scored extremely field dependent
(Nielsen, Nyborg & Dahl, 1976) . Analysis with the new method de-
monstrated that the girls lacking sex chromosome material are not
significantly more frame dependent than could be expected by
chance; on the other hand their Tesponse consistency measure (o)
seems to indicate a remarkable perceptual "instability" in their
performance in the RFT. The different results obtained with the
"unsigned deviation" scoring method and the new method were a-
scribed to artifacts of the former.



PART 1V
THEORETICAL CONSIDERATIONS
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CHAPTER VIII

SPATIAL ORIENTATION, RFT PERFORMANCE., AND THE FIELD DEPENDENCE
DIMENSION

1.

INTRODUCTION

In previous chapters we have discussed the effect of changing
tactile stimulation, light intensity and the geometrical struc-
ture of the frame on perception of the vertical in the RFT.
Furthermore, a RFT study on girls lacking sex chromosome ma-
terial (Turner girls) was presented in which a possible effect
of this chromosomal condition on perception of the vertical

was observed. Finally, we presented some methodologically
works, and gave examples of applications of the newly deve-

loped method for analyzing performance in the RFT.

Generally speaking, up to the study on Turner girls, we had

been loyal to the field dependence frame of reference. We had
accepted the basic ideas of the Witkin group as relevant for
interpreting RFT performance. We had not commented directly on
the theoretical status of the field dependence dimension as
such, although we had modified its gquantitative basis. Instead
of using the USD scoring method we operationalized field de-
pendence in the RFT as frame dependence measured by the o¢-para-
meter values. We also weighed the @-parameter with respect to
the response consistency (o) of the subject, thereby being able
to classify our subjects into persons whose RFT behavior was
significantly influenced by frame tilt and persons whose be-

havior was not so influenced.

The theoretical basis for this weighing procedure has not yet
been discussed in detail. This will be done in the present part

of the treatise.

The study on Turner girls clearly showed us that RFT perfor-
mance is multi-dimensional and cannot be adequately described

in terms of frame dependence alone. Such recognition necessari-




ly have serious consequences for the theoretical status of the
one-dimensional field dependence interpretation of the RFT be-
havior. In the following, we present a multi-dimensional ap-
proach as basis for interpreting the RFT performance.

In so doing, we hope to be better able:
1. to interprete complexity of measured RFT performance.

2. to incorporate the subject's response parameters in a more

general frame of human spatial orientation.
3. to apply a more individual-centered research strategy.

4. to further an understanding of "Zow" the single subject
functions in the RFT, i.e. to actualize a functional ap-
proach, and finally,

5. to enlight from a new point of view some etiological fac-
tors that can be considered as important for an understan-

ding of "whiy" the subject functioned as she did.

These aims are - to put it mildly - ambituous. On the other
hand we can see no better way to a better understanding of

the intricate RFT performance than an attempt to widen the ba-
sis provided by Witkin and his coworkers.

Our attempt to change the approach to RFT behavior has four
points of departure: l)we consider performance in the RFT as a
case of vertical orienting performance; 2) we consider the sub-
ject as an information processing system; 3} we consider the
subject's RFT performance with the help of a cybernetic model,
and finally, 4) we accept the paradigm that the proper study

of individual persons is the study of single individuals each
considered as a total universum not only to be studied in the

light of group means.



We are partly indebted to Bischof for our approach to RFT per-
formance. He has thoroughly discussed various aspects of human
spatial orientation, and especially the vertical constancy per-
formance (Bischof, 1966a; 1966b; 1966¢; Bischof & Scheerer,
1970; Bischof, 1974). our approach differs from Bischof's how-
ever on some theoretical points that will also be discussed in
the following.

ON DEFINING ORIENTATION

The capacity for orientation is common for most living organisme

and it is a basic precondition for survival (Gibson, 1966).
Without orientation it would be impossible for an organism to
search for food, to avoid danger, or to mate.

It is difficult, however, to give a general definition of ori-
entation because the concept can be applied in many quite dif-
ferent connections. One can be ‘oriented in time as well as in
space or in ways that are not primarily related to time or
space (e.g. "reality contact" in psychiatric patients). Thus,
the term "orientation" is most meaningful in a particular con-

text.

The context for the present treatise is perception in space

and we will therefore focus on spatial orientation. More spe-
cifically we are interested in perception of verticality, and
our subject is accordingly perceptual orientation to the ver-

tical.

Regarding distinctions between orientation and localization
Sandstrdm (1951) remarks that a number of authors use the term
"orientation" where "localization" would be more adequate and
vice versa. Thus in a study of verticality Neal (1926) speaks
about visual localization of the vertical while Asch & Witkin
(1948) speak about orientation. Sandstrém himself prefered the
term "orientation" to "localization" on account of the stron-
ger affective character of the former (Sandstrdm, ibid. p. 182)

he recognized the fact that orientation presupposes quite a

;




different, more intense and more vital personal commitment,
and argued that disorientation can hardly be experienced with-
out concomitant strong emotions and affects. Since some sub-
jects show quite intense personal commitment to their respon-

ses in the RFT situation, we chose the term "orientation®

Sandstrdm furthermore stresses that to be oriented is a
state while orienting oneself implies a process (ibid., p. 177).
We will be eéspecially interested in orienting,

As mentioned in Chapter I, most upright persons can easily ad-
just a rod to or near to a gravitational vertical position in
the absence of a frame in their field of vision. Addition of
an upright frame in their field of vision usually makes rod
adjustment even more exact. If the‘framework tilts, as in the
RFT situation, the accuracy of the verticality estimation de-
teriocrates for most bersons, as demonstrated in Chapters II to
VII. It might be said that the optic information from the con-
tours of the tilted frame are inadequate information for per-
Ception of the vertical; for so-called "frame dependent" sub-
jects, the information is directly misleading. In such situa-
tions some subjects apparently become disoriented.

However, according to Sandstrom (ibid.) ocne "... cannot speak
of disorientation until the individual is Cconscious of thig™
(p. 155); very often this state is experienced with a remark-
able suddenness and "break down" of the orientedness, caused
by the fact that the continual stream of stimuli which preser-
Ves orientedness has been cut off or that the frame of refe-
rence has become so complicated or unusual that it exceeds

the ability to maintain orientedness. Defined this way disori-
entation is said to be accompanied by a vigorious experience
of uneasiness. Some subjects in the RFT report total loss of
their spatial frame of reference, i.e. they can no longer tell
what is "up" from what is "down" and feel Considerable discom-
fort thereby. This experience is uncommon, however, at least



with the transportable RFT apparatus used in some of the pre-
sent studies. Consequently, Sandstrdm's definition of "real"
disorientation finds little application in the present context.
On the other hand, Sandstrdm cites Angyal (1930) for a useful
discrimination between "real disorientation" and "illusion of
orientation”; the latter pertains to the situation where one's
perception of a spatial relation does not correspond to realia.
This is often the case in the RFT situation. Illusion of orien-
tation in the RFT can be defined as non-veridical perception of
the vertical caused by the tilted frame, and the extent of
"illusion" can be measured by the new method and can be tes-
ted for significance. Accordingly, the term "illusion of ori-
entation" rather than "disorientation" is used as a counter
concept to orientation in most cases in the present treatise.
The illusion of orientation can convincingly be demonstrated

in subjects, even if they "know" that the frame tilt influen-
ces their rod adjustments (Nyborg, unpubl.).

To be gquite clear on these points, Sandstrdm defines orienta-
tionability as the "ability to resist stimuli that exercise

a disintegrating effect on the state of being oriented", dis-
orientedness expresses the mental state which arises when the
frame of reference has lost its validity, and a characteris-
tical feature of this state is, that the organism ceaselessly
strives to regain a state of being oriented. In contrast to
"real disorientation", when "illusion of orientation" occurs
one might expect that the subject shows no sign of "cease-
lessly striving to get a more veridical perception”. As will
be seen later, such distinctions are in some compound cases
difficult to make.

THE FIELD DEPENDENCE DIMENSION

The following discussion will be concentrated on the two com-
ponents mainly responsible for perception of the vertical in
the RFT, namely, the optical and the vestibular component.
First we discuss how Witkin and collaborators consider these
two components.




The optical component is most important to Witkin. Theoretical-
ly, his approach stems from gestalt-inspired considerations
about field structures. Parts in a perceptual field are consi-
dered as narrowly related to the field structure as a whole.
Parts are usually defined as a rod, a geometrical figure,

Oor one's own body, and the "field structure as a whole" in

the RFT is to be understood as the surrounding v<isual field
(Witkin et al., 1975, p. 5-7).

Since Witkin uses the term "field" in the RFT to mean the
surrounding visual field, "field dependence" must be taken to
mean "visual field dependence"” in Witkin's work.

Of course Witkin and collaborators also were aware of the in-
formation from the "felt position of the body" (p. 5), and they
saw RFT performance also as "... the consequence of the con-
flict created between the standards of uprightness derived

from the surrounding field and the standard derived from with-
in the body" (our underlinings). But there were serious pro-
blems with Witkin's concept of "field dependence"” due to his

separation of "out-there"-visual standards and "within"-bodily
standards. According to Witkin, gravitational forces acting

on the vestibular and the somesthetic systems are the basis
for the standard derived from within the body, while optical
forces acting on the visual system are the basis for the stan-
dard derived from the surrounding field. It is evident, how-
ever, that gravitational forces and optical forces both act

on the body from "without" while neural activity in the vesg-
tibular and somesthetic systems as well as in the visual sy~
stem act "within" the body. It is therefore incorrect to speak
of visual standards as arising "out-there" and of gravitatio-
nal field forces.arising "within" the body as Witkin did
(Witkin et al., 1962).

Furthermore, Witkin and coworkers wrote that field independent
subjects "... seem able to apprehend the body as an entity dis-
crete from the surrounding field, which, in people at the other



extreme, exerts a profound effect on their perception of body
position" (Witkin et al., 1975, p. 6). The gestalt-view is
thus also generalized to the "felt body". Thus, according to
Witkin et al. (1975), the body can be separated from the sur—
rounding visual field in the fielgd independent case by refe-
rence to "information from within". Mainly due to the some-
what unclear status of information from "within" and "without",
one may also wonder how this "body-separation-performance"
should be understood.

Problems also arose due to the term "dependence". According to
the field-dependence school-of-thought, field dependent people
are dependent on the "surrounding visual field" while field
independent people are independent of the visual field. So far
SO good. But the field independent person in the RFT is of
course "dependent” on the gravitational "field" as she is said
to disregard the visual field and thus necessarily takes refe-
rence to the force of gravity. She simply has no other choice
in order to maintain her orientation. We are thus logically
forced to speak now of "visual field dependence" and "gravita-
tional field dependence" unless it can be shown that the field
independent person is a person that is independent of the gra-
vitational field as well as of the visual field. Quite aside
from the difficulties of proving this the problem must be con-
sidered that the conflict postulated by Witkin to occur between
the visual and the bodily standards completely looses its mea-
ning. In any case the field dependence terminology runs into
trouble.

Furthermore the general statement that the surrounding visual
field exerts in field dependent subjects a "profound effect on
their perception of body position" must according to our pro-
tocols be questioned. A number of our very "field dependent"
subjects could not report of any profound "surrounding field
effect" on their perception of body position. Although such
subjects can be found, our point is here that they are not
characteristic for all field dependent subjects.




One reason for the remarkable "weak" interpretation of the
"bodily" side of the RFT performance in the field dependence
school-of-thought may be found in some early considerations
of the Witkin group. As already mentioned, Witkin had rejec-
ted the hypothesis that the field dependent - independent re-
Sponses could be explained by differences in "body-sensiti-
vity". Instead he prefered an idea which later became the ba-
sis for understanding field dependent performance . This idea
was that such performance should be interpreted as lack of
Capacity to "overcome an embedding context", thereby meaning
a visual surrounding context. Accordingly field independence
was defined as capacity to "...overcome the surrounding field
Or to separate an item from its context" (Witkin et al., 1954).
Witkin's idea put special emphasis on the visual aspects of
the test.

Rejection of the "body—sensitivity" hypothesis led conside-
rations away from the role of the vestibular information and
from interaction between visual and vestibular information.
Witkin's poorly formulated notion of person-specific "conflict"
between "body-standards" and "visual uprightness-standards"
did, however, leave the door open for considerations of the
interaction between the visual and vestibular systems. These
exXamples of problems pertaining to Witkin's school-of-thought
are by no means exhaustive. We consider it more important,
however, to turn now to a constructive attempt to overcome
the difficulties inherent in the works of the Witkin group.
We will therefore in the following attempt to interpret per-
formance in the RFT more precisely than has been done previ-

ously.
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4. A FIRST STEP TOWARDS A RE-INTERPRETATION OF PERFORMANCE IN
THE RFT

In the following an attempt will be made to interpret perfor-
mance in the RFT without taking recourse to field dependence
terminology. Thus the capacity for overcoming "Embeddedness",
SO important for the whole concept of field dependence, will
not be in the focus of the discussion. Instead performance in
the RPT will be considered as a case of vertical orienting
performance. Vertical orienting performance can be understood
as the processes by which the organism can compensate for dis-
turbances in object-related stimulus parameters in order to
maintain or establish adequate vertical orientation, i.e. where
subjective vertical and the gravitational vertical merge.

Important factors in vertical orienting performance are opti-
cal and gravitational cues. In the RFT situation the optical
factors are defined by the rod and the frame; the tilted con-
tours of the latter give potential illusory information about
physical vertical and horizontal axes in space. Gravitational
factors are defined by the direction and the force of gravity
acting on the vestibular and the somesthetical systems.

As the frame contours are tilted 28 degrees off physical ver-
tical and horizontal in the RFT, a non-correspondance with re-
gard to direction in space between optical and gravitational
Cues is to be found. This non-correspondance can have different
effects for different subjects because the problem of incongru-
ence between the information about physical vertical from the
optical and the vestibular somesthetical perceptual systems

can be solved in different ways; some subjects may put much
emphasis on optical information, and thus suffer "illusion of
orientation", while other subjects may put emphasis on the
vestibular-somesthetical information, and thus show complete
correspondance between subjective and gravitational upright.

As will be apparent later a number of other solutions to the
problem of handling incongruent information are also possible,

making for multi-dimensional considerations.
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When behavior in the RFT is considered as a case of vertical
orienting performance, optical information based on the til-
ted contours of the frame may be seen asg a "disturbing" factor,
and the "disturbance" is somehow to be opposed by the subject
if her vertical orientation is to be maintained. It can also
be said that the extent to which the subject "weights" the
visual afference against the vestibular afference with regard
to direction determined to a great extent how successful her
vertical orienting performance will be in the RFT.

Defining behavior in the RFT this way has several advantages,
First of all, we avoid the difficulties of defining "inner"
and "outer" fields; we simply talk about information and spe-
cify the perceptual system in which they arise. Secondly, the
term "dependence" in the sense of passive attachment to the
"outer" visual structure or field can be converted into more
functional and dynamical considerations of how a given subject
weights the visual afference relative to the vestibular-some-
sthetic afference. By doing so the vestibhlar information may
be better represented in the considerations of RFT behavior.
By focussing on different conflict solutions in different sub-
jects in theRFT, it also becomes possible to get a better un-
derstanding of the complexity of the performance in the RFT,
as will be demonstrated later.

Bischof (1966a; b; ¢; Bischof & Scheerer, 1970; Bischof, 1974)
emphasised and to some extent re-formulated a number of prin-
ciples for how the subject may handle spatial information.

The followihg interpretation of performance in the RFT relies
heavily on Bischof's painstaking analyses. In some aspects we
will, however, deviate from Bischof'sg approach. We will thus
not define performance in the RFT as vertical constancy per-
formance, but as mentioned previously as vertical orienting
performance (for discussion of ambiguity of the concept of
"perceptual constancy", see Poulsen, 1972, p. 73 £ff.). Bischof
also consider ontogenetic changes or interindividual variabi-
lity as less interesting to study than general characterig-

tics (Bischof & Scheerer, 1970, p. 105). We will concentrate
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primarily on interindividual variability and also consider onto-
genetic changes, although the latter aspect will receive more

attention elsewhere (Nyborg & Nielsen, 1976p) .

Besides considering interindividual variability we also aim at
incorporating some aspects of intra-subject variability into
the interpretation of RFT performance as a case of vertical

orienting performance.

We have found it advantageous to develop our interpretation
with the help of biocybernetics. We will therefore in Chapter

IX give a brief introduction to some general cybernetic aspects
and also present a short introduction to the organism considered
as an "information processing" system. In these ways we hope to
further a more precise understanding of the RFT vertical orien-
ting performance.




CHAPTER IX

THE ROD-AND-FRAME TEST
AND VERTICAL ORIENTING
PERFORMANCE
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CHAPTER X

THE ROD-AND-FRAME TEST AND VERTICAL ORIENTING PERFORMANCE
1. INTRODUCTION

In this chapter we aim at a more precise formulation of per-
formance in the RFT. We will present a number of functional
types of information processing. We also present a cybernetic

model for understanding performance in the RFT.

Cybernetics is according to Ashby (1971) a "theory of machines'
A "machine" is - to avoid misunderstanding by people hypersen-
sitive to man-machine analogies - to be understood essentially

as a system "...whcse behaviour is sufficiently law-abiding
or repetitive for us to be able to make some prediction about
what it will do" (p. 225). In cybernetics one does not ask
"what <s this system, machine, or thing?" Rather the question

is "what does it do?"

"Cybernetics is thus functional. In cybernetics special atten-

tion is given to the flow of information" (Ashby, ibid. p. 110).

Cybernetics is particularly well-suited for considerations on
large and complex systems such as those that underly behavior.
Cybernetics can be used to ask "what determining and controlling
factors are the important ones for how the "system" works."
Cybernetics can also be used to consider all the possible be-
haviors specific to a certain system. We will use cybernetics
to study the possible behaviors to keep vertical orientation
intact. It will be used to ask about how a particular indi-
vidual conforms to her restrictions and controls in the RFT.
Attention to individual performance is of special importance

in the present treatise.

2. THE AUTHOR'S FORMULATION ON VERTICAL ORIENTING PERFORMANCE IN
THE RFT

Systematic changes in object-related stimulus parameters often

can be compensated for in such a way that we still have a veri-
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dical perception of the object: in the RFT the subjective ver-
ticality estimation usually does not change at random with
systematic variations in frame tilt indicating that the orga-
nism is somehow able to compensate for such systematic varia-
tions. In case the subjective and the gravitational vertical
coincide we speak of adequate or veridical orienting perfor-
mance. On the other hand if the rod adjustment is completely
influenced by systematic changes in frame tilt we say that

non-veridical orienting performance occurs.

We will now take a closer look at vertical orienting perfor-
mance in different situations starting with a relatively simple
one. An upright positioned subject is required to adjust a lu-
minous rod by remote-control to what appears to be upright in
an otherwise darkedned room without touching it. As seen in
Chapter I most subjects can perform this task with surprising
accuracy, i.e. within + 2 degrees. This is apparently so be-
cause 1) the physical tilt of the distal object (the rod) is
causally related to the tilt of its perceived contours in its
retinal representation, and 2) because the nervous system some-
how takes into account the angle between the tilt of the distal
object and that of a retinal coordinate.

We have then two aspects of vertical orienting performance

as symbolized graphically in Figure 1. The first is the rela-

Insert Figure 1 about here

tion between the physical tilt and its retinal representation:
in our case the only causal bridge between the distal object
and its phenomenal correlate. The second aspect is the verti-
cal orienting performance to be accounted for by central-ner-
vous mechanisms to be considered later. In our case the sub-
jects' head position was gravitational upright. In everyday
life such ideal conditions are not always present. Very often
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we perceive the surrounding world with our head tilted but

nevertheless with considerable accuracy.

In figure 2 is depicted a situation in which a tilted subject

attempts to adjust a rod to apparent vertical.

Insert figure 2 about here

Her head is in our case tilted exactly the same number of de-
grees as the distal object (the rod) is tilted off gravitatio-
nal vertical, say 28 degrees. Considered in retinal coordinate
terms it can be seen from figure 2 that this situation corre-
sponds to that in figure 1 where the upright-positionead subject
was confronted with the gravitationally vertical rod (for the
sake of simplicity we will not here consider the compensating
effect of the counterrolling of the eyes) . The analogy can be
generalized: If the subject takes into account only the proxi-
mal stimulus contours in estimations of vertical, then the cau-
sal bridge between the distal object and its retinal represen-
tation would be equivocal. This is so because if all possible
distal object tilts were compensated by an egual tilt of the
head (i.e. retinal tilt) the organism would be unable to decide
what was up and down; and this is so for all possible head-ob-
ject tilts. Any given proximal stimulus contour tilt relative
to the retinal coordinate system can appear for a given physi-
cal object contour tiilt. Thus, optical information alone clear-
ly is not sufficient to enable a person to adjust a rod to gra-
vitational vertical. Since people can in fact adjust a rod ac-
curately or nearly accurately to a gravitational vertical posi-
tion, there must be other information that they make use of.

We think that this information arises mainly from the vestibu-
lar and somesthetic systems.

Thus gravity affects a number of sensory systems; and for

example tilting the head causes information to arise from the
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vestibular organs, from the skin senses, from muscles, and

from joint receptors and so on.

In this way the organism, whether tilted or upright, learns
about body position (and thereby also about the position of the
retinal coordinate relative to gravitational vertical) from
senses other than vision. Due to this process the organism can
distinguish between "body upright - line tilted" conditions and
"body tilted - line upright" conditions. The ability to make
such distinctions is important for the vertical orienting per-
formance, because thereby the equivocality of the optical in-

formation can be overcome.

The general problem of the vertical orienting performance is
according to Bischof "how to analyze the veridical correspon-
dance between the distal object and its phenomenal correlate
despite the fact that the only causal bridge betweem them is
disturbed unpredictably by the interference of a further va-

riable?" This problem is schematized in figure &.

Insert figure 3 about here

In the before mentioned example the variable to be compensated
for was head tilt. We have already in Chapter I reviewed some

of the evidence on effects of tilting the subject's body for
accurate estimation oi the vertical. Since the subject's body
was kept gravitationally upright in most of our experiments,

we will pay no detailed attention to body-tilt conditions in

the present context. But it is important to note that while the
independent disturbance in the before mentioned example was
body tilt this variable may not have quite the same "disturbing"
effects in RFT studies in which the subjects are upright, such

as the studies to be discussed in the following.

Insert figure 4 about here
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The primary disturbance to concern us here is the effect of the
frame tilt. As seen in figure 4 instead of tilting the subject
we in the example tilted the main axis of the optical stimulus
pattern in such a way that they no longer coincided with gra-
vitational vertical or with horizontal. It will be remembered
that the vertical orienting performance was defined as the ca-
pacity to establish a close correspondance between the objec-
tive and the subjective vertical despite unpredictable distur-
bance from a further variable; this definition can be extended

to cover also performance in the RFT as a special case.

But before going into detail about this we first point to a
very important difference between Witkin's interpretation of
the performance in the RFT and our interpretation. Thus although
the unpredictable disturbance in the example in figure 4 is in
Witkin's as in our interpretation caused by the tilted contours
of the frame we differ radically in where the "disturbance"
arises. Witkin considered the "disturbance" to arise in the dis-
tal area in form of "embedding field forces" exerted by the
frame on the rod "out there" in the visual field to be over-
come by the subject by "separating" the rod from the visual
context, i.e., the frame. In contrast, we consider the dis-
turbance to arise within the subject. Our interpretation is

as follows: if the subject shows poor orienting performance

in the RFT, it may be due to a "failure of calculation" in

the compensatory mechanism. The retinal representation of the
contours of the tilted frame, i.e., the proximal cues, is mis~
takingly taken as basis for the physical upright and horizon-
tal axes. A subject doing this fails to adjust the rod to
gravitational vertical. To be discussed later is how such a
mistake will lead to calculation of a compensatory variable
that will be insufficient to correct for the proximal frame
tilt disturbance.




- 113 -

THREE MAJOR FUNCTIONAL TYPES OF INFORMATION PROCESSING IN VER-
TICAL ORIENTING PERFORMANCE

Introduction

We have earlier pointed out that it might be advantageous to
study "how" the single subject performs as she does in the RFT.
But if we want to study "how" the subject maintains an adequate
orientation to the gravitational vertical despite the distur-
bing frame, we have to "go inside" the subject, i.e. to consider
what information processing may be responsible for her speci-

fic vertical orienting performance.

Bischof has discussed some functional principles assumed to un-
derly vertical orienting performance. Although the main empha-
sis in his discussion has not been on interindividual variabi-
lity as such we believe that the principles can succesfully be
applied in the study of individual differences.

We will review three of the principles. The first two will be
presented only in those aspects that seem especially relevant
for an understanding of behavior in the RFT, while the third
principle will receive a more detailed treatment because of

its direct focus on optic-vestibular interactional processes.

The three principles have been termed 1) the "compensation
principle", 2) the "reconstruction principle", and finally,
3) the "correction principle” None of the principles presup-
poses logically each other as they pertain to different pro-
blem-aspects in the vertical orienting performance. Normally
they co-operate, however, in securing adequate vertical ori-

entation.

The compensation principle

The compensation principle has been discussed by Bilihler (1922);
Kardos (1928); Brunswik & Kardos (1929), and was later re-for-
mulated by v. Holst & Mittelstaedt (1950) as the "re-afference
principle”. It can be connected to the vertical orienting per-
formance in the following way. The perception of the vertica-

lity of a rod is dependent on the physical contours of the rod

(the stimulus characteristics of the distal object) and also on
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the object-related stimulus parameters (the systematic distur-
bing variables which in our example on p.107 was body tilt).

The problem here is "how does the subject succeed in perceiving
the distal object's stimulus characteristics correctly if the
only information she has at hand is a joint product of the sti-
mulus characteristics of the object AND the systematic distur-
bing stimulus variables?" The answer to this problem is that
the organism "neutralizes the interference by repeating it with
reversed sign." (Bischof, 1974, p. 158). The compensation thus
implies two operations: 1) g representation of the interfering
variable i tracked down (the compensatory variable), and 2) is
fed into the afferent information in such a way that it ideally
cancels out the interference.

A number of possible ways of tracking down a representation

and feeding it into afferent information have been suggested.

Of these we will only be concerned with the two afferent types.
The first type is exemplified on p.107. When the body (head)
tilts to the right the visual field appears in retinal coordi-
nates turned to the left. By means of information from the ves-
tibular apparatus (and somatoreceptors) the extent of head tilt
can be decided and added to the retinal tilt in order to "turn
the object representation” exactly so far back as the distur-
bance amounted to. Besideg this function the compensatory va-
riable can of course also serve as indication of head position
as such. This is, of course a very simplified account of highly
complicated central-nervous processes. Thus, experiments have
for example shown that the statolith information seems most
"reliable" with head-upright, the reliability decreasing as a
function of head tilt and with minimal reliability in the area
of 120-180 degrees (Schdne, 1964) . In so far as the vestibular
component is concerned, the reliability of the statolith infor-
mation is important for an understanding of vertical orienting
performance. If we accept the paradigm that the organism hunts
for the most relevant information it follows that if the vesti-
bular information becomes less relevant, the optical information
takes over. This aspect will be discussed in more details later.
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The other type of afferent compensation principle to be sketched
here'is assumed to take place when the disturbance cannot be
“traced" directly. In such case the disturbing component might
be "filtered out" due to object redundancy by means of a pos-
tulated filter system. If for example the subject's body (head)
is tilted to the right, the retinal representation of the opti-
cal field goes to the opposite side. Through vectorial addi-
tion (seel25 ff.) of the tilt tendencies of all contours in

the optical field a value is obtained that corresponds to body
tilt but with sign reversed. The object redundancy expectation
comes into play partly because the few contours that in a natu-
ral scene usually deviate from the gravitational vertical will
not influence the tilt-<mean considerably. And as will be seen
from the discussion of the following vertical orienting prin-
ciple the most prevailing optical axis in natural scenes coin-

cide with the gravitational vertical and horizontal.

The reconstruction principle

The idea that the eye 7itself can mediate information about
head position relative to gravity was not accepted in classi-
cal experimental psychology since neither the subject's own
head nor the field of gravity is portrayed on the retina. Ac—
cording to Bischof (1974, p. 166) modern psychology (Gibson,
1950, 1955, 1966; Attneave, 1954; Kohler, 1961; Metzger, 1968)
had, however, established that perceptual phenomena are not
necessarily identical to the proximal stimulus configuration;
it is sufficient that the proximal stimulation correlates to

a certain extent with the distal object.

How close the correlation should be to assure adequate percep-
tion is difficult to say, but it is generally accepted that the
number of stimulus characteristics of an object is usually con-
siderable greater than the number of apparent stimulus charac-
teristics with which they correspond. That this discrepancy
normally does not disturb the perception of objects as such is
possibly due to the fact that most objects regularly appear in
certain "typical" contexts. The organism may react to a certain
stimulus characteristic of the object while at the same time it
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makes use of "typical" object-related stimulus characteristics.
According to information theory the principle can be described
s0 that "...the perceptual system takes advantage of the redun—
dancy within its physical surroundings in a manner that could
be compared to the way one reconstructs the text of an abbre-
viated or distorted telegram." Bischof (1966b) therefore pro-
posed the term "reconstruction processes" to characterize this

kind of stimulus elaboration.

Formulated more plainly the reconstruction principle says that
objects usually appear in certain regular contexts and that the
subject can make use of this regularity. Gibson (1966) has given
a number of examples. He argued that if a wide, almost plane ex-
pance is to be found in a natural scene it is most probably ho-
rizontal; the direction in which the texture density of suffi-
ciently large retinal units changes is greatest is most probably
corresponding to the direction of the pull of gravity. Koffka
(1935) took point of departure in the conception that equilibri-
um-states can be observed with higher probability than any

other comparable states in natural scenes. Oblong objects most

probably stand upright, hang down or lie horizontally.

When the outline of a composition of such positioned objects
is projected in the retina its retinal projection exhibits two
main axis perpendicular to each other, the one corresponding
to the gravitational vertical the other to the physical hori-
zontal.

Besides redundancy expectations of the general nature sketched

above one can also find more specific types. For example, smoke
from a fire can be expected to go opposite the pull of gravity,
while rain-drops fall according to it. Thus experiences in con-
Crete situations may contribute to build up redundancy expecta-

tions.

A type of redundancy expectation that may have relevance for
behavior in the RFT, is what Metzger calls "unwahrnehmbar vor-
handen" (Metzger, 1954). This term refers to the fact that one

can easily orient oneself in a dark room if the room is well-
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known from previous stays under lightened conditions. Even in
the dark one can without difficulties walk directly to the pre-
viously wellknown position of, say, a light contact, avoiding
furniture without seeing it and so forth (see also Sandstrom,
1951) . The room with its content is phenomenologically "ima-
gined", "conscious", or just "at hand". If this "unwahrnehmbar
vorhanden" shows up to deviate considerably from reality total

disorientation may occur (Kleint, 1940).

These and numerous other examples illustrate the point that a
number of "regularities" may be found under natural conditions;
the reconstruction principle says that the organism relies upon
such regularities to a certain extent in its perception. The
meaning of this for performance in the RFT will be apparent in
the next section.

According to Bischof the reconstruction principle contributes
to most orienting performance but alone cannot explain it.
Therefore, other principles probably are needed to explain be-

havior in the RFT in terms of vertical orienting performance.

The correction principle

The correction principle seems to be relevant for an understan-
ding of the vertical orienting performance in the RFT. Under
the name of "convergent detection", this principle has been
considered in detail by Brunswik (1934, 1940, 1956).

The principle is based on the use of redundancy on the level of

the sensory messages that refer to distal objects. Bischof
(1974) has expressed the conrection principle in the following

way: "

-..the organism tries to keep on the safe side by seeking
information from different "warrantors". The organism hunts for
eéquivalent signals." The correction’principle is related to the
vertical orienting performance because of the high degree of
equivalence between the messages from the optical and the ves-
tibular systems. For any vestibular output there can be found

an equivalent visual output, and any known motor or perceptual
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effect elicited by the vestibular organ can also be elicited
by opticél excitation (Bischof, 1974, p- 177), but more vice
versa.

Our special interest in the correction principle is focused on
those cases where the organism gets incongruent information from
the vestibular and the optical system. Under these circumstances,
differenct reactions are possible. Knowledge of different reac-
tions to situations where incongruent information is at hand in
sensory systems may provide a better understanding of the com-
plexity of performance in the RFT.

At.least three reactions are possible in situations to which
optical and vestibular information are incongruent: a compro-
mise solution, an alternative solution, or a simultaneity so-
lution. These three possibilities will receive detailed treat-
ment in the next chapter.

But first we will turn our attention to how the performance in
the RFT can be interpreted in terms of the above mentioned
functional information processes terminology. Later two ways

of quantifying performance in the RFT will be suggested.
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CHAPTER X

PERFORMANCE IN THE ROD-AND-FRAME TEST AND ITS INTERPRETATION IN IN-
FORMATION PROCESSING TERMS AS A CASE OF VERTICAL ORIENTING PERFOR-
MANCE

1. INTRODUCTION
In this chapter performance in the RFT is related conceptually

to three types of information processing in vertical orienting

performance.

2. ON RELATING PERFORMANCE IN THE RFT TO THE THREE MAJOR FUNCTIONA
TYPES OF INFORMATION PROCESSING IN VERTICAL ORIENTING PERFOR-
MANCE

a. The compensation principle and performance in the RFT

The compensation principle can account for the fact that "field
dependence" scores increase when subjects are tilted (Witkin
et al., 1954, 1962). Here, the compensation principle refers
to the use made of information from the statolith apparatus
which enables the tilted subject to determine the extent of
head tilt and to "turn the object representation” as far back
as is necessary to compensate for the degree of tilt. In that
statolith information is maximally reliable with head-upright
and decreases in reliability as the tilt of the head is in-
creased (Schone, 1964), the failure of tilted subjects to com-
pensate fully for the tilt of their body as the degree of tilt
of their head increases is to be expected. As the statolith in-
formation becomes less valid with increasing body tilt, the
subjects probably rely more upon optical information (Gibson,
1966). Thus, a higher "field dependence" score for the tilted
subject than for the same subject while upright may at least
partly be explainable in terms of the compensation principle
by assuming that the compensatory variable arising from the
statolith apparatus is not sufficient for full compensation
for body tilt. Of course, this assumption does not exclude
other explanations as well. A number of important somatorecep-

tor variables also probably change with body tilt.
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The effect of body tilt on scores in the RFT determined by the
new method of scoring the test is not exactly known. However,
preliminary analysis of data from experiments I and II in this
treatise show that response consistency (o) is lower in subjects
tilted 28 degrees than in the subjects while upright for 45 of
the 48 subjects tested. 17 of these subjects showed significant-
ly lower response consistency while tilted than while upright,
buth the results do not permit firm conclusions to be made about
the possible relation between body tilt and response consistency
in the RFT.

Expectations due to object-redundancy also come into play in the
RFT. Most contours in natural scenes coincide with vertical and
horizontal axes. Through vectorial addition of the optical axes,
a mean value can be caluculated in the central-nervous system
and a few contours deviating from the mean might be "filtered
out". In the RFT situation, however, vectorial addition of the
optical axes gives a mean value that deviates considerably from
the values normally obtained in everyday life. In this way, the
frame axes provide information that departs from what would be
established in everyday life. The filter mechanism is deceived
because the mean value does not coincide with what used to be
gravitaionally upright and horizontal. Consequently, the value

of the compensatory variable will be inadeguate.

Some information on the speed at which the compensation mecha-
nism can operate (can be "retuned") was obtained in our study
on Turner girls. In that study we asked subjects that seemed to
be responding "strangely"to take their head out of the trans-
pcrtable RFT apparatus and then to adjust the rod to a gravita-
tional vertical position. With their head out of the box, and
thereby with all the usual gravitationally vertical contours
such as edges of windows, doors and walls in view, they could
promply adjust the rod to a perfect or nearly perfect vertical
position. However, as soon as they placed their heads in the
test apparatus again and thereby had their vision restricted to
the tilted frame, they were no longer able to adjust the rod

to a vertical position, Thus, the compensatory mechanisms were
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affected ("retuned") in a matter of seconds. We do not know,
however, whether the changes in the compensatory mechanisms af-
fected primarily the frame parameter (@) or response consistenc:

(0) in the Turner girls.

The reconstruction principle and performance in the RFT

Objects usually appear in "typical" contexts and when these are
"known" to the subject (the redundancy expectations) a few of
the stimulus characteristics of the object suffice for the sub-
ject to orient properly to the object. The reconstruction prin-
ciple applies particularly in situations where information is i
complete and/or ambiguous such as in the RFT.

Thus, the frame is an incomple and ambiguous substitute of a
natural scene. We nevertheless find that most subjects! verti-
cality estimations are influenced when this simple configuratio
is tilted away from the gravitational vertical. From Gibson we
learned that if in a natural scene ig found a wide, almost plan
expance, it is most probably horizontal (Gibson, 1966); from
Koffka (1935)we learned that oblong objects in retinal projec-
tion most probably exhibit a gravitational vertical axis and a

horizontal axis perpendicular to it.

Thus, when only the tilted frame is presented, its axes may be
mistakenly "reconstructed" by some subjects as "correct" repre-
sentations of vertical and horizontal. In such subjects the re-
construction principle may be very strong, since, as seen in
some Turner girls, the subjects may know that the frame is not
upright but they nevertheless cannot adjust the rod to an up-

right position.

According to the reconstruction principle the frame can be
thought of as providing stimulus characteristics of the axes

of a natural scene that some subjects use to reconstruct the
complete scene with regard to the misleading optical components
of the scene. We might accordingly expect to find individual
differences in "strength" of redundancy expectations behind the
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observed differences in RFT performance. Considerations of some
possible reasons for differences in strength of redundancy ex-
pectations will be given in Chapter XI.

The correction principle and performance in the RFT

The following discussion is based on three propositions.

1) According to the correction principle the Organism hunts
for equivalent information from different perceptual systems
in order to relieve the doubt.

2) There is a high degree of equivalence between vestibular and
optical information.

3) In the RFT situation, optical and vestibular information are
incongruent.

In the following, we consider the response possibilities avail-
able to a subject in the RFT. We agree with Gibson (1968) that

a subject"must either accept the visual information and reject
the postural, or accept the postural information and reject the
visual, or alternate between the two, or compromise between the
two. Of course, he may sometimes be just confused. All of these
Outcomes show up in the results..." (p. 297).

&. Compromise solutions

A compromise solution is one in which the Organism composes
a mean between incongruous (in our case optical and vesti-

bular) information.

Depending on the situation and the organismic conditions,
the mean can be put toward optical or vestibular informa-
tion. Clear-cut examples of compromise solutions have been
found in experiments carried out in fish (v. Holst, 1950) .
Some fish species swim with their body tilted, instead of
swimming with the dorsal side upwards, when light reaches
them from a side instead of from above. In these fish orien-
tation is a compromise between optical and vestibular infor-
mation. Surgical removal of the vestibular system leaves

the fish entirely dependent upen optical information for ori-
entation.
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Examples of compromise solutions can also be found in humans
in the RFT. Thus, when optical and vestibular information no
longer coincide with regard to gravitational vertical, some
subjects seem to "compose a mean between the two incongru-
ent informations". Here, the phrase "subjects seem to com-
pose a mean between the incongruent informations" is inten-—
tionally abstract. It is used to refer to a highly hypotheti-
cal conceptualization of a large unknown process by which the
organism may be able to decide veridically on directions in
space. V. Holst (1950) made a veectorial model of how'a fish
may "compose a mean" between incongruent optical and vestibu-
lar information. Later Bischof & Scheerer (1970) presented a
more sophisticated model by which the principle of "composing
a mean" in the vertical orienting performance in human beings
was illustrated. Their model is used here, modified to the
purpose of illustrating performance in the RFT.

\

Insert figure 5 about here

In figure Sa the sguare signifies the retinal representation
of the tilted frame, and the broken lines indicate the reti-
nal meridian. We will now require of the system that it can
estimate pair-wise - "the one depending on the other" - in-
dications for direction of verticality and that it can weigh
the different visual "suggestions" on the basis of their pro-
bable reliability. Each side of the frame in question is iden-
tical to the other three, and accordingly they have the .same
directional weight as symbolized by vectors I-IV having the
same length. At this stage, the system probably establishes

a provisional indicator of verticality. In our system the
vector V is a representation of the "pure" vestibular verti-
cal, i.e. here defined operationally as the final rod adjust-
ment in a trial where the frame was not presented.

The length of V symbolizes its relative weight and is of cour-
se dependent on the arbitrarily chosen length of the other

vectors.
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On the basis of the "pure" vestibular vertical it is decided
which of the four visual "suggestions" is to be followed.
According to figure 5b this is done in the following way:
based on the fact that the four pronounced visual "sugges-
tions" have different angles to the vestibular upright (V)
and on the assumption that the length of the optical vectors
are dependent on the angle with which each of them deviated
from the vestibular vertical - then the further away the op-
tical vector is from the vestibular vertical the more it is
shortened. The resultant vector (VI) symbolizes the most fa-
vorable final "suggestion" from the optical system regarding
the vertical direction. The last performance of the system is
now to calculate the apparent vertical direction (vector VII)
by extracting the resultant between the final optical "sug-
qestioh" (VI) and the vestibular vertical (V): this resul-
tant symbolizes final rod adjustment position reflecting the
"subjective vertical".

The principles in Bischof & Scheerer's model (ibid.) should
only be taken as a description of qualitative connections;
the vectorial addition only serves an illustrative purpose.
The model depicted in figure 5aand 5b is based on a "feed-

forward" principle as demonstrated in figure 6.
p p g

Insert figure 6 about here

The model can also be considered as functioning according to
a "feed-back" compensation principle where the apparent ver-
tical itself could serve as the provisorial indicator of ver-
ticality instead of the vestibular vertical. This principle
is illustrated in figure 7. Bischof & Scheerer (1970) consi-
der the last principle as the most probable, and presented
evidence to support this hypothesis. Figures 6 and 7 illu-
strate the difference between feed-forward and feed-back
principles graphically. The functions of such models will be
described in detail in Chapter XI.




- 127

(7261 "$0Ydsig wody uoissiwiad yyim pajdopy)

‘PastaA8l ubis yjim @dusJBYD |DNSIA BY) OjuUl pay aq im
waysks Asojpsuadwod 8y} pDIA yoiym 8)bup 1} 8y ,seyndwoon”
4811} 8yl 'DuUi}3J 8y} uo uoljpjualio anbiqo ul pajussaidod
94D SJNOJUOD SNINWILS |DJSIP dYL “}|i} ppay Japun o)diouiid
UOI}DSURdWOD PIDMIOS-PBa) 3y} JO UOI}DIIJI|dwaxa uy 995

a

WSINVHOTW
.
3L SNIdW0)
A 4 . r A\ 4

. JW! ) TANNYHD JM.T

AHOSN3S @




- 128 -

Insert figure 7 about here

With the models in mind - and on the assumption that they
depict some aspects of performance in the RFT - one may con-
Ceptualize what happens in a subject in the RFT who takes
the final "suggestion" from the optical system seriously.

In such a subject, vector VI increases and by vectorial ad-
dition the apparent vertical (vector VII) becomes tilted clo-
se to the final "optical" suggestion. This would be mirrored
in the subject setting the rod close to the degree of tilt
of the frame. On the other hand, another subject may put
much emphasis on the vestibular upright information and the
vectorial representation of this becomes accordingly longer
(V) , so that the apparent vertical (vector VII) is near to
the vestibular upright.

Bischof & Scheerer (ibid.) observed a close relation between
the weight a tilted subject put on optical information and
the degree of counter torsion of the subject's eye-balls.
Bischof & Scheerer assumed that the degree of couanter-torsion
corresponded closely to the output of the statolith appara-
tus. On this basis they suggested that individual differen-
ces in statolith information possibly might explain indivi-
dual differences in the weight put on the optical informa-

tion. It is interesting to speculate that individual diffe-

rences in statolith information also might affect performan
ce in the RFT.

A replication of the Bischof & Scheerer study is needed,
however, because results of a study of Udo de Haes (1970)
did not coincide with those of the former authors. Never-
theless it is possible that people differ in statolith sen-
sitivity even while upright; some may have extremely finely
tuned statolith apparatusses while other people may have

poorly tunes ones. Such differences may at least partly ex-
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plain why some people weighing heavely the misleading op-
tical information in the RFT; perhaps they cannot establish
a representative compensatory variable.

It is also possible that statolith information is adequate
in most people, but that some for whatever reasons "block"

it out. This possibility will be discussed in the following.

Alternative solutions

In compromise solutions a subject may put more emphasis on
one of the two incongruent signals than on the other . In al-
ternative solutidns, the subject puts emphasis on only one
type of signal and blocks the other . The type of signal

that dominates depends on a number of factqrs.

In subjects in which one and only one type of signal domina-
tes throughout the entire RFT, it is difficult to know whe-
ther the subject takes account of the other signals assumed
to be blocked. One indirect way to detect the presence of
incompatible, blocked tendencies in a subject is to inves-
tigate whether the dominant solution is accompanied by fee-
lings of insecurity, uneasiness and lability. Thus Miiller
(1917) noted a "lokalisatorischen Unruhe" in some subjects
that appeared to be caused "...durch eine nicht ganz unter-
driickbare konkurrierende Lokalisationstendenz". We have also
noted "lokalisatorischen Unruhe" in some subjects in the RFT,
We have had subjects which said they experienced considerable
doubt and uneasiness in the RFT, even though they adjusted

the rod consistently and correctly to gravitational vertical.

We are now aware that the occurence of "lokalisatorischen
Unruhe" was not related to ¢-values; it was expressed by
subjects with either high or low gp-scores. Unfortunately,
during the studies we considered a lack of correspondence
between the size of the ©-value and the subject's verbal
reports as an indication of unreliable verbal reports. On
the basis of the notion of alternative solutions, we now




- 131 -

recognize that it might have been wiser to take such dis-
crepant reports seriously. They might have enabled us to
determine whether the behavior of a subject represented an
"uncomplicated" compromise solution with extreme weight to
one of the two incongruent signals or an alternative solu-
tion where one signal dominated the other by "blocking" it.

Another indicator of lability of performance in the RFT is
response inconsistency, the o-value. This measure together
with the subject's verbal reports might provide a method for
discriminating between "uncomplicated" compromise solutions
and alternative solutions due to "blocking". It would be va-
luable in addition to determine whether GSR, EKG, EMG and
other measures of stress-states differ in the RFT in sub-
jects which report uneasiness and show lowered response con-=
sistency, compared to relaxed subjects with high response

consistency.

Another alternative solution is of the flip-flop type. This
type of solution can be conceptualized as analoguous to the
reversible figures phenomena in which one interpretation of
an ambiguous figure may alternate in succession with another
interpretation, one interpretation excluding the other at a
given moment. Possibly the flip-flop alternative solution
describes the phenomenon studied by Kleint (1936) in which

a person in a very tilted room experienced the room alterna-
tely as tilted and upright. Flip-flop alternative solution
may take place in some subjects in the RFT. These subjects
adjust the rod to and fro and have difficulty in deciding
which of the two positions "really" appears upright to them.
Unfortunately, we made no systematic studies on this pheno-

menon.

Simultaneity solution

The phenomenon known as simultaneity golution has been illu~-
strated in studies of Fisher (1930) and Udo de Haes &
Schdne (1970) . These authors found that, when asked to set
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a luminous line to apparent vertical under body tilt of 150
degrees in the absence of other visual information, some
subjects experienced two positions of the rod which simul~
taneously appeared to be vertical. Simultaneity solution
may indicate a conflict between the sensory information at
hand. The simultaneity "solution" provides for an over-de-
termination making it extremely difficult for the subject

to react appropriately. It remains to be dertermined whether
simultaneity "solutions" have explanatory power for perfor-
mance in the RFT in upright or slightly tilted subjects.
This ends the presentation of some of the types of solutions
to the problem produced by incongruent optical and vestibu-
lar information in the RFT. The next section presents gra-
phically two ways to quantify performance in the RFT, and
two ways of interpreting the quantified performance.

TWO WAYS TO INTERPRETE QUANTIFIED PERFORMANCE IN THE RFT

The two interpretations to be suggested here have in common
the assumption that the vectorial parameter (¢, o) is the in-
formation necessary to describe the subject's performance in
the RFT with regard to the processing of the incongruent opti-
cal and vestibular information.

Furthermore, both interpretations relate the dynamic interplay
between the ¢-values and the o-values for each subject. We are
at present primarily interested in finding out more about "how"
the subject responded as she did to the conflict between the
optical and the vestibular information in the RFT.

The first interpretation is based on the following way of quan~
tifying performance in the RFT.

In figure 8 a logically exhaustive overview on all possible
response combinations measurable by our method is given. We

used a simple "Yes-No"-procedure.

Insert figure 8 about here
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As will be seen from figure 8, the procedure started with the
question: "Has this subject put significant weight on the optic
information in the RFT, i.e., has she obtained a (Q-parameter va-
lue significantly different from zero?" If the answer was yes,
the next question was: "Has she been influenced to a significant
extent by the rod-starting-position, i.e. has she obtained a
p-value significantly different from zero?" If the answer was
yes, we asked: "Has she obtained a significant constant devia-
tion value,U?" If the answer to this guestion also was yes, she
could be localized at the extreme left end in the diagram with
the designation ©, p, 4, signifying that she put much emphasis
on the optic information (although to a not exactly determined
degree), that she was markedly influenced by the initial star-
ting position of the rod, and that there was considerable per-
son-specific constant deviation in her settings. On the other
hand, if the answer to all these guestions was "No", then the
subject was designated as o, o, u, meaning that she had not

to any significant extent emphasized the optic information,

and that she had neither a significant rod-starting-position

effect nor a significant constant deviation.

The results quantified in this way can be handled as follows:

Insert figure 9 about here

Along the abscissa in figure 9 are marked the ¢-parameter va-
lues observed for each single subject in our 1971a study (se-
ries I); these values indicate the relative emphasis each sub-
ject put on the optical and the vestibular component in the test.
Along the ordiante is marked each subject's estimated response
consistency value (o). ¢-values below the oblique lines repre-
sent scores of subjects that put significant weight on visual
information in the RFT; these subjects never adjusted the rod

to a zero degree setting (i.e. a setting not deviating from the
gravitational vertical position) during the RFT. ¢-values above
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the oblique lines belong to subjects that showed a low degree
of response consistency (high o-values), so that interpretation

of their ¢p-values is unsafe.

Of course, different levels of significance could be used to
calculate the "dividing lines"; but for our purpose the five

per cent level was found to be convenient.

According to this first interpretation, we may say that despite
different ¢- and o-values, all subjects in the areas of figure

9 called "¢ # 0" have in common that they put significant empha-
sis on frame tilt information in their setting of the rod in the
RFT.

On the other hand, subjects represented in the area called
"o = 0" cannot with certainty be considered to have emphasized

frame tilt information in their setting of the rod.

Subject wo. 35, for example, obtained a ¢-value of 16.37 aegrees,
pointing to the possibility that she had put much emphasis on
frame tilt information. Ler o-value of 12.04 tells us that her
settings varied much under comparable conditions. In figure 10a
we represent this subject's behaviour graphically by drawing a
rather broad "response-fan" (=1 o) around her o-value, signi-
fying the variability in her rod settings.

Insert figure 10 about here

Compare her performance to that of subject No. 3,who also ob-
tained a rather high ¢-value (® = 13.0) but on the other hand
a relatively low o-value (0 = 1.12). This subject is symbolized
in figure 10b with a relatively narrow "response-fan". Common to
both subjects is nevertheless that their response-fans do not

cover settings of the rod to a gravitational vertical position.




- 138 -

Because of the "nature" of the statistic the response fan must

be narrower in subjects with low ¢-values than in subjects with
high ¢-values in order for them to be localized in the "¢ + 0"-
category.

Thus, subjct No. 46 who obtained a small @-value of .37 degrees
and a o-value of 1.17 (see figure 10c) was categorized in the

"o = 0"-category together with for example subject No. 7 (¢ =
4.87;0 = 10.42; see figure 8d). Common to these two subjects

and to all other subjects in the area "o = 0" is that their
"response-fan" include the gravitational upright position. In
these subjects, the reason for deviation from perfect gravita=-
tional upright in thelr settings of the rod is uncertain; it may

be due to random variation.

This first interpretation provides an answer to the gquestion
whether a given subject's ¢-value can reliably be ascribed to
her emphasis on the frame tilt information in the optic-vestibu-
lar conflict in the RFT.

Mere registration that a subject has this or that significant
parameter is probably not worth the time consumed in obtaining
these measures unless we also manifest an interest in "POW" she
actually arrived at these values. Until we know the answer to
"HOW", we have really not learned much worth knowing about the
person we have troubled with our study. We therefore attempted
in the following to relate the responses, not to just the weight
put on the optical information as in the first interpretation,
but to considerations about fow many principles may be useful

to incorporate in our attempt to obtain satisfactory answers to

the question of "How",

To start, we relate the $-parameter values and the o-values of a
given subject to the three major functional types of information

processing in the vertical orienting performance.

As shown in figure 11 we begin with the same data used in figure

9, but operate now with another borderline for the o-values.
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Insert figure 11 about here

The horizontal line in figure 11 represents a somewhat arbitra-
rely chosen cut-off point assumed to discriminate sensibly be-
tween persons that obtained "small" o-values (below the line)
because they responded systematically to the frame tilt infor-
mation and persons that obtained "great" o-values, due to their
unsystematic responding.

In the present material we chose a o-value of 3.0 as cut-off
point on the o-continuum. Of course, more than one line could
be drawn for example dividing the o-values into "small", "mode-~
rate", and "great" values;cut-off points other than the one we
chose could be used. With this in mind, we present the second

interpretation for performance in the RFT.

At the first level of description (1) we will assume that we

have a case where the frame tilt information has been under-
compensated if the subject's ¢-value is both under the horizon-
tal cut-off point line and greater than zero. If her o¢-value
turns out to be negative (and this sometimes occurs) but still
below the line, we say that she has overcompensated for the frame
tilt.

At the second level of description in frgure 11 (2) we say that
if a subject's ¢-value is near to zero (here defined somewhat
arbitrarely as zero = 2 degrees) and below the horizontal line
she most probably made a stable compromise solution with predo-
minant weight to the vestibular component, i.e. she solved the
incongruence between the equivalent optic and vestibular infor-
mation by systematically relying upon the vestibular. If her
P-score is below the line and within the range of 2-8 degrees
(also an arbitrarely defined range) we may tentatively take
this to signify that the subject made a stable compromise so-
lution in which she took recourse to the optical as well as to
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the vestibular component and made a mean thereof. If her p-value
is above eight degrees and still to be found below the line she
has probably made a compromise solution in which she systemati-
cally put heavier emphasis on optical than on vestibular infor-

mation.

If one wants to describe the subject's performance in terms of
"adequacy" (or veridicality) (3) we might say that the perfor-
mance is adequate if the subject's ¢-value is close to zero
(say, 0 + 2 degrees), since such performance gives a veridical
or nearly-veridical vertical orientation. It would be a mis-
take, however, to conclude that a subject with @-values outside
this range but still below the line has an equivocal basis for
orientation (4), although such a subject can be said to under-
compensate (or over-compensate) for the optical tilt informa-
tion, the relatively low response consistency score, o, indicates
that she responded systematically. In this sense her perception
of the vertical is not veridical but is nevertheless unequivo-
cal. Accordingly, o-values along the abscissa but below the
line do not necessarily symbolize optimal vertical orienting
performance but nevertheless do indicate a systematic basis for

orientation to the gravitational vertical.

It is quite another story with values above the horizontal line
in figure I11. It is inappropriate to talk about over- and under-
compensation in the same sense as for @-scores below the line,
because the subject's performance is so variable. For the same
reason we cannot sensibly talk about an indication of stable
compromise solutions in the same sense as we did about @-scores
below the line.

Rather the performance of subjects with values in this area of
the diagram can be characterized as alternative solutions of

the dominant type. These subjects probably also experienced la-
bility and uneasiness in the RFT. We might also find the flip-
flop alternative solutions here, as flip-flop adjustments of the
rod may augment the o-value considerably if measured adequately.

In this aspect we deviate from the opinion of Bischof who men-
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tions that compromise and alternative solutions will "...al-
ways provide an unequivocal basis of orientation..." (Bischof,
1974, p. 179). It might be expected that the blocking of all
factors but one may cause so much corresponding insecurity (phe-
nomenological as well as behavioral) in the subject that at
least some of the subjects will respond less consistently in
this situation than will subjects with an "uncomplicated" com-
pensatory averaging between the signals. Thus, "blocking" may

provide an equivocal basis for orientation.

Finally, scores above the ‘line might represent subjects which
practice simultaneity solutions representing paradoxical
perceptions of the orientation of the rod due to over-determi-
nation. Since incongruous, optical and vestibular information
are represented simultaneously in conscious perception in these
subjects, the perceptual situation may be difficult for them to
react to and we might accordingly expect such subjects to obtain

an elevated O-value.

Thus, scores above the line generally indicate poor and unsyste-
matical orientation to the vertical. Dominant and flip-flop
alternative type solutions, or simultaneity solutions - might
come into play either singularly or in concert in order to cope
with the problem of incongruity between equivalent, optical and
vestibular signals in the RFT.

Of course, the cut-off lines drawn in fipure 9 and figure 7
must not be taken literally. The lines represent only an esti-—
mated limit in a continuous distribution. The o-value of each
subject should be related to her o-value in the ways prescribed
above in order to fit the outcome into the interpretations re-
presented. Regarding the second interpretation a number of sub-
jects will most probably be found to use more than one principle
in their performance in the RFT or to use different principles
at different stages of development or just to change between
prefered principles because the organism apparently hunts for

what seems to be the most relevant information, and takes ad-
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vance of any possible way of getting it. Therefore, besides loo-
king for "clear-cut" types of solution one might also expect

to localize "blended" types. Nothing in our approach speaks
against such an expectation. In fact our data speak in favour

of it.




CHAPTER X]

SOME FURTHER CONSIDERATIONS
ON THE ROD~AND-FRAME TEST
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CHAPTER XI

SOME FURTHER CONSIDERATIONS ON THE ROD-AND-FRAME TEST

1.

INTRODUCTION

In the foregoing chapter we presented some principles to de-
scribe how subjects may try to solve the problem of incongruent
information in the RFT where adequate vertical orienting perfor-
mance is required. These principles are discussed in detail in
the works of Bischof already cited. Bischof used terms and prin-
ciples from information theory and biocybernetics. We have al-
ready made use of three major functional types of <nformation
processing in our attempt to interprete performance in the RFT,
and we have discussed ways of arriving at an adequate orienta~
tion to the vertical. Common to these ways was that they were
based on the assumption that optical and vestibular information
are equivalent in all important aspects and that the organism
can make use of both types of information. Under "natural" eve-
ryday conditions, optical and vestibular information are not
normally incongruent. In the RFT, however, they are by experi-
mental means deliberately made markedly incongruent.

In the following, we consider neuro-physiological systems
thought to be responsible to integrating incongruent sensory
information in order to arrive at an adequate orientation to
the vertical. Although the functional system behind this per-
formance is extremely complex a model for it has been proposed
by v. Holst (v. Holst, 1950; v. Holst & Mittelstaedt, 1950) and
by Mittelstaedt (1961; 1972). In 1970 Bischof & Scheerer pre-
sented a cybernetic model designed to account for dynamic, ex-
perimental conditions much more complex than those observed in
the RFT. We will present this model in simplified form in or-
der to further an understanding of how the organism may handle
the "static™ tilt conditions present in the RFT, and to be
used as an implement to think about the complex systems be-
hind this performance. The model is not considered to repre-
sent the entire system. Rather it is at best a roughly simpli-
fied version of the complex neuro-psychological system assumed

to underlie vertical orienting performance in the RFT.
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The model is symbolized graphically in figure 12. Boxes signi-
fying a system defined as an extract whose borderlines can be
chosen freely; anyone system can be presented any number of
times and in any number of combinations. Lines between the
boxes signifying "channels" for the information. Arrows on the
lines signifying the direction of "flow" of the information
and vectorial variables shown by double lines are without re-
gard to whether two or more informations are involved. Lines
coming from "nowhere" are free input. Circles with diagonals
mean addition of two variables unless one of the quadrants is
black in which case the meaning is subtraction. Squares with
diagonals that if empty mean multiplication and if black mean

division.

The meaning of the terms "variable", "signal", and "information"
are not completely settled. In the present context by "variable",
"signal", or "information" we mean that which changes the state
in a given system, thereby in fact saying that a variable, sig-

nal or an information is a state in the system considered.

A variable is observable if we can specify the operations for
measuring it. If we cannot specify the operations for measuring
a variable we speak of an infered variable. The infered variable
is to be considered at present as "imagined" and to be specified
operationally someday when we have learned enough about neuro-
psychology. Most infered variables probable will turn out to be
multi-vectorial rather than scalar and simple one-dimensional.
Observable variables in the present model are frame tilt and rod
tilt relative to gravitation as well as body tilt. The retinal
representation of the frame and the rod tilt can at least in
principle also be considered as observable. These observable
variables are following Bischof & Scheerer (ibid.) symbolized

by greek letters and subscript G for reference to gravitational
direction and with subscript R for reference to the retinal
meridian of the retinal representation of the tilted contours

of the distal objects. The distal stimulus situation is the til-

ted contours of the distal objects defined according to the di-
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rection of gravity, while the proximal stimulus situation is the
tilted contours of the distal objects defined according to the
retinal meridian reference system.

We will now assume that the model symbolizes a system for per-
ception of the vertical direction in space. In that the system
thus has a defined burpose we can call it a "teleonome" system.
The model isg idealized partly because it hasg no "build-in er-
rors" such as those common to biological systems, partly be-
cause it is assumed that perceptual processes can be separated
from cognitive processes and partly because it is assumed to
function independently of g number of methodological variables.

In the RFT, the subject has the following proximal "free" in-
puts; 1) the retinal tilt of the rod (AR); 2) the retinal tilt
of the frame (BR); and 3) body tilt (a) . The visual proximal
stimulation ig thus (AR, BR) with body tilt (a) subtracted com-

ponentwise, as shown in figure 12.

—_—

Insert fiqure 12 about here

& is zero in our upright Subjects; therefore No counter torsion

of the eyes ig symbolized in the model.

The output of the system 1s the subject's adjustments of the
rod to be understood as a negative backward coupling which

(in co-operation with the rod—starting—position effect, called
P, and a constant deviation, called w, in our method for mea-
suring performance in the RFT) determines the position of the

distal rod (kc). These are the observable variables.

A number of other possible free inputs to the system will be
discussed in the next section; they have highly interesting on-
togenetic and phylogenetic aspects.
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Inferable variables are: 1) (lR, bR) which are to be considered
as the visual afference Ccorresponding to a linear mapping of
(AR, BR); 2) (ls, bg) which signify apparent tilt of the rod and
the frame. They are based on the visual afference by component-~
wise addition of a compensatory variable (s, s). According to
Bischof & Scheerer they can also be understood to act as a sub-
jective frame of reference (subscript S) into which (lR, bR) is
mapped to yield apparent contour inclination. This is the so-~
called feed-back compensation hypothesis.

According to the model, the tilt of the distal object contours
(AG, BG; where kG is the tilt of rog contours relative to gravi-
ty, and BG is the tilt of frame contours relative to gravity)
will, after subtraction of body tilt (defined as a vector (a, a))

Teépresent the proximal visual information (AR, B.). This infor-

R
mation together with body tilt information (a) handled by the
vestibular system will produce the corresponding infered affe-

rent variables 1 bR and a to be understood as highly complex

7
R

neuro-psychological (probably multi—véctorial) constructs.

As shown in figure 12, the variable (a, a) was subtracted from
(XG, BG
be compensated for. The compensation will according to the model

) in order to signify the distorticn effect of body tilt to

be performed SO that the organism establishes a representative
compensatory variable (s ; s) for the distortion (a, a), and

feed this compensatory variable additively, i.e. with sign now
reversed, into the afferent flow. We then have g vector (1_, bs).
In this vector lg stands for "the apparent tilt of the rod" while

b, represents "a arent tilt of the frame".
s rep pp

But our description of the model is still insufficient because
we have not demonstrated how the compensatory variable (s, s)
is established. The following will remedy this insufficiency.
From empirical evidence we know that the size of the compensa-
tory variable (s, g) depends not only on body tilt (a, @), but
also on frame tilt <BG)‘ Thus, when a subject adjusts a rod to
an apparent vertical position without a frame, the adjustment
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may deviate as a function of body tilt, but if a tilted frame
is now presented to the subject the rod deviates even more.
What is now suggested is a comparator-system (C) by means of
which the most favorable optical suggestion ((x) from the fil-
ter (F)) of the visual system is compared to the "pure vestibu-
lar vertical" (see figure 5). Such a comparator could assign
weight to the optical suggestion on behalf of the vestibular
suggestion and vice versa, causing corresponding changes in

the compensatory variable (s, s).

The extent to which weight is put on a misleading optical sug-
gestion from the filter (F) will impair the vertical orienting
performance because the compensatory variable will be insuffi

cient. Furthermore, the system proposed in figure 5 is now par-
titioned into two systems: 1) the filter (F) by which a mean
value of the four contour—direction; components is derived to
give the most favorable visual "suggestion", and 2) the compa-
rator-system where the visual "suggestion" is weighed in rela-

tion to the vestibular “"suggestion".

This sketchy account of a model for vertical orienting perfor-
mance leaves out many interesting aspects discussed by Bischof &
Scheerer. But our present aim was only to demonstrate that cy-~
bernetic models can be used to conceptualize a vertical orien-
ting system. Such models may be useful to dgescribe "how" a sub-

ject may orient herself to the vertical direction in the RFT.

Another question to be considered is "why" the subject arrived
at the particular scores she obtained in the RFT, i.e. Why did
the subject weigh optical and vestibular information as she did?
We will discuss this question from the point of view of develop-
ment of the individual and with the use of our postulated com-

parator system.

A DEVELOPMENTAL APPROACH TO THE ©-PARAMETER, THE O-PARAMETER
AND VERTICAL ORIENTING PERFORMANCE

Witkin and coworkers claim that the RFT measures the subject's
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general level of development, reflected in her "field dependen-
" score. (Witkin et al., 1962). The extent of field dependen-
ce has in fact been demonstrated to be functionally related to

ce

chronological age; it is greatest in prepuberty. Field depen-
dence was found to decrease in a subject from the age of 8 to
the age of 15, at which time the most field independent level
was found.

In a study of developmental trends in Turner girls (series VIT,
and Nielsen, Nyborg & Dahl, 1976), we found that their @-para-
meter values diminished as a function of age. Furthermore, when

ters of about the Same age, the difference in ¢@-value was highly
significant, with the Turner girls scoring much higher. When

the scores for the 20 year old Turner girls were compared to
those of their sisters of the same age, the difference.was still
significant, but barely so.

At the age of about 25-30 years the difference was no longer sig-
nificant (Nyborg & Nielsen, 1976, in brogress). Also the dif-
ference in O-values between Turner girls ang their sisters de-

Ccreased with age,

It seems probable that ¢-values and O-values may signify a
certain developmental stage. The effect of development can be

related to our re-interpretation of performance in the RFT in

Ashby (1971) discussed cybernetic models for the regulation of
sensory information in survival of the Organism. His argumen-
tation was that the statesg Ml' ey, Mk’ in a living organism

can be defined as the states in which certain essentigl variab-
les are kept within assigned (”physiological") limits. These
essentiel variables, E, can be divided into two groups: 1) n =
"good", or "alive™, and 2) not-n = "bad" or "deag" {(of course
finer classifications can be made, but this is not essential for
the argumentation here). oOne of Ashby's eéxamples was of a bi-

cycle rider. Ashby wrote that "g is chiefly the angle with the
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vertical. n is a set of small permissible deviations. D is the
set of those disturbances that threaten to make the deviation
become large. F is the whole machinery - mechanical, anatomical,
neuronic - that determines what the effect of D is on E" (p. 199)

A similar line of reasoning can be applied to vertical orienting
performance in the RFT. Here fhe essential variable, E, can be
orientation to the vertical. n can be the set of small permis-
sible deviations still allowing for adequate orientation to-
the vertical, and not-n can be the deviations that lead to se-
vere disorientation in the sense of Sandstrdm. D is the set of
those disturbances that threaten to make the deviation become
large, such as the effect of body tilt and of frame tilt in the
RFT. F is the whole regulatory machinery (as for example symbo-
lized by the cybernetic model of a system working for vertical
orienting performance (see figure 12)) that determines what
effect D, i.e. body tilt and frame tilt, may have on E, the
state of being adequately oriented to the vertical. In so far
as orientation has survival value, the.better F is as a regula-
tor of vertical orienting, the larger the organism's chance for

survival.

Performance in spatial tests may be affected by gene effects.
Support for this notion comes from studies on spatial perfor-
mance in men and women. There are sex differences in perfor-
mance in the RFT,; the optical component is emphasized more by
women than by men. The sex differences may at least in part be
explainable by specific effects of the sex chromosomes. Our
studies on girls with Turner's syndromen, men with Klinefel-
ter's syndrome, and men with 47,XYY karyotype (Nyborg & Niel-
sen, 1977a, 1977b, both in progress) suggest that gene effects
may play a role in spatial perfection. Of course, environmen-
tal influences probably also affect spatial perception marked-

ly.

Further support for the role of genes in spatial perception
comes from studies carried out on fish. v. Holst (1950) and

Braemer (1957) observed that bottom-seeking fish species usual-
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ly were not influenced when the incidence of light did not co-
incide with the direction of gravity, while fish species living
near the surface were influenced by the relationship between
light and gravity. Furthermore, individual differences within

a species of fish were observed. It would be interesting to
determine in addition whether the chronological age of the fish
plays a role in its Orientation in space, as appears to be the
case in humans.

An answer to the question of why human beings differ in verti-

cal orienting performance in the RFT is our major concern here.
This question has unfortunately "...not yet been thoroughly in-
vestigated, partly Because for years authors have engaged in a

, the

optical or the vestibular, is "prior" or "more basis" to the

fruitless debate as to which of the two sensory channels

perception of the vertical, instead of taking for granted that
both are important and simply asking how they interact" (Bischof
1974, p. 181; after Gibson, 1952; see also: Nyborg, 1971q).

’

The age of the subject plays a significant role in performance
in the RFT. It is possible that the relative weight a subject
puts on the optic component dimishes with age due to maturatio-
nal changes. The maturational changes that take place in neuro-
psychological mechanisms could be responsible for the effect of
age on performance in the RFT. The changes might occur in the
central comparator system, in the vestibular System, in the op-
tical system and/or in the overall degree of "differentiation"
of the whole system of sub-systems (Witkin et al., 1962).

Environmental influences also could lead to sex differences in
performance in the RFT. Witkin and coworkers noted that girls
usually are raised in more "protected" ways than boys. As a
result a girl may learn to rely more authoritatively on key per-
sons in her social surroundings (a sort of "social field depen-
dence"), as well as on the perceptual facts in her enviroment
(the perceptual "field dependence") . Accordingly a girl may

"learn" to behave ina "field dependent” manner.
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Compared to a boy, a girl may not learn to trust her "internal
bodily standard". Accordingly, a girl may behave more field
dependent than a boy. It is also conceivable that the mothers
of field dependent girls are field dependent for genetic rea-
sons, and thus give genes disposing their daughters to field
dependence. In addition, social and genetic effects might inter-
act to produce field dependence. In fact, Dawson (1975) explai-
ned individual differences in field dependence in terms of a
bio-cultural model where the endocrinological variables go to-
gether with cultural factors and have joint effects on human
spatial orientation. Dawson's approach is interesting mainly
because it isg non—reductioniétic. Dawson tested some of his no-
tions in experiments carried out in laboratory animals. He
found that repeated doses of oestrogen (a female sex hormone)
impaired spatial learning significantly in castrated male and
female rats. His findings support the notion that endocrinolo-
gical variables play a role in spatial perception. In accordan—
ce with Dawson's findings, our findings show that Turner girls
who received long~term Oestrogen treatment scored significantly
more field dependent in the RFT than Turner girls who had not
received oestrogen. Some care must be taken in the interpreta-
tion of our data, however, because it was not possible for us
to obtain certain information about the specific oestrogen
preparation each Turner girl took, and we could not control
whether they took the hormone in the prescribed doses. Further-
more, the unsigned error scoring method with all of its short-
comings was used to score the test. Nevertheless, our results
suggest that it might be wise to consider the possibility

that hormonally based differences between subjects might show
Up as measurable differences in verticél orienting performance
in the RFT.

We believe that the particular optic-vestibular weight ratio
arrived at by a subject in the RFT is multi-determined. In ge-
neral, peoply rely on certain regularities to be found in the
environment, but there are probably individual differences in
their ability to detect and take advantage of the regularities.
We think that the source of individual differences might part-~
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ly be found by studying the extent to which people have oppor -
tunities to establish redundancy expectations. Boys probably
have more opportunities than girls to obtain spatial experien-
ces and to establish redundancy expectations due to rough play
and use of tools. A simple correlation between these opportu-
nities and performance in tests of spatial perception probably
is not to be found because the optic-vestibular weight ratio
appears to depend upon learning, hormonal, maturational, gene-
tic and temporarily conditioned factors. All of these factors
can be considered as "free" input variables in our cybernetic
model (figure 12).

We belive that an inductive approach to vertical orienting
performance is called for. In our opinion, the proper study
of inter-individual differences in the RFT is to study each
individual, and then to determine what is common to them all
in order to make generalizations. The next section gives some

of the arguments in favor of this point of view.

ON POPULATION DEPENDENT AND PERSON-SPECIFIC CLASSIFICATIONS

In Chapter IV it was mentioned that the interpretation of the
unsigned deviation score is population dependent because its mea-
ning is derived from a sample population mean. Skinner (1956)
argued against the principles in such a procedure. His argu-
ment was that if one wants to study human behavior the point
of departure must be the study of individuals. This approach

is not used in psychometric methods that are concerned with
groups of individuals. Skinner's remarks apply to the studies
on the RFT carried out by iiitkin and his coworkers. Their work
rests heavily ongroup-centered techniques, i.e. on correlations
between groups. Although studies based on group means may have
some value, they cannot be used to describe and reflect on how
and why a given individual responded as she did in the test.

Up to now, one of the main problems with studies on perception
and performance in the RFT has been the lack of statistics that
can be used to describe the results of a single subject. As
pointed out by Zubin (1955) contemporary statistics have been
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completely group-centered. There is a need for development of
”indi§idual—centered" statistics. In order to comply with this
need, we developed the new method for analyzing the performan-

ce in the RFT; the parameter values obtained by this method are
not dependent on the group mean because they are estimated in
relation to the specific response consistency of the subject her-

self. Our method is "individual-centered".

In order to illustrate the differences between a "population-de-
pendent” and an "individual-centered" approach we compared the
method of Witkin with our own. We once more use the data from
Nyborg (197la, series I) analyzed accordiﬂgly to the interpre-
tation demonstrated in figure 171 and compare the results with
those obtained when the data were analyzed by the unsigned de-
viation scoring method.

According to the usual procedure for the unsigned deviation
scoring method, the subject's score represents deviations of
final rod settings without taking account if the deviation was
co-inciding with the tilt of the frame or ran counter to it.
According to Witkin's one-dimensional bi-polar conception of
the "field dependence" dimension the data are marked along the
abscissa in figure 13; the number of subjects corresponds to
the number of circles (containing an identification number)
ordered along the ordinate. (Adapted from Nyborg, ibid., p. 8,

Figure Z; and modified.)

Insert figure 13 about here

With the data ordered in this way, one now has the problem of
deciding which subjects kbelong to the "field dependent" group
and which ones belong to the "field indepéndent"group. We used
what Witkin calls "natural breaks" or "natural cut-off points”
in the data. The localization of such "natural" cut-off points
depends, however, on two conditions: 1) on the mean score of
the group, and 2) on how many subjects make up a "field depen-
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dent" group and a "field independent" group, again depending
on the specific purpose of the study. If for example the group
mean score is low, the probability is low that a reasonably
large "field dependent™ group can be established because pro-
bably only a few subjects obtained scores higher than ten de-

grees.

If this is the case, either the definition of field dependent
is changed to all scores above eight degrees or the number of
subjects studied is increased. The latter solution is, however,
seldom applied. Thus, the decision as to whether a given per-
son belongs to a field depdendent group or to a field indepen-
dent group is quite arbitrary by the dgroup mean method.

Applying the group mean method to the Nyborg (1971q) study, we
found the "natural cut-off points" to be three and eight de-

grees, respectively, so that there were seven subjects in the
field independent group and nine in the field dependent group.

The "in-between" group is in most studies not of interest.

As seen from the identification numbers within the circles,

we thus classified subjects 4, 8, 9, 10, 19, 46 and 48 as fielg
independent while subjects 3, 16, 27, 28, 35, 40, 42 and 45
were classified as field dependent. The thirty-two other sub-

jects were classified as moderately field dependent.

After such classification, nothing more is usually said about
the subject's perceptual field dependence. This classification
is used as the basis for determinations of correlations between
personality traits or other traits and field dependence in the

studies.

Figurﬂ‘34 also shows how subjects can be classified according

to the interpretational principle proposed in figure 11, The
subject's score is ordered according to her O-parameter value
and also according to her o-value. The ¢-value indicates to
what extent she emphasized the optical or the vestibular fac-
tors, while the o-value indicates the consistency with which she
did this.
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Insert figure 14 about here

The "o-cut-off line" is at o = 3. In the comparison it can be
seen that the two classifications differ in many aspects. Table

1 gives an overview of some of the discrepancies.

Insert table 1 about here

Row A in table 1 lists the subjects classified as systematically
and markedly emphasizing the vestibular component, row B shows
subjects that systematically made a compromise solution between
the vestibular and optical components, row C presents the sub-
jects that systematically and markedly emphasized the optical
component, row D represents subjects responding unsystematical-
ly, while rows E, F, and G list subjects according to Witkin's
classification of field independent, moderately dependent, and
field dependent subjects.

It is particularly important to note that the subjects classi-
fied as field dependent by the Witkin method are not always
those that systematically emphasized the optical component in
the RFT. Thus, the notion that field dependence as measured by
Witkin's unsigned deviation scoreprovides an index of the subject's
ability to "overcome embeddedness" due to the frame in the

RFT does not appear to be generally correct. Evidently, classi-
fication of the complex spatial performance in the RFT along a
one-dimensional perceptual scale (field dependence versus field
independence) on the basis of a simple averaging of responses

is not able to adequately describe a subject's behavior. The
procedure not only leads the considerations away from the com-
plexity of the human responses in the complex situation, but
directly hinders the collection of valuable information neces-

sary for a better understanding of the subject's behavior.
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The new approach considers performance in the RFT to be complex
and it leads to multi-dimensional considerations on the indi-
vidual's unique performance. The new approach allows for a func-
tional and dynamic system-analytic approach in which each sub-
ject's performance can be considered without referring to group

means.

A few examples may demonstrate this. Consider for example the
score of subject No. 3 in figure 14 (marked with x). Her g-score
indicates that she has given much weight to the optical compo-
nent; her o-value is low and far below the cut-off line, which
means that she responded systematically to the optical informa-
tion. Her scores indicate considerable and systematical under-
compensation. Her compromise solution was unmistakenly optic
dominated. She had "non-veridical" orienting to the vertical be-
cause she experienced "illusion of orientation". Her performan-
ce nevertheless gave an unequivocal basis for orientation as

her under-compensation is consistent. The size of her response
consistency estimation, o, suggests that she did no¢ use an al-
ternative solution of the dominant-labile type or of the flip-
flop type; neither did she use a simultaneity solution. What is
lacking in the estimation of the subject's performance are re-
ports on how she herself experienced the whole situation. This
information in combination with psycho-physiological and other
measures would enable her performance to be fully described. But
even without the subject's verbal report, the differences pe-
tween the description of the subject's performance by the new
approach compared to a simple statement that she is "field de-

pendent" (whatever this term means) is apparent.

As another example to illustrate the difference between the
two methods for describing performance in the RFT, consider

subject 35 in figure 14 (marked as xx).

She had a ¢-value even higher than subject No. 3 and she is ac-
cording to Witkin's procedure classified as extremely field de-

pendent. By taking into consideration the dynamic interplay be-
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between her high ¢-value and the extraordinarily high o-value
indicating a very unsystematic performance, we arrived at ano-
ther conclusion. Her compensation was exXtremely poor. Accor-
dingly, this subject's performance does not represent an "un-
complicated" predominantly optic dominated solution (as the
¢-value alone seems to indicate). Rather she probably used one
of the solution possibilities stated along the ordinate, and
her basis for orientation to the vertical is equivocal. The
next question is how it can be decided logically which of the
solutions indicated at the ordinate may best characterize her
performance? If she practiced an alternative solution of the
dominance-labile type we would certainly expect that her re-
sponses would be accompanied with feelings of "uncertainty",
"vagueness", "unrealness", "unconvincingness", and the like
(Kleint, 1936; miiller, 1917; Metzger, 1965). If the subject had
practiced a flip-flop alternative solution this could possibly
be seen from a closer analysis of her raw data. Simultaneity
solutions will possibly be indicated in the subject's verbal
report in statements like: "The rod appears upright in this or
that position, but not in other positions."

These examples show that the new approach can lead to a func-
tional, individual-centered way of analyzing the subject's per-
formance in the RFT. The new approach is dynamic because the
interpretation of the subject's performance is most meaningful
when the interaction between more different parameter-values

are taken into account.

A question that comes to the mind when considering the multitude
of possible dynamic interactions in the subject's performance

is how to establish reasonable generalizations from this tangled
web of individuality? As mentioned in Chapter IV, the way goes
through the study of the individual and only the individual as

a total universe in the RFT. On the basis of the results of

such studies, it is possible to establish individual test pro-
files by studying the relative relevance of the factors for the
single subjects in question. This procedure conforms to the

requirements of Rasch (1960) who stated that individual-centered
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Statistical models demand that each single individual :can be
characterized Separately.

First when the ideographic test profiles for a number of per-
sons are at hand the next step can be taken. This consists in

variation from individual to individual (Poulsen, 1972). The
idea behind this approach is that by establishing the characte-
ristics of the individual, the chance will be greater to find
the "genuine" general. This procedure is much more sound than
the correlational technique typically used in studies on the
RFT (Witkin et al., 1962). The correlation techniques are weak
because 1) the correlation coefficients cbtained in these stu~
dies are too low to warrant the generalizations made from them
(Fine & Danforth, 1975, p. 692), 2) correlation cannot prove a
causal relationship, and 3) correlations do not provide insight
into the mechanisms respensible for the relationships (Jensen,
1973, p. 231).

Our approach consists in estimating the predominant performance
characteristics of each subject in order to determine whether
one or more are representative of all or most subjects. The
extent to which a characteristic jig shown by subjects signifies
how "genuinely” general the characteristic is. The extent to
which an individual shows a particular characteristic deter-

mines her placement in the general trends. Our approach does

ject's score. Finally, our approach can be used to study how an
individual performs the complex task of keeping her orientation
to the vertical within acceptable limits.
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SUMMARY OF PART IV

1.

SUMMARY

The last part of the treatisge contained suggestions on a re-
interpretation of performance in the RFT in terms of vertical

orienting performance and discussed related aspects.

Chapter VIII gave some definitions of orientation followed by
a critical discussion of the concept of "field dependence".

Chapter VIII ended with a first step towards a re-interpreta-
tion of performance in the RFT as a case of vertical orienting

performance.

In Chapter IX we discussed further the relation between the RFT
and the vertical orienting performance. Three functional prin-
Cciples important for a deeper understanding of performance in
the RFT were introduced.

Chapter X contained a logical exhaustive classification of be-
havior in the RFT and an attempt to relate the most important
aspects of this classification to the three working principles

presented in Chapter IX. The chapter was closed with some ex-
amples.

The Chapter XI gave some further considerations on the RFT. We
presented a cybernetic model for understanding performance in
the RFT. We then considered the ¢-parameter and the o-parameter
from a developmental point of view in order to discuss some
etiological factors important for an answer to the question of
"why" the subject performed as she actually did. possible gene-
tic components in vertical orienting performance were discussed.
The chapter ended with an example of differences in classifica-
tion of subjects when population dependent and individual-cen-

tered approaches are used.
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