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Abstract

Drawings of a house by M, a blind woman, contain V shapes depicting the roof. If the Vs are taken as showing the roof receding from the observer, they suggest one-point linear perspective, and inverse perspective applied in two orthogonal directions. However, M meant the Vs to suggest the peak of the roof, and how the roof overhung the house’s front and rear walls. Her rationale for the V shapes supports the hypothesis that drawing development in the blind and the sighted takes the same course. 


Pictures are more than visual, since they can be drawn by people who are congenitally blind, using raised-line drawing kits (Heller et al., 2006). Indeed the development of drawing in the blind and the sighted may follow the same course (Kennedy, 1993). If so, it is important to consider linear and inverse perspective, common kinds of drawings of interest to art historians and psychologists. Inverse perspective is of special interest because as objects recede they subtend smaller angles, not larger. 


Here we analyze drawings by a blind adult which suggest one-point linear perspective and two-point inverse perspective. We use the caution “suggest” advisedly. Just as there are many roads to Rome, there are many ways to produce a given drawing. Though in early stages of development of drawing blind and sighted people use features that suggest perspective, we argue the reason for this is the features actually copy shapes of parts of the object. Copying the shapes can yield what at first glance looks like linear perspective (lines converging to depict receding surfaces) and its inverse (lines diverging to depict receding surfaces). We point out how this supports the “same course” drawing-development hypothesis.


The theory from which the same-course hypothesis is derived is straightforward: Surface edges are tangible as well as visual. Lines depict surface edges for the sighted, and, likewise, raised lines stand for surface edges for the blind. Lines in both vision and touch support perceptual impressions of edges of surfaces. Further, beginners in both vision and touch draw shapes that stand for the shapes of surface edges of faces of objects – faces such as their fronts or sides. These shapes are tangible on the object, and in the picture. With practice, sighted and blind people use more and more aspects of perspective: foreshortening, convergence, and freehand versions of 1, 2, and 3 point perspective (Kennedy and Juricevic, 2006).  This is due to a shift from copying edges of faces of objects to copying the directions of the edges from a vantage point. 


In this theory of tactile pictures, touch involves directions. As a result, touch involves foreshortening. As we reach out from our point of observation we discover both the directions and distances of objects. While doing this, we discover that tilting surfaces occupy a narrower set of directions from our point of observation the more they tilt, until finally they are edge-on to our vantage point. They “foreshorten” in this fashion just as much in reaching-out and touching as in looking-out and seeing. This applies to distant objects as well as those at hand. If we walk and reach out to an erstwhile distant object, we discover the distance and direction of the object from the vantage point we first occupied. Indeed, we discover that from our vantage point, receding surfaces come to occupy increasingly narrow ranges of directions. A tabletop’s near corners subtend close to 180° when we stand in front of it. Foreshortening rapidly, they often subtend less than 90° if we step back only a metre. 


An object’s set of directions from our vantage point is its angular “subtense.” For sighted subjects this is the object’s “visual figure” (Hopkins, 1998). The subtense of the distance between two parallel edges shrinks as the space between the parallels becomes more distant. Eventually, the subtense shrinks to zero, so a single pair of parallels projects to our vantage point as converging to one point. Since three orthogonal axes describe space, parallels project as converging in three orthogonal directions. This means a picture in which parallels diverge with distance – inverse perspective – calls for explanation. In all the possible directions, as objects recede they do not subtend larger angles. 

Inverse perspective


Sighted children of about 10- to 12-years-of-age commonly produce inverse perspective pictures of cubes in which the front face is drawn as a square, and a side face is shown with lines diverging as the side recedes (Willats, 1997). Also, early Renaissance paintings often used inverse perspective showing, for example, the back of a table with lines larger than the ones for the front, and the sides as if folded-out. Controversially, Landerer (2000) suggests these painters used drawing systems employed by children today. If the blind and the sighted are on the same developmental path, blind people inexperienced in drawing should also use features suggesting inverse perspective. 


A 12-year-old blind girl, Gaia, highly practiced in drawing, did indeed draw a cube, a table, and a house in what looks like inverse perspective (Kennedy, 2003). Her house was drawn as a rectangle for the front, and a rectangular pitched roof was drawn with a short line for the near edge, and a longer line for the roofline. Besides features that suggest inverse perspective, she also drew folded-out shapes. She drew a cube as six attached squares, as if the cube had been folded out. Asked about her drawings of cubes, Gaia considered a drawing with features in keeping with what might be inverse perspective to be “better” than her foldout drawing, which supports the theory that drawing development is alike in the blind and sighted, since foldout drawings are generally drawn by quite young sighted children (e.g. 6- to 8-years-old). However, she did not explain her inverse perspective drawings, and we cannot conclude she used an inverse projection system to produce them.  

A given drawing can be produced by many different drawing systems. Arnheim (1986) suggests that drawings that imply inverse perspective actually arise from showing significant parts of objects. That is, perspective and the visual figure of an object are not at issue. Rather, the goal of the artist may be to show both the left and the right sides of a table in a symmetrical picture. Also the goal may be to have a large area showing the top for a table. If Arnheim is correct a picture seeming to be in inverse perspective could be drawn by a blind person, but it would be drawn to represent significant features other than the direction of edges from a vantage point. 

The task presented to the blind adult reported here was to draw a model house, first from the front and then from above the roof (see Figure 1). (The second vantage point may require a brief explanation. Since the roof peaks, with two rectangles coming together, in front of an observer above the roof is a convex corner, its two wings receding from the observer in opposite directions.) 

Perspective could be used to show the roof surfaces receding from the observer. However, we will contend M copies shapes provided by the roof overhanging the front and rear walls of the house, and the angle of the peak of the roof.

        -------------

  Insert Figures 1, 2 and 3 about here

         -------------

Method

Subject


M is a legally blind female, age 46 years. She is totally blind in her right eye. She has 10% peripheral vision in her left eye, with acuity of 20:200. She has better peripheral vision than central vision. Her peripheral vision has a circular field of vision. Her blindness is caused by cataract and glaucoma, both conditions congenital. As well, she has nystagmus in her left eye. In sum, M has no vision in her right eye, and severely limited vision in her left eye.


M has a doctorate in a social science. She rarely draws. Departures from realistic projection in her drawings are more likely the result of being inexperienced in drawing than absence of general education.

Apparatus

M drew her pictures using a raised-line drawing kit comprising textured plastic sheets (30.5cm x 22.5cm) which form envelopes, inside of which is placed a slim board with a rubberized front. The plastic crinkles, producing thin raised lines, when drawn on with a ball-point pen.


A wooden model of a house was used. (We thank Morton Heller for making the model). It had a rectangular base (4.4cm x 8cm) with four walls (7.4cm high to the roofline), with a raised rectangle (2cm x 2.6cm) representing a front door centred on the lower edge of one wall. The roof consisted of two rectangles joined at an acute angle (80°). The roof rectangles overhung the front and rear walls (.9cm overhang).

Procedure

M was asked to draw two pictures of the house. She was allowed to pick up the model and to explore it tactually.

For the first picture (upright house), the model stood flat on the table, with the front facing M. She was asked to draw the house as if she was standing in front of the house. For the second picture (tilted house), the model was tilted forward 40° (Figure 1). At this tilt, the front portion of the roof is perpendicular to the surface of the table and the roofline forms a convex corner in front of M. M was asked to draw the house at this tilt. 

As M drew, she was asked to describe what part of the house she was drawing, and to say what her lines represented. The questions were non-directive, e.g. “What does this part of the picture stand for?” While she was questioned, M’s finger was placed on parts of the picture and she was guided along the relevant lines. She explored the picture and the object herself while answering. No comment was made by the experimenter about the theoretical interests raised by the pictures.

Results


Figure 2 shows M’s upright-house picture. Lines that converge show the parallel sides of the roof (as if the drawing was in freehand, one-point, convergent, linear perspective). In addition, parallel lines show the parallel sides of the front of the house. M identified a small rectangle inside the large one as representing the front door of the house. 

Figure 3 shows M’s tilted-house picture. It comprises two adjoining trapezoids, inverted with respect to each other (as if drawn in two-point inverse perspective). According to M, the shared middle line represents the roofline (the top of the roof). M identified the bottom trapezoid as representing the half of the roof which was approximately perpendicular to the table surface. The upper trapezoid represents the other half of the roof, which slanted downwards and away from M, at an angle of c. 10º below the horizontal. 

Discussion

M said that in the Figure 2 drawing the roof “edges at an angle, to show the point and angle of the roof” and the picture was “projecting what I touched.” The left and right sides of the bottom trapezoid in Figure 3 are diverging and “show that it is not a right angle,” in M’s words. M also reported that the divergence of the left and right sides of the upper trapezoid was intentional, although “they should not diverge as much as depicted.” Her comments confirm that the convergence and divergence in her drawings is intended.

Figure 2 might seem to be in one-point convergent perspective. However, although she uses the term projection, which has to do with the directions of source objects, she explicitly describes showing “edges at an angle.” The “angle of the roof” and its “point” are her terms for the roof peak. The angle is the angle at the peak, which is evident visually and tactually at the side wall, not the front. If so, her drawing shows the V shape of the roof over the side wall while simultaneously showing the front of the house. It is a combination of front and side shapes, not linear perspective convergence. 

Figure 2 has lines that show the roof overhanging the sidelines, projecting to the left and right of the straight sides of the house front. Her roof sidelines continue straight to their junction with the top roof line. The convergence not due to linear perspective, and neither is the roof’s lower edge being wider than the rectangle for the front. Rather, the overhang on the front of the house is drawn as extensions to left and right of the rectangle depicting the front, once more combining front and side shapes.

 In sum, Figure 2 copies some features of the house shape, notably combining front and side shapes. It does not use linear perspective.  

Figure 3 has features that could be the product of two-point inverse perspective. That is, the forms diverge in two directions, one up the page and one down, and show the orthogonal receding surfaces of the house roof. In linear perspective, the forms would converge so the longest line would be for the convex corner near the observer, not the roof edges far from the observer. In parallel projection, the corner and far edges would be shown by lines of equal length. Using longer lines for the far edges is a feature that would be produced by inverse perspective – but that is not the system at work in the present case. Rather, the drawing shows the roof sides from above, but simultaneously it shows the V-shape of the roof that would be evident at the side wall. That the picture shows features of the side wall is indicated by M’s comments that the diverging lines “show that it is not a right angle”. That the roof is not at a right angle is evident from the side wall. This comment, and the analysis of the Figure 2 drawing, suggests that inverse perspective is not the system that produced Figure 3. Rather, features of the front and side of the house combine in a way that suggests inverse perceptive. 

 In sum, the two drawings appear to be in perspective (and show shapes common in drawings from sighted and blind people), but actually they are not examples of perspective projection (a process for depicting depth in drawings). Rather, they copy and combine shapes evident on the top and side of the object, shapes relevant to different vantage points, not just a single vantage point. 

Our primary objective here is to argue that if sighted children produce features of inverse perspective pictures in their drawing development, inexperienced blind people should do so too, but neither the blind nor the sighted should be intending inverse perspective. Their rationale should be the need to show local features. M’s drawings are cases in point. 

Drawing development requires more and more aspects of direction to be incorporated in pictures, until all three dimensions of space are treated (Kennedy & Juricevic, 2006). Foreshortening shows receding distances, and convergence shows how this applies to parallel sides. We suggest that M is at the beginning of this daunting task. She is considering the shape of the object’s edges.

M depicts the overhang of the roof, the fact that the roof’s edges are straight all along their length, and the V shape of the peak. In Figure 2 she shows the overhang as if they were projections to left and right of the sides of the house. She continues her lines for the overhang straight to the roofline, copying the straightness of the roof edges. Her lines meet the roofline at acute and obtuse angles to show the roof is peaked, but not to show the roof receding, as the angles would in linear or inverse perspective. Further, she does not draw parallels to show the walls and the edges of the roof as parallel, as in parallel perspective. 
Figure 2 matches well with linear perspective, with its use of convergence to show receding surfaces. But it is best understood, we suggest, as an example of how two different drawing systems can produce the same picture. It is preserving features, rather than dealing with projection. Figure 3 shows more clearly that features are being preserved, rather than perspective being applied.

M is not using convergence in Figure 2 to show receding parts of parallel-sided surfaces, copying directions of parts of objects. Nor is divergence used in Figure 3 in violation of this principle. Rather, convergence and divergence on the page are convenient features to show shapes such as overhang and peaks. She is consistent across pictures in using convergence in Figure 2 and divergence in Figure 3 for the same tasks: copying shapes of an overhang, a peak, and straight edges.

Figure 3’s final form drew comments from M about being unsatisfactory, but her statement was simply that the divergence was more than she wished, i.e. it did not copy the peak angle veridically. 

M may be at a common jumping-off place in drawing development. She shows shapes of edges. If so, if she practices drawing she should eventually come to deal with directions. This should lead her to notice inverse projection is useful at times, but limited. It fills the picture with near parts of objects and it often removes the option to show far objects. Their directions are filled by the folded-out sides. The more the desire to show a large scene, the less inverse perspective can serve.

Inverse perspective is common in drawings from sighted 10- to 12-year-olds in developed countries. Its frequency diminishes in later childhood and adolescence (Kennedy, 1993). Freehand parallel projection with foreshortening, and one-point perspective convergence, take its place by age 13-to-14. Presumably the goal of showing the directions of the edges of an object takes over from the goal of copying fronts, tops, and sides. Also, the goal of situating the object in a scene would diminish the use of inverse perspective. 

Early Renaissance artists used inverse perspective to show tables, chairs, and boxes. Once linear perspective became common knowledge, after about 1413, pictures of vast halls, piazzas, buildings, cityscapes, and landscapes proliferated. Presumably, a factor in this change was inverse perspective’s limits. Inverse perspective is convenient for showing both the left and right sides of a table or chair or box in one picture. But if the object is being shown in a scene, showing the front and left and right sides of every object would result in neighbouring objects invading each other. The larger the objects and the narrower the gaps between them the more they would bump into each other’s spaces in the picture.


The 12-year-old blind girl who used inverse perspective (Kennedy, 2003) drew a rectangle for the front of the house and an especially long line for the roofline. The depiction of the roof became wider toward the top of the picture. The result was the roofline projected to the left and right of the rectangle. Like M, she may have shown the angle of the peak by the angle between the roofline and the roof’s sideline, but while Figure 2’s lines converge upwards, Gaia’s lines diverge. Contact of the roof with the left and right end walls of the house could have been shown by Gaia as if the end walls were folded-out. Renaissance pictures of tables often take this form, but Gaia omitted the end walls. Her drawing is therefore inconsistent. The roofline invades space where the end walls could be shown, but are not. The end walls are not folded-out in the real object or in the picture, but the roofline in her drawing offers the opportunity. Such internal inconsistencies between opportunities in the picture and physical features in the object may be the key factor that in time leads the artist to seek a consistent solution, i.e. converging lines to show distance. 
In sum, drawings of a house with the forms of linear and inverse perspective were produced by an unpracticed blind adult. The reason may have been to show overhang, straight sides of a roof, and a peak. Apparent linear and inverse perspective can result from copying target shapes. Both the blind and the sighted may produce drawings with this form before they use convergence to show distance (Kennedy and Juricevic, 2006). If so, this case study supports the hypothesis that drawing development in the blind and sighted has a similar course. 
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Figure captions

Figure 1. The tilted house from the side, with the roof as a convex corner in front of the observer.

Figure 2. M’s drawing of a model house from the front, as if one-point perspective had been applied to the rectangular roof 

Figure 3. M’s drawing of a model house from above the roof. The rectangles of the roof sections are drawn as if in inverse perspective in two directions.

