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ABSTRACT 

The primary rationale for the study was to empirically test a conceptual model 

that identifies the relationship between wayfinding, spatial, and scholastic abilities. 

Wayfinding and spatial abilities were assessed in 120 University of Arizona introductory 

psychology students ranging in age from 17 to 36 years. Participants completed a 

lengthy test batter>' of wayfinding and spatial abilities tasks. Tasks included the 

computer-generated arena task, the computer-generated maze task, a Background 

Information Questionnaire, the Taxi Cab Task, the performance subtests from the WAIS-

III. the Rey-Osierrieth Complex Figure Test, and the Object Relations Task. A structural 

equations model showed that spatial abilities predict wayfinding ability (|3 = .68, p < .05) 

and that scholastic aptitude predicts spatial abilities ((3 = .45, p < .05), but not wayfinding 

ability (|3 = -.27, ns). The data more than adequately fit the theory-driven conceptual 

model (CFI = .971; x" = 36.794; p < .30). In addition, several first-order factors of 

spatial abilities proved reliable and highly correlated to their indicators (i.e., the WAIS-

lU performance subtests). Findings from this study suggest that a theory-driven 

conceptual model provides useful predictive information about the relationship between 

wayfinding and spatial abilities factors. Moreover, the evidence supports, and hopefully 

inspires, advocacy for an interdisciplinary approach to studying the relationship between 

wayfinding and conceptually related cognitive processes. 
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INTRODUCTION 

Methodologists revel in the challenge of thinking about and understanding the 
nature of a problem. 

What is your favorite book? Do you remember reading it for the first time? 

Perhaps after hours, you continued to turn the pages effortlessly moving your eyes over 

the letters, across the words, from left to right, sentence after sentence, paragraph after 

paragraph, wanting to know what would happen next, becoming so lost in the story, lost 

in the process, that all you wanted was to follow the tale to the end. It is a state of pure 

elation, that process of coming to know about something. That is the elation of a 

methodologist on a quest to understanding a problem. 

Curiosity drives the quest to understand, and it manifests itself early in life. One 

of the most common words in a young child's vocabulary is the word why. Why this and 

why that? Behind the why question is the word how—how do things work? Children 

most often look to adults to provide simplistic, straight-forward answers to these 

questions, and. in our society, a majority of adults turn to the scientific community. 

The scientific community has become a credible authority that provides 

explanations to why and how questions. Scientists have earned their authority by 

implementing practices of strong inference' (Piatt, 1964) in their quest to know and to 

understand. They come to know and to intimately understand a specific content area by 

applying the steps of strong inference to the subject of their studies. Rarely do scientists 
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develop content-free expertise. Instead, they become experts in their field. Examples 

from disciplines in psychology include experts in anxiety disorders, developmental 

psychology, evolutionary psychology, program evaluation, and sleep disorders. 

Rarely do content experts seek to know and to intimately understand the research 

process itself. Rather, the research process is a tool used to answer the questions why and 

how. Many content-specific scientific experts are like photographers with automatic 

cameras in their hands. They point to a subject, and the camera automatically adjusts the 

lens to focus on and obtain a clear image of the subject. 

Who, then, fills the role of the camera? A methodologist. For a methodologist is 

one who studies the diverse principles, procedures, and practices that govern research 

(Kazdin, 1998). As Kazdin points out, a methodologist must not only understand 

research design options and practices, but must also understand ways to think about and 

approach problems and questions. A methodologist works alongside a content-specific 

expert and together, they implement the steps of strong inference. Again, a 

methodologist serves as the automatic camera, adjusting the lens to a certain degree to 

optimally focus on the subject matter. 

What of the lens? The research process (i.e., the steps of strong inference) 

functions as the lens, or the tool that enhances clarity and magnifies the details of the 

subject under study. Theories serve as the programs that command the automatic camera 

to function optimally. The content-specific expert provides the theoretical background 

* According to Piatt (1964). strong inference refers to the process of formulating alternative hypotheses: 
developing a crucial experiment, or experiments, with alternative plausible outcomes each of which will 
exclude one or more of the hypotheses; running a well-controlled experiment to ensure valid results; and 
reiterating the procedure, making subhypotheses to refine the possibilities that have survived. 
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for the methodologist. and it behooves the methodologist to have more than a cursory 

knowledge of the theories that guide the content area. Intimately knowing theoretical 

paradigms helps a methodologist to (1) properly phrase why and how questions and (2) 

use these theories to conceptualize the measurement model of the variables, the structural 

model of the latent constructs, and the mechanisms of action under study. These are. 

perhaps, the two greatest challenges that face a methodologist, and for some, they serve 

as the most exciting part of the quest to know and to understand. 
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BACKGROUND 

Research begins with an understanding of the theoretical paradigms driving a 
specific content area. 

Over the past five years I have trained to become a methodologist. Luckily the 

mentors who have guided my training have encouraged me to pursue my curiosity. This 

encouragement has lead to several quests, the longest ending in a dissertation journey. It 

is through this lengthy journey that I have gained a tremendous appreciation for the 

thoughtfulness required of those engaged in any worthwhile research endeavor. 

Several years ago I became intrigued by a human analogue task of the Morris 

Water Maze developed by a research team at the University of Arizona. I had served as a 

participant in an experiment conducted by this research team and had become extremely 

frustrated in the process. Successfully completing the task in this experiment was such a 

challenging and exasperating experience for me that my curious was peaked. Why did 

the researchers use this task? Why wasn't I any good at it? I wanted to understand what 

latent construct this task measured and how it did so. 

It took approximately a year and a half to gain an understanding of the task. The 

reason is quite simple. In order to understand the task, I had to understand the theory 

behind the development of the task. To understand this task. I had to explore the 

complex theories of wayfinding and spatial abilities. 
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WAYFINDING LITERATURE 

A model creates a bridge between theory and the experiment. 

Unlike some content areas, the wayfinding literature crosses the lines of several 

disciplines and includes a variety of approaches to a variety of problems. Thus, the 

theories and experiments driving the wayfinding literature have a history of heterogeneity 

and make a synthesis of the subject quite demanding. 

According to .-Mien (1999). the term wayfinding cannot be found in many 

English-language dictionaries. As a result, researchers have created their own defmitions 

to operationalize the obscure term. Finkel describes wayfinding as "the process of 

moving from one location to another predetermined location...(that) creates a foundation 

for information and behavioral responses within the built environment." (Finkel. 1999. p. 

332). Allen (1999) defines wayfinding as "...purposeful movement to a specific 

destination that is distal and. thus, cannot be perceived directly by the traveler." (Allen. 

1999. p. 47). Finally. Lynch (1973) describes wayfinding as analogous to a set of beliefs 

that is "an organizer of facts and possibilities." (p. 302). 

The variety in definitions of wayfmding does not mean that researchers have not 

given careful thought to their subject of study. A review of the literature suggests that 

studying wayfinding is no small feat: there are many ways to study wayfinding and this 

makes it difficult to agree upon a consistent conceptualization of the phenomenon. 

Despite inconsistency in definitions, researchers have consistently implemented 

one of two approaches in studies of wayfinding. One approach entails developing broad, 

underlying principles and finding similarities that explain how people find their way in an 
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environmenL Researchers implementing this approach have been motivated by the 

observation that people are not consistently successful in finding their way to designated 

destinations. The second approach entails identifying specific situational or person 

variables that affect individuals' differential wayfinding (i.e., researchers focus their 

efforts on explaining differences). This approach has largely motivated researchers who 

have observed that different people find their way through different environments for 

different reasons using different strategies. In a sense, one approach reflects a top-down 

conceptualization of wayfinding: the other approach reflects a bottom-up perspective. 

Although a number of researchers from a variety of disciplines have consistently 

shared these two approaches in their research endeavors, they have varied their methods 

of measurement. Two determinants of the method variance, again, are the variety of 

wayfinding definitions and the variety of disciplines studying the subject. 

Typically researchers measure wayfinding ability along a continuum of scale, 

ranging from macroscopic to microscopic. Outside the field of psychology, geographers 

have studied wayfinding on a global scale. They have examined differences in how 

people perceive distances across the world (Montello, 1991). For example, some 

researchers have asked individuals to estimate the distance from various cities in North 

.America to cities in Europe and from various cities in Europe to cities in North America. 

Predictable errors in the estimates occur based on the relative location of the city of 

origin (Portugali, 2000). Similarly, city planners have used scales of cities to study 

wayfinding. They have presented individuals with blueprints of a city and asked 

individuals to draw sketch maps (Kitchin & Blades, in press; Pearce, 1981) of the city 
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from memory. The number of exposures to the blueprmts predicts distortions in the 

sketch maps (Cauvin. 2000). Lastly, architects have used micro-scales (e.g.. buildings 

and the relationship between buildings) to study wayfinding. For example, some 

architects have examined the architectural communication system of the Las Vegas strip 

(Venturi, Scott Brown. Izenour. 1973). analyzing how the structure and layout of various 

buildings conveys messages that motivate passersby to act (e.g., to visit a casino). 

Unlike geographers, city planners, and architects, psychologists have chosen to 

focus on the dynamic interactions between people and environments—at least, 

conceptually. For example, environmental psychologists have studied how stimuli in an 

environment influence individual's decisions about where to go and how to get there (W. 

Ittelson. personal communication. September 7. 2000). Other psychologists study how 

animals, including humans, find their way to a known destination (Tolman, 1948: Gaulin. 

& FitzGerald, 1986: Jacobs. Laurance. & Thomas. 1997: Jacobs. Thomas. Laurance, & 

Nadel. 1998: Morris. 1984). Finally, some psychologists have taken an integrated 

approach in studying wayfinding and have studied modes of perception within a novel 

environment, examining not only strategies and stimuli, but also affect and intention to 

act (Ittelson, 1973). 

The description of studies along this continuum of scale suggests that researchers 

mainly focus their efforts on measuring independent variables with little focus on 

conceptualizing the dependent variable, wayfinding ability. These studies seek to predict 

performance on the dependent variable and run the risk of creating a dependent variable 

that is the sum total of what it measures. In other words, these methods increase the risk 
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of making wayfinding an artifact of the measurement tools so that wayfinding ability 

becomes what the measurement tools measure. This body of literature lacks a 

comprehensive conceptual model with (1) agreed upon first-order factors of wayfinding 

ability (e.g., route-knowledge, cognitive mapping, or map-learning) and (2) agreed upon 

punctuation of the model (e.g., cognitive processes likely influence wayfinding; however, 

researchers must decide whether to include cognitive processes as relevant first-order 

factors or as upstream variables influencing wayfinding). 

AN ORGANIZATIONAL SCHEME OF MEASUREMENT MODALITIKS 

When not waiting, insects wander aimlessly. And yet, strangely enough, this 
aimless wandering is always an indirect way to something important. It is by aimless 
wandering that an insect efficiently covers vast quarters of space to find food, or a mate, 
or a place to lay eggs. People, by contrast, generally move directly fhjm one place to 
another, usually to do something unimportant. 

—Dethier. 1962, p. 73 

Contrary to Dethier's statement humans exhibit goal-directed behavior when 

finding their way. It is this behavior that has piqued the interest of researchers. In fact, 

in many instances, researchers have painstakingly studied indicators of wayfinding 

behavior. To their credit, psychologists have devised grand theories of how the 

physiology and psychology of animals accounts for general principles of as well as 

differences In wayfinding ability. As Kendler (1987) suggests, theories provide 

researchers with a way to conceptualize and approach a problem. The perspective of the 

observer dictates the program of research. Considering the diversity of definitions 

associated with the term wayfinding. It is clear that overarching theories have not driven 
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a coherent body of research in this field. Instead, several—not necessarily competing— 

theoretical perspectives have driven the research. 

With this caveat in mind, and to prevent confusion for the reader it is useful to 

review this body of literature by describing the measurement tools, or tasks, currently 

used to study wayfinding and to categorize them according to the modalities of 

presentation (e.g., mazes, paper-and-pencil measures, constructed space, and actual 

space). This is not an exhaustive organizational scheme, and the tasks described have 

been chosen because they have been used as examples in seminal writings of wayfinding, 

or they help to inform researchers about possible first-order factors of the construct 

wayfinding ability. A discussion of the intra-task measures that researchers used as 

indicators of wayfinding ability follows each task description. 

Mazes in Constructed Space 

Researchers initially used mazes as learning problems to test theories of learning 

by studying the performance of animals (Hull, 1942). In recent years, researchers have 

also used mazes to study place learning, or the ability to locate a position within an 

environment, in animals. These researchers have not tested learning theory per se, but 

instead have concentrated their efforts on understanding how animals leam to find their 

way in an environment. 

Animal psychologists have conducted numerous studies of rats in mazes. They 

have used unit alley mazes (e.g., 6 to 14 units), T mazes, simple Y-mazes with two goal 

boxes, radial arm mazes, and elevated mazes, counting the number and pattern of errors 
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produced during travel to a goal. Many believe that simple stimulus-response 

reinforcement schedules best predict wayfinding behavior. Learning occurs by 

strengthening or weakening stimulus-response connections (Hull. 1942). Given this line 

of reasoning, it makes sense that counting the number of errors made by the animal will 

provide a measure of wayfinding ability: the greater the number of errors, the weaker the 

stimulus-response connections and the worse the animal's wayfinding ability. 

Unit alley mazes. T mazes, and simple Y-mazes have been used in latent learning 

experiments. Blodgett (1929) ran the first in a series of latent learning experiments. He 

ran 3 groups of rats—2 experimental and 1 control group—through a six-unit alley maze 

(see Appendix A, Figure 10). Group 1 was run through 1 trial a day and found food in a 

goal box at the end of each trial. Rats in Group 2 were not fed in the maze for the first 6 

days, but in their home cages 2 hours after the trial. From the 7''' day until the end of the 

experiment, the rats found food in a goal box at the end of the trial. Similar to Group 2. 

rats in Group 3 were not fed in the maze for the first 2 days, but in their home cages 2 

hours after the trial. They found food at the end of the maze beginning on day 3. The 

pattern of error scores suggested that the rats did not learn when they did not find food in 

the goal box. However, on days following their initial finding of food, the error scores 

dropped dramatically. The researchers concluded that during the non-rewarded trials, the 

rats learned more than the error scores showed and that this "latent learning" was not 

evident until the food was introduced. In this study, researchers used the difference in 

error scores as a measure of wayfinding ability, implying that the performance, as 

measured by patterns of errors, informed them about a rat's general wayfinding ability. 
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T mazes (see Appendix A, Figure 11) have also been used in latent learning 

experiments. Tolman and Honzik (1930) used 14 unit T mazes. One group of rats never 

found food in the maze, one group of rats found food on each trial in the maze, and one 

group of rats found food at the end of the maze on the 11"* and subsequent days. The 

data replicated the results reported in Blodgett's study (Tolman, 1948). Again, in these 

studies, the difference in error scores provided a specific measure of wayfinding ability. 

The researchers made inferences about a rat's wayfinding ability based on the difference 

between motivated and non-motivated performances. 

Simple Y-mazes (see Appendix A, Figure 12) have been used in latent learning 

experiments as well. Spence and Lippitt (1940) conducted an experiment in which they 

used a simple Y-maze with two goal boxes. They placed water in the goal box of the 

right arm of the Y and food in the goal box in the left arm. Rats were neither hungry nor 

thirsty during training trials. They were motivated to run because when they reached the 

end of either arm. the experimenters placed them in a living cage with other rats. Rats 

panicipated in 4 trials each day for 7 days: 2 trials to the right and 2 trials to the left. 

Following the training trials, one group of rats was made thirsty, and the other was made 

hungry. On the first trial of the experiment, the hungry rats went to the left—the location 

of the food—statistically more frequently than to the right The thirsty group went to the 

right—the location of the water—^statistically more frequently than to the left. During the 

acquisition trials, the rats showed no preference for one side or the other; however, when 

motivated by hunger or thirst, the rats tended to choose the appropriate side. In this 

study, researchers counted the number of rats that chose the correct arm during motivated 
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states. They interpreted these frequencies of success in reaching the goal box as a 

measure of wayfinding ability. 

Radial arm mazes (see Appendix A, Figure 14) have been used to measure use of 

landmarks and use of cues based on the geometric shape of the room during wayfinding 

(Williams. Bamett. «Sc Meek, 1990; Williams & Meek, 1991). Some researchers justify 

using radial arm mazes because they assume that radial arm mazes provide an acceptable 

venue for testing theories of sexual dimorphism. Sexual dimorphism theories state that 

the sexes use different strategies in wayfinding; females use landmarks (i.e., topological 

strategies) and males use cues based on the geometric shape of the room (i.e.. Euclidean 

strategies). In one study, experimenters counted the number of times each rat visited 

each arm of an 8 arm radial maze before finding all of the food placed in each of the 

arms. The mean number of visits to 8 arms of the radial maze provided a measure of 

wayfinding ability. The fewer the number of visits, the better the wayfinding ability. 

Elevated mazes (see Appendix A. Figures 13.14. and 15) have been used in 

spatial orientation experiments (Tolman, Ritchie, and Kalish, 1946). In one experiment, 

rats ran across an open circular table and through an alley that abruptly turned to the right 

and ended at a food box. A light shining behind the food box illuminated the path down 

the alley. Each rat learned to run directly from the starting position to the food box 

without hesitation. After a number of trials, the experimenters changed the apparatus. 

The starting point and the circular table remained the same, but the experimenters 

blocked off the alley and added a series of radiating arms to the circular table. As 

expected, the rats began at the starting position and ran across the circular table into the 
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blocked alley. They then returned to the table and began exploring the radiating arms. 

Each rat ran a few inches down a given arm before finally choosing to run all the way out 

on one arm. Most rats chose one of two arms: (1) the arm that ran to a point 4 inches in 

front of the entrance to the food box or (2) the arm that ran perpendicular to the food-side 

of the room, mimicking the orientation of the original alley. Researchers measured the 

number of rats that chose each of the radiating arms. They construed the difference 

between the frequencies of rats that chose each arm as a measure of wayfinding ability. 

Thus, the pattern of performances rather than any single performance by a given rat 

represented wayfinding ability. 

In addition to unit alley mazes, T mazes, simple Y-mazes, radial arm mazes, and 

elevated mazes, researchers have also used water mazes. The rationale for using water 

tasks is based on the assumption that rats easily adapt to water-escape tasks. Perhaps the 

most renowned water maze is the Morris Water Maze developed by Richard Morris 

(1981). The description of this measurement tool may not belong in this section; 

however, because, as some argue, the Morris Water Maze is not a maze but an open field 

(Schenk, 1999). Due to its name and notoriety, it is included in this section. 

In this task, researchers place rats into a large circular pool of water. The water 

provides a maze environment, controls for olfactory cues, and allows for a variety of 

training procedures that dissociate learning and performance effects. The researchers 

arbitrarily designate four points around the circumference of the pool as North, South, 

East, or West. Thus, the pool consists of four quadrants: North-West, South-West. 

North-East. and South-East. The pool contains a hidden platform: the top of the surface 
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of the platform falls slightly below the water level. Rats escape from the water by 

climbing onto the platform. To prevent local cues from guiding escape behavior, the 

researchers add milk to the water to make the water opaque. This renders the platform 

invisible. Researchers may move the platform to any position in the pool; however, most 

often they position the platfomi in the center of one of the arbitrary quadrants (Morris. 

1984). 

Researchers measure search patterns and time to find the platform from various 

starting positions at the edge of the pool. In theory, rats could escape the water by 

swimming randomly until they found the platform. Measxires of search patterns and time 

to fmd the platform test the theory that rats leam the spatial position of the platform in 

relation to distal cues (i.e.. random search patterns suggest that rats do not leam and 

rapid, correct directional behavior suggests that they do). Researchers use differences in 

search patterns and time to find the platfomi as measures of wayfinding ability. 

Paper-and-pencU measures 

Psychologists have used paper-and-pencil measures as a means of measuring 

mental processing (e.g.. memory or use of particular strategies) that occurs during 

wayfinding. Some psychologists have used modified versions of mental rotations tasks 

to study strategies used in wayfinding (see Appendix B, Figure 16). Modeled after a task 

originally designed by Metzler and Shepard (1974) to study visual imagery and short-

term memory, these tasks are used—at least by some groups of researchers—as 

indicators of the ability to see a landscape as a whole rather than as a collection of parts 



24 

(an ability analogous to a hunter's ability to maintain his orientation as he stalks his prey) 

(Azor, 1996; Silverman, Phillips, & Silverman, 1996; Gaulin, Silverman. Phillips. & 

Reiber, 1997). The tasks require individuals to identify two of four drawings of three-

dimensional objects that illustrate a target object in a rotated position. Researchers count 

the number of correct responses to each item and penalize individuals for incorrect 

response choices. The greater the number of correct items, the better the wayfinding 

ability. 

Empirical evidence suggests that the number of correct items does not support the 

theory of sexual dimorphism. For example, in one study scores on the mental rotations 

tasks correlated with topographical (i.e.. landmark strategies) rather than Euclidean 

strategies for both sexes (Choi & Silverman. 1996). The assumption is that use of 

Euclidean strategies indicates that an individual sees the whole rather than a collection of 

parts and thus, ought to best predict performance on mental rotations tasks. The finding 

suggests that this tool does not measure the differences in strategies that it purports to 

measure. Thus, the task is not specific to strategy differences in the way that researchers 

assumed, and it may not provide a reliable test of differential strategy use. 

Spatial relations tasks have also been used to study the processing of wholes 

rather than parts. One such task requires individuals to select ail figures from a series of 

5 three-dimensional figures that can be constructed from a given two-dimensional pattern 

(Silverman. Phillips, & Silverman. 1996). The researchers count the number of correct 

items. Although no rationale has been described for using this tool, it appears that 

researchers assume that the greater the number of correct items, the better the ability to 
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visualize wholes rather than parts and use Euclidean rather than topological strategies. 

Thus, investigators infer that the greater the number of correct itenis, the better the 

person's wayfinding ability. The face validity of this measurement tool seems 

questionable (Kerlinger & Lee. 2000); the test appears to measure cognitive processing 

of a sort that may or may not relate to wayfinding ability. 

Sketch mapping tasks have been used to gather information about people's 

orientation in and memory of the relationships and features within a specified 

environment. Participants have been given blank or cued pieces of paper and asked to 

draw a sketch map of am environment (e.g.. draw a map of Tucson). Cued pieces of 

paper differ from blank pages in that they contain some information about the 

environment. Researchers have found that maps are often distorted, influenced by 

familiarity and experience within a panicular environment (Cauvin. 2000: Bell. 1978). 

In a study of travelers (i.e.. residents and tourists) in an Australian countryside, 

researchers measured drivers' and passengers' sketch maps (Pearce, 1981). They took 

three measures related to wayfinding ability: motivation, familiarity, and environmental 

recall. A measure of the independent variable, driver-passenger role, served as a proxy 

variable for motivation because, the researchers argued, drivers often behave as decision

makers, who actively monitor information about the environment, while passengers 

passively view the environment. Other independent variables (e.g., resident status and 

previous travel to the area) served as a measure of familiarity with the environment. 

Finally, the researchers used cued sketch maps as measures of enviroiunental recall. The 

cues were three location criteria that provided a sense of scale, a scale sketch of the 



26 

coastline linking the two cities of interest, and an example of a sketch map. Researchers 

calculated scores for each sketch map based on the frequency of landmarks, districts, 

paths, textures, social comments, correct placement of selected landmarks, errors in the 

placement of selected landmarks, and correct and incorrect labeling of landmarks. They 

used each of these scores as single, dependent variables predicted by the independent 

variables (e.g., motivation and familiarity). The frequencies of each of these dependent 

variables may represent indicators of wayfinding ability: however, no single measure 

listed above represents wayfinding ability in its entirety. It may be worthwhile to create a 

composite score by aggregating across weighted scores of these dependent variables, 

creating a more stable and meaningful measure of wayfinding ability. 

Tasks related to sketch maps include route-learning tasks. Researchers have 

studied route-learning tasks by asking participants to study a map for six minutes and, 

from memory, write out directions from a point of origin to four different destinations on 

the map (see Appendix B, Figure 17). Researchers measured the number of distance 

estimations, the number of landmark references, the percentage of landmarks over the 

total number of landmark and distance references, the number of cardinal directions, the 

number of relative directions, the percentage of relative directions over the total number 

of relative and cardinal directions, and the mmiber of accurate routes (Choi & Silverman, 

1996). According to theories of sexual dimorphism, an individual's ability to use 

distance estimations, landmarks, relative directions, and cardinal directions is essential to 

successful wayfinding. Thus, within this paradigm, the frequency of references to each 

of these concepts produces a measure of wayfinding ability. Similar to researchers 
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interested in using the sketch maps, researchers using route-learning tasks may benefit 

from aggregating the frequency counts in a systematic fashion to create an overall 

dependent variable labeled wayfinding ability. 

Researchers have used completion tasks to assess memory or relevance of 

locations within an environment. These tasks usually require participants to complete an 

incomplete work in any manner they choose (Saarinen, 1973). In one study, researchers 

asked participants to sketch all possible routes from three locations shown within a given 

environment (McGuinness & Sparks, 1983). They used an overlay technique to calculate 

a score for each participant's routes on the completed maps. The score depended on the 

number of items (e.g.. roads, bridges, paved paths, unpaved paths) correctly represented 

in the completed map. Measuring the deviation from a standard route-map may provide a 

reasonable estimate of distortion in cued maps depending on the weight given to correct 

and incorrect items within a given route. Accurate routing and recall of an environment 

likely contribute to wayfinding ability, and this measure may serve as a meaningful tool 

in estimating the construct. 

Like sketch maps and route-reconstruction, some completion tasks have required 

participants to place locations in relation to other locations along a route (Thomdyke & 

Hayes-Roth, 1982). Participants were given a piece of paper with two labeled dots that 

indicated the locations of panicular places within an environment. The inclusion of two 

dots provided cues of orientation and scale to the participants. Participants were asked to 

place a dot on the page to represent the location of a third designated place within the 

environment. Researchers calculated a score for each participant by measuring the 
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difference—in millimeters—between the participants' positioning of the designated 

location and the actual position of the designated location on a template page. The score 

served as a measure of accurate distance perception within an environment. Accurate 

knowledge of locations along a route may inform researchers about wayfinding ability, 

especially when an individual must reach a designated location. 

Investigators have also measured object location recall using a version of the 

Building Memory Test. In this task, participants viewed a city map containing drawings 

of twelve different structures in twelve locations for four minutes. From memory, they 

chose one of five alternatives and identified the location of each structure on a test map. 

Researchers measured correct and incorrect responses (Choi 8c Silverman, 1996). Recall 

of specific locations seems a legitimate indicator of wayfinding ability. Thus, counting 

the number of times a person successfully recognizes objects and recalls their locations 

may provide a legitimate measure of this aspect of wayfinding ability. 

Porteus mazes (see Appendix B, Figure 18) have traditionally been used to assess 

an individual's ability to plan, or identify and organize steps and elements—skills, 

materials, persons—needed to carry out an intention or achieve a goal (Lezak, 1995). 

This task requires individuals to trace an unbroken line through a maze. Researchers 

count the total number of mazes successfully completed and errors based upon style and 

quality of execution (Gow & Ward, 1982). To successfully complete a maze, participants 

must trace the maze without entering any blind alleys. The test has no time limit, and 

some individuals take more than an hour to complete all mazes (Lezak, 1995). Given 

that researchers have developed age-appropriate mazes, the number of mazes 
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successfully completed seems a reasonable measure of planning. Planning may be a 

indicator of wayfinding ability. For example, foragers such as orangutans, seek out 

vegetation for sustenance within an environment. Their survival depends on their ability 

to plan. They must recognize the ripeness of fruit or other edible plants and plan their 

arrival to harvest these edibles in particular locations according to seasonal maturity (A.J. 

Figueredo, personal communication, September 19, 2000). 

Constructed space 

Computer-generated environments 

Experimental psychologists and neuropsychologists have created virtual rooms in 

attempts to study the strategies that humans use in wayfinding. Researchers have 

modeled these rooms after the Morris Water Maze, attempting to test cognitive mapping 

theory. Participants run through a series of trials in which they must successfully locate a 

target—sometimes visible sometimes invisible—within a computer-generated space 

(Jacobs, Laurance, & Thomas, 1998: Jacobs, Laurence, & Thomas, 1997; Jacobs, 

Thomas, Laurance, & Nadel. 1998; Skeiton, Bukach, Laurance, Thomas, & Jacobs, 

2000). The researchers measure total time a participant takes to find the target, path 

length, waiting time before proceeding, how long a participant spends in each region, 

number of quadrant crosses, latency, whether or not the participant finds the target, and 

speed. The logic behind using these measures is that it will inform researchers about the 

strategies (e.g., use of distal cues versus proximal cues) individuals use to find a target 

within an unfamiliar environmenL Many of the measures taken seem crucial to include 
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in a measure of wayfinding ability (e.g., path length to a designated location, correct 

identification of a target location, and total time to find the target location). 

One study especially worth mentioning highlights the reliance on developing 

measurement tools as renditions of tools used to successfully study wayfinding in other 

species (Astur. Ortiz, & Sutherland. 1998). Researchers created a modified computer-

generated version of the Morris Water Maze task. Participants were instructed to escape 

from a virtually constructed pool of water by locating a hidden platform that lay beneath 

the surface of the pool. Recall that the inventors of the Morris Water Maze placed rats in 

water in order to control for olfactory cues and allow for a variety of training procedures 

that dissociate learning and performance effects. The logic behind use of water makes 

sense within this paradigm (i.e.. when controlling for abilities—sense of smell— 

idiosyncratic to rats); however, the need to replicate this procedure with humans seems 

questionable. The rationale for introducing water into the design of a wayfinding task for 

humans is based on variables that must be controlled in experiments with rats, but that do 

not necessarily need to be controlled in humans. Despite this questionable logic in the 

design of this task, the indicators measured (e.g., path length, swim time to reach the 

platform, and heading direction) seem essential to include in a measure of wayfinding 

ability. 

Researchers have also created more traditional mazes in computer-generated 

spaces. In one study, mazes consisted of a series of hallways equal in length and uniform 

in texture and color. Participants navigated at eye-level through each maze and could 

take only one path through each maze. Except for two blue torches on either side of the 
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first hallway, no landmarks existed in the maze. Mazes contained either one, two, four, 

or six turns from the starting position to the destination. Following completion of each 

maze, researchers asked participants to use a compass to point in the direction of the 

starting point along the route they had just taken. Answers varied between 0 and 359 

degrees. Researchers measured pointing error as the absolute difference between angular 

degrees of the participant's response and the correct response (Lawton & Morrin, 1999). 

Knowing the place (i.e., direction) of an original starting position is especially important 

in wayfinding requiring orientation strategies (i.e., strategies in which a starting position 

is continuously referenced). The pointing procedure, as described in the Lawton and 

Morrin study, seems a legitimate measure of this indicator of wayfinding ability. 

Experimental environments 

Researchers have used experimental environments to test object memory, spatial 

relations, and direction estimates in humans. Some tasks require participants to estimate 

distances between positions (identified by line drawings of various toys) located on the 

floor of an experimental space divided by transparent and opaque barriers. Researchers 

measured the estimates of distance in one of two ways (1) rank ordering of position 

places relative to a particular position (Kosslyn, Pick, & Fariello, 1974) or (2) placing 

one object at the end of a line and moving a second object along the line until the 

participant indicated that the distance was equal to the actual distance between the two 

objects in the experimental space (Newcombe, 1997). This task assesses a potential first-

order factor of wayfinding ability: the ability to accurately identify distances between 
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locations. One benefit of this task is that the constructed environment allows researchers 

a degree of experimental control over their measure of wayfinding ability. Using 

rankings to measure distances; however, proves problematic because the use of rankings 

introduces imprecision into the analysis and makes meaningful differences difficult to 

determine. 

Spatial relations tasks have been used to test object memory. In one task, 

researchers instructed panicipants to either (1) memorize the objects in a room and their 

location or (2) wait in a room for the experimenter who would arrive in a few minutes 

(Gaulin. Silverman. Phillips, & Reiber. 1997). Researchers recorded the number of 

objects correctly remembered. The logic behind using this task is that women 

unconsciously memorize locations in an environment because they have evolved to use 

strategies of foragers who necessarily attended to details in the environment (Azar, 1996). 

.Although anending to details in an environment is a likely indicator of wayfinding 

ability, the number of objects correctly recalled in a waiting room may not be an adequate 

measure of wayfinding. Familiar micro-envirorunents differ from macro-environments. 

Recalling the location of objects within a waiting room seems a questionable measure of 

wayfinding ability because, intuitively, object recall within this contrived space would 

not appear to inform researchers about an individual's ability to navigate from point A to 

point B within that environment or even within a larger environment. Although the 

question remains empirical, there seems to be a fundamental difference between recalling 

objects in (a) a familiar micro-environment in which individuals can see all locations that 
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they need to find and (b) a macro-environment in which individuals do not always have a 

view of the locations they need to find. 

Configuration tasks have been used to study capacities to estimate spatial 

relations. For example, one task requires individuals to walk routes through a large 

model town and then reconstruct the layout of the buildings from memory (Herman & 

Siegel. 1978). The experimenters taped a perimeter around a large classroom. Within 

the perimeter, they depicted a road and railroad track with paper and black paint, dividing 

the space into four quadrants. They also placed eight model buildings at specific 

locations within the perimeter. Participants walked through the town three limes. The 

experimenter spoke to the participant as a second experimenter removed the buildings 

from the experimental space and placed these buildings on a shelf along with three 

distracter buildings. The participant was required to identify the buildings as having been 

in the experimental space. The experimenter then took the participant to the starting 

point and asked the participant to place the buildings in the exact location they had 

previously occupied. Researchers counted the number of correct and incorrect 

identifications of buildings and recorded the coordinates of the participants' responses 

relative to absolute placement coordinates. Correctly identifying landmarks and their 

positions within an environment can be a crucial indicator of wayfinding ability. 

Although this model city task appears similar to the waiting room task described in the 

previous paragraph, the model city task would seem a better measure of wayfinding 

ability (i.e., a task measuring correct recall of the layout of a model city has greater face 
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validity than a task measuring the number of correctly recalled objects within a waiting 

room). 

Actual space 

Some completion tasks in actual space require participants to give distance 

estimates between locations. In one study, researchers asked participants to imagine 

themselves at a particular reference site and decide which one of two landmarks was 

closest to the reference site (Biel, 1982). Researchers counted the number of correct 

responses by comparing the "closest" estimates to actual distances between specified 

reference sites and landmarks on an actual map of the environment. Distance estimation 

is an important indicator of wayfinding ability; however, a.less idiosyncratic. 

standardized measurement tool that avoids introducing imagination into the design may 

serve as a better measure of this indicator. Pragmatically, a standardized measurement 

toot would allow researchers to measure a greater number of individuals. Also 

noteworthy is that distance estimations involve more than distance along straight-line 

routes. In actual space, wayfinding often depends on the consideration of constraints 

such as paths. In many instances, individuals must use specifically designated paths to 

travel from point A to point B. Thus, a measure of wayfinding in actual space may need 

to distinctly gauge a person's capacity to estimate straight-lines between locations as well 

as a person's capacity to take route constraints into account. 
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Pointing tasks in actual spaces have sometimes been used to study direction 

estimation and orientation judgments (Thomdyke & Hayes-Roth, 1982) in humans. For 

example, blind and visually impaired participants have been asked to point to a target 

location from a given position (Espinosa, Ungar, Ochaita, Blades, & Spencer, 1998). 

Experimenters required participants to leam a real, unfamiliar, long, complex route in an 

urban environment over four sessions in two consecutive days. The route included eight 

landmarks that could be recognized by kinesthetic, auditory, tactile, or olfactory cues. 

Researchers videotaped each panicipant during each session. They combined this 

information with behavioral maps of each participant's actions and spatial behavior 

during each session (i.e., on each map, the experimenter drew exactly the way the 

panicipant walked). Researchers used the behavioral maps to record the distance in 

meters that the participant walked off the taught route. They also counted the number of 

times that participants lost their way (i.e., participants did not know the correct way to the 

next landmark). In addition, experimenters stopped participants at two points along the 

route, provided them with a portable pointing device, and asked them to estimate the 

direction to various locations along the route relative to their current position and 

heading. Researchers measured the difference in degrees between each direction estimate 

and the true direction of the target. Finally, experimenters asked participants to find a 

''test short cut," or an alternative to the taught route that was as short as possible. 

Participants received a score of zero, two, or four based on the efficiency of the route; 

zero represented an incorrect route. This is one of the most ecologically valid studies in 

the literature. Measures of wayfinding ability in this study reflect thoughtful indicators of 
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the construct (e.g., correctness of chosen routes, whether participants became lost, 

whether participants could correctly identify the direction of locations along the route, 

and flexibility in route choice). 

Researchers interested in the affects of physical disabilities on performance seem 

especially thoughtful in their research. Similar to the study conducted by Espinosa, 

Ungar, Ochaita. Blades, and Spencer (1998), Finkel (1999), for example, has examined 

the environmental characteristics that can create disabling situations for people. He 

studied the interaction between characteristics of the individual and those of the 

environment. Rather than focusing on the individual's wayfinding ability, Finkel 

identified barriers and facilitators of performance within a panicular environment. He 

found that design professionals typically only incorporate visual cues in the design of 

built environments (e.g., buildings and parks). Thus visual cues are often the only signals 

that inform individuals about their location within a built environment. 

Finkel hypothesized that if people with visual impairments and sighted people 

differed in their wayfinding abQity, the differences would be due to architectural design 

factors. Each panicipant completed a route-learning task through a complex of buildings. 

The task lasted approximately 2 hours. As hypothesized, Finkel found that visual cues 

were the most imponant cues for successful wayfinding. Because visual cues influence 

wayfinding ability so strongly, one might argue that visuospatial tasks (e.g., visual 

memory) may be incorporated as indicators in a model of wayfinding performance. This 

study suggests that salient cues in the environment can serve as useful indicators of 
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wayfinding. Furthermore, Finkers findings suggest that wayfinding tasks may be cued 

recall (i.e., cued memory) associative learning tasks. 

Strong theories and meaningful task choice 

By the rules of the game. Science is supposed to be objective. This is, of course, 
ridiculous. As long as Science is conducted by scientists it will be subjective. There is a 
basic law of physics which states that in one way or another the observer always affects 
what he observes. This effect may be infinitesimally minute or beyond all hope of 
measurement or it may be apparent to any dullard But clearly between the fly and the 
scientist there is an interaction. What the scientist does to the fly determines in part what 
the fly does, and what the fly does is seen by the eyes of the scientist and sends nerve 
messages along his optic nerves to his brain and is there switched around and juggled 
and changed and eventually comes out as a thoroughly subjective observation. So, 
perhaps to know the fly one must also know the scientist. 

—Dethier, 1962, p.lll 

The rich description of tasks shows that researchers from various disciplines have 

measured several indicators of wayfinding ability. Geographers and city planners who 

hold to theories of cognitive mapping have measured individuals' estimates of distances 

between locations and analyzed sketch maps of environments. Evolutionary 

psychologists who support theories of sexual dimorphism have reported differences 

between males and females in performance on various tasks related to wayfinding. 

Animal, experimental, and neuropsychologists who support theories of stimulus-control 

have measured differences in performance between impaired and nonimpaired 

participants in a variety of environments. 

It becomes readily apparent that the theoretical perspectives of researchers who 

study wayfinding ability greatly influence their choice of measurement tools. In other 

words, an investigator's theoretical perspective dictates how he or she thinks about and 

develops measures of wayfinding. Measurement tools in and of themselves do not dictate 
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the quality of research. Instead, the legitimacy of many of the measurement tools 

described above depends on the strength, or thoughtfulness, of researchers' theories 

because measures and analysis by themselves do not explain phenomenon. Theories 

explain phenomenon. Analyses simply answer the question, "Are the measurement tools 

doing what the researchers say they are doing?" Theories, on the other hand, explain the 

mechanisms of action that researchers hypothesize influence the manifestation of the 

construct under study. Three examples will make the meaning of this statement clear. 

The first example of how solid theory facilitates the development of legitimate 

measurement tools is found in the development of the Morris Water Maze task. Morris 

developed the Morris Water Maze task as a behavioral technique to study rats' ability to 

locate objects in space. He created this procedure with the intent to respond to debates 

about the neural basis of spatial and working memory and hypotheses that learning about 

spatial relations differs from other types of associate learning (Morris. 1984). With this 

goal in mind. Morris integrated the information he knew about rats into the design of the 

task. For example, Morris knew that rats easily adapt to water-escape tasks, that water 

provides a maze environment, that water controls for olfactory cues, and that placing rats 

in water allows for a variety of training procedures that dissociate learning and 

performance effects. With the unique qualities of the rat in mind, Morris turned his 

attention to the dependent variable, wayfinding ability. Because rats swim at a relatively 

constant speed, latency to escape from the water provides a fairly sensitive measure of 

rats' learning about the task. In addition, researchers used a video-camera to track each 

rat's behavior and record the paths taken in escaping from the water. They measured the 
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path-length using a map-measuring device. They measured path-directionality (i.e., 

deviation from the correct heading angle towards the platform) using a protractor. In 

theory, each measure sensitively reflects a behavioral manifestation of wayfinding ability 

(e.g., route, distance, and direction taken). 

Again, Morris used the Morris Water Maze to test the ability of rats to find a 

platform hidden beneath the surface of a pool filled with opaque water. Rats quickly 

learned to find the platform, approaching it even when placed in novel start positions in 

the pool. Experiments using the Morris Water Maze made a significant contribution to 

the field of wayfinding research by providing empirical evidence for a difference between 

proximal and distal spatial orientation. Overall, the goal of testing solid theory 

determined the thoughtful design of a task that produces several conceptually legitimate 

measures of wayfinding ability. 

The second example of how solid theory facilitates the development of legitimate 

measurement tools is found in tasks constructed in virtual space and modeled after the 

Morris Water Maze. The computer-generated arena is a computer-generated rendition of 

the Morris Water Maze for humans (Jacobs, Laurance, &Thomas, 1997; Jacobs, Thomas. 

Laurance. & Nadel. 1998). The researchers originally developed the vinual arena task to 

assess humans' ability to use distal cues to learn to locate an invisible target at a fixed 

location. In a series of theoretically driven experiments, they showed that humans can 

make sole use of distal cues to learn the place of a target object in the arena, that 

proximal cues do not eliminate the place leaming acquired from the use of distal cues, 

and that, having learned the location of an object, participants can successfully generalize 
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from familiar to novel start locations within the arena. In each experiment the 

researchers recorded the paths taken to find the target object in the arena, the lime 

required to find the target, the distance traveled to find the target, and the time spent 

"standing" on the target. 

Proximal orientation occurred when an individual registered the localized cues 

emitted by an object; distal orientation occurred when an organism registered distal cues 

from fixed locatioiis some distance from the target object. Proximal orientation simply 

required the participant to approach the target object, whereas, distal orientation required 

the participant to learn and remember the location of the object in relation to the distal 

cues. When presented with both types of cues, humans attended to each: the presence of 

one did not exclude the use of the other. In addition, the creators of the computer-

generated arena made a unique observation. The data from these experiments suggested 

that, unlike other animals, humans do not need vestibular or normal motor information to 

locate a target in a virtual space. 

How is virtual wayfinding a test of a theory of wayfinding? After successfully 

assessing humans' abilities to use distal cues to learn to locate an invisible target at a 

fixed location, the researchers used the computer-generated arena to test the cognitive 

mapping theory of wayfinding. They hypothesized that humans use distal cues and the 

relations among them to form cognitive maps of the environment (O'Keefe & Nadel, 

1978). The cognitive spatial mapping theory states that individuals use distal cues to 

form this map upon entering and observing the environmenL Spatial maps contain 

information about objects in the environment and the relations among them. The map 
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allows individuals to identify the location of unique objects in spatial relation to every 

other object in the environment. Again, the relationships among the distal cues, and not 

the distal cues themselves, influence place (lerformance. The spatial relations among 

objects inform an individual about the location of objects within the environment; 

therefore, distal cues that form the cognitive map may exert stimulus control over place 

performance. Experimenters determine the presence of stimulus control by correlating 

changes in features of the environment (e.g.. distal cues) with changes in behavior (e.g.. 

place performance). .As long as the individual has a sufficient set of stimuli, he or she 

can successfully navigate in a familiar environment without referring to specific stimuli 

(i.e.. the individual conceptualizes the relations between objects by referring to a 

previously formed cognitive map). Using cognitive maps, humans can successfully 

locate objects within that environment. 

In a follow-up to the original work. Jacobs. Thomas, Laurance. and Nadel (1998) 

tested the model derived from the cognitive spatial mapping theory to predict place 

performance in humans navigating in a computer-generated space. They pitted the 

traditional stimulus control theory of place learning against the cognitive mapping theory 

of place learning. The cognitive mapping theory predicts that humans successfully use a 

spatial map to navigate in an environment, that well-leamed place performance would 

remain unaffected by removing subsets of distal cues, and that changes in topographical 

relations among distal cues would hinder well-leamed place performance. The stimulus 

control theory predicts that removal of distal stimuli would increasingly disrupt place 

performance. As in previously described experiments, experimenters recorded the paths 
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taken to find the target object in the arena, the time required to find the target, and the 

distance traveled to find the target. Data from a series of experiments provides evidence 

that humans construct cognitive maps to locate an invisible target in a computer-

generated space. Furthermore, they use the relationship among distal stimuli in this 

cognitive map to remember and find the target's location. 

The inventors of the computer-generated arena task used the task to test humans' 

abilities to use distal cues to leam to locate an invisible target at a fixed location and to 

use the relations among distal cues to form cognitive maps of an environment. 

Theoretically-driven experiments provided evidence that humans use cognitive maps to 

successfully find their way in virtual spaces without the use of vestibular or normal motor 

information. This finding adds a significant contribution to the wayfinding literature 

because it implies the legitimacy of using measures (e.g., time, route, and distance) taken 

within a virtual space as measures of wayfinding ability. 

The third example of how solid theory facilitates the development of legitimate 

measurement tools is derived from the pragmatic, theory-driven study of blind and 

visually impaired individuals in unfamiliar environments (Espinosa, Ungar, Ochaita, 

Blades, & Spencer. 1998). Relying on the theory that blind and visually impaired people 

form cognitive maps of their environments, researchers combined three procedures 

(instructional method, direct experience, and tactile maps) to study wayfinding ability in 

blind and visually impaired individuals. They wanted to find effective methods to teach 

participants about a route or spatial structure of a novel environmenL 
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Researchers integrated what they knew about difficulties in wayfinding 

encountered by blind and visually impaired individuals into the design of their task. 

First, blind and visually impaired individuals have difficulty constructing accurate and 

spatially integrated mental representations of environments from direct locomotion. 

Second, because they do not have use of their visual system, they have less detailed 

spatial information taken in by intact sensory systems (e.g., tactile, olfactory, auditory). 

Third, wayfinding becomes a difficult task because without visual information, blind and 

visually impaired individuals must work harder to integrate relevant information into a 

well-structured cognitive map of the environment. Taking these difficulties into account, 

researchers designed procedures—instructional methods (i.e., verbal descriptions of a 

route), direct experience, and tactile maps—based on theories about how blind and 

visually impaired individuals integrate information into cognitive maps of the 

environment. 

Participants learned an actual, unfamiliar, long, and complex route in a central 

district of an urban environment. Researchers measured distance in meters that the 

participant walked off the taught route, the number of times that panicipants lost their 

way, the difference in degrees between participants' direction estimates to a target and 

the true direction of the target, and participants' success in finding an alternative to the 

taught route that was as short as possible. In combination, these measures provide a 

legitimate estimate of wayfinding ability. Moreover, this study meaningfully contributes 

to the field because researchers tested participants in an actual environment. Thoughtful 
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design and implementation of the task makes a strong argument for the ecological 

validity of the measures taken. 

Fundamentally, studying wayfinding does not change across disciplines. Each 

group of researchers seeks to meaningfully measure performance as a way of 

understanding wayfinding ability. Despite this consistent aim, a mysterious, enigmatic 

black box (Ashby, 1956) labeled "wayfinding" exits because researchers from various 

disciplines (e.g., environmental psychology, cognitive-behavioral psychology, 

evolutionary psychology) interested in wayfinding use discipline-unique tasks to measure 

wayfinding performance. Thus, across disciplines, researchers create very different 

equations with a number of unique independent variables to study a phenomenon they 

universally label as wayfinding. 

With few exceptions, researchers have focused their efforts on sensitively and 

specifically observing or manipulating independent variables (Choi & Silverman, 1996; 

Cohen, 1976: Foreman & Gillett, 1997; Gaulin, Silverman, Phillips, & Reiber, 1997: 

Kosslyn, Pick, & Fariello, 1974: Skelton, Bukach, Laurance, Thomas, & Jacobs, 2000) 

unique to their discipline, and wayfinding has become a measurement artifact. It will be 

important to further elaborate the grand theories of wayfinding (e.g., cognitive mapping 

and route-learning) in order to identify the relevant variables that predict wayfinding 

performance across disciplines. 
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A BRIRF HISTORY OF INTERDISCIPLINARY WAVNNDING THEORIES: 
COGNITIVE MAPPING AND ROUTE-LEARNING 

Space plays a role in all our behavior. 
—O'Keefe & Nadel, 1978, p. 5 

Wayfinding depends on space, constructed or actual. Discussing the history of 

debates surrounding the conceptualization of space becomes important, then, because it 

creates a deeper understanding of how various disciplines have shaped the paths of the 

wayfinding literature. In their seminal work. The hippocampus as a cognitive map. 

O'Keefe and Nadel (1978) present a critical analysis of the development of theories about 

space. The authors wrote this extensive review in response to an initial lack of support 

for their suggestion that the hippocampus provides organisms with an a priori Euclidean 

spatial framework. They suggest that this lack of support stems from the common belief 

in the fields of psychology and neuroscience that the mind represents space according to 

the relationship between objects and stimuli. O'Keefe and Nadel made a radical 

argument that, in addition to the generally accepted relative theories of psychological 

space, we need absolute theories of psychological space. 

This argument differed dramatically from the nativist versus empiricist debate 

traditionally p>osed by philosophers. Foreman and Gillett (1997) review this debate with 

concise detail. Early nativists such as Immanual Kant viewed space as an a priori faculty, 

existing prior to experience. Space was not an entity rather it was a concept that gave 

meaningful status to perceived objects and events. The concept of space was hardwired 

into organisms as a way of perceiving objects and events in an environment. According 
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to nativists, innate strategies and processes govern the ability to experience spatial 

cognition, and experience affects knowledge of spatial relationships. 

Early empiricists such as George Berkeley proposed that an organism needed 

experience with the physical world to fill its tabula rasa with the concepts of space 

perception, object size, and object distance. Central to this theory was the importance of 

tactile information as a mediator of visual-spatial sense. 

Although the debates did not prompt collection of any data, the issues of the 

relativity or absoluteness of space raised by philosophers motivate today's researchers to 

understand spatial cognition (e.g., O'Keefe & Nadel. 1978). Must the existence of 

objects preclude the existence of psychological space, or does a pre-existing spatial 

framework exist in the context of which organisms perceive objects? Does movement 

occur in relation to an absolute framework or in relation to an arrangement of objects? 

Theories addressing these very questions have strongly influenced trends in wayfinding 

and spatial cognition research. 

The cognitive mapping theory as outlined by O'Keefe and Nadel (1978) posits 

that humans successfully use a spatial map to navigate in an environment. Individuals 

use distal cues to form this map upon entering and observing the environment. Spatial 

maps contain information about objects in the environment and the relations among them. 

The map allows individuals to identify the location of unique objects in spatial relation to 

every other object in the environment. Again, the relationships among the distal cues, 

and not the distal cues themselves, influence place performance. The spatial relations 

among objects inform an individual about the location of objects within the environment; 
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therefore, distal cues that form the cognitive map may exert stimulus control over place 

performance. The presence of stimulus control is determined by correlating changes in 

features of the environment (e.g., distal cues) with changes in behavior (e.g., place 

performance). As long as the individual has a sufficient set of stimuli, he or she can 

successfully navigate in a familiar environment without referring to specific stimuli (i.e., 

the individual conceptualizes the relations between objects by referring to a previously 

formed cognitive map) (Jacobs, Thomas, Laurance, & Nadel, 1998). 

Foreman and Gillett (1997) suggest an alternative wayfinding strategy: the use of 

routes. Route strategies may include use of a series of right and left turns, landmarks, or 

trajectories in relation to a visible distant landmark. One problem with route strategies is 

that departures are difficult to correct because routes often link places through a series of 

fixed sequences that must be followed in entirety to be successful. Unlike the radical all-

or-nothing cognitive mapping stance of O'Keefe and Nadel (1978). the route-learning 

theories often suggest that individuals probably use route strategies when introduced to a 

novel environment, but that they create a flexible topographic cognitive map as they gain 

more exposure to the environment (Foreman &. Gillett, 1997). In other words, route-

learning is a primitive form of cognitive mapping that precedes configurational 

knowledge (White & Siegel. 1984). In addition, route-learning advocates state that a 

theory of wayfinding must incorporate both types of encoding because individuals most 

likely establish topological relationships after employing route, or landmark-guided 

strategies. O'Keefe and Nadel (1978) maintain that cognitive mapping and route-

learning involve different types of learning as well as different neural structures. It is 
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unclear whether researchers ought to pit the cognitive mapping theory against the route-

learning theory or whether they ought to incorporate the route-learning theory into the 

cognitive mapping theory. What is certain is that these two theories cross disciplinary 

lines and can help researchers to create multidisciplinary models and measures of 

wayfinding. 

Model Development 

...it is impossible to investigate a problem without some guiding notions. Without 
them, a scientist would not know where to begin or what to do. 

—Kendler. 1987, p. 23 

To conduct multidisciplinary theory-driven research, researchers might consider 

following the advice of Canoll and create a model that displays the latent factors 

influencing wayfinding performance. Allen (1999) has developed a framework, or 

model, to study individual differences in wayfinding by organizing the factors that he 

believes influence wayfinding performance (e.g., spatial cognition and behavior). This 

framework represents an adaptation of Kyllonen's (1993) common resources model for 

assessing general intellectual abilities. Allen's framework is a theoretical model that 

relates spatial abilities, cognitive maps, and wayfinding performance. 

Allen further incorporates a measurement model into his theoretical model. In 

order to measure individual differences in wayfinding, he suggests that one carefully 

consider two factors (1) several functional goals of wayfinding exist and (2) individuals 

can move through an environment using a variety of strategies. Allen (1999) identifies 

three functional goals of wayfinding—travel to a familiar destination, exploratory travel 
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returning to a familiar point of origin, and travel to a novel destination—and strategies 

that individuals use to accomplish these goals—oriented search, following a marked trail, 

piloting between landmarks, path integration, habitual locomotion, and referring to a 

cognitive map. It is apparent that explaining individual differences in wayfinding 

performance is challenging because individuals can use a variety of wayfinding strategies 

to solve a variety of wayfinding goals. 

To date, the wayfinding literature appears disjointed. On the one hand. Allen 

provides an encompassing approach by presenting a theoretical model of higher-order 

factors hypotheiically influencing wayfinding performance. .At the other extreme, other 

researchers (e.g.. Finkel. 1999) provide information about variables such as 

environmental factors unspecified in Allen's model. Researchers have yet to reconcile, 

or identify the connection between, the two approaches to the problem of wayfinding. 

Overarching theories of wayfinding (e.g., cognitive mapping and route-learning) may 

help to elucidate the connection, and Allen's approach to studying wayfinding (i.e.. 

modeling relevant variables) may provide a venue for testing these theories. Thus, a 

model can create the bridge that links theories across disciplines. 
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SPATIAL ABEJTIES LITERATURE 

Understanding abilities (i.e., reducing uncertain^ in predictions) depends upon a 
sound methodological approach to integrating theories and models. 

As previously stated, wayfinding depends on space. Some (Foreman & Gillett, 

1997) suggest that it ultimately depends on an individual's spatial abilities. Researchers 

have difficulty measuring wayfinding skills because, unlike motor or sensory deficits, 

spatial deficits are often not identifiable by particular deficits in input (sensory 

registration) or output (movement control). Skills needed for successful wayfinding (e.g., 

locating objects or places, imagining places, using maps and directions for wayfinding) 

depend upon several cognitive processes (e.g.. acquiring information, organizing or 

interpreting information, retrieving or strategically applying information). Furthermore, 

because there is often more than one way to solve wayfinding problems, researchers have 

difficulty identifying and isolating deficiencies that lead to poor wayfinding skills. For 

example, participants unfamiliar with a given environment may have to find their way 

from location A to location B. Various strategies may lead to success in reaching B. 

Individuals may use routes (e.g., turns to the left or right), maps, signposts, directions, or 

they may even randomly move about until they reach B. The outcome alone will not 

inform researchers about the process participants use to arrive at location B. 

Thus, researchers must be clever. Not only must they identify relevant spatial 

cognitive processes, but they must also think of clever ways to assess these processes in 

their investigations of wayfinding. And researchers have been clever. They have 

pondered at all levels—^firom the molar to the molecular—about the nature of spatial 
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cognition. They have studied a range of fields from the molar level of geography and 

envirorunental planning to the molecular level of cell biolog>' and receptor physiology. 

For example, some have investigated spatial skills in children; some have studied the 

evolution of skills in animals and himians; and some have examined the neural 

mechanisms underlying spatial cognition. All seek to understand the ways in which 

organisms position themselves in relation to their spatial surroundings. 

Despite this common goal, the diversity of inquiry—across fields and 

approaches—has produced inconsistency in defining the term "spatial." As in the 

wayfinding literature, the inconsistency has lead researchers to create a host of different 

paradigms and methodologies to examine spatial cognition and spatial abilities. Each 

paradigm dictates the spatial skills that the investigator assesses as well as the behavioral 

context in which those skills are studied. At this time it is impossible to adhere to one 

model (e.g., empiricist or nativist) and account for the diversity of behaviors labeled 

"spatial." Again, the only concession researchers willingly make is that spatial abilities 

fall under the domain of cognitive abilities. 

Luckily, psychological scientists have recognized the importance of identifying 

the sources, measurements, and dimensions of individual differences in performance on 

tasks measuring general cognitive abilities (Carroll. 1992). In particular, psychologists 

have used neuropsychological tests to make inferences about abilities based on 

performance (Beaumont, 1997). Literature reviews make it clear that the domain of 

cognitive abilities has been regularly, although typically not comprehensively, studied. 
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For example, Carroll reviewed 460 data sets. These data sets included many types of 

neuropsychological tests but no inclusive, unifying theory. 

Recognizing the lack of a broad theory, Carroll—and Allen (1999)—suggested 

that researchers who study cognitive abilities follow the lead of intelligence researchers 

and use structural equations modeling to test hypotheses about the multidimensional 

nature of these abilities. Carroll reviewed the work of researchers who model the 

components of various cognitive abilities (Pellegrino, Mumaw, & Shute, 1985) and 

argued that cognitive abilities researchers ought to test models of cognitive abilities that 

either (1) model cognitive abilities as completely independent factors or (2) model a 

superordinate common latent factor. His suggestions reflect a thoughtful synthesis and 

conceptualization of the umbrella of cognitive abilities. 

Furthermore, his thoughtfulness allowed him to formulate a theory and 

successfully identify a 3 stratum model in which a single g factor resides at the apex, a 

number of broad abilities comprise the second level, and a third set of narrower abilities 

(e.g., visualization ability and reaction time abilities) rests on the final tier. 

It is important to note that although Carroll is not the only researcher to develop a 

comprehensive model of cognitive abilities, model conceptualization has not played a 

dominant role in (1) the development of neuropsychological tests and (2) research on 

cognitive abilities. Rather, cognitive abilities research has focused on creating measures 

sensitive to individual differences in these abilities. To further science, researchers must 

consider broadening their current approaches and incorporating Carroll's suggestions in 

their research designs. Because spatial abilities fall under the umbrella of cognitive 



53 

abilities, Carroirs suggestions to use structural equations modeling ought to be seriously 

considered by researchers that study spatial abilities. 

iNTELI JGENrE TESTING: A BRIEF HISTORY OF THE DEVELOPMENT OF SPATIAI. ARU ITIFS 
TASKS 

A fragment has its own qualities worth identifying and understanding. 

Test developers began assessing individual differences in spatial abilities when 

they developed the first intelligence tests (Humphreys & Lubinski. 1996; Kaufman & 

Lichtenberger, 1999). Both the Binet-Simon and the Stanford-Binet tests included a 

small number of spatial items. Thus, spatial items became a consistent, but small 

segment of intelligence tests. The paucity of items may have contributed to researchers' 

inability to identify a unique factor that they could label as spatial in factor analyses. For 

example, when Wechsler introduced his intelligence test in the 1940s, spatial 

visualization items did not hang together as a unique factor, although they loaded heavily 

on the performance factor. Other general mtelligence tests such as the Army Alpha and 

Beta tests from World War I also contained spatial items. 

Only during World War 11 did a spatial-visualization test become a unique 

component of the Army General Classification Test (AGCT). At the same time, test 

developers also created spatial aptitude tests carefully weighted to identify recruits for 

specific air-crew assignments and predict competence in job performance. Interestingly, 

in the post World War Q era, the military removed spatial visualization aptitude tests 
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because women consistently perfomied more poorly on these tests, and thus, the spatial 

visualization tests negatively impacted overall aptitude scores for female applicants. 

Industry kept pace with the military. Industrial psychologists developed spatial 

tests for use in personnel selection and vocational counseling. Some of these tests have 

survived to this day (e.g., Paterson's Minnesota Paper Form Board). Of note, 

psychologists developed these tests to identify candidates for non-professional jobs and 

not for professional jobs. Instead, verbal and quantitative tests have been developed to 

identify candidates for professional jobs (e.g., college readiness). 

Many resources have gone to researchers that focus their attention on improving 

measures of verbal and quantitative abilities. Funding sources have allocated fewer 

resources to the development of spatial abilities tests because verbal and quantitative tests 

reliably predict college performance (i.e., spatial tasks predict performance in a minute 

number of classes offered at the college level). Given the success of verbal and 

quantitative tests, many question the need to incorporate spatial abilities performance into 

a predictive regression equation. Thus researchers have expended little effort to model, 

or even to gain an understanding of, the construct spatial abilities. 

An exception includes the work of Allen (1999) who has provided an outstanding 

summary and analysis of the body of research in individual differences in spatial 

cognition and behavior. He differentiates wayfinding from spatial abilities and organizes 

the spatial abilities literature according to a taxonomy of theoretical traditions: the 

psychometric tradition, the information-processing tradition, the developmental tradition, 

and the neuropsychology tradition. He hypothesizes that, within these traditions, it may 
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be more feasible to group spatial abilities according to common functions, or purposes 

(e.g., object identification), instead of grouping spatial abilities according to a set of 

processes (e.g., visualization). The former taxonomic approach focuses on the goal 

required for successful task completion; the latter taxonomy focuses on hypothesized 

processes involved in completing the task. 

Stumpf & Eliot (1999) independently, yet clearly, apply Allen's functional 

approach to grouping spatial abilities. They use methods of facet theory and 

multidimensional similarity structure analysis to empirically study the dimensions, or 

facets, of tasks in an extensive spatial test battery. They identified four facets: 

dimensionality, presence or absence of mental rotation, memory load, and speededness. 

These facets represent the functions necessary for successful performance of figural 

spatial tasks. By using facet theory to identify the performance requirements of spatial 

tasks, Stumpf and Eliot have identified a piece of a functional taxonomy of spatial 

abilities tasks. The field; however, continues to lack an absolute taxonomy. 

This lack of an absolute ta.xonomy for spatial abilities tasks has created ambiguity 

in research. Compounding this ambiguity is the fact that the current hierarchy of spatial 

abilities does not allow for unique explanations of individual differences (Allen. 1999). 

Test items from different factors may be correctly answered using different strategies 

conceptually linked to "unique" factors. Thus, specificity in tasks is seemingly 

nonexistent, making interpretation of successful performance difficult. Furthermore, 

when one cannot explain item-scale-value variation, or the variation produced by the 



56 

factors that contribute to the complexity of test items, construct validation and item 

development become problematic. 

Some researchers have sought to remedy the problem of non-specificity in 

measures by turning to psychometric theories (e.g., cognitive components analysis) to 

identify and quantitatively measure the components underlying complex spatial ability 

test items. Smith. Kramer, and Kubiak (1992) present two rationales behind choosing 

component analysis: (I) component analysis can allow researchers to examine the degree 

to which the characteristics of items require the use of identified cognitive processes or 

(2) researchers can use component analysis to model the features of an item (e.g.. 

horizontal vs. diagonal folds in a paper-folding task) as predictors of successful task 

completion. 

Note that these approaches mimic the approach endorsed by Allen (1999) and 

Stumpf and Eliot (1999) and differ from approaches used in traditional intelligence 

testing. In intelligence testing research, investigators do not identify specific features 

present in items. Instead they aggregate items and conceptualize a measurement model in 

which cognitive processes serve as latent constructs and aggregates of items serve as 

measured variables. In the type of research conducted by Smith, Kramer, and Kubiak, 

the item difficulty serves as a dependent variable in a regression equation in which the 

features of the items serve as the independent variables. For example, the authors used 

the frequency of features of paper-folding items such as vertical symmetric folds, 

horizontal symmetric folds, and diagonal symmetric folds to predictor item difficulty. 

Distinguishing which features lead to successful item completion can lead to specificity 
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in measures, and thus, greater understanding of cognitive processes used to solve spatial 

abilities tasks. 

Adding to the confusion created by nonspecific measures (i.e., the heterogeneity 

within spatial abilities tasks) is the desire by some researchers to broaden the concept of 

general intelligence to, once again, include spatial abilities (Reitan & Wolfson. 1992). 

The rationale relies on a definition of intelligence that characterizes intelligence as 

adaptive and goal-directed behavior (Sternberg, 1982). This trend seems reminiscent of 

the military tests popular during World War I and World War II. It is true that tests of 

spatial abilities have their roots in general intelligence testing, but the tests require 

meticulous study in their own right if the construct of spatial abilities is to be fully 

understood. 

NEUROPSYCHOLOGICAL SNMRES: STEPPTNO AWAY FROM THE INTT-LLIGT-NCE CONSTRUCT 

The kind of question asked of nature is a measure of a scientist's intellectual 
stature. Too many research workers have no questions at all to ask, but this does not 
deter them from doing experiments. They become enamored of a new instrument, acquire 
it, then ask only 'What can Ida with this beauty?' 

—Dethier, 1962, p. 21 

Progress in science depends on the skillful study and development of instruments. 

As stated before, spatial abilities tasks deserve a space of their own. They deserve 

careful attention, thoughtful examination, and prudent development by shrewd 

researchers. The current body of literature related to spatial abilities suggests that 

neuropsychological scientists, in particular, have decided to fill the role of the shrewd 

researcher. They consider the study of spatial abilities independent of intelligence 



58 

testing. Their interest in spatial abilities tasks; however, focuses on creating tests that 

identify special populations (i.e., individuals suffering from brain damage). Thus, their 

purpose is not solely, or necessarily, to understand the psychometric properties of the 

tests, but rather to do something with the tests (e.g., learn more about deficits present in a 

special population). They want to gain a greater understanding of characteristics unique 

to special populations, expending their efforts work at this goal rather than to understand 

the nature of the tests. 

Several examples show legitimacy of this observation. Levin, Llabre, Reisman, 

Weiner. Sanchez-Ramos, Singer, and Brown (1991) concentrate on explaining the nature 

of visuospatial deficits found in particular degenerative disease states (e.g., Parkinson's 

Disease). They use performance on spatial tasks to develop and test experimental models 

of neuropsychological deficits in specified disease states. They treat visuospatial 

measures as a dependent variables predicted by (1) duration of Parkinson's Disease and 

(2) comorbidity of Parkinson's Disease and dementia. There are two implications 

inherent in their model. The first implication is that performance on spatial tasks may 

inform researchers about the function of certain neurotransmitters, such as dopamine, in 

the brains of disease-compromised individuals. The second implication is that 

visuospatial tasks may be useful in diagnosis (i.e., if someone does especially poorly on 

visuospatial tasks, they may also have dementia). Their work is interesting and 

imponant, yet not psychometrically focused. 

In a similar vein, researchers have studied performance on visual spatial learning 

tasks (e.g.. Visual Spatial Learning Test—^VSLT) as a means of establishing norms to 
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identify clinical populations (e.g., demented patients) and subgroups within those 

populations (e.g., subgroups of demented patients) (Malec, Ivnick, Smith. Tangalos, 

Petersen. Kokmen. & Kurland, 1992). These authors assessed nonverbal memory in 

older adults, hoping to develop the VSLT so that it could detect the severity of dementia 

and track or identify the course of the dementia. The VSLT seemed an optimal measure 

because performance does not rely on language and motor skills, the skills lost by many 

demented individuals. This study underscored the importance of using the theory of a 

disease to develop a task. In addition, the authors categorized the VSLT as a type of 

associative learning task because participants learned the correct designs and then 

associated each design with its correct position. For the most part, the researchers direct 

their attention to testing hypotheses about the dementia and. as an aside, categorize the 

task as a whole. They do not set out to intensely analyze the item structure, and thus do 

not discuss the structural nature of the visuospatial ability, or process, measured by 

performance on the test. 

Other investigators have used similar tactics and asked similar questions. For 

example. Errico. Parsons, and King (1991) suggested that clinicians need a standardized 

measure of visuospatial functioning sensitive to the impairments prevalent in special 

populations (e.g., alcoholics or the elderly). They used the Cognitive Laterality Battery 

to identify alcoholics—a population known to show impairment in visuospatial tasks. 

Alcoholics showed impairment in the visuospatial measures of the CLB, providing 

support for the use of sections of the CLB as a screening device for alcohol-related 

impairmenL The authors also made an argument against the use of eclectic batteries that 
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make replication studies difficult, require extensive resources, and introduce fatigue as a 

factor in the conceptual model. Their discussion and advocacy of purity in measures 

makes their study a fine addition to the spatial abilities literature. 

Advancements in imaging technologies have prompted researchers to use spatial 

tasks in their studies of individuals suffering from brain damage. Researchers have been 

inspired to theorize about the relationship between damage in particular brain structures 

and performance on spatial tasks. Rapport, Millis, and Bonello (1998) did a stellar job 

using the visual object and space perception battery to test the Warrington theory of 

visual processing. They outlined Warrington's theory of object recognition, listed 3 types 

of impairments of object recognition (e.g., agnosias), and identified the types of visual 

tasks specific to this type of impairment, and discussed the physical areas in the brain 

that, when damaged, manifest deficits in performance on these tasks. For Warrington's 

theory of space perception, the authors defme the impairment (i.e., visual disorientation) 

and the location of lesions associated with the impairment. Lastly, they identify tasks in 

which the impairment may be evidenced. 

Basically, the researchers use the study to address theoretical and psychometric 

issues regarding Warrington's theory. They provide evidence for a specific model as 

supported by previous research of individuals who sustained brain injury and state that 

the present study will challenge the validity of this model in normal individuals because, 

the authors suggest, a more parsimonious model may include only one factor instead of 

two. Contrary to their hypothesis, but congruent with Warrington's theory, the authors 

found that a two-factor model fit the data best, suggesting a multidimensional model of 
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visual processing. These researchers have established the existence of a basic structure 

for the constructs involved in visual processing. It behooves researchers to add to this 

study by examining the nature of the measurement model (i.e., the structure of the items 

as they relate to the visual processing constructs). 

This sample of studies from the spatial abilities literature furnishes a glimpse into 

the current trends of research in this field. The nature of the programs of research (e.g., 

the identification of special populations and cognitive processes) attests to the fledgling 

status of the body of work. Researchers are identifying', they are hypothesizing. They are 

not yet entrenched in debates, pitting long-standing grand theories of spatial abilities 

against one another. The field is just emerging and will advance as the popularity of 

neuropsychology continues to grow. The point is that, with few exceptions such as the 

Rapport, Millis, and Bonello's (1998) study, spatial abilities tests are generally used as 

assessment tools to understand special populations. The challenge is to conduct 

measurement studies to understand the nature of the tools themselves. 
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AN INCOMPLETE PICTURE 

A problem constantly before the modem administration, whether in government 
or business, is that ofpersonnel selection. The inexorable working of Parkinson's Law 
ensures that appointments have constantly to be made and the question is always how to 
choose the right candidate from all who present themselves...To do this, we ask the 
nearest young lady (receptionist or stenographer, as the case may be). "Which would you 
prefer? " She will promptly point out one of the candidates and so finish the matter.. .It is 
merely the last-minute insistence on one other quality, one not so far taken into account: 
the quality of sex appeal. 

—Parkinson. 1957, p. 329-334 

Although the ability to select qualified personnel and the ability to solve 

wayfinding and spatial tasks differ in important ways, the approach to understanding and 

studying each is strikingly similar. The nature of the phenomena differs, and yet 

scientists studying each of these constructs ask similar questions. For example, what are 

the characteristics—or factors—of a good candidate, and what are the essential first-order 

factors of wayfinding and spatial abilities? Researchers use the same principles of 

methodology in their research endeavors (i.e.. they seek to specifically and sensitively 

measure the phenomenon of interest). Leaving personnel selection in the capable hands 

of Parkinson, the focus will return to wayfinding and spatial abilities. 

It is clear that the present data do not provide a complete picture of wayfinding 

and spatial abilities: across disciplines, researchers have not reached a consensus about 

what constitutes an appropriate measure of each of these constructs. 

In the wayfinding literature, evolutionary psychologists have observed differences 

between males and females (Azor. 1996; Gaulin, & FitzGerald, 1986; Gaulin, & 

FitzGerald, 1988; Gaulin, & FitzGerald, 1989; Gaulin, FitzGerald, & Wartell, 1990; 

Silverman, Phillips, & Silverman, 1996; Gaulin, Silverman, Phillips, & Reiber, 1997); 
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animal psychologists have observed differences between lesioned and nonlesioned 

animals (Tolman, 1948); experimental and neuropsychologists have observed differences 

between brain-injured and uninjured patients (Nadel, 1999; Skelton, Bukach. Laurance, 

Thomas, & Jacobs, 2000); geographers and city planners have observed differences 

between residents of and visitors to a city (Cauvin, 2000). Researchers studying 

wayfinding have focused on using population characteristics to predict differences in 

performance on wayfinding tasks. 

Similarly, in the spatial abilities literature, researchers in personnel selection have 

assessed characteristics in military and non-military personnel (Humphreys & Lubinski. 

1996; Kaufman & Lichtenberger, 1999) as well as professional and non-professional 

workers; neuropsychologists have identified Parkinson's sufferers (Levin, Llabre. 

Reisman, Weiner, Sanchez-Ramos, Singer, & Brown. 1991) and classified demented and 

non-demented populations (Malec. Ivnick. Smith. Tangalos, Petersen, Kokmen, & 

Kurland, 1992); and clinicians have identified alcoholic populations (Errico, Parsons, and 

King, 1991). Again, population identification research has driven the field with little 

measurement studies (Allen, 1999; Stumpf & Eliot, 1999; Rapport, Millis, & Bonello, 

1998) to provide insight into the factor structures of the tasks used. 

Researchers still do not know which variables to examine (Ittelson, 1973) or how 

to measure them successfully. Skills needed for successful wayfinding (e.g., locating 

objects or places, imagining places, using maps and directions for wayfinding) depend 

upon several cognitive processes (acquiring information, organizing or interpreting 

information, retrieving or strategically applying information), and these cognitive 
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processes have yet to be incorporated in a psychometricaily-focused study of wayfinding 

and spatial abilities. A comprehensive model of wayfinding and spatial abilities will help 

to distinguish contributing factors from components of wayfinding ability. 
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PURPOSE 

Although Allen's (1990) theoretical model provides a useful framework for 

conceptualizing wayfinding and spatial abilities, the model specifications for the 

relationships between these constructs have yet to be clearly empirically modeled. The 

question remains: how do wa)^inding and spatial abilities relate? The field lacks a more 

concrete conceptualization of these latent constructs. A measurement model appears 

absent, divorced from the theories that inspire research. Thus, it is important to develop a 

nucleus, or model, to integrate theoretical perspectives and paradigms within this content 

area. 

We have learned about theories of wayfinding and spatial abilities, and now we 

can fully appreciate the purpose of this thesis—to examine the nomological net of 

measured variables and test hypotheses about the structural model of theoretical latent 

variables of wayfinding and spatial abilities. Examining the nomological net of 

wayfinding and spatial abilities tasks ought to clarify the factor structure of these latent 

constructs. This will lead to an integration of the diverse literature related to these topics. 

In addition, examining the correlations between these tasks will allow for a richer 

interpretation of measurement and structural models that depict these constructs. Finally, 

including scholastic ability in the model adds an upstream cognitive factor that may 

considerably influence both abilities. 
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METHODS 

PARTICIPANTS 

A total of 120 participants took pan in this study. Panicipants consisted of 

students recruited from introductory psychology courses at the University of Arizona 

during the spring semester 2001. Sixty-nine women and 51 men ranged in age from 17 to 

36 years (M = 19.5; SD = 2.5). Most were underclassmen with a mean and median grade 

point average in the C range and a modal grade point average in the B range (M = 2.96; 

median = 3.0: mode = 3.5). Tables 1 and 2 provide summary statistics for demographic 

variables of interest. 

TABLE 1 
Frequency and Cumulative Frequency for Categorical Demographic Variables 
Variable Frequency Cumulative 

Frequency 
Sex 

Females 69 69 
Males 51 120 

Education Level 
Freshmen 84 84 
Sophomores 18 102 
Juniors 10 112 
Seniors 7 119 
Graduate Students 1 120 

TABLE 2 
Descriptive Statistics for Continuous Pemographic Variables 
Variable N Minimum Maximum Mean Median Mode Standard 

Deviation 
Age 120 17 36 19.46 19.0 19.0 2.52 
CPA 118 1.0 4.0 2.96 3.0 3.5 .66 
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PROCEDURES 

Each individual provided informed consent, both written and verbal, prior to 

participating in the study. The informed consent contained two pans. The first part 

described the procedures involved in the experimental session. The second part 

requested permission for the Registrar's Office at the University of Arizona to release 

SAT and/or ACT scores to the principal investigator. 

Every participant completed a lengthy battery that included 13 measures of spatial 

abilities and wayfinding. The test battery took between 2 hours 15 minutes and three-

and-one-half hours to administer. After two weeks of training that included two complete 

practice administrations of the test battery, experimenters began testing participants. To 

ensure that experimenters implemented identical procedures, each experimenter 

systematically read all verbal instructions aloud from a standardized administration 

packet. In addition, the principal investigator supervised several testing sessions for each 

experimenter. 

The principal investigator arbitrarily assigned experimenters to a sequence of 

numbered panicipants. Within experimenters, participants were randomly assigned to 

complete either the spatial abilities tasks first or the wayfinding tasks first, 

counterbalancing the order of presentation (i.e., spatial abilities and wayfinding) between 

participants to control for fatigue. All tasks, except symbol search (processing speed). 
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were timed-power tests, suggesting no method effect for mode of presentation (Mead & 

Drasgow, 1993)". 

TEST BATTERY AND SCORING 

COMPUTER-GENKR ATED ARENA TASK 

The computer-generated arena is a computer-generated rendition of the Morris 

Water Maze for humans (Jacobs. Laurance. &Thomas, 1997; Jacobs, Thomas, Laurance, 

& Nadel, 1998). Researchers originally developed the virtual arena task to assess 

humans' ability to use distal cues to learn to locate an invisible target at a fixed location. 

Thus, the task theoretically measures place performance based on an individual's use of 

the locale system. A modified version of the original computer-generated arena task was 

used in which panicipants completed a series of eleven trials in the virtual arena room. 

The computer monitor displayed a circular arena encompassed by a square room. 

The participants had the perspective of an individual standing on the arena floor. The 

lower half of the computer screen showed the arena wall; the upper half showed a portion 

of the room wall as if the panicipant stood directly in front of and facing the arena wall. 

The arena had no cues on the wall or floor to identify a location; however, the room 

bordering the arena clearly displayed several cues. All walls were gray. The north wall 

" A study by Mead and Drasgow (1993) of the medium effect on cognitive ability test scores (i.e., 
scholastic achievement tests) indicated that computerized and paper-and-pencil tests are equivalent for 
power tests (i.e.. the tester is interested in the ability of an individual on a particular construct regardless of 
speed or time), but not for speeded tests (i.e.. tests of easy items where the tester is interested in processing 
speed). This means that timed power tests measure the same ability construct; however, speeded tests are 
susceptible to method variance because performance depends, in part, on the mode of presentation. The 
authors also found that conventional (i.e.. all individuals received the same items) and adaptive (i.e.. items 
chosen based on answers to previous items) were equivalent 



69 

displayed a door with a window on either side. The east wall had six and one-half arches. 

The south wall included three off-centered windows. Finally, the west wall had a single, 

centered window. 

Participants ran through eight acquisition trials in which they were teleported into 

the arena at various start positions 2 units from and facing the arena wall. The 

experimenter instructed each participant to use a joystick to search for, find, and stand on 

a large blue target. Participants had a maximum of 120 seconds to find the target. The 

target remained invisible until the panicipant moved onto it. During each trial, the 

computer recorded the paths taken to find the target object in the arena, the time required 

to find the target, the distance traveled to find the target, and the time spent "standing'' on 

the target. 

RFY-OSTKRRIFrH COMPI.EX FlGtrRF TEST 
Neuropsychologists use the Rey-Osterrieth Complex Figure Test to measure 

visuospatial constructional ability and visual memory (Spreen & Strauss, 1998). In 

addition, the test provided a preliminary measure of a person's ability to visualize wholes 

rather than parts of an object. Participants copied the Rey-Osterrieth figure as accurately 

as possible onto a blank piece of paper. Fifteen minutes later, without prior waming, they 

drew the figure from memory onto a second blank piece of paper (Berry & Carpenter, 

1992). 

A copy score provides a measure of visual-constructional ability, and a delayed-

recall score indicates the amount of information retained over time (Spreen & Strauss, 

1998). Total figure-drawing accuracy scores are derived by evaluating the accuracy of 
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each of 18 elements in the drawing. An individual can earn between 0.5 and 2.0 points 

for each element based on the accuracy, distortion, and location of each element. The 

participant earns 2.0 points if the element is drawn correctly and placed in the proper 

position. If the element is distorted but properly placed, the participant earns 1.0 point. 

One-half point is awarded if the participant draws a distorted element and places it 

poorly. If the element is absent or unrecognizable, the participant does not earn any 

points. Scoring according to these criteria yield acceptable to high interrater and 

intrarater reliability for total scores (Spreen & Strauss, 1998). 

A percent recall score [(CFT recall/CFT copy)(100)] removes the effects of the 

copy performance from the memory performance. Unfortunately, floor effects in copy 

and recall scores make the percent recall scores inaccurately appear good (Lezak, 1995). 

Each drawing was categorized as configural if the participant began by drawing the base 

of the rectangle or nonconfigural for any other initial approach (Chiulli, Haaland, LaRue, 

& Garry, 1995). 

BACKGROUND I^FF0RMA•^0^^ QUESTIONNAIRE 
The background information questionnaire is a comprehensive self-report 

measure that contains three sections (Da demographic information section, (2) a 

computer experience section, and (3) a wayfinding and orientation section based on the 

Everyday Spatial Questionnaire (Skelton, Bukach, Laurance, Thomas, & Jacobs. 2000). 

Demographic information collected includes variables such as age, sex, education 

level, college grade point average, highest Scholastic Aptitude Test score or highest 
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Achievement Test score^, and number of head injuries incurred over the participant's 

lifetime. Data related to computer experience includes the number of years of computer 

use, the frequency of computer use at home, work, and school, the number of hours spent 

daily using a computer, the type of programs used (e.g., word processing, games, and 

graphic design/art), the number and type of software courses completed, the type of 

computer games played, and the level of comfort experienced when performing various 

tasks on a computer. Finally, wayfinding and orientation questions assessed the 

frequency of getting lost in various familiar and unfamiliar places, strategies used during 

wayfinding and orientation tasks, and the strategies used in place learning. 

COMPtrrKR-GENERATED MAZE 

Dean Klimchuk and Roman Mitura of Digital MediaWorks Inc."* developed the 

computer-generated maze task using the Quake III engine. During this task, participants 

navigated through a computer-generated apanment. The apartment consisted of twelve 

rooms: two bathrooms, two bedrooms, two closets, a dining room, a kitchen, a living 

room, a lobby, a study, and a patio (see Appendix C). Closed doors connected adjacent 

rooms to one another. 

Experimenters instructed participants to find the potted plant located in the dining 

room of the computer-generated apartment by using arrow keys identified on the 

^ The Registrar's Office at the University of Arizona released SAT Mathematics and Verbal scores and 
ACT Mathematical and English scores to the principal investigator. This guaranteed the accuracy of the 
self-reported scores. For twelve students, the Registrar's Office reported only ACT Mathematic^ and ACT 
English scores. These scores were converted to scaled SAT Mathematics scores and SAT Verbal scores 
using concordance tables (Doran, 1999). 
'* For additional information about the development of this task or to inquire about purchasing this task for 
research purposes contact Dean Klimchuk at Digital MediaWorks Inc.. 101.4 Two Research Drive, Regina. 
SK. Can^a S4S 7H9; dean@dmw.ca; (306) 586-5053. 

mailto:dean@dmw.ca
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computer keyboard to move through the apartment. Participants completed a series of 

seven unique trials. Each trial began at a predetermined, fixed start position: trial one 

began in the lobby, trial two began in bathroom one. trial three began in the study, trial 

four began in the kitchen, trial five began in closet two, trial six began in the master 

bedroom, and trial seven began in the patio. 

In addition to unique start positions, each of the seven trials contained a selected 

group of doors that remained locked throughout the trial. Participants were required to 

find their way to the potted plant despite the locked doors. During trial 1 all doors 

remained unlocked. In trial 2. doors 3,4, and 7 remained locked. In trial 3 doors 10 and 

12 remained locked. In the fourth trial doors 3, 5. and 6 remained locked. In trial 5 doors 

three, five, and thirteen remained locked. In trial six doors seven, ten, twelve, and 

fourteen remained locked. Finally, in the seventh trial door sixteen remained locked. 

For each of the seven trials the computer recorded the total time each participant 

took to find the plant as well as the path taken by each participant. 

TAXI CAB TASK 
The Taxi Cab Task is a modified version of the Errands Test (Keil. 2002) 

originally used as a measure of planning, strategy, and rule adherence in aphasic and 

nonaphasic individuals. The Taxi Cab Task was used as a measure of wayfinding ability. 

A gameboard approximately 22 inches by 30 inches shows a series of connecting 

roads with colored icons at various locations (Appendix D). The icons were created 

using Boardmaker® 3.0 for Macintosh, then filled in with various ink colors. The 

gameboard had two sides; version A and version B. Version A included 27 icon 

locations along the connecting roads, and version B included 25 icon locations. Each 
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version contained one-way and two-way streets clearly identified by arrows on the road 

as well as one dead-end alley. 

Experimenters placed gamepieces, feltboard icons matching location icons on the 

board, in a vertical column on the left side of the gameboard. They arranged the 

gamepieces in a standardized order that created an inefficient route if the participant 

placed them in the order displayed. Experimenters instructed participants to place each 

gamepiece on its matching icon location by moving a miniature taxicab along the roads. 

Participants started and ended the task at the "home" icon in the top right-hand comer of 

the board. Experimenters began a timer at the beginning of each trial of three trials. 

Once the participant placed all the gamepieces on the icon locations and returned home, 

the experimenter stopped the timer and the participant paid the "fare" using play money. 

Experimenters demonstrated the rules of the task using 4 gamepieces on version 

A of the gameboard. They showed participants both efficient and inefficient ways of 

placing the gamepieces on the appropriate icon locations. They then placed 12 

gamepieces that matched icon locations on version B along the left-hand side of the 

board. They turned the board over to version B, placed the taxi cab on the "home" icon, 

and began timing. 

An efficiency estimate was calculated based on total performance including the 

time needed to complete the task, the frequency of rule-breaking (i.e., the number of 

times going the wrong-way on a one-way street and the number of times driving off the 

road), and the number of times a participant entered nonessential areas. 
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OBJECT RELATIONS TASK 
The object relations task is a mental rotations task containing 24 items that 

participants completed in a maximum of 10 minutes. Participants chose 2 of 4 drawings 

that correctly showed a target object in rotated positions. Panicipants completed 3 

practice items before beginning the test items. Participants scored 1 point for each 

correct response and lost 1 point for each incorrect response. Participants' total score 

could range from a minimum of negative 48 points to a maximum of 48 points (Choi & 

Silverman. 1996). 

WAIS-m PTCTURF COMPI FTTON 
As described by Weschler (1997). the picture completion subtest is a collection of 

25 colored pictures showing common objects and settings used to measure concept 

formation and reasoning (Lezak. 1995). Participants had twenty seconds to examine each 

picture and correctly identify (by pointing or naming) the important part missing from 

each picture. The participant earned a score of 1 for each correct response given within 

the 20-second time limit and 0 for incorrect responses. The experimenter began with 

item 6. If the participant scored zero on items 6 or 7, the experimenter administered 

items 1 thru 5 in reverse order. If the participant obtained a perfect score on items 6 and 

7. the experimenter gave full credit for items 1 thru 5. The experimenter discontinued the 

test if the participant scored zero on five consecutive items. Participants earned a 

maximum of 25 points. 

WAIS-m Diarr SVMBOI—ConiNn 

In the digit symbol-coding subtest—a measure of orientation, attention, and visual 

sequencing (Lezak. 1995; Kaufman & Lichtenberger, 1999)—participants referred to a 
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key that showed a sequence of numbers, each paired with a unique, corresponding 

hieroglyphic-like symbol. Each participant had exactly 120 seconds to correctly write the 

symbol that corresponded with the appropriate number in a string of blank boxes. 

Participants earned 1 point for each correctly drawn symbol completed within the 120-

second time limit for a maximum of one hundred 33 points (Weschler, 1997). 

WAIS-M BLOCK DESIGN 
The block design subtest consists of a set of modeled or printed two-dimensional 

patterns that participants replicated using colored cubes with three different patterned 

sides: solid red. solid white, or half-red and half-white. This subtest assesses 

constructional functions and spatial visualization (Lezak, 1995: Kaufman &. 

Lichtenberger. 1999). Each participant had 60 seconds to correctly complete block 

designs requiring 4 blocks and 120 seconds to correctly complete designs requiring 9 

blocks. The experimenter began with design 5. If the participant did not correctly 

replicate the design within 60 seconds, the experimenter allowed the participant to 

correctly replicate the design in a second trial. Regardless of performance on trial 2, the 

experimenter administered designs 1 thru 4 in reverse order until the participant obtained 

perfect scores on two consecutive designs. If the participant obtained a perfect score on 

design 5. the experimenter proceeded to design 6. Again, if the participant did not 

correctly replicate the design within 60 seconds, the experimenter allowed the participant 

to correctly replicate the design in a second trial. Regardless of performance on trial 2, 

the experimenter administered designs 1 thru 4 in reverse order until the participant 

obtained perfect scores on two consecutive designs. If the participant obtained perfect 
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scores on designs 5 and 6. the experimenter gave full credit for designs 1 thru 4. The 

experimenter discontinued the test if the participant scored zero on three consecutive 

items. Participants earned a maximum of 68 points, depending on the time they needed 

to correctly replicate each design (Wechscier, 1997). 

WAIS-IIT MATRIX RFAsniMTNG 
The matrix reasoning subtest contains twenty-nine incomplete gridded patterns— 

three sample items and twenty-six test items. Choosing between 5 possible responses, 

panicipants pointed to or said the number of the response that correctly completed the 

gridded pattern. The experimenter administered sample items A, B, and C and then 

proceeded to item 4. If the participant scored 0 on items 4 or 5, the experimenter 

administered items 1 thru 3 in reverse order until the participant obtained perfect scores 

on two consecutive items. The experimenter discontinued the subtest if the participant 

earned four consecutive scores of zero or four scores of zero on five consecutive items. 

Panicipants earned a maximum of 26 points (Wechsler, 1997). This subtest assesses 

figural cognition, figural evaluation, and nonverbal reasoning (Kaufman & 

Lichtenberger, 1999). 

WAIS-m PICTTMF ARRANGEMENT 
In the picture arrangement subtest, a test assessing concept formation and 

reasoning (Lezak, 1995; Kaufman & Lichtenberger, 1999), the experimenter presented 

sets of pictures in a standardized, illogical order. Experimenters asked each participant to 

rearrange the pictures to create a logical story. Experimenters began with item 1. If the 

participant did not put the pictures in the correct sequence within the allotted 30-second 
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time limit, the experimenter allowed the participant a second trial. Depending on the 

difflculty of the item, panicipants had 30, 45,60, 90 or 120 seconds to complete the item 

sequence correctly. Participants earned a maximum of 22 points—2 points for each 

correct arrangement, 1 point for each acceptable variation, and 0 points for incorrect 

arrangements (Wechsler, 1997). 

WAIS-in SYMBOL SEARCH 
The symbol search subtest contains paired groups of symbols. Each pair consists 

of a target group—a series of 2 symbols—and a search group—a series of 5 symbols. 

The participant marked the appropriate box (i.e.. "yes" or "no") to identify whether either 

target symbol appeared in the search group. Participants earned 1 point for each correct 

response and lost a point for each incorrect response given within the 60-second time 

limit. Participants earned a maximum of 60 points (Wechsler, 1997). The subtest 

measures short-term visual memory and spatial visualization ability (Kaufman & 

Lichtenberger, 1999). 

WAlS-m OBJKCT ASSFMBt-Y 
The object assembly subtest consists of a set of puzzles of common objects. The 

test measures constructional functions and reasoning (Lezak, 1995; Kaufman & 

Lichtenberger, 1999). The experimenter presented each puzzle according to a 

standardized configuration. They instructed each participant to assemble the pieces in 

order to form a meaningful object. Participants had either 120 or 180 seconds to 

complete each puzzle. Participants earned points according to a combination of the 

number of correct junctures (i.e., correctly positioned pieces) and the time they needed to 
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assemble the puzzle correctly. Panicipants scored a maximum of 52 points (Wechsler, 

1997). 
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RESULTS 

DESCRIPTIVE STATISTICS: MEASURES OF CENTRAL TENDENCY AND 
VARIABILITY 

Achievement Measures 
Participants scored above the national average^ on the SAT Mathematics Subtest 

(M=545.71) and on the SAT Verbal Subtest (M=534.91) (Table 3). In addition, scores 

varied less in this sample (SAT Mathematics SD=90.34: SAT Verbal SD=79.85) than in 

the 1999 population (SAT Mathematics SD=114; SAT Verbal SD=I11). Figure I 

displays the variability of participants' scores. The length of the box depicts the 

interquartile range. Thus, fifty percent of the values fall within the box. The heavy black 

line located within the box represents the median. O's represent outlier values more than 

1.5 box-lengths from the edge of the box: asterisks represent extreme values more than 3 

box-lengths from the edge of the box. The whiskers show the lengths of the tails in the 

distributions (Norusis. 1990). 

Eight panicipants had data coded as missing because (1) the Registrar's Office 

did not report scores for the participant and the participant did not self-report scores or 

(2) the student took a non-concordant test (e.g.. TOEFL. ORE. or GED). 

^ Most panicipants (N=77) took the SAT in 1999; therefore, national average scores published for students 
taking the SAT Mathemaucs Subtests (M=511; SD=I14) and SAT Verbal Subtests (M=505; SD=111) in 
1999 (see Appendix E) served as the comparison populatiort 
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TABLES 
Descriptive Statistics for Achievement Scores 

SAT Mathematics Scores 
(converted ACT math scores) 

SAT Verbal Scores 
(converted ACT English and Reading scores) 

N 112 112 

Mean 545.71 534.91 
SD 90.34 79.85 

SAT Score/Concxjrdant SAT Score Boxplots 
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FIGURE 1. SUMMARY STATISTICS FOR SAT SCORES 

Wayfinding Measures 
Participants completed 3 wayfinding tasks—the computer-generated arena task, 

the computer-generated maze task, and the taxi cab task—and a self-report wayfinding 

questionnaire. Table 4 shows measures of central tendency and variability for trials on 

each of these tasks. 

Every participant completed all trials in the computer-generated arena task. With 

the exception of trial 7, the time to find the target decreased for each of the trials. 
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replicating the negative slope for the learning curve published elsewhere (Jacobs. 

Laurance, & Thomas, 1997; Jacobs, Thomas, Laurance, & Nadel, 1998). A dramatic 

decrease in the time to find the target—approximately 16 seconds—occurred between 

trial 4 (M=54.24: median=40.44) and trial 5 (M=37.48; median=24.68). For the most 

pan, the variability in times remained consistently high across trials (trial 1 SD=38.13; 

trial 8 SD=31.05). For each individual, the slope of time to find the target across trials 

provides a summary statistic for total performance (M = -3.18: SD = 5.71). 

A total of 5 participants (1, 5, 7.93, and 114) had missing data for trials in the 

computer-generated maze task. Mr. Klimchuk and Mr. Mitura had not yet completed the 

computer-generated maze task at the time that participants 1. 5, 7, and 114 participated in 

the study. In addition, a computer error caused the generation of missing data in trial 1 

for participant 93. The time participants took to find the potted plant in the computer-

generated maze task did not consistently decrease across trials (Ml =48.99, M2=72.84, 

M3=50.00. M4=56.17, M5=38.00, M6=41.08, M7=21.62). It is likely that the time 

participants took to find the potted plant depended on each trial's start position and 

unique collection of locked doors. Variability in performance monotonically decreased 

across trials (trial 1 SD=34.27; trial 7 SD=8.62). As with the computer-generated arena 

task, the slope of time to find the potted plant across trials provides a summary statistic 

for total performance (M = -5.65; SD = 5.39). 

All participants completed every trial of the taxi cab task. The total time that 

participants took to successfully place the gamepieces on the appropriate icons and return 

home decreased across trials (Ml=96.63; M2=56.25; M3=39.42). The variability also 



82 

decreased across trials (SD1=25.86; SD2=19.06; SD3=12.08). These trends suggest that 

individuals improved their performance on the task with practice. Recall that the 

efficiency estimate for each trial takes into account the time needed to complete the task, 

the frequency of rule-breaking (i.e.. the number of times going the wrong-way on a one

way street and the number of times driving off the road), and the number of times a 

participant entered nonessential areas (Ml= 118.42, M2 = 71.08. M3 = 45.63; SDl = 

31.49, SD2 = 29.74, SD3 = 18.20). The efficiency estimate slope across trials offers a 

summary statistic for total performance (M = -36.40; SD = 15.13). 

TABLE 4 
Descriptive Statistics for Wayfinding Tasks 

Computer-Generated Arena (Time to find the target in seconds) 
Trial I Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7 T r i a l s  Slope 

N 120 120 120 120 120 120 120 120 120 
Mean 61.61 56.22 55.43 54.24 37.48 34.01 49.02 40.12 -3.18 
Median 50.47 44.48 40.79 40.44 24.68 22.13 32.19 29.24 -3.33 
SD 38.13 38.09 37.06 37.52 33.85 31.80 36.43 31.05 5.71 

Computer-Generated Maze (Time to find the potted plant in seconds) 
Trial I Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 T r i a l ?  Slope 

N 115 116 116 116 116 116 116 116 
Mean 48.99 72.84 50.00 56.17 38.00 41.08 21.62 -5.65 
Median 36.53 65.08 38.80 51.00 33.42 37.33 20.07 -4.40 
SD 34.27 39.10 37.57 30.84 18.24 20.25 8.62 5.39 

Taxi Cab Task (Time to complete task and efficiency estimate) 
Trial 1 Trial 2 Trial 3 Efficiency 

estimate 
(Tl) 

Efficiency 
estimate 

(T2) 

Efficiency 
estimate 

(T3) 

Efficienc 
y 

estimate 
slope 

N 120 120 120 120 120 120 120 
Mean 96.63 56.25 39.42 118.42 71.08 45.63 -36.40 
Median 92.00 53.50 38.00 114.50 68.50 40.00 -34.75 
SD 25.86 19.06 12.08 31.49 29.74 18.20 15.13 

Separate boxplots for each of the wayfinding tasks (Figures 2, 3, and 4) further 

clarify trends in performance by illustrating summary statistics for distributions of the 
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data. The boxplot for the computer-generated arena task illustrates the decrease in 

variability across trials, especially trials 5, 6, and 8. Notice that the interquartile ranges 

identified in these three trials are smaller than the interquartile ranges of the other trials. 

This trend suggests that after a series of 4 trials, most individuals could find the target 

within a shon amount of time (i.e.. approximately 20 seconds). Also, notice that the 

values are positively skewed because the median falls in the lower end of each of the 

boxes. This implies that some individuals could not find the target even after practicing 

the task over several trials. 
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FIGURE 2. SUMM.\RY STATISTICS FOR THE COMPUTER-GENERATED ARENA TASK 

The boxplot for the computer-generated maze task reveals that the interquanile 

ranges became smaller across trials. In other words, it displays how 50 percent of the 
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individuals learned to find the potted plant within a similar amount of time. Notice that 

most medians (e.g., medians for trials 2, 4, 5, 6, and 7) fall in the center of the box. This 

indicates that the scores tend to approximate normal distributions. In addition, examining 

the outliers makes it clear that some individuals reliably needed greater amounts of time 

to find the potted plant. 
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RGURE 3. SUMMARY STATISTICS FOR THE COMPUTER-GENERATED MAZE TASK 

The boxplot for the taxi cab task shows that variability decreased dramatically 

across trials when time served as the indicator of performance. Greater variability in the 

efficiency estimates reflects the addition of the frequency of rule-breaking and the 

number of times a participant entered nonessential areas into the equation for the 

performance indicator. 
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Taxi Cab Task Boxplots 
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RGURE 4. SUMMARY STATISTICS FOR THE T.\XI CAB TASK 

Each participant rated 15 statements from the wayfinding questionnaire in which 

they indicated the frequency of times they use various wayfinding strategies. Higher 

scores indicate poorer wayfinding ability and more frequent use of route learning 

strategies. Scores range from a minimum of 13 points to a maximum of 58 points (M = 

33.13; SD = 8.18). 

TABLES 
Descriptive Statistics for the Wayfinding Questionnaire 
N 120 
Mean 33.13 
Median 32.00 
SD 8.18 

The boxplot reveals normality in the variability of scores. The median (median = 

32.00) falls roughly in the center of the interquanile range (IR = 11.00), and the two 
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whiskers fall in equal lengths around the box. One outlier (O = 58.00) influences the 

magnitude of mean (M = 33.13). 
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RGURE 5. SUMMARY STATISTICS FOR THE WAYHNDING QUESTIONNAIRE 

Spatial Abilities Measures 
Participants completed several tasks traditionally regarded as measures of spatial 

abilities. These included the Rey-Osterrieth complex figure test, the object relations task, 

and the WAIS-III performance subtests. Tables 5 and 6 display descriptive statistics for 

participants' raw scores. 

As expected, scores from the Rey-Osterrieth complex figure test indicate that 

participants successfully copied many details from the complex figure (M=32.84). In 

addition, after a 15-minute delay, individuals reproduced fewer details of the complex 

figure from memory (M=22.95). The percent recall score (M=69.48%) reflects this 
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observation. Figure 3 demonstrates how the percent recall score serves as an index of 

visual memory that concretely communicates the difference between the copy and delay 

scores. 

Table 6 shows the wide range in performance (Minimum=-4; Maximum=46) on 

scores from the object relations task. At the same time, the boxplot of scores (Figure 5) 

reveals a reasonably normal distribution of scores with no apparent outliers or extreme 

values. As mentioned in the history of the development of spatial abilities tasks, an issue 

often discussed in spatial abilities literature is the consistent finding of sex differences. 

Studies of three-dimensional mental rotations tasks have repeatedly found that men 

perform better than women on these tasks. Furthermore. Geary. Gilger. and Elliott-Miller 

(1990). found that only a small number of women scored above the mean score for men 

on the mental rotation test. This pattern has repeated itself in this study. Men (M=29.86) 

consistently performed better than women (M=20.57). 

TABLE 6 
Descriptive Statistics for Spatial Abilities Tasks 

Rey-Osterrieth Complex Figure 
Test Scores 

Object Relations Task Scores 

Copy Delay Percent Recall Total Men Women 
N 120 120 120 120 69 51 
Minimum 17.50 3.50 20.00 -4.00 -4.00 -2.00 
Maximum 36.00 36.00 100.00 46.00 46.00 46.00 
Mean 32.84 22.95 69.48 24.52 29.86 20.57 
SD 3.49 6.27 17.09 12.05 11.54 10.92 
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Rey-Osterrieth Complex Figure Test Boxplots 
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Sex 

Raw scores from the WAIS-III performance subtests provide evidence that 

participants in this study scored in the average range as compared to age-matched peers. 

It is important to remember that most participants reported their age as 18 (N=40) or 19 

(N=46) because it allows for a comparison of raw scores with the norms reported in the 
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WAIS-ITI: Administration and scoring manual. Participants' mean raw scores for each 

of the performance subtests fall within the average range O?"** to 64'*' percentiles) 

compared to 18-19 year-old age-matched peers. For example, the mean raw score for the 

picture completion subtest (M=19.93) converted to a scaled score equivalent of 9. The 

mean raw scores for the object assembly subtest (M=34.14) and the picture arrangement 

subtest (M=15.20) matched a scaled score equivalent of 10. The mean raw scores for the 

digit symbol—coding subtest (M=84.84), block design subtest (M=46.61). matrix 

reasoning subtest (M=18.82), and symbol search subtest (M=38.38) converted to scaled 

score equivalents of 11. 

TABLE 7 
Descriptive Statistics for Spatial Abilities Tasks 

WAIS-III Performance Subtests Raw Scores 

- 2 -

X 5 •" 
2- 5 

z 

3 Q 5 
5 5 § 
^ 1 -< •< 
2 2 

BL
O

CK 
D

ES
IG

N
 

(B
LO

CK 
D

ES
) 

M
A

TR
IX 

R
EA

SO
N

IN
G

 
(M

A
TR

IX
RE

) 

> > 3 

— 2 m S 2 
Z 

SY
M

BO
L 

SE
A

RC
H

 
(S

Y
M

B
O

LS
E) 

O
BJ

EC
T 

A
SS

EM
BL

Y
 (O

BJ
EC

TA
S) 

N 120 120 120 120 120 120 120 
Minimum 10 48 20 6 4 18 11 
Maximum 25 119 68 58 22 59 49 
Mean 19.93 84.84 46.61 18.82 15.20 38.38 34.14 
SD 3.11 11.93 9.93 5.11 3.04 7.51 7.78 

The boxplot of the WAIS-III performance subtests illuminates homogeneity in 

performance within subtests. In particular, participants performed similarly on picture 

arrangement (IR=3), picture completion (IR=4), and matrix reasoning (IR=5). Again, 

this pattern of scores suggests that most participants perform in the average range. 
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WAIS-IH Performance Subtests Boxplots 
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STATISTICAL ANALYSES FOR THE STRUCTURAL EQUATIONS MODEL 

Purpose 

The main purpose for performing statistical procedures on the data was to test the 

fit of a model describing the relationship between wayfinding ability, spatial abilities, and 

scholastic aptitude. The data were analyzed in a series of steps ending in a multivariate 

causal analysis by factor analytic structural equations modeling (Bentler, 1989). 

Basically, a path analysis was performed to model the effects of spatial abilities 

on wayfinding abilities. It was predicted that spatial abilities would directly influence 

wayfinding abQity and both would be influenced by scholastic aptitude. 
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Constructing the Model 

Step One: The Measurement Model 

Factor analytic structural equations models contain two elements: a measurement 

model and a structural model (Figueredo & McCloskey, 1998). The first step in testing 

the overall model consisted of constructing the hypothesized performance variables. For 

each variable, individual scores were standardized with a mean value of 0 and a standard 

deviation of 1. To address problems associated with missing data, scores for each 

variable were produced by using the means of nonmissing items within each test for each 

respondent (Figueredo. McKnight. McKnight. & Sidani. 2000). The descriptive statistics 

for these variables have been exhaustively summarized above. 

Correlational Analyses: Examining the strength of relationships between variables 

An intercorrelation matrix was computed to examine the discriminant and 

convergent validity of the variables. Table 8 displays correlations between scores on 

achievement measures (math SAT and verbal SAT), spatial abilities measures (WAIS-III 

subtests. Rey-O complex figure test, and object relations task), and wayfinding measures 

(computer-generated arena task, computer-generated maze task, and taxi cab task). 

Correlations above .25 serve as associations worth mentioning. 

As one might expect, math SAT and verbal SAT scores show evidence of a strong 

positive relationship (r = .54). Scores on the math SAT also positively correlate with 

scores on the WAIS-in block design subtest (r = .45), the WAIS-III matrix reasoning 
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subtest (r = .30). and the object relations task (r = .34). Each of these tasks requires 

aptitude in logical reasoning. 

Similar to the tasks described above, successful performance on the following 

tasks requires logical reasoning ability. From the WAIS-III subtests, picture completion 

positively correlated with matrix reasoning (r = .31), picture arrangement (r = .28), and 

object assembly (r = .34). Block design scores f)ositively correlated with scores on the 

picture arrangement subtest (r = .32), object assembly subtest (r = .45). and the Rey-O 

Complex Figure Test percent recall score (r = .35). Matrix reasoning subtest 

performances positively correlated with object assembly scores (r = .30) and object 

relations scores (r = .27). Picture arrangement correlated with object assembly (r = .33). 

object relations (r = .26). and Rey-O Complex Figure Test percent recall score (r = .32). 

Object assembly correlated with object relations (r = .39) and Rey-O Complex Figure 

Test percent recall score (r = .27). Lastly, the object relations task positively correlated 

with the Rey-O Complex Figure Test percent recall score (r = .29). 

Only 2 correlations above .25 emerged from the wayfinding data. Scores on the 

wayfinding questionnaire negatively correlated with scores on the object relations task (r 

= -.25) and the computer-generated maze slopes (r = -.33). Recall that higher scores on 

the wayfinding questionnaire indicate poorer self-reported wayfinding ability, and thus, 

theoretically they ought to share a negative relationship with (1) tasks that require 

individuals to conceptualize wholes rather than parts and (2) actual wayfinding tasks. 
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Finally, performance on the WAIS-III digit symbol subtest positively correlated 

with performance on the symbol search subtest (r = .36). These two tasks rely heavily on 

processing speed. 



Intercorrelalion Matrix 
TABl.li 8 

Achievement 
Measures 

Spatial Abiliiics Meusurus Wayfinding Measures 

MCSAT VCSAT PC DS BD MR PA SS OA OR RO PR ROC AS MS TS WQ 

Achievument 
Measures 

MCSAT 

VCSAT 

1.00 

0.54 1.00 

PC 0.01 0.09 1.00 

DS 0.12 0.19 0.17 1.00 

BD 0.45 0.15 0.20 0.19 1.00 

MR 0.30 0.15 0.31 0.02 0.12 l.(M) 

Spatial PA 0.24 U . l l  0.2H 0.20 0,32 0.21 1.00 

Abililius 
Measures 

SS 

OA 

0.06 

0.24 

-0.21 

0.08 

-0.01 

0.34 

0.36 

0.16 

0.21 

0.45 

-0.02 

0.30 

0.09 

0.33 

1.00 

0.20 1.00 

OR 0.34 0.1 0.08 0.09 0.53 0.27 0.26 0.17 0.39 1.00 

RO -0.01 0.06 0.12 0.13 0.05 -0.02 -0.01 -0.01 0.08 0.07 1.00 

PR 0.11 0.04 0.15 0.16 0.35 0.10 0.32 0.19 0.27 0.29 0.22 1.00 

ROC 0.18 0.14 0.07 -0.18 0.06 0.13 0.01 0.05 0.08 0.11 0.18 0.18 1.00 

AS 0.19 0.07 -0.05 0.04 0.04 -0.03 0.01 -0.04 -0.01 0.02 0.11 0.01 0.12 1.00 

Wayfinding MS 0.16 -0.05 0.16 0.02 0.21 0.09 0.21 0.15 0.22 0.17 -0.06 0.11 -0.09 -0.14 1.00 

Measures rs 0.07 0.06 0.03 0.03 0.14 -0.09 0.06 0.15 0.17 0.03 -0.08 0.15 -0.11 -0.08 0.14 1.00 

WQ -0.01 0.04 -0.07 0.05 -0.19 -0.11 -0.19 -0.24 -0.17 •0.25 0.03 -0.21 0.03 0.02 -0.33 0.01 1.00 

MSAT = math SAT, VSAT = verbal SAT, PC = picture completion, DS = digit symbol, BD = block design, MR = matrix reasoning, 
PA = picture arrangement, SS = symbol search, OA = object assembly, OR = object relations, RO= rey-o copy, PR = percent recall 
(rey-o), ROC = rey-o configural score, AS = computer-generated arena slope, MS = computer-generated maze slope, TS = taxi cab slope, 
WQ = wayfinding questionnaire, HI = head injury 
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The next step required the creation of indices to serve as first-order factors of 

spatial abilities. Again, these indices were composed of the tests listed in the METHODS 

section. For each theoretically specified index, correlations were computed between the 

index as a whole and the variables that made up the index (SAS Institute, 1990). All 

variables correlated highly with their respective indices (Table 9). 

TABLE 9 
Correlations between First-Order Spatial Abilities Factors and Variables 

in the Measurement Model 
CONCEPT FORMATION 

(REASONING) 
PROCESSING SPEED 

(ATTENTION) 
visuosPATiAL CONSTRUCTIONAL 

ABiLmr 

Variable Correlation Variable Correlation Variable Correlation 
Object 
Assembly 

.76802 Digit Symbol .82601 
Picture 
Completion 

.74093 

Block 
Design 

.82612 
Symbol Search .82601 

Matrix 
Reasoning 

.71040 

Object 
Relations 

.80339 
Symbol Search .82601 

Picture 
Arrangement 

.69256 

Cronbach Coefficient Alphas were computed to check the reliability of each index 

(Table 10). Indices with Cronbach Coefficient Alphas greater than .50 were retained for 

inclusion in the factor analytic structural equations model; those with Cronbach 

Coefficient Alphas less than .30 were disaggregated into their constituent variables 

(reliabilities = l.O), and these variables signify measured variables in the model: 
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TABLE 10 

ReliataUy 

0.717143 
0.520934 
0.534359 

WP-

Step Two: The Structural Model 

In this analysis the stmctural model represents a path analysis in which a 

restricted set of predetermined causal pathways were tested. Figure 9 shows the model 

consisting of factors with theoretically irrelevant pathways eliminated. 

Path coefficients are standardized regression coefficients (i.e.. |3 weights). All but 

three path coefficients are statistically significant. As expected, spatial abilities predict 

wayfinding ability (|3 =.68, p<.05). Scholastic aptitude predicts spatial abilities (|3 =.45, 

p<.05) but does not predict wayfinding ability ((3 = -.27, p>.05). 
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Model for Wayfinding and Spatial Abilities 

EJ 

E2-

E3-

PICTURE 
COMPLETION 

.71 / 
» MATRLX 

REASONING 

.71 / 
» MATRLX 

REASONING 

, PICTURE 
ARRANGEMENT 

E4-

E5 

E6 

E7-

E8 

CONCEPT 
FORMATION 
(REASONING) COMPUTER 

GENER.\TED 
MAZE 

WAYHNDING 
QUESTIONNAIRE 

SPATIAL 
ABILITI 

WAYHNDING 
ABILITY PROCESSING 

SPEED 
(ATTENTION) 

TAXI CAB 
TASK 

COMPUTER 
GENERATED 

ARENA 
OBJECT 

\SSEMBLY VISUOSPAnAL 
CONSTRUCTIONAL HOLASTI 

APTITUDE 
.73 

AB LITY BLOCK DESIGN 

VSAT MSAT RELATIONS 
REY.O 

• DIGIT SYMBOL-
CODING 

83 
• 

SYMBOL SE.ARCH 

EI2 

E I J  

FIGURE 9. MEASURE.MENT .\ND STRUCTURAL MODELS FOR WAYFINDING AND SP.ATIAL ABILITIES 

Chi-square and comparative fit indices were computed for the model. Refer to 

Table 11 for a summary of the statistics. Notice the statistical non-significance of this 

model (x"(33) = 36.794, p<.29749): it suggests that the hypotheses about the pathways in 

the model fit the data well and that the model reproduced the covariances between 

observed values within the acceptable limits of sampling error. The model ought not be 

rejected. Researchers widely acknowledge that the chi-square likelihood ratio test is 

sensitive to sample size, and this model remains non-significant despite the sample size 

of the study (N=120). Moreover, as described in Byrne (1984), this model represents a 
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vastly improved fit compared to the independence model (x"(45) = 177.649), or the 

Bentler and Bonnett (1980) null model in which all pathways among variables are fixed 

at zero. Lastly, relative to accepted standards (Bentler, 1990), the comparative fit index 

was more than adequate (CFI = .971). The model was a parsimonious model explaining 

an acceptable degree of variance in the data (Byrne, 1994). 

TABLE 11 

Summary Statistics for Structural Models 
Model DF(error) CHI" p-value Cn 

Six-Factor 33 36.794 <.29749 .971 
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DISCUSSION 

The most salient results of this study indicate that spatial abilities predict 

wayfinding ability (|3 = .68, p < .05) and that scholastic aptitude predicts spatial abilities 

(|3 = .45, p < .05) but not wayfinding ability (p = -.27, ns). The two significant path 

coefficients represent reasonable correlations that indicate ample predictive power 

without redundancy. The latter result supports findings (W.J. Jacobs, personal 

communication. May 2, 2001) that aptitude does not predict wayfinding ability. 

In addition to the main findings, the study specifies the empirical relationships 

between indicators of wayfinding ability and the hypothesized latent factor wayfinding 

ability. Some indicators predicting wayfinding ability share large, statistically significant 

path coefficients with the factor. For example, performance on the computer-generated 

maze—as measured by the slope across 7 trials—correlates highly with the latent factor 

(j3 = .60, p < .05). Performance on the wayfinding questionnaire also correlates highly 

with the wayfinding ability factor {(3 = -.54, p < .05). The negative sign reflects the 

scoring of the questionnaire since larger values indicate poorer wayfinding ability and 

greater reliance on non-Euclidean strategies. 

The two indicators with small, non-significant path coefficients are worth 

discussing. The Taxi Cab Task did not correlate highly with the wayfinding ability factor 

(|3 = .17, ns). Recall that Keil (2000) created the Taxi Cab Task as a measure of 

executive function. In this study, the task served as a measure of memory for locations 

along routes in a two-dimensional map. Perhaps the task truly measures the cognitive 

abilities of executive function instead of wayfinding ability. Alternatively, because the 
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efficiency score for each trial consisted of (1) the time needed to complete the task. (2) 

the frequency of rule-breaking, and (3) the number of times a participant entered 

nonessential areas, the composite value for performance on the Taxi Cab Task may be 

multidimensional, diluting the strength of the relationship between itself and the pure 

latent construct wayfinding ability. 

Similarly, the indicator for the computer-generated arena did not correlate highly 

with the wayfinding ability latent construct ((3 = -.14. ns). This small and non-significant 

correlation may result from a poor choice in the data used to assess performance on this 

task. Recall that the value was the slope calculated across 8 trials for the time to find the 

target in the arena on each trial. Perhaps other measures such as path length may 

improve the validity of the indicator (and the strength of the relationship). 

The first-order factors of spatial abilities also reveal interesting patterns of 

correlations. Before discussing the patterns of correlations: however, it is important to 

comment on the low reliability of the concept formation (reasoning) (a = .52) and 

processing speed (attention) (a = .53) factors. Despite the fact that these measures 

originate from a standardized, thoroughly studied instrument (i.e., the WAIS-III). the 

reliabilities are quite low. It is unclear why the Cronbach Coefficient Alpha for concept 

formation (reasoning) has such a low value: however, the WAIS-IHAVMS-ITI technical 

manual (1997) states that the test-retest reliability represents the proper reliability 

estimate for the speeded subtests that comprise the processing speed (attention) factor 

rather than the Cronbach Coefficient Alpha. Unfortunately, each participant completed 

each subtest only once, making the calculation of the test-retest reliability impossible. 
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With this in mind, the focus will return to the pattern of correlations between the 

indicators and the latent first-order factors of spatial abilities (i.e.. concept formation— 

reasoning, processing speed—attention, and visuospatial constructional ability). All 

indicators correlate highly with their respective first-order factors. Picture completion (r 

= .74), matrix reasoning (r = .71), and picture arrangement (r = .69) correlate highly with 

the concept formation (reasoning) factor. Digit-symbol coding (r = .83) and symbol 

search (r = .83) correlate highly with processing speed (attention). Finally, object 

assembly (r = .77), block design (r = .83). and object relations (r = .74) correlate highly 

with visuospatial constructional ability. This pattern of high correlations suggests that 

the tasks serve as adequate indicators of the conceptual constructs identified as first-order 

factors. 

How do these conceptual first-order factors empirically match the data? The 

pattern of correlations suggests that the concept formation (reasoning) (r = .54) and 

visuospatial constructional ability (r = .82) serve as appropriate first-order factors of 

spatial abilities. In addition, the percent-recall score from the Rey-O (a measure of visual 

memory) (r = .47) has a notable, positive correlation with the spatial abilities factor. The 

correlation between processing speed is a cognitive process that may be better modeled 

separately from spatial abilities. 
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CONCLUSIONS, LIMITATIONS, AND RECOMMENDATIONS FOR FUTURE 
RESEARCH 

This study shows that a theoretically specified structural model provides adequate 

explanatory power for understanding the relationship between wayfinding and spatial 

abilities. It appears that spatial abilities predict wayfinding ability without redundancy. 

In addition to these confirmatory findings, unreliable and non-significant statistics reveal 

truth as well. The low reliability of the processing speed factor (i.e.. the factor with the 

WAIS-III symbol search subtest and the WAIS-III digit symbol subtest as indicators) 

either (1) emphasizes the inappropriateness of Cronbach coefficient alpha as a measure of 

reliability for speeded tests or (2) suggests that this hypothetical construct requires 

refinement, perhaps greater precision, in measurement. The low reliability of the concept 

formation (reasoning) factor (i.e., the factor with indicators such as picture completion, 

matrix reasoning, and picture arrangement) most likely points toward the need for more 

thoughtful conceptualization of the construct. The non-significant standardized path 

coefficients between the wayfinding ability factor and the computer-generated arena task 

underscores the need for inclusion of additional measures (e.g.. path length traveled) 

from this task because researchers have successfully used this task in dozens of 

experiments. Finally, the non-significant path coefficient between the wayfinding ability 

factor and the taxi cab task hints at (1) the inappropriateness of the task as a measure of 

wayfinding ability or (2) the insensittvity of the choice of measurement (i.e., slope of 

efficiency estimates across trials). 
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Because the convenience sample included introductory psychology students at a 

state university, a limitation in this study includes the likelihood of bias due to restricted 

ranges in values. Great care was taken; however, to avoid the introduction of other biases 

in the data collection. For example, numerous experimenters, blind to the study's 

hypotheses, administered the test battery: wayfinding and spatial tests were randomly 

counterbalanced across panicipants to control for fatigue; to ensure standardization of 

procedures, experimenters completed extensive training before they administered their 

first battery and throughout the study; and experimenters were supervised periodically as 

they administered the battery to participants. 

This study encourages the continuation of model development to further elucidate 

the relationship between wayfinding and other cognitive processes such as spatial 

abilities. The large correlations imply that researchers interested in further exploring the 

relationship between these constructs will find rewards at the end of their endeavors. Of 

course, it is apparent that work needs to be done to improve measures of wayfinding and 

spatial abilities. Fortunately, this need creates a niche for motivated researchers in search 

of a challenge. Practically speaking, the explication of the relationships between any of 

these variables and factors will likely provide useful information to clinicians that assess 

deficits in traumatized patients (e.g., those with brain injuries). The future seems 

promising for those who decide to pursue a path of modeling, wayfinding. and spatial 

abilities. 
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EPILOGUE 

An expert is an individual that always continues to learn. 
—E. Langer, personal communication, April 1996 

I have learned what a challenge it is to be a content-free methodologist. In the 

process. I have become a photographer who carries a manual camera. In other words. I 

have learned that a content-free methodologist becomes an expert in the content area 

under study. Ultimately, one becomes content-specific—if only for a short while (e.g.. 

several years)—on the joumey to knowing and to understanding a problem. To know 

and to understand means to study not only the research process, but the content as well. 

Note that I refer to a manual camera in these concluding thoughts rather than the 

automatic camera that I described in the introduction because, as a methodologist. I feel 

responsible for focusing the lens and providing resolution of the subject under study (i.e.. 

choosing the approach to and analysis of the problem). As a final point, I would like to 

say that completing a dissenation is a wonderful learning experience that forces one to 

independently, and yet collaboratively, stand still and think hard about a problem, 

cautiously approaching it from several strategic vantage points. 
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APPENDICES 

Appendix A 
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Figure 10. Example of a unit alley maze (Tolman, 1948) 

1 1 
1 1 

•  . . . » '  

1 1 
1 

1 M.W • 

Figure II. Example of a T maze (Tolman & Honzik, 1930) 
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Appendix A (cont'd) 

Figure 12. Example of a simple Y-maze with two goal boxes (Spence and Lippia, 1940) 
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Appendix A (cont'd) 

Figure 13. Example of an open circular table and alley that ends in a food box (Tolman. 1948) 



Appendix A (cont'd) 

Figure 14. Example of a radial arm maze (Tolman, 1948) 
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Figure IS. Example of an elevated maze (Tolman, 1948) 
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Figure 16. Example of Modified Version of Mental Rotations Task (Azar,l996) 



Appendix B (cont'd) 

Figure 17. Example of a route-learning task (Choi & Silverman, 1996) 
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Figure 18. Example of two Porteus mazes (Lezak, 1995) 
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Appendix C 
Computer-Generated Maze Apartment Layout 
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home 

Appendix D 
Versions of the Taxi Cab Task with written identification of icon locations 

Version A (Demonstration Board) 
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Appendix E 

1999 College-Bound Seniors. National Report 
(www .collegeboard.org/sat/cbsenior/yr1999/N AT/cbs1999.html) 

All SAT I Test Takers 
SAT I Test 

Takers 
Percent SAT I Verbal SAT I Math 

Number Percent Male Female Mean 
Scores 

Standard 
Deviations 

Mean 
Scores 

Standard 
Deviations 

All 
SAT! 
Test 

Takers 

1.220,130 -- 46 54 505 111 511 114 
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