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A method for analysing performance in the rod-and-

frame test. |

HELMUTH NYBORG

Abstract.—Scoring only the unsigned (absolute) errors
in the Rod-and-Frame Test (RFT) is questioned because
the method confounds a number of variables. Another
way of scoring the RFT is proposed which differentiates
between (1) the subject’s constant error, (2) the effect of
the tilted frame, and (3) the rod starting position effect.
The method also allows estimation of the response con-
sistency of the subject. What is more, the values for each
subject of the constant error, of the frame tilt effect, and
of the rod starting position effect may be tested for sig-
nificance on the basis of the degree of response con-
sistency observed for that particular subject, thus making
the new method more person-oriented than the unsigned
error method.

According to Witkin & Asch (1948) the Rod-and-
Frame Test (RFT) gives a measure of field depend-
ence, a term that describes a characteristic way of
perceiving. Field dependence is operationalized in
the RFT in terms of ‘‘frame dependence’ and
measured by determining how successful the sub-
ject is in adjusting a rod within a tilted frame to a
physically vertical position. In the RFT the field
dependent person has difficulty adjusting the rod to
physical vertical because the tilted frame influences
his judgment of the upright.

However, in previous research (Nyborg, 1971 a;
1971 b; 1972) we found the Witkin method of
scoring the RFT unsatisfactory in certain respects.
For example, we observed that subjects who re-
sponded inconsistently to the tilt of the frame never-
theless were scored as systematically frame depend-
ent subjects.

We therefore developed a method of scoring the
RFT which takes more variables into account and
estimates the response consistency of the subject.
This paper presents the method. A following paper
deals with the statistical model on which the meth-
od is based (Nyborg & Isaksen, 1974).
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VARIABLES IN THE RFT

In the usual RFT procedure the rod and the frame
are tilted 28 degrees aiternately to the same and to
opposite sides. Typically the deviation in degrees
from physical vertical in the subject’s final adjust-
ment of the rod is measured in eight consecutive
trials. The most common method of scoring the
RFT is described by Witkin et al. (1962, p. 37).
They measure the degree of frame dependence by
calculating the mean, unsigned (absolute) error of
adjustments, which is mathematically written

v_1 :
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where Y;=the number of degrees the rod deviates
from physical vertical on the ith trial without regard
to direction of deviation, and N =number of trials.
This method of scoring does not take into ac-
count (1) the direction which the rod deviates from
the physical vertical and (2) whether the deviation
of the rod from physical vertical are in the same
or the opposite direction from the tilt of the frame,
although these two cases are obviously different in
respect to the relation between the frame and the
adjusted position of the rod. Therefore they can-
not be considered equivalent as indicators of frame
dependence. On the contrary, a number of other
variables which are possibly important in the RFT
may be assessed if information concerning direction
of deviation is not discarded in the process of
scoring. These variables include the following.

Perceptual consistency

Witkin & Asch (1948) measured the response con-
sistency of only a few subjects in the first ex-
periments with the RFT (p. 768, 773) and found
that most subjects consistently behaved either as
field dependent (much influenced by the frame) or
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as field independent (little influenced by the frame)
or something between (moderately influenced) (p.
768); they accounted for the inconsistent behavior
of some of the subjects by saying that the luminous
frame provides a rather weak frame of reference
and that judgments made in its presence will not
be very consistent (p. 773).

In our studies we also found subjects responding
consistently as well as subjects responding very in-
consistently from trial to trial.

‘The ordinary method of scoring the RFT does
not reveal the degree of consistency in the subject’s
responses, although it seems somewhat misleading
to characterize a subject who responds inconsis-
tently as systematically dependent on the frame,
just because the mean deviation of his responses
from physical vertical is rather great. It therefore
seems preferable to regard response consistency
and frame dependence as variables to be assessed

_separately. The response consistency variable
should be measured for each subject and only
scores from trials under identical and therefore
comparable conditions of initial rod and frame tilt
should be used in the calculation.

Constant error

Gibson & Radner (1937) have shown that most sub-
jects tend to adjust a rod consistently to one side
of physical vertical when required to adjust it to an
upright position. This asymmetrical performance
gives rise to a constant error which was also ob-
served in the RFT in our previous studies. The
constant error is not systematically related to the
tilt of the frame but characteristic of the subject.
Therefore it should be separated from the score
indicating frame dependence.

Rod starting position effect

In 1952 Werner & Wapner demonstrated that the
position from which a rod is moved can have a sig-
nificant effect on the final position of the adjusted
rod when perceived as physical vertical. The sub-
jects tend to see the rod as vertical while it is still
inclined towards its original position. The usual way
of scoring the RFT confounds this rod starting
position effect with the effects of the other vari-
ables.

To sum up: if a subject obtains a small unsigned
error in the RFT he is said to be frame-independent
(field-independent); if he gets a large unsigned
error he is said to be frame-dependent (field-de-
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Table 1. The 2x4 observations obtained from a
single subject in the RFT

Rod starting position

Frame
position Right Left Total
Right aya, b by a,+a,+by+b,
Left CiCa dd,
N
Total a;+as+c,+cy dytagstb b+

Cy+eotdi+d,

pendent). But because the scoring of unsigned er-
rors does not allow the sources of the errors to be
discriminated the group of so-called frame-de-
pendent subjects may include (1) persons who do
respond consistently to the tilt of the frame (frame-
dependent), (2) persons who respond inconsistently
(disoriented), and (3) persons whose judgments are
consistent but related to a personal bias (constant
error) and/or to a rod starting position effect.

A new method was therefore developed which
takes the type of error inte account in order to
discriminate between the effects of the tilt of the
frame, the constant error, and the rod starting posi-
tion on each subject’s RFT performance. Further-
more, the method allows estimation of the consis-
tency with which each subject responds to the test.

THE METHOD

The statistical basis of the method is described in greater
detail elsewhere (Nyborg & Isaksen, 1974). Here it will
only be shown how the method is used in practice.

Data from the RFT are collected in the usual way,
i.e. deviations of the rod in degrees off physical vertical

-are registered at least twice in each of the four possible

tilt combinations of the frame and rod (frame left or
right tilted and rod starting left or right tilted). How-
ever, the deviations of the rod are recorded signed, clock-
wise deviations with a positive sign and counter-clockwise
deviations with a negative sign.

In the usual case of double observations these signed
scores can be arranged as in Table 1. Separate measures
of the constant error (u), the frame dependence (),
and the rod starting position effect (g) are now cal-
culated in the following way.

The constant error, p

From Table 1 it is easily seen that the effect of tilting
the rod to the right counterbalance tilting it to the left.
Similarly the effects of tilting the frame to the right
and the left are counterbalanced. Therefore the total sum
of the 8 observations is neither influenced by the tilt of
the frame, nor by the rod starting position. The subject’s
constant error, u, may therefore be determined as the



mean of all 8 observations when these are expressed as
signed scores:

_a1+a2+b,+b2+cl+c‘2+d,+a'2
- 8

The frame effect, ¢

For each of the two conditions of frame tilt the effects
of left and right rod starting position are counterbalanced
in Table 1. Therefore the frame effect. ¢, can be found
as the mean of the four observations in the ‘‘frame
tilted right”’ condition. Since the subject’s constant error,
w, contributes to all observations it must be subtracted
from this mean:

aytag+bi+by, ¢
gk

By definition, the two values of ¢ based on the two
conditions of frame tilt will be exactly symmetrical.

The rod starting position effect, o

The effect of starting with the rod tilted to the right is
counterbalanced by the effect of starting with the rod
tilted to the left. Therefore, the rod starting position ef-
fect, o, can be found as the mean of the four observa-
tions in the ‘‘rod starting tilted to the right” condition
with u subtracted:

_dytartete,
4
By definition, the two values of ¢ based on the two
conditions of rod tilt will be exactly symmetrical.

The response consistency, o

Provided that the deviations of the rod are observed twice
(as usual) in each of the four possible tilt combinations
of the frame and the rod it is possible to estimate the
response consistency of the subject by calculating the
standard deviation which in this case may be written

o= L (a;—a,)* + (bi—bs)? + €2 + (di—da)? ]
l 4 2 2 2 2

This formula estimates the variability of the subject’s
error scores in successive trials under comparable tilting
conditions. A large value of o indicates that the subject
is not responding systematically. We consider such a sub-
ject to be disoriented in the RFT.

Significance tests

By chance the subject may get high values of u, ¢,
and g; to test if the values are significantly different
from zero they may be compared with the subject’s
responseyonsistency, 0, by means of the following
formulas:

w=5ovL tp=52VE 10=§2V7
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Table 2. Comparison between the method of un-
signed errors and the new method of scoring the
RFT: Fictive data

. Calgulations
Mean errors in
the tilt condi- Un- New error
tions of Table 1 signed scores
error

Subjects a b ¢ d score L@ o

I 5 S 5 5 5 5 00
II 5 5 =5 =5 5 05 0
III 5 -5 5 -5 5 0 0 5

The resulting values are evaluated after a t-distribution
with four degrees of freedom.

In case of more than two observations in each of the
four conditions of rod and frame tilt the appropriate
procedure of calculation may be deduced from Nyborg &
Isaksen (1974).

COMPARISON BETWEEN THE TWO
METHODS

The following illustrates the discriminative power
of the present method of scoring the RFT, com-
pared with the unsigned error method of Witkin.

If three subjects are tested in the four tilt condi-
tions shown in Table I and obtain the correspond-
ing mean deviation scores a, b, ¢, and d shown in
Table 2. they will all indiscriminately be assigned
an error score of 5 degrees because the score is
calculated numerically as

14 (la|+1b]+]c|+1d])

thus ignoring the direction of tilt.

By the present method the direction of tilt is
registered and the data (arranged according to
Table 1) can by virtue of the previously mentioned
procedures be dissolved into u, ¢, and g (the values
of which are to be found in Table 2). The response
consistency of the subjects can be estimated by ¢.

The examples in Table 2 are constructed. The
empirical data in Table 3 illustrate values of u. ¢,
and o which are more typically obtained. By the

~ method of calculating the unsigned error these sub-

jects get scores of 12.00, 8.13, and 3.25 degrees,
respectively, and no information about how they
got their scores is obtained. The new method gives
more detailed information. For subject A32 a sub-
jective bias, u, is seen to be the main determiner;
for subject V28 the frame plays the important role;
and for subject V22 the rod starting position, e,
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Table 3. Comparison between the
RFT: Observed data

method of unsigned errors and the new method of scoring the

Calculations

New error scores

Mean Errors in tilt conditions Unsigned
Subjects of Table 1 errorscore % g @ o
A32 =55 ~125 -13.0 —17.0 12.00 —12.00% 3.00 2.75
V28 +10.0 4.5 -7.0 -10.0 8.13 -0.63 7.88* 2.13
v22 1.5 -4.0 0.5 -5.0 3.25 -1.75 0.50 2.75%
*p<0.05.

dominates his attempts to adjust the rod to physical
vertical.

As mentioned earlier, Witkin considers the sub-
Jject’s responses to be determined by the effect of
the tilt of the frame. From Tabje 3 is seen that this
is not always the case.

To investigate how frequently the subjects’
scores depend significantly on the tilt of the frame
alone and how often other variables contribute to the
subject’s adjustment of the rod. the following ana-
lysis was performed on the 2x37 sets of data in the
experimental series mentioned in Nyborg & Isaksen
(1974). In both series subjects with unsigned error
scores amounting to two degrees or higher were
selected for analysis. For each of these subjects it
was determined which variable(s) reached a signifi-
cant level (» 0.05) in his RFT performance. In
one of the series it was found that 35.7 percent of
the subjects were significantly dependent exclusive-
ly on the tilt of the frame while the scores of the
other 64.3 percent in the group also depended on
other variables. In the other series the figures were
21.9 and 78.1 percent, respectively.

The fact that the RFT performance of a great
majority of these subjects are influenced by vari-
ables other than the tiit of the frame underscores
the need of using a method of scoring which dis-
criminates between the effects of such factors.

CONCLUDING REMARKS

In this paper it has been argued that Witkin’s un-
signed error method of scoring the RFT confounds
a number of important variables by assuming that
the frame tilt alone determines the subjects’ per-
formance. Furthermore, the method leaves the sub-
Ject’s degree of response consistency out of con-
sideration. It might be added that by the unsigned
error method each subject’s score derives its mean-
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ing from a comparison to the other subjects’ scores
and its interpretation is in this way dependent on
the tested population; thereby the score loses its
individual specificity.

In contrast, the new method traces the source
of the subject’s errors. It separates the degree to
which a subject is influenced by the frame from
other variables that may influence his judgments of
physical vertical as well, and it allows an estimation
of his response consistency. What is more, the
estimated response consistency can be related to the
subject’s calculated values of constant error, frame
tilt effect, and rod starting position effect in order
to assess the significance level of these values.

Because the values of the constant error, the
frame tilt effect, and the rod starting position effect
are thus tested for each subject on the basis of his
observed degree of response consistency and not in
relation to the scores of the other subjects as in
the unsigned error method, the new method be-
comes more person-oriented.

Individual test profiles can now be compared to
see if deduction of general traits is appropriate from
the empirical data and attempts to correlate scores
from the RFT with other data, so often reported in
the literature, are on safer ground because we know
by the new method in greater detail what is cor-
related with what.
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