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Abstract: The Rod and Frame test measures an individual’s subjective assessment of visual vertical and horizontal in the
presence of a surrounding tilted frame. Attention has focused upon the effects of the surrounding frame upon spatial accuracy
(Spatial Frame Effect). We have investigated if the tilted frame also affects the time that subjects take to make the alignment
(Temporal Frame Effect). Results: 125 subjects performed a computerised Rod and Frame test to investigate the effects of a
tilted frame on subjective visual vertical and horizontal. In addition the program recorded the time taken to make each
alignment. For most subjects the mean Spatial Frame Effect was small (vertical 1.62, SD 0.93; horizontal 1.9, SD 1.43).
The mean time taken to make alignments in the presence of a tilted frame was longer than when the frame was not tilted
(vertical, +3.4s, SD 4.4; horizontal, +3.2s, SD 4.5). Differences in the times taken when the rod and frame were presented
congruently and incongruently could be fully accounted for by the differences in steps needed to move the rod to its final
alignment. No relationship was found between the spatial accuracy and the time to make the alignment and there was no
relationship between the Spatial and Temporal Frame Effects. Conclusions: This study suggests that the Spatial, and
Temporal, Frame Effects provide information about different aspects of the process of resolving conflicting visual
information when making judgments on alignment. In everyday functions such as the maintenance of balance or
susceptibility to motion sickness, the increased time taken may be as important as spatial accuracy.
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There are several different versions of the rod and frame
test, ranging from variants of the original mechanical device
developed by Witkin [11, 12] to computer based rod and

accuracy of the perception of subjective visual vertical, and ~ [rame tests [13-15]. In addition to being easy to administer
less often subjective visual horizontal, since the late 1940’ and not requiring specialist facilities the computer based test
when it was developed by Witkin et al [1]. In the test the  can also measure the time taken for each subject to make the

alignment.

When observing subjects perform the test we have been
impressed by the wide variation in time that it takes them to
position the line. Some subjects make the alignment in a
time that is close to the minimum possible on the computer,
whereas others take over 10 times as long. In a recent review,
which was mainly concerned with the functional localisation

1. Introduction

The Rod and Frame test has been used to assess the

subject is set the task of aligning a rod to gravitational
vertical in the presence of a visual distraction — a
surrounding tilted frame. Subjects upon whom the tilt of the
surrounding frame has only a minor effect on the perception
of vertical are described as being Field Independent. In a
small number of people (5 —20%) the tilt of the frame has a
major influence on the perception of visual vertical, these o - -
are described as Field Dependent [2-5]. The Rod and Frame ~ Of activity using £-MRI, Cohen [16] argues that too little
fest was originally developed as one component of attention has been given to time and time-based coding

personality testing, but it has also been used to investigate ~ SYStemS in cognitive neuroscience studies.
postural control [4]’ falls in the elderly [6], vestibular The time course of the development of the Rod and Frame

dysfunction [7, 8] and neck pain [9, 10]. Illusion has been investigated using asynchronous
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presentations of the rod and the surrounding frame and
recording reaction times [17]; accuracy of detection of the
orientation of the rod [18]; or ability to match a hand held
rod to the visual stimulus [19]. Corbett et al [17, 20] reported
that the reaction times were significantly faster when the rod
and frame were tilted in opposite directions (incongruent),
than when they were tilted in the same direction (congruent).
Although using a different technique Kaleff et al [18] also
found a significant difference between congruent and
incongruent presentations of the rod and frame.

These studies have all investigated the subject’s response
to a single presentation of the rod and frame, sometimes
asynchronously. To date no studies have reported in detail on
the differences in the effect of tilting the surrounding frame
on the time taken to perform the test in the format where the
Rod and Frame are presented simultaneously and the task is
to align the rod to vertical. The current investigation was
designed to describe the distribution of the times taken to
perform this version of the test, and to answer the following
questions.

i. Does tilting the frame affect the time taken to perform
the test?

ii. Is there a relationship between spatial accuracy in
aligning the rod and the time taken to perform the test?

iii. Is there a relationship between the Spatial Frame
Effect and the Temporal Frame Effect?

(The term Spatial Frame Effect (SFE) is used to refer to
the errors (degrees) induced in the alignment when the
surrounding frame was tilted, whereas the term Temporal
Frame Effect (TFE) refers to the change in time taken to
perform the alignment when the frame was tilted compared
to the untilted frame condition).

iv. Is there a difference in the times taken to adjust the rod
between congruent and incongruent presentations of the rod
and frame?

2. Methods

2.1. Participants

One hundred and twenty five volunteers from the
students and staff of the AECC (age range 15 — 62 years;
mean (SD), 32.3 (12.5); 57 males, 68 females) participated
in this study. To be included, participants must have been fit
and healthy with normal, or corrected to normal, vision.
There were no exclusion criteria.

All subjects gave their written consent to participate after
being informed of the aims and methods of the study. The
study was approved by the local research ethics committee.

2.2. Procedures

All participants were required to complete both of the tests
for the perception of vertical and horizontal. The order in
which the two tests were performed was randomly assigned
for each subject. Between tests subjects were given a short
break.

The test was a modified version of the computer Rod and
Frame test [15] viewed by the participant through a pair of
Olympus Eye-trek FMD 200 video glasses. Wearing the
video eyeglasses resulted in an image that spanned a
viewing angle of 30 x 23 degrees of the visual field (the
equivalent of viewing a 1.42m screen from a distance of
2m).

Both the horizontal and vertical tests comprised 14
presentations, the first two of which were for instruction
purposes and were not included in the analysis. The
remaining 12 presentations consisted of four replicates
where the frame (a white square presented on a
homogenous black background, Fig 1) was either - (i)
untilted (frame®); (ii) tilted 18 degrees in a clockwise
direction (frame™®); or (ii) 18 degrees in a counter
clockwise direction (frame™'®). The two white dots used to
represent the ends of the virtual rod were displayed in the
centre of the screen (within the frame) and had two starting
positions - tilted 20 degrees in either a clockwise or counter
clockwise direction from gravitational vertical/horizontal.
The order of presentation of these permutations of frame
and dots was assigned by the computer from a bank of 4
randomised sequences.

0
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frame 8

+
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Figure 1. Screen displays showing the frame tilted counter clockwise
(frame %), untilted (frame °) and clockwise (frame *'®). In each case the
dots mark the ends of the rod tilted +18°.

The subject’s task was to rotate the dots using the right
and left mouse buttons to a position perceived to be vertical
or horizontal depending on the test. The dots rotated around
their virtual midpoint in 0.5 degree increments. When the
participant was satisfied with the alignment of the dots, the
program was advanced to the next presentation by pressing
the space bar of the computer keyboard. Positioning error
was recorded by the computer as degrees from gravitational
vertical/horizontal. In addition to the positioning error, the
program also recorded the time taken to complete each of
the 12 presentations with a resolution of 0.01s. There was
no restriction on the time each subject took to complete the
tasks and participants were not told that this was being
recorded. Neither the subject nor the operator had access to
the recorded data until the end of the recording session.

2.3. Statistical Analysis

Deviations from vertical (or horizontal) were recorded in
degrees as positive values if the deviation was in a
clockwise direction, and negative values for counter
clockwise deviations. These values were imported into
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Excel 2003 and used to calculate the mean signed errors for
the three frame condition (n = 4 in each case) for each
participant. The mean absolute error (unsigned) was also
calculated as the mean of the 8 unsigned values for the
combined frame"® and frame™® conditions.

2.4. Spatial Frame Effects (SFE)

The effect of frame tilt on the accuracy of alignment, (the
Spatial Frame Effect), was calculated as the difference
between the mean error recorded in the presence of an
untilted frame (frame”), and the mean error recorded with a
tilted frame (SFE™®, SFE™'*).

2.5. Temporal Frame Effect (TFE)

The mean time taken to complete the alignment for each
of the three frame (frame’, frame*'®, frame™®) conditions
was calculated, and a combined frame tilted (CFT) time
calculated by averaging the frame”™® and frame™'® times. The
TFE was then calculated.

TFE = CFT time - frame’ time, seconds

All statistical analyses were performed using Instat3
(Graphpad, Inc). The data did not conform to a normal
distribution and so differences between the frame tilt
conditions were investigated using the Friedman Test
(Nonparametric Repeated Measures ANOVA) and post-hoc
Dunns Multiple Comparison Test. Significance level was
set at p<0.05. Possible relationships between spatial and
temporal frame effects were investigated using Linear
Regression analysis. Differences between the alignment
times in congruent and incongruent rod and frame starting
conditions were performed using paired t-test on log,
transformed data.

3. Results
3.1. Temporal Frame Effect

There was a wide range of average times taken to rotate
the points into their final position (Fig 2) in both the vertical
(3.9 — 59.5 s) and horizontal alignment tests (3.9 — 50.3 s).
The minimum time that could be taken to move the 20
degrees from the start position to the horizontal or vertical
position was 3.5 s.

The distribution plots reveal that for the untilted frame
condition the mode time in both the vertical and horizontal
tests was in the 6 s bin whereas in the frame tilted condition
modes occurred at longer times. In the frame tilted
conditions there was also a substantial secondary mode of
subjects having mean times equal to or greater than 20s (Fig
2). Comparison of the times recorded in the frame untilted
condition with both of the frame tilted conditions
individually (minus and plus) and with the combined frame
tilted data (average of frame minus and frame plus), showed
a highly significant (P<0.001) increase in the positioning
time when the frame was tilted in either direction (Table 1).

In the vertical alignment test the combined mean time
increased by 3.4 s (38.2%) when the frame was tilted, and by
3.2 5(36.3%) in the horizontal alignment test.

Although there was a significant difference between the
time taken to align the points in the untilted and tilted frame
conditions, the wide spread of the untilted frame times
partially obscures the effect that the frame had on individual
timings. This has been addressed in Fig 3 where the
distribution of the Temporal Frame Effects are plotted.
Comparison with the raw timing (Fig 2, Table 1), shows that
the spread of the frame effect on timing is less dispersed,
with modes for both the vertical and horizontal tests in the
less than 1 sec bin, (Table 1, last column) although in both
cases 21% of individuals had times which increased by 5
seconds or more when the frame was tilted.
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Figure 2. Distribution of mean times taken to align dots to a). — vertical,
and b). — horizontal. Solid bars — frame not tilted; Open bars — combined
frame tilted 18°. n=125.
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Figure 3. Distribution of the TFE times (mean frame tilted — mean frame
untilted) when the frame was tilted 18°. Vertical alignment — solid bars,
Horizontal alignment — open bars, n = 125.
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Table 1. Rod alignment times (sec).

Vertical Frame Untilted Frame tilt minus  Frame tilt plus gl(;:;bmed FrameTemporal Frame Effect
Mean (s + SD) 8.9 (3.9) 12.5 (7.7) 12.1 (6.7) 12.3 (6.9) 3.4 (44)
95% CI (s) 82109.5 11.1to 13.9 10.8 to 13.2 11.1to 13.5 2.6t04.2
Median (s) 8.0 10.8 10.9 10.7 2.1

Range (s) 3.9 t0 26.7 4.0to 59.4 4.0 to 44.1 4.1to051.7 -2.1to0 34.6
Significance - P<0.001 P<0.001 P<0.001 -
Horizontal

Mean (s + SD) 8.8 (3.5) 11.8 (6.9) 11.9 (6.2) 12.0 (6.2) 32 4.5)
95% CI (s) 821099 10.5 to 13.0 10.8 to 13.1 10.9 to 13.1 241039
Median (s) 7.9 10.4 10.2 10.6 22

Range (s) 3910220 4.5t050.3 4.4 t0 34.9 4.5 t0 40.1 -7.1t024.2
Significance - P<0.001 P<0.001 P<0.001 -

3.2. Spatial Errors

Tilting the frame caused the estimation of vertical or
horizontal to be distorted towards the direction of the frame
tilt. The effect was apparent with both negative and positive
tilts of the frame in both the vertical and horizontal
alignment tests. In each test the mean and median of the
signed errors were between 1 and 2 degrees of zero (Table 2),
although individual errors ranged up to 10 degrees.

The plot of the absolute (unsigned) errors which combines
the effects of the negative and positive frame tilts, showed a
similar distribution, with modal values between 1 and 2
degrees and a tail of errors ranging up to 5 degrees in the
vertical alignment test, and 8 degrees in the horizontal test
(Fig 4, Table 2).

Table 2. Mean spatial errors.

Vertical Fl:ame Frame plus Absolute Error
minus
Mean (° = SD) -1.43 (1.52) 1.10 (1.34) 1.62 (0.93)
95% CI(°) -1.41t0-0.88  0.87 to 1.34 1.46 to 1.79
Median (°) -1.00 1.00 1.38
Range (°) -7.61t03.9 -1.6t0 6.1 04t054
Horizontal
Mean (° = SD) -1.49 (1.58) 1.85 (1.83) 1.90 (1.43)
95% CI (°) -1.77t0o-1.21  1.53t02.18 1.65t02.15
Median (°) -1.13 1.75 1.56
Range (°) -8.13 t0 0.88 -3.75 10 9.38 0.19 to 8.69
7%
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Figure 4. Distribution of mean absolute spatial errors in the presence of

tilted frames. Vertical alignment — solid bars, Horizontal alignment — open
bars. n = 125.

3.3. Relationship between Spatial Accuracy and Time
Taken

There was a wide range in both the size of the positioning
errors, and the time taken to make the alignment (Tables 1
and 2). The possibility of a relationship between the
accuracy of alignment and the time taken was investigated
using linear regression (Table 3). No relationship was found
in either the untilted or tilted frame conditions in either the
vertical or horizontal alignment tests. The calculated slopes
for the line of best fit ranged from -0.01 to 1.59, and values
for r* ranged from 0.002 to 0.137.

Table 3. Relationship between spatial accuracy (Y-axis) and alignment
time (X-axis).

Vertical Slope Y-intercept r2
No Tilt -0.01 0.76 0.002
Tilted -0.03 1.90 0.017
Horizontal

No Tilt -0.01 0.77 0.062
Tilted 1.59 9.02 0.137

Linear regression analyses were performed on the data recorded in both the
untilted and tilted frame conditions for the horizontal and vertical
alignment tests. (n = 125 in all cases).

3.4. Relationship between Spatial Frame Effect and
Temporal Frame Effect

It was of interest to investigate if those individuals who
showed large Spatial Frame Effect values also recorded
higher values for the Temporal Frame Effect. Fig 5 shows
scatter plots of the Temporal Frame Effect against the
Spatial Frame Effect. No clear relationship was apparent in
either the vertical or the horizontal alignment tests (vertical
alignment r* = 0.0068; horizontal alignment r* = 0.1921).

3.5. Congruent Vs Incongruent Rod Starting Positions

No systematic measure of the perceived level of difficulty
of the alignment tasks was made in this study. However a
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number of subjects expressed the opinion that the task was
more difficult when the rod starting position and the frame
were tilted in the same direction (congruent), than when the
rod starting position was in the opposite direction to the
frame tilt (incongruent). An analysis of the times taken to
complete the alignment under these two conditions revealed
that mean times to alignment was shorter when the rod was
in the congruent than in the incongruent starting position
(Mean (SD), vertical congruent 11.9 (6.2)s, incongruent 12.7
(8.0)s; horizontal congruent 11.7 (7.3)s, incongruent 12.4
(4.2)s), but this only reached statistical significance in the
case of the vertical alignment test; vertical: P=0.018;
horizontal: P=0.177 (P values were calculated by the paired
t-test using log, of the time values).
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Figure 5. Plots of the Temporal Frame Effect against the Spatial Frame
Effect in a.) vertical alignment test; b.) horizontal alignment test. n=125 in
each case.

Before the difference between the congruent and
incongruent alignments could be considered meaningful it
was necessary to establish that the number of movement
steps did not differ between the two conditions. The mean
absolute spatial errors were 1.6° and 1.9° for the vertical and
horizontal tests respectively (Table 2), representing 3 — 4
movement steps of 0.5 °. These errors were in the direction
of the frame tilt, meaning that when the subjects were
aligning the dots in the congruent condition they were
performing on average 6 — 8 fewer movement steps than in
the incongruent condition. The maximum speed of rotation
of the rod when the mouse button was held down

continuously was approximately10 steps/s (100ms/step). At
this speed the difference in the number of steps required
between the congruent and incongruent conditions was
sufficient to account for the mean difference of 0.6 — 0.7s
between the two conditions.

4. Discussion

The results reported in the current study are in agreement
with Spatial Frame Effects reported in studies using what
Isableu et al describe as ‘2D Rod and Frame Tests’, and are
smaller than those reported using mechanical ‘3D’ rod and
frame tests [12]. The frame had the effect of distorting the
estimate of vertical or horizontal in the direction of the frame.
In the majority of subjects the Spatial Frame Effect was
relatively small, causing an average deviation of the absolute
error of less than two degrees, when the frame was tilted by
18°. However the distribution of errors exhibited a tail of
higher values indicating subjects whose perception of
vertical was strongly influenced by the orientation of the
surrounding frame — i.e. show a high degree of ‘field
dependence’. In the present study 11.2% (14 out of 125),
subjects had a Spatial Frame Effect greater than the sample
mean + 2SD in the vertical orientation test, and 12.8% (16
out of 125) in the horizontal orientation test.

Previous studies of time aspects of the Rod and Frame
Test have been aimed at investigating the time course of the
Rod and Frame Illusion and identifying the processing
systems employed in the brain [17, 19, 20]. These studies
employed more complex designs, such as asynchronous
presentation of the rod and frame stimuli, than the simple
rod positioning within a frame used in the Asch & Witkin [2]
and Oltman [11] tests. The novel component of the present
study was to investigate the effects of tilting the frame on the
time taken to make the adjustment to the perceived vertical
or horizontal alignment. In both the vertical and horizontal
tests the mean time taken to make the adjustment was 3 — 3.5
seconds longer when the surrounding frame was tilted than
when it was untilted. This translates to an increase in time of
35-40% (vertical 38.2%, horizontal 36.4%) when the frame
was tilted.

Although there was no difference in the distance that the
rod had to be rotated in the tilted and no tilt frame conditions,
the increased time taken when the frame was tilted appeared
to correspond to an impression of increased level of
difficulty. No assessment was made of the participant’s
subjective impression of difficulty but subjects frequently
commented that they found the frame tilted trials more
difficult, particularly when the rod starting position was
tilted in the same direction as the surrounding frame
(congruent). Corbett et al [17] reported that subjects
responded more slowly in congruent trials than in
incongruent trials, and that the late P3 component of the
event-related potential of the EEG was larger when the rod
and frame were tilted incongruently versus congruently [20].
Kaleff et al [18] also reported significant differences
between congruent and incongruent rod and frame
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presentations. In the present investigation, although
differences were found in the time taken to perform
congruent and incongruent tasks, these could be adequately
accounted for by the different number of steps required to
align the rod in the two conditions. It is probable that this
difference in the effects of congruent and incongruent
presentations between the studies reflects differences in the
procedures used. The studies of Cobett et al [17, 20] and
Kaleff'et al [18], simply required the subject to identify if the
rod was aligned clockwise or counterclockwise to vertical,
in the current study the subject also had to rotate the rod to
the vertical orientation.

Regression analysis to investigate the relationship
between spatial accuracy and the time taken to perform the
test failed to show any correlation between the two
parameters in the presence of either untilted or tilted frames.
Despite the longer time taken to perform the alignment when
the frame was tilted and the apparent increase in the level of
perceived difficulty, this did not result in poorer spatial
accuracy.

In these investigations the subjects were not placed under
any pressure other than the distraction of the surrounding
frame. It has been reported that alignment accuracy
increases when the subject is stressed by standing in a less
stable posture [21], it would be interesting to determine if
similar results were obtained using the Computer Rod and
Frame system, and what the effects are on the timings. It
would also be interesting to observe the effects on spatial
accuracy if subjects were placed under time pressure when
performing the Rod and Frame test.

The lack of a clear relationship between the Spatial and
Temporal Frame Effects indicates that individuals who
would be classified as ‘frame dependent’ based on their
spatial performance, are not necessarily the same as those
who show large Temporal Frame Effects. This suggests that
the two measurements reflect different components in the
system for resolving conflicting visual inputs when
assessing spatial orientation. The maintenance of balance
and posture are dynamic events, requiring rapid responses to
disturbances in equilibrium. It may be that the increased
time taken in resolving conflicting visual inputs by people
who exhibit greater Temporal Frame Effects renders them
less able to respond sufficiently rapidly to changes in their
surroundings, leading to poorer balance and falls [22] and
perhaps an increased susceptibility to motion sickness
[23-25].

5. Conclusions

The average time taken to make alignments to either
vertical or horizontal increased by an average of
approximately 3 seconds in the presence of a tilted
surrounding frame compared to an untilted frame. This
effect was in addition to the well established spatial error
induced by the tilted frame, but no relationship was found
between spatial error and the time taken to make the
alignment. There was large variation in the Temporal Frame

Effect between individuals, but subjects exhibiting large
temporal effects did not necessarily also show large spatial
effects. These results suggest that the spatial and temporal
components of the frame effect of the Rod and Frame test
reflect different components in the system for resolving
conflicting visual inputs.
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