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ABSTRACT 

There is evidence that map information is often stored as a mental image 

(Rossano, Warren, & Kenan, 1995). Although many map navigation tasks should 

demand both memory and processing fimctions (the critical elements of working 

memory), little evidence exists of any attempts to use measures of working memory to 

explain performance variance in map navigation tasks (see review by Shah & Miyake, 

1999). There has been much evidence in the literature that the working memory system 

involves fimctions separate from short-term memory (storage), has a general processing 

component (central executive), and may possibly include "specialized" components with 

specific roles for meeting task demands (Baddeley & Hitch, 1994; Salway & Logic, 

1995). The current project consisted of a series of experiments utilizing a map navigation 

paradigm designed to tease out the unique contributions of short-term memory and 

working memory, as well examine the possible contribution of domain-specific 

processing capacity to spatial navigation. The results demonstrated that participants had 

difficulties with maps that were misaligned in respect to the orientation of the person and 

environment (especially those misaUgned 180 degrees). Misaligned maps required 

additional processing resources that were provided by the working memory system. 

There was evidence of the involvement of both general and spatial-specific processing 

resources of the working memory system. The involvement of spatial-specific processing 

resources was found only in the most difFicuh map conditions. Short-term spatial 

memory (storage) was found to serve a significant role in map navigation for easy map 

conditions and when processing resources were occupied by a secondary task. 
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Participants also demonstrated an ability to adapt to the map task, basing their strategies 

on the available landmarks and experimental constraints. 
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CHAPTER I 

INTRODUCTION AND MAP NAVIGATION 

There is evidence that map information is often stored as a mental image 

(Rossano, Warren, & Kenan, 1995). Although many map navigation tasks should 

demand both memory and processing fiinctions (the critical elements of working 

memory), little evidence exists of any attempts to use measures of working memory to 

explain performance variance in map navigation tasks (Garden, Comoldi, & Logie, 2002; 

Shah & Miyake, 1999). 

Several of the paradigms commonly used in map research offer opportunities to 

test for the influence of working memory. One manipulation studied extensively in map 

research is that of map orientation effects. Warren, Scott, and Medley (1992) provide a 

conceptualization of map use and map orientation. In Warren et al.'s view: 

The environment is a stable structure within which the observer moves around. 
As the observer moves around in the environment, his or her relationships to the 
features of the environment change. The observer may use a map to assist in 
orientation to, and travel within, the environment... [The authors see] the 
orientation of the map as a mediator of the relationship between the observer and 
the environment, (p. 671) 

The orientation of the map in respect to the person/environment relationship may 

influence the processing requirements necessary to interpret understand, and effectively 

use a map. Levine, Marchon, and Hanley (1984) have researched "you are here" (YAH) 

maps placed in various environmental alignments. These are the maps one commonly 

sees in public places such as shopping malls and entail a depiction of the environment 

with some symbol representing one's current location within this enviromnent. A critical 



feature noted by Levine et al. was that the alignment between the map and the 

environment is not usually specified. The map could be placed in alignment with the 

environment (i.e., if a target was to the right of the YAH symbol on the map it would be 

to the person's right in the enviromnent), contraligned (everything rotated 180 degrees), 

or in some other degree of misalignment. Levine et al. hypothesized that maps that were 

oiit of alignment would cause people difficuhies. 

Levine et al. (1984) conducted a set of experiments to test this hypothesis. The 

first involved showing participants a series of slides depicting a student looking at a YAH 

map. The pictured YAH map was hung on the side of a marked building with that 

building in the center and several other buildings spread around the map. Each slide had 

a YAH arrow pointing to one side of this central building (see Figure 1). For each trial 

the participants were given a target building and asked to indicate in which direction the 

student would need to travel to get to the target building. The results showed that 

performance was significantly better on the aligned trials than the misaligned trials. In 

fact, 99% of the aligned trials were correct, compared to only 33% of the misaligned 

trials. 
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Figure 1. Slide used in Levine, Marchon, and 
Hanley (1984) study depicting student 

looking at misaligned YAH map. 

The error in the misaligned condition was primarily due to an overwhelming 

tendency to ignore the YAH arrow. These results held even when participants were 

given examples and explicitly instructed to consider the wall that the map was on when 

making their decisions. These results provided some preliminary evidence that people 

have difficulties with misaligned maps and that the cognitive operations required may not 

have been understood or were too effortfiil to attempt. 

Levine et al. (1984) conducted a second experiment testing alignment effects 

using YAH maps in a real wayfinding task inside a large building. The participants were 

shown a YAH map (either aligned or contraligned) with both their location and a target 

location marked on it and asked to walk to the target location. Successful target location, 

as well as the time spent studying the map and the time-to-target were recorded. The 



resuhs showed that participants were more successfial at finding the target location in the 

aligned condition than in the contraligned condition. A speed-accuracy tradeoff was 

ruled out because participants in the contraligned condition, also spent significantly more 

time studying the map and looking for the target. The increase in study time highlighted 

difficulties in interpreting misaligned maps and the potential for an increased processing 

requirement. 

The types of difficuhies participants have whh misaUgned maps have been 

studied fiirther. Rossano and Warren (1989) used a set of simple path maps (see Figure 2 

for an example) in conditions of misalignment to the testing environment to examine the 

response processes used for misaligned maps. The experimental task involved the 

participant viewing the map for a limited time. After the map was removed, the 

participant received information concerning their location (his or her position and which 

way he or she was facing) and a target location. The participant made a response to 

indicate the direction to the target location. Some pilot work had demonstrated that 

contraligned (180 degree) map conditions produced large errors, and these errors fell in 

predictable places. The error categories proposed by Rossano and Warren were 

aUgiraient errors, up-down mirror image errors, left-right mirror image errors, and 

undefined errors. These errors are defined and categorized as: 

1. alignment error (AE) as if no mental rotation was conducted 
2. up-down mirror image (UD) as if map mentaUy flipped UD but not LR 
3. left-right mirror image (LR) as if map mentally flipped LR but not UD 
4. undefined (U) those errors that did not fall into 1, 2, or 3 
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Figure 2. Simple path map (based 
on Rossano & Warren, 1989) 

Rossano and Warren (1989) hypothesized that a correct response to a contraligned 

map depends on the observer carrying out a cognitive operation to rotate his or her image 

of the map (or of the environment) through the 180 degrees to bring it into alignment 

with the environment (or map). The first type of error, aligmnent errors, resulted from a 

failure to attempt realignment at all. The second type of error, mirror-image errors, 

resulted from an inappropriate flip of the map. This would be as if one just switched the 

items from the top to the bottom (UD) or left to right (LR). 

Rossano and Warren (1989) found evidence for the existence of both aUgnment 

and mirror-image errors, as well as differences due to response type and degree of 

misalignment. Response type was manipulated between a locomotor response (stepping 

in the correct direction) and a pointing response (using a pointer). For the first 

experiment utilizing two map orientation conditions (aUgned and contraligned), the 



mirror-image errors occurred at greater than chance frequencies in both response 

conditions. Only in the pointing response condition were alignment errors found at 

greater than chance levels. 

Further experiments included conditions of 45, 90, and 135 degree misalignment 

as well. The resuhs demonstrated that alignment errors were more common in the 45, 

90, and 135 degree condhions and that the inclusion of these conditions reduced the 

percentage of mirror-image errors in the 180 degree condition. The need to rotate the 

maps mentally in the 45, 90 and 135 degree map conditions was thought to create a bias 

to rotate, rather than flip the map image, reducing the percentage of mirror-image errors 

in the 180 condition. Rossano and Warren (1989) concluded that mirror-image errors 

were more common when the map was contraligned (180 degrees) and aUgnment errors 

were more common at intermediate map-environment misalignments. The Rossano and 

Warren study raises the possibility that response-type and task combination may 

influence the response process and its effectiveness in map-alignment studies. 

Evidence from response time measures and the participants' verbal reports 

supplied credence to the idea that participants may mentally rotate the map. OveraU, the 

participants took longer to respond to the misaligned maps. Rossano and Warren (1989) 

interpreted this as an indicator of participants attempting mental manipulation. Linear 

trend analysis conducted on the response times across all 5 conditions, indicated that 

there was a significant Unear trend. Response times were found to increase as the degree 

of misalignment increased. This finding corresponded nicely wdth the hypothesized 



increase in mental rotation necessary. Verbal reports of several participants confirmed 

that participants were attempting mental rotation. 

Warren, Scott, and Medley (1992) conducted a set of experiments to test Rossano 

and Warren's (1989) predictable error categories on YAH maps under more realistic 

conditions. These experiments also looked at the misalignment of the writing (referred to 

as map-observer alignment) as well as map-environment alignment. The wording on a 

map can be right-side-up in only one orientation. As a person moves around in the 

environment, he or she can turn the map to match the environment or wording, but it is 

not possible to keep both map-environment and map-observer aUgnment. The 

experiment involved presenting participants with a map of a f>atio area in one of five 

alignment conditions. There was a baseline condition of map-observer-environment 

alignment, and conditions of 90 and 180 degrees of misalignment of either the map-

observer or map-environment relationship, keeping the other relationship aligned. Each 

map designated the location of the observer and a target location. For each trial, the 

participant was shown a map, which had to be kept in that orientation while determining 

where the target location was. The map was then taken away and he or she walked to the 

target location. The participants could view the patio area while looking at the map, 

reducing the memory requirement. Warren et al. argued that this allowed direct 

assessment of the effects of misalignment on location performance. 

In the first of Warren et al.'s (1992) experiments, the participants were given 

unlimited time to look at the maps. No difference in study time was found between the 

aligned condition and the conditions of map-observer misalignment (misaligned writing). 



Participants spent significantly longer sttidying the maps that were misaligned 90 and 180 

degrees with the environment than the aligned maps. These resuhs again highlight 

increased processing difficuhy in environmentaUy-misaligned maps. The second 

experiment was similar to the first with the exception that, in an effort to produce more 

errors, participants were only given two seconds to examine the map. Overall, error did 

not increase significantly from aligned performance to performance in the map-observer 

misalignment conditions. The 90 and 180 degree map-environment misalignment 

conditions did increase error over aligned performance, but did not differ significantly 

from each other in error. Examination of the large errors, defined by Warren et al. as an 

error falling outside a circular area around the target that consisted of 10 % of the total 

area, provided soUd evidence of aUgnment effect errors, but Umited support for mirror-

image errors. 

Warren et al.'s (1992) examination of the "undefined" errors provided some 

evidence of the existence of multiple processing steps for environmentally misaligned 

maps. This was evidenced in smaller errors found in several participants who appeared 

to mentally rotate the general map successfiiUy, but failed to rotate the target in terms of 

the local landmarks. This introduced the idea that map complexity can introduce 

increased demands and possibly extra processing steps. Warren et al. provide a good 

model of the process that takes place when an observer uses a map that is misaUgned with 

the environment. The Warren et al. (1992) model argues that: 

First, the observer either recognizes the existence of misalignment and executes a 
cognitive operation which is intended to bring about alignment, or the observer 
does not recognize the misalignment and proceeds to make a response based on 
the assumed alignment of the map with the observer and/or the environment. 



Alignment errors are the resuh of the latter. In the former case, either correct 
responses occur if the cognitive operation is appropriate, or, if the cognitive 
operation is inappropriate, mirror-image errors of either the up-down or the left-
right variety occur. 

Second, even if the appropriate cognitive operation is applied to achieve 
overall alignment, errors can resuh from the observer's failure to apply the 
cognitive operation to the local landmark to which the target is referenced. The 
local landmark moves with the map, but the landmark is itself not reoriented 
correctly. This failure resuhs in a substantial frequency of errors which appear to 
be lawfiiUy related to local landmarks, (p. 681) 

The studies discussed above demonstrated that the difficuhy of a map task can be 

manipulated, increasing the processing demand. Engle, Tuholski, Laughlin, and Conway 

(1999) have argued for individual differences in the processing capacity of working 

memory. The next study demonstrated individual differences in the abUity to manipulate 

and interpret an image of a map or environment. It is possible that this ability may be 

related to general central executive processing ability of working memory. 

Rossano, Warren, and Kenan (1995) conducted a series of studies examining the 

orientation-specificity of a learned map in memory. This type of study is similar to the 

Rossano and Warren (1989) study and compares decrements in performance when the 

participant is tested on environments in various degrees of misaUgnment with how the 

map was learned. Participants were given their location, orientation, and a target from 

the learned map and asked to make a directional judgment. This paradigm tests 

participants' ability to assess or manipulate the mental image of the environment from 

memory to perform the task. 

Rosanno et al's (1995) first experiment used simple plan maps, and the 

participants were tested in conditions of 0, 45, 135, and 180 degrees of misalignment. 



The resuhs showed greater error in directional judgments (angular error) for the 

misaligned 180 and 135 degree conditions than the aligned and misaligned 45 degree 

condhions. In two follow-up experiments, the participants were tested on the same map 

for four weeks to aUow for learning effects. The second experiment, utilizing plan (2-

dimensional) and oblique (included 3-dimentional height information) campus maps, and 

the third experiment using a scale model of campus, also found alignment effects. 

Performance was significantly worse in the misaligned 180 condition when compared to 

the other conditions. 

More importantly, what Rossano et al. (1995) found across all three experiments 

was the presence of two subgroups that demonstrated either strong effects, or no effect, of 

map alignment. The strong-effect subgroup constituted about 20% of the participants 

and was mostly female. The errors made by the strong-effect subgroup were of the same 

pattern as the total sample, just more pronounced and persistent over trials. The no-effect 

subgroup contained about one-third of the participants and was mostly male. These no-

effect participants demonstrated a negUgible difference m accuracy between the aUgned 

and misaligned conditions and no significant main effect of map orientation. 

An explanation for what made these subgroups different was not provided. 

However, Rossano et al. (1995) hypothesized that the no-effect individuals developed a 

more flexible map representation. One possible explanation would be that these no-effect 

individuals possessed greater processing resources and were therefore better able to 

manipulate the map image to suit then needs. These processing resources would 

probably represent the processing resources of the working memory system. The 
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processing required for the map task parallels the mental manipulation and problem 

solving required in other tasks that have been Unked to the central executive resources of 

working memory (for a review, see Kintsch, Healy, Hegarty, Pennington, & Salthouse, 

1999). In reference to working memory models, the Rossano et al. resuhs would raise the 

question of whether these resources utilized in the map task were specific to the spatial 

domain, or general processing resources (Miyake & Shah, 1999). 
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CHAPTER II 

WORKING MEMORY 

The current research represented an attempt to utilize a map navigation paradigm 

to tease apart the unique contributions of short-term memory and working memory to 

map navigation performance, as well examine the possible existence of domain-specific 

processing capacity. There has been much evidence in the literature that the working 

memory system involves fimctions separate from short-term memory (storage), has a 

general processing component (central executive), and may possibly include "special" 

components with specific roles for meeting task demands (Baddeley & Hitch, 1994; 

Salway & Logie, 1995). 

Beginning with Baddeley and Hitch's (1974) seminal article defining "working 

memory" a division has been made between the working memory system and the storage 

system that was labeled as short-term memory (Kintsch et al., 1999). In hindsight, 

Baddeley (1993) himself regrets using the term working memory, because it gave the 

impression that the working memory system was primarily a storage system. Shah and 

Miyake (1996) argue that, "working memory consists of flexibly deployable, limited 

cognitive resources, namely activation, that support both the execution of various 

symbolic computations and the maintenance of intermediate products generated by these 

computations" (p. 4). Similar to Shah and Miyake's definition, the key to most current 

definitions of working memory is the inclusion of both the processing and storage 

12 



fiinctions of the system, placing the primary emphasis on the processing (Baddeley & 

Hitch, 1994; Cowan, 1999; Engle, Kane, & Tuholski, 1999). 

Although there is debate in the literature over the fimction of, and utility of 

including, domain-specific aspects of working memory, most current models of working 

memory contain a central processing component, often referred to as the "central 

executive" (see review by Shah & Miyake, 1999). The central executive is thought to 

house the limited capacity, domain-free controlled processing resources allocated to task 

completion (Engle et al., 1999a). Aside from the responsibility for dynamic control and 

coordination of processing and storage that take place during complex cognitive tasks, 

the specific fiinctions of the central executive have not been thoroughly defined, 

especially for spatial materials (Kintsch et al., 1999). 

Evidence for domain-free central executive processing resources was provided by 

a latent variable study conducted by Engle, Tuholski, Laughlin, and Conway (1999). 

The experimenters had participants perform a series of tasks, thought to represent either 

working memory, short-term memory (storage), or general fluid inteUigence. Using 

factor analysis and structural equation modeling techniques the authors examined the 

relationships between the constructs. Engle et al. (1999b) summarized their results as 

"suggesting that short-term memory and working memory reflect separate but highly 

related constructs and that many of the tasks used in the literature as working memory 

tasks reflect a common construct" (p. 1). The authors also found that working memory, 

but not short-term memory, was strongly related to general fluid inteUigence. Engle et al. 

argue that the common component between working memory and fluid intelligence 

13 



represents controlled attention, or a person's controlled processing capacity (central 

executive capacity). The common element between working memory and STM is 

thought to be the storage component. 

Engle et al. (1999b) demonstrated that h was the general controUed processing 

element (central executive) that set working memory apart from STM (storage 

component). The characteristics of the map orientation studies allow for a direct analysis 

of this theory. Misaligned map conditions have consistently introduced greater 

difficulties and increased processing requirements (Warren et al., 1992). Groeger, Field, 

and Hammond (1999) argue that when increased complex processing is involved in a 

task, there is greater influence of the central executive component. Therefore, if the map 

navigation task makes use of the processing resources of working memory, the relative 

contribution of the central executive component should increase for conditions of map-

environment misalignment. 

If evidence is found for the involvement of workmg memory, one must then 

question if this involvement of working memory is domain-specific. The review by 

Miyake and Shah (1999) argued that the view of a completely unitary, domain-general, 

working memory systems does not hold. There is evidence for the existence of domain-

specific components for representing and storing various material types (Shah & Miyake, 

1999). These components are thought to use different codes but have similar properties 

(Kintsch et al., 1999). One rather standard domain-specific division has been the 

inclusion of two "slave" systems of working memory, namely a phonological loop (PL) 

and a visual spatial sketchpad, or scratchpad (VSSP) (Baddeley & Logie, 1999). 
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The PL is thought to allow the maintenance of speech-based information utilizing 

subvocalized rehearsal (Baddelely & Lieberman, 1980). Baddeley and Logie (1999) 

divided the PL into a passive phonological store and an active rehearsal process. The 

phonological store is thought to represent the material in phonological code, which 

decays with time, and the rehearsal process serves to refresh the decaying phonological 

information. Much of the working memory research has reUed on verbal skills, which 

would utilize the PL. The existence of the VSSP, which should be involved in map 

navigation, is often shown in contrast to the PL. The storage and rehearsal of 

phonological information are not expected to play a significant role in the current map 

navigation task. 

The VSSP is thought to be utilized when dealing with visuo-spatial information, 

such as should be required when using a map to navigate. Some authors allocate both 

storage and processing resources to the VSSP (Baddeley & Hitch, 1994; Baddeley & 

Logie, 1999). In the view of these authors, the VSSP is essential for maintenance and 

generation of visual images and spatial representation. There are two proposed parts of 

the VSSP. There is the visual cache, which passively stores information and the inner 

scribe, which is responsible for deaUng with incoming spatial information, planning 

movement, and maintaining information in the visual cache (Logie, 1995). Some of the 

proposed fianctions of the VSSP include the planning and execution of spatial tasks, 

tracking visual perception over time, maintaining orientation in space, and dnecting 

spatial movement (Baddeley & Hitch, 1994). There is little conclusive evidence for these 

15 



functions, but they do represent similar fiinctions to what would be expected in a map 

navigation task. 

Other authors see the slave systems as serving primarily a storage fimction with 

little or no modality-specific processing fiinctions (Engle et al., 1999a). Kintsch et al's. 

(1999) review of the current working memory literature suggested that although the 

subsystems may rely on different codes they have similar properties (e.g., processing 

principles, decay rate). There has been some evidence to show, at least for the well-

studied PL, that the slave systems are primarily peripheral systems with a Umited role in 

complex cognitive activities (Shah & Miyake, 1996). It has been argued that this limited 

role is to store and maintain the material of a specific code. For instance, Shah and 

Miyake (1996) report that studies often fail to show a correlation between digit span 

(argued to measure the PL) and reading comprehension performance. Baddeley and 

Hitch (1974) demonstrated that disrupting the PL with a dual task such as concurrent 

articulation of familiar syllables (e.g., "the") did not impair the participant's ability to 

verify sentences. Caplan and Waters (1990) report evidence of patients suffering from 

selective impairment in the PL who demonstrate severely restricted digit span measures 

(two or three digits) but do not necessarily demonstrate defichs in sentence 

comprehension. These findings suggest that the slave systems perform a domain-

specific role that is limhed to storage, with negligible influence on complex tasks. 

It has been argued that although the storage components of working memory may 

be domain-specific, the processing resources are domain-free (Engle et al., 1999b). If the 

findings from the PL also hold for the VSSP and the slave systems perform primarily a 

16 



storage flinction, then it follows that the slave systems represent the STM component. 

STM has been found to be domain-specific (Engle & Kane, in press). Engle et al's 

(1999b) structural equation modeling analysis (discussed above) provided some evidence 

consistent with the position that short-term memory is the storage subset of a general 

working memory system that also includes the general domain-free processing 

components (controlled attention). 

Following this definition, it is the amount of controUed processing required for a 

specific task that defines it as a working memory task. Engle et al. (1999b) used this 

logic to argue for individual differences between reUance on STM and working memory 

on the same task. If the key differences between spatial working memory and other types 

of working memory (verbal, numerical) rely solely on this storage component, then this 

variance could be explained by a modality-specific STM task. 
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CHAPTER m 

EXPERIMENT 1 

The first experiment was exploratory in nature and had three goals. The first was 

to replicate the orientation effects found in the Uterature and fiirther examine the types of 

errors made. The second was to establish a link between working memory and map 

performance. Two working memory tasks were included. The first was the Operation-

Word Span, or OSPAN, task (Turner & Engle, 1989). OSPAN has been shown to 

measure working memory capacity using quantitative and verbal stimuli (Engle et al., 

1999b). The second working memory task was the Sequential Active, or SQAT, task 

(Vecchi & Comoldi, 1999). SQAT has been shown to measure working memory 

capachy using visuo-spatial stimuli (Vecchi & Comoldi, 1999). The third goal was to 

examine if the relationships between working memory and map performance measures 

vary by the domain-specific nature of the working memory task components. 

Differences in the partem of relationships between SQAT (spatial) and OSPAN 

(verbal/quantitative) with map performance measures were examined. 

Method 

Participants 

Twenty-four participants were recmited from undergraduate courses at Texas 

Tech University. Participants provided informed consent and received partial course 

credit for their participation. 
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Materials 

Each participant completed OSPAN (Turner & Engle, 1989), SQAT (Vecchi & 

Comoldi, 1999) and the map navigation task. 

Working Memory Tasks 

OSPAN was used to measure participants' working memory capacity using 

quantitative and verbal stimuli. OSPAN was programmed in MEL 2.01 (Psychological 

Software Tools, 1997) and administered on a computer. The participant's task was to 

recall words against a background arithmetic task. In the center of the computer screen a 

math problem and a to-be-remembered word were displayed (e.g., IS (2 X 1) + 1 = 2? 

DOG), in 24-point font. As soon as the equation appeared, the participant began to read 

the math problem aloud, then verified aloud if the equation was correct or not, then read 

the word aloud. As soon as the participant said the word aloud, the experimenter pressed 

a key and the screen went blank for 200 ms and then the next equation appeared. After a 

set of 2-6 of these operation-word strings, three question marks appeared in the center of 

the screen as a cue for the participant to recall all of the words in that set m the correct 

order. 

The number of to-be-recalled words in each set varied randomly from 2-6 words 

whh three trials of each set size. Therefore the participant could not know how many 

words were in the set untU the question marks appeared. The score was calculated by 

summing the set size for every set that was recalled in ks entirety (correct words and 

order). For mstance, a correct set of size 3 counted for 3 points. To ensure attention to 
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the arithmetic portion (processing), participants who were less than 85% accurate were 

dropped from the analysis. 

The SQAT (Vecchi &. Comoldi, 1999) was used to measure working memory 

capacity using visuo-spatial stimuli. The task requires participants to mentally follow a 

path around an imagined matrix. Participants were shown a paper matrix for a brief 

exposure and then asked to imagine h. The participants were instmcted that their starting 

location was always the bottom, left comer of the matrix. The participants were then 

given a series of direction statements to follow around the imagined matrix. These 

direction statements consisted of moving forward, backwards, left or right. At the end of 

the series of direction statements, the participant was provided a blank paper matrix of 

the same size and asked to mark the box that indicated their final poshion. 

The complexhy of the task was manipulated by the combination of matrix size 

and the number of direction statements given. There were 13 levels of difficulty with 

three trials at each level. For example, level 1 (practice) consisted of a 2 X 2 matrix with 

one statement, level 2 consisted of a 2 X 2 matrix with two statements, level 3 was a 3 X 

3 matrix with three statements, level 4 was a 3 X 3 matrix whh five statements, 

continuing up to level 13, an 8 X 8 matrix with five statements. The score was the mean 

of the three most complex trials correctly performed. Participants had to answer two of 

the three trials correctly at each level to move on to the next level. 

Map Task 

The environment for the map task was the patio of Hulen Hall on the Texas Tech 

campus. The patio measured 142' X 82' The objects inside of the patio included trees, 

20 



benches, manhole covers, sidewalks, stairs, a picnic table, a barbeque grill, and a frash 

can (see Figure 3). 

The environment was mapped onto a sheet of 8.5 X 11 paper (see Figure 3). 

Sixteen different maps were constmcted in all. There were four sets of maps, each whh 

either North, South, East or West poshioned upright on the map. Four maps were 

created in each set, each with a starting point (participant's location) in the center of one 

of the four sides of the patio. This created a map that was in 0, 90, 180, and 270 degrees 

clockwise misalignment between the observer and the environment for each set. The map 

text was always positioned upright. For each map, the participant's location was marked 

with a cu-cle and the letters "YAH" for "you are here" highlighted in yellow. A different 

target location was marked on each map with a red "X". The target locations were 

strategically placed to increase the difficuhy of the task. This included placing targets 

next to easily confiisable (similar) landmarks, and placing targets in positions that were 

not directly in line with landmarks. Each map was assigned a number and random 

selection procedures were used to create four different orders of map presentation. 
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Figure 3. Map of Hulen Hall Patio 
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The map navigation task is based on the task used by Warren et al. (1992). The 

participant was met at the testing area, and the task was explained to the participant. The 

participants were told that the experiment would be conducted like a ft-easure hunt. On 

each trial, he or she would be given a map, whh their location marked whh a yellow 

cu-cle and the letters YAH for "you are here" and the location of the treasure marked with 

a red "X" The participant was then instmcted that he or she must keep the map in the 

orientation given and would be given two seconds to view the map. The participants 

were informed that their starting location would not always be located on the bottom of 

the map. After viewing each map he or she was to walk to the target location and stand 

in that position until the experimenter walked over, determined their location and 

recorded h on the map by drawing an "X" to designate the participant's response. 

The participants were stopped at the edge of the testing area and shown a practice 

map. The coding of the map features was explained and the participant completed the 

practice map. Any remaining questions were answered and then the participant was led 

to the starting point for the first map trial. The participant then completed the 16 

experimental trials. At the end of the map trials the participants were asked three 

questions. The questions were: Could you briefly describe how you went about doing 

the map task? Did you ever try to tum the map in your mind (mentally rotate it), if so did 

you always rotate in the same du-ection (clockwise or counter-clockwise)? Was there 

anything you found especially challenging about the task? Performance was measured 

in feet to the nearest half-foot using a mler to measure the distance (in inches) on the 

paper map between the target "X" and the response "X" made by the experimenter and 
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converting that measure to feet. The conversion scale was 'A inch on the map was 

equivalent to four feet on the patio. 

Procedure 

Testing took place in two separate sessions. At the first session the participants 

completed the OSPAN, then the SQAT. The entire first session lasted approximately half 

an hour. In the second session the participant completed the map navigation task. The 

second session lasted approximately half an hour. 

Resuhs 

Data Screening 

Prior to analysis of the research hypotheses, preliminary data screening measures 

were performed and corrections made to the dataset. See Appendix B for details. 

Orientation Effects and Errors 

The first set of analyses was conducted to determine the presence of orientation 

effects, make comparisons among alignment conditions, and examine the types of errors 

made. For both average error m feet and number of large errors, three plarmed 

comparisons were conducted. First, performance on the aligned maps was compared to 

average performance on the misaligned maps. Misaligned performance was expected to 

be inferior to aligned performance. Second, within the misaligned map condhions 

performance in the misaligned 180 condhion was compared to the average of the two 
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misaligned 90 condhions (the 270 condhions is misaligned counter-clockwise 90 

degrees). There is evidence to show that maps that are misaligned 180 degrees cause the 

most difficuhy for participants (Rossano et al., 1995). Thurd, a comparison was made to 

examine performance differences between the misaligned 90 and misaligned 270 

condhions. It was possible that participants would perform better on maps that were 

misaligned in one particular direction, ehher clockwise or counter-clockwise 90 degrees. 

Each participant's four scores (error in feet) in each map orientation condhion 

(aUgned, misaligned 90, misaligned 180, and misaligned 270) were averaged to create 

then- score for each orientation condhion. The mean performance error was 3.13, 18.264, 

22.36, and 14.80 feet for the aligned, 90, 180, and 270 condhions. Orientation effects 

were examined with a repeated-measures ANOVA, with the four orientation conditions 

serving as the repeated measure. There was a main effect of orientation F (3,69) = 

18.479, p < .001, MSE = 88.41. Map performance differed by orientation condhion. 

A within-subjects planned comparison was conducted comparing the average 

performance in the three misaligned conditions (90, 180, and 270) to performance in the 

aligned condhion. The mean performance error was 3.13 feet in the aligned condhion 

and 18.475 feet in the misaligned condhions. Performance differed between aligned 

maps and misaligned maps, F(l,22) = 46.920, p < .001, MSE = 512.219. Performance in 

the aligned condhion was superior to performance in the misaligned condhions. 

A whhin-subjects planned comparison was conducted comparing average 

performance in the two misaligned 90 condhions (90 and 270) to performance in the 

misaligned 180 condhion. The mean performance ertor was 22.36 feet in the misaligned 
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180 condhion and 16.532 feet in the two misaligned 90 condhions. The difference in 

performance was marginally significant, F(l, 22) = 3.941, g < .10, MSE = 325.668. 

Performance (in feet from target) in the misaligned 180 condhion was inferior to 

performance in the misaligned 90 degree condhions. 

A within-subjects planned comparison was conducted comparing performance in 

the misaligned 90 condhion to performance in the misaligned 270 (negative 90) 

condhion. The mean performance error was 18.264 feet in the misaligned 90 condhion 

and 14.80 feet in the misaligned 270 condhion. The difference in performance was not 

significant, F (1,22) = 1.261, p > . 10, MSE = 75.023. No performance advantage was 

found for maps rotated 90 degrees either clockwise or counter-clockwise. 

A similar set of comparisons was performed on the number of large errors 

committed in each orientation condhion. Large errors were defined as an error that faUs 

outside a circular area around the target that consisted of 10% of the total area (Warren et 

al., 1992). The testing area was 142' X 82', or 11,644 sq. feet. Ten percent of this area is 

1164.4 sq. feet. The radius of a circle whh that area was 19.252 feet. A large error is 

therefore any error greater than 19.252 feet from the target location. 

The number of large errors in each orientation condition was summed across the 

four maps in each condhion. The sums were 4, 29, 34, and 21 large errors for the 

aUgned, 90, 180 and 270 condhions, respectively. The mean number of large errors for 

the aligned, 90, 180 and 270 conditions were .167, 1.208, 1.417, and .875 large errors, 

respectively. Differences in the number of large errors by condhion were analyzed using 

a repeated-measures ANOVA. The main effect of orientation was significant, F(3,69) = 
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12.132, p <.001, MSE = .593. The number of large errors differed by map orientation 

condition. 

A within-subjects planned comparison was conducted comparing the average 

number of large errors in the three misaligned condhions (90, 180, and 270) to the 

number of large errors in the aligned condhion. The mean number of large errors was 

. 167 large errors in the aligned condhion and 1.167 large errors in the misaligned 

condhions. Performance in the aligned condhion was superior to performance in the 

misaligned condhions, F(l,22) = 29.455, p < .001, MSE = 3.314. Participants committed 

more large errors in the misaligned condhions than the aligned condition. Neither the 

comparison between the number of large errors in the misaligned 180 condhion and large 

errors in the two 90-degree condhions, F (1,22) = 1.964, p > . 10, MSE = 2.170, nor the 

comparison between the number of large errors in the misaligned 270 condition and the 

number of large errors in the misaligned 90 condhion, F (1,22) = 1.868, p > .10, MSE = 

419, was significant. 

To examine the large errors more closely they were classified into Rossano and 

Warren's (1989) four categories (see Table 1). A series of one-sample t-tests was 

performed to determine if each type of error occurred at greater than chance frequencies. 

For alignment errors (AE), up-down mirror image errors (UD), and left-right mirror 

image errors (LR) expected errors of each type were calculated by the logic that each 

type of response was represented by a circle that made up 10% of the total area. Together 

the AE, UD, LR and target areas represented 40% of the total area, leaving 60% for 

undefined en-ors (U). Removing the target area left 90% of the total area that large 
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errors could occur in. The number of large errors expected in each condhion was 

determined by dividing the total number of large errors by the proportion of the 

remaining 90% of the total area occupied by each error-type response circle. The 

number or large errors expected in each condhion was divided by N (23) to determine, on 

average, how many errors of each type were expected by any given participant. 

Table 1. Error classification for Experiment 
Orient 

90 
180 
270 

Align 
Total 

# Errors 
29 
34 
21 
4 
88 

AE 
2 
1 
0 
0 
3 

UD 
5 
2 
1 
0 
8 

LR 
2 
15 
3 
0 

20 

t l 
U 
20 
16 
17 
4 
57 

Note: 
AE=alignment error as if no mental rotation was conducted 
UD=up-down mirror image as if map mentally flipped UD but not LR 
LR=right mirror image as if map flipped LR but not UD 
U=undefined (not AE, UD, or LR) 

There were 88 large errors, so 9.77 large errors (11.10%), or 425 average errors 

per participant, were expected in the AE, UD, and LR areas and 58.66 large errors 

(66.67%), or 2.55 average errors per participant, m the undefined areas by chance. The 

total large en-ors of each type were AE (3), UD (8), LR (20), and U (57). The average 

number of large en-ors of each type were AE (.130), UD (.348), LR (.826), and U (2.304). 

Only the LR enor type occurred at greater than chance frequencies, t (22) = 1.869, p < 

. 10, SE = .215. Fifteen of the 20 LR enors occurred in the misaligned 180 condhion and 
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11 of those 15 occurred on the same map. Therefore, the resuhs may reflect aspects of 

our patio and a particular map rather than general mles of map performance. 

The "undefined" errors were examined more closely for evidence of errors related 

to the local landmarks. The 57 "undefined" enors were classified into subcomponent 

enors, wrong landmark enors, confiision enors, or unexplainable errors. There were 11 

subcomponent enors that involved participants going to the conect landmark but the 

incorrect side of that landmark. Six of these subcomponent enors involved a failure to 

rotate the X around the correct landmark and five errors involved either under or over-

rotating the X around the conect landmark. Twelve errors involved participants going to 

an incorrect but similar landmark. Six errors were confusion errors where the participant 

verbally told the experimenter that he or she did not see or remember the location. 

Twenty-eight of the errors remained unexplainable. 

The Influence of Working Memory 

The second set of analyses was conducted to examine the relationships between 

the working memory measures and map performance. Working memory was expected to 

show stronger relationships to map performance in the misaligned conditions due to an 

increased processing requh-ement in these condhions. Because the map task was a 

spatial task, h was expected that the spatial working memory task, SQAT, might 

demonstrate stronger relationships than OSPAN (a verbal-based task) to map 

performance measures, especially in the misaligned conditions. 
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Bivariate conelations were calculated between the working memory measures, 

gender, and performance measures (see Table 2). The measures included were OSPAN, 

SQAT, gender (0 = female, 1 = male), large errors, average enor across the misaligned 

condhions, average enor overall, and average enor in the four orientation condhions. 

There was a negative conelation between both working memory tasks, OSPAN and 

SQAT, and the number of large enors across condhions (see Table 2). Participants 

performing better on the working memory tasks committed fewer large enors. There 

was a negative conelation between SQAT and both average enor across misaligned 

conditions and average enor overaU (see Table 2). Participants who performed better on 

SQAT had lower average error in both the misaligned condhions and overall (see Table 

2). Examining the correlations between the SQAT and the individual orientation 

conditions revealed that performance (enor in feet) in all of the misaligned conditions 

was negatively correlated with SQAT and performance in the aligned condition was not 

(see Table 2). Superior performance on SQAT was significantly related to superior 

performance in the misaligned condhions but not the aligned condition. Gender was not 

significantly correlated with any of the other measures. The conelation between OSPAN 

and SQAT was unexpectedly not significant. 
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Tab! 

OSPAN 
SQAT 
Gender 

LEs 
Avg 
Ma 
Avg 
OaU 

Align 
Ma 90 
Ma 180 

e 2. Conelations between memory and map perf 
for Experiment 1 

SQAT 

.258 

Gender 

.064 

.056 

ormance measures 

F.rrors 

LKs 

-.420* 
-.558* 
-.142 

Avg 
Ma 

-.224 
-.623* 
-.082 
.913* 

Avg 
Oall 
-.232 

-.637* 
-.084 
.911* 
.998* 

Align 

-.159 
-.327 
-.051 
.172 

.185* 

.254 

Ma 90 

-.273 
-.669* 
-.088 
.765* 
.864* 

.868* 

.245 

Ma 180 

-.094 
-.448* 
.210 
.781* 
.762* 

.767* 

.245 
.576* 

Ma 270 

-.199 
-.458* 
-.285 
.696* 
.823* 

.811* 

.013 
.609* 
.329 

* Correlation significant at p < .05 
Note: 
LEs= number of large enors 
Avg Ma =average error across misaligned maps (in feet) 
Avg Oall=average enor across all maps (in feet) 
Ma 90=average enor on misaligned 90 maps (in feet) 
Ma 180=average enor on misaligned 180 maps (in feet) 
Ma 270=average enor on misaligned 270 maps (in feet) 

Responses to Post-Map Questions 

The participants' responses to the post-map questions were examined to 

determine the strategies used to complete the map task. The majority of the participants, 

20 out of 23, reported using landmarks to determine the target location on the patio. The 

arches, the trees, and the East stakcase were some of the main landmarks specified. 

There was also evidence of participants mentally rotating the map. Sixteen of the 23 

participants reported attempting at least some mental rotation, five of which reported 

rarely using rotation. Several participants stated that whh the two-second time limh, 

there was not enough time for mental rotation. 
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Discussion 

The resuhs provided evidence of map orientation effects and the influence of 

working memory on map performance. Participants had more difficuhies whh the 

misaligned map condhions as evidenced by greater enor (feet from target) and an 

increased number of large enors in the misaligned condhions than in the aligned 

condhion. There was some evidence, at least for average enor in feet, that the misaligned 

180 condition was the most difficult condition for participants. 

Examination of the large enors revealed that the particular characteristics of the 

maps may determine the types of errors made. The results also showed that mirror-image 

errors can be expected to occur in the misaligned 180 condition, but not in the misaligned 

90 or 270 conditions. This partem is consistent with the resuhs of the past studies 

(Rossano & Wanen, 1989; Wanen et al., 1992). There would be no reason for a 

participant to attempt to utilize the heuristic of flipping the map mirror-image up-down or 

left-right in any condhion other than misaligned 180. 

Examination of the "undefined" large enors provided fiirther evidence of complex 

processing in map navigation. Eleven of the 57 "undefined" enors involved a participant 

determining the right landmark but failing to reorient the target around that landmark. 

This provides evidence that participants do use the landmarks and that a two-stage 

process may be involved. This process could involve the participant first rotating the 

map as a whole, followed by the rotation of the subcomponents to fine tune the target 

location. Another possibilhy would be that the participants first locate the landmark 

nearest to the target and then try to orient the target around that landmark. Both options 
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would probably require significant cognitive processing that participants do not always 

execute successfully, as evidenced by the enors made. 

Evidence for the involvement of the working memory system was provided by the 

significant negative conelations between OSPAN and SQAT with the number of large 

enors made. As the scores on OSPAN and SQAT increased (evidence of superior 

storage and processing), the participants made fewer large enors. This provides 

preliminary evidence that the storage and processing resources of working memory are 

used in map navigation. These resuhs also provided evidence that there may be an 

increased reliance on domain-specific spatial memory and/or processing when 

performing the map task. Although both OSPAN and SQAT were related to large enors, 

the spatial working memory task, SQAT, also demonstrated a strong negative 

relationship to average enor overall, average enor across the misaligned conditions, and 

average enor m each misaligned condition. 

There was some ambiguity in determining whether short-term memory (storage) 

or working memory (processing) was responsible for the significant shared variance 

found between SQAT and average enor overall, average enor across misaligned 

conditions, and average error in each misaligned condhion. The increased relationship of 

SQAT to the map performance measures could be accounted for by spatial processing 

resources, or by the spatial storage requh-ement, or both. To fiirther examine the role of 

spatial memory, h is necessary to use separate measures of visuo-spatial working 

memory (processing) and visuo-spatial short-term memory (storage). 
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CHAPTER rV 

EXPERIMENT 2 

The goals of Experiment 2 were to increase sample size and to examine more 

specifically the contribution of spatial-specific storage and processing functions to the 

map navigation task. This was accomplished by including separate tests to measure 

domain-general central executive processing ability, spatial-specific processing ability, 

and spatial-specific storage abiUty. The analyses were stmctured to examine the 

involvement of spatial-specific processing resources in the misaligned map condhions. 

All working memory tasks are thought to tap into the general central executive 

component (Engle et al., 1999b). Therefore, both OSPAN (Tumer & Engle, 1989) and a 

spatial working memory task. Rotation Span (Engle & Kane, in press) would measure the 

central executive, domain-free processing resources. Both the Rotation Span task and a 

spatial short-term memory task. Matrix Span (Engle & Kane, in press) were used to 

measure storage ability for spatial materials. Only the Rotation Span task should 

measure any spatial-specific processing resources. 

The resuhs of Experiment 1 demonstrated the involvement of the processing 

resources of working memory in misaligned map condhions. If there are spatial-specific 

processing resources involved in misaligned map performance, then the Rotation Span 

should predict misaligned map performance above and beyond OSPAN and Matrix Span. 

Although there is some evidence that spatial STM tasks may draw on processing 

resources, the Rotation Span task was the only experimental task with an inherent spatial 
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processing requh-ement (Miyake, Friedman, Rettmger, Shah, & Hegarty, 2001). 

Therefore, if all of the processing resources utilized in the map task are domain-free, then 

the Rotation Span task will not predict map performance on misaligned maps above and 

beyond OSPAN and the Matrix Span task. 

Method 

Participants 

Sixty-three participants were recmhed from undergraduate courses at Texas Tech 

University. Participants provided informed consent and received partial course credit for 

theh participation. 

Materials 

Each participant completed OSPAN (Tumer & Engle, 1989), Rotation Span 

(described by Engle & Kane, in press; based on Shah & Miyake, 1996), Matrix Span 

(Engle & Kane, in press), and the map navigation task. 

Capachy Tasks 

The three capacity tasks (Operation, Rotation, and Matrix) were all programmed 

and administered on a computer. Participants were tested individually. OSPAN was 

programmed in MEL 2.01 (Psychological Software, 1997) and conducted as described in 

Experiment 1. 
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The Rotation Span, or RSPAN, task (Engle & Kane, in press) is a modified 

version of the Spatial Span task (Shah & Miyake, 1996). RSPAN was used to measure 

working memory using spatial stimuli. Rotation Span was programmed in Inquish 1.32 

(Millisecond Softtware, 2002). The participant's task was to recall a sequence of short 

and long arrows radiating out from the center of the screen against a background letter-

rotation task (see Figures 4 and 5). For each trial a normal or mhror-reversed G, F, or R 

(2 cm tall) rotated at 0, 45, 90, 135, 180, 225, 270, or 315 degrees was presented. The 

participant was required to mentally rotate the letter and indicate out loud if the letter was 

normal ("yes") or mhror-reversed ("no"). As soon as the participant responded to the 

letter, the experimenter pressed a key and the screen went blank for 500 ms, then a short 

(2 cm) or long (7.5 cm) arrow appeared for one second and was rotated either 0, 45, 90, 

135, 180, 225, 270, or 315 degrees. After the one-second interval, the arrow disappeared 

and the next trial began. 

After a set of 2-5 letter/arrow trials, three question marks appeared to cue the 

participant to recall all of the arrows presented in that set in the conect order. The 

responses were made on a sheet whh 12 rows of five circles. There was one row for each 

set. Each circle consisted of an inner ring and an outer ring, and the chcle was cut into 

45 degree slices by straight lines. Participants drew an arrow radiating from the center 

along one of the straight lines to conespond to the arrow presented in that trial. The 

arrow was drawn to the inner ring for short anows and the outer ring for long anows. The 

participant's score for RSPAN was the proportion he or she recalled conectly. To ensure 

36 



attention to the letter-rotation (processing) portion of the task, participants who were less 

than 85% accurate were dropped from the analysis. 

\ 

Figure 4. Small arrow rotated 135 degrees 
used for Rotation Span task 

Figure 5. Mirror-reversed letter "F" 
used for Rotation Span task 
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The Matrix Span task (MSPAN) as used by Engle and Kane (in press) was used 

as a measure of one's storage abilhy for spatial infonnation (spatial short-term memory). 

Matrix Span was programmed in Inquish 1.32 (Millisecond Softtware, 2002). The 

participant's task was to recall sequences of red-square locations within a matrix. The 

participant was presented whh sequences of 4 X 4 square matrices (5 cm X 5 cm), each 

with one of the 16 squares filled in red. Each matrix was presented for 650 ms, with a 

500 ms blank screen between h and the next matrix. There were 18 sets, ranging from 2-

7 matrices per set, each with a different square filled in red. 

At the end of each set, three question marks appeared in the center of the display 

to cue the participants to recall the locations of all of the red squares for that set in order. 

The response sheet consisted of 18 rows of seven 4 X 4 matrices. The participant marked 

an X in the cell of each matrix that corresponded to the red-square location for that trial. 

The participant's score on MSPAN was the proportion of square locations he or she 

recalled correctly. 

Map Task 

The environment for the map task was the Exercise Sciences Center Gymnasium 

at Texas Tech Univershy. The entire gymnasium consists of an area 85.5' X 113.8' The 

testing area consisted of a subset of the gymnasium, 50' X 50', designated by orange 

cones. A more symmetrical area than the patio of the previous study was desired to 

increase diflficulty. Objects were strategically placed inside the area to create the testing 
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enviromnent. These objects included 4 gym mats, a garbage can, two large benches, one 

small bench, 12 cardboard boxes, and a basketball backboard and rim (existing). 

The environment was mapped onto a sheet of 8.5 X 11 paper (see Figure 6). The 

methodology used to create the test maps was similar to that used in Experiment 1. 

Sixteen maps were created with four sets of maps (one set starting on each side of the 

gymnasium). Each set contained one map in each map-environment orientation condhion 

(0, 90, 180, and 270). The procedure for conducting the map task was the same as in 

Experiment 1, except for two modifications. For Experiment 2, the participants 

completed two practice maps (one aligned and one misaligned) instead of one as in 

Experiment 1. A measurement enor procedure was included in Experiment 2. On the 

last map trial for each participant, after logging the participant's location whh the 

response "X' on the response sheet, the experimenter placed a marker on the gymnasium 

floor to mark the participant's final location. A tape measure was used to determine the 

distance of the marker on the gym floor from the nearest landmarks and a mler was used 

to measure the same location on the response sheet. A red measurement "X' was drawn 

on the answer sheet to designate the measured location. The enor measure was the linear 

distance between the response "X' and the measurement "X' on the answer sheet. The 

conversion scale for Experiment 2 was V* inch on the map was equivalent to two feet on 

the gymnasium floor. 

The analysis of experimenter measurement enor showed measurement to be fah-ly 

accurate. The mean enor in measurement was 2.84 feet (SD = 3.59) out of the 250 

square feet of testing area. This error represented on average 1.13% of the total area. 
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Figure 6. Map of Exercise Sciences Center Gymnasium 
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Procedure 

Testing took place in two separate sessions. At the first session, the participants 

completed OSPAN, then RSPAN, then MSPAN. The entire first session lasted 

approximately 1 hour. In the second session, the participant completed the map 

navigation task. The second session lasted approximately half an hour. 

Results 

Data Screening 

Prior to analysis of the research hypotheses, preUminary data screening measures 

were performed and conections made to the dataset. See Appendix B for details. 

Orientation Effects and Errors 

The first set of analyses was conducted to determine the presence of orientation 

effects, make comparisons between alignment condhions, and examine the types of enors 

made. For both average enor in feet and number of large enors, three plaimed 

comparisons were conducted. These comparisons were conducted identically to 

Experiment 1. 

Each participant's four scores (enor in feet) in each map condition (0, 90,180, 

and 270) were averaged to create a score for each orientation condition. The mean 

performance error in feet was 1.304, 5.95, 10.12, and 7.91 for the aUgned, 90, 180, and 

270 condhions, respectively. Orientation effects were examined via a 4 X 2 X 4 

(Orientation X Gender X Order) mixed ANOVA. Due to a violation of spherichy, the 
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Greenhouse-Geisser conection was employed. There was a significant main effect of 

orientation F (2.634, 136.99) = 37.378, p < .001, MSE = 22.45. Map perforaiance 

differed by map orientation condhion. There were no other significant interaction or 

main effects. 

Aligned performance was compared to misaligned performance. A within-

subjects planned comparison was conducted comparing the average performance in the 

three misaligned condhions (90, 180, and 270) to performance in the aligned condhion. 

The mean performance enor was 1.304 feet in the aUgned condhion and 7.933 feet in the 

misaligned conditions. Performance differed between aligned maps and misaligned 

maps, E(l,59) = 156.295, p < .001, MSE = 76.77. Performance in the aligned condhion 

was superior to performance in the misaligned conditions. 

Performance in the misaligned 180 condhion was compared to performance in the 

two misaligned 90 condhions. A within-subjects planned comparison was conducted 

comparing average performance in the two misaligned 90 condhions (90 and 270) to 

performance in the misaligned 180 condhion. The mean performance enor was 10.12 

feet in the misaligned 180 condhion and 6.93 feet in the two misaligned 90 condhions. 

The difference in performance was significant F(l,59) = 18.069, p < .001, MSE = 

69.163. Performance in the misaligned 180 condhion was inferior to performance in the 

misaligned 90 degree condhions. 

Performance in the misaligned 90 condhion was compared to performance in the 

misaligned 270 condhion. A whhin-subjects planned comparison was conducted 

comparing perforaiance in the misaligned 90 condhion to perforaiance in the misaligned 
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270 (-90) condition. The mean perforaiance enor was 5.95 feet in the misaligned 90 

condhion and 7.91 feet in the misaligned 270 condhion. The difference in performance 

was significant, F(l,59) = 4.527, p < .05, MSE = 27.228. Perforaiance in the misaligned 

90 condhion was superior (less error in feet) to performance in the misaUgned 270 

condhion. 

A similar set of analyses was performed on the number of large enors committed 

in each orientation condhion. For each participant the number of large enors in each 

condhion (as defined above) were summed across the four maps in each condhion. A 

large error in Experiment 2 was any en-or greater than 8.92 feet from the target location. 

The sums were 3, 34, 76, and 60 large errors for the aligned, 90, 180 and 270 condhions, 

respectively. The mean number of large enors for the aligned, 90, 180 and 270 

condhions were .06, .515, 1.256, and .976 large errors, respectively. Orientation effects 

were examined via a 4 X 2 X 4 (Orientation X Gender X Order) mixed ANOVA. Due to 

a violation of sphericity, the Greenhouse-Geisser conection was employed. The main 

effect of orientation was significant, F (2.688, 139.78) = 32.341, p <.001, MSE = .507. 

The number of large errors differed by orientation condhion. There were no other 

significant interaction or main effects. 

Aligned performance (number of large enors) was compared to misaligned 

performance. A within-subjects plaimed comparison was conducted comparing the 

average number of large enors in the three misaligned condhions (90, 180, and 270) to 

the number of large errors in the aligned condition. The mean number of large errors was 

.06 large errors in the aUgned condition and .916 large enors in the misaligned 
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condhions. The number of large enors differed between aligned maps and misaligned 

maps, F(l,59) = 106.067, p < .001, MSE = 2.011. Participants committed more large 

errors on maps in the misaligned condhions than in the aligned condhion. 

Performance in the misaligned 180 condhion (number of large errors) was 

compared to performance in the two misaligned 90 conditions. A within-subjects 

plaimed comparison was conducted comparing average number of large enors in the two 

misaligned 90 condhions (90 and 270) to the number of large enors in the misaligned 

180 condhioa The mean number of large enors was 1.256 large enors in the 

misaligned 180 condhion and .746 large errors in the two misaligned 90 conditions. The 

difference in number of large enors was significant, F(l,59) = 29.008, p < .001, MSE = 

1-602. Participants committed more large errors m the misaligned 180 condhion than in 

the two misaligned 90 conditions. 

Performance in the misaligned 90 condition (number of large enors) was 

compared to performance in the misaligned 270 condition. A within-subjects planned 

comparison was conducted comparing the number of large enors in the misaligned 90 

condition to the number of large enors in the misaligned 270 (-90) condition. The mean 

number of large errors was .515 large enors in the misaligned 90 condhion and .976 large 

errors in the misaligned 270 condhion. The difference in number of large enors was 

significant F(l,59) = 11.406, p < .001, MSE = .533. Participants committed fewer large 

enors in the misaligned 90 condhion than in the misaUgned 270 condhion. 

The large errors were examined fiirther for classification purposes (see Table 3). 

The large errors in the misaligned 180 condhion were classified into the categories set out 
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by Rossano and Waraen (1989). There were 76 large en-ors in the misaligned 180 

condhion. There were 10 LR enors, 15 UD enors, 11 AE errors, and 40 undefined 

enors. One sample t-tests (method described in Experiment 1) were conducted to 

determine if each error type occuned at greater than chance frequencies. By chance 

8.436 large errors (11.10%), or. 141 average enors per participant, would be expected in 

each of the LR, UD, AE areas and 50.669 large enors (66.67%), or .844 average errors 

per participant, in the undefined area. The average number of large enors of each type 

were AE (. 183), UD (.250), LR (.167), and U (.667). Only the UD enor type occun-ed at 

greater than chance frequencies, t (59) = 1.934, p < .10, SE = .056. 

Orient 
90 
180 
270 

Align 
Total 

Table 3. Enor classification for ] 
# errors 

34 
76 
60 
3 

173 

AE 
4 
11 J 
13 

N/A 
28 

UD 
N/A 
15 

N/A 
N/A 

15 

Experiment 2 
LR 
N/A 

10 
N/A 
N/A 

10 

u 
30 
40 
47 
3 

120 

Errors of the mirror-image variety (LR and UD) were not expected in the 

misaligned 90 and misaligned 270 condhions. Therefore the large enors in the 

misaligned 90 and 270 conditions were classified as ehher AE or U. In the misaligned 90 

condition, there were 34 large enors, with four AE and 30 U large enors. Of the 34 

errors in the misaligned 90 condhion, 3.774 AE (11.10%), or on average .063 enors per 

participant, and 30.2 (88.82%) undefined errors, or on average .503 errors per participant 

were expected by chance. Neither comparison approached significance. 
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In the misaligned 270 condhion, there were 60 large enors, with 13 AE and 47 U 

errors. Out of the 60 enors in the misaligned 270 condhion, 6.6 AE (11.10%), or on 

average . 11 enors per participant, and 53.3 undefined enors (88.82%), or on average .888 

errors per participant, were expected by chance. Only the AE enor type occurred at 

greater than chance frequencies, t (59) = 1.685, p < . 10, SE = .063. 

All three large enors in the aligned condhion were undefined. The "undefined" 

large enors across all map condhions were examined fiirther in an attempt to classify 

them as to the type of enors made. The 120 "undefined" enors were classified into 

subcomponent errors (wrong side of right landmark), landmark errors (went to similar 

landmark), confiision enors (did not see or remember), or unexplainable errors. There 

were 42 subcomponent enors, 30 landmark errors, five confiision enors and 43 errors 

that remained unexplained. 

The Influence of Working Memory 

The second set of analyses was conducted to examine the relationships between 

the capacity task measures and map performance. Working memory abiUty was expected 

to show sfronger relationships to map performance in the misaligned condhions due to an 

increased processing requkement in these condhions. The role of the spatial storage 

system (STM) as measured by the MSPAN was expected to be strongest in the map 

condhions whh reduced processing requkements. Hierarchical regression analyses were 

conducted to examine the existence of spatial-specific processing resources, looking for a 
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unique contribution of RSPAN above and beyond OSPAN and MSPAN towards 

explaining map performance, especially in the misaligned map condhions. 

Bivariate conelations were computed between the capachy tasks and the map 

performance measures (see Table 4). The measures included were OSPAN, RSPAN, 

MSPAN, gender (0 = female, 1 = male), average enor in the aligned condhion, 

misaligned 90 condhion, misaligned 180 condition, misaligned 270 condhion, average 

error across the three misaligned condhions, average enor overall, and number of large 

errors (overall and by condition). The primary interest was in the conelations between 

the three capacity tasks with each other as well as with gender and the performance 

measures. The three capacity tasks all demonstrated significant positive relationships to 

each other but not to gender (see Table 4). Participants who performed weU on one 

capacity task tended to perform well on the others. 

The working memory tasks (OSPAN and RSPAN) showed a significant negative 

relationship to performance, both average enor and the number of large enors, in the 

misaligned 180 condhion (see Table 4). Participants who performed well on the tasks 

with processing requirements (working memory tasks) also performed well in the most 

difficuh map condhion (misaUgned 180). Unlike the working memory tasks, MSPAN 

(spatial storage) did not display a relationship to performance in the misaligned 180 

condhion. MSPAN did display a significant negative conelation with the number of 

large enors m the misaligned 90 condhion (see Table 4). Participants who showed 

superior spatial storage (MSPAN) made fewer large enors in the misaligned 90 

condhion. No significant correlations were found between performance measures 
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(average en-or and number of large enors) in the misaligned 270 degree condition and the 

capachy tasks (see Table 4).* 

The correlational analyses demonstrated a relationship between the processmg 

resources of working memory and perforaiance m the misaligned 180 condhion. Both 

OSPAN and RSPAN were related to performance in the misaligned 180 condhion. The 

overiap between OSPAN and RSPAN should represent domain-free processing 

resources. The relationships between the working memory tasks and performance in the 

misaligned 180 condhion were further examined through a series of hierarchical 

regression analyses. The analyses were conducted to examine the involvement of spatial-

specific processing resources with performance in the misaligned 180 condhion, 

evidenced by a unique contribution of RSPAN above and beyond OSPAN (general 

processing) and MSPAN (spatial storage). 

For the first analysis average error in the misaligned 180 condhion served as the 

dependent variable. OSPAN and MSPAN were entered as predictors at the first step and 

RSPAN was entered at the second step. The significance of the model with OSPAN and 

MSPAN as predictors at the first step was evaluated using the Model n enor term (Cohen 

& Cohen, 1983). This process utilizes the error and degrees of freedom of the whole 

model to evaluate the significance of the first step and was used for all hierarchical 

analyses herein. 
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Hierarchical regression was utilized to assess the unique contribution of RSPAN 

to average en-or in the misaligned 180 condhion (see Table 5). The ] ^ for the fijll model 

(.143) was significant F(3, 56) = 3.106, p < .05, MSE = 32.446. In the fiill model, only 

RSPAN was a marginally significant predictor, B_ = -.258, t = -1.746, p < . 10. The Rf = 

.096 at the first step with just OSPAN and MSPAN in the model was marginally 

significant, F(2, 56) = 3.137, p < . 10, MSE = 32.446. At the first step OSPAN was the 

only significant predictor, B = -.298, t = -2.226, p < .05. The increase in R^ whh the 

inclusion of RSPAN in the equation (.047) was marginally significant, F(l, 56) = 3.072, p 

< - 10, MSE = 32.446. RSPAN made a unique contribution to explaining performance in 

the misaligned 180 condhion. 

Table 5. Hierarchical regression examining the 
unique relationship between RSPAN and average 

error in the misa 
Model 

OSPAN 
and 

MSPAN 
OSPAN, 
MSPAN, 

and 
RSPAN 

R^ 
.096# 

.143* 

igned 180 condition 
df 
2 

3 

AR^ 
.096# 

.047# 

df 
2 

1 

* sig. at p < .05 
#sig. a tp<.10 

The second hierarchical regression analysis was conducted to examine the unique 

contribution of RSPAN to explaining the number of large enors in the misaligned 180 

condhion (see Table 6). OSPAN and MSPAN were entered as predictors at the first step 
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and RSPAN was entered at the second step. The R^ for the fiiU model (. 144) was 

significant, F(3, 56) = 3.151, p < .05, MSE = .699. In the fiill model, RSPAN was the 

only significant predictor, 5 = -.318, t = -2.153, p < .05. The R^ = .074 at the first step 

with just OSPAN and MSPAN in the model was marginally significant, F(2, 56) = 2.418, 

p < . 10, MSE = .699. At the first step OSPAN was the only marginaUy significant 

predictor, B = -.268, t = -1.974, p < . 10. The increase in R^whh the inclusion of RSPAN 

in the equation (.071) was significant, F(l, 56) = 4.641, p < .05, MSE = .699. RSPAN 

made a unique contribution to explaining the number of large enors in the misaligned 

180 condition. The results of the two hierarchical regression analyses suggested that 

RSPAN made a unique contribution above and beyond OSPAN and MSPAN in 

predicting performance in the misaligned 180 condhion. 

Table 6. Hierarchical regression examining the 
unique relationship between RSPAN and the number 

of large enors in the 
Model 

OSPAN 
and 

MSPAN 
OSPAN, 
MSPAN, 

and 
RSPAN 

R^ 
.074# 

.144* 

misaUgned 
df 
2 

3 

180 condh 
AR^ 
.074# 

.071* 

ion 
df 
2 

1 

* sig. at p < .05 
#sig. a tp<.10 

The hierarchical regression analyses suggested that spatial processing resources, 

as measured uniquely by RSPAN, were related to performance in the misaligned 180 
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degree condhion. Both RSPAN and OSPAN perforaiance were related to perforaiance 

in the misaligned 180 condhion. To establish a unique contribution of spatial processing 

resources (RSPAN), h is necessary to show that OSPAN does not also make a unique 

contribution to explaining perforaiance in the misaligned 180 condhion. 

A hierarchical regression analysis was conducted to examine the unique 

contribution of OSPAN to explaining average enor in the misaUgned 180 condhion, 

entering RSPAN and MSPAN at the first step, followed by OSPAN at the second step 

(see Table 7). The full model was the same as in the analysis above. The jR f̂or the first 

step with just RSPAN and MSPAN (. 104) was significant, F(2, 56) = 3.399, p < .05, 

MSE = 32.446. Only RSPAN was a significant predictor, B = -.333, t - -2.340, p < .05. 

The increase in R^ with the addhion of OSPAN (.039) was not significant F(l, 56) = 

2.549, p > . 10, MSE = 32.446. OSPAN did not make a unique contribution to explaining 

performance in the misaligned 180 condhion. 

Table 7. Hierarchical regression examining the 
unique relationship between OSPAN and the 
average enor in the misaligned 180 condition 
Model 

RSPAN 
and 

MSPAN 
RSPAN, 
MSPAN, 

and 
OSPAN 

R^ 
.104* 

.143* 

df 
2 

3 

AR^ 
.104* 

.039 

df 
2 

1 

* sig. at p < .05 
#sig. a tp< .10 
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The second analysis predicted large enors in the misaligned 180 condhion, 

entering RSPAN and MSPAN at the first step and OSPAN at the second step (see Table 

8). The fiill model was the same as in the analysis above. The R^ for the first step with 

just RSPAN and MSPAN (.120) was significant, F(2, 56) = 3.922, p < .05, MSE = .699. 

Only RSPAN was a significant predictor, B = -.377, t = -2.672, p < .05. The increase in 

R^ with the addhion of OSPAN (.024) was not significant F(l, 56) - 1.569, p > . 10, MSE 

= .699. OSPAN did not make a unique contribution to explaining the number of large 

enors in the misaligned 180 condhion. The resuhs of the two hierarchical regression 

analyses suggested that OSPAN did not make a unique contribution to explaining 

performance in the misaligned 180 condhion above and beyond RSPAN and MSPAN. 

Table 8. Hierarchical regression examining the 
unique relationship between OSPAN and the number of 

large errors in the m 
Model 

RSPAN 
and 

MSPAN 
RSPAN, 
MSPAN, 

and 
OSPAN 

R^ 
.120* 

.144* 

isaligned U 
df 
2 

3 

10 conditio 
AR^ 

.120* 

.024 

n 
df 
2 

1 

* sig. at p < .05 
#sig. a tp<.10 

Responses to Post-Map Questions 

The participants' responses to the post-map questions were examined to 

determine the strategies used to complete the map task. The majority of the participants. 
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47 out of 60, reported relying on landmarks to deteraiine the target location on the gym 

floor. The benches, the basketball hoop, and the trashcan were some of the main 

landmarks specified. There was also evidence that some participants mentally rotated 

the map. Thirty-three participants reported attempting some sort of mental rotation, 

although nine of those reported rarely using h. Several participants stated that there was 

not enough time for mental rotation. 

Discussion 

The results of Experiment 2 provided fiirther evidence of orientation effects and 

the influence of both domain-free and spatial-specific processing on map performance. 

The results of the orientation manipulation were similar to Experiment 1. Participants 

had more difficulties whh the misaligned map conditions, as evidenced by greater 

distance in feet from the target and increased number of large enors in the misaligned 

conditions than the aligned condhion. The misaligned 270 condhion produced inferior 

performance to the misaligned 90 condhion. The misaligned 180 condition produced 

inferior performance in comparison to the two misaUgned 90 condhions (90 and 270). 

The switch to a symmetrical testing area for the map task in Experiment 2 may have 

contributed to the performance difficuhies in the misaligned 180 condhion. 

The processing resources of working memory do appear to be involved in map 

navigation, especially in the most difficuh condhions. There was evidence for the 

influence of both RSPAN and OSPAN on performance in the misaligned 180 condhion, 

while spatial storage abilhy, as measured by the MSPAN, played a negligible role. There 
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was also evidence for overiap between the contribution of OSPAN and RSPAN to 

explaining performance in the misaligned 180 condhion. Although OSPAN was a 

significant predictor of performance on misaligned 180 map trials on hs own, when 

RSPAN was included in the model, the contribution of OSPAN was negated. This 

overlap represents the central executive or general processing component common to 

both RSPAN and OSPAN. 

Hierarchical regression analyses suggested that RSPAN contributed uniquely to 

explaining map performance. In the fiill regression models predicting both average error 

and large errors in the misaligned 180 conditions, RSPAN was the only significant 

predictor. This relationship represents the unique contribution of RSPAN. In regression, 

the t-test for significant predictors tests the unique contribution of the variable after 

controlling for the other variables. Further, the addition of RSPAN at the second step of 

the hierarchical regression analysis produced a significant increase in the models 

explanatory power for the large ertors in the misaligned 180 condition and a marginally 

significant increase in explaining the average enor in the misaligned 180 condhion. A 

similar increase was not found for OSPAN. These findings provided evidence of spatial-

specific processing resources that are utilized in difficuh map condhions because both 

general processing (OSPAN) and spatial storage (MSPAN) were controlled for leaving 

only the spatial processing component of RSPAN. 

The increased predictive abilhy of RSPAN on performance in the misaligned 180 

condhion probably represents spatial processing resources. It is also possible that the 

relationship reUes on the need to mentally rotate objects in both the RSPAN and the map 
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task. In this case, the shared variance between RSPAN and perforaiance in the 

misaligned 180 condhion would be attributed to mental rotation abilhy, which is a 

specific type of spatial processing. Evidence from the large enor analysis and 

participants' verbal reports would suggest this is not the case. In their responses to the 

map task questions the majority of participants reported that they primarily utilized 

landmarks to complete the map task. Less than half of the participants reported 

consistent use of mental rotation to complete the map task. Several participants reported 

finding mental rotation ineffective. Further, 72 of the 120 "undefined" large enors 

involved participants either going to the wrong side of the right landmark (42) or to the 

wrong landmark (30). Although these kinds of enors do provide evidence of complex 

processing, they also illustrate a reliance on landmarks. It is possible to use both 

landmarks and mental rotation but it does not appear that mental rotation was the only 

method utilized for the map task. 

It was expected that the MSPAN, or basic spatial storage ability, would contribute 

primarily in the easy map condhions (e.g., the aligned condhion). These condhions 

should requh-e limited processing, making storage the primary function required. 

Performance in the aligned condhion was remarkably good, producing floor effects and 

masking any relationship between MSPAN and the aUgned condhion. The mean error in 

the aligned condhion was only 1.3 feet whh a standard deviation of .75 feet, leaving little 

variance to be explained. The correlational analyses did show a significant relationship 

between MSPAN and performance in the next easiest condhion, the misaligned 90 

condhion. This relationship emerged desphe borderline floor effects for performance in 
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the misaligned 90 condhion. The relationship between MSPAN and performance in the 

misaligned 90 condition provided some preliminary evidence of the role of spatial 

memory when the processing requirements are minimal. 

The influence of working memory appears to be strongest on the difficuh maps. 

Experiment 2 provided cortelational evidence of the influence of spatial-specific 

processing resources in difficuh map tasks. To produce evidence of a causal link 

between spatial-processing resources and map performance h is necessary to manipulate 

the availability of these resources. 
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Note 

No significant cortelations were found between performance measures (average 
error and number of large ertors) in the misaligned 270 degree condhion and the capachy 
tasks (see Table 4). There was much variation in the performance data in the misaligned 
270 condition. It appears that participants performed quhe well on most trials, but when 
an enor was made it was extremely large, creating elevated enor variance. The 
participant's data was split into two groups based on whether the participant made either 
no, or some large enors. Of the 60 participants, 37 made no large errors, resuhing in a 
mean ertor of 3.2 feet and a standard deviation of 1.94 feet. The other 23 participants 
committed one or more large enors producing a mean enor of 15.48 feet and a standard 
deviation of 4.21 feet. These data suggest enor variability as the cause of the low 
interpretability. 
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CHAPTER V 

EXPERIMENT 3 

The goals of Experiment 3 were twofold. The first was to increase the difficulty 

of the map task to further examine the role of working memory in difficuh map 

condhions. This goal was accomplished by using only aligned and misaligned 180-

degree maps and removing a critical landmark from the map. The second goal was to 

manipulate experimentally the availability of spatial processing resources to show further 

the role these resources play in map navigation. The second goal was accomplished by 

including a secondary task, the Moscovitch Finger-tapping task (Moscovitch, 1994), on 

half of the map trials. The Moscovhch Finger-tapping task has been reported to disrupt 

spatial processing (Moscovitch, 1994; Garden et al., 2001). 

Method 

Participants 

Forty-seven participants were recmhed from undergraduate courses at Texas Tech 

Univershy. Participants provided informed consent and received partial course credh for 

then- participation. 
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Materials 

Each participant completed OSPAN (Turaer & Engle, 1989), Rotation Span 

(Engle & Kane, in press; based on Shah & Miyake, 1996), Matrix Span (Engle & Kane, 

in press), and the map navigation task. 

Capacity Tasks 

The three capachy tasks (Operation, Rotation, and Matrix) were all programmed 

and administered on the computer. Participants were tested individually. OSPAN, 

MSPAN, and RSPAN were conducted as described in Experiment 2, with the exception 

of OSPAN being scored as the total proportion cortectly recalled. 

Tapping "Load" Task 

The Moscovhch Finger Tapping task was programmed in Inquish 1.32 

(Millisecond Software, 2002). The participants were required to tap the pattern of index, 

ring, middle, pinky on the V, B, N, M keys on the keyboard of a laptop computer using 

their non-dominant hand. The program recorded whether the response was correct, the 

time (in ms) between each key press, and the time (in ms) between each conect key 

press. The tapping task was conducted in the Exercise Sciences Center Gymnasium. The 

laptop was placed on a wooden stand approximately 26 inches above the ground. There 

was a wooden stand to support the laptop poshioned at the four possible starting positions 

of the map trials. The laptop was fransported to the appropriate wooden stand for each of 

the tapping map trials. The participants performed three practice tapping trials. The first 
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two trials lasted 30 seconds and provided feedback, a beeping sound, when the cortect 

pattera was broken. The third trial lasted 15 seconds and provided visual feedback at the 

end of the trial concerning mean response time. The participants then proceeded to tap 

for 15 seconds on half of the map trials whh no feedback. At the conclusion of the map 

trials the participant tapped for one 15 second trial to provide a baseline. 

Map Task 

The environment for the map task was the same as in Experiment 2. The four 

maps from the aUgned and misaligned 180 conditions from Experiment 2 were retained, 

but the basketball hoop was removed from the maps. The basketball hoop proved to be a 

unique landmark, that the majority of participants reported using in Experiment 2. Four 

additional misaligned 180 maps were created producing 12 maps in aU. Incomplete 

counterbalancing procedures were utilized to create 12 orders of map presentation. A 

thhrd practice map was added to allow the participants to practice the combination of the 

map and tapping task. Participants 1-12 tapped on all of the odd-numbered maps. 

Participants 13-24 tapped on aU of the even-numbered maps. For participants 25-36 the 

odd-numbered participants tapped on all the odd-numbered maps and the even-numbered 

participants tapped on aU the even-numbered maps. On the trials combined with the 

finger tapping task the participant tapped for 15 seconds, viewing the map during the last 

two seconds while he or she continued to tap. 

The participants were told if the map was aUgned or misaUgned upon 

presentation. The participants were told the alignment of the map to reduce the number 
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of errors due to participants incorrectly perceiving the misaligned maps as aligned map 

and failing to attempt mental manipulation of the map. There is evidence that 

participants frequently mistake misaligned maps for aligned maps (Levine et al., 1984). 

A question was included at the end of the map trials, assessing how the tapping task 

affected performance. 

Procedure 

Testing took place in two separate sessions. At the first session the participants 

completed OSPAN, then RSPAN, then MSPAN. The first session lasted approximately 

one hour. In the second session the participant practiced the tapping task, then practiced 

the map task (one aligned and one misaligned trial), then practiced a tapping map trial, 

then completed the map navigation task. The second session lasted approximately half an 

hour. 

Results 

Data Screening 

Prior to analysis of the research hypotheses, preUminary data screening measures 

were performed and conections made to the dataset. See Appendix B for details. 

Orientation Effects and Enors 

The fkst set of analyses were conducted to examine orientation effects, the effects 

of a load task on map performance, and the types of enors made. Misaligned map were 
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expected to produce inferior perforaiance in comparison to aligned maps. Perforaiing 

the load task was expected to dismpt spatial processing and lead to inferior map 

performance. It might be expected to find increased interference of the load task for the 

misaligned map trials due to the increased processing required for misaligned maps. 

Each participant's two performance scores (enor in feet) m the aUgned and load 

aligned condhions and the four performance scores in the misaligned 180 and load 

misaligned 180 map condhions were averaged to create a score for each orientation and 

load condhion. The mean performance enor was 1.222, 2.160, 10.625, and 13.667 feet 

for the aligned, load aUgned, 180, and load 180 condhions. The effects of the 

experimental manipulations were examined v i a a 2 X 2 X 2 X 2 (Orientation X Load X 

Gender X Order [tapping on odd or even maps]) mixed ANOVA. The main effect of 

orientation was significant, F(l, 32) = 95.240, p < .001, MSE = 35.265. Performance in 

the misaligned 180 map conditions (mean = 12.146 feet) was inferior to performance in 

the aligned map conditions (mean =1.691 feet). The main effect of load was significant, 

F(l,32) = 6.186, p < .05, MSE = 17.699. Performance on the load map trials (mean = 

7.913 feet) was inferior to performance on the no-load map trials (mean = 5.924 feet). 

The orientation by load interaction was not significant F (1,32) = 1.626, p > .10, MSE = 

20.518. The gender by order interaction was marginally significant, F(l,32) = 3.002, p < 

. 10, MSE = 35.472\ None of the other interaction or main effects were significant. 

The number of large ertors in each condhion (as defined above) was summed 

across the trials in each condhion. The sums were 2, 2, 58, and 70 large enors for the 

aligned, load aligned, 180 and load 180 conditions respectively. The mean number of 
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large enors for the aUgned, load aligned, 180 and load 180 conditions were .056, .056, 

1.611, and 1.944 large en-ors, respectively. The effects of the experimental 

manipulations were examined via a 2 X 2 X 2 X 2 (Orientation X Load X Gender X 

Order) mixed ANOVA. The main effect of orientation was significant, F(l, 32) = 

99.499, p <.001, MSE = .917. Perforaiance in the misaligned 180 map conditions (mean 

= 1.778 large enors) was inferior to performance in the aligned map condhions (mean = 

.056 large errors). The main effect of load was not significant F(l, 32) = 1.351, p > .10, 

MSE = .571. The load by orientation interaction was not significant, F(l, 32) = 1.399, p 

> . 10, MSE = .639. The load by order interaction was marginally significant, F(l,32) = 

3.130, p < . 10, MSE = .571^. No other interaction or main effect was significant. 

The large ertors were examined further for classification purposes (see Table 9). 

The large errors in the 180 condition were classified into the categories set out by 

Rossano and Warren (1989). There were 58 total large errors in the misaligned 180 

condition. There were 19 AE enors, 2 UD errors, 6 LR enors, and 31 undefined enors. 

The means were AE (.500), UD (.056), LR (.167), and U (.889) large errors. One-sample 

t-tests (method described above) were conducted to determine if each error type occuned 

at greater than chance frequencies. By chance 6.438 large enors (11.10%), or on average 

.179 large ertors per participant, would be expected in each of the LR, UD, AE areas and 

38.669 large ertors (66.67%), or on average 1.074 large enors per participant, in the 

undefined area. Only AE enors occuned at greater than chance frequencies, t (35) = 

2.376, p < .05, SE = .811. The AE errors were largely based on participants confusing 

similar landmarks. 
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Orient 
Align 

Tap 
Align 

Ma 180 

Tap Ma 
180 

Total 

Table 9. Error classification for Experiment 3 
# Enors 

2 

2 

58 

70 

132 

AE 
0 

0 

19 

13 

32 

UD 
0 

0 

2 

14 

16 

LR 
0 

0 

6 

10 

16 

U 
2 

2 

31 

33 

68 

The large enors in the load 180 condhion were also classified into the categories 

set out by Rossano and Wanen (1989). There were 70 total large enors in the load 180 

condhion. There were 13 AE enors, 14 UD enors, 10 LR enors, and 33 undefined 

ertors. The means were AE (.361), UD (.389), LR (.278), and U (.917) enors. One-

sample t-tests were conducted to determine if each error type occuned at greater than 

chance frequencies. By chance 7.77 large enors (11.10%), or on average .216 large 

enors per participant, would be expected in each of the LR, UD, AE areas and 46.69 

large ertors (66.67%), or on average 1.296 large enors per participant, in the undefined 

area. None of the ertor types occurred at greater than chance frequencies. 

The two large ertors in the aligned condhion and the two large enors in the load 

aUgned condhion were undefined. The "undefined" large ertors across all map 

condhions were examined fiirther in an attempt to classify them as to the type of ertors 

made. The 68 "undefined" ertors were classified into subcomponent enors (wrong side 
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of right landmark), landmark enors (went to similar landmark), confiision errors (did not 

see or remember), or unexplainable en-ors. There were 38 subcomponent enors (17 

load and 21 no load), three landmark enors, no confusion enors (at least verbalized to the 

experimenter) and 27 en-ors that remained unexplained. 

The Influence of Working Memory 

The second set of analyses was undertaken to determine the role of the storage 

and processing systems (general and spatial-specific) in map performance as both 

orientation and the processing resources available were manipulated. It was expected 

that the processing resources of working memory, as measured by OSPAN and RSPAN, 

would show a relationship to map performance on the misaligned no-load map trials. 

The relationship between working memory and map performance was expected to be 

nullified in the load misaligned condition by the addition of the tapping task to occupy 

processing resources. 

Bivariate conelations were calculated between the capacity tasks and the 

performance measures (see Table 10). The measures included were OSPAN, RSPAN, 

MSPAN, gender (0 = female, 1 = male), average enor in the aUgned, load aligned, 180, 

and load 180, and large enors (overall and by orientation condhion). The primary 

interest was in the conelations between the three capachy tasks with each other as weU as 

whh gender and the performance measures. The three capachy tasks aU demonstrated 

poshive relationships to each other but not to gender (see Table 10). Participants who 

performed well on one capachy task tended to perform well on the others. 
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MSPAN demonstrated a negative relationship with average error in the load 

aligned condhion, average enor in the load misaligned 180 condhion, the number of 

large ertors in the load 180 condition, and the number of large enors across condhions 

(see Table 10), Participants vdth superior spatial storage abilhy, as measured by 

MSPAN, displayed superior performance in the load conditions and fewer total large 

ertors across conditions. 

The relationships found in Experiment 2 between performance on the working 

memory tasks and performance in the no-load misaligned 180 condition were not found 

in Experiment 3. There was much overlap between the capacity tasks as evidenced by 

the conelational analysis. An analysis of partial conelations between each capacity task, 

controlling for the other two capacity tasks, and performance in the no-load misaligned 

180 condition (average enor and number of large ertors) was conducted to examine the 

unique contribution of each capachy task to explaining performance in the no-load 

misaligned 180 map condition (see Table 11). 

Table 11. Partial correlations between 
capacity tasks and performance in the no-
load misaligned 180 condhion controlling 

for the other capacity tasks. 

RSPAN 
MSPAN 
OSPAN 

MA 180 
.352=* 
-.330# 
-.094 

* cortelation sig. at p < .05 
# conelation sig. at p < .10 

LE180 
.310# 
-.280 

-.2127 
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The resuhs of the partial cortelation analyses were unexpected. There was a 

poshive relationship between RSPAN, controlling for MSPAN and OSPAN, with 

average ertor and the number of large ertors in the no-load misaligned 180 condition (see 

Table 11). Contrary to expectations, after controlUng for perfonnance on MSPAN and 

OSPAN, participants who perfonned better on RSPAN performed worse (larger average 

enor and more large errors) in the no-load misaligned 180 condhion. MSPAN 

demonstrated a marginally significant negative relationship to the average enor in the no-

load misaligned 180 condhion (see Table 11). After controlling for performance on 

RSPAN and OSPAN, participants that perfonned better on MSPAN performed better 

(less average error) in the no-load misaligned 180 condhion. 

Post-Hoc Analyses 

The relationships between RSPAN, MSPAN and performance in the no-load 

misaligned 180 condition were unexpected. It was possible that performing the load 

map trials may have altered the way participants performed the no-load trials, increasing 

then- reUance on processing or storage resources. Therefore the relationships between 

the capacity tasks and map performance may differ for trials earlier or later in the 

experimental session. 

Further tests were conducted to examine shifts in strategy as a possible 

explanation. To examine perfonnance differences between early and late trials, each 

participant's scores (ertor in feet) on theh" first two no-load 180 map trials and second 

two no-load 180 map trials were averaged to create an early and late score for each 
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participant. The mean performance ertor was 13.792 feet and 7.868 feet for the early 

and late maps, respectively. A paked t-test showed the mean improvement from early to 

late trials (5.924 feet) to be significant t (35) = 3.068, p < .01, SE = 1.931. Participants' 

performance was superior on the late trials in comparison to the early trials (see Table 

12). 

Table 12. Performance differences in the no-load misaligned 
180 condhion by early or late map trials 

Measure 
Avg. Error 

(mean) 
Large Errors 

(mean) 

Early 
13.792 

.972 

Late 
7.868 

.639 

A similar analysis was conducted on the number of large ertors in the no-load 

misaligned 180 condition (see Table 12). The number of large enors for each participant 

was summed across the early no-load misaligned 180 map trials and the late no-load 

misaligned 180 map trials. The total number of large enors across participants was 35 

and 23 large ertors for the early and late map trials, respectively. The means were .972 

large ertors for the early map trials and .639 large ertors for the late map trials. A paired 

t-test showed the mean difference m the number of large errors between early and late 

trials (.333 large enors) to be significant, t (35) = 2.958, p < .01, SE = .113. Participants 

made fewer large errors on the second two (late) no-load misaUgned 180 map trials in 

comparison to the first two (early) no-load misaligned 180 map trials. 
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Partial con-elations were calculated between RSPAN, MSPAN, OSPAN and early 

and late perfonnance measures. T-tests for the difference between dependent r's (Cohen 

& Cohen, 1983) were conducted to detennine if the unique relationships between 

RSPAN, MSPAN, OSPAN and performance in the no-load misaligned 180 condhion 

changed significantly between early and late trials for average error or the number of 

large ertors (the partial correlations are in Table 13). The change in relationship between 

MSPAN and the average error m early map trials (r = -.064) and late map trials (r = 

-.413) in the no-load misaligned 180 condhion (.349) was marginally significant, t(33) = 

1.78, p < . 10. The shared variance between MSPAN, controlUng for OSPAN and 

RSPAN, and the average enor in the no-load misaligned 180 condhion was greater for 

the later map trials. 

The change in relationship between MSPAN and the number of large enors m 

early map trials (r = -.054) and late map trials (r = -.422) in the no-load misaligned 180 

condition (.368) was significant t(33) = 2.101, p < .05. The shared variance between 

MSPAN, controlling for OSPAN and RSPAN, and the number of large enors was greater 

for the later map trials. Across performance measures (average ertor and number of large 

enors) the relationship between MSPAN and performance in the misaligned 180 

condhions was only apparent for the late map trials, indicating that participants began 

using a more heavily storage-based strategy for the later trials in the no-load misaligned 

180 condition. None of the other difference tests were significant.^ 
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Table 13. Partial correlations between capacity tasks 
and early and late performance in the no-load misaligned 180 

condhion controlling for the other capachy tasks 

RSPAN 
MSPAN 
OSPAN 

MA 180 
Early 
.241 
-.064 
-.170 

MA 180 
Late 
.187 

-.4131* 
.127 

Early/Late 
Difference 

.054 
.349# 
-.297 

LE180 
Early 
.185 
-.054 
-.301# 

LE180 
Late 
.348* 
-.422* 
-.026 

Early/Late 
Difference 

.163 
.368* 
-.275 

* sig. at p < .05 
#sig. a tp< .10 

Tapping Performance 

Participants' tapping performance, both speed and accuracy, were examined for 

performance differences due to viewing the map (see Table 14). Mean latency was 

238.998 milliseconds prior to viewing the map and 267.724 milliseconds while viewing 

the map. Mean accuracy (proportion cortect) was .982 prior to viewing the map and .924 

while viewing the map. Participant's median latency and proportion conect were 

grouped into premap (the first 1 l/15ths of the trials for each map block) and map (the last 

4/15ths of the trials for each map block) and averaged across all map trials. This created 

a smgle premap and map score for mean latency and mean accuracy for each participant. 

Pah-ed t-tests were perfortned to test the difference between premap and map tapping 

perfonnance. For latency the mean diff-erence (-28.756 ms) between premap and map 

was significant, t(35) = -7.284, p < .001, SE = 3.944. Participants tapped slower when 

viewing the map. For accuracy the mean difference (.057) between premap and map was 

also significant t(35) = 7.949, p < .001, SE = .007. Participants' tapping perfonnance 

was less accurate when viewing the map. 
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Measure 
Latency 

(ms) 
Accuracy 

(proportion 
conect) 

Table 14. Tapping Performance 
Baseline 
226.806 

.978 

Premap 
238.998 

.982 

Map 
267.724 

.924 

Participants' tapping performance was also compared to a baseline condhion, 

whh no map task (see Table 14). Mean latency was 226.806 miUiseconds in the baseline 

tapping condition and 267.724 milliseconds while viewing the map. Mean accuracy 

(proportion cortect) was .978 in the baseline condition and .924 while viewing the map. 

Pah-ed t-tests were performed to test the differences by tapping condition. For latency the 

mean difference (40.918 ms) between baseline and map was significant, t (35) = 6.037, p 

< .001, SE = .009. Participants tapped slower when viewing the map than in the baseUne 

condition. For accuracy the mean difference (.053) between baseline and map was 

significant t (35) = -5.659, p < .001, SE = 6.778. Participants tapped less accurately 

when viewing the map than in the baseline condition. 

Responses to Post-Map Ouestions 

The participants' responses to the post-map questions were examined to 

determine the strategies used to complete the map task. Participants' verbal reports 

confirmed a landmark-based strategy as well as possible shifts in strategy. Intheh-

responses to the post-map task questions, 32 of the 36 participants reported using 

landmarks to complete the task. Furthermore, 25 specifically reported using the trashcan. 
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a unique landmark. In contrast, 18 of the 36 participants reported attempting at least 

some mental rotation, with eight finding h ineffective. 

In then- responses to the question concerning the tapping task, 23 of the 36 

participants reported finding the tapping "load" trials more difficuh. Eight of these 

participants indicated increased difficuhy when tapping on the misaligned trials. The 

difficuhies reported by participants included, a decreased ability to concentrate, an 

inabilhy to concentrate on the trashcan, difficuhies focusing and dividing attention, 

difficuhies figuring out which side of the mat to go to, general difficuhies, and 

difficuhies tapping cortectly while viewing the map. 

Discussion 

Experiment 3 demonstrated that both map/environment misalignment and a 

secondary tapping (load) task can affect processing, thereby affecting map performance. 

The resuhs also suggest that participants strategically adapted their strategy for 

completing the map task, increasing reUance on the storage system, when processing 

resources were occupied by a secondary task. There was evidence that these strategy 

changes may have affected performance in the other map conditions as well. 

The effects of map orientation repUcated the resuhs of Experiments 1 and 2. 

Participants had greater difficuhies with misaligned 180 maps than aligned maps. The 

load condhions produced poorer performance in average distance from the target within 

each orientation. Similar findings did not emerge for the number of large errors. These 

results suggest that the processing resources that were occupied by the load task, and 
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therefore not available, were largely those resources utilized to fine tune the location of 

the target, rather than for the global operations. These may be the operations utilized, 

after determining the cortect landmark, to determine the appropriate side of that landmark 

to waUc to. Thirty-eight of the 68 "undefined" enors (17 load and 21 no-load) involved 

the participant selecting the wrong side of the cortect landmark. 

The resuhs of the cortelational analyses provided fiirther evidence of participants 

adapting thehr strategy to the task constraints. When performing the load trials 

participants reUed largely on spatial storage to complete the task. It was the participants 

with superior spatial storage ability, as evidenced by theh- MSPAN scores, who displayed 

superior performance on the load trials. The reliance on spatial storage in the load 

misaligned 180 condition is in stark contrast to the minimal role spatial storage served in 

the (no-load) misaligned 180 condition of Experiment 2. 

Participants' use of a heavily storage-based strategy carried over to the no-load 

map trials as well. MSPAN performance (storage abiUty) made a unique contribution to 

explaining performance in the no-load misaligned 180 condition and the number of total 

large enors. The analysis of performance differences between early and late trials 

showed this relationship to hold only for the late map trials. These resuhs suggest that as 

the experiment progressed participants began to utilize the storage-based strategy on the 

no-load map trials. The storage-based strategy probably involved remembering the 

layout of the landmarks, especially in relation to the trashcan (a unique landmark) across 

trials m order to remember the target poshion in relation to the landmarks. It cannot be 
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detertnined from the curtent resuhs if the shift in strategy was made due to the storage 

strategy being more effective, or less cognhively demanding. 

The storage-based strategy appeared to be the only effective option for the load 

trials as well as a reasonably effective strategy for the no-load trials. Participants with 

inferior spatial processing resources, would not have the option of utilizing processing-

based strategies and therefore had to rely on a storage-based strategy. The negative 

conelation found between spatial processing resources, as measured by RSPAN, and 

performance in the no-load misaligned 180 condition was probably the resuh of 

participants with superior processing resources attempting to do too much processing or 

strategy changing. The extra processing attempted would probably not have been 

effective, resuhing in a decrement in performance in comparison to the storage-based 

strategy and a negative relationship between RSPAN and performance in the no-load 

misaligned 180 condhion. The verbal reports of participants showed only about half of 

the participants reported attempting mental rotation (a form of processing), with several 

finding rotation ineffective. 

The tapping data confirmed the conclusion that performing the map task reqinres 

processing resources. Performance on the tapping task suffered in terms of both speed 

and accuracy while performing the map task. In their responses to the post-map 

questions, the majority of the participants reported finding the tapping "load" trials more 

difficuh. Several of these participants indicated increased difficulty when tapping on the 

misaligned trials. Performance on the map task suffered when participants had to tap and 

tapping performance suffered while performing the map task. These resuhs suggest that 
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the performing the tapping task and performing the map task requh-ed the same 

processing resources. 
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Notes 

The gender by order interaction was not critical to the intended analysis and 
therefore not analyzed fiirther. The ertor means for females were 5.906 feet for 
participants tapping on even-numbered maps and 7.784 feet for participants tapping on 
odd-numbered maps. The enor means for males were 7.516 feet for participants tapping 
on even-numbered maps and 5.737 feet for participants tapping on odd-numbered maps. 

The load by order interaction was not critical to the intended analysis and 
therefore not analyzed fiirther. The average number of large enors for no-load trials was 
.825 large errors for participants tapping on even-numbered maps and .812 large ertors 
for participants tapping on odd-numbered maps. The average number of large enors for 
load trials was .744 large enors for participants tapping on even-numbered maps and 
1.204 large ertors for participants tapping on odd-numbered maps. 

^ Experiment 3 provided evidence for participants shifting the strategy used to 
complete the map task, displaying an increased reliance on the spatial storage system in 
the late map trials compared to early map trials in the misaligned 180 condition. A 
similar analysis was conducted on the data from Experiment 2. An increased reUance on 
the spatial storage system was not found in Experiment 2. Because Experiment 2 did not 
involve a load condhion where processing resources were occupied, participants were not 
forced to utilize ahemative strategies. 
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CHAPTER VI 

CONCLUSIONS 

The goal of the curtent series of experiments was to examine spatial navigation 

ability with a map, focusing on how the task was completed, what types of enors were 

made, and what types of storage and processing resources were utilized. The resuhs of 

the experiments confirmed some of the findings from past work with map navigation as 

weU as providing some insight into strategies utiUzed and the roles of processmg and 

storage. 

Across all three experiments h was found that misaligned maps, especially those 

rotated 180 degrees lead to inferior performance. The detrimental effects of 180 degree 

misalignment became more pronounced when dealing with a symmetrical area, as in 

Experiments 2 and 3. This type of finding is consistent with resuhs dating back to the 

work of Levine et al. (1984). These findings have appUcations in many cunent domains. 

If one is going to be presented with map-like navigational information, this information 

should be presented in map/environment alignment or with information that will allow 

the user to easily rotate the map into alignment. These maps could be the YAH maps 

found in public buildings, in-car navigational maps, paper hand-out maps provided to 

navigate public areas or events, or any other map-like navigational aid. The use of 

cardinal directions. North, South, East and West, is one straight-forward method of 

providing orientation information. The advantage of cardinal directions is the reUance on 

permanent reference points. The use of the cardinal dh-ections can also requke the 
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accompaniment of a compass or the inclusion of local cardinal referent point landmarks 

on the map (preferably landmarks that are taller than surtounding objects). 

Another finding consistent across experiments was the participants' ability to 

adapt to the landmark cues provided. The participants consistently honed in on the 

unique landmarks, such as the basketball hoop and trashcan in Experiment 2 and the 

trashcan in Experiment 3. These resuhs suggest that map-makers and navigational 

trainers can exploh these abilities to improve navigation performance. The resuhs 

suggest unique landmarks should be included on map materials and possibly emphasized 

to improve performance. Navigational briefings could also benefit from making 

trainees aware of unique landmarks and their relationships to other objects in the area. 

Participants in the curtent experiments displayed a tendency to confiise similar 

landmarks. For a specific map and area, finding a way to aid the user in distinguishing 

between similar landmarks could aid performance. This could entail including details 

concerning the unique aspects of similar landmarks, downplaying the salience of these 

sunilar landmarks to reduce reUance on them, or possibly removing them from the map 

all together. When designing a map to be used to navigate a specific area, the designer 

can look for similar landmarks set up in poshions found to cause confiision. These would 

be similar landmarks placed on opposhe sides of an area (up, down, left, right or 

diagonal). These types of artangements are what often led to ertors of the AE, UD and 

LR types across experiments. 

Experiment 3 demonstrated that people have the ability to adapt theh" strategy 

when using a map. The participants' adaptability provides encouragement to the 
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possibility of training map navigation skills and strategies. The resuhs of Experiment 3 

suggested that the same strategy may not be appropriate for all users. Further studies 

are needed to establish what types of cues, landmarks, and strategies work best for which 

users. A starting point would be to design for the most limhed users first, emphasizing 

the cues that require minimal processing. Extra detail or map options (e.g., zoom and 

other accessories on digital maps) are things that one should consider adding at a later 

point or making optional for those who have the deshe and resources to utilize them. 

Clutter of the map area, should remain a primary concern. 

Spatial storage, spatial processing, and general processing all proved to play 

important roles in map navigation. The limhs of these systems need to be tested under a 

map navigation paradigm to establish empirical design criteria. It is probable that the 

criteria established may interact with task constraints (e.g., goals, secondary tasks, 

muhiple operations, or muhiple targets). Miyake and Shah (1999) have argued that 

capacity limits reflect multiple factors, not a single, all-encompassing factor, and may be 

an emergent property of the cognitive system. It is important to detennine what these 

factors are and how they interact for specific map navigation tasks. Kintsch et al. (1999) 

provide a Ust of some of the main limiting factors found in the Uterature including 

processes such as the efficiency of controlled attention, the availabiUty of activation, 

information decay, and interference. 

Spatial storage was utilized primarily in the easy map conditions where 

processing was Umhed and performance was generally good. The resuhs suggested that 

the storage reqinred for the easy map condhions was weU whhin the storage capacity of 

81 



most participants. Across experiments, the aligned map condhions produced only nine 

large en-ors out of 404 opportumties. Further research into spatial storage capacity, 

possibly examining what constitiites an hem (e.g., a landmark, poshion infonnation, or 

the relationships between objects) would prove valuable for basic map design. 

As the complexity of the map task increased, so too did participants' reliance on 

the processing resources of working memory to complete the task. In the curtent 

experiments, complexity was manipulated through the orientation of the 

map/environment relationship. The resuhs showed the involvement of both general 

processing ability (central executive resources) and spatial processing ability (resources) 

in the misaligned map conditions. 

It is not clear what h is that separates spatial processing resources from general 

resources other than their application to spatial tasks. Whether the point of separation 

represents an innate or learned individual quality is another unanswered question. One 

possibility is that spatial resources represent an increased activation capachy for 

operations on hems in the VSSP. In Baddely and Hitch's (1994) model, these resources 

would translate into a superior inner scribe. Spatial resources may also represent an 

increased level of skill or experience performing spatial operations, such as mental 

rotation, or relational judgments with the retention (neural or conscious) of how to 

perform these operations. What is clear is that the spatial working memory task (spatial 

processing capachy) produced increased explanatory power in difficuh map condhions 

and needs to be addressed in models of working memory. 
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The addhion of a load task (finger tapping) in Experiment 3 served to effectively 

occupy both general and spatial processing resources, negating the role of working 

memory. The relationships between the working memory tasks and perfonnance found 

in Experiments 1 and 2 were not found in the load condhions of Experiment 3. Instead, 

participants shifted their strategy to rely more heavily on the storage system (STM). It 

needs to be determined what other activhies (especially everyday activities) disrupt, 

spatial and general processing resources. Some common secondary tasks found when 

navigating include dialing cellular phones (possibly similar to tapping), holding a 

conversation, and listening to, or reading, directions. 

The curtent set of experiments provided some usefiil insight into map navigation 

and the working memory system, but much work is still required in both areas. The map 

navigation research needs to be extended to a wider variety of testing areas and 

navigation tasks. Further exploration is needed to determine what map aspects 

participants utilize, as well as how these aspects change by task conditions. Manipulation 

of the availability of landmarks is one possible avenue of research. Limiting the number 

of items, and allowing participants to create theh- own maps may provide a means of 

eliching individual strategy differences. The benefits of processing-reducing 

interventions, such as increasing the salience of important information, or sfrategjes for 

chunking map items, also need to be examined. 

In the Uterature, the study of spatial tasks and spatial working memory has been 

largely neglected in favor of verbal applications. The cunent experiment demonstrated 

both the necessity of studying spatial applications and offered a paradigm for doing so. 
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The use of muhiple capacity tasks allowed the study of the unique contribution of 

specific working memory components. The role of working memory in complex 

cognitive activities is an area admittedly in need of fiirther study (Miyake & Shah, 1999). 

Work has begun in determining what constitutes a complex task, but the research has 

largely neglected "everyday" appUcations (for a review, see Kintsch et al., 1999). The 

study of the role of working memory in relation to specific tasks may contribute to our 

understanding of complex tasks as well as provide findings with real-worid appUcations. 
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APPENDIX A 

EXTENDED REVIEW OF VERBAL/SPATIAL DIFFERENTIATION 

IN WORKING MEMORY AND 

SHORT-TERM MEMORY 

There is consistent debate in the Uteratiire conceming the existence and fimction 

of separable domain-specific components in working memory. Tumer and Engle (1989) 

provided some evidence that the processing component of working memory was task 

independent even though the storage components were not. The authors' goal was to test 

if the predictabilhy of working memory span tasks was influenced by the processing and 

storage demands used in the task. The experiments tested whether using mathematical 

operations instead of sentences for the processing requirement, or digits instead of words 

for the storage requfrements would show the same predictive relationship to reading 

comprehension as Daneman and Carpenter's (1980) reading span working memory task 

had. Daneman and Carpenter (ched by Turaer & Engle, 1989) argued that to predict 

performance on a reading task the working memory task had to mvolve reading as the 

background task. Tumer and Engle argued that h was the size of the person's working 

memory capacity, independent of the task that predicted performance. 

A cortelational analysis was conducted between four working memory tasks and 

two short-term storage tasks and reading comprehension ability. The working memory 

tasks were defined by the material used for the processing and storage components. 

These tasks were: Sentence-Word Task (reading span). Operation-Word Task (OSPAN), 
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Sentence-Digh Task, and Operation-Digh Task. The two short-tenn storage tasks were 

the Digh Span Task and the Word Span Task, and simply required the participant to 

recall increasingly larger sets of randomly generated dighs or words in serial order. 

Tumer and Engle (1989) found that the digh span and word span tasks did not 

cortelate with reading comprehension. All four working memory span tasks did 

significantly cortelate whh reading comprehension. The conelations were about twice as 

strong between reading comprehension and the two working memory tasks using words 

(.37 Sentence-Word and .40 Operation-Word) rather than dighs (.20 Sentence-Digh and 

.24 Operation-Digh) as the storage component. 

Tumer and Engle (1989) proceeded to mle out the possibilhy that the cortelations 

between reading comprehension and the digit-related working memory tasks were solely 

due to a correlation between math and reading ability. Because reading ability and 

mathematical ability tend to be correlated, Tumer and Engle partialled out quantitative 

skills (Quantitative SAT performance) from the relationships between the working 

memory measures and reading comprehension. If the cortelation was due to good readers 

also having good quantitative skill, and not a working memory component then the 

relationship between the arithmetic-based working memory tasks and reading 

comprehension should disappear when quanthative skills were factored out. The 

cortelation between the OSPAN and reading comprehension remained significant even 

after partialling out quanthative skills. The partial cortelations between the Sentence-

Digh Task and the Operation-Digh Task and reading comprehension were not significant. 

The authors concluded that the processing component of the working memory span task 
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does not need to be reading related to show a significant cortelation with reading 

comprehension. The study did provide preliminary evidence of differences related to the 

type of material to be stored. 

Although the Tumer and Engle (1989) sttidy demonstrated general processing 

resources for quanthative and reading materials, h does not conclusively mle out the 

existence of separable resources for other domains. It is important to note that both 

mathematical operations and sentences are both Ukely to rely on the PL (PL) and involve 

verbal processes that may differ from spatial tasks. 

Baddeley and Lieberman (1980) provided some early evidence of selective 

interference of the spatial memory component with a concunent spatial task. Participants 

used either a spatially-based technique or rote memorization to remember a list of words. 

The rote memorization technique was thought to rely on the PL. The spatially-based 

technique was a location mnemonic and thought to utilize the VSSP. With the spatially-

based technique, participants mentaUy memorized a route through campus and as a recall 

strategy were instmcted to pichire an image of each hem of the word list with a specific 

location along the walk. For half of the participants, either rote or spatially-based 

memorization of the word Usts was the only task. The other half of the participants had 

to perfortn a concument spatial pursuh tracking task. The ti-acking task required the 

blindfolded participants to track a rotating pendulum with a beam of Ught. The rotating 

pendulum emitted a sound that varied to provide feedback when the beam was making 

contact. 
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The resuhs showed an interaction between the memory strategy used and the 

presence of the tracking task. The perforaiance of the group using the spatially-based 

location mnemonic was significantly worse when the tracking task was perfortned 

simuhaneously. The addition of the tracking task did not affect the perfonnance of the 

rote recall groups. The results demonstrated domain-specific interference in memory and 

some early evidence of the existence of the VSSP and the PL for storage. 

Logie (1986) conducted a similar experiment. Participants were instmcted to 

remember word lists using ehher rote-recall or a visual imagery-based mnemonic. The 

visual imagery-based mnemonic was the pegword mnemonic in which participants 

memorized a list of images for each number (e.g., one = bun). The participants were 

instmcted to create an image of each hem presented for recall with the hem associated 

with the pegword. For instance if the first word was duck, the participant might create an 

image of a duck wrestling a giant bun. This method was thought to involve the VSSP. 

The participants were also presented whh distracter material, ehher unattended pictures to 

dismpt the VSSP or unattended speech to dismpt the PL. 

The results showed that the unattended visual material dismpted the use of the 

pegword mnemonic, but had minimal effect on rote rehearsal. The unattended speech 

condition dismpted performance in the rote rehearsal condition, but not in the pegword 

mnemonic condition. The results point to selective interference of visual and verbal 

distracters on visual or verbal recall strategies. The pattern of interference is consistent 

with the presence of the VSSP for storing visual information and the PL for storing 

verbal information. 
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Farmer, Beraian, and Fletcher (1986) provided some evidence of the existence of 

two slave systems in working memory that could be selectively intenupted with domain-

specific effects. The participants perfonned a verbal reasoning task and a spatial 

reasoning task, as the sole task and whh a secondary task. The verbal reasoning task 

involved verifying the accuracy of a statement describing the order of two letters. 

Difficulty in the verbal reasonmg tasks was manipulated by varying the phrasing of the 

hems' voice (active/passive), (affirmative/negative), and the placement the verb. The 

spatial reasoning task involved indicating in which hand a mannequin held the probe 

shape. The difficulty of the spatial reasoning task was manipulated by the orientation of 

the mannequin, ehher inverted or upright and front or rear view. The secondary tasks 

were used to suppress the activity of ehher the PL or the VSSP while placing minimal 

demands on the central executive. Articulatory suppression, continually repeating the 

digits 1 to 4, was used to dismpt the PL. Spatial suppression was achieved by requhing 

the continuos sequential finger tapping of a four-target pattern, dismpting the VSSP. 

Articulatory suppression was found to impact performance of the verbal reasoning 

task but not the spatial reasoning task. Accuracy, the number of verbal reasoning errors, 

was larger in the articulatory suppression condition than in the single task condition. 

Articulatory suppression produced longer reaction times to the difficuh verbal reasoning 

items but not the easy items. No reliable effect of articulatory suppression was found for 

the spatial reasoning task. Spatial suppression, although not as clearly, showed a similar, 

but reversed pattem. Spatial suppression affected the reaction time to the spatial 

reasoning hems, but only for the more difficuh hems. No reUable effects of spatial 
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suppression were found for accuracy. Spatial suppression produced no reliable effects on 

verbal reasoning. The Farmer et al. (1986) study provided some limhed evidence of 

selective interference. The consistent suppression effects were found primarily in the 

difficuh reasoning condhions, implying a limhed role of the slave systems in complex 

reasoning performance. 

Groeger, Field, and Hammond (1999) carried out a series of regression analyses 

predicting performance on the span tasks with the other span tasks. The study included 

the forward digit span task, the reverse digh span task, a spatial span task (Corsi blocks), 

and a driving simulator motor span task. The Corsi Blocks task involves a set of squares 

presented on the computer screen. One square at a time changes color and the 

participants are asked to tap the squares in the order they changed color. The driving 

motor task requfred the participant to sh behind a steering wheel, on which is located two 

buttons. There were also pedals for the feet. A series of directional instmctions (i.e., 

"right" or "left"), accompanied by motor instt^ictions (e.g., pedal, steer, button) were 

presented on the screen for the participant to follow. The span measure was the largest 

number of cortectly remembered and performed actions for each participant. AU four 

span tasks were thought to measure short-tenn retention of theh" respective materials, 

either verbal (forward and reverse digh span), spatial (spatial span) or motor (motor span) 

information. Spatial and motor measures were both thought to utilize the VSSP, while 

the digit span tasks would reflect the PL. 

The resuhs of the regression analysis predicting forward span, showed that 

reversed digh span was significantly related, but the spatial span and motor span were 
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not. The regression analysis predicting reverse digh span, showed that the forward span 

was significantly related but the spatial span and motor span were not. The regression 

analysis predicting spatial span showed that only motor span, and not the digh spans, 

sigmficantly predicted performance. The regression analysis predicting motor span 

showed that only spatial span, and not the digh spans, significantly predicted 

performance. OveraU, the resuhs show that spatial short-tenn storage is independent of 

verbal short-term storage, providing fiirther evidence of the existence of the VSSP and 

PL. 

Salway and Logie (1995) undertook a series of experiments to detemune if the 

VSSP was a separate "specialist' resource different than the PL. The primary task was 

based on the task developed by Brooks (1967). Salway and Logie used two versions of 

the task, a spatial (matrix) and verbal version. The spatial task involved picturing a 5 X 5 

square matrix pattem and mentally placing consecutive letters in adjacent squares to 

make a path. The participant would hear nine sentences instmcting him or her to place 

the next letter in the box either right, left, up, or down. At the end of the sentences the 

participant placed the letters (A-I) in thefr cortect poshions on a paper matrix. The verbal 

version used similar sentences, with the exception that the adjectives right/left/up/down 

were replaced with good/bad/quick/slow. The participant was instmcted to place the 

letter (e.g., A or B) in the next square to the good/bad/quick/slow, but the participant's 

task was just to remember which adjective was paired with each letter. The authors 

incorporated a random generation task, thought to dismpt the cenfral executive (general 

resources), as weU as verbal and spatial secondary tasks. The verbal secondary task was 
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as 

ion 

articulatory suppression and required the participant to repeat the word "go" in time with 

a metronome. The spatial secondary task was spatial suppression and requked the 

participant to tap a clockwise pattem whh then- non-preferted hand. 

Salway and Logie (1995) found perfortnance effects for all three secondary tasks. 

The authors found that articulator^ suppression only interfered with the verbal task and 

spatial suppression only interfered whh the spatial task. The random number generation 

task interfered with both tasks and to a larger degree than either articulatoiy suppression 

or spatial suppression. These resuhs held for both the number of sets recaUed, as well 

the percentage of hems cortectly recalled. There was some evidence of greater dismpt 

of the spatial task than the verbal task when combined whh the random generation task. 

These resuhs may suggest that the VSSP relies more heavily on general resources. This 

may also be the consequence of less practice using the VSSP and hence heavier reUance 

on general resources. Wickens (2000) argued that along whh other factors, the resources 

required for a task can depend on task characteristics (difficuhy) or the skill level 

(practice) of the operator. Overall, the resuhs show that verbal and spatial tasks rely 

heavily on general resources in addition to domain-specific resources. 

The neuropsychology literature provides fiirther evidence for a verbal/spatial 

distinction in memory. Significant memory performance differences have been shoyvn 

for patients with ehher right or left hemispheric brain damage. The work of De Renzi 

and Nichelli (1975) linked damage in the right hemisphere to impairment on spatial span 

tasks and damage in the left hemisphere to impairment on verbal (digh) span tasks. The 

authors found that patients whh right hemisphere damage could show impahment on the 
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Corsi blocks test, a test of memory span for movement to different spatial locations, 

despite having noraial audhory/verbal spans. A contrast group of patients whh left 

hemisphere damage demonstrated the opposhe pattem. Later work by De Renzi (1982) 

also linked other spatial defichs (i.e., the inability to remember new spatial locations) 

with damage to the right hemisphere. These stiidies demonstrated that verbal and spatial 

storage are linked to separate parts of the brain and can be selectively impaired. 

Hanley, Young, and Pearson (1991) reported the findings of a case sttidy on 

patient, E.L.D., suffering from right hemisphere damage due to an aneurysm. E.L.D. also 

showed defichs on spatial but not verbal storage tasks. Compared to matched control 

groups, the patient showed impaired performance on the Corsi Blocks task, the Brook's 

matrix task, mental rotation, memory for faces, and for using visual imagery mnemonics. 

The patient showed no impairment in the storage and recall of letter sequences. Further 

evidence of a fiinctioning PL was provided by tests demonstrating effects of articulatory 

suppression and phonological similarhy. Articulatory suppression and phonological 

similarity are used to dismpt the PL, which must be fiinctioning for dismption to take 

place. The patient also demonstrated difficulties in learning new routes and a much 

greater ability to learn and recognize new words than faces. The results point to selective 

damage of the VSSP, while leaving the PL fiinctioning normally. 

Ruchkin, Johnson, (jrafinan, Canoune, and Ritter (1992) used neuroimaging 

techniques to examine the brain patterns exhibhed by heahhy participants while 

performing verbal or spatial storage. The authors recorded event-related brain potentials 

(ERPs) while the participants performed memory tasks. ERPs measure the pattem of 
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voltage deflections that mark the passage of information through the nervous system, 

signifying either extemally or internally generated events in the brain (Ruchkin et al., 

1992). The spatial memory task involved retaining spatial information, containing 3-5 

unconnected elements, from a two-dimensional display. The verbal task requh-ed the 

retention of pronounceable non-words, 3-5 syUables long. The participants displayed 

very distinct ERPs depending on the material to be stored (verbal versus spatial). The 

resuhs indicated that different areas of the brain are active when undertaking 

phonological or visuo-spatial processing. The authors also uncovered a thh-d distinct 

pattern, which was thought to represent central executive fiinctioning. 

Perani et al. (1993) used positron emission tomography (PET) scanning 

techniques to examine brain activity in patients with Alzheimer's disease. The patients 

were given a battery of tests, including a verbal digh span measure to assess verbal short-

tenn storage and the Corsi Block Tapping Test (Orsini et al., 1987) as a spatial measure. 

The authors found that verbal and spatial storage activity were predicted by different 

areas of the brain. Spatial storage was best predicted by activity m the right parietal and 

frontal associative areas. Verbal storage was predicted best by activity in the temporal, 

parietal, and frontal associative and frontal basal areas of the left hemisphere. Overall, 

these neuropsychological sttidies provide consistent evidence for a verbaUspatial 

distinction, at least for the storage fiinctions of working memory. 

Engle and Kane (in press) tested a large number of participants, using a variety of 

tasks for each constmct, to detennine if verbal and spatial working memory reflected a 

common constmct and if verbal and spatial STM (storage) reflected a common constmct. 
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The resuhs suggested a unitary constmct for working memory that included the verbal 

and spatial working memory tasks. This constmct is largely thought to represent central 

executive resources. The resuhs also suggested separate constmcts for verbal and spatial 

STM (storage) as weU as overiap between the spatial STM factor and several of the 

spatial memory tasks. These findings again implicate a distinction between the storage 

of verbal and spatial materials and the possibilhy of heavier reliance on central executive 

resources for the storage of spatial materials. 

Miyake, Friedman, Rettmger, Shah, and Hegarty (2001) conducted an experiment 

to examine the demand that storing spatial materials puts on central executive resources. 

The authors tested the relationships between visuospatial working memory, short-term 

memory (storage) and executive fiinctioning utilizing a latent variables approach. Engle 

et al. (1999b) had argued that the difference between working memory tasks and short-

term memory tasks was the need for a significant amount of controUed attention (central 

executive processing resources) for working memory tasks. The results of the Miyake et 

al. study demonstrated that the cunent tasks used to measure visuospatial STM may not 

fit Engle et al.'s (1999b) criteria. Miyake et al. found a high degree of overlap between 

the spatial working memory and STM tasks they used, so much so that the authors argued 

h was impossible to discriminate between the two types of tasks. The authors explained 

the overlap in terms of an equal contribution of the cenfral executive to both workmg 

memory and STM visuospatial tasks. It may be that the visuospatial STM tasks used 

requfred skills that were not practiced to the point where they could be performed 

relatively effortlessly, therefore demanding extra attentional resources. 
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Miyake et al. (2001) clearly state that they are not arguing that the centtal 

executive performs the spatial operations for the VSSP Instead the authors argue that 

because the spatial operations are less practiced for most mdividuals, more spatial 

operations translate into more goal management, more muhhasking, more interference, 

etc. which requfre more central executive resources. The authors ended up retaining a 

two-factor model, whh one factor for executive fiinctioning and one factor for 

visuospatial STM-working memory. Although the two-factor model was retained for the 

sake of parsimony, the three-factor model with separate STM and working memory 

constmcts also provided a good fit to the data. It is possible that the visuospatial STM 

and working memory tasks do, in fact, tap different elements as the next study suggests. 

Shah and Miyake (1996), using a dual-task paradigm, provided some preliminary 

evidence that spatial and verbal working memory differ in both the processing and 

storage requfrements. Shah and Miyake's first experiment examined the relationships 

between measures of verbal working memory, spatial working memory, and tests of 

spatial ability and verbal ability. The Reading Span task, developed by Daneman and 

Carpenter (1980) was used to measure working memory capacity for language. The 

authors developed a spatial working memory task, analogous to the reading span, with 

the exception of relying on mental rotation for the processing component, and keeping 

track of spatial orientations for the storage component. This task was called the Spatial 

Span task and was used to measure working memory capacity for spatial materials. The 

participants' verbal SAT scores were used as a measure of verbal abiUty. A composhe 

score, combining three measures of spatial visualization ability, was used as the measure 

100 



of spatial abilhy. As a measure of spatial storage ability, the Artow Span task was also 

included. The Arrow Span task required participants to recall a series of arrow 

orientations in the order in which they were presented. 

For the first experiment. Shah and Miyake (1996) argued that if there were 

separate pools of resource for spatial and verbal working memory, than only the Spatial 

Span task would predict spatial abilhy and only the Reading Span task would predict 

verbal abUity. The resuhs provided support to this hypothesis. The conelation between 

Reading Span and Spatial Span was small and non-significant r = .23, p > .10. The 

Spatial Span task was highly cortelated whh the composite spatial ability score (.66) but 

had a near zero correlation with the verbal SAT (.07). The Reading Span task conelated 

strongly with the verbal SAT (.45) but not with the composhe spatial ability score (. 12). 

After partialling out the common variance between the two working memory tasks the 

conelations with the spatial and verbal abUhy measure remained essentially unchanged. 

These findings are contradictory to the view of the unitary pool of resources (central 

executive) which would have been represented by the overiapping variance between the 

working memory tasks. The authors mterpreted the resuhs as evidence of spatial and 

verbal working memory being supported by separate pools of resources. 

The pattera of relationships between the Artow Span task and the other spatial 

measures were also examined. The Artow Span task was hypothesized to strictly be a 

measure of the spatial storage component, but the resuhs were not completely reflective 

of that. The anow span was highly cortelated with the composhe spatial measure (.62) as 

weU as the Spatial Span task. (.52). The authors argued that because the procedures are 
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not well-practiced, participants do not store spatial infonnation passively like they do for 

well-practiced verbal infonnation. Instead the participants develop on-line strategies to 

complete the An-ow Span task. A series of partial conelations were conducted to 

examine the overiap between the Arrow Span and Spatial Span tasks. Desphe the high 

conelation between the two tasks, each task still managed to capttire a significant amount 

of unique variance in spatial abilhies. The conelation between the Spatial Span task and 

the composhe spatial ability score remained significant r = .52, p < .01, after removing 

the variance explained by the Artow Span task. The conelation between the arrow span 

task and the composite spatial ability score also remained significant r = .43, p < .01, 

after removing the variance explained by the Spatial Span task. These results imply that 

the two span tests are explainmg different aspects of spatial ability. The authors argued 

that the Anow Span measures both storage, as well as one's abilhy to actively develop 

and use processing strategies to overcome information overload. The authors argued that 

for the Spatial Span task, the simultaneous processing and storage requirements would 

prohibit the participants from developing and using sfrategies online. Therefore the 

Spatial Span task is thought to more dfrectly reflect the working memory resources 

available for processing. 

Whether the overlap between the Spatial Span task and Artow Span tasks with 

spatial abilhies is the resuh of the processing components, the storage components, or 

both could not be exclusively determined by the resuhs of Experiment 1. Shaw and 

Miyake's (1996) second experiment attempted to answer this question more dh-ectly. 

The experimental tasks were modeled after the Tumer and Engle (1989) e)q)eriments. 
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with the exception that spatial (mental rotation) and verbal processing (sentence 

verification) and spatial (memory for anow orientations) and verbal (two-syllable words) 

storage reqinrements were combined. Four working memory tasks were used: rotation-

arrow, rotation-word, verification-artow, and verification-word spans. Simple arrow 

span and simple word span tasks were also administered. These tasks have no processing 

element and are thought to measure spatial and verbal storage ability. The same tests of 

spatial and verbal abilhy from Experiment 1 were administered as weU. 

The pattem of conelations between the rotation-arrow and the verification-word 

tasks and verbal and spatial ability tasks replicated the findings of Experiment 1. The 

rotation-artow task was conelated with spatial ability but not verbal abUhy. The 

verification-arrow task was cortelated with verbal abUity and not spatial ability. To 

examine the influence of the processing and storage requfrements, comparisons were 

made between the span tasks involving the simuhaneous processing and storage of 

infonnation of the same modality (e.g., rotation-artow and verification word), tasks with 

storage and processing of infonnation of different modalities (e.g., rotation-word and 

verification-artOw), and tasks with no explich processing component (e.g., simple artow 

and simple word spans) on their ability to predict spatial and verbal abiUty. 

The results showed that the three span tasks involving the same storage 

requirements, either spatial or verbal, showed a similar pattem of conelations. For the 

most part tasks with a verbal storage component conelated with verbal ability and not 

spatial ability. Tasks with a spatial storage component conelated with spatial ability and 

not verbal. The only exception was the rotation-word span, which did not conelate 
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significantly with either ability, possibly due to a restricted range. These findings 

provided evidence that the nattire of the storage component is important in the ability to 

predict perfonnance in complex tasks such as spatial or verbal abilhy tasks. 

A senes of analyses of partial conelations were mn to examine the importance of 

the processing component as weU. For the tasks in the word condhion, only the 

verification-word task stiU significantly predicted verbal ability after removing the 

variance of ehher the simple word span or rotation-word span. These findings imply that 

for verbal abilhy the verbal processing requfrement of the verification-word task holds an 

important role in predicting performance. 

The findings for the tasks with the spatial storage component were similar but not 

as clear. The cortelation between the verification-anow span task and spatial abilhy was 

not significant after removing the variance from the rotation arrow task, r = .33. The 

conelation between the rotation-anow task and spatial abiUty was still significant after 

removing the variance explained by the verification-arrow task r = .39, p < .05. The 

differences between the absolute value of the conelation for the verification-arrow (.33) 

and the rotation-arrow (.39) are not that impressive and the issue wanants fiirther study. 

As in Experiment 1, the rotation-arrow span was still significantly conelated with spatial 

ability after removing the variance explained by the simple artow-span. The simple 

arrow-span was also still significantly conelated with spatial ability after removing the 

variance explained by the rotation-artow span task. The partial conelation of the 

verification-arrow span whh spatial ability after partiaUing out simple artow span was not 

provided. These resuhs overaU provide preUminary evidence that the domain-specific 
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processing requfrement of the task is also important in predicting performance in domain-

specific complex tasks. 

The resuhs of Experiment 2 were also examined in terms of interference between 

the storage and processing requhement of the four working memory tasks. The 

interference effects on processing performance were looked at in terms of accuracy and 

reaction time. Reaction time to perform mental rotation (spatial processing) was greater 

when the information to be retained was spatial rather than verbal. The time to complete 

sentence verification (verbal processing) was not affected by the nature of the 

information to be maintained though. These findings point to a possible asynmietry, 

which Shah and Miyake (1996) explain as resulting from either the use of verbal 

sfrategies for the spatial storage components or differences in task demands. Shah and 

Miyake interpret thefr resuhs as evidence for separate pools of resources for verbal and 

spatial materials. The resuhs could also be explained by a unitary resource model by 

allocating some processing fiinctions to the VSSP. Further research is necessary to end 

the debate. 

The interference effects on the storage component was assessed by differences in 

span scores (words or artow orientations remembered). There was a significant 

interaction between storage and processing F(l,58) = 10.21, p <.01. Although none of 

the individual comparisons were significant, the means fit the interaction pattem. Span 

scores were higher (better perfonnance) in the artow condition when the span task 

required verbal processing than spatial processing. The means were 3.04 for the 

verification-an-ow span and 2.67 for the rotation-artow span. The span scores were also 
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higher for the word condition when the span task required spatial processing than verbal 

processing. The means were 3.71 for the rotation-words span and 3.14 for the 

verification-word span tasks. The resuhs of the interference analyses provided fiirther 

support for the distinction between verbal and spatial working memory component for 

storage, and possibly processing. 

The review of the literature on workhig memory and short-term memory, 

provided evidence that short-term memory (storage) is domain-specific. The review also 

provided evidence of general processing resources (central executive) in the workmg 

memory system. There was mixed evidence for the existence of domain-specific 

processing resources in the working memory system. Further sttidies are necessary to 

draw any conclusions about the existence of domain-specific processing resources in the 

working memory system. 
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APPENDIX B 

DATA SCREENING ANALYSES 

Experiment 1 

Prior to analysis of research hypotheses preliminary data screening techniques 

were employed. One participant did not complete the working memory tasks and was 

dropped from the analysis, leaving 23 participants. Outlying data points were examined 

next. Outlying data points were defined as a large enor on any map with less than three 

large ertors across all participants. Large enors were defined as an error that falls outside 

a cfrcular area around the target that consisted of 10% of the total area (Wanen et al., 

1992). The testing area was 142' X 82', or 11,644 sq. feet. Ten percent of this area is 

1164.4 sq. feet. The radius of a cfrcle whh that area was 19.252 feet. A large enor is 

therefore any error greater than 19.252 feet from the target location. 

The outliers were replaced whh the mean of the otiier participants' scores on that 

map. Four maps contained outliers and eight data points of the 368 data points were 

adjusted. For two of the ertors the participants stated that they did not remember where 

the target was. For two other ertors the participants walked approximately one foot and 

stopped. All eight ertors were likely ertors of confiision and not representative of map 

performance. 

107 



Experiment 2 

Prior to the analysis of the research hypothesis, OSPAN, RSPAN, MSPAN, and 

the averaged scores (ertor in feet) for each participant across the four ttials in each of the 

ahgned, 90, 180, and 270 condhions were examined through various SPSS programs for 

missing values, data entty ertors, and the assumptions of regression analyses. Any 

cortections were made at the end of the analyses. The first analysis concerned missing 

data. One participant failed to attend to the processing portion of RSPAN (less than 85% 

cortect), one participant failed to follow dfrections on the map task, and one participant 

did not rehim for the map session. The data for these three participants were discarded 

leaving 60 participants. The descriptive statistics can be seen in Table 15. 

OSPAN 
RSPAN 
MSPAN 
MA270 
MA180 
MA90 

ALLIGN 

Table 15. Descriptive Statistics before conection 
for Experiment 2 

Minimum 

2.000 
.186 
.265 
.250 
1.125 
.625 
.125 

Maximum 

36.000 
.800 
.816 

37.625 
24.375 
20.750 
11.875 

Mean 

12.383 
.491 
.563 

8.154 
10.122 
5.948 
1.579 

Std. 
DeNiation 

7.107 
.158 
.126 

7.547 
5.993 
5.395 
1.875 

Skewness 

1.052 
-.027 
-.641 
1.405 
.612 
.999 

4.000 

The next set of analyses examined the assumptions of normality, linearity and 

homoscedasticity. Residual scatter plots and PP-plots were created through SPSS 

regression, predicting each of the span measures with the four orientation condhions. 

The plots revealed possible violations of the normality, linearity and homescedasticity 
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assumptions for aU of the variables involved. Nomialhy was examined univariately 

using SPSS descriptives. Tests of skew (SE - .316), using the Z-critical value of 3.29, p 

= .001, showed both the misaligned 270 condhion, z = 4.45, the aligned condhion, z = 

12.66, and OSPAN, z = 3.329 were significantly skewed. 

Outliers were examined next. Multivariate outUers were identified by means of 

SPSS regression, calculating Mahalanobis's distance for the seven variables of interest. 

The cases were analyzed using the Chi-Square critical criterion of 18.475, with df = 7 and 

P = .01. Two cases exceeded this criterion. Univariate outUers were identified as cases 

that scored greater than 3.29 standard deviations, p < .001 (2-tailed) from theh respective 

means. Three outliers were identified. 

The status of these cases as influential outliers was fiirther examined though 

bivariate scatter plots between aU pafrs of the variables in the analysis. Combining aU of 

the data screening results, six outliers were identified (three on aligned, one on 

misaligned 90, one on misaligned 270, and one on OSPAN). These problem cases were 

Winsorized (Cox, 2002) to reduce theh impact on the analyses. Winsorization replaces 

the outlying score on that variable whh the next most extreme score on that variable, as 

weU as doing the same for the most extteme case on the opposhe end of the continuum. 

The success of the variable transformations was evidenced by the absence of 

significant muhivariate outiiers after transformation, determined by Mahalanobis's 

distance, and the elimination of univariate skew in all of the variables except the aUgned 

variable (see Table 16 for descriptive statistics). For the aligned condhion, the skew is 
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inherent in the variable due to floor effects. The assumptions of the absence of extreme 

muhicolUnearity and singularity were tested automatically by SPSS and were met. 

OSPAN 
RSPAN 
MSPAN 
MA270 
MA180 
MA90 

ALLIGN 

Table 16. 

Minimum 

2.000 
.186 
.265 
1.250 
1.125 
.750 
.250 

Descriptive Statistics after cortection 
for Experiment 2 

Maximum 

29.000 
.800 
.816 

21.875 
24.375 
16.625 
3.375 

Mean 

12.267 
.491 
.563 

7.908 
10.122 
5.950 
1.304 

Std. 
Deviation 

6.762 
.158 
.126 

6.716 
5.993 
5.393 
.758 

Skewness 

.788 
-.027 
-.641 
.785 
.612 
1.000 
1.314 

Experiment 3 

Prior to analysis of research hypotheses, OSPAN, RSPAN, MSPAN, and the 

averaged scores (enor m feet) for each participant across the trials in each of the aligned, 

load aligned, misaligned 180, and load misaligned 180 were examined through various 

SPSS programs for missing values, data entry enors, and the assumptions of regression 

analyses. Any cortections were made at the end of the analyses. The first analysis 

concerned missing data. Two participants failed to attend to the processing portion of 

RSPAN (missed more than 85%), three participants failed to attend to the processing 

portion of OSPAN (missed more than 85%), and six participants did not complete the 

map session. The data for these 11 participants were discarded leaving 36 participants. 

The descriptive statistics can be seen in Table 17. 
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OSPAN 
RSPAN 
MSPAN 

Align 
Tap Align 

Mal80 
Tap Mal80 

Table 17. Descriptive statistics before cortection 
for Experiment 3 

Minimum 

.300 

.320 

.380 
.00 
.00 
1.25 
2.25 

Maximum 

.983 

.774 

.781 
19.25 
9.50 
34.13 
38.00 

Mean 

.555 

.513 

.599 
1.597 
2.264 
10.830 
13.892 

Std. 
Deviation 

.145 

.120 

.106 
3.226 
1.759 
7.380 
8.268 

Skewness 

.959 

.346 
-.052 
5.001 
2.209 
1.081 
.712 

The next set of analyses examined the assumptions of normality, linearity and 

homoscedastichy. Residual scatter plots and PP-plots were created through SPSS 

regression, predicting each of the span measures with the four orientation conditions. 

The plots revealed possible violations of the assumptions of nonnality, linearity and 

homescedasticity for OSPAN, and the four orientation condhions. Nonnality was 

exammed univariately using SPSS descriptives. Tests of skew (SE = 408), using the Z-

critical value of 3.29, p = .001, showed that both the aligned condhion, z = 12.257 and 

the tapping aligned condition, z = 5.414 were significantly skewed. 

Outliers were examined next. Multivariate outliers were identified by means of 

SPSS regression, calculating Mahalanobis's distance for the seven variables of interest 

The cases were analyzed using the cH-square critical criterion of 18.475 , with df = 7 and 

p= .01 . Three cases exceeded this criterion. Univariate outliers were identified as cases 

that scored greater than 3.29 standard deviations, p < .001 (2-tailed) from theh respective 

means. Five outUers were identified. 
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The stattis of these cases as influential outUers was fiirther examined though 

bivariate scatter plots between aU pairs of variables in the analysis. Combining aU of the 

data screening resuhs, five outUers were identified (one on aligned, one on load aligned, 

one on misaligned 180, one on load misaligned 180, and one on OSPAN perforaiance). 

These data points were Winsorized (Cox, 2002) to reduce their impact on the analyses. 

The success of the variable transformations was evidenced by the absence of 

significant muhivariate outiiers after transfomiation, deteraiined by Mahalanobis's 

distance, and the elimination of univariate skew in all of the variables except the aUgned 

variable. The descriptive statistics can be seen in Table 18. For the aligned condhion the 

skew is inherent in the variable due to floor effects. The assumptions of the absence of 

extreme muhicolUnearity and singularity were tested automatically by SPSS and were 

met. 

Tabl 

OSPAN 
RSPAN 
MSPAN 

Align 
Tap Align 

Mal80 
Tap Ma 180 

e 18. Descriptive statistics after 
for Experiment 3 

Minimum 

.363 

.320 

.380 
.00 
.25 
1.38 
3.00 

Maximum 

.899 

.774 

.781 
5.75 
5.25 

26.63 
29.13 

Mean 

..555 

.513 

.599 
1.222 
2.160 
10.625 
13.667 

conectioE 

Std. 
De%iation 

.135 

.120 

.106 
1.360 
1.335 
6.781 
7.606 

I 

Skewness 

.846 

.346 
-.052 
2.327 
.896 
.649 
.308 
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