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The effect of stimulus plane orientation (horizontal vs 

vertical) on mirror-image oblique discrimination was 

investigated for children 5 to 8 years of age. A 

significant difference in learning rate favoring the 

vertical plane presentation was obtained. Tracing the 

stimuli had no effect on learning rate in either the 

horizontal or vertical plane. The results were explained 

in terms of egocentricity in the child's representation of 

spatial relations. 
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INTRODUCTION 

The persistent difficulty in discriminating mirror

image (M-I) oblique lines for both humans and animals has 

been so frequently documented as to be referred to as the 

"oblique effect" Appelle, 1972). For humans the oblique 

effect is most pronounced in children under age six. Rudel 

and Teuber (1963) presented children with pairs of cards 

with M-I oblique lines on them. The cards were placed on a 

table in front of the children, their task being to point 

to a previously designated positive (+45° right or -45° 

left) oblique stimulus. They found that the discrimination 

could be learned by only 11% of children between 3.5 and 

5.5 as compared with 62 % of children 6.5 to 8.5. 

Rudel and Teuber concluded that their results sup

ported Sutherland's (1957, 1960) hypothesis that there are 

special horizontal and vertical detectors in the retina 

which interfere with the detection of obliques. Hubel and 

Wiesel, however, have found cells in the striate cortex of 

the monkey and cat that are sensitive to oblique as well as 

horizontal and vertical lines (Hubel & Wiesel, 1962, 1963, 

1968). Hubel and Wiesel's findings, however, do not entirely 

reject Sutherland's hypothesis. Recent work by Mansfield 

(1974) indicates that oblique detector cells in primates 

tend to be found in greatest abundance in the periphery of 
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the eye, while horizontal and vertical detectors are found 

throughout the retina. This evidence suggests that the 

physiological bias toward detecting horizontal and vertical 

linearity may be responsible for degraded oblique detection. 

The evidence for specialized line detection mechanisms may 

therefore explain why children cannot differentiate M-I 

obliques. It does not, however, explain the substantial 

improvement in M-I discrimination beyond age six. 

Bryant (1969, 1973) has proposed an alternative 

explanation for the oblique effect based on children 

employing a match - mismatch strategy. His hypothesis 

is that horizontal and vertical lines are discriminated 

by matching them to the framework of their immediate 

environment. Thus a horizontal line would match the "top 

and bottom" edges of the stimulus card, but mismatch the 

"sides". An oblique line presents an obvious ambiquity 

in such a strategy because it does not match its background 

framework. However, when Bryant added an artificial oblique 

framework to the stimulus background, much of the oblique 

effect dropped out for children 4.5 to 7.5. Bryant's 

results suggest that attention to an appropriate background 

frame in the stimulus is necessary for oblique discrimination. 

Hock and Hilton (Note 1), however, found that when M-I 

obliques are presented without a frame by using a circular 

surrounding frame, discrimination was facilitated. Children 

as young as 3~ quickly learned to differentiate mirror-image 

oblique lines virtually without error. This suggests that 
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M-I oblique discrimination is not frame dependent as 

Bryant proposes, since the children in Hock & Hilton's 

study learned the discrimination without the aid of any 

frame at all. 

Recently Hock & Hilton (Note 2) examined the pos

sibility that the oblique effect in children under age 

six was due to the system they use for assigning spatial 

coordinates to the stimulus information. They compared 

M-I discrimination on vertical and horizontal surfaces, 

contending that children find horizontal surfaces spatially 

ambiguous when assigning "top" and "bottom." This ambiguity 

is inherent in the objective three-dimensional world, since 

"top" and "bottom" are equally high off the ground. 

As adults, we have no difficulty in assigning spatial 

coordinates to a flat surface, regardless of its orientation 

in three dimensional (3-D) space. Adults tend to be flexible 

in assigning "top" and "bottom" in accordance with spatial 

and egocentric cues (Rock & Hiemer, 1957). When confronted 

with a surface in the horizontal plane, adults normally 

assign "top" to the distal edge of the stimulus, "botton" 

to the proximal; thus establishing a vertical axis for "left-

right" assignment. Rock found that adults are very flexible 

in perceiving planar surfaces in 3-D space, where perceptual 

cues such as gravity, orientation, background frame, or 

familiarity may conflict. Adults tend to be free from 

dependence on any single perceptual cue (Rock, 1974). 
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That children also can readily assign "top" and "bottom" 

to vertical surfaces was demonstrated by Lila Ghent Braine 

(Ghent, et.al., 1960, Ghent, 1961, Braine, 1972). Children 

between 4 and 8 years of age presented with pairs of figures 

(see Figure 1) in a vertical plane with respect to gravity 

showed high agreement in assigning uprightness (Ghent, 1961). 

When children aged 4 to 5 viewed the figures by looking 

between their legs, nine out of ten employed egocentric 

cues ("top & bottom" defined with respect to the body 

regardless of its gravitational orientation) for assigning 

uprightness (Ghent, et.al., 1960). Using more realistic 

figures instead of geometric forms, Gajzago and Day (1972) 

found that children aged 3 to 5.6 evidenced the same ego

centric dominance in assigning uprightness, while adults, 

being more flexible, assigned uprightness 50% of the time 

in relation to gravity, and 50% of the time in accordance 

with egocentric cues. 

Piaget and Inhelder (1956) have hypothesized that young 

children perceive and interact with their world egocentri

cally, i.e. using some axis or plane defined entirely with 

respect to the body or some part of the observer's body. 

Support for this hypothesis can be found in Benson and Yonas' 

(1973) evidence that three year olds find horizontally 

oriented surfaces ambiguous. Benson & Yonas found that 

their subjects were able to discriminate between convex 

and concave shapes presented in two-dimensional (2-D) photo-
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Figure 1. An ex a mple of figures presented to children by Ghent (1961). 
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graphs when the photographs were vertically oriented, 

but performed at a chance level when the same photographs 

were presented in the horizontal plane. 

Hock and Hilton (Note 2) examined the possibility 

that the failure of most children under six to discriminate 

M-I obliques was due to the fact that the 2-D stimuli 

cards used by Bryant (1973) and Rudel & Teuber (1963) were 

presented in the spatially ambiguous horizontal plane. 

Their subjects, five year old children, were given up to 

18 days of training in either the vertical or horizontal 

plane. Nine out of twelve of the five year olds studied 

succeeded in learning to make the discrimination when cards 

were vertically oriented. Only three out of twelve subjects 

succeeded in learning the discrimination when viewing the 

cards in a horizontal orientation. 

In the same study Hock & Hilton observed that four 

children in the vertical plane condition made tracing 

gestures in the air, moving their hands in the direction of 

the positive stimulus slope. Three of the children maintained 

the strategy even after reaching c riterion (30/30 correct). 

This behavior was not observed in the c hildren in the 

horizontal plane condition or the three subjects in the 

vertical condition who failed to reach criterion. 

Perhaps tracing was involved in the success experienced 

by those four subjects who were assigned to the vertical 

plane condition. The intera c tion of kinesthetic movement 
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and vision has been considered by many to facilitate 

discrimination. The facilitation has been variously at-

tributed to: 1) establishing collective information 

(Varley, et.al., 1974, Falk, 1968, Piaget, 1971), 2) focusing 

greater attention on the visual stimuli (Steinbach & Held, 

1968, Winer & Goodnow, 1970), and 3) permitting more 

comprehensive visual inspection (Denner & Cashdan, 1967, 

Abravanel, 1972). Falk (1968) demonstrated that children 

four and six years of age were able to improve size 

discrimination of 2-D geometric shapes when kinesthetic 

interaction was required. Jones (1972) found similar 

results. When five year olds were required to trace various 

2-D geometric shapes, their discrimination improved over 

subjects using only vision to match stimuli to a sample 

shape. 

Both Jones and Falk conducted their studies in the 

horizontal plane. If it is the case that kinesthetic 

activity can help children discriminate 2-D shapes in the 

horizontal plane, why did Hock and Hilton observe tracing 

behavior only in the vertical plane? An explanation for the 

spontaneous occurance of tracing in the vertical condition 

may be that in the vertical plane kinesthetic activity is 

helpful because it increases attention to the body as a 

reference, and is thus in complete accord with the child's 

ego-centered perceptual reference. For horizontal surfaces, 

visual information for assessing "top" and "bottom" (the 
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distal edge is retinally "higher" than the proximal edge) 

conflicts with ego-centric information regarding "top" 

and "bottom" (the distal and proximal edges are ego

centrically equally "high" in relation to the child's body). 

Since the contribution of egocentric reference is uncertain, 

and potentially interfering, spontaneous tracing would not 

be expected to occur. 

It is the hypothesis of this study that tracing is 

most helpful when M-I oblique discrimination occurs in the 

vertical plane. This is because in the vertical plane the 

activity of tracing emphasizes the relationship between 

retinally defined (top and bottom) stimuli and the child's 

corresponding egocentric body reference (for example, the 

retinal "top" of the stimulus is also perceived as "top" 

in relation to the body). Tracing, however, is not 

expected to be helpful in the horizontal plane since there 

is no correspondence between retinally defined top and 

bottom and the child's egocentric body reference, for which 

retinal "top" and "bottom" are equally high in relation 

to the child's body. 



METHOD 

General 

The experiment was divided into two phases, 1) a set 

of three pretests which included a M-I screening task, and 

2) M-I oblique discrimination training. Phase I pretests 

included a rod and frame test and a mental rotation task to 

examine each subject's general spatial ability, and aM-I 

oblique dis c rimination task used for screening purposes 

to identify subjects already competent in that area. Phase II 

investigated the effect of viewing-surface orientation 

(vertical vs horizontal), and the effect of tracing on M-I 

oblique discrimination. Phase I subjects who were unable 

to do the M-I task were assigned to one of four conditions 

in Phase II. These conditions ea c h involved up to 15 days 

of M-I oblique discrimination training in the vertical or 

horizontal plane, with or without the additional motor 

experience of tracing the lines. 

Apparatus 

Figure 2 shows the dimensions and general appearance 

of the viewing surface apparatus used in both Phase I and II 

of the experiment. The entire surface was painted flat black 

and was mounted on a table top. Buttons were located on 

each side of the horizontal surface for use by subjects in 

the no-tracing conditions. 

9 
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The apparatus permitted the display of stimuli in 

either the horizontal or vertical planes, while controlling 

for the presence of parallax cues between the stimulus 

cards and the background surface. Yonas and Hagan (1973) 

have demonstrated that parallax cues generated by stimulus 

background separation were helpful to children and adults. 

Presenting vertically oriented stimuli flush against a 

background screen controls for the possible disadvantage 

subjects might otherwise encounter with horizontally 

presented stimuli. 

Subjects were seated on a height-adjustable stool 5 em 

from the edge of the apparatus. This maintained a distance 

of approximately 37.5 em from the center of any of the 

stimuli. Subjects were raised or lowered to establish a 

45° retinal angle of regard (RAR) between the subject's 

line of sight and the stimulus surface for both the vertical 

and horizontal stimuli (see Figure 3). The one exception 

to this was the rod and frame test, in which a 0° RAR was 

used, as depicted in Figure 3a. 

Stimuli 

For the rod and frame test (RFT) 16 white cards 30 x 30 em 

were used. A .625 em wide black tape square frame 12.5 x 12.5 

em was centered on each card. On eight cards the frame was 

parallel with the edges. For the other eight cards, four had 

square frames tilted 10° to the right, and four had square 

frames tilted 10° to the left of vertical. A .625 em wide 
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Figure 3. Subjects' retinal angle of regard in relation to the stimuli. 
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black tape "rod" 7.5 em long was centered in the framed 

section in either a vertical, 10° right, or 10° left 

orientation. The vertical and tilted rods were presented 

inside both the upright and tilted frames. 

For the mental rotation task (ROT), 16 sets of two 

cards 12.5 em X 12.5 em were used. Each card displayed 

a hand-drawn figure composed of straight lines contained 

within a 6.25 x 6.25 em area (see Fi g ure 4). Four basic 

figures were drawn and a modification of each was generated 

by moving a single line to form "different" stimuli. 

the stimuli were the same and half were different. 

For the M-I oblique discrimination tasks two 

Half 

12.5 X 12.5 em white cards were constructed, (as described 

by Rudel & Teuber, 1963), with a .625 em wide black tape 

line 7.5 em long oriented either +45° right or -45° left 

of vertical. 

Procedure 

Phase I Preliminary Tests 

Subjects were randomly assigned to one of si x possible 

orders of the three tasks (the assignment was balanced for 

sex). The RFT and ROT were used to determine subject's 

general spatial ability while the M-I oblique discrimination 

task was used to screen subjects for Phas e II. 

RFT: The experimenter presented the stimuli one at a 
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time. Subjects were seated so as to maintain an RAR of 

0° in relation to the stimuli (see Figure 3a). Subjects 

were first given two instructional trials with training 

stimuli having frameless "rods." 

then presented in random order. 

The 16 stimuli were 

Subjects were instructed 

to tell the experimenter if the lines were straight up-and

down or tilted/crooked/tipped (the term varied with the 

understanding of the child to ensure that the concept was 

grasped). Subjects were then instructed that the remaining 

cards would have little frames/windows around the lines, 

but that they were to ignore the frames, pretend that they 

weren't there, and just concentrate on whether the lines 

were straight or tilted. 

ROT: The experimenter presented the pairs of stimuli 

so that one card was vertically presented against the 

background screen and adjacent to the other card which was 

presented in the horizontal plane. Subjects were seated 

so as to maintain an RAR of 45° in relation to the two 

stimuli (see Figure 3b). Subjects were given two instructional 

trials with pairs of letter-like stimuli (one "same" and one 

"different"). During the presentation of the two training 

sets, subjects were instructed to tell the experimenter if 

the two cards in each set were "the same" or "different." 

Subjects were then told that the remaining cards contained 

figures that were a "bit more tricky," and they were to like-
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ure 4. An example of the figures used in the mental rotation 

task (ROT). 
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wise tell the experimenter if the stimuli were exactly 

the same or if something made one different from the other. 

The 16 experimental trials were then presented in random 

sequence. Subjects were asked to explain their "different" 

responses to ensure that the stimuli and not a stray mark 

was the basis for the response. 

M-I: Subjects were given five practice trials in which 

the mirror-image obliques described earlier were presented 

side-by-side in the horizontal plane. Subjects were 

seated so as to maintain an RAR of 45° in relation to the 

stimuli (see Figure 3c). The positive oblique line (the 

line either +45° right or -45° left) was initially pointed 

out to the subjects who were then required to press a 

button on the same side of the horizontal surface as the 

positive stimulus card. The instructional trials were fol-

lowed by 25 experimental trials presented according to a 

modified Gellermann random schedule (Gellermann, 1933). 

The same schedule was used for each subject. Subjects 

were corrected for errors after each presentation by 

instructing them to press the correct button before proceeding 

to the next trial. Half of the subjects were assigned +45° 

as the positive oblique, and half -45° as the positive 

oblique. 

Phase II M-I training 

Phase II comprised prolonged mirror-image discrimination 
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training. Subjects were trained with the obliques 

presented in either the horizontal or vertical plane. 

In addition, some subjects were required to trace the 

positive stimulus during training, while others were not 

provided with this additional motor involvement. The 

orthogonal combination of vertical-horizontal surfaces and 

tracing-no tracing produced four conditions: vertical 

tracing (VT), vertical no tracing (VNT), horizontal tracing 

(HT), and horizontal no tracing (HNT). Each subject was 

assigned to one of these four conditions. The subjects 

were assigned with the purpose of balancing the groups 

for age, sex, and performance on all three Phase I pretests. 

For each of the four groups half the males and females 

were assigned the +45° oblique line as the positive 

stimulus, and the other half were assigned the -45° line. 

The assigned positive oblique remained constant throughout 

training. 

Stimulus presentations were randomized according to a 

modified Gellermann schedule (Gellermann, 1933) so that the 

positive stimulus appeared an equal number of times on each 

side, right and left. A different Gellermann schedule was 

used for each training day, 1 through 15. On a given day 

every subject worked on the same Gellermann sequence. 

Subjects were trained 30 trials per day to a criterion of 

29 out of 30 correct for two consecutive days. Training was 
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terminated if subjects had not reached criterion by the 

fifteenth day. 

Subjects were seated so as to maintain an RAR of 45° 

as shown in figures 3c or 3d (depending on plane assign-

ment). They were given five training trials to become 

familiar with the procedures. During these trials the 

card with the positive stimulus line was designated. In 

the no tracing conditions (VNT and HNT) subjects were 

required to press the button on the viewing apparatus cor

responding to the side that the positive stimulus appeared. 

If subjects erred, they were told, "No, it is the other one. 

Please press the correct button." In the tra c ing condition 

(VT and HT) subjects were required to trace the positive 

stimulus with the inde x finger of their preferred hand. 

If subjects erred, they were told, "No, it is the other one. 

Please trace the correct one." Subjects were reinforced 

with an M&M candy for each correct response at the end 

of every training session. 

After subjects had reached criterion they were tested 

one additional day under the opposite plane of presentation 

and the opposite tracing condition to determine whether 

or not the discrimination would transfer to the other 

condition, (e.g. VT subje c ts transf e rring to HNT). 

Subjects 

Seventy-two students at the A.D. Henderson University 

School served as subjects in Phase I of this experiment. 
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From this group, 48 subjects were selected for training in 

Phase II. 

to 8.10 . 

Subjects in both phases ranged in age from 5.11 



RESULTS 

Phase I 

Table 1 presents the results of the pretests. The 

subjects were divided into two groups. Those scoring 17 

or less on the M-I discrimination test and those scoring 

over 17. The eight stimuli with frames parallel to the 

card edges were not used in determining RFT scores since 

these frames were not potentially misleading, and all 

subjects had perfect scores on those stimuli. Of the 

72 subjects examined, only 15 were screened out by scoring 

18 or higher out of a possible 25. As can be seen, the 

57 subjects who did not pass criterion in the M-I task 

were, as a group, performing as a chance level. Despite 

scoring slightly better than the 57 non-discriminators, 

no significant difference was found for either the RFT, 

t (70) = 1.025, ~< .05, or ROT, t (70) = 1.737, ~< .05. 

Forty-eight subjects were selected from among the 57 

non-discriminators to be used in the four experimental 

conditions of Phase II. Subjects were assigned in a manner 

that balanced each group for age, sex, and Phase I scores. 

The results of this assignment are presented on Table 2. 

Phase II 

Table 3 presents the results of Phase II training in 

mean days to reach criterion. The data was analyzed by a 

2 X 2 ANOV (Winer, 1971) for tracing and plane orientation. 

20 



TABLE l 

Mean Results of Phase I Pretests Dividing Subjects 

On The Basis of Mirror-image Oblique Screening 

M-I Discriminators M-I Non-Discriminators 

Trait 

AGE (Years) 7.0 7.4 

Sex (M/F) 7/8 29/28 
n 
N 

Mean Performance 

H-I '(% Correct) 91 50 

RFT (% Correct) . 63 56 

ROT (% Correct) 83 76 



TABLE 2 

Phase II Assignments According to Phase I Task Performance Characteristics 

VERTICAL HORIZONTAL 

Tracing No Tracing Tracing No Tracing 

Trait 

AGE (Years) 7.4 7. 3 7.2 7.4 

Sex (H/F) 6/6 6/6 6/6 6/6 

---------------------------------------------------------------------4---------------------------------------- - ------
N Mean Performance 
'"'' 

RFT (% Correct) 

ROT · (% Correct) 

M- I (% Correct) 

63 

75 

49 

58 62 59 

77 81 74 

50 55 48 



TABLE 3 

Performance on Mirror-image Oblique Discrimination Training For Phase II 

VERTICAL HORIZONTAL 

Tracing No Tracing Tracing No Tracing 

Mean Days To Criterion 3.08 3.25 6.91 6.50 

(") 

('.I 

Standard Deviation 1. 31 1. 42 4.12 4.05 

Mean # Correct 
30 29.8 28.5 29.4 In Transfer Task 
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Two subjects, one in the HT and one in the HNT condition, 

failed to reach criterion after 15 days, and were scored 

as 15's in the analysis. A logarithmic transformation 

was performed to attain homogeneity of variance. 

No significant difference between tracing and no 

tracing was found, ! (1,44) < 1, nor was there a significant 

interaction effect between tracing and plane orientation, 

! (1,44) < 1. A significant difference, however, was found 

between the vertical and horizontal plane orientations 

F (1,44) = 20.67, ~ < .001. 

No difference between conditions were obtained for 

the transfer task. Virtually all subjects completed a 

successful transfer after reaching criterion. 



DISCUSSION 

The finding that there was a significant difference in 

learning rate between the vertical and horizontal planes 

confirms the results of earlier work by Hock and Hilton 

(Note 2). Using younger children than those used in the 

present study, more subjects in their study learned to 

discriminate M-I obliques in the vertical plane than in 

the horizontal plane. The absence of any tracing effect 

in the present research also indicates that the spontaneous 

tracing observed in Hock & Hilton's earlier study was not 

responsible for the difference they found between the 

vertical and horizontal plane orientations. 

The lack of a significant tracin g effect brings into 

question the value of motor information as an aid to visual 

discrimination of mirror-images. While there are tasks in 

which tracing may create more attention (e.g. Steinbach & 

Held, 1968), or increase the amount of sensory information 

(e.g. Varley, et.al., 1974), it did not help performance 

in the present study. 

The fact that the task transfers for both planes may 

indicate that the manner in which the "correct" oblique 

is represented in memory is the same, re g ardless of plane 

orientation during training. This could involve learning 

how to assign "top" and "bottom" for e stablishing spatial 

coordinates, or it could be that subjects are learning to 

overcome frame cues that may be distractin g by not attending 

25 
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to them. In either case subjects would be expected to 

learn more quickly in the vertical plane, where the 

stimuli and egocentric space are easily matched. Learning 

in the horizontal plane would require establishing a radial 

body reference or performing a cognitive transformation into 

an egocentric match-up. Either horizontal plane strategy 

would involve a longer and more complex process than is 

required for vertical presentations. It would, however, 

result in similar transfer performance upon reaching training 

criterion to that displayed by vertical plane training. 

Bryant (1973) has hypothesized that oblique line 

discrimination is difficult for children because the vertical 

and horizontal sides of the stimuli cards do not match up 

with the oblique discriminanda. Bryant's theory, however, 

cannot explain why a change in the orientation of the viewing 

plane to the vertical can cause such a marked change in 

learning rate. 

Corballis and Beale (1967, 1970) have explained the 

oblique effect by arguing that mirror-image reversals result 

from the interhemispheric transmission of information through 

the corpus callosum. If this is the cause of the oblique 

effect, then how does their hypothesis account for the 

difference in performance between the vertical and horizontal 

orientations? Callosal reversals should occur for mirror-

images in any plane, yet the oblique discrimination task 

was more difficult in the horizontal condition. 
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An alternative to the above explanations is that 

children are generally more egocentric than adults. That 

is, they are more dependent on body cues to establish a 

spatial references for visual information. In the vertical 

plane, the child's egocentric upright corresponds with 

his visual frame and gravity (i.e. "top" is where my fore-

head is, "bottom" is where my chin is). Gajzago and Day 

(1972) have shown that when children view figures while 

looking through their legs, they most often assign spatial 

coordinates for upright in accordance with their egocentric 

reference. In the horizontal plane, the visual frame does 

not correspond to egocentric upright and gravity. Ego-

centric cues therefore contribute little in assigning "top" 

and "bottom" for establishing a spatial coordinate system. 

As a result, acquisition is much more difficult in the 

horizontal plane. 



1. 

2. 

NOTES 

Hock, H. S. & Hilton, T. F. The effect of head 

tilt on the discrimination of mirror-image 

oblique, vertical and horizontal lines for 

children 3 to 5 years of age. Unpublished 

pilot study, Florida Atlantic University, 

1975. 

Hock, H. S. & Hilton, T. F. Spatial representation 

and the oblique effect in children. Paper 

presented at the Sev e nteenth Annual Meeting 

of The Psychonomic Soci e ty, November 12, 1976. 
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