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ABSTRACT
VISUAL PERCEPTION OF ORIENTED MAP SYMBOLS

by Maureen Ann Kelley

The orientation visual variable for point symbols is used for specialized areas such as geologic
mapping and can be employed for other types of spatial data as a result of the popularity of
geographic information systems and scientific visualization. However, map users are generally not
aware of their ability to accurately judge angular measurements. This study addresses how well
map users judge angled symbols and if there are differences between experienced and
inexperienced map users through experimentation using two types of maps. The results correspond

to psychophysical research in orientation.
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Introduction

Symbol design has been an integral part of the cartographic process since early humans first
drew lines in the soil to show the natural landscape. Cartographers use primitive geometric shapes,
such as points, lines, and polygons, to communicate the spatial relationships between real and
derived phenomena. They have developed techniques for using these primitives that enable them to
maximize the graphic relationship between the spatial phenomena and the connotative graphic
symbol.

Bertin (1981/77) identified visual variables of the cartographic image. They are location,
size, value (or lightness), “grain” (or texture), color (or hue), orientation, and shape (p. 187). The
first three are classified as image variables, that is, they are the basic components for identifying
graphic features on a map. The latter four are termed differential variables, that is, these variables
can be used alone or in conjunction with other variables to differentiate between the many graphic

symbols that appear on the map (p. 213).

Point symbols can vary in shape, hue, orientation, size, and lightness based the type of
phenomena depicted. Difference in kind, or neminal point symbols, can employ different shapes,
colors, or symbol orientations (Figure I on the following page). An example of this is changing the
hue of circles to distinguish gas from water wells on a map. Ranked, or ordinal, data can be shown
by varying the shape, hue, size, or lightness. For example, symbol size can vary based on hierarchy
of spatial phenomena. Numeric information, such as interval or ratio data, can vary based on
orientatién, size, and lightness. Characteristic of this technique is using graduated symbols to

depict population size.

For the six visual variables depicted on the next page, not one variable is used for all scales of
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Figure 1. Chart showing visual variables and the scales of measurement used for point symbols. Note:
Adapted from Bertin (1983/67) and Robinson et al. (1984).

measurement. Comparing the scales of measurement with the variables shows that most have
either nominal-ordinal or ordinal-ratio-interval continuum scales. However, the orientation

variable does not show this continuum.

The orientation variable is considered to be of primary importance when depicting nominal
information (Bertin, 1983/67; Robinson et al., 1984) because changing the orientation of a square
symbol 45 creates an apparently new symbol — a diamond. No symbols are suggested for the next
scale of measurement level for orientation, perhaps due to direction not havin g a perceived starting

or ending point. Yet orientation can and is used for the interval scale of measurement.

Map designers have used this visual variable guideline to design new symbols for the
ever-increasing demand to depict derived spatial information due to the introduction of digital

technologies such as geographic information systems (GIS) and scientific visualization (SciVis).



Traditionally, symbol design was limited to the capabilities of the reproduction technology of the
day. Today computers allow the designer greater flexibility, more options, and greater efficiency to
design symbols — not only the designer but the average person as well. But Castner (1983)
cautioned that our map production technologies cannot be applied unquestioned to every design

opportunity that presents itself (p. 92).

The role of the cartographer in the map making process is to minimize error during
production beginning at the compilation stage and following through to the prepress phase. If the
cartographer has minimized error on the production end, other sources of error may still exist
because distortions of reality are held by the cartographer and map user. The methods in which
the cartographer makes a map and the way the map user decodes information contribute to map
error. The aim of cartography is to reduce the discrepancy between map maker and user

(Robinson & Petchenik, 1976, p. 28).

Cartographic theory suggests that reducing the discrepancy is through better symbol design.
Keates (1982) and Kola&ny (1977) cautioned us that better designs created by cartographers may
not be understood by map users. An assumption is that users will simply learn to work with any
map cartographers make (Kold¢ny, 1977, p. 39). Discrepancies exist between what map makers
intend to depict with better design and what map users understand. In fact, Downs (1981) noted
that “cartographers know virtually nothing about the cognitive process of map reading and
interpretation” (p. 157). Authors on cartographic theory agree that little is known about how we
perceive and understand graphic symbols on maps. Robinson (1952) suggested that an objective
look at cartographic methods should begin by looking at the limitations of human perception

(MacEachren, 1995, p. 3).



Because the eye-mind perceptual system does not measure the way the ruler, the planimeter,
the densitometer, and the spectrometer do, it is necessary to determine the appropriate human
magnitude scales. The objectives of research having to do with quantitative symbolism are simple
to relate the subjective magnitude responses to the stimulus magnitude ... (Robinson, 1977,

p. 168).

Robinson and Petchenik (1976) believed that in order for cartography to move forward, map
makers need to have a deeper understanding of the processes and characteristics of what the map
means to the maker and the user (p. xi). Questions such as what generalizations can be made about
users’ perceptual abilities (Keates, 1982, p. 59) and if there are fundamental differences among
these capabilities (Robinson, 1977, p. 164) should be asked. Wood (1972) wrote the more that can
be learned about how users perceive and interpret symbols on a map, the greater will be the
opportunity to improve cartographic communication (p. 123). From Robinson’s observations in
the 1950s it appears as if no progress has been made in this area. Head (1991) used a geographical
metaphor for the field’s lack of progress in understanding cognition and understanding of the map

user, “...the path is not clearly cut, the night is dark, we have no torch, and we have no map”
(p. 237).

Beard (1989) advised that map use errors, such as symbol misperception, can carry
significant penalties because any misapplication of design features could negate its potential
benefits. Also, one case of misuse can potentially cancel all investment in source and process
error reduction that was put into a project (p. 810). Failure to address this was excusable in the

past but today is considerably more risky because with GIS more non-cartographers are designing

symbols and using these geographic applications.
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Figure 2. Sample of geologic symbols used for directional data. Elongated blue arrow (lower left) depicts
Pleistocene ice flow direction, small double barbed arrows {center) show spiilway direction, and small black
bar and cross symbols (upper right) depict geologic formation directional trend (“strike and dip™). Note:
From Geologic Map of the Skykomish River 30- by 60-minute Quadrangle, Washington, by R.W. Tabor, V.A.
Frizzell, D.B. Booth, R.B. Waitt, J.T. Whetten, R.E. Zartman, 1993, USGS Miscellaneous Investigations
1-1963, Washington, DC: USGPO.

The orientation variable used for directional data in mapping is such a case. Used in highly
specialized mapping for depicting directional information, this variable can be easily employed by
the designer to depict other derived data. Geological maps use oriented symbols to depict

directional trends of rock formations and ice flows such as seen in Figure 2.

Oriented symbols are used in standard map series of which two can be seen in Figure 3 on
page 6. Topographic maps depict adits in their orientation to the hillside and meteorological charts
employ oriented symbols to show wind direction. Carr, Olsen, and White (1992) introduced the
positive design aspects and “numerous opportunities™ ray-glyphs can be used for statistical
mapping (Figure 4 on page 7). MacEachren (1995) advanced the Exploratory Visualization System
(EXVIS) used for multivariate spatial analyses. The underlying principle of this scientific
visualization tool is that human vision is highly selective for orientation and allows cartographers

to design symbols with greater precision than before (p. 387).
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Figure 3. Mine symbols on San Jose West, CA (1982) 7.5/ USGS topographic map, left, wind direction
symbols on Daily Weather Map — April 1, 1971 National Weather Service, right.

Map error can be minimized on the production end but what about the user end? Is human
vision highly selective for orientation as Bertin (1983/67) and MacEachren (1995) advocate? How
well can a map user judge the angular measurements of directional information on a map?
Eastman and Castner (1983) noted that as long as cartographers are designing for “experienced”
users, they should have greater design freedom because their users will come to map reading with
more flexibility than inexperienced users (p. 137). But is this true? Are experienced users better at

Judging oriented symbols than inexperienced users?
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Figure 4. Ray-glyph map using orientation as primary visual variable. Note: From “Hexagon Mosaic Maps
for Display of Univariate and Bivariate Geographical Data,” by D. B. Carr, A. R. Olsen, and D. White, 1992,
Cartography and Geographic Information Systems, 19, p. 233. Copyright 1992 Cartography and Geographic

Information Systems.



Literature Review

Jacques Bertin in Semiology of Graphics (1983/67) suggested that the orientation variable is
useful because “implantation by point” is comparable to hue and superior to shape implying that
humans are highly sensitive to orientation (p- 223). However, he did not elaborate on how well
humans are sensitive to orientation. Monmonier and Schnell (1988) noted that point symbols are
very useful for portraying orientation such as winds, currents, and other directional phenomena
(p- 30). However, they did not explain how users can effectively use the data. Robinson et al.
(1984) admonished cartographers not to use orientation for point symbols at “higher scales of
measurement” above nominal data (p. 280) — with no explanation. Dent (1999) did not mention
the orientation variable for points at all in his book on cartographic design. Keates (1982) and
Byrne (1982) speculated that little cartographic research regarding how well humans judge angles
has been conducted. A review of the literature supported their assertions that little interest has been

generated in research cartography.

Psychologists have been interested in our ability to Judge angles since the nineteenth century
(Jastrow, 1893). Gibson and Radner (1937) tested subjects’ ability to adjust a line to a target line
accurately. Rogers, Volkman, Reese, and Kaufman (1947) conducted tests for the U.S. Navy on
how well personnel could estimate bearings of enemy targets. Smith (1962) conducted a study
similar to Rogers et al. (1947) for the U.S. Air Force where he tested the differences between

civilian and airmen abilities to judge angular positions of displayed vectors on a simulated display.

Other researchers investigated perceptual effects of line orientation because experimental
results were showing that estimating angles at or near the cardinal axes were more precise than

oblique angles. Rochlin (1955) studied the effects of line-tilt, line-length and inter-line distance of



l
l

parallel lines. Andrews (1967) conducted similar studies to Rochlin’s Jjudgment error for oriented
lines. Westheimer, Shimanura, and McKee (1976) and Westheimer (1990) studied the effects of

visual interference on the detection of oriented lines.

Researchers interested in the connection between physical stimuli and biological processes
investigated how oriented figures are perceived by animals (Hubel & Wiesel, 1962; Mansfield,
1974; Hubel, 1982) and humans (Campbell & Kulikowski, 1966). Other scientists examined how
precisely humans can judge various orientations (Movshon & Blakemore, 1973; Thomas & Gille,
1979; Bradley, Skottun, Ohzawa, Sclar, & Freeman, 1987; Dick & Hochstein, 1989) and the areas
within the brain responsible for the processing of orientation stimuli (Hubel & Wiesel, 1962;
Andrews, Butcher, & Buckley, 1973; Leventhal & Hirsch, 1975; Aslin, 1981; Vogels & Orban,

1985, 1986; Blakemore, 1990; Gilbert & Wiesel, 1990).

Similar investigations such as this one have been conducted in the past. However, none
addressed orientation in a mapping context. Rogers et al. (1947) test subjects were college women,
average age 19 years, and high school boys, average age 18 years. The orientation variables ranged
from —10° to 100°. Smith (1962) studied subjects’ judgment of headings on a 360° radar screen.
Psychophysical and experimental psychologists investigated oriented figures using angles in
multiples of 20°, 30°, and 45°, not the 360° orientations that point symbols can be displayed in

mapping. Could testing angled symbols in all possible orientations reveal the same information?

Ekman, Lindman, and William-Olsson (1961) had problems with their map experiment. Their
subject pool was not familiar with sophisticated map symbolization. Would inexperienced map
users be less able to judge oriented angles than experienced map users? If a mixed pool of map

users were used, the issue of how well and who can judge oriented symbols can be addressed.



Methodology
Tests

A test was designed to measure how well people could Jjudge angled symbols in map use. This
was separated into two general sections — a pretest and the experiment. The pretest was developed
to help the participants get used to working with angled symbols. The first section of the pretest
consisted of 12 selected-response items prompting the subject to identify the line in question from
a field of four (Figure 38 and Figure 39 on pages 89 and 90). The second section involved
matching 18 angled lines to the correct numeric value (Figure 40 and Figure 41 on pages 91 and
92). The second part comprised two tests — Test “A” and “B”. Both tests had 25 arrow symbols,
0.3 in. in length, randomly placed in a 6.5 in. by 7.5 in. graphic rectangle representing a map on a
standard white 20 pound 8.5 in. by 11 in. sheet. Test “A” map graphic orientation was 6.5 in. wide

by 7.5 in. high. Test “B” map graphic orientaion was 7.5 in. wide by 6.5 in high.

Test stimuli

The test stimuli were solid black arrow symbols from a symbol set, usgs.mrk, installed on the
GIS Arc/Info conforming to the United States Geological Survey (USGS) cartographic standards
for map symbols. The symbol’s dimensions are 0.300 in. length, 0.005 in. shaft width, 0.100 in.

arrow point length, 0.110 in. arrow point width, and 30° arrow point angle.

AN 1 —>

Figure 5. Test item stimuli. —48° (left), 0° (center), 90° (right).

10
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Stimulus length was assumed to have no influence on test participants’ ability to judge symbol
orientation although length of a stimulus line may influence a user’s visual perception of the line.
Rochlin (1955) and Scobey (1982) noted that shorter line lengths contributed to greater variability
when subjects judged line orientation. Orban, Vandenbussche, and Vogels (1984) found that there
was a “strong oblique effect,” a pull away from the nearest major axis, in long (18° visual angle)
rather than short, 0.5° visual angle, stimuli (p. 124). Yet, Rogers et al. (1947) found that line length
did not matter when measuring individual accuracy (p. 1). Because the test symbol is included in a
standard symbol set and the main function of the current experiment addressed orientation, no

adjustments were made on length or size of the target symbol.

Test construction

Twenty-two arrow symbols were randomly oriented with 0, 90°, and —90° orientations added
to make a set of 25 for each test. The angle values in degrees were —90, —75, —-73, —69, —55,
—50, —48, —35, —-30, —13, -9, —1,0, 7, 10, 23, 29, 32, 44, 46, 47, 67, 73, 80, and 90 for Test
“A”, see Figure 6 on page 13. The angles were randomly assigned item values and numbered in an
orderly progression from the top to the bottom of the map graphic in order to facilitate easier visual
search. Test participants were required to estimate each test angle to the nearest whole degree. A
secondary part of the test required subjects to rate their confidence level, on a three-step scale, for
angle judgment. The ratings were not confident, confident, and very confident (see Figure 40 on
page 91).

Test “B” was similar to “A” except a topographic map was included. The arrow symbols
were randomly oriented, along with the three cardinal directions to complete the test set. The

arrows were randomly placed, different from “A”, and numbered in an orderly progression from
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top to bottom. The angle values in degrees were —90, —86, —86, —81, —80, —70, —54, —46, —45,

—11,-3,0,0,7, 15, 19, 28, 41, 48, 62, 64, 66, 84, and 90, see Figure 7 on page 14.

The topographic base map was from a digital raster image of the Mt. Thompson, California
7.5’ USGS quadrangle. The topographic base included the hypsography, hydrography,
transportation, and cultural features in black. Castner (1983) noted that using a real map instead
of a controlled experimental map is valid because it closely resembles an actual map reading

situation (p. 97).

The test questionnaire was used to gather information about each participant (Figure 35 on
page 86) such as map use experience, gender, handedness, college major and year, and vision
impairment such as astigmatism. Astigmatism has been reported in the literature to affect an
individual’s ability to judge angles correctly even after optical correction (Appelie, 1972;

Mansfield, 1974; Sekuler & Blake, 1994).

Map use experience was determined by a self-report method based on six criteria: “do not
use,” “street and locator map,” “topographic,” “navigational and/or aeronautical,” “thematic
map — geologic, meteorologic, etc.,” and “use other.” Test participants were classified
inexperienced if they responded to any of the first three options. Subjects responding to most or all
map types were classified experienced. The option “use other” allowed for a person to report any
other type of maps not listed. If a person reported a map type that required some form of
sophisticated map reading skill, such as reading engineering plans, the person was classified as

experienced.
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Procedures

The test was conducted as a group administered pen and paper test. Individuals answered
questions in the provided test booklet. Although the test was not designed to be a timed trial,
participants were allowed up to thirty minutes to complete the examination. A graphic aid was
provided to use for the pretest only (Figure 36 on page 87). This allowed the test participants to
accustom themselves to recording the angles in the specified manner. Angles between £90° were
allowed for the purposes of this test. Zero degrees coincided with the vertical axis, —90° coincided
with the left horizontal, and 90° coincided with the right horizontal. Participants were required to

write down their responses in the test booklet.

Farticipants

Fifty-eight participants took part from various academic disciplines. Seventeen students were
from earth sciences majors, 10 were from geography and environmental studies, 13 were from
Journalism and public relations, and the remainder from other disciplines (Table 1 on the next
page). Students enrolled in a general education geography course received extra credit for their
participation. Earth science majors, geography, and environmental studies students did not receive
compensation for participating in the test. The sample does not assume to be representative of
students from each of the academic disciplines, of the university, of college students, or of the

general population.

Twenty-nine participants answered they used locator and or topographic maps, two answered
they did not use maps. These thirty-one were classified as inexperienced. Twenty-four participants

answered they were experienced with most of the map types and three answered they were
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Table 1: Test participants by college major.

College Major Number
Art

Business Administration
Computer Science
Environmental Earth Science
Environmental Studies
Geography

Geology

Graphic Design

History

Interior Design

International Business
Journalism

Liberal Studies

MIS

Music

Public Relations

Social Science

Undeclared

N AP N =N -
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experienced with all of the map types listed. These were classified as experienced. The youngest
participant was 18 years and the oldest was 47 years. The average age was 26.5 years and the
standard deviation was 5.5 years. Thirty females and 28 males participated. Nine participants
identified themselves as “left handed” — three males and six females. Thirty responded they

needed to wear corrective lenses and nine identified themselves as having had some form of

astigmatism.

Score computations

Angle responses were computed to relative scores. Test participants’ responses for Test “A”

and “B” were computed to error scores. An error score was calculated by subtracting the absolute
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Figure 8. Error score calculation graph.

value of the true angle from the absolute value of the observed angle, Figure 8 above. A negative

error score is considered an underestimation and a positive error score an overestimation of the true

score.

Subject qualification

Participants not recording all judgments for both tests were disqualified. Table 2 on the
following page lists disqualified participants and the reasons. Four participants did not record
angle estimations — subjects 18, 20, 30, and 72 — for both tests. Three participants did not record
values for “B”, subjects 14, 28, and 31. Two participants did not record all test items for “A” and
were disqualified, subjects 23 and 35.

The test with the background, “B”, proved to be more problematic for the test groups. The

“no response” rate in Test “B” (57 out of 1250 — 4.56%) was higher than the “no response” rate in

Test “A” (2 out of 1450 — 0.14%). Participants not recording any test item from both tests were



Table 2: Participants not included in test sample.

Test A TestB
Subject Reason Subject Reason
14 no data
17 missed items
18 no data 18 no data
20 no data 20 no data
21 missed item
23 missed item 23 missed item
24 missed items
25 missed item
26 missed item
28 no data
30 no data 30 no data
31 no data
35 missed item 35 missed items
38 missed items
40 missed cues
41 missed items
46 misdirected® 46 misdirected?®
48 missed cues 48 missed cues
51 misdirected?® 51 misdirected?®
55 missed items
72 no data 72 no data
73 missed item
75 misdirected® 75 misdirected?®
79 misdirected® 79 misdirected?®

2 did not follow directions

18

not included in the sample set. Test item B17 was not included after tallying scores because many

participants could not find it or commented that it was too difficult to see. This item was eliminated

from the analysis.

Responses from the remaining participants were analyzed to ensure answers were in the

correct relative judgment scheme as per test instructions. That is, all answers reflected the angle

Jjudgments with 0° as vertical, —90° as the negative horizontal, and +90° as the positive horizontal.
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Subjects’ response answers not conforming to this were disqualified. One subject’s answers were
recorded as ranges of values, 51. The scores of participants 75 and 79 were not included because
their relative response judgments were different from what was required. They recorded their

Jjudgments using a 180° range instead of the +90° range specified.

Angles corresponding to vertical and horizontal were used to detect a test subject’s honesty
because not all were compensated for their participation. These angles cues were selected because
they are the easiest to detect and estimate (J astrow, 1893; Gibson & Radner, 1937; Leibowitz,
Myers, & Grant, 1955; Rochlin, 1955; Smith, 1962; Andrews, 1967; Orban et al., 1984; Dick &
Hochstein, 1989). If the participant’s responses for the majority of these angles were not within
420" of the true angle then that participant was not included in the sample. Participant number 48
missed three out of three angle cues for Test “A” and three out of four for “B”. Participant number

40 missed three out of four angle cues for Test “B”.

Dropped sign analyses

Dropped sign analyses were performed to detect if response angles — participants’ written
angle estimations — were suspected of having the wrong sign associated with the number. A little
leeway was allowed for all participants when it came to recording their estimations because
imposing an arbitrary judgment scheme on test subjects can introduce more error in judgment

(O'Toole & Wenderoth, 1977; Vogels & Orban, 1986; Dick & Hochstein, 1989).

If a suspected score was within £20° of the true angle value and if other participants’ error
scores were the same as the proposed converted score, then the suspect response angle was

converted. Approximately 1% and 2% were converted for Test “A” and “B”, respectively.
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Sample group

Data from 28 participants were collected for both tests. Fourteen were classified as
inexperienced and 14 as experienced. The youngest participant was 20 years and the oldest was 42
years. The average age was 25.7 years and the standard deviation was 4.5 years. There were 13
females and 15 males. Five identified themselves as “left handed” — two males and three females.
Sixteen responded they needed to wear corrective lenses, seven identified themselves as having

some form of astigmatism.

Hypothesis testing

The null hypothesis assumes there is no difference between experienced and inexperienced
subjects’ error scores. That is, there is no difference between experienced and inexperienced map
users when judging symbol orientation. The research hypothesis assumes there is a difference

between experienced and inexperienced map users.

Ho:py—p2 =0

H:py—mp#0

A related null hypothesis assumes there is no difference between both groups when judging angles
between the two map formats, with a background or without. The research hypothesis assumes

there is a difference when judging angles between the two formats.
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Spearman r

Spearman rank correlation coefficient, rs, values were calculated for subjects for Tests “A”
and “B”. Correlation statistics were generated for test and confidence ranks. Test ranks were
calculated from subjects’ average error score (AES) in comparison to other subjects’ AES for each
test. Confidence ranks from confidence scores, which were calculated as the sum of confidence
ratings for each test item, were generated. The more confident subjects were for judging all angles,

the higher the confidence scores.

The null hypothesis states that there is no correlation between AES and confidence ranks. The

research hypothesis states that there is an inverse relationship between confidence scores and AES.



Results and Discussion

Test “A”

Ranked data

Spearman ry values were calculated and graphed to determine if a correlation between
confidence score and AES existed (Figure 9 below). Twenty-one out of 28 scores for “A” were used
because these participants responded to all items in the confidence section. Test “A” statistic was
calculated to ry =.178, n=21 for the both groups. A one-tailed test at the .05 significance level
was 0.371, therefore, the null hypothesis was accepted. Correlation statistics were

rsinexp = —.217, n =12, and r; exp = .258, n =9, for each group, respectively.
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Figure 9. Test “A” scatterplot, r; = .178

The current experiment shows there is a very weak positive correlation between average error

scores and confidence scores. Comparing the two groups shows a weak inverse relationship for

22
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inexperienced participants; whereas, there is a weak positive correlation for the experienced group.

Therefore, the null hypothesis is accepted for this test.

The experienced group appears to be more clustered near the y-axis than the inexperienced
group. Differences in rank scores (D) revealed that the inexperienced group tended to be

overconfident with their ability to judge angles than the experienced group.

Experimental results

Mean error and variances for each test item across all subjects were calculated and graphed.
See Figure 10 for mean error and Figure 11 for error variances on page 24. Minimum average
errors and variances were seen at or near £90° and 0°. Maximum average errors of —7.00
(SD? = 150.00) and —7.32 (SD? = 56.44) were calculated at 67° and —30°, respectively. Variances
greater than O can be seen for the moderate angles between +80° and +20° approaching maximum

near +60° with a maximum of 179.73 at 73°.

Angles within £10° of vertical had mean errors of a few degrees with a mean error of 0.00
(SD* = 1.78) for 0". The maximum overestimated error for these angles was 1.39 (SD? = 0.80) at
—9°. However, most angles tended to be underestimated — in some instances greatly
underestimated — than they were overestimated. Moderate angles tended to be underestimated
greater than slight angles. Greater ranges of response values were seen for moderate angles
compared to angles closer to the axes as well. Variances were greater for moderate angles

compared to vertical and 90",

Both groups showed mean error and variances for the cardinal angles, +90° as 0.00. That is,

there were correct angle judgments and perfect agreement across all test subjects. The
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Figure 11. Test “A” error variances for inexperienced and experienced participants.
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inexperienced subjects’ mean errors for moderate angles tended to be greater than the experienced
group. Whereas, the experienced participants’ mean errors for slight angles tended to be greater
than the inexperienced group overall. The experienced group tended to overestimate angles within
+10C° of vertical and horizontal. This group’s variability tended to be less than the inexperienced
group for moderate angles as well. The average variability for the experienced group was 50 where
the average variability for the inexperienced was near 150 with a maximum variance of 300.00

(SD =17.32) at 73".

Test “B”

Ranked data

Correlation statistics, Spearman r; were calculated and graphed for both groups, Figure 12 on
page 26. Twenty-four out of twenty-eight scores were used. The scatterplot is similar to “A”. Test
“B” correlation statistic was calculated to r;, = .036, n = 24, one-tailed test at .05 level of
significance was 0.337; therefore, the null hypothesis was accepted. Correlation statistics for each
group were calculated as r; inexp = —.117, n =13, and r; exp = .148, n = 11, respectively. The
null hypothesis was accepted that is there is no statistical correlation between AES and confidence

scores. Spearman ry statistics were similar to Test “A”.

No pattern was seen for pooled statistics except for the experienced group being clustered
similar to that of Test “A”. These clusters could be attributed to a smaller set from the original 58
test subjects. However, inexperienced participants’ AES and confidence scores showed greater
ranges in comparison to the experienced group. Inexperienced users tended to overestimate their

abilities; whereas, more experienced users tended to underestimate their abilities. Kruger and
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Figure 12. Test “B” scatterplot, r; = .036

Dunning (1999) showed the same results in their experiments on humor, logical reasoning, and
cognitive skills. They attributed the differences to the inability to recognize one’s own deficiencies

in the former group to the inability to recognize one’s peers’ deficiencies in the latter group.

Experimental results

Mean errors and variances for “B” were calculated and graphed for both groups (Figure 13
and Figure 14 page 28). The only angle that no error was calculated for was —90°. Mean errors and
variances for 0° and +90° were comparable with an absolute average of 0.59. Two items’ angle
values were 0" — 0.57 mean error (SD? = 4.33) for B10 and —0.69 (SD? = 4.21) for B16.
Maximum average errors were calculated as —9.64 (SD? = 98.02) at —45° and —9.93
(SD? = 83.99) at 41°. Maximum variance values were for moderate angles with the highest value
of 156.22 at —70°. Angles for the cardinal directions have minimum mean errors and variances.

Mean errors for the two 0 items were 0.93 (SD? = 7.45) and 0.00 (SD? = 0.00) and 0.21
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(SD? = 1.26) and —1.39 (SD? = 3.85) for inexperienced and experienced groups, respectively.

Both groups’ mean error scores for +90° were the same at —0.50 (SD%nexp. = 1.96, SDgxp_ = 1.81).

Minimum errors were near the cardinal axes and maximum errors surrounded the moderate
angles. Overestimations occurred near vertical and —90° with a maximum of 2.21 (SD? = 18.64)
for the inexperienced group at —80° in comparison to 2.00 (SD? = 4.00) at —3° for the experienced
group. The inexperienced group showed greater underestimations for most moderate angles than
the experienced group. For example, a mean underestimation of —16.00 (SD? =42.31) at 41° was
recorded for the inexperienced group compared to a mean underestimation of —3.86

(SD? = 52.75) for the experienced group.

The negative non-cardinal angles of —86° to —54° showed similar values from both groups yet
did not show the curve as for Test “A”. The inexperienced and experienced mean errors showed
oscillating values for —86°, B01 and BOS5, negative for —81°, and positive for —80° . Variances
between the groups generally did not show the same trend as the first test. The variance curves
showed minima for the cardinal directions and at —46°, SD? = 2.26, for the experienced group
only. Maximum variance of 209.48 was calculated for 66° for the inexperienced group. One
observable discrepancy between variance scores was seen for —86°, BO1, were the experience

group’s score was 22.69 compared to 115.15 for the inexperienced group.

Similarities between mean and variance curves from both tests were noted as well as other
unexpected results during the course of the experimental analysis. All mean error and variance
graphs generally were sinusoidal curve types where maxima were near +45° within a +10° range
and minima were at £90° and 0°. Another unanticipated result was test participants’ restricted

judgments of most angles in multiples of 5°. The next section addresses these issues in reverse.
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Figure 13. Test “B” mean error for inexperienced and experienced subjects.
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Figure 14. Test “B” error variances for inexperienced and experienced subjects.
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Similarities to other studies

Response limitations

Test participants limited their estimations in 5° multiples for most angles despite instructions
stating that each angle should be estimated to the nearest degree. A review of all participants’
responses revealed that approximately 95% of all item responses were estimates in multiples of
five for Tests “A” and “B” (Table 3). For the test items that were 0° and £-90°, 98% and 90% of item

responses were estimates in multiples of five for each test, respectively.

Other studies have noted high response frequencies in 5° multiples as well (Rogers et al.,
1947; Smith, 1962). Smith (1962) noted that 90% of the numerical responses were 5° multiples
(p- 242). Rogers et al. (1947) surmised that the tendency to round numbers to the nearest 5° was
because there was no “stabilizing influence” around the oblique angles such as the “natural ability”

to judge vertical and horizontal angles (p. 13).

Current research showed similar limitations imposed by the participants. The response
limitation percentages for the groups of angles not within 10° of an axis for each test were higher
than Smith’s 90% at 98% and 97% for “A” and “B”, respectively. Response limitations for angles
near vertical and horizontal showed lower frequencies than other angles at 90% and 87%; whereas,

190’ and O’ responses were 98% and 90% for “A” and “B”, respectively.

Table 3: Response limitation estimations in multiples of 5°.

Angle Groups Test A Test B
cardinal axes o8 90
+10° near axes, inclusive 90 87
others not included above 98 97

all 96 93
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Another source that might have caused high frequencies of 5° multiples could have come from
the pretest. The second section of the pretest asked participants to “Match each line to the angle
value” (see Figure 40 on page 91). All 18 items in this section were 5° multiples. This could have
cued participants to continue this scheme into the next phase of the experiment even though that
was not the intent of the test design. One test participant commented that he assumed he needed to
estimate angles to the nearest 5° because the previous section’s answers were in 5° multiples
(personal communication, December 1, 1997). Another participant wrote, “...I didn’t feel
confident at guessing an exact degree...” (see Appendix E on page 99). Revising the pretest to
include angles not in 5° multiples may result in response limitation frequencies to agree with Smith

(1962) and Rogers et al. (1947).

Rogers et al. (1947) and Smith (1962) did not use stimuli in a mapping context. The contours
of the base map used in “B” may have interfered with test subjects’ ability to correctly estimate
angles that were near or at horizontal and vertical compared to “A” given the lower percentage of
multiples of 5 for “B”. This may imply that their conclusions about people’s inability to judge

moderate angles less than 5° level of precision does have merit.

Graphical representations from other orientation studies

Graphs generated from this test revealed the same generalized curves regardless of data
presented. Means and variances for the two experience groups for each of the tests and gender all
showed the same curve with minimum mean errors and variances near the cardinal axes and
maximum mean error and variances near +45° (Figure 15 and Figure 16 on page 31). Variance
data showed females tended to show greater variability than the males for the first test than the

second (Figure 17 and Figure 18 on page 32).
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Figure 16. Test “B” mean error scores by gender.
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One notable exception was from the participants identifying themselves as left-handed. Five
identified themselves as left-handed and means and variances were graphed (Figure 19 and
Figure 20 on page 34). Mean error curves for both tests tended to show more random errors but
still underestimation for moderate angles and no error for cardinal angles. Variance curves showed
the same general curve type for Test “A” and negative angles for Test “B”. Test “A” showed two
extreme outliers at 73° (item A02) at SD? = 505.00 and 80° (item A20) at SD? = 257.50. Test “B”
results did not show greater variance than the first test. The graph section for positive angle
variances for Test “B” showed oscillations between 0° and 90°. The reason for this could be a
restricted sample set, although no other sample set showed this effect. No plausible explanation

has been given from the literature.

Given the experimental data from the two experience groups (Figure 10 and Figure 13) and
other graphs shown (e.g. Figure 15), other researchers have noticed this general curve as well.
Jastrow (1893) calculated the errors associated from subjects reproducing angled lines from
memory. The average minimum errors were for 90° (no error) 135° (slight overestimation) and 30°
(slight underestimation). The average maxir.na errors were for 75° (greater than S° underestimation)
and 105° (greater than 7.5° overestimation). Although Jastrow used angles from 15° to 165° in 30°

steps, his graphs showed the same general trend as the current experiment.

Taylor (1963) compared three separate studies showing an “Index of Precision” based on the
results of Rochlin (1955), Leibowitz et al. (1955), and Smith (1962). The graph compared angles,
through 180° in 15 steps on the x-axis to the ability to assess orientation, ranging from .00 to 1.00
on the y-axis, where 1.00 corresponds to perfect ability for judgment. The curve showed a greater

degree of precision for vertical and horizontal angles at a .75 level. The minima levels to .25 for
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Figure 19. Mean error scores of participants that identified themselves as left-handed.
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Figure 20. Error variances of participants that identified themselves as left-handed.
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Figure 21. Ability to assess orientation expressed in terms of an index of precision. Nore: From “Visual
Discrimination and Orientation,” by Maurice M. Taylor, 1963, Journal of the Optical Society of America, 53,
p- 22.

angles near +45°, Figure 21 above.

Graphs from the current experiment show the generalized curves for mean errors as well,
although the data are not as regular as Taylor’s graphic. More oscillation can be observed for the
negative angles than the positive angles for both experimental tests. Maxima and minima error for
the current experiment are near 45" and the axes as shown in the above graphic. Although
Taylor’s graphic was an attempt at normalizing data from separate experiments, the results from
this experiment can be said to be comparable to Taylor’s results. Howard (1982) noted that if
researchers were seeing linear, rather than sinusoidal curves, the differences in orientations would
be constant (p. 111). In order to understand why these occur one must investigate the mechanism

that scientists believe is responsible for this phenomena, the visual perception system.
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Figure 22.  Generalized diagram of orientation sensitivity in the visual cortex of the cat. Nore: From
“Experiential Influences and Sensitive Period in Perceptual Development: A Unique Model,” (p. 72) by
Richard N. Aslin, 1981, in The Visual System, Development of Perception, vol. 2, Richard N. Aslin, Jeffrey
R. Alberts, and Michael Petersen, eds., New York: Academic Press.

Visual perception and orientation

In the early 1960s a team of neuroscientists discovered within the visual cortex of one of their
experimental cats an area of cells that detected line orientation (Hubel & Wiesel, 1962).
Subsequent studies on other cats and monkeys (Hubel, 1982; Mansfield, 1974) revealed the area,
known as the primary visual cortex, was highly organized. Campbell and Kulikowski (1966)
found the human visual system appeared to have the same organization of the cat and monkey

(Figure 22 above).

After Hubel and Wiesel’s experimentation on cats in the 1960s, it became evident to
researchers that orientation is one of the attributes of basic visual information processing, along
with motion, position, and color (Howard, 1982, p. 93). The visual perception area within the brain
is located in the occipital lobe consisting of visual cortical fields. The primary visual cortex is
responsible for processing primitive visual information such as shape, size, color, motion, and

orientation (Figure 23 on page 37).
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Figure 23. Cross section of the human brain showing areas associated with visual processing. Note: Adapted
from Encyclopaedia Britannica, 15th ed., (vol. 24 p- 834), 1997, Chicago: Encyclopaedia Britannica. Repro-
duced by permission Textbook of Anatomy and Physiology, 12th ed., Catherine Parker Anthony and Gary A.
Thibodeau, 1987, St. Louis: Times Mirror/Mosby College Publishing; adapted from “Feinere Anatomie des
Grosshirns,” by K. Brodmann, 1910, in Handbuch der Neurologie, Berlin: Springer-Verlag. Copyright 1997
by Encyclopaedia Britannica, Inc.

Since Hubel and Wiesel’s discoveries, neurophysicists and psychophysicists have been
conducting experiments to understand the primary visual cortex’s role in orientation. Thomas and
Gille (1979) surmised that a primary part of visual perception is orientation and that the ability to
distinguish different orientations is a basic parameter of “visual capacity” (p. 652). Blakemore
(1990) noted that when any part of the visual field is detected, this stimulates at least two columns
of orientation cells and “the chance is very low that any particular orientation will be missed

completely” (p. 272).

Many of these scientists have been investigating the cellular organization and function within
the visual system. Ganz (1978) wrote that from studies of the striate cortex of cats and monkeys,
scientists have discovered that there contains a group of neurons showing true orientation
selectivity and binocularity and are arranged in a systematic fashion (p- 482), Figure 24 on

page 38.
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Figure 24. Enlarged view of orientation columns within the primary visual cortex showing binocularity and
cellular organization. Note: From A Vision of the Brain. (p. 174), by Semir Zeki, 1993, Oxford: Blackwell

Scientific.

Every cell has a preferred orientation (Sekuler & Blake, 1994, p. 118). However, no one cell
is tuned to one orientation (Coren & Girgus, 1978, p- 110). That is, most cells are organized to
detect a range of angles. Scientists call this a tuning curve, Figure 25. Orientation cells are highly
selective to one angle and the interaction between separate cells creates an inhibitory effect called
lateral inhibition. As a bar or grating is rotated away from the preferred orientation of a cell,

there is a reduction of cellular responses (Movshon & Blakemore, 1973, p. 59). If an orientation

Sensitivity

o B
Angle (degrees)

Figure 25. Proposed arrangement of tuning curves for orientation cells depicting wide curves for oblique an-
gles (o) and narrow curves for horizontal and vertical angles (B). Note: Adapted from “Perceived Orientation
of Isolated Line Segments,” by H. Bouma and J. J. Andriessen, 1968, Vision Research, 8, p. S04.
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cell can optimally detect one angle and, hypothetically, all orientations can be detected, then
Howard (1982) could be correct in asserting that all error responses would be linear. However
many researchers and the current experiment do not concur with this. All angles may not be treated

the same within the primary visual cortex.

One theory describes the cellular organization between simple cells and complex cells.
Simple cells are concerned with static, or slowly moving, patterns; whereas, complex cells are
concerned with the perception of flicker and motion. Simple cells detect either horizontal or
vertical angles and there are many more of these detectors in the visual cortex than complex cells.
Complex cells detect a range of angles where no specific oblique orientation is detected (Howard,

1982, p. 101).

Leventhal and Hirsch (1975) speculated how cells tune to oblique angles. Cells that have a
preference for diagonals may be “recruited” from other non-committal neurons, whose orientation
specificity is affected by the animal’s early visual experience (p. 904). Because cells have a
preferred orientation, many of these can experience a 15° tilt away form the optimum and can
negate the cells’ response (Howard, 1982, p. 118). These cells detect only a narrow band of angles.

Aslin (1981) estimated each cell may have a band width of 20-30° (p- 76).

The presence of more cells detecting horizontal and vertical than obliques would explain why
mean errors and variances for cardinal angles showed no error, or less error, than oblique angles. If
oblique angles were being detected by more complex cells that detect a range of angles, rather than
“on” or “off”” by the simple cells, then that could explain the lack of precision when judging these
angles. Perkins (1983) argued that humans are not capable of detecting oblique angles at great

accuracy and precision because it is not necessary from an evolutionary perspective (p. 343).
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Perhaps this is why the majority of test participants limited their responses to the nearest 5° due to

the inherent lack of precision at the cellular level.

How we process the cortical information to make an angular estimation is not understood.
Hubel (1982) wrote that our perception of a line depends on a set of orientation cells and but how
this information is assembled to become the perception of the line is still unknown (p- 519).
Howard (1982) noted there are other factors that are likely to affect sensitivity to differences in
orientation. These are the sensitivity of the orientation detectors, the width of their tuning curves,

and the extent to which they inhibit each other (p. 112).

Howard (1982) noted that the cardinal axes are “...the fiducial lines; or norms, for judgments
of orientation. We can judge when a line is vertical or horizontal to within a fraction of a degree,
and this is not true for other angles” (p. 144). From the above information, it becomes evident that
cellular organization and activity is geared toward detecting horizontal and vertical angles with
greater precision and accuracy than oblique angles. Levine, Jankovic, and Palij (1982) wrote that
there appears to be distortions of spatial perception for orientation; yet, spatial perception for
direction, size, and shape show virtually no distortion (p. 158). The next section addresses spatial

distortions concerning orientation more commonly known as optical illusions.

Visual illusions

The most important area of research into orientation perception is in the area of psychology
concerned with the connection between physical stimuli, biological 