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ABSTRACT 
 

Performance relationships on various behaviorally tested modalities i.e., 

verbal, and visual-spatial, supported the possibility that lower-level, working 

memory measures might be predictive of higher-level, long-term memory 

performances.   Experiment 1 examined these relationships as they related to 

modality and the type of task/test used (Visual-Spatial Working Memory Span vs. 

Long-Term Memory Ability Tests).   Span was related to performance on a 

standardized test of reading comprehension but not to the ability to mentally 

rotate objects.  Thus, Experiment 2 examined the Span Task, finding that a central 

executive-consuming secondary task reduced span, but incongruent loop 

interference did not.  This supported the task as a measure of working memory, 

according to Alan Baddeley�s fractionated model, and its use in subsequent 

experiments.  Experiment 3 explored higher-level self-reported memory processes 

for parking location.  Five factors of parking memory:  Internal and External 

Interference Susceptibility, Concern, Confidence, and Strategy, were derived.  An 

episodic component likely underlay both working and long-term location memory 

processes.  As such, Experiment 4 examined the difference between participant�s 

forced ordering and non-forced ordering of locations on the Span Task and as a 

function of low or high parking factor scores.  Overall, inter-factor correlations, 

their directionality, and correlations with the Span Task logically supported the 

factors.  Individual differences in External Interference and Concern interacted 

with ordering Span Task terminal and primacy locations, respectively.  Lower and 

higher-level memory process relationships likely exist.       
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CHAPTER 1 
 

 INTRODUCTION 

  Before the beginning of civilization our early ancestors were hunter- 

gatherers and it is no surprise that visual-spatial memory was needed for survival.  

Humans have long been very visually-oriented creatures.   Ancient Greek Orators 

took advantage of this.  They used a mnemonic strategy to remember the main 

topics to be presented in their speeches.  This strategy, called the Method of Loci, 

was a way of using concrete images or memory for visual-spatial locations to aid 

in the recall of verbal information.  One simply imagines a pathway often 

traveled, such as the neighborhood where one resides.  Then, to-be-remembered 

items are placed, using vivid imagery, in locations along the familiar path through 

one�s neighborhood (e.g., in the neighbor�s mailbox one might image the 1st main 

topic of a to-be-remembered speech, another topic could be imaged setting on the 

seat of the neighbor�s car, or on top of one�s own chimney).  When it is time to 

recall these main topics one simply takes an imaginary stroll through the 

neighborhood and retrieves these topics in the same order in which they were 

originally placed.  Imagery is the key in placing the items and later recalling the 

items. Baddeley (e.g., Baddeley & Andrade 2000) in fact, suggested that imagery 

involved a theoretical component of working memory known as the visual-spatial 

loop or sketchpad.    Essentially, Baddeley and colleagues suggested a visual-

spatial component of working memory that allowing visual-spatial locations to be 

remembered.   

A question of interest is the degree to which this component, i.e., the visual-

spatial component of working memory is interconnected with other cognitive 
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abilities, such as reading.   Obviously, visual images and verbal information can 

be tied together, enhancing memory (Paivio, 1969).   Thus, past and current 

research investigating A) lower-level:  1) visual-spatial and 2) episodic 

components of 3) working memory, and B) higher-level: 1) visual-spatial and 2) 

episodic components of 3) long-term memory were studied to better understand 

the functions of each component.  Putting visualization to use:  Imagine each of 

the aforementioned subsets (e.g., working memory) as a figurative pathway.  In 

other words use the Method of Loci to imagine the points at which various 

research findings intersect.   This dissertation examines the extent to which 

descriptions of lower-level abilities relate, predict, or help explain descriptions of 

higher-level performances.   More specifically, the general question was to what 

extent measuring the capacity to perform a simple, lower-level process such as 

remembering a series of cell locations in which  triangles are flashed in a matrix, 

could predict success on a higher-level process such as comprehending read 

material or remembering one�s  location in the parking garage.        

Historical Background of Cognitive Psychology    

Before discussing each aspect of memory, it is necessary to provide a brief 

history of cognitive psychology and memory research for perspective:  During the 

1940s and 1950s the advent of the computer enabled psychologists with a new 

tool, i.e., using the computer as a model for human cognition.  Research, such as 

that done by Tolman (1948), showed that animals had internal representations of 

mazes which were independent of extrinsic reinforcement.  He called these 

representations cognitive maps.   Researchers also recognized that learning could 
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be latent, that is, potential behaviors could be learned but not performed unless 

there was sufficient motivation (see Hull, 1943).  Later, Garcia (1968) showed 

that certain stimuli associations are selected over others, disproving the long held 

assumption that any neutral stimulus could become a conditioned stimulus.   

All of this was a catalyst which renewed interest in the internal thought 

processes championed by Wundt and James, the earliest trailblazers in 

psychology, and by the mid 1950s into the 1960s the Cognitive Revolution had 

begun.   Miller (1956) reviewed past research and then proposed the existence of 

Short-Term Memory as one�s ability to temporarily remember a chunk of 

information such as a seven-digit phone number.   Sperling (1960) introduced the 

idea of a sensory register in which the whole of a particular sensation (12 letters) 

is stored for less than 0.5s after which most fades into oblivion before it can be 

reported.   Atkinson & Shiffrin (1968) included the sensory register and short-

term memory in their Information Processing Model (based on the computer) in 

which information is encoded, stored, and retrieved.  In that early conceptual 

model, a small portion of information is attended to and preserved from the 

sensory register.   From there it entered short- term memory where it was stored 

for less than 30s unless rehearsed.  If rehearsed, the information went into long-

term memory.   

Atkinson & Shiffrin�s (1968) model was too simplistic.  For example, the 

model had much difficulty in explaining implicit memories acquired by 

anterograde amnesiacs, lacking the ability to form new explicit memories, (e.g., 

see Graf, Squire, & Mandler, 1984).  The fact that short term memory could be 
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bypassed was a problem for this stage-like model.  However, the model can be 

credited for recognizing a two-way connection between short and long-term 

memory; crystallized information does influence the acquisition of fluid 

information and crystallized information can be given temporary fluidity, in a 

functional working memory to be used for the task at hand.  Subsequent theorists, 

such as Baddeley, proposed more detailed models.   

Baddley�s Model of Working Memory   

Working memory  is not only a transient store for new information but is also 

the most highly activated portion of long-term memory as depicted by the current, 

widely accepted, conceptual model of working memory processes.   Baddeley & 

Hitch (1974) and, Baddeley (1986, 1992, and 2000) incrementally added 

theoretical structures:  the central executive, the visual-spatial, and phonological 

loops and, lastly, the episodic buffer.  Each of these is discussed, further.   

The central executive was the decision-making resource which also allocated 

information to the appropriate loops for processing and for temporarily storing the 

results of that processing.  Thus, the central executive would be needed for 

mentally subtracting multiple digit numbers such as 327 � 272.   If one chooses to 

hold the original numbers in the central executive part of working memory while 

subtracting 2 from 7 equals 5 which must also be held in working memory while  

borrowing from 3 and subtracting 12 from 7 resulting in another  5.  Then one 

puts the two numbers together, 55, mentally.  Each step in the process uses 

additional central executive resources.  A child might choose this strategy.  

Subtracting 19968 from 28735 is considerably more difficult and may easily 
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overtax the central executive.  The mark of wisdom may be in finding less taxing 

shortcuts for solving problems (e.g., 325 � 275 = 50 + 5 = 55).     

The two, limited capacity, loop components of working memory are called 

the visual-spatial sketchpad, and the phonological loop.  Because each of these 

loops was hypothesized to have a limited capacity, one can investigate that 

limitation using a dual task paradigm.  In applying Baddeley�s model to real-life 

tasks:  Imagining a golf course while, simultaneously, driving a car is using the 

same visual-spatial loop.   Repeating a mantra (e.g., the, the, the) while driving 

may not interfere because it utilizes the phonological loop.    

Strayer & Johnston, (2001) found that an engaging conversation over a 

mobile phone interfered with a driver�s ability to detect visual stimuli.   They did 

not discuss Baddeley�s Model in regard to their findings although their research 

may help support the existence of the central executive.  Preoccupation of the 

central executive may hinder the ability to make decisions, perhaps in regard to 

which loop to activate.   Coming up with words in conversation or even producing 

and naming random digits are examples of a central executive consuming tasks.  

Random digits generation may require the central executive because one must 

inhibit the tendency to automatically name numbers in serial order while 

simultaneously making decisions about which number should be spoken next.  

The production of random digits while driving in heavy traffic may be difficult.  

Theoretically, the central executive decides to use the visual-spatial loop, rather 

than the phonological loop, and it may be the visual-spatial loop which helps one 

switch lanes without colliding with neighboring cars. 



 6

 Working memory processes seem to work implicitly, for the most part, 

occurring at a level below conscious awareness.  Long-term memory processes, 

on the other hand, are more likely to be explicit in that one is more likely to be 

consciously aware that they are pulling information from long-term storage.  In 

contrasts, a person may not make a conscious note of a car�s location in the 

parking area.  The more explicit one can be in encoding and retrieving the more 

successful one will be in finding the car.  However, sometimes one parks without 

consciously trying to remember their location.  In such a situation, successful 

remembering, given that both working memory and long-term memory processes 

are probably used in parking, may depend on how well the two processes are 

interconnected or how well one can use long-term memory to go back and recover 

the memory for the working memory processes that were used while parking.  

Also, in general, depending on how closely the two processes are interlinked, it 

may be possible for a proficient working memory, per se, to predict success in 

remembering a long-term event such as finding one�s car.  Hence it is necessary 

to examine the extent to which these two processes:  working and long-term 

memory are connected.                  

Working and Long-Term Memory Connections 

 If proficient working memory processes predict a proficient long-term 

memory then it is necessary to examine possible connections between the two.  

Subsequently, the theoretical and biological underpinnings are examined. 
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Theoretical Connections   

Working memory acts as a weigh station for transient information into long-

term memory and is also activated from long-term memory.  Thus, Ericsson & 

Delaney (1999) reviewed articles suggesting that long-term memory influenced 

the capacity of working memory.  These researchers suggested this is what 

happens in skilled performances.  For example, expert chess players may have a 

better visual working memory of the chess board than novices due to past 

experience (Chase & Simon, 1973).  Ericsson & Delaney (1999) called this type 

of enhancement, �long-term working memory.�   Baddeley (1992) had also 

discussed the influence of higher processes.   

�I assume that this process of retrieval from episodic memory makes a 

representation of an earlier episode accessible to working memory, allowing 

the central executive component of working memory to reflect on its 

implications and choose an appropriate action (p. 282).�  

Later, Baddeley & Andrade (2000) presented participants with �normal� and 

�bizarre� (vivid) visual stimuli.   In tests of working memory, just as in tests of 

long-term memory, the bizarre images were remembered best.   If top down 

processing influenced working memory in this situation, then perhaps it can occur 

in many other situations; therefore, logically, it is not a leap to suggest that ability 

on a lower-level working memory visual-spatial task, with an ordinal component, 

might be predictive of performance on a higher-level visual-spatial task.    

Further, it had been shown that the phonological loop is associated with long- 

term learning of phonological information.  For example, the phonological loop 
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plays a role in children�s vocabulary formation and in foreign language 

acquisition in adults (Baddeley, 2000).   Therefore, as Baddeley had suggested, 

there could be a parallel connection between the limited visual-spatial working 

memory component and long-term memory.  If so, then it would follow that  a 

lower-level visual-spatial task requiring resources, such as those assumed to be a 

function of the visual-spatial working memory component, would be related to 

performance in a task requiring visual and/or spatial long-term memory resources.  

For example, performance in a simple immediate recall task, such as recalling the 

order and location of a triangle stimulus repeatedly visiting different cells of a 

5X5 matrix, should be related to a higher-level long-term memory task, such as 

the ability to remember the last five parking locations used when attending 

college classes, because both require an episodic component.  See Tulving (1985) 

for an interesting discussion of episodic memory.   

 Theoretically, episodic memory would most likely be the resource required 

for remembering the locations of visual and spatial information.  In remembering 

the location of a tool, one must remember the episode or the sequence of events 

leading up to the placement of that tool.  If something is lost then it often helps to 

retrace ones� steps when last using that object.  The episodic events, per se, act as 

retrieval cues (Tulving & Thomson, 1973) in remembering the location of that 

object.   

Biological Connections   

Considering PET scan findings, Tulving, Kapur, Craik, Moscovitch, & Houle 

(1994) reviewed evidence that there is a neuronal network serving the prefrontal 
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lobes of both brain hemispheres.  This neural network is thought to be responsible 

for episodic memory.  The left prefrontal area was activated �during retrieval of 

information in semantic memory and in simultaneously encoding novel aspects of 

the retrieved information into episodic memory (p. 2016).�  For example, Tulving 

et al. (1994) suggested that in completing a verb generation task one must 

generate a verb associated with a noun (e.g., �drive� with car) and when doing 

this, information about meaning is being retrieved from the left prefrontal area, 

and in addition, the episode of doing this task is also being encoded in the left 

prefrontal area.  Conversely, the right prefrontal area showed greater blood flow 

during tasks when participants were asked to recognize drawings of common 

objects or remember spatial locations.  �Right prefrontal cortical regions are 

involved in retrieval of episodic information to an extent that left prefrontal areas 

are not (p. 2018).�   The point here is that the left and right prefrontal areas are 

differentially activated by tasks which require verbal or visual memory resources, 

respectively, and as a function of whether one is encoding new information or 

retrieving old information, and importantly, as a function of a connecting neural 

network, which could be labeled a working memory.  The theoretical concept, 

working memory, may indeed be involved in the encoding of novel episodic 

information and also in holding retrieved episodes in circulation for a specific 

task.  As such, episodic memory may transcend the encoding and retrieval of both 

verbal and visual-spatial information.              

Indeed, Baddeley (2000) updated his theoretical model of working memory 

to be interconnected to long-term memory via an episodic buffer.  In this 
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rendition, the episodic buffer is the tie that binds the fluidity of working memory 

with the crystallization of long-term memory.  This visual-spatial sketch pad is 

tied to episodes of �visual semantics� and the phonological loop is tied to 

episodes of language.  These concrete episodes for both visual-spatial and 

phonological information can be given temporary fluidity by the central 

executive.  While Baddeley used different language in his theoretical model than 

Tulving, the thesis of this series of studies suggests they are describing the same 

resource.                             

Thus, this research investigated the possibility of the interconnectivities 

between working memory components, i.e., verbal, visual-spatial, and the 

episodic buffer, with long-term memory.   Experiment 1 examined these 

relationships as they related to the type of stimulus information (verbal or visual- 

spatial) and the type of task/test (Working Memory Span vs. Long-Term Memory 

Ability Tests).  The findings indicated the need to further validate the model.  

There was an unexpected relationship between performance on a standardized test 

for verbal ability and a Visual-Spatial Span Task, yet performance on the task was 

not related to one of the standardized visual-spatial ability tests.  Experiment 2 

further investigated and confirmed the validity of the task in accordance with 

Baddeley�s Model showing that a secondary task interfered with a primary task 

when they both utilized the visual-spatial loop, while a phonological task did not 

interfere.  Also, a central executive consuming secondary task was detrimental to 

the span.  Thus, these findings supported the task as an effective way of 

measuring visual-spatial working memory per Baddeley.  Experiment 3 explored 
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higher-level self-reported memory processes (e.g., episodic memory) involved in 

remembering a real-life, everyday event, more specifically, one�s parking 

location.  Five factors were derived based on individual self-reported styles, 

strategies, and procedures for remembering and locating their parked vehicles.   

Experiment 4 tested performance on the Span Task as a function of self-reported 

individual differences in memory for parking location because remembering one�s 

parking spot likely involved both, lower-level, working memory and, higher-

level, long-term memory.   
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CHAPTER 2 

EXPERIMENT 1 

Experiment 1 was exploratory and concerned with investigating the merit of 

the Visual-Spatial Working Memory Span Task.  Do span scores predict higher-

level cognitive abilities such as the ability to imagine the rotation of a figure and 

to imagine component parts as a whole figure?  Thus, the goal of this experiment 

was to determine whether a general working memory component underlay both 

visual-spatial and verbal abilities, or, was spatial ability inversely related to verbal 

ability?  Further, and importantly, would performance on a Visual-Spatial Span 

Task predict performance on other tests of spatial ability?     

There had been much focus on individual differences to determine the 

relationship between verbal and visual-spatial ability.  There are literally hundreds 

of studies which have discussed gender differences in regard to spatial and verbal 

ability with females, supposedly, being more verbal and less spatial and vice-

versa for males.  Although most of these studies have not controlled for 

environmental factors in gender differences, many believe there is a negative 

correlation between verbal and spatial ability.  Others (e.g., Swanson, 1996) have 

discussed a general working memory capacity influencing both verbal and spatial 

ability.  Indeed, Swanson suggested that a relationship between performance on 

tests of verbal and spatial ability were observed when both tests taxed the Central 

Executive part of working memory. 

Therefore, in this experiment, verbal, visual-spatial ability, and visual-spatial 

working memory were measured.  Verbal ability was measured by the Nelson 
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Denny Reading Comprehension Test.  Other standard ability tests were used to 

measure visual-spatial ability.  These tests included:  the Mental Rotations, and 

the Minnesota Paper Form Board Tests.  The standard, Memory Card portion of 

the Colorado Neuropsychology Battery was considered to be a measure of visual-

spatial working memory and a Visual-Spatial Working Memory Span Task was 

designed to assess working memory resources. 

In considering the Visual-Spatial Working Memory Span Task or Span Task 

for short, it is important to realize that the basic task solely involves remembering 

target locations.  It did not involve any extraneous interference.  As such, the 

basic Visual-Spatial Working Memory Span Task was addressed as the Span (No- 

Interference) Task or as the Span Task alone.    Potential interference from 

secondary tasks was of interest.  As such, articulating, �the, the, the� occurred 

concurrently with the basic Span Task to see if off-loop interference would have 

any effect.  As indicated below.  It does not.            

A previous analysis indicated that a four-trial-practice was not enough to 

familiarize participants, over age 60, with the basic Span Task relative to younger 

participants (Ludlum, Nuest, & Turner, 2002).   Also, the addition of articulation 

had not been found to result in significant detriment.   In fact, Table 2 shows that 

the Span (Articulatory Interference) Task mean was actually higher.   Articulatory 

interference always occurred subsequent to the basic Span Task and it was 

reasonable to assume that articulation did not cause any detriment or was offset 

by task familiarity in older participants.   Although both the Span (No-

Interference) and Span (Articulatory Interference) Task conditions were analyzed, 



 14

Span (Articulatory Interference) Task performance was likely the truest indicator 

of Visual-Spatial Working Memory Span as older participants had not reached a 

performance plateau during the Span Task alone because practice continued to 

improve performance.       

Methods 

Participants   

A total of 183 students and community members, ranging in age from 18 to 

78, with an overall mean age of 43, participated.   See Table 1 for a cross 

tabulation of several demographic variables and their respective percentages.  

Demographic information was obtained from 116 participants.      

Older participants were often recruited from independent-living retirement 

communities.   All participants were able to drive to and from the testing 

location.  Approximately 15% of all of the participants reported themselves to 

be retired.   

About 13% of the participants listed �student� as their primary occupation.   

As such, one can assume that approximately 60% of the remaining participants 

considered themselves to be employees first and students second.   This was a 

reasonable assumption in considering that the average age of the undergraduate 

student at WSU was 29. 

Experimenters generally contacted participants a week in advance to decide 

on a participation time for one of three specific lab tasks/tests:  paper-based 

testing, the Memory Card component of the Colorado, and visual-spatial working 

memory span.   During this initial contact, participants were advised to get plenty 
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of rest and to eat breakfast before testing.  To minimize fatigue as a possible 

confound, participants completed only one ability test per day.    

TABLE 1 

PARTICIPANT DEMOGRAPHICS:  AGE, GENDER, EDUCATION AND THE 

NUMBERS IN EACH GROUP 

Age Group  

Young  
18-40 

Middle 
41-60 

Old 
61+ 

 

Highest 
Education 
Completed 

Males Females Males Females Males Females Total 

High School 
 
 

0   4  
(3.4%) 

0 0 1  
(0.86%) 

3  
(2.6%) 

8 
(6.9%) 

Freshman 1  
(0.86%) 

1  
(0.86%) 

0 0 0 2   
(1.7%) 

4  
(3.4%) 

Sophomore 3   
(2.6%) 

10 
(8.6%) 

0 2 
 (1.7%) 

1  
(0.86%) 

2   
(1.7%) 

18  
(15.5%) 

Junior 5 
(4.3%) 

13 
(11.2%) 

3   
(2.6%) 

6    
(5.2%) 

2   
(1.7%) 

0 29  
(25%) 

Senior 2   
(1.7%) 

18 
(15.5%) 

4  
(3.4%) 

7 
(6.0%) 

6   
(5.2%) 

5    
(4.3%) 

42 
(36.2%) 

Masters 1  
(0.86%) 

1  
(0.86%) 

1  
(0.86%) 

4   
(3.4%) 

1  
(0.86%) 

4    
(3.4%) 

12 
(10.3%) 

Ph.D. 0 1  
(0.86%) 

0 0 1  
(0.86%) 

1  
(0.86%) 

3   
(2.6%) 

Total 12 
(10.3%) 

48 
(41.4%) 

8 
(6.9%) 

19 
(16.4%) 

12 
(10.3%) 

17 
(14.7%) 

116 
(100%) 
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Design 

The within-participant design required all participants to complete two 

Visual-Spatial Working Memory Span Task conditions, which included the Span 

Task and that same basic task, performed separately, with the addition of 

Articulatory Interference.  Also, all participants completed standardized tests of 

verbal and visual-spatial abilities.    

Verbal abilities were measured using the Nelson Denny Reading 

Comprehension test, which is a standardized, paper-and-pencil test.  Visual-

spatial abilities were measured using The Mental Rotations Test, and the Revised 

Minnesota Paper Form Board Test.   The Memory Cards Test part of the Colorado 

Neuropsychology Test, and the Visual-Spatial Span Task both measured Visual-

Spatial Working Memory. 

Materials 

A proctor/experimenter administered the paper-based tests to groups from 

three to five people.  The experimenter read a specific set of instructions for each 

measure.  Each person was given a binder containing the tests and the order of 

tests matched across participants.  Each measure began with sample questions to 

familiarize participants with the type of questions asked.  Participants were 

allowed to erase and change their answers on the paper & pencil test in which 

they were currently working, within the set time period.   However, they were not 

allowed to go back to previous tests. 
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Verbal Ability Tests 

The Nelson Denny Reading Comprehension Test.   Reading 

comprehension consisted of eight prose passages, ranging from 250 to 650 words 

in length.  Readers answered the multiple-choice questions that followed each 

passage and could look back through the passage if needed.  Time to complete the 

test was limited to 15 minutes.   Reliability for test-retest and split-half testing 

ranged from .82 to .88 on this standardized test (Webb, 1983).    

Visual-Spatial Ability Tests 

The Mental Rotations Test.   This test consisted of 20 problems which 

asked the participant to actively imagine objects from different angles.  Each 

rotation problem had a primary object that, when mentally rotated, correctly 

mirrored two of four objects; the remaining two were distracters.   Thus, there 

were four possible choices.  Distracter objects could not be mirrored from any 

angle, as they were similar but different objects from the target stimulus.  

Imagining objects rotated on either a vertical or a horizontal axis would be akin to 

holding a mirror at various angles around or above and below an object and 

viewing that object in the mirror.     

Participants had three minutes to complete each of the two ten problem parts.  

Scores for test-retest and split-half ranging from .83 to .88 have been reported on 

this standardized test (Vandenberg & Kuse, 1978).   

Revised Minnesota Paper Form Board Test   The Minnesota consisted of 

64 multiple-choice questions.  Each question required a pair of shapes to be 

viewed.  Participants were to imagine how they looked combined, and then select 
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the correct answer from a set of five combined shapes.  Scores were the number 

of correct responses completed in 15 minutes.  Reliability ranged from .85 to .94 

on this standardized test (Likert & Quasha, 1941).  Scores on all paper-and-pencil 

tests were based on the number correct.   A high number of correct items 

indicated less difficulty with the tests. 

 Memory Cards. This component of the computer-based Colorado 

Neuropsychology battery consists of a six by four grid that cover the entire 

computer screen.  Each cell of the grid is analogous to a card turned face down.  

Each trial requires participants to match all pairs of cards using the fewest 

possible number of moves.    This test is comparable to the card game, �Old 

Maid.� 

The proctor/experimenter used 24 cards for each of the six trials.   Once all 

12 pairs were matched, the first trial was over.   Each of four consecutive, 

subsequent, trials immediately followed the previous trial.  The very last or sixth 

trial occurred after a 20-minute break between the fifth and sixth trials. 

Scores on Memory Cards were based on the total number of moves during 

each trial.   In the case of Memory Card scores, a higher number of moves 

indicated more difficulty with the test.   Unfortunately, Davis, Bajszar, & Squire, 

(1992) did not provide information about reliability in regard to their Colorado 

Neuropsychology Tests. 

Visual-Spatial Working Memory Span Tasks   

Span (No Interference)Task.    This basic task is designed to measure 

individual differences in Visual-Spatial Working Memory Span.  Gilpin & Turner 
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(1998) conceived the idea for the task and a programmer developed it for use with 

Microsoft Quick Dos.  The task was presented on an IBM compatible PC with a 

15� color monitor.   A 5 X 5 grid matrix stimulus was programmed to appear on 

the screen for a period of 750 ms. And a single triangle appeared within one of the 

25 possible cells with each consecutive appearance of the grid (see Appendix A).  

The screen went completely blank for an equal time period between each 

presentation of the stimulus.   Thus, the inter-stimulus interval was also 750 ms.   

The size of the grid was approximately one-third of the computer screen.  When 

visible, the grid appeared in the center of the computer screen and the outside 

borders of the grid were approximately five inches (12 cm) from the center of the 

computer screen.  The color of the gridlines and triangle were white while the 

background was black or simply the color of a blank computer screen.  Only 

gridlines and the triangle appeared on the screen.  

Participants were seated comfortably in front of the computer monitor with 

enough room to write on the paper grid sheets.  Instructions were scripted and the 

participant read along with the experimenter (see Appendix B).   These 

instructions asked the participant to number their responses, i.e.; their memory for 

the triangle positions in serial order.    The instructions warned participants not to 

speak during a particular trial or when recalling the triangle positions.  When the 

participant indicated an understanding of the task, a practice consisting of four 

trials was administered.   Upon completion of the practice task, participants were 

asked if they were ready to begin the actual task.  If not, the practice task was 

given again.   
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A trial was defined as the period of time the grid matrices and target triangle 

started appearing until the participant saw the word �recall� in the center of the 

monitor.  The number of grid and triangle appearances corresponded to set-size.   

Set-size was defined as the number of times the matrices appeared during one 

trial.  Set-sizes ranged from two to five and were randomized throughout the total 

16 trials.  Four trials per set-size resulted in 16 total trials and 56 possible triangle 

positions-to-be-recalled.      

On each trial, participants wrote their responses on a paper facsimile of the 

grid they had just viewed on the computer screen.  These paper-based grids 

matched the size of the 5 X 5 grids (Appendix A) that had appeared on the 

computer screen, were stapled in bundles of 16.  A pencil, with an eraser, was 

provided for the participants to mark the remembered triangle locations on each 

grid per trial.  

After a participant had recalled a particular trial in serial order, they were 

then allowed to comment and also to indicate when they were ready for the 

experimenter to trigger the next trial.   Upon completion of 16 basic visual-spatial 

span task trials participants answered a self-report questionnaire regarding their 

possible use of strategy during the task trials   

 The Span (Articulatory Interference) Task required participants to repeat the 

word �the� continuously at the participant�s normal speech rate, during each Span 

Task trial (see Appendix B).   Span scores on each Visual-Spatial Working 

Memory Task were the number correct.  A high number of correct items indicated 

less difficulty with the tests.            
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General Procedures  

Participants were tested individually on Memory Cards and the Span Tasks.   

Groups of three to five participants completed the paper-and-pencil ability tests.   

Breaks were given according to standardized tests instructions and �as needed� on 

all other tasks.  Ability tests took nearly three hours to complete.   Memory Cards 

and the Span Tasks each were each completed in an hour or less.   During all 

tests/tasks, steps were taken to ensure participant comfort and signing with the 

words �Experiment in Progress� was placed on the outer door of the relevant lab 

testing room to minimize extraneous noise. 

Results 

 Although this study was exploratory, relationships among Visual-Spatial 

Working Memory Spans and Visual-Spatial Ability Measures were expected and 

found.   However, unexpectedly, there were also relationships between the Span 

Task and tests of verbal ability and between tests of visual-spatial ability and 

verbal ability.   

 Table 2A depicts the descriptive statistics for all ability tests.  The variable, 

Memory Cards, and the six respective trials are shown.  The difference between 

Trial 1 (M = 27.78, SD = 10.85) and Trial 6 (M = 14.50, SD = 3.58) indicated that 

total moves and individual variability decreased over the trials.  This is because 

the Memory Cards Test was the only variable in which a decrease in numerical 

values indicated improved performance.  Percentages increased, though 

insignificantly, from the No Interference to subsequent Articulatory task.  As 

discussed later, articulating the word, �the,� repeatedly, does not interfere with 
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visual-spatial span.  As such, the Span Task and Mental Rotations could also be 

considered as multiple trial tasks/tests for which people could improve from one 

trial to the next.    However, note that the means for Mental Rotations were 

skewed.  This is a difficult task. 

 
TABLE 2A 

 
DESCRIPTIVE STATISTICS FOR ALL ABILITY TESTS 

 
 N Minimum Maximum Mean Std. 

Deviation 
 
 

Memory Cards 
     

Total Moves      

Trial 1 158 18 105 27.78 10.85 

Trial 2 158 12 43 18.89 5.70 

Trial 3 158 12 45 16.63 5.15 

Trial 4 158 12 35 15.09 3.63 

Trial 5 158 12 29 14.47 3.46 

Trial 6 158 12 38 14.50 3.58 

Nelson Denny 
Reading 
Comprehension 

156 2 38 25.61 8.19 

Minnesota Paper 
Form Board Test 153 13 61 41 10 

Mental 
Rotations Part 1 150 0 13 2.53 2.26 

Mental 
Rotations Part 2 150 0 15 3.55 2.95 

 
 

 



 23

Table 2B, depicts the descriptive statistics for the Visual-Spatial Working 

Memory Span Tasks  showing the similarity in mean performance from the basic 

No-Interference part of the Span Task (M = 63.38, SD = 23.11) to the subsequent 

same task with the addition of Articulatory Interference (M = 65.55, SD = 19.63).   

These nearly equivalent mean scores indicated that articulation, while 

remembering locations, did not decrease spans.   The Articulatory Interference 

condition always followed the Span (No-Interference) condition.   Any loss due to 

repeating a mantra, i.e., the, the, the . . . during the task was offset by increased 

task familiarity.  

TABLE 2B 

DESCRIPTIVE STATISTICS FOR THE VISUAL-SPATIAL WORKING 

MEMORY SPAN TASKS 

 

 

Span Tasks N Minimum Maximum Mean 
Std. 
Devi
ation

No Interference 139 1.78 98.21 63.38 23.11

Articulatory 
Interference 140 7.14 98.21 65.55 19.63

  

Expectedly, (Table 3) the performance on the Span (No-Interference) Task 

was related, r (123) = .25, p < .01, to performance on the Minnesota Paper Form 

Board Test (M = 41, SD = 10).   
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TABLE 3 
 

SPAN TASK CORRELATIONS WITH ABILITY TESTS 

Tests/Tasks  Span (No Interference) 
Task   

Span (Articulatory 
Interference) Task 

   

Pearson 
Correlation 

.495 .371 

Sig. (2-tailed) .001 .001 

Reading 
Comprehension 

  
  

N 125 126 

   

Pearson 
Correlation 

.252 .152 

Sig. (2-tailed) .005 .092 

   

Minnesota      
  
  

N 116 117 

   

Pearson 
Correlation 

.040 .002 

Sig. (2-tailed) .662 .980 

Mental 
Rotations  1  

  
  

N 120 121 

   

Pearson 
Correlation 

.019 .082 

Mental 
Rotations 2 

  
  

Sig. (2-tailed) .834 .373 

 

The Span (No-Interference) Task was also correlated, r (81) = .50, p < .01, 

with the Nelson Denny Reading Comprehension (M = 25.61, SD = 8.19), but not 

with Mental Rotations.   The Span (Articulatory Interference) Task was also 

correlated with the Nelson Denny, r (82) = .37, p < .01.    
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Table 4 shows the also unexpected reading comprehension correlation with the 

Minnesota r (74) = .40, p < .001 but not with Mental Rotation.  Tables 5 depicts 

the Span (No-Interference) Task correlations with Trial 2 of Memory Cards, r 

(122) = -.23, p < .05, Trial 4, r (122) = -.22, p < .05, and Trial 5, r (122) = -.23,    

p < .05.   Tables 6A and B present the breakdown of Memory Card correlations 

among individual set-size spans without interference and with articulation.   The 

Span (Articulatory Interference) Task was not significantly correlated with 

Memory Cards.   The relationship, however, were negative as would be expected.   

Fewer total moves indicated a better memory for card positions, while a higher 

percentage correct on the Span Tasks indicated better performance.   

There were significant No-Interference and Articulatory Interference set-size 

correlations with reading comprehension.   Also, there were significant 

correlations between the first three set-size spans on No-Interference and the 

Minnesota.   Lastly, there were no correlations between No-Interference and 

Articulatory Interference Set-Size Spans and the Mental Rotations Test.   

However, a possible ceiling effect or lack of variability on the difficult Mental 

Rotations Test may have contributed to the lack of correlation between it and 

other measures.       

In sum, tasks requiring the immediate memory for object locations and a test 

of the ability to fit objects together in space were interrelated and also related to 

performance on a, verbal, test of reading comprehension, but they were not 

related to the ability to imagine rotated objects. 
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TABLE 4 

READING COMPREHENSION CORRELATIONS WITH VISUAL-SPATIAL 

ABILITY TESTS 

 

Tests Minnesota 
 

          Mental Rotations 

 
 
 

 
1 

 
2 

   

 

N 76 72 72 

Reading 
Comprehension 

Pearson 
Correlation .396 .024 .059 

 

Sig. (2-tailed) .001 .772 .476 
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TABLE 5 
 

SPAN TASK CORRELATIONS WITH MEMORY CARDS:                   

MOVES PER TRIAL 

 

Tasks/Tests Memory Cards 
 1 2 3 4 5 6 

No 
Interference       

N 124 124 124 124 124 124 
Pearson 

Correlation -.041 -.228 -.113 -.222 -.225 -.131 

Sig. (2-
tailed) .654 .011 .212 .013 .012 .146 

Articulatory 
Interference       

N 124 124 124 124 124 124 
Pearson 

Correlation -.054 -.008 -.007 -.107 -.045 -.032 

Sig. (2-
Tailed .555 .932 .937 .238 .616 .721 
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TABLE 6A 

SPAN TASK SET-SIZE CORRELATIONS WITH MEMORY CARDS TOTAL 

MOVES: TRIALS ONE TO THREE 

 

 
Span (No-Interference) Task 

by Set-Size 
 

Span (Articulatory Interference) 
Task by Set-Size 

Variables 2 3 4 5 2 3  4  5  

Trial 1 Pearson Correlation -.001 .002 -.052 -.062 .062 -.018 -.044 -.068 

 Sig. (2-tailed) .992 .985 .567 .492 .496 .847 .629 .454 

 N 124 124 124 124 124 124 124 124 

Trial 2 Pearson Correlation -.214 -.247 -.181 -.193 .007 .031 .006 -.034 

 Sig. (2-tailed) .017 .006 .045 .032 .940 .733 .947 .712 

 N 124 124 124 124 124 124 124 124 

Trial 3 Pearson Correlation -.082 -.029 -.123 -.157 .113 .092 -.032 -.038 

 Sig. (2-tailed) .363 .750 .173 .082 .213 .307 .724 .675 

 N 124 124 124 124 124 124 124 124 
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TABLE 6B 

SPAN TASK SET SIZE CORRELATIONS WITH MEMORY CARDS TOTAL 

MOVES: TRIALS FOUR TO SIX 

 

 
Span (No Interference) Task by 

Set-Size 
 

Span (Articulatory Interference) Task 
by Set-Size 

Variables 2 3 4 5 2 3  4  5  

 
Trial 

4 

 
Pearson 

Correlation 
-.212 -.148 -.205 -.241 .043 -.038 -.111 -.154 

 Sig. (2-tailed) .018 .100 .023 .007 .634 .674 .219 .087 

 N 124 124 124 124 124 124 124 124 

Trial 
5 

Pearson 
Correlation -.173 -.195 -.188 -.235 .025 .010 -.069 -.022 

 Sig. (2-tailed) .055 .030 .037 .009 .785 .914 .449 .812 

 N 124 124 124 124 124 124 124 124 

Trial 
6 

Pearson 
Correlation -.081 -.085 -.134 -.143 .071 .043 -.012 -.075 

 Sig. (2-tailed) .374 .347 .139 .112 .432 .637 .894 .408 

 N 124 124 124 124 124 124 124 124 

 

 

 

 

 



 30

TABLE 7 

SPAN TASK SET-SIZE CORRELATIONS WITH READING 

COMPREHENSION AND SPATIAL ABILITY TESTS 

 Span (No-Interference) Task by 
Set-Size 

Span (Articulatory Interference) 
by Set-Size 

Variables 
2 3 4 5 2 3  4  5  

Reading Comprehension 
        

 Pearson 
Correlation .435 .404 .433 .476 .191 .288 .316 .340 

 Sig. (2-tailed) .001 .001 .001 .001 .032 .001 .001 .001 

 N 125 125 125 125 126 126 126 126 

Minnesota 
        

 Pearson 
Correlation .332 .197 .281 .169 -.071 .140 .163 .133 

 Sig. (2-tailed) .001 .029 .002 .061 .436 .121 .071 .140 

 N 123 123 123 123 124 124 124 124 

Mental Rotations 
        

Part 1 Pearson 
Correlation -.010 .024 .043 .056 -.055 -.074 .075 .073 

 Sig. (2-tailed) .912 .796 .642 .541 .549 .418 .416 .424 

 N 120 120 120 120 121 121 121 121 

Part 2 Pearson 
Correlation -.058 -.011 .065 .026 -.066 -.065 .162 .134 

 Sig. (2-tailed) .528 .902 .483 .776 .469 .480 .077 .143 

 N 120 120 120 120 121 121 121 121 
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Discussion  

Memory Card performances may help show the connection between Visual-

Spatial Working Memory Span and long-term memory.  The test was purported to 

be an assessment of both.   The very first trial is a measure of working memory. 

There are individual differences in the ability to match all pairs of cards using the 

fewest possible number of moves.  With each trial, participants become less 

dependent on working memory and more dependent on long-term memory as the 

same card locations apply to each trial.  The Memory Card Test not only required 

remembering �what� the cards were but �where� in the 24-cell grid the cards were 

located and perhaps, �when� they were observed.  The �where� and �when� 

component of Memory Cards make it comparable to the Visual-Spatial Working 

Memory Span Task.  The very first trial depended heavily on span; however 

working memory was still needed to compensate for failures of long-term 

memory during the next trial.  One had to hold the cards and their locations in 

working memory long enough to be stored in long-term memory, influencing 

performance on the next trial.   In other words, a better working memory span 

probably had some influence on the number of moves required during the very 

next trial.  The negative trend in the relationships between the Span Task and the 

Memory Cards Test�s total moves showed that Visual-Spatial Working Memory 

Span capacity may apply to both which helps explain the relationships.                

Visual-Spatial Working Memory Span scores were related to performance on 

the Minnesota Paper Form Board Test and Nelson Denny Reading 
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Comprehension; all three were correlated.  However, Visual-Spatial Working 

Memory Span was not related to performance on the Mental Rotations Test.      

Visual-Spatial Working Memory Span can be described as the capacity for 

keeping information active in the visual-spatial loop.  Mental Rotation was 

actually the most difficult test requiring the imagining of motion of four different 

distracters and holding that information in working memory while making a 

decision about them.  In this test, perhaps all of the resources in both the visual-

spatial loop and the central executive were exhausted.  Indeed, the Mental 

Rotations Test could be the truest measure of fluid ability.  There is the chance for 

the influence of past experience and long-term memory in regard to possible use 

of strategy on the Span Task and reading comprehension.  For example, a visual 

constellation or connect-the-dots approach was possible in completing the Span 

Task.  Reading comprehension can be enhanced by academic experience, 

specifically, in learning how to pick out important information and effectively 

organize it in mind for memory facilitation.  Using an organizational strategy in 

reading comprehension as the result of academic experience is likely to predict 

that one will attempt an organizational strategy on another task resulting in a 

performance correlation.   Chapter 3 provides more information about the 

relationship between reading comprehension and the Span Task.  

Mental Rotation performance was not related to performance on the Visual-

Spatial Working Memory Span Task while the Minnesota, requiring the imaging 

of one object fitting into another, was related.   The Minnesota, like the Span 

Task, did not require the imagining of horizontal or vertical rotation.  Perhaps 
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rotation added another task to process in parallel; making it less comparable to the 

other tasks.    

People are given practice fitting objects and puzzles together from an early 

age, as was required in the Minnesota, while mentally rotating objects may have 

been less dependent on past experience than the other task/tests.  As mentioned in 

Chapter 1, Ericsson & Delaney (1999) proposed a �Long-Term Working 

Memory� and Baddeley had implied that working memory can be influenced by 

past experience.  As such, perhaps the Mental Rotations Test was a more distilled 

measure of visual-spatial working memory while the other task/tests were more 

contaminated by past experience, making them related, but still measures of 

working memory to varying extents with the Span Task being a purer measure 

than reading comprehension.   Conversely, perhaps mental rotation was not 

measuring working memory capacity as much as the other tasks.   Lastly, the lack 

of relationship may have been an artifact of the Mental Rotations Test�s difficulty 

and lack of individual performance variability.             

Logically, the next step was to make sure the Span Task was actually 

measuring Visual-Spatial Working Memory Span and not too corrupted by 

academic experience to be a valuable measure.  If the tasks were actually 

measuring span resources in the visual-spatial loop then the findings would follow 

the predictions of Baddeley�s model that homogenous loop dual tasks would 

reduce span capacity, while heterogeneous loop dual tasks would not.  
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CHAPTER 3 

EXPERIMENT 2 

The purpose of this experiment was testing the Visual Spatial Working 

Memory Span Task in terms of Baddeley�s Model.   Experiment 1 had 

documented relationships between the visual-spatial working memory span 

measured by the task and a standardized measure of visual-spatial ability, helping 

to support the validity of the task.   Baddeley�s model of working memory 

(Baddeley & Hitch, 1974; Baddeley 1986, Baddeley, 1992) and the existence of a 

separate visual-spatial loop is well supported  (see Baddeley, Grant, Wight, & 

Thomson, 1975; Baddeley & Lieberman, 1980;   Logie 1986; Jonides et. al., 1996 

review article; Jenkins, Myerson, Hale, & Fry, 1999; Baddeley & Andrade 2000) 

and findings convergent with the model would support both the model and 

validate the Span Task as a  measure of  Visual-Spatial Working Memory.   

If Span Task age effects supported known theories about age-related 

changes then the task�s validity was supported.  Age effects on standardized 

paper-and-pencil measures of visual-spatial and verbal abilities were also 

examined.     

Methods 

Participants 

 Participants were derived from the previously described pool of 183 

participants described in Experiment 1.  As further described below, different 

conditions were added over time.  Consequently, later tasks had fewer 

participants.               
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 Design 
 

Age, 18-40 (young), 41-60 (middle), 61 + (old) was the between-participant 

variable.  Interference-Type (No Interference, Articulation, Random Digit, Bar 

Detection, and Pointing) was the within-participant variable on the visual-spatial 

working memory span part of this experiment.  Age was the only independent 

variable on each of the standardized tests.   

Materials   

Visual Spatial Working Memory Span Tasks   

The Span (No Interference) Task and Span (Articulation) Task were the same 

described in Experiment 1.   Experiment 2 added several more dual task 

conditions.   More people completed the baseline Span Task and Articulation 

Tasks because they were the first conditions to be incorporated in the study.   

Because the Random Digit, Bar Detection, and Pointing Tasks were added later in 

the lab�s ongoing data collection process, there were fewer participants in those 

conditions.     

No Interference.  This basic Span Task required participants to recall order 

and position of triangles appearing in a 5 X 5 matrix.  This single task with No 

Interference always occurred prior to the subsequent, dual task conditions 

described below.  

Articulation.  During this condition, participants repeated �the, the, the . . .� 

at their normal reading rate as they watched the grid/triangle stimulus 

appearances.   

Bar Detection.  A red bar was programmed to intermittently appear 

immediately to the top, bottom, left, or right of the grid borders.  Bar Detection 
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required the participant to press the space bar of the keyboard upon each random 

appearance of the red bar during a particular trial.  The bar stimulus appeared 

simultaneously with the grid/triangle appearances. 

Random Digit.  Participants generated random digits as the grid stimuli were 

being presented.   Participants were to randomly name numbers one to ten at their 

normal reading rate.  They were not to repeat any numbers nor say them in any 

particular order or pattern.  To make sure participants fully randomized the 

numbers, the experimenter informed participants that the Random Digit condition 

would be recorded.  Later, the experimenter listened to the recording to eliminate 

the possibility of the participant�s use of an automatized pattern (i.e., serial order).      

Pointing Task.   This task required participants to point a pencil at the triangle 

locations as the grids/triangles appeared.  During the Span (Pointing) Task 

condition the pencil was held about three centimeters from the grids. 

Thus, after completing the basic Span (No Interference) Task, subsequent 

conditions required participants to articulate �the, the, the� (Articulatory 

Interference), detect a red bar as it appeared on the screen (Bar Detection), 

generate random digits (Random Digit), and point at each triangle as it appeared 

on the screen (Pointing Task).  These four, counterbalanced tasks occurred 

concurrently with the basic task of remembering triangle locations.  Also, each of 

the four dual task conditions occurred consecutively or immediately after the 

previous condition.  See Appendix B for the instructions given the participants 

during each condition.    

Dependent variables were the overall number correct (span) on each task 
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condition.  Span Scores were converted to percentages for comparison on each 

task. 

Ability Tests 

The Minnesota Paper Form Board Test, Mental Rotations, and Nelson Denny 

Reading Comprehension tests were previously described in regard to Experiment 

I.  Experiment 2 added the Nelson Denny Vocabulary Test.  The dependent 

variable was the number correct on each test.  All ability tests were scored as the 

number correct.  Each test was examined separately for age effects.   Converting 

raw scores to percentages was not necessary in this situation. 

The Nelson Denny Vocabulary Test.  This standardized test consisted of 100 

multiple-choice definitions in which a target word was presented and the 

participant had 15 min to select the correct meanings from among five choices 

presented for each target.  Reliability on this test was .84. 

General Procedures 

General procedures were exactly as described for Experiment 1. 

Results 

The data for both the Visual-Spatial Working Memory Span Task and the 

ability tests were analyzed.  First the findings for the Span Task and 

corresponding tables are reported.       

Visual-Spatial Working Memory Span Task Results 

T-Tests.  Four, paired sample T-tests (Table 8B), with the No Interference  

(No Interference) task as baseline, showed that only Bar Detection (Bar 

Detection) T (2, 83) = 14.29, p < .001 and Random Digit (Random Digit) T (2, 
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82) = 14.51, p < .001 task mean scores were significantly different from No 

Interference.  Both Bar Detection and Random Digit mean scores were 

significantly lower than that of No Interference.  These mean differences can be 

seen in Tables 8A, 8B, and Figure 1.  In considering Table 8A it is important to 

note that the N was higher, as previously mentioned, for the No Interference & 

Articulation comparison than for any other because the other conditions added 

later in the lab�s data collection.   

TABLE 8A 

 PAIRED SAMPLE DESCRIPTIVE STATISTICS BETWEEN THE SPAN (NO 

INTERFERENCE) TASK AND SPAN (INTERFERENCE) TASK 

CONDITIONS 

  Mean N Std. Deviation Std. Error 
Mean 

 Span Task Condition.     

Pair 
1 No Interference 63.3830 139 23.1108 1.9602

 Articulatory 
Interference 65.6230 139 19.6823 1.6694

Pair 
2 No Interference 74.7332 84 14.9367 1.6297

 Bar Detection 52.3065 84 19.0679 2.0805

Pair 
3 No Interference 74.5794 83 14.9605 1.6421

 Random Digit 44.5864 83 19.4850 2.1388

Pair 
4 No Interference 74.9022 83 14.9466 1.6406

 Pointing Task 74.0053 83 14.5966 1.6022
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TABLE 8B 
 

PAIRED SAMPLES T-TESTS BETWEEN SPAN (NO INTERFERENCE) 

TASK AND SPAN (INTERFERENCE) TASK CONDITIONS 

95% Confidence 
Interval of the 

Difference Paired Differences Mean Std. 
Deviation 

Std. 
Error 
Mean 

Lower Upper 

T df 
Sig. 
(2-

tailed) 

Pair 
1 

No 
Interference 

and 
Articulatory 
Interference 

-2.2400 19.5871 1.6614 -5.5250 1.0450 -1.348 138 .180 

Pair 
2 

No 
Interference 

and 
Bar 

Detection 

22.4267 14.3852 1.5696 19.3049 
 

25.5484 
 

14.289 83 .001 

Pair 
3 

No 
Interference 

and 
Random 

Digit 

29.9930 18.8384 2.0678 25.8795 
 

34.1065 
 

14.505 82 .001 

Pair 
4 

No 
Interference 

and the 
Pointing 

Task 

.8969 14.3879 1.5793 -2.2448 4.0385 .568 82 .572 

 

Multivariate Analysis.   Multivariate analysis (Table 9B) was used to 

examine age effects on all five, task conditions.  Age effects were found on the 

No Interference task F (2, 76) = 7.49, p < .001 and Bar Detection F (2, 76) = 6.74, 

p < .002.  See Tables 9A, 9B, and Figure 1.  Tukey HSD confirmed the 

differences on No Interference and Bar Detection to be between the young and 

old groups.   The middle group was not significantly different from the other two 

groups.   



 40

 

Ability Tests 

A multivariate analysis (Table 10) was run on the ability tests.  Age groups 

(young, middle, and old) were divided in the same way previously reported.  Age 

effects were observed on Nelson Denny Reading Comprehension F (2, 139) = 

23.096, p < .001, The Nelson Denny Vocabulary Test F (2, 139) = 3.026, p < 

.052, the Revised Minnesota Form Board Test F (2, 139) 5.971, p < .003, and part 

2 of the Mental Rotations F (2, 139) = 3.782, p < .025.   Tukey HSD showed 

significant differences between all three groups on reading comprehension, 

between the middle and young group on vocabulary, between only the young and 

old on the Minnesota, and between the young and old groups on part two of the 

Mental Rotations test.   The age decline in vocabulary was unexpected; however, 

cohort effects may explain such findings.  The demographics table, from 

Experiment 1, showed that most of the older participants were less educated than 

the middle-aged group. 
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TABLE 9A 

AGE X SPAN TASK CONDITION DESCRIPTIVE STATISTICS 

 Age Mean Std. Deviation N 

No Interference     

 Young 78.7645 12.0399 53 

 Middle 73.3727 15.7549 11 

 Old 62.9453 18.9077 15 

 Total 75.0101 15.1847 79 

Articulation    

 Young 77.2009 13.6684 

 Middle 73.3764 11.1063 

 Old 68.0733 15.1736 

 

 Total 74.9353 13.9490 

Bar Detection    

 Young 57.2526 17.3077 

 Middle 47.4791 19.3184 

 Old 38.6793 19.1801 

 Total 52.3652 19.2145 

Random Digit    

 Young 44.6791 20.0228 

 Middle 44.4818 18.2198 

 Old 47.8927 20.4754 

 Total 45.2618 19.6654 

Pointing    

 Young 76.0696 12.6430 

 Middle 75.1627 11.1660 

 Old 66.0733 21.2316 

 Total 74.0453 14.7865 
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FIGURE 1:  AGE X DUAL TASK MEANS 
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TABLE 9B 
 

AGE X SPAN TASK CONDITION:  MULTIVARIATE ANALYSIS OF 

VARIANCE 

  
 Source of 

Variation 

DF SS MS F  

Age       

 No 

Interference 

2 2959.944 1479.972 7.486 *** 

 Articulation 2 1005.088 502.544 2.695 * 

 Bar Detection 2 4338.174 2169.087 6.740 ** 

 Random Digit 2 128.512 64.256 .163  

 Pointing Task 2 1184.207 592.103 2.836 * 

Error No 

Interference 

76 15024.964 197.697   

 Articulation 76 14171.723 186.470   

 Bar Detection 76 24459.166 321.831   

 Random Digit 76 30036.402 395.216   

 Pointing Task 76 15869.729 208.812   

 *p  < .10  

      **p  < .01 

    ***p < .001 
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TABLE 10 

AGE X ABILITY TESTS MULTIVARIATE ANALYSIS 

 Source of 

Variation 

DF SS MS F  

Age       

 Reading 

Comprehension 

2 2299.857 1149.928 23.096 *** 

 Vocabulary 2 1308.971 654.486 3.026 * 

 Minnesota 2 1126.999 563.499 5.971 ** 

 Mental 

Rotations 1 

2 27.844 13.922 2.712 * 

 Mental 

Rotations 2 

2 64.152 32.076 3.782 * 

Error Reading 

Comprehension 

139 6920.798 49.790   

 Vocabulary 139 30066.860 216.308   

 Minnesota 139 13117.149 94.368   

 Mental 

Rotations 1 

139 713.480 5.133   

 Mental 

Rotations 2 

139 1178.777 8.480   

*p  < .10  

     **p  < .01 

  ***p < .001 
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Discussion 

The Visual-Spatial Working Memory Span Tasks 

Baddeley�s model would predict that same-loop tasks interfere with 

performance on the basic Span Task.  The finding that performance during Bar 

Detection was significantly lower than No Interference supported this prediction.  

Acknowledging the appearance of a red bar on the screen and observing and 

remembering the locations of the triangles both require the visual-spatial loop.    

 Also, a task which uses up capacity in the central executive will hinder 

primary task performance.  The central executive is the decision and resource-

allocating component of working memory, which is tied into both the visual 

spatial and phonological loops.  Generating random digits required participants to 

quickly make a decision about which number to use next.  Keeping the numbers 

�random� also required participants to inhibit the automatic tendency to count the 

numbers in order.  Doing so interfered with the basic task because it taxed the 

central executive.     

Another question was whether age differences occurred in performance on a 

visual-spatial memory task, with or without interference tasks.  Age effect 

differences were measured in regard to the concurrent, bar detection condition.  

However, age-related effects were not found in regard to the other concurrent task 

conditions i.e., random digit generation, articulation, or pointing.   Random digit 

generation was equally detrimental for all ages (see the means), explaining the 

lack of age differences.  Everyone, including older people, actually performed 

better, though insignificantly so, after articulation.   These results can be 
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explained according to Baddeley�s model.  Simply repeating the word �the� 

during the grid appearances required only the phonological loop and not the 

central executive as the random digit condition had required.  It is just as if 

participants were not performing an interfering task at all.  If true, then these 

results may be explained in terms of practice because the articulatory interference 

condition always occurred subsequent to the basic, no interference task condition.    

These results are consistent with those of Rouleau & Belleville (1996), who 

showed that older participants are equal to younger participants in their ability to 

inhibit irrelevant auditory information. The finding of age-effects on the basic 

task alone and not the subsequent dual task conditions was a surprise.  However, 

several researchers have suggested a general slowdown in the working memory 

system with age (Birren & Fisher, 1995; Salthouse, 1996; Verhaeghen & 

Salthouse, 1997; Park, Smith, Lautenschlager, Earles, Frieske, Zwahr, and 

Gaines, 1996).  Because the No Interference task was administered first, �general 

slowing� could be an explanation for the age-effects found in regard to that task 

and not the subsequent dual task conditions.  Older people needed more time to 

become familiar with the initial Span Task than younger participants, but once 

familiar they performed similarly.               

Ability Tests 

 One difference of note was observed in reading comprehension.   A gradual 

decline from young to old was observed.  This could be due to a �general 

slowdown� in the rate at which information is activated within the working 

memory system (Birren & Fisher, 1995; Salthouse, 1996; Verhaeghen & 
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Salthouse, 1997; Park, et. al., 1996; Salthouse, 1998). 

 Another interesting finding pertained to the mental rotations task (see figure).  

There was substantial improvement in the young and middle groups in part two of 

the test, but only slight improvement in the older group.  Perhaps it takes even 

more practice to diminish those differences.   

Generally, these data supported the notion that tasks requiring fluid ability 

(see Baltes�, 1993 review article) were more difficult for older subjects than tasks 

requiring crystallized ability (e.g., Nelson Denny Vocabulary).  In fact, older 

participants generally tend to perform better on tests of vocabulary and wisdom 

(Baltes, 1993; 1995) because they have lived longer and have had more time to 

hone their linguistic skills than their younger counterparts.   

 Conclusions 

 These findings demonstrate cross validation with other studies (Baddeley, 

Grant, Wight, & Thomson, 1975; Baddeley & Lieberman, 1980;   Logie 1986; 

Jonides et. al., 1996; Jenkins, Myerson, Hale, & Fry, 1999; Baddeley & Andrade 

2000) and offer support for Baddeley�s model of WM and the VS span task. Some 

theoretical reasons for the occurrence of age effects were also supported.  The 

next step was to further validate the visual spatial task with real-life experience. 

 An everyday experience analogous to the grid experienced during the VS task 

was the parking experience.  Viewed from above, a parking area appeared very 

much like the grid matrix.  Richardson, Montello, and Hegarty (1999) studied 

learning from maps, direct navigation, and virtual environments.   They found all 

three learning techniques were effective for learning the landmarks on a single 
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floor of a building, especially when alignments were similar.  Thorndyke and 

Hayes-Roth�s (1982) study suggested that people have difficultly translating from 

a map (bird�s eye perspective) to a ground plain.   However, Richardson and 

colleagues found methodological flaws in Thorndyke�s study.  Thorndyke and 

Hayes-Roth had not controlled for prior experience with landmarks in the 

building that was navigated.  Also, there was much less exposure to the map than 

direct experience in the building.  If people can effectively translate from an 

overhead perspective to the ground, then Richardson�s study may suggest that 

mental processes in locating positions on a grid matrix are similar to those used 

when locating one�s parking place.  This helped provide rationale for Experiment 

3 which explored the factors most important in remembering one�s parking 

location and Experiment 4 which compared performance on the grid to the factors 

of parking.                          

 Additional justification for future experiments was Baddeley�s theory that 

both the VS and phonological loops are tied together via an episodic buffer.   The 

�when� may be yoked to the �where� in regard to remembering locations.  Birds 

have a hippocampus similar to humans and they go to the freshest caches of 

buried worms, first (O�Keefe & Jeffery, 1998).   In sum, memory for the grid and 

memory for the parking area both utilize episodic memory making them similar 

on another level.     

The episodic buffer may also tie in with the semantic aspect of verbal 

working memory.   On one level, remembering �when� something was read in a 

passage of text may be a component that is kept active in WM while one 
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comprehends the rest of the passage.   On another level, remembering the order in 

which one was exposed to various concepts in a passage of text may even 

facilitate ones ability to go back and locate �where� in a passage a concept was 

stated.   Reading comprehension tests allow a tester to go back and look at a 

passage.  Visual spatial memory and the underlying episodic component may both 

enhance a tester�s ability to answer questions about a given passage.  In that way, 

reading comprehension (phonological loop) and visual-spatial ability (visual-

spatial loop) are tied together with the episodic buffer.  Further, a good memory 

for �when� something occurred may allow one to keep thoughts in �order.�  

Order, per se, is a memory facilitator because it allows one to chunk information 

(e.g., Miller, 1956).  Turner, Nuest, & Ludlum (2001) did an exploratory factor 

analysis involving several verbal and visual spatial test/task variables.  A factor 

separating verbal and visual spatial variables was not derived.  Rather, findings 

showed variables divided into factors based on whether the test/task required 

serial order or not and whether the test/task was timed or not timed.   The �order� 

factor supported Baddeley�s addition of the episodic buffer. 

A real-life questionnaire entitled, �Where Did I Park?� was used for 

Experiment 3.  This survey explored the episodic component of memory for 

parking location along with aspects of interference, encoding, retrieval, mood, 

general vs. specific thinking, and the use of memory strategy. 
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CHAPTER 4 
 

EXPERIMENT 3 

  Experiment 2 ability test results had supported some of Salthouses� views on 

age and slowing while Visual-Spatial Working Memory Span Task (Abbreviated 

as Span Task) results reaffirmed the basic theoretical viewpoints behind 

Baddeley�s Model, i.e., same loop and Central Executive Interference was a 

detriment while off-loop interference was not.   Further, these views were 

supported by the Span Task results.  Experiments 1 and 2 suggested episodic 

working memory as the dynamic integrating factor in Baddeley�s Model needed 

to explain the finding of the unexpected relationship between visual-spatial and 

verbal measures, i.e., the relationship between performance on the Span Task and 

reading comprehension may be explained by this episodic component.  Also, 

there was the possibility that similarities in the use of higher-level abilities and 

strategy such as, reading comprehension, fitting objects together, remembering 

triangle order and location, helped explain the interrelationships between the three 

tests/tasks.  These measures may have been related because the extent they 

required the use of order and working memory capacity was greater than for the 

Mental Rotations Test.   This led to interest in real-life memory for parking 

location, which was, essentially, analogized by the Span Task.  Both required 

memory for locations within a grid  and, in both, performance may depend on a  

combination of working memory and higher-level abilities.   While memory for 

parking location may require even more high-level abilities (e.g., long-term 

memory) than the Span Task, it may be the closest real-life analogue on which 

people can easily report.        
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Therefore, an original, survey questionnaire entitled, �Where Did I Park?� 

was created to explore several components of long-term and working memory 

used in the task.  Survey items were based on memory for parking location.  

These items were designed to explore memory phenomena such as:  1) the 

tendency to order information, 2) aspects of interference, 3) encoding, 4) retrieval, 

5) mood, 6) general vs. specific thinking, and 7) the use of strategy for 

remembering.  Thus, an equal number of questions representing possible memory 

phenomena and certain combinations (e.g., mood at encoding, general or specific 

strategy) that might be related to parking were created.   

The primary hypothesis was that there would be an episodic component 

derived which can be described as a general tendency for participants to use 

ordinal information in parking.   As an example, when persons are looking for 

their keys they need to recall the event or episode surrounding the original 

placement of the keys.  Often, retracing these events allow one to recall where the 

keys were placed.  Similarly, recalling where one parked also requires the recall 

of a specific episode.   In this way, the �when� and the �where� are linked 

together in long-term memory.   

    Retelling a story requires that it be told in order.  If such episodes are linked 

with location in long-term memory, then it is likely they are linked in working 

memory also; working memory is a precursor to what is eventually stored long-

term.   One must keep information in working memory circulating in order for it 

to be stored.   Participants are forced to order the locations when completing the 

Span Task.   In short, one of the expected factors was �Order.�  Additional factors 
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were expected but the nature and number of major factors to-be-derived was 

unknown in this exploratory study.            

Methods 
 

Participants  
 

Participants were Undergraduate and Graduate Students recruited from 

Psychology and Educational Psychology Courses.  Survey participants were 

students at Wichita State University, ranging in age from 18 to 61.  Wichita State 

had a student body of around 16,000.  Of the 470 participants, 170 participated in 

a paper-based version while the rest participated in an online version of the 

survey.  Most respondents received extra credit for their participation.          

   Design 
 
      This survey was designed to narrow and refine a large number of hypotheses 

that could explain memory function used in a practical, everyday situation, i.e., 

remembering ones� parking location.          

Materials 
 

Survey.  An example of the survey is in the appendix.  The survey had two 

biographical questions addressing age and gender.  It started with an open-ended 

question asking respondents to write about an occasion in which they had 

forgotten their parking location.  Then the survey progressed into 103 Likert-type 

questions.   Each item in the survey was rated on a five point Likert-Scale with 

five being the high end of the scale (e.g., always) and one being the low end of the 

scale (e.g., never).  Some questions were dropped after the first 170 respondents 

had completed the survey because they resulted in completely one-sided (1 never 

or 5 always) or neutral (3) responding.  Items deemed to have no potential to 
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differentiate respondents were dropped.                  

Ninety-four items were retained for the online survey, using �Survey 

Monkey,� an on-line web survey service.  Item questions pertained to memory in 

general, visual-spatial abilities, and individual tendencies, and memory for 

parking location in a regularly parked area.  These questions were  designed to 

assess each of the following dimensions singly, and/or various combinations of 

each of these dimensions:  tendency/ability to serial order information, general 

tendency to forget, general vs. specific thinking or detailed vs. non-detailed, 

mood, stress, encoding, retrieval, field dependence vs. field independence, use of 

strategy, and physical health. There were approximately seven to ten items for 

each dimension or combination, although some predicted dimensions ended-up 

with fewer than ten representative items on the web survey because of the 

subsequent deletion of items from the paper survey.     

Parking Areas.  For most participants, the parking areas of interest were on 

the Wichita State University campus as they were informed to think about the 

place where they had regularly parked.   WSU had eight separate, large, parking 

areas and surrounding residential streets.  As such, there were many different 

parking lots and more than 6000 possible parking places; making an occasional 

bout of location forgetting a reasonable possibility.      

Procedure 
 
 Offline respondents were recruited and tested during class time.  Online 

respondents were recruited during class and given the link to the web site.  Online 

respondents were instructed to complete the survey in one sitting if at all possible.  
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However, if respondents had their computer set to accept cookies it was entirely 

possible for participants to exit the survey, return, and complete the rest of it at a 

later time.   All participants read or were read an informed consent statement.   

Results 
 

Data scores were entered based on Likert-type ratings of one through five.  

Factor Analysis using a Promax Rotation was completed using SPSS PC Edition 

10.5.  While there were over 20 components with eigenvalues over 1.0, only six 

factors were subjectively chosen, using the Scree Plot.   Eigenvalues can generally 

be observed by looking at the Scree.  For example, the eigenvalue for the first 

factor is 16.   

    The point of this study was to find the important factors of parking memory 

as determined by the factors.  These factors accounted for the most communality.  

(See survey item loadings for each factor.  Only loadings over .38 are reported 

here.)  Factor one accounted for the most communality as it encompassed more 

survey item statements than other factors.   

 Figures 3 � 6 show the highest loading item topics collapsed for summary 

purposes.  Figure 7 shows how items about parking location forgetting load on 

each of the factors.  These summarizing figures help offer rationale for the 

naming of each factor.    

    Factor 1, was named Internal Interference, albeit there are several loadings 

indicative of external interference (e.g., contextual differences between encoding 

and retrieval).  This factor was associated with forgetting at least once per week.  

Mood at the time of encoding e.g., depression, loaded the highly on this factor 

(see Figure 3).  The tendency to be detail oriented and to use order, as a 
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facilitating strategy was not associated with this factor, although the occasional 

attempt to use a failed strategy was associated.  Items indicating concern were not 

associated with this factor.  People reported that internal moods or thoughts kept 

them from actively encoding where they parked.    

    Factor 2 was related to external interference (see Figure 3).   Forgetting 

occurred because one was remembering parking spots from previous days.  Past 

parking locations acted forward in time to cause proactive interference.  This was 

also associated with forgetting once a week, however, there was slightly more 

concern about forgetting than observed in regard to Factor 1 as this factor was 

associated with being panicked when unable to find ones� car upon return to the 

parking area.   

Factor 3 can be subjectively named the, �Concern� factor (see Figure 4).  �I 

feel stupid when I forget my parking place,� and �I get frustrated when I forget 

my parking place,� loaded highest on this factor.   With concern comes a 

realization of the importance of strategy and order because items such as 

�Sequence is a very important memory aid for me.�, or, �Remembering the order 

of events helped me to remember spatial locations,� loaded on this factor although 

not as highly as items in regard to negative emotions.   

 Also, noteworthy was that Concern was only associated with forgetting two 

or three times per year.  In contrast, the first two factors were associated with 

much higher rates of forgetting and less concern about those high rates of 

forgetting.  As such, it was possible that those who were most concerned about 

detail and order were also most likely to be embarrassed when they did forget on 
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occasion and the assumption was that the use strategy, order, or more conscious 

effort, per se, facilitated memory for spatial location most of the time.    

  Factor 4 was �Confidence/Accuracy� or the lack of parking location 

forgetfulness (e.g., �Thinking back, I can remember the specific locations I had 

parked, before the last five times I attended a particular class.�).   Importantly, the 

uses of effort, strategy, or order, were not associated with this factor (see Figure 

5).   

  Factor 5 was the �Use of Strategy� factor (Figure 6).   �I know the letter 

representing the section where I last parked;  �I count rows and columns to 

remember my parking place, and  � I use a strategy to remember my parking 

place,� and �I take a line of sight with a landmark,� all load highest on this factor.  

Interestingly, there were no items that mention forgetfulness or order associated 

with this factor.      

  Factor 6 was �Lack of Directional Ability.�  Field Dependence was 

associated with forgetting but not meaningfully.  Forgetting loads on this factor, 

positively, but that loading is below .20.  In other words, lack of an internal sense 

of direction was only slightly related to ability to remember one�s parking 

location.    

The hypothesis for this study was that �Order� i.e., episodic memory would 

be derived as a main factor, or be part of the description of a main factor.  Results 

showed that, while, this episodic memory facilitation cannot be named as a main 

factor, it was, in fact part of the description of Factor 3 � Concern.  The absence 

of loadings for items mentioning order on Factor 4 � Confidence/Accuracy, and 
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Strategy was also, telling.  Items not associated with given factors are as telling as 

items that are associated with them. 
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FIGURE 2:  SCREE PLOT USED TO DETERMINE FACTORS 
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FIGURE 3:  INTERFERENCE-RELATED QUESTION LOADINGS 
 
 

Factor 1:  Susceptibility to Interference (especially internal); Forgetting location often; 

Lacks Memorable Strategy 

I lose my vehicle if I am in a different mood at the end of the day than I was when I first parked 
(.69). 
 
I don�t pay attention to where I parked when I am depressed (.68). 
 
I am likely to locate my vehicle more quickly when I�m in a neutral mood than when I�m in a bad 
mood (.66). 
 
Problems of a personal nature (e.g. an argument) may sometimes cause me to be inattentive in 
regard to where I parked (.66). 
 
 
I forget where I parked when I am stressed (e.g., when parking just before a test over classroom 
material) (.65). 
 
I�m just not attending to what I am doing when I park because I am emotionally preoccupied (.65). 
 
I am likely to locate my vehicle more quickly when I�m in a good mood than when I�m in a bad 
mood or a neutral mood (64). 
 
I did not remember where I parked because I was listening to something on the radio at the time I 
was parking (.56). 
 
I lose my vehicle�s location when the vehicles surrounding it are different than they were when I 
first parked (.56) 
 
I sometimes lose my vehicle when dusk falls during the time I am in an evening class and all of 
the vehicles look differently (e.g., colors are not as vivid) upon my return to the parking lot (.55). 
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I did not remember where I parked because I was talking on my mobile phone at the time I was 
parking (.55). 
 
My emotional state at the time I am parking is the most influential factor in determining whether I 
will remember where I parked (.54) 
 
I sometimes lose my vehicle when the weather changes (e.g., sunshine vs. stormy; warm vs. cold) 
in between the time I parked and my return to the parking lot (.53). 
 
I don�t pay attention to where I park when I am happy (.52). 
 
I have forgotten where I had parked at least two or three times per year (.45). 
 
When I park I look at the surrounding vehicles to help me remember my general location (.45). 
 
Sometimes, I do use a strategy to remember where I parked but forget to use that strategy when 
I�m trying to find my car (.44). 
 
I forget where I parked, at least once a month (.40). 
 
I may not remember where I parked when I am in the building but just walking out the to the 
parking lot seems to provide me with the cues I need to find my vehicle (.39) 
 
I have forgotten where I had parked at least once a week (.38). 
 
Factor 2:  Susceptibility to External Interference; Forgetting Location Often; Lacks 
Memorable Strategy 
 
Upon returning to the parking lot after a class I have found myself searching for my vehicle in the 
same place I had parked on the day I last attended class (.72). 
 
My memory for where I parked today may cause me to look for my car in the same place, 
tomorrow (.72). 
 
I have forgotten where I had parked at least two or three times per year (.65). 
 
I forget where I parked, at least once a month (.65). 
 
My memory for where I had parked on previous days will influence my memory for where I 
parked today (.64). 
 
I have forgotten where I had parked at least two times per week (.63). 
 
I searched for my car in the parking lot in which I had parked the previous day (.62). 
 
In the past I have forgotten where I have parked (.61). 
 
I have forgotten where I had parked at least once a week (.60). 
 
I rarely forget my parking location (-.50). 
 
I lose my vehicle when the vehicles surrounding it are different than they were when I first parked 
earlier in the day (.42). 
 
Sometimes, I do use a strategy to remember where I parked but forget to use that strategy when 
I�m trying to find my car (.42). 
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There are multiple parking lots on campus and I have gone to the wrong parking lot to look for my 
vehicle, at least once (.41). 
 
Upon returning to the parking lot I have panicked when unable to locate my vehicle and have 
subsequently had even more difficulty remembering my parking spot (.40). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 4:  CONCERN-RELATED QUESTION LOADINGS 

 
 
Factor 3:  Concern; Embarrassment & Frustration; Minimal Forgetting; Importance of 
Order & Strategy  
 
I feel stupid when I forget my parking place (.73). 
 
I get frustrated when I forget my parking location (.72). 
 
I get embarrassed when I fail to remember where I parked (.71). 
 
I try to remember a general area or quadrant for where I parked within the parking lot (.53). 
 
I worry that an acquaintance might see me wandering around in the parking area, while looking 
for my lost vehicle (.51). 
 
Upon returning to the parking lot I have panicked when unable to locate my vehicle and have 
subsequently had even more difficulty remembering my parking spot (.48) 
 
My memory for where I parked today may cause me to look for my car in the same place, 
tomorrow (.42). 
 
My memory for where I had parked on previous days will influence my memory for where I 
parked today (.41). 
 
I start walking in what I believe to be the general direction of my vehicle and go from there (.41). 
 
I purposefully try to note the specific area in which I parked (.41). 
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After forgetting my vehicle�s location, I most often locate it as a result of systematically searching 
the parking lot (.40). 
 
Problems of a personal nature (e.g. an argument) may sometimes cause me to be inattentive in 
regard to where I parked (.39). 
 
I take a line of sight with a landmark to remember my parking spot (.39). 
 
Sequence is a very important memory aid for me (.39). 
 
I have forgotten where I had parked at least two or three times per year (.38). 
 
Remembering the order of events helps me to remember spatial locations (.38). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

FIGURE 5:  CONFIDENCE/ACCURACY-RELATED QUESTION 

LOADINGS:  MEMORY FOR LAST PARKING LOCATIONS 

 
Factor 4:  Confidence; Remembers Previous Days Locations in Order; No Identifiable 
Strategy    

 
Thinking back, I can remember the specific locations I had parked, before the last five times I 
attended a particular class (.72). 
 
I know exactly where I parked the last time I attended class (.66). 
 
Thinking back I can remember the general locations in which I had parked before the last five 
times I attended a particular class (.63). 
 
I know exactly where I parked on campus, one week ago (.61). 
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After class or upon returning to the parking lot, I can remember specific locations where I parked 
(.50). 
 
I forget where I parked, at least once a month (-.48). 
 
I have forgotten where I had parked at least two times per week (-.41). 
 
I have forgotten where I had parked at least two or three times per year (-.40). 
 
In the past I have forgotten where I have parked (-.39). 
 
I have forgotten where I had parked at least once a week (-.39). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6: STRATEGY/ACTIVE ENCODING-RELATED QUESTION 

LOADINGS 
 
 
Factor 5:  Strategy; Uses an Identifiable Strategy; Remembers Location      

 
I know the letter representing the section where I last parked (.79). 
 
I know the letter representing the section and the row where I last parked (.79). 
 
I count rows and columns to remember my parking place (.58). 
 
I use a strategy to remember my parking place (.55). 
 
I purposefully try to note the specific area in which I parked (.47). 
 
I don�t try to attend to specific information about my parking location (-.43). 
 
I should not need to use a strategy to remember where I parked (-.39). 
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I take a line of sight with a landmark to remember my parking spot (.38). 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

FIGURE 7:  FORGETTING-RELATED QUESTION LOADINGS PER 

FACTOR 

 
 

Factor 6:  Lack of Directional Ability (not related to above figure) 
 
I know my directions: North, S., E., W (-.81). 
 
When giving directions, I need to use the terms, �left� and �right� rather than North, S., E., W., 
because I have difficulty with compass directions (.77). 
 
I do not know which direction I�m facing right now (.82). 

 
 
Discussion      

 Factor 6:  �Lack of Directional Ability� showed that an internal compass was 

interrelated with several items questioning that effect; however, there was little 

relationship to the forgetting of parking location as none of the items associated 

with forgetting loaded on that factor.   Also, the first five factors had much more 

communality than Factor 6.   As such, for the purposes of this study, Factor 6 was 

not meaningful and discarded.   
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 The five chosen factors were interrelated because they were about memory 

rather than pure navigational ability.   These parking memory factors were:  1) 

Internal interference susceptibility, 2) External interference susceptibility, 3) 

Concern:  Embarrassment and frustration about forgetting, 4) Confidence:  A 

good memory for parking location including previous day�s locations, and 5) 

Strategy: The use of identifiable strategies.   However, one-word descriptors 

were not enough to effectively describe the intricacies of a given factor. Specific 

items associated with the named factors revealed as much useful information as 

the names given the factors as items that were not associated with certain factors 

were also telling. 

 Additionally, it was important to note that susceptibility to Internal and 

External Interference was associated with items pertaining to frequent forgetting, 

i.e., once per week (see Figure 7).  These factors were not associated with the 

successful use of a strategy, the realization of sequence in remembering spatial 

locations, effortful processing, or concern about parking location forgetfulness.  If 

frequent forgetting was not associated with those qualities (see Figure 6), then 

remembering would be expected to be associated with their opposites and, with 

the exception of Confidence, this was true.          

 The factors: Concern, Confidence, and Strategy are similar because they were 

all associated with a more accurate memory for parking location (see Figure 6).  

�Concern� was not associated with a high level of forgetfulness, but rather, only 

three forgetful occasions per year.   Also noteworthy, the realization of the 

importance of sequence and use of some general strategies (e.g., remembering 
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general quadrants) also fall under the umbrella of �Concern.�     

  �Strategy� included more specific procedures such as noting rows and 

columns, and/or the use of markers and/or landmarks.   Visual-type strategies 

were encompassed by this factor and questions about sequence did not load on 

this factor (Figure 5).   

 Unlike the Concern and Strategy Factors, Confidence/Accuracy does not 

relate to the effortful processing of parking location, rather, some unknown ability 

helped one accurately remember the sequence of parking locations for up to five 

past occasions, i.e., �Thinking back, I can remember the specific locations I had 

parked, before the last five times I attended a particular class� had the highest 

loading on this factor (Figure 4).  Confidence/Accuracy was associated with 

excellent memory for parking location but was not associated with a specific 

strategy.  In fact, some, for reasons unknown, may have an excellent working 

memory and/or visual-spatial ability.  One possibility was that some participants 

were influenced by self-serving bias, overconfidence, or demand characteristics, 

on this self-report questionnaire.  An independent assessment of accuracy was 

needed for future studies.  �Confidence� was of interest and was a focus of 

Experiment 4.  For example, would people who reported confidence in 

remembering their parking locations also perform better on the Span Task?    
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CHAPTER 5 

EXPERIMENT 4 

  Parking memory likely involves both working memory and long-term 

memory as do many other real world spatial tasks.  The goal of this research was 

to address the extent to which the lower-level memory processes, i.e., visual-

spatial working memory span, would be related to reported accuracy in 

remembering real-life parking locations.  The primary purpose of this experiment 

was to examine the relationship between the major dimensions of the �Where Did 

I Park� questionnaire and spans on the Visual Spatial Working Memory Span 

Task (known simply as the Span Task, throughout).  One way to further examine 

this relationship was to relate span to individual styles people reported they used 

to remember parking locations when questioned.  To that end, the survey used in 

Experiment 3 was refined so that it differentiated individual styles by low and 

high scores on each dimension.  Thus, any relationships between survey 

dimensions; span scores, and possible underlying strategies were of interest.   

Strategy, a dimension examined by the parking questionnaire, was thought to be 

related to other dimensions and anecdotal reports of strategies used when 

performing the Span Task.   

   For example, people who scored high on the survey factors �Concern� and 

�Strategy� were predicted to score high on the Span Task because they put more 

effort into the task, just as they did on most occasions in remembering where they 

parked.  It was also thought possible that people who received a high score on 

�Confidence� had greater spans; having an unconscious, (implicit), schematized, 
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or automatic ability for the �ordering of information.�   This may have caused 

them to be less susceptible to previous day�s interference in parking and less 

susceptible to interference from mood-influencing events.  Thus, the factors, 

�Confidence� and �Interference Susceptibility� were thought to be mutually 

exclusive in differentiating individual styles lending to the hypothesis that high 

scorers on �Confidence,�  �Concern,� and �Strategy� would score lower on the 

�Interference� factors.    

Confident/Accurate people were hypothesized to perform better than others on 

the Span Task; yet not be able to report that they used, nor, identify, a specific 

strategy.   Perhaps, these people would implicitly encode more retrieval cues.  

One such retrieval cue could be ordinal information and, if so, speculation 

suggested they were likely to perform better on other tasks which use serial order 

or organization (e.g., reading comprehension, wordlist learning, and, perhaps, 

logical-spatial reasoning as in the Tower of Hanoi).  

Theoretically, order, per se, should be facilitating in finding spatial locations.  

Episodic Memory and memory for spatial locations may be intertwined at both 

the level of working memory and long-term memory.  Birds make use of serial 

order in remembering where they have cached their food supplies (O�Keefe & 

Jeffery, 1998).  Also, Tulving�s PET scan evidence, as it supported Baddeley�s 

theoretical notions of episodic memory, was discussed in Chapter 1.   According 

to Gilhooly (2004), the episodic component has �not been sufficiently specified to 

lead to experimental manipulations (p. 51).  An exploration of ordinal or episodic 

memory is warranted.  Although �order� was not in itself a factor, it was a 
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component identified directly as part of the �Concern� factor which may be 

associated with less frequent forgetting.  Order was also an indirect component of 

�Confidence� because confident people must be able to remember the order of the 

five previous days�s parking locations.  Thus, these �Confident/Accurate� people, 

who did not report an identifiable strategy, may have benefited from an implicit 

ability to order information manifested in high Span Task scores.    

       Further,  if people were Confident because of a propensity for ordinal 

information, then perhaps their advantage diminished if they also adopted the 

coordinate point strategy i.e., rows over columns down, on the Span Task and if 

that strategy also required counting.   If this phenomenon actually occurred, then 

it would offer support for the idea that Confident/Accurate people have an 

automatic and experientially driven predilection for serial order.   There are two 

more related questions:   

 First, the Span Task used numerals to represent the order of each location in 

the matrix.  Were the nominal symbols or numbers, per se, facilitating in regard to 

memory for location?  Or, was it simply the order which was inherently tied in 

with the location that was facilitating?  Birds that remember the order for 1500 

different locations are remembering the locations in order but they, obviously, are 

not counting or using numerals to represent those locations.   

 Second, this Span Task used rows and columns.  Did people actually count 

rows and columns?  Or, did they simply visualize the whole?  If the nominal 

symbols were facilitating, in themselves, then counting rows and columns was 

going to cause interference.     



 69

Overall, those scoring higher on both of the interference factors would score 

lower on the Span Task than the other groups.  High susceptibility to Interference; 

Internal & External, would predict lower overall Span Task scores.   Secondly, 

those participants fitting into the other three groups: Concern, 

Confidence/Accuracy, and Strategy, were expected to have the higher scores on 

the Span Task. 

 These issues were investigated by administering the Span Task in two ways:  

Asking the participants to remember locations-only and, in a separate 

administration of the task asking the participants to number/order the locations.   

If spans when ordering the locations were significantly facilitating then order, 

location, and numerals may be tied together in working memory.  On the other 

hand, if order was significantly hindered spans then, perhaps the processing of the 

numeral symbols required extra resources in working memory.   By perforce, 

participants were expected to perform better on the location-only (Loci) than 

when recalling both orders & location (Order).  Participants had to have both the 

position and the order correct or the response was counted as incorrect.  This 

meant there was more possibility of error because of the additional ordering 

component.   As such, of most interest was whether some participants would 

perform better on Order than Loci and whether that performance would be related 

and/or interact with low/high scores on any of the five dimensions.   Finally, 

different combinations of individual style and underlying strategies would help 

explain prior relationships between span scores and higher level cognitive 

abilities.    
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Regarding individual style, being forced to order the locations could have 

been helpful to those who were �Concerned� and �Confident� and not helpful to 

those who scored high on the other dimensions because people who were 

�Concerned� may have recognized the importance of order and those who were 

Confident may have been unaware of the importance of order for them but 

benefited from it nonetheless.   

Individual style may also be reflected by people scoring high on �Strategy.� 

They may have been using a coordinate point method as a strategy in parking and 

on the Span Task.   This coordinate point method has potential to be further 

subdivided into individual styles: those who visualize the points, and those who 

actually count rows and columns.  People�s use of counting when using the 

coordinate point strategy could influence the outcome.   Whether there was an 

awareness of the use of landmarks (e.g., taking a line of sight with a landmark) 

would be associated with the use of a visual-type of Strategy.      

    In sum, this experiment examined the relationship between the survey 

factors, the use of strategy, and performance on the current Visual-Spatial 

Working Memory Span Task.  There were two main questions.  The first was 

whether a measure of lower-level memory process i.e., visual-spatial working 

memory span, can help predict accuracy in remembering real-life parking 

locations.   The second was whether individual style, as determined by low or 

high parking survey factors, would relate, predict, and/or help explain differential 

performance on the Span Task.   It was hypothesized that those who reported 

purposeful effort in remembering their parking location would also perform better 
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on the Span Task.  Order was thought a natural facilitator for location memory 

and those who reported Confidence in parking, in the absence of any other 

strategy, were perhaps more adept at making use of order.  However, if 

Confidence was due to a propensity for seriating, then combining this with 

counting rows and columns may have canceled some of the benefit derived from 

an automated ability for order.  Order and visualization (without counting) are 

complementary and probably result in the most benefit. 

    These hypotheses were operationalized by: 1) administering a survey to 

determine low/high scores on items relevant-only to each of the previously 

determined parking factors, 2) requiring participants to repeat (counterbalanced) 

the Span Task twice:  Once for locations only (Loci) and once with the additional 

recall of order (Order) and 3) by examining scores on the factors as a function of 

performance on the Span Task.  The interactions between the repeated span 

measures and factor scores were of most meaning in this Task Type (Order; Loci) 

X Factor Score (Low; High) design.    

Method 

  Participants 

   Participants were 49 undergraduate students at Wichita State University who 

had been recruited from undergraduate classes and given extra credit.  These 

students ranged in age from 18 to 50, and had similar demographics to those in 

Experiment One.    

Design  

       Task-Type (Order, Loci) was varied within participants and involved two 



 72

different, counterbalanced ways in which participants recorded their answers.     

The between-participant variable was categorical as determined by a low or high 

score on each factor.  Thus, this was a 2, Task-Type (Order; Loci) X 2, Factor 

Score (Low; High), factorial, repeated measures, quasi-experimental design.    

Materials 

Parking Questionnaire.  The questionnaire consisted of the 10 highest loading 

questions, encompassing each of the five meaningful factors (See Experiment 3); 

using the same wording and scale (Likert 1 low to 5 high) as the originally 

factored questionnaire.                        

  Five questions checked a participant�s consistency and honesty.   For 

example, one question asked participants to make the response choice five, 

�Completely true.�  If participants simply went through making response choices 

without reading the questions then they would miss such questions and would not 

be included in the study.   Participants� answers were also suspect and if they said 

�completely true� to questions like, �I never forget anything� or �I Park in the 

exact same spot everyday.�    

This questionnaire included a preliminary informed consent form, questions 

about demographics, an open ended question about an instance of parking area 

forgetfulness, and 47 items checking  if participants consistently and honestly 

answered questions about 1) Susceptibility to Internal &, 2) External Interference, 

3) Concern, 4) Confidence/Accuracy, and  5) Use of Strategy while parking in  

campus parking areas.    
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Span Task.   The materials and procedures for the basic span task were 

identical to those described in Experiments 1 & 2.   Secondary or interfering tasks 

were not used as they had been in previous experiments.     

General Procedures    

  Parking Questionnaire.  The questionnaire was placed online to be 

completed at the participants� leisure before the Span Task was to be 

administered.  As participants filled out the parking location survey, they were 

instructed to think about their behavior while parking and how they memorized 

parking locations. 

 Answering the survey questions required approximately 15 minutes.   

Inconsistent responding disqualified a participant�s questionnaire data.    

 Span Task.  Effort was made to schedule a time for the Span Task in 

accordance with Hasher Zacks, & May�s (1999) findings in regard to age and 

circadian rhythms.  Younger people were tested in the afternoon and older people 

were most often tested in the morning to avoid performance effects based on age 

(Zacks, et. al., 1999; Salthouse 1998).    

Individual participants entered a small, quiet, testing room and were seated 

comfortably.  After filling out another informed consent form, participants 

performed the basic Visual-Spatial Working Memory Span Task.  Procedures 

were identical to those in Experiment 2, with the exception that participants 

completed the Span Task twice.  In one instance of the task, participants were 

instructed to number the locations in the order they appeared on the screen 

(Order).  In another instance they were, to use Xs to mark the to-be-remembered 
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locations on the answer sheets (Loci).   The tasks were counterbalanced so that 

every other participant completed the Loci task first.  Participants were then asked 

to reveal any specific strategies they had used on the task.   Participants were not 

aware of the hypotheses in the experiment and were not debriefed until all of the 

data had been collected. 

Results 

 Survey Scoring   

Participants answered the questionnaire, based on a (1) low to (5) high 

Likert- scale.   Some of the questions loaded highly on more than one factor.        

Those items that negatively correlated with their respective factors in Experiment 

3 were scored in reverse.  For example, questions related to a high frequency of 

forgetting were buried within the interference factors.   �Forgetting� loaded 

positively on Internal and External Interference but negatively on the 

Confidence/Accuracy Factor, (e.g., �Forgetting where one had parked once a 

month� negatively correlated with the factor, �Confidence� and was scored in 

reverse.  That is, as confidence increased the likelihood of forgetting once a 

month decreased).   This negatively loading question was reverse scored, i.e.,       

1 = 5, 2 = 4 . . .  because less forgetting meant more reported confidence.  Thus, 

scores ranging from 10 � 50 points per individual per factor were possible.  

Span Task Scoring  

 Order Task.   Participant�s scores were determined just as they had in 

Experiment 2, based on both numerical order and location. If a participant had the 

correct cell, where a triangle appeared, correctly marked but the order was 
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incorrect then the answer was incorrect.           

  Loci Task.  Data on the Span Task was scored independently of serial order.  

Participants had marked an �X� in what they believed to be the location where a 

triangle had appeared.   If an �X� was in the exact cell where a triangle had 

appeared then it was counted as correct.  Location was the only consideration.    

Although the potential for error was higher on the Order rather than Loci 

Task, the extent of the difference between performances on the two tasks and 

interactions with the factor scores were of interest.      

Correlations.  Meaningful correlations are reported in Table 11.   As would be 

expected, Internal (M = 23.84, SD = 7.13) and External (M = 26.80, SD = 6.68) 

forms of interference were highly correlated r (49) = .675, p < .001.  Both factors 

had encompassed questionnaire items associated with a high level of forgetting 

and items associated with interference, albeit Internal was more related to mood 

while External was more related to forms of interference outside of the person 

such as �remembering yesterday�s parking location rather than today�s.�   

Concern (M = 30.63, SD = 8.19) was also positively correlated with susceptibility 

to Internal, r (49) = .526, p < .001, and External, r (49) = .691, p < .001, forms of 

interference.   Confidence (M = 30.76, SD = 7.50) was negatively correlated with 

Concern r (49) = -.308, p < .05, Internal, r (49) = -.626, p < .001, and r (49) = -

.650, p < .001, External Interference.  Using a Strategy (M = 28.06, SD = 5.20) 

was associated with both being concerned, r (49) = .543, p < .001, and also with 

being susceptible to External, r (49) = .383 p < .05, forms of interference.    

Correlations between the factor dimensions and span scores from the two 
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tasks were less clear.  The first question had been whether a measure of lower-

level memory processes i.e., visual-spatial working memory span, can help 

predict accuracy in remembering real-life parking locations.  The second question 

was whether individual style, as determined by low or high parking survey 

factors, would relate, predict, and/or help explain differential performance on the 

Span Task.  There were correlations on some measures; thus the answer to the 

first and second question was yes.  The results suggested they do help predict 

performance�depending on the Task Type and specific dependent measures.  

 However, correlations were not in the expected direction.  For example, as 

susceptibility to External Interference increased; memory for the order of the first 

of five location presentations increased r (49) = .313, p < .05 and that was the 

opposite of what was originally expected; performance on any span measure was 

expected to decrease as susceptibility to interference increased.   

Another hypothesis was that those reporting purposeful effort in 

remembering parking location would perform better on the Span Task.  However, 

as the level of Concern increased; location-only memory for all first location 

presentations, r (49) = -.356, p < .05, decreased as did overall memory for four 

stimuli locations, r (49) = -.301, p < .05.  As use of Strategy increased, 

performance in remembering the (ordered) last locations of set-size three 

decreased, r (49) = -.300, p < .05.               

Concern and Strategy rendered no positive correlations with any of 

dependent variables for span and, on the surface, seemed contrary to what was 

expected.  However, as the inter-factor correlations suggest, those who were more 
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likely to forget because they were susceptible to interference may have been more 

likely to be concerned and use a strategy.  Also, consideration of the 

idiosyncrasies of each measure, (e.g., primacy, recency, or absolute �overall� 

span) per se, may help explain the findings.   For example, one could have been 

so concerned before each trial they failed to encode the first (primary) location or 

one could have been so consumed by strategy, that it interfered with the 

prescribed, existing strategy--ordering the locations.  High External Interference  

TABLE 11  
 

SPAN TASK X FACTOR SCORE CORRELATIONS  
 

 External   Concern Confidence Strategy  
Ordered, 

Set-Size 3, 
Terminal 

Ordered, 
Set-Size 5, 

Primacy 

Loci-Only 
Primacy 

Span 

Loci-Only, 
Set-Size 4, 
Absolute 

Internal   .675** .526** -.626** .256 .028 .160 -.103 -.109 

External    .691** -.650** .383* .007 .313* -.184 -.243 

Concern    -.308* .543** -.087 .269 -.356* -.301* 

Confidence    -.138 .080 -.247 .022 .052 

Strategy       -.300* .085 -.235 -.151 

**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
 

 
was positively correlated with getting the first locations correct on that measure.  

Indeed, the primacy effect occurs because interference is not a factor:  Nothing 

comes before it.  Also, ordering the locations may have helped those who were 
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more susceptible to external interference.     

Correlations did not support the hypotheses that those reporting Confident 

parking memory, in the absence of any other strategy, would be more adept at 

making use of order and that order may be a natural facilitator for location 

memory.   There were no significant positive correlations between Confidence 

and any of the performance measures.   

Confidence was hypothetically due to a propensity for seriating.   However, 

the correlations did not indicate any significant relationship between Confidence 

and the use of any Strategy.  Indeed, confident people may not be using a strategy 

because they are overconfident and that may also explain the lack of relationship 

between that factor and performance on the dependent variables.  Indeed, 

Confidence in parking did not predict better performance on the Span Task.   As 

such, the results did not support the hypothesis that Confidence was associated 

with an implicit ability to seriate.    

The correlations did suggest the possibility that interactions may exist 

between the type of task (Order vs. Loci) and low or high factor scores.  Further 

analyses were done to investigate this possibility.  A repeated measures ANOVA 

and resultant interactions were needed to help explain questions unanswered by 

the correlations.  Table 12 describes the dependent variables.  Appendix E tables 

depict the main effects, and Figures 8 and 9 the interactions.    

 Correlations suggested that lower-level memory processes might be related to 

self-reported performance on a higher-level memory task because individual style, 

as determined by low or high parking factor scores were related and perhaps  
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TABLE 12 
 

A GLOSSARY OF DEPENDENT VARIABLE DEFINITIONS  
 

Measure Definition 

PER The percentage of 16 possible trials completely correct�Perfect Trial Span. 

ABS The overall percentage of 56 possible locations correct�Absolute Span.  

STZ The highest set-size attained until a mistake was made�Set-Size Span. 

PRM The overall percentage of 16 first locations per trial correct�Primacy Span. 

TER The overall percentage of 16 last locations per trial correct�Terminal Span. 

ABS2 The overall percentage of eight possible locations correct on Set-Size 2. 

PRM2 The percentage of first locations correct on Set-Size 2. 

TER2 The percentage of last locations correct on Set-Size 2 

ABS3 The overall percentage of 12 possible locations correct on Set-Size 3. 

PRM3 The percentage of first locations correct on Set-Size 3. 

TER3 The percentage of third locations correct on Set-Size 3. 

ABS4 The overall percentage of 16 possible locations correct on Set-Size 4. 

PRM4 The percentage of first locations correct on Set-Size 4. 

TER4 The percentage of forth locations correct on Set-Size 4. 

ABS5 The overall percentage of 20 possible locations correct on Set-Size5. 

PRM5 The percentage of first locations correct on Set-Size 5. 

TER5 The percentage of fifth locations correct on Set-Size 5. 
 

 

 



 80

predictive of some performances on the Span Task.   It was also hypothesized 

that those who reported purposeful effort in remembering parking locations would 

perform better on the Span Task.  This had not been supported by the correlations.  

Order was thought a natural facilitator for location memory and those who 

reported Confidence in parking, in the absence of any other strategy, were perhaps 

more adept at making use order.  Parking location memory confidence was not 

positively correlated with Span Task performance.  This needed to be further 

investigated, to make sure there were no interactions between Low or High scores 

on Confidence (or any other factor) and performance on the Span Task-Type 

(Order vs. Loci).   Correlations, or lack of them, did not preclude order from 

being a facilitator for some people on some span measures.   ANOVA was needed 

to further detail the relationships in an effort to explain them. 

ANOVA.   Low and high scores on each factor (Internal, External, Concern, 

Confidence, and Strategy) were determined by being ½ standard deviation above 

and below the mean, respectively.   Thus, 34% or about 17 participants 

surrounding the mean were dropped.  Repeated measures ANOVAs for Task-

Type (Order, Loci) X Factor (Low, High) were run.   

Main effects can be observed in the Tables depicted in Appendix E.  While 

there were 17 dependent variables; there were significant differences between 

Task-Type means for less than half of those on most factors even though the 

additional task of ordering the locations increased the possibility of for errors.  

For example, Set Size 3 terminal locations on Confidence (Appendix E) were 

better remembered when also ordered than when identifying locations-only, F 
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(1,35) = 5.277, p = .028.  As such, even though the chances for making mistakes 

greatly increased with the added burden of ordering the locations, the participants 

did not always do significantly better on the locations- only (Loci) task.  This 

gave some credence to the hypothetical notion that order offset the increased 

possibility for errors because order may have been facilitating for some 

participants on some span measures.   Further support was that the forced or non-

forced use of ordinal information interacted with individual differences on two 

measures.   

A Task-Type (Order, Loci) X External Interference (Low, High) Interaction, 

F (1,32) = 4.032; p = .05, were evident for Terminal Set-Size 5 Span.  Effect size 

(Partial Eta Squared) was .012 and the post-hoc power estimate was .511.   Figure 

8 showed that susceptibility to external interference may hinder memory on this 

variable when doing the Loci Task but may help memory for the terminal 

locations when doing the Order Task, albeit the Order differences were weak as 

can be observed by the overlapping standard mean error bars.  Loci differences 

appear to account for the most variability in the interaction.  Set-size 5 was the 

most difficult task and the terminal position would have been most susceptible to 

proactive interference.  In other words, previous locations had the potential to act 

forward in time; interfering with the terminal positions in the same way that 

remembering yesterday�s parking location causes interference with todays.  

While, overall performance on the Order Task was expectedly lower putting the 

locations in order may have helped those participants for whom the primary 

reason for mistakes was due to susceptibility to external interference.  In contrast, 
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memory performance for locations alone and high susceptibility to external 

interference resulted in lowered performance on that task.  Perhaps external 

interference was more influential when there were no numbers or order to help 

stamp-in the memory of that last location.  

A Task-Type X Concern Interaction F (1, 30) = 7. 530; p = .010 was found 

for overall Primacy Span.  Effect size, .201, and power, .757, estimates were 

higher for this interaction.  As such, there would be a good chance of rejecting the 

null hypothesis again, if replicated.  Being highly concerned about memory for 

parking location facilitated overall primacy performances on the Order Task, but 

hindered performances when locations-only were to be remembered:  The Loci 

score actually dropped below the level of the Order score, here.  Being highly 

concerned and not numbering resulted in lower performance than when concern 

was low.   

Taken together the results of the correlations and ANOVAs suggested a 

relationship between Span Task performances and self-reported parking location 

memory and that ordering/numbering may be facilitating for some individuals on 

some measures.    
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Discussion 
 

Previous experiments suggested that the Span Task was a credible measure. 

Baddeley was instrumental in pioneering the concept of Working Memory and 

previous findings, in regard to the Span Task, had supported Baddeley�s tripartite 

theory.  Also, the directionality of the current correlations between factor scores, 

shown here in Experiment 4, made logical sense, offering support for it being a 

credible measure.  The correlations and interactions between some measures of 

the Span Task and people�s reported memory for parking location suggest some 

convergence between working and long-term memory performance. 

There were no findings suggesting that people who reported confidence in 

their ability to remember parking locations have a better working memory.  

Further, if Confidence did not predict better performance, then the suggestion that 

Confidence could be associated with a superior, implicit ability to make use of 

ordinal information was moot.  Perhaps this reported confidence reflects the 

overconfidence bias typical of human nature. 

The positive correlation between External Interference and performance on a 

more difficult portion (Set-Size 5) of the Span Task (Order condition) and the 

interaction depicted in Figure 8 may indicate that those susceptible to External 

Interference and those who are highly concerned (Figure 9) about their memory 

may benefit by numbering locations.  Concern could have resulted from poor 

memory performances in the past, from being more perfectionist, or more self 

conscious.  A history of past forgetfulness may have given people good reason to 

be concerned and/or to use a strategy.  High concern about parking memory was 
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related to poorer performance on the Loci Task and better performance on the 

Order Task.  Perhaps, assigning the first location in each set a �number 1� made 

the primacy location more pronounced for those who were concerned and 

effortful in their processing.   On the Loci Task, concern may have produced more 

internal interference in the likely absence of a counting strategy.   Concern was 

positively correlated with susceptibility to Internal and External Interference as 

depicted in Table 11.            

A significant negative correlation between strategy and one performance 

measure (See Table 11) which required ordering offered minimal support for the 

hypothesis that ordering locations is a strategy in itself and that other strategies, 

such as counting rows down and columns over, might actually interfere with 

ordering.  Anecdotal reports from Span Task participants suggest some 

participants connected dots or formed a constellation of locations.  Some 

participants, in the absence of their use of any other strategy, did report 

�counting� as a strategy on the Loci Task even though they were only required to 

mark Xs on the score sheet.  (By counting, they meant numbering the locations in 

order).  Some participants reportedly did this even if the Loci Task was first in the 

counterbalancing.  The participants who completed the Loci Task second may 

have been more likely to number the locations because that strategy may have 

been shaped in the Ordering task.  Indeed, some participants said they continued 

mentally numbering the locations on the Loci Task.  As such, this was a variable 

lacking control because simply having participants mark Xs rather than 

numbering the locations did not keep them from mentally numbering the 
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locations.  This brings up another issue:  Numbering and ordering may be two 

different things in the context of brain function.   

If episodic and spatial memory were truly tied together, then numbering those 

locations may not be necessary.   Episodic memory has been shown to be tied to 

location memory in birds, yet birds do not have a numbering system.  For 

humans, there are probably neurons firing in separate neural networks or 

pathways associated with numbering; people can recite numbers, in order, 

independently of spatial locations.  Brain imaging has supported the idea that 

episodic and location memory is closely linked (Tulving et. al. 1994).  The 

correlations suggested that people could be concerned or using a strategy because 

they are susceptible to interference.  They may have a weaker tie between 

episodes and locations.  Perhaps, they benefit from consciously numbering those 

locations, thus activating compensatory pathways in the same way that singing 

helps a stutter.                    

Support, for Baddeley�s additional episodic component was still elusive.   

This study did not clearly distinguish between the episodic ordering of locations 

and the numbering of locations.  Indeed, episodic memory is likely tied in with all 

forms of memory.  Even if one is remembering a wordlist, one may be 

simultaneously and automatically remembering an episode for when that list was 

encoded.  Numbering may have helped those for whom episodes were weakly 

imprinted.  A more precise study that will keep the probability for error equivalent 

between tasks in investigating the distinction between numerical order and 

episodic memory for locations is needed.  A study which makes use of behavioral 
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measures alone may not be sufficient.  A future study will likely need a 

combination of behavioral measures and brain imaging techniques to investigate 

these phenomena.      
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CHAPTER 6 

FINAL DISCUSSION 

Performance relationships on various behaviorally tested modalities i.e., 

verbal, and visual-spatial, of lower-level working memory measures and long-

term memory measures/reports supported the possibility that working memory 

performances might be predictive of higher-level performances.   Experiment 1 

examined these relationships as they related to modality and the type of task/test 

used (Working Memory Span vs. Long-Term Memory Ability Tests).    There 

were relationships between performances on standardized tests for verbal ability 

and the Span scores reflecting memory for spatial locations, but not between these 

span scores and a standardized, mental rotations test.  Possible reasons for these 

anomalies were considered based Baddeley�s Model.   Experiment 2 addressed 

these questions and found using a secondary task interfered with a primary task 

when both utilized the visual-spatial loop; a secondary phonological task did not 

interfere with primary Span Task scores.  The suggestion was that each secondary 

task was using different components of Baddeley�s model.  In addition, a 

secondary central executive consuming task was also of detriment to primary task 

scores.   Experiment 3 explored higher-level self-reported memory processes 

(e.g., episodic memory) involved in remembering a real-life, everyday event, 

more specifically, one�s parking location.  Five meaningful factors were derived 

based on individual self-reported styles, strategies, and procedures for 

remembering and locating their parked vehicles.  And, as remembering one�s 

parking spot likely involved both �lower-level� working memory and �higher-



 90

level� long-term memory, Experiment 4 tested performance on the Span Task as a 

function of low or high scores on the parking factors.   There was some evidence 

that parking factor scores were related to performance on the Span Task.   

Several more important features and real-life applications may be derived 

from these series of studies.   Experiment 3 suggested that humans tend to let their 

emotional states interfere with their memories for everyday, reoccurring events.  

Indeed the factor analysis suggested that emotional preoccupation may be the 

most salient factor in determining whether people remember where they parked.  

The Scree Test (See Figure 2) showed this factor to be toward the top of the cliff 

and clearly separated from the other factors.  This study has lent support to studies 

addressing the relationship between mood and memory.  Hunt & Ellis (1999) 

reviewed past research and reported four theories as to how mood and memory 

are intertwined: (1) mood activates networks of nodes, (2) mood specific 

schemas, (3) encoding specificity, and (4) use of working memory (Resource 

Theory).  For example, people who are depressed have more difficulty initiating 

memories due to an already reduced working memory capacity.    

Also, the Eyewitness Memory Paradigm suggested that internally generated 

memories can compete with externally experienced events.   Internal emotional 

states along with associated thoughts and imagery can sometimes override 

external episodes (e.g. Loftus & Palmer, 1974; Loftus & Hoffman 1989; Lindsay 

& Johnson. 1989).          

People may also be overconfident in their ability to remember; failing to use 

strategies in regard to their memories for what they believe to be a mundane, 
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everyday event.  However, if each day workplace employees were to spend 

several minutes looking for misplaced tools/items (some people reported spending 

up to 10 minutes looking for their lost vehicle in the parking area) then a 

substantial amount of productivity time could be lost.  While an employer has 

limited control over employee�s internal moods, he or she can suggest the use of 

strategies which minimize the impact of external forms of interference.  

Experiment 2 suggested that same loop activities or central executive draining 

secondary tasks may be detrimental.  There are certain combinations of activities 

conducive to multitasking while other dual activities are not.  Experiment 4 

supported speculation that an employer could encourage employees, with the use 

of signs, to represent each tool used with a number.  Basically, one could literally 

place a sign with a number on it near each location (1 = pipe wrench/Bill, 2 = 

mallet/Bill) where a specific item was placed/used, then retracing one�s steps 

throughout the day would be easier.  While this sounds like common sense in 

hindsight, it probably is not practiced on the job.   Placing numbers at various 

locations may help employees� encoding and retrieval of the information.  People 

who are highly concerned about being susceptible to interference may benefit by 

counting/ordering locations.   There were no statistically significant differences 

between the Order and Loci Tasks on more than half of dependent variables even 

though the Order Task increased the probability for errors.  Perhaps this was 

because ordering the locations may offset the increased probability for error by 

actually facilitating some people.   If episodic memory is linked to location 

memory and if numbering, for humans, is linked to episodic memory, then 
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numbering locations should enhance memory for those locations.  

One goal might be finding a �Northwest Passage� or a test for identifying 

individual differences in employee�s ability to locate workplace items.  For 

example, perhaps those who are more susceptible to external interference could be 

identified.  That there was any relationship at all between the Span Task, 

measuring visual-spatial working memory, and the factor scores on the parking 

memory questionnaire, was intriguing.  Some relationship between working 

memory and long term memory would be expected because one of working 

memories functions is to hold memories in circulation long enough to be encoded 

and retrieved.   Some researchers (e.g., Ericsson & Delaney 1999) have even 

suggested a �long-term working memory� where the entire working memory 

process can be enhanced by past experiences.  Perhaps the quality and quantity of 

a working memory helps determine whether a new memory will be in circulation 

long enough to be stored in long-term memory and to be retrieved.  As such, some 

relationship between working memory performance was reasonably expected and 

suggested by the current findings.  

  Improved Span Task scoring would make the possibility for error between 

the Order and Loci conditions more equivalent.  Proximity scoring could also be 

implemented.  Proximity scoring would involve scoring quadrants or grid cells 

surrounding the to-be-recalled location, as correct.  This type of scoring would be 

more analogous to parking memory because people probably do not recall 

specific parking slots; more likely they recall a general area and then notice the 

vehicle as they get closer.   Some combination of improved Span Task scoring 
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and in addition, because self-report is often inaccurate, an actual test for parking 

memory is the next logical step.   

The research of Richardson, Montello, and Hegarty (1999) suggested that 

locations learned via maps or virtual environments can be effective 

representations of real-life, directly experienced, locations.  If so, then participants 

could use a map overview of a parking area to document their alleged parking 

location.  They would first go to a website to complete the factors of parking 

questionnaire.  On that same website, they could mark a map overview where 

they thought they parked.  Meanwhile, Global Positioning Satellite Monitors 

would likely provide at least enough telemetry to identify quadrant locations in a 

large parking area.  A webcam could also be used to monitor actual locations.   

A few other possibilities that could be investigated in the future include the 

notion that a participant may have sufficiently encoded the significant events that 

occurred while parking and walking toward the building but upon returning to the 

parking area incidental breaks in the systematic flow (see Norman, 1983) of 

events (e.g., a van blocking the view of the car) or lack of reversibility as he or 

she attempts to recall the episode may be the culprit for difficult location-finding; 

not poor memory.  A person�s car being blocked from view might cause one to go 

back to a common previously parked location or�a capture error in Norman�s 

(1983) language.  Further, being parked on the edge of a parking area may make a 

car easily visible, drastically reducing the number of steps needing to be reversed 

and remembered.  Emotional interference could also produce a break in memory 

for the episode.  However, this particular break in the flow of events, as 
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determined by the factor analysis and subsequent factor scores, could vary in 

different individuals.  In other words, a future study needs to pull apart the 

incidental from the individual differences.   Norman also advocated the use of 

diaries.  Daily participant diaries could help control for such confounds by 

keeping track of specific reasons for ease or difficultly in locating.   

People are different, what improves the memory of one person may not work 

for another.  One individual may not have the same memory deficiencies as 

another.  As such, a location-finding test would need to follow the flavor of the 

parking paradigm in that it would identify people with different styles.   Further, 

one person may have difficulty with primacy, another may have difficulty only 

when there are several different locations to remember, emotional states may be 

more interfering for some than others.  Finally, those that experience more 

interference between the memory for yesterday�s and today�s locations, might 

count locations as a strategy to help them remember.   
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APPENDIX A 

5 X 5 MATRIX TEST SHEET FOR THE VISUAL-SPATIAL  

WORKING MEMORY SPAN TASK 
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APPENDIX B 

INSTRUCTIONS READ TO PARTICIPANTS FOR EACH OF THE   

VISUAL-SPATIAL WORKING MEMORY SPAN TASK CONDITIONS 

 
No Interference  

 
On the screen in front of you, a series of grids will be presented.  One cell of 

each grid will contain a triangle.  Your task will be to remember which cells the 

triangles were in, in the order they appeared.  After a series of grids you will see 

the word �RECALL.�    

On your answer sheet you will see a large grid like the one on the computer 

screen.  Use only one grid for each trial.  After you see the word �Recall�, you 

should write a 1 in the box where the first triangle appeared, a 2 in the box where 

the second triangle appeared and so on.  You must write the numbers in the same 

order in which the triangles were originally presented.  If you are not sure of a 

position, try to come as close as possible.  For example, if you are shown four 

triangles, you will want to record like the example on the back of this page.  It is 

very important that you do not talk after you see the word �RECALL� until you 

have recorded your answers.  

If you can�t remember the position of one number, guess and go to the next 

one.  DO NOT BACKTRACK.  It is possible for a triangle to appear in the same 

box more than once in a trial.  The number of grids in each set will vary during 

the experiment, but first you will have a practice session to get acquainted with 

the basic task.  These four practice trials may be different lengths.  They will not 

count on your scoring, and will be followed by the actual experiment.  
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Articulatory Interference 

 

 Your basic task will remain the same that is, remembering the sequence and 

location of the triangles.  This time, however, I want you to say  

�the, the, the . . .�   repeatedly at a steady rate (you can breathe, of course) just as 

if you were reading aloud, until you see the word �RECALL�.  The grids will 

appear a short time after you start speaking �the.� Record your answers as you did 

previously. 

 Before you start the actual experiment, you will practice saying  

�the, the, the . . .� at your normal reading rate.  I will tell you when to start and 

stop. 

 

Bar Detection  

 

 Your basic task will remain the same that is, remembering the sequence and 

locations of the triangles.  This time, however, as the grids appear, a red bar will 

appear at random above, below or to either side of the grid.  Each time the bar 

appears, you must press the spacebar, with your non-dominant hand, without 

delay.  After the series of grids you will see the word �RECALL.�  Record your 

answers as before. 

 Before you start the actual experiment, you will practice pressing the 

spacebar as the red bars appear.  For these practice trials, you will see the grids 

appear.  Press the spacebar as soon as you see the red bar and every time you see 

it.  You will not be recording answers for this practice.  We will then proceed with 

the experiment. 
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Random Digit 

 

Your basic task will remain the same that is, remembering the sequence and 

locations of the triangles.  This time, however, before you begin each set of grids, 

I will present a number between 1 and 10.  Without repeating this number as your 

first random digit, you will then say aloud random numbers between 1 and 10 

continually while the grids are presented, until you see the word �RECALL.� It is 

important that you follow no specific number pattern and continue generating 

random numbers as a steady rate throughout the task.  You will record your 

answers as before. 

Before you begin the actual experiment, you will practice generating random 

digits.  I will give you a number, and without repeating this number as your first 

random digit, you will start generating random digits until I say stop.  After the 

practice, we will proceed with the experiment.  This experiment will be tape-

recorded. 

 

Pointing Task  

 

 Your basic task will be the same that is, remembering the sequence and 

location of the triangles in the grid.  This time, however, I want you to follow the 

triangle as it appears by pointing to each triangle.  Hold your pencil in a 

comfortable writing position, and be sure to point at each triangle as soon as it 

appears.  At the word �RECALL,� record your answers as before. 

 Before the actual experiment, you will do a set of practice trials to be sure 

that you are comfortable pointing at the triangles.  None of these practice trials 

will be scored, and you do not need to record your responses.  We will then 

proceed with the experiment. 
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APPENDIX C 

 
ORIGINAL PARKING LOCATION SURVEY USED FOR EXPLORATORY 

FACTOR ANALYSIS AS WAS ADMINISTERED ONLINE  

I understand that I am not being forced to complete this survey.  I can stop taking 
the survey at any time.  While completing the survey may result in extra credit no 
detrimental repercussions will result if the survey is not fully completed.  I also 
acknowledge that I am 18 years of age or over.  If I am under 18 I understand that 
I cannot participate in research and must exit this site.  I understand and agree 
with all of the information in the above statement:  Yes or No. 
 
Age? ____ Gender?  Female or Male 
 
If you are doing the surveys for extra credit enter the last four digits of your social 
security number.  (These numbers will be given to your instructor to identify you 
for extra credit.) 
 
Enter your instructor's last name. 
 
Please describe an experience you have had in which you could not remember 
where you parked?  Be specific.  Please do not go on to the next question until 
you have answered this one. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Do not go to the next page until you have answered the question 
above! 

Stop! 
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Where Did I Park? A Survey 
 
 
Please rate the following statements by circling 1, 2, 3, 4, or 5,  
 
1 = completely false or never 3 = sometimes, in-between, or undetermined 5 = completely 
true or always 
 
Rate the statements according to what is typical or true of your own behavior.  
Think about your behavior/memory when parking on the campus parking lot.     

 
1. In the past I have forgotten where I have parked.   1 2 3 4 5 

 
2. I rarely forget my parking location.  1 2 3 4 5 

 
3. I attend to detail.  1 2 3 4 5 

 
4. I recognize people I haven�t seen for a long time but can�t remember their names.  1 2 3 4 5 

 
5. A realization of the sequential order of events throughout the day is very important in 

remembering a specific event that had occurred during the day.  1 2 3 4 5 
 

6. I use a strategy to remember my parking place.  1 2 3 4 5 
 

7. My strategy works for finding general but not specific locations.  1 2 3 4 5 
 

8. I take a birds-eye view of the parking lot to help me remember my vehicle�s location.            
1 2 3 4 5 

 
9. Upon returning to the parking lot after a class, I have found myself searching for my vehicle 

in the same place I had parked on the day I last attended class.  1 2 3 4 5 
 

10. My memory for where I had parked on previous days will influence my memory for where I 
parked today. 1 2 3 4 5 

 
11. I get embarrassed when I fail to remember where I parked.  1 2 3 4 5 

 
12. My memory for where I parked today may cause me to look for my car in the same place, 

tomorrow.  1 2 3 4 5 
 

13. If I have difficulty locating my vehicle upon returning to the parking lot, then it is because I 
didn�t pay attention at the time I was parking.  1 2 3 4 5 

 
14. Thinking back, I can remember the general locations in which I had parked, before the last 

five times I attended this class.  1 2 3 4 5 
 

15. My emotional state at the time I am parking is the most influential factor in determining 
whether I will remember where I parked.  1 2 3 4 5 

 
16. I forget appointments.  1 2 3 4 5 

 
17. I don�t pay attention to where I park when I�m depressed.  1 2 3 4 5 

 
18. I lose my vehicle when the vehicles surrounding it are different than they were when I first 

parked earlier in the day.  1 2 3 4 5 
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19. After forgetting my vehicle�s location, I locate it because I suddenly remember the correct 

location again.  1 2 3 4 5 
 

20. I am likely to locate my vehicle more quickly when I�m in a neutral mood than when I�m in a 
bad mood or a good   mood.  1 2 3 4 5 

 
21. When parked on the campus lot   I know exactly how far my vehicle is from a row of 

vehicles.   1 2 3 4 5 
 

22. I may not remember where I parked when I am in the building but just walking out to the 
parking lot seems to provide me with the cues I need to locate my vehicle.  1 2 3 4 5 

 
23. I have spent at least 15 minutes searching for my parking location.  1 2 3 4 5  

 
24. Problems of a personal nature (e.g., an argument) may sometimes cause me to be inattentive 

in regard to where I parked.  1 2 3 4 5 
 

25. I don�t pay attention to where I park when I�m happy.  1 2 3 4 5 
 

26. Upon returning to the parking lot, I have panicked when unable to locate my vehicle and 
have subsequently had even more difficulty remembering my parking spot.  1 2 3 4 5 

 
27. I start walking in what I believe to be the general direction of my vehicle and go from there.   
  1 2 3 4 5 

 
28. I did not remember where I parked because I was listening to something on the radio at the 

time I was parking.  1 2 3 4 5 
 

29. I know the letter representing the section and the row where I just parked.  1 2 3 4 5 
 

30. I am very well organized.  1 2 3 4 5 
 

31. I get turned around in buildings with no windows.  1 2 3 4 5 
 

32. I am likely to locate my vehicle more quickly when I�m in a bad mood than when I�m in a 
good mood or a neutral mood.  1 2 3 4 5 

 
33. I purposefully try to note the specific area in which I parked.  1 2 3 4 5 

 
34. Thinking back, I can remember the specific locations I had parked, before the last five times 

I attended this class.  1 2 3 4 5 
 

35. Sequence is a very important memory aid for me.  1 2 3 4 5 
 

36. I don�t try to attend to specific information about my parking location.  1 2 3 4 5 
 

37. I sometimes lose my vehicle when dusk falls during the time I am in an evening class and all 
of the vehicles look differently (e.g., colors are not as vivid) upon my return to the parking 
lot.  1 2 3 4 5  

 
38. Remembering my parking place is the least of my worries.  1 2 3 4 5 

 
39. I know my directions: North, S., E., W. 1 2 3 4 5 
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40. I am likely to locate my vehicle more quickly when I�m in a good mood than when I�m in a 
bad mood or a neutral mood.  1 2 3 4 5 

 
41. There are multiple parking lots on campus and I have gone to the wrong parking lot to look 

for my vehicle, at least once.  1 2 3 4 5 
 

42. I remember a general direction or orientation in order to locate my vehicle.  1 2 3 4 5 
 

43. After forgetting my vehicle�s location, I most often locate it as a result of systematically 
searching the parking lot.   1 2 3 4 5 

 
44. I need landmarks to find my way.  1 2 3 4 5 

 
45. After class or upon returning to the parking lot, I can remember the specific location where I 

parked.  1 2 3 4 5 
 

46. I do not think about something trivial, like where I parked, when I have so many other 
worries.   1 2 3 4 5 

 
47. I am more likely to forget my parking place in a parking lot where I park regularly (e.g., 

WSU) than in a parking lot in which I park occasionally (e.g., a department store parking 
lot).  1 2 3 4 5 

 
48. Even though I was originally walking directly toward my vehicle, the larger vehicles blocked 

the view of my vehicle and caused me to look in a different location.  1 2 3 4 5  
 

49. My emotional state as I am leaving, class is the most influential factor in determining 
whether I will remember where I parked.  1 2 3 4 5 

 
50. When I park I look at the surrounding vehicles to help me remember my general location.     

1 2 3 4 5 
 

51. I get frustrated when I forget my parking location.  1 2 3 4 5 
 

52. I lose my vehicle if I am in a different mood at the end of the day than I was when I first 
parked.  1 2 3 4 5 

 
53. I have forgotten where I had parked at least two times per week.  1 2 3 4 5 

 
54. I try to remember a general area or quadrant for where I parked within the parking lot.          

1 2 3 4 5 
 

55. I just try to remember the correct parking lot.  1 2 3 4 5 
 

56. I did not remember where I parked because I was talking on my mobile phone at the time I 
was parking.  1 2 3 4 5 

 
57. I feel stupid when I forget my parking place.  1 2 3 4 5 

 
58. I know the section number and row where I last parked.  1 2 3 4 5 

 
59. I have forgotten where I had parked at least two or three times per year.  1 2 3 4 5 
 
60. Once I arrive in the general area where I parked within a specific parking lot, I am then cued, 

specifically, to where I had parked.   1 2 3 4 5 
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61. My memory for where I parked does not depend on the order of events. 1 2 3 4 5 
 

62. I have locked my keys in the car, often.   1 2 3 4 5  
 

63. Order is more important than imagination.  1 2 3 4 5 
 

64. I count the cracks in the sidewalk.   1 2 3 4 5 
 

65. I am very healthy, both mentally and physically.  1 2 3 4 5 
 

66. I sometimes lose my vehicle when the weather changes (e.g., sunshine vs. stormy; warm vs. 
cold) in between the time I parked and my return to the parking lot.  1 2 3 4 5 

 
67. I count the number of stories in tall buildings.  1 2 3 4 5 

 
68. I can see the forest through the trees.  1 2 3 4 5 

 
69. I have forgotten where I had parked at least once a week.  1 2 3 4 5 

 
70. I have a picture-perfect memory.  1 2 3 4 5 

 
71. I forgot where I parked because I have multiple vehicles and was looking for the wrong one.            

1 2 3 4 5 
 

72. I have the ability to find the main point or gist when presented with information.  1 2 3 4 5 
 

73. When I misplace something, retracing my steps helps me to remember the object�s location.       
         1 2 3 4 5  

 
74. After class or upon returning to the parking lot, I can remember the general quadrant or 

section in which I parked but not the specific location.  1 2 3 4 5 
 

75. Remembering the order of events helps me to remember spatial locations.  1 2 3 4 5 
 

76. I�m just not attending to what I am doing when I park because I am emotionally preoccupied.          
1 2 3 4 5 

 
77. I searched for my car in the parking lot in which I had parked the previous day.  1 2 3 4 5 

 
78. I usually try to park in the same parking lot every time I come to the university.  1 2 3 4 5 

 
79. The whole is more important than the parts.  1 2 3 4 5 

 
80. I know the letter representing the section where I last parked.  1 2 3 4 5 

 
81. I have no problem remembering names.  1 2 3 4 5 
 
82. When giving directions I need to use the terms "left" and "right" rather than North S.  E. W.  

because I have difficulty with compass directions.  1 2 3 4 5 
 

83. In my mind�s eye, I can see my current parking location very clearly.  1 2 3 4 5 
 

84. I forget where I parked at least once a month.  1 2 3 4 5 
 

85. I should not need to use a strategy to remember where I parked.  1 2 3 4 5 
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86. I know exactly where I parked the last time I attended this class.  1 2 3 4 5 
 

87. I count rows and columns to remember my parking place.  1 2 3 4 5 
 

88. I worry that an acquaintance might see me wandering around in the parking lot, while 
looking for my lost vehicle.  1 2 3 4 5 

 
89. I take a line of sight with a landmark to remember my parking spot.  1 2 3 4 5 

 
90. I do not know which direction I�m facing right now.  1 2 3 4 5 

 
91. I know exactly where I parked on campus one week ago.  1 2 3 4 5 

 
92. I did not remember where I parked because I was talking to a passenger in the vehicle.          

1 2 3 4 5 
 

93. I forget where I have parked when I am stressed (e.g., when parking just before a test over     
classroom material). 1 2 3 4 5 

 
94. Sometimes, I do use a strategy to remember where I had parked but forget to use that strategy 

when I�m trying to find my car.  1 2 3 4 5 
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APPENDIX D 
 

I understand that I am not being forced to complete this survey.  I can stop taking 
the survey at any time.  While completing the survey may result in extra credit no 
detrimental repercussions will result if the survey is not fully completed.  I also 
acknowledge that I am 18 years of age or over.  If I am under 18 I understand that 
I cannot participate in research and must exit this site.  I understand and agree 
with all of the information in the above statement:  Yes or No. 
 
Age? ____ Gender?  Female or Male 
 
If you are doing the surveys for extra credit enter the last four digits of your social 
security number.  (These numbers will be given to your instructor to identify you 
for extra credit.) 
 
Enter your instructor's last name. 
 
Please describe an experience you have had in which you could not remember 
where you parked?  Be specific.  Please do not go on to the next question until 
you have answered this one. 
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Where Did I Park? A Survey 
 

Please rate the following statements by circling 1, 2, 3, 4, or 5,  
 

              1 = completely false or never 3 = sometimes, in-between, or undetermined 5 = completely 
true or always 

 
1. In the past I have forgotten where I have parked 1 2 3 4 5. 

 
2. I rarely forget my parking location. 1 2 3 4 5 

 
3. I use a strategy to remember my parking place.  1 2 3 4 5 

 
4. Upon returning to the parking lot after a class, I have found myself searching for my 

vehicle in the same place I had parked on the day I last attended class.  1 2 3 4 5 
 

5. My memory for where I parked on previous days will influence my memory for where I 
parked today. 1 2 3 4 5 

 
6. I get embarrassed when I fail to remember where I parked.  1 2 3 4 5 

 
7. My memory for where I parked today may cause me to look for my car in the same place, 

tomorrow.  1 2 3 4 5 
 

8. Thinking back, I can remember the general locations in which I had parked, before the 
last five times I attended a particular class.  1 2 3 4 5 

 
9. I don�t pay attention to where I park when I�m depressed.  1 2 3 4 5 

 
10. I lose my vehicle when the vehicles surrounding it are different than they were when I 

first parked earlier in the day.  1 2 3 4 5 
 

11. I am likely to locate my vehicle more quickly when I�m in a neutral mood than when I�m 
in a bad mood or a good mood.  1 2 3 4 5 

 
12. Problems of a personal nature (e.g., an argument) may sometimes cause me to be 

inattentive in regard to where I parked.  1 2 3 4 5 
 

13. Upon returning to the parking lot, I have panicked when unable to locate my vehicle and 
have subsequently had even more difficulty remembering my parking spot.  1 2 3 4 5 

 
14. I start walking in what I believe to be the general direction of my vehicle and go from 

there.  1 2 3 4 5 
 

15. I did not remember where I parked because I was listening to something on the radio at 
the time I was parking.  1 2 3 4 5 

 
16. I know the letter representing the section and the row where I last parked.  1 2 3 4 5 

 
17. I purposefully try to note the specific area in which I parked.  1 2 3 4 5 

 
18. Thinking back, I can remember the specific locations I had parked, before the last five 

times I attended a particular class.  1 2 3 4 5 
 

19. I don�t try to attend to specific information about my parking location.  1 2 3 4 5 
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20. Select response choice number 1 (completely false . . . ) then go on to the next question.  

1 2 3 4 5 
 

21. Remembering my parking place is the least of my worries.  1 2 3 4 5 
 

22. I am likely to locate my vehicle more quickly when I�m in a good mood than when I�m in 
a bad mood or a neutral mood.  1 2 3 4 5 

 
23. After class or upon returning to the parking lot, I can remember the specific location 

where I parked.  1 2 3 4 5 
 

24. My emotional state as I am leaving a class is the most influential factor in determining 
whether I will remember where I parked.  1 2 3 4 5 

 
25. I get frustrated when I forget my parking location.  1 2 3 4 5 

 
26. I lose my vehicle if I am in a different mood at the end of the day than I was when I first 

parked.  1 2 3 4 5 
 

27. I have forgotten where I had parked at least two times per week.  1 2 3 4 5 
 

28. I try to remember a general area or quadrant for where I parked within the parking lot.  1 
2 3 4 5 

 
29. I feel stupid when I forget my parking place.  1 2 3 4 5 

 
30. I have never been frustrated.  1 2 3 4 5 

 
31. I know the section number and row where I last parked.  1 2 3 4 5 

 
32. I have forgotten where I had parked at least two or three times per year.          1 2 3 4 5 

 
33. I have forgotten where I had parked at least once a week.  1 2 3 4 5 

 
34. I�m just not attending to what I am doing when I park because I am emotionally 

preoccupied.  1 2 3 4 5 
 
35. I searched for my car in the parking lot in which I had parked the previous day.  1 2 3 4 5 

 
36. I know the letter representing the section where I last parked.  1 2 3 4 5 

 
37. I forget where I parked at least once a month.  1 2 3 4 5 

 
38. I should not need to use a strategy to remember where I parked.  1 2 3 4 5 

 
39. I know exactly where I parked the last time I attended class.  1 2 3 4 5 

 
40. I never get stressed.  1 2 3 4 5 

 
41. I count rows and columns to remember my parking place.  1 2 3 4 5 

 
42. I worry that an acquaintance might see me wandering around in the parking lot, while 

looking for my lost vehicle.  1 2 3 4 5 
 

43. I take a line of sight with a landmark to remember my parking spot.   1 2 3 4 5 
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44. Select response choice number 3 (sometimes) then go on to the next question.  1 2 3 4 5 

 
45. I know exactly where I parked on campus one week ago.  1 2 3 4 5 

 
46. I forget where I have parked when I am stress (e.g., when parking just before a test over 

classroom material).  1 2 3 4 5 
 

47. I park in the same spot every day.  1 2 3 4 5   
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APPENDIX E 
 
 

TASK-TYPE EFFECTS MEANS:  INTERNAL INTERFERENCE 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

  Mean Std. Error 95% 
Confidence 

Interval 

Measure Task Type   Lower Bound Upper Bound 
PER Order 66.270 2.278 61.649 70.890 

 Loci 71.128 2.407 66.247 76.010 
ABS Order 80.574 1.608 77.313 83.834 

 Loci 85.408 1.677 82.006 88.810 

TER Order 80.652 1.640 77.327 83.978 
 Loci 86.202 2.125 81.893 90.511 

PRM 2 Order 96.736 1.408 93.880 99.592 
 Loci 100.000 .000 100.000 100.000 

ABS4 Order 78.576 2.491 73.525 83.628 
 Loci 85.764 2.211 81.281 90.247 

TER4 Order 72.847 3.179 66.400 79.295 
 Loci 81.944 3.448 74.952 88.937 

ABS5 Order 68.577 2.897 62.702 74.453 
 Loci 78.653 2.460 73.663 83.643 

TER5 Order 59.062 4.338 50.264 67.861 
 Loci 76.319 3.823 68.567 84.072 
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TASK TYPE EFFECTS:  INTERNAL INTERFERENCE 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source Measure Type III Sum 
of Squares Df Mean Square F Sig. 

Task Type PER 447.284 1 447.284 5.975 .020 
 ABS 442.805 1 442.805 10.519 .003 
 TER 583.568 1 583.568 7.490 .010 
 PRM2 201.846 1 201.846 5.373 .026 
 ABS4 978.824 1 978.824 5.548 .024 
 TER4 1568.074 1 1568.074 5.227 .028 
 ABS5 1923.371 1 1923.371 11.653 .002 
 TER5 5642.567 1 5642.567 15.691 .001 

Error PER 2695.046 36 74.862   
 ABS 1515.499 36 42.097   
 PRM 1210.259 36 33.618   
 TER 2805.037 36 77.918   
 PRM2 1352.431 36 37.568   
 ABS4 6351.953 36 176.443   
 TER4 10800.347 36 300.010   
 ABS5 5941.763 36 165.049   
 TER5 12945.530 36 359.598   
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TASK TYPE EFFECT MEANS: EXTERNAL INTERFERENCE 
 

 

  Mean Std. Error 95% Confidence 
Interval  

Measure Task Type   Lower Bound Upper Bound 
PER Order 65.941 2.564 60.718 71.164 

 Loci 71.745 2.562 66.525 76.964 
ABS Order 79.542 1.813 75.849 83.236 

 Loci 85.827 1.773 82.215 89.439 
TER Order 81.005 1.937 77.060 84.950 

 Loci 86.979 2.062 82.779 91.179 
ABS4 Order 75.911 2.709 70.393 81.430 

 Loci 85.334 2.206 80.841 89.827 
TER4 Order 72.483 3.658 65.031 79.934 

 Loci 81.510 3.904 73.559 89.462 
ABS5 Order 66.111 3.280 59.431 72.791 

 Loci 79.444 2.454 74.446 84.442 
TER5 Order 58.051 4.639 48.603 67.500 

 Loci 76.823 3.753 69.178 84.468 
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TASK TYPE EFFECTS:  EXTERNAL INTERFERENCE 
 
 

Source Measure Type III Sum 
of Squares Df Mean Square F Sig. 

Task Type PER 570.611 1 570.611 8.082 .008 
 ABS 669.101 1 669.101 17.093 .000 
 TER 604.607 1 604.607 8.350 .007 
 PRM2 179.515 1 179.515 3.988 .054 
 ABS4 1504.175 1 1504.175 8.644 .006 
 TER4 1380.719 1 1380.719 4.545 .041 
 ABS5 3011.765 1 3011.765 17.847 .000 
 TER5 5969.677 1 5969.677 17.516 .000 

Error PER 2259.199 32 70.600   
 ABS 1252.631 32 39.145   
 TER 2317.041 32 72.408   
 PRM2 1440.430 32 45.013   
 ABS4 5568.528 32 174.016   
 TER4 9722.222 32 303.819   
 ABS5 5400.000 32 168.750   
 TER5 10905.897 32 340.809   
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TASK TYPE EFFECT MEANS: CONCERN 

 
 

  Mean Std. Error 95% Confidence 
Interval  

Measure Task Type   Lower Bound Upper Bound 
PER Order 66.794 2.586 61.514 72.075 

 Loci 71.925 2.757 66.294 77.555 
ABS Order 80.510 1.881 76.668 84.351 

 Loci 85.595 1.943 81.626 89.563 
TER Order 80.828 1.811 77.131 84.526 

 Loci 86.719 2.503 81.608 91.830 
ABS4 Order 77.951 2.846 72.139 83.764 

 Loci 86.111 2.241 81.535 90.688 
TER4 Order 72.917 3.858 65.038 80.795 

 Loci 84.524 4.101 76.149 92.899 
ABS5 Order 67.976 3.387 61.060 74.893 

 Loci 79.266 2.775 73.599 84.933 
TER5 Order 56.473 3.659 49.000 63.946 

 Loci 76.290 4.314 67.480 85.099 
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TASK TYPE EFFECTS:  CONCERN 
 
 

Source Measure 
Type III 
Sum of 
Squares 

Df Mean Square F Sig. 

Task Type PER 414.562 1 414.562 5.249 .029 
 ABS 407.258 1 407.258 9.487 .004 
 TER 546.548 1 546.548 7.002 .013 
 ABS4 1048.652 1 1048.652 5.876 .022 
 TER4 2121.931 1 2121.931 6.004 .020 
 ABS5 2007.404 1 2007.404 11.877 .002 
 TER5 6184.906 1 6184.906 18.137 .001 

Error PER 2369.198 30 78.973   
 ABS 1287.809 30 42.927   
 TER 2341.761 30 78.059   
 ABS4 5353.863 30 178.462   
 TER4 10602.679 30 353.423   
 ABS5 5070.502 30 169.017   
 TER5 10230.500 30 341.017   
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TASK TYPE EFFECT MEANS:  CONFIDENCE 

 
 

  Mean Std. Error 95% Confidence 
Interval  

Measure Task Type   Lower Bound Upper Bound 
PER Order 67.617 2.407 62.730 72.503 

 Loci 71.726 2.422 66.809 76.644 
ABS Order 81.973 1.578 78.770 85.176 

 Loci 87.038 1.355 84.287 89.789 
PRM2 Order 95.275 1.943 91.332 99.219 

 Loci 98.921 .760 97.378 100.464 
TER3 Order 95.871 1.569 92.685 99.056 

 Loci 89.174 2.898 83.291 95.057 
ABS4 Order 79.185 2.624 73.859 84.512 

 Loci 86.828 1.875 83.022 90.635 
TER4 Order 75.595 2.887 69.735 81.456 

 Loci 86.421 2.731 80.876 91.966 
ABS5 Order 71.704 2.798 66.023 77.385 

 Loci 80.112 2.283 75.477 84.746 
TER5 Order 64.732 4.330 55.941 73.523 

 Loci 75.781 4.024 67.612 83.950 
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TASK TYPE EFFECTS:  CONFIDENCE 
 
 

Source Measure Type III Sum 
of Squares Df Mean Square F Sig. 

Task Type PER 306.733 1 306.733 3.318 .077 
 ABS 465.881 1 465.881 12.755 .001 
 PRM2 241.413 1 241.413 4.992 .032 
 TER3 814.431 1 814.431 5.277 .028 
 ABS4 1061.014 1 1061.014 6.200 .018 
 TER4 2128.605 1 2128.605 8.198 .007 
 ABS5 1283.843 1 1283.843 10.273 .003 
 TER5 2217.287 1 2217.287 5.832 .021 

Error PER 3235.566 35 92.445   
 ABS 1278.383 35 36.525   
 PRM2 1692.708 35 48.363   
 TER3 5401.786 35 154.337   
 ABS4 5989.535 35 171.130   
 TER4 9087.612 35 259.646   
 ABS5 4374.098 35 124.974   
 TER5 13306.362 35 380.182   
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TASK TYPE EFFECT MEANS:  STRATEGY 
 
 

  Mean Std. Error 95% Confidence 
Interval  

Measure Task Type   Lower Bound Upper Bound 
PER Order 67.860 2.282 63.231 72.488 

 Loci 73.247 2.214 68.756 77.737 
ABS Order 81.808 1.624 78.515 85.100 

 Loci 86.658 1.574 83.465 89.851 
STZ Order 2.942 .129 2.681 3.204 

 Loci 3.211 .108 2.992 3.430 
TER Order 81.401 1.647 78.061 84.742 

 Loci 88.251 1.920 84.356 92.145 
ABS2 Order 97.396 .972 95.424 99.367 

 Loci 99.653 .329 98.986 100.320 
PRM2 Order 96.736 1.408 93.880 99.592 

 Loci 100.000 .000 100.000 100.000 
ABS4 Order 78.455 2.498 73.389 83.521 

 Loci 85.809 2.008 81.736 89.882 
TER4 Order 73.958 3.193 67.483 80.434 

 Loci 83.750 3.431 76.791 90.709 
ABS5 Order 70.538 2.966 64.523 76.553 

 Loci 80.819 2.243 76.270 85.369 
TER5 Order 59.913 4.406 50.977 68.850 

 Loci 79.375 3.388 72.504 86.246 
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TASK TYPE EFFECTS: STRATEGY 
 
 

Source Measure Type III Sum 
of Squares Df Mean Square F Sig. 

Task Type PER 549.837 1 549.837 8.093 .007 
 ABS 445.730 1 445.730 11.324 .002 
 STZ 1.369 1 1.369 4.523 .040 
 TER 888.885 1 888.885 12.984 .001 
 ABS2 96.514 1 96.514 5.908 .020 
 PRM2 201.846 1 201.846 5.373 .026 
 ABS4 1024.745 1 1024.745 6.345 .016 
 TER4 1816.612 1 1816.612 5.664 .023 
 ABS5 2002.966 1 2002.966 13.182 .001 
 TER5 7176.541 1 7176.541 21.196 .000 

Error PER 2445.860 36 67.941   
 ABS 1417.075 36 39.363   
 STZ 10.892 36 .303   
 TER 2464.509 36 68.459   
 ABS2 588.108 36 16.336   
 PRM2 1352.431 36 37.568   
 ABS4 5813.906 36 161.497   
 TER4 11546.875 36 320.747   
 ABS5 5470.193 36 151.950   
 TER5 12188.694 36 338.575   

 
 
 

 


