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ABSTRACT 

The purpose of the present investigation was to compare the performance patterns of 

healthy younger and older women and men on a Large Space Spatial Memory Task, and a 

Small Space test of Immediate and Delayed Free Recall, Immediate Recognition, and 

Immediate and Delayed Spatial Recall. The major findings of the study were that 1) older 

adults who were similar in ability to their younger counterparts on verbal (item) Free Recall 

and Recognition Memory demonstrated impaired Spatial Memory on both the Small and 

Large Space Tasks; 2) Spatial Memory on the Small Space Task was impaired even when 

Free Recall performance was entered into the analysis as a covariate; 3) only the younger 

group demonstrated task-general learning, reflected in improved performance from the 

Practice to the first Learning Trial; 4) learning rates on the Large Space Task were not 

significantly different; 5) spatial representations of both groups remained stable even in the 

absence of some environmental cues (Probe Trials), and when the cues were rotated 

relative to the walls of the environment (Performance Trials), suggesting an encoding, 

rather than a retrieval deficit in older individuals; 6) similar performance on tests of Free 

Recall and Recognition Memory in the presence of impaired Spatial Memory suggests 

particular vulnerability of spatial memory to the healthy aging process; 7) distinct patterns 

of performance on the Large and Small Space Tasks, in addition to the results of a factor 

analysis, indicate that the demands of the two tasks are quite different: these patterns 

suggest that performance on the Small Space Task may reflect general memory skills and 

perhaps intelligence level, whereas performance on the Large Space Task may reflect more 

purely spatial memory. However, ceiling effects on the Large Space Task may have 

obscured some group differences. Therefore, further investigation of these effects will be 

required. The current findings are discussed in terms of possible neurobiological 

substrates, and provide focus for future investigations of brain-behavior relationships. 
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INTRODUCTION 

Students of aging have consistently reported deficits in some aspects of spatial 

cognition. Data collected from studies of rodents (e.g., Barnes, 1979; Barnes, Nadel, & 

Honig, 1980), nonhuman primates (e.g., Bartus, Fleming, and Johnson, 1978; 

Bachevalier, Landis, Walker, Brickson, Mishkin, Price, & Cork, 1991), and humans 

(e.g.,Ohta, 1979, 1981; Evans, Brennan, Skorpanich, & Held, 1984; Park, Cherry, 

Smith, & Lafronza, 1990; Zelinski & Light, 1988; Cooney & Arbuckle, 1990; see Table 

1) have demonstrated diminished skills on a variety of small and large space tasks in aged 

individuals. However, there are inconsistencies between studies, as well as controversy 

about the source of spatial deficits. Mittenberg, Seidenberg, O'Leary, & Digiulio (1989) 

proposed that many of the cognitive deficits of older humans can be attributed to age

related changes in the frontal system and medial temporal lobes (see also Moscovitch and 

Winocur, 1992, and Glisky. in press). The review of the spatial memory literature in the 

present introduction provides partial support for this hypothesis. Changes in these 

structures appear to contribute to spatial memory impairments both directly, and indirectly 

through their role in nonspecific cognitive changes. 

This introduction specifically examines the literature on human age-related deficits 

in spatial memory, the methodologic manipulations that affect the relative performance of 

younger and older adults, and the age-related changes in neurobiological substrates that 

may be related to spatial memory. This review begins with a brief discussion of the roles 

of the frontal and hippocampal systems in memory. Evidence from animal models of 

aging, human neuropsychological research, and the literature on healthy human aging are 

examined in the light of a neurobiological hypothesis of age-related spatial memory 

deficits. The hypothesis that spatial memory may be differentially affected by the aging 

process, relative to free recall and recognition memory, is discussed. Factors which 



Table 1: Age Group Comparisons on Spatial & Nonspatial Memory Tasks 

Study 

Large Space 

Weber, Brown & Weber (1978) 
Evans, Brennan, Skorpanich, & Held (1984) 
Ohta (1981) 

Kirasic (1991) 
Uttl & Graf (1993) 
Current Study 

Small Space 

Schear & Nebes (1980) 
Pezdek (1983) 
Puglisi, Park, Smith & Hill (1985) 
Naveh-Benjamin (1987) 
Salthouse (1987) 
Naveh-Benjamin (1988) 
Chalfonte & Johnson (in press) 

Current Study 
McCormack ( 1982) 
Park, Puglisi & Sovacool (1983) 
Park, Puglisi, & Lutz (1982) 

y 
y 

Spatial 

Y (sketch map) 
N (find alternate route) 
N (shortest route; map) 
y 
Y (location of pole in tent) 

Y (location of letters) 
Y (location of objects) 
Y (location of objects) 
Y (location of drawings) 
Y (location of letters) 
Y (location of drawings) 
Y (occupied locations) 
Y (drawing + location) 
Y (drawing + color) 
Y (object location) 
N (however, floor effect) 
Y 
Y (w & w/o distractor drawing) 

Y = Yes (significant difference between age groups) 
N = No (no significant difference between age groups) 

Y 
Y 
N/A 

Nonspatial 

Y (scene recognition) 
N/A 
N (object recall, recognition) 

Y (recall letters) 
Y (recall objects) 
Y (recall objects) 
N/A 
N/A 
N/A 
N (drawing) 
N (color) 

N (object recall, recognition) 
Y (word recall) 
Y (recognize drawings) 
Y (w/o distractor drawing) 
N (wI distractor drawing) 

\0 



Table 1: Age Group Comparisons on Spatial & Nonspatial Memory Tasks (continued) 

-------------------------------------------------------
Study Spatial Nonspatial 

===========--============================================================================== 

Ohta (1979) 
Perlmutter, Metzger, et al. (1981) 
Light & Zelinski (1983) 
Thomas (1985) 
Sharps & GoIIin (1987) 

Zelinski & Light (1988) 
Park, Cherry, Smith & Lafronza (1990) 
Sharps (1991) 

Cherry, Jones & Plauche (1995) 
Cherry & Park (1989) 
Cherry, Park & Donaldson (1993) 
Lipman (1991) 
Lipman & Caplan (1992) 

Frieske & Park (1992) 
Moore, Richards, & Hood (1984) 

Y (location of landmarks) 
Y (location of buildings) 
Y (location of buildings) 
Y (location of landmarks) 
Y (location on b&w map) 
N (color map, models, room) 
Y 
Y (map & model) 
Y (categorized objects, map & model) 
Y (uncategorized objects on map) 
N (uncategorized objects on model) 
Y 
Y (common and abstract objects) 
Y 
Y 
Y (instructions: attend to scenes) 

Y 
Y 

N/A 
N (most recent drawing) 
Y (recognize buildings) 
N/A 
N (recall objects) 

Y (recognize structures) 
N/A 
N/A 

N/A 
N/A 
N/A 
Y (Free recall for landmarks) 
Y (instructions: attend to 

route) 
Y (Item substitution) 
Y (Recall shape of blocks) 

-o 
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minimize and those which enhance age group differences in spatial memory (e.g., 

availability of spatial versus nonspatial solutions, the effects of target and background 

characteristics, task instructions, requirement for shifting attentional set) are examined. A 

synthesis is provided of what appear to be the most significant contributions to age group 

differences in spatial memory, followed by the justification for and purposes of the 

current project. Following the literature review and synthesis, the current study is 

described, and the results are presented and discussed. 

Integration of findings from the diverse literatures of animal models, human 

neuropsychology, and healthy human aging requires clarification of terminology. Use of 

the term "spatial memory II varies slightly between the animal model and human 

literatures. Barnes (1991, p. 265) offers a definition which typifies use of the term in 

animal studies: spatial memory " ... involves the ability to acquire and to retain 

associations of environmental features. These associations allow an organism to navigate 

effectively through space." The term is often used more flexibly in human studies, 

referring to memory for the spatial relationships of stimuli in small or large space, 

whether participants move through space or remain stationary during learning and testing. 

Spatial memory, in the present context, refers to lithe ability to acquire and to retain 

associations of environmental features ", whether or not participants move through space 

during learning and performance. 

The Frontal and Hippocampal Systems, Memory and Aging 

The frontal memory system in humans includes frontal cortex, striatum, 

dorsomedial nucleus of the thalamus, and subcortical white matter connections. 

Typically, hippocampal or medial temporal lobe memory system refers to the 

hippocampal formation (hippocampus proper [dentate gyrus, CA fields, subiculum], and 
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fimbria), the entorhinal, perirhinal, and parahippocampal cortices, the amygdala and the 

mammillary bodies. Squire and Zola-Morgan (1991) also include the unimodal and 

polymodal association areas (frontal, temporal, and parietal) in this memory system. The 

precise roles of each region within the hippocampal memory system are not clearly 

understood, but animal models and lesion data suggest that they may each make different 

contributions to memory performance (see Nadel, in press, for review). 

The frontal and hippocampal systems are each involved in different aspects of 

memory (discussed below). Impairments in diverse memory functions have been 

demonstrated in lesioned nonhuman animals, and in humans with focal damage in the 

frontal or hippocampal system, and in healthy older individuals across species. 

Similarities between the deficits demonstrated in lesion and aging studies have prompted 

more extensive and careful investigations of neurobiological alterations and associated 

cognitive changes that occur over the adult lifespan of rodents, nonhuman primates and 

humans. 

Numerous animal studies provide clear evidence of parallel neurobiological and 

cognitive changes with age. Very few investigators of human aging have examined 

cognitive and neurobiological changes in the same individuals (however, see Kaszniak, 

Garron, & Fox, 1979; Golomb, de Leon, Kluger, George, Tarshish, & Ferris, 1993; 

Golomb, Kluger, de Leon, Ferris, Convit, Mittelman, Cohen, Rusinek, De Santi, & 

George, 1994; Sullivan, Marsh, Mathalon, Lim, & Pfefferbaum, 1995; deToledo

Morrell, Sullivan, Morrell, Spanovic, and Spencer, 1995). Animal studies, human 

neuropsychological research, and investigations of healthy individuals using tasks 

believed to depend upon particular brain structures or systems, provide converging 

evidence of parallel neurobiological and cognitive changes with age in humans. 

However, distinguishing between the relative frontal and hippocampal contributions to 
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spatial memory impainnents is challenging: lesions in either of these areas can produce 

deficits on the same cognitive tasks. Moscovitch and Winocur (1992) suggested that age

related frontal system dysfunction probably has its greatest impact on immediate memory, 

particularly when organization of infonnation or shifting of attention from one stimulus or 

(sub)task to another is necessary for maximal perfonnance. Changes in hippocampal 

functioning, on the other hand, are probably more critically involved in the memory 

deficits of older adults following a delay. (See Moscovitch & Winocur, 1992, Rapp & 

Amaral, 1992, and Glisky, in press, for reviews.) Evidence from studies of age-related 

changes in spatial memory, as examined here, suggest that older adults exhibit 

impainnents in immediate and delayed memory perfonnance, shifting of attention, and 

working memory. 

The Frontal System. Memory and Aging 

Studies of healthy aging in rodents (e.g., Winocur, 1991, 1992a, 1992b) and 

nonhuman primates (see review by Walker et al., 1988) have provided evidence of 

neurobiological changes in the frontal lobes, as well as deficits on tasks which are 

believed to depend upon the nonnal function of these structures. For example, Winocur 

and Moscovitch (1990, cited in Moscovitch & Winocur, 1992) demonstrated that 

1) acquisition of maze-general learning skills is a frontal system contribution, and 

retention of maze-specific infonnation depends upon the functioning of the hippocampus; 

and 2) old rats were impaired relative to young rats on both elements of this task. 

Bachevalier and colleagues (1991) tested monkeys 3 to 31 years of age on a delayed 

response working memory task (remember which of two food wells contains a reward). 

They found impairments in older monkeys. Deficits on this task have been associated 

with lesions of the dorsolateral prefrontal cortex in nonhuman primates (Goldman-Rakic, 

1987). Finally, aged rodents (Winocur, 1984) and monkeys (Bartus, Dean, & Aeming, 



14 

1979) have greater difficulty shifting attentional set than younger individuals, a function 

associated with frontal system integrity in humans (Milner, 1963; Daum, Schugens, 

Channon, Polkey, & Gray, 1991). Winocur (1984) trained rats to discriminate two 

different patterns on maze doors, one rewarded (horizontal stripes) and one unrewarded 

(vertical stripes). A 5-day delay was imposed after the discrimination was learned, 

during which the rats experienced one of three interference conditions (unsolvable 

problem, reinforced trials, control), with new patterns (diagonal stripes) on the maze 

doors. On the sixth day, the rodents were tested for recall of the original discrimination 

problem. Only the old rats in the unsolvable problem interference condition (both doors 

lock on half of the trials, both doors unlocked on the remaining trials) took significantly 

longer to relearn the discrimination. In the Bartus et al. (1979) study, monkeys learned 

color and pattern discriminations (i.e., one of two colors or patterns was "correct", the 

other "incorrect") to a criterion of 90% correct. Once criterion was reached, the correct 

and incorrect items were reversed, and the monkeys had to learn the new associations. 

Older monkeys were slower to return to chance perfonnance, and were impaired even 

when they did reverse previous learning. 

The frontal lobes in humans and the structures with which they are anatomically and 

functionally associated, perfonn a variety of roles, some of which are involved in solving 

spatial memory problems (see, e.g., Stuss & Benson, 1987, 148-151; Moscovitch & 

Winocur, 1992, for discussion of the role of the frontal lobes in memory). 

Neuropsychological studies have demonstrated that the frontal lobes have a critical role in 

the organization of infonnation to be remembered (e.g., Morris & Baddeley, 1988). As 

Moscovitch and Winocur pointed out, when organization of infonnation is required either 

at encoding or retrieval, patients with frontal lobe lesions are impaired, for example, in 

recalling stories or categorized word lists (e.g., Incisa della Rochetta, 1986; Janowsky, 
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Shimamura, Kritchevsky, & Squire, 1989). Frontal lobe lesions can result in impaired 

memory for the source of learned information (Janowsky, Shimamura, & Squire, 1989). 

Frontal lobe pathology can also result in difficulty shifting attentional set, that is, shifting 

the focus of attention, and response patterns, from one task or subtask to another. For 

instance, Milner (1963) found that people with frontal lobe damage were impaired relative 

to healthy controls on the Wisconsin Card Sorting Task (WCST). Deficits in different 

aspects of reversal learning have been associated with both frontal and medial temporal 

lobe damage across species. Patients in a study by Daum, Schugens, Channon, Polkey, 

and Gray (1991) learned a conditional discrimination task: tum in one direction on a 

computerized t-maze if the background color is grey, and in the other direction if the 

background is blue. Once the discrimination was learned, the reward contingencies were 

reversed without warning. The group with right medial temporal lobe pathology was 

impaired in acquiring the discrimination, and the frontal pathology group was marginally 

impaired in reversal. These results are tentative for two reasons. First, the difference 

between the frontal lesion group and healthy controls was due to a small difference in the 

medians. And second, the medial temporal lobe lesions included only small portions of 

the hippocampus. Larger medial temporal lobe lesions and a more complex task might 

have resulted in a reversal deficit in this group as well. However, these results do 

suggest that the frontal lobes are required for normal reversal learning. 

The frontal system also has a critical role ~n working memory. Owen, Downes, 

Sahakian, Polkey, & Robbins (1990) compared patients with frontal lobe excisions to 

healthy controls (matched for age and estimated premorbid intelligence) on a 

computerized working memory task. Participants were required to search through a 

number of boxes on a microcomputer monitor for hidden targets without searching any 

individual box a second time. Patients with frontal lobe lesions made significantly more 
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search errors than their healthy controls. Cmik and Jennings (1992) defined working 

memory as "the processes and structures involved in simultaneously holding information 

in mind and using that information (often in combination with further incoming 

information) to solve a problem, make a decision, or learn some new concept" (p. 56). 

That definition might be extended to include the retention of information in memory 

during the delay between learning and testing, providing nothing interferes with rehearsal 

of the information during the delay interval. 

The human frontal system shows significant structural and functional changes with 

age. For instance, atrophy of the frontal cortex has been well documented (e.g., Sandor, 

Albert, Stafford, & Kemper, 1990; Coffey, Wilkinson, Parashos, Soady, Sullivan, 

Patterson, Figiel, Webb, Spritzer, & Djang, 1992). Coffey and colleagues found a 

greater loss of volume in the frontal lobes than in other structures, suggesting that the 

frontal lobes may be particularly vulnemble to the normal aging process. Among 

subcortical structures, Jernigan, Archibald, Berhow, Sowell, Foster, and Hesselink 

(1991) reported that the greatest decline in grey matter, as visualized with magnetic 

resonance imaging (MRI), occurred in the caudate nucleus, a structure which is 

structumlly and functionally associated with the prefrontal cortex. Haug and Eggers 

(1991) reported autopsy data suggesting an 11% reduction in frontal white matter volume 

with age. White matter hyperintensities, visualized in T2-weighted MRI scans, 

accumulate with normal aging, frequently occurring in the anterior periventricular region 

(e.g., George, de Leon, Gentes, Miller, London, Budzilovich, Ferris, & Chase, 1986). 

Physiologic changes implicating the vulnerability frontal lobes to the aging process 

have also been reported, although findings have been inconsistent. As Pietrini and 

Rapoport (1994) point out, this is likely due to methodological differences, including 

differences in technology, subject and patient populations, and testing pamdigms. These 
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authors reviewed a number of these studies, and concluded that some functional changes 

do occur, particularly when sensory stimulation is not blocked, for example, by closing 

the eyes or plugging the ears. They pointed out that some investigators found no changes 

in regional cerebral blood flow (rCBF) (e.g., Itoh, Hatazawa, Miyazawa, Matsui, 

Meguro, Yanai, Kubota, Watanuki, Ido, & Matsuzawa, 1990) or regional cerebral 

metabolic rate for oxygen (rCMR02) (e.g., Lebrun-Grandie, Baron, Soussaline, Loch'h,' 

Sasstre, & Bousser, 1983). However, some significant functional alterations with age 

have been reported. For example, Lebrun-Grandie and colleagues did find diminished 

rCBF in the temporosylvian, medial frontal, and medial occipital regions. Leenders, 

Perani, Lammertsma, Heather, Buckingham, Healy, Gibbs, Wise, Hatazawa, Herold, 

Beaney, Brooks, Spinks, Rhodes, Frackowiak, and Jones (1990) suggested that regional 

cerebral blood volume, rCBF, and rCMR02 all declined with age in the frontal cortex and 

insular region. Martin, Friston, Colebatch, and Frackowiak (1991) found decreased 

rCBF in the limbic and association cortices. Declines in regional cerebral metabolic rate 

of glucose (rCMRglc) have also been reported. Kuhl, Metter, Riege, and Phelps (1982) 

and Hoffman, Guze, Hawk, Pahl, Sumida, Baxter, Mazziotta, and Phelps (1988) 

reported declines in the frontal region. However, de Leon, M. Ferris, George, Reisberg, 

Christman, Kricheff, and Wolf (1983) and Duara and colleagues (Duara, Margolin, 

Robertson-Tchabo, London, Schwartz, Renfrew, Koziarz, Sundaram, Grady, Moore, 

Sokoloff, Weingartner, Kessler, Manning, Channing, Cutler, & Rapoport, 1983; Duara, 

Grady, Haxby, Ingvar Sokoloff, Margolin, Manning, Cutler, & WolO suggested there 

are no changes in rCMRgic with age. (See Pietrini & Rapoport, 1994, for review.) 

Given the neurobiological alterations which occur as the human ages, parallel 

cognitive changes might well be expected. Mittenberg, Seidenberg, O'Leary, and 

DiGiulio (1989) tested younger and older individuals on a battery of neuropsychologic 

tests, including some with known sensitivity to frontal lobe function. Based on the 
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pattern of deficits exhibited by the older group, Mittenberg and colleagues proposed that 

age-associated frontal lobe dysfunction accounts for a significant proportion of age group 

differences on cognitive tasks. Glisky (in press) further suggests that the greater the 

frontal system involvement in the task, the greater the deficits will be in elderly adults. 

Empirical work reviewed by Moscovitch and Winocur (1992) and studies cited in the 

current review provide evidence in partial support of these hypotheses. For example, 

Schacter, Kaszniak, Kihlstrom, and Valdiserri (1991) reported that when memory for 

facts was equated in younger and older individuals, the latter group exhibited source 

memory deficits, at least under some conditions. This deficit has been associated with 

frontal lobe pathology (Janowsky et ai., 1989). Daigneault, Braun, & Whitaker (1992) 

and Axelrod and Henry (1992) dem~nstrated deficits in healthy elderly on the WeST, 

suggesting that older persons have difficulty shifting attention or response patterns. This 

task has been demonstrated to be sensitive to frontal lobe pathology (Milner, 1%3). 

Working memory has previously been associated with frontal lobe functioning 

(Owen et at., 1990). A number of studies have demonstrated age-related deficits in 

working memory on spatial tasks. For instance, impairments on the self-ordered pointing 

task were exhibited by the elderly in a study reported by Daigneault, Braun, and Whitaker 

(1992). This task involves a series of pages showing identical items in various spatial 

configurations. Volunteers are asked to point to a different drawing on each page, 

keeping previously chosen items in working memory so as not to choose them a second 

time. Petrides and Milner (1982) reported that persons with frontal lobe lesions were 

impaired on this working memory task. Frieske and Park (1992) assessed spatial 

memory for organized and disorganized scenes in younger and older adults, as well as 

working memory using the computational span task developed by Salthouse and Babcock 

(1991). A series of arithmetic problems was presented orally. Participants were required 
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to do the calculations and keep the sums of each problem in working memory to be 

repeated at the end of the string of calculations. Memory span was entered as a covariate 

in an analysis of object and location memory performance. Frieske and Park reported that 

working memory accounted for a moderate proportion of group differences in object 

memory, and a large percent of the variance in spatial memory for disorganized, but not 

organized scenes. Salthouse (1991) suggested that diminished working memory skills, ' 

as measured by the Computation Span and Listening Span (sentences) tasks, are the 

source of many age-related deficits in fluid aspects of cognition, and that working 

memory deficits are due to slower execution of the kinds of simple processing operations 

measured by reaction time tasks (e.g., making same/different comparisons of letters, or 

patterns composed of line segments as rapidly as possible). 

Salthouse and Mitchell (1989) proposed that older adults may be at a particular 

disadvantage when a memory task requires the integration and retention of sequentially 

presented information. These authors presented line segments in a series of frames, and 

then asked participants to distinguish between accurate composites (all line segments from 

individual slides connected and visible in one frame), and inaccurate composites (two of 

the line segments were altered in position). The number of line segments to be integrated 

did not affect age group differences. Perhaps these connected line segments were treated 

as a unit within each frame rather than as an array of single lines, thus reducing the 

number of units to be remembered. Older adults were adversely affected by the number 

of frames across which information was to be remembered and integrated. A deficit in 

retaining information over delays could result from a decline in hippocampal function. 

However, in this study, the maximum time from the onset of the first frame to the offset 

of the last frame (maximum of 4 frames) and the appearance of the comparison stimulus 

was less than 10 seconds. The inability to retain the target information in this instance 
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seems to be more consistent with a failure in working memory (e.g., Petrides & Milner, 

1982) which may be related to age-associated changes in the frontal system, at least for 

abstract stimuli such as these line segments. 

Zelinski and Light (1988) reported results which conflict with those of Salthouse 

and Mitchell (1989). Participants studied the spatial location of 12 structures on a map 

either sequentially (6 slides containing 2 structures per slide) or simultaneously (12 

structures on a map on a single slide). Recognition memory for the buildings themselves 

was greater in younger than in older adults. Analysis of conditional probabilities for 

spatial location (probability of correct location given that a structure was recognized) also 

produced age group differences. Both groups demonstrated better memory skills in the 

simultaneous condition. There was no interaction between condition and age group: the 

older group was not differentially affected by the necessity to integrate and remember 

sequentially presented spatial information. Substantial differences in task requirements 

between the Salthouse and Mitchell and the Zelinski and Light paradigms may account for 

their conflicting results. Line segments in the former study were presented in isolation, 

whereas structures in the Zelinski and Light paradigm were presented in the context of a 

map. In order to discriminate true composites from foils in the former study, one would 

be required to remember the position of line segments in relation to one another. The 

Zelinski and Light task only required memory for the location of the individual structures 

in relation to particular positions on the map. This task did not require integration of 

information, nor memory for spatial relationships between stimuli. This problem could 

be solved using a verbal or cue-association strategy, relating each building with a 

particular landmark on the map. Additionally, the map task was more like the spatial 

memory tasks people experience in daily life than the line segment task. More younger 

adults have been exposed to formal testing in the time proximal to a laboratory experiment 
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than are older adults, and are more likely to have been exposed to problems such as 

Salthouse and Mitchell's, tasks which would not be encountered outside of a laboratory. 

Therefore, the younger group may have an advantage on tests such as the one used by 

Salthouse and Mitchell, but not necessarily on a task with greater ecological validity. 

The notion that ecological validity affects relative age group performance is at least 

partially supported by the results of several other studies of memory for sequentially

presented spatial information. Lipman and Caplan (Lipman, 1991; Lipman & Caplan, 

1992; Caplan & Lipman, 1995) asked their volunteers to integrate and remember a long 

sequence of slides depicting a tour through a neighborhood. Results varied by the exact 

task demands, instructions and the availability of learning aids, but in at least some 

conditions, the performance of older adults was equivalent to that of younger adults. 

(The differential effects of factors such as particular instructions and availability of 

learning aids is discussed in a separate section below.) Although these tasks appear to be 

more challenging than those of Salthouse and Mitchell (1989), having a larger number of 

stimuli to be remembered and a more protracted period over which they were to be 

remembered, older adults were at least partially successful in remembering this spatial 

information. This may be related to the ecological validity of the task. In addition, 

watching the sequence of slides depicting a walk through a neighborhood may have more 

closely simulated actually moving through an environment. O'Keefe and Nadel (1978) 

argued that movement of an animal freely through an environment is critical to the 

encoding of cognitive maps by the hippocampus. This may also be true of humans. 

Working memory does appear to be a factor in age group differences on memory tasks, 

but clearly, other factors have an important impact on relative performance as well. 

In contrast to deficits in humans and nonhuman primates, working memory may not 

be impaired in older rodents. Age group comparisons in rats (Barnes, Nadel, & Honig, 

1980; Barnes, Green, Baldwin, & Johnson, 1987) have suggested that working memory 
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is intact in older rats and that the deficits on working memory tasks are specifically spatial 

in nature. In both the spatial and nonspatial versions of a radial maze, rodents were 

required to visit each arm only once in order to retrieve rewards. This involved 

remembering where they had been previously in order to avoid repeat visits to any 

particular arm. The spatial memory task entailed the encoding of the relationships of distal 

cues in order to remember previous food locations. Older rats were impaired relative to ' 

younger individuals on this task. The nonspatial version required memory for specific 

local cues in the previously visited arms of the radial maze, a working memory task 

which was performed equally well by younger and older rats (see Barnes, 1988, for 

review). These results are inconsistent with reports of age-related deficits in the working 

memory of older humans and nonhuman primates. Perhaps the discrepancy is related to 

differences in the demands of the spatial and nonspatial working memory tasks. The 

spatial version was conducted on an 8-arm radial maze, whereas the nonspatial version 

involved a 4-arm radial maze. In addition, human studies have employed tasks which are 

substantially different than those in the rat studies by Barnes and colleagues. 

Comparisons of rodents and humans on equivalent spatial and nonspatial working 

memory tasks may produce similar performance patterns. 

Frontal lobe function has previously been associated with organization of 

information to be remembered (e.g., Morris & Baddeley, 1988). Cherry, Jones, and 

Plauche (1995) reported evidence suggesting that older adults may have greater difficulty 

with remembering disorganized, than organized, displays. Doll house furniture was 

presented on a board either in prototypical room arrangements (e.g., bedroom furniture in 

the bedroom), or in a random array. Following a 2-minute distracter task, items were to 

be replaced by subjects, as closely as possible to their original positions. After a 10-

minute filler task, a second arrangement was studied and reproduced. Memory for item 
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location of the younger adults was superior to that of older adults, and performance in 

both groups was better in the prototypical house arrangement. There was a practice effect 

for both groups in the organized condition: performance on the second trial was superior 

to peIformance on the first trial, providing evidence of task-general learning. Memory for 

the younger group was also facilitated by the second trial in the disorganized condition. 

Older adults in the disorganized condition, on the other hand, did not show as much 

improvement on the second trial as the younger adults. Perhaps older adults had greater 

difficulty organizing the material to be remembered on each trial, and therefore, did not 

show the improvement demonstrated by their younger counterparts. 

Moscovitch and Winocur (1992) hypothesized that frontal system dysfunction 

makes a significant contribution to impairments in memory performance of older adults. 

Partial support for their hypothesis is provided by the performance patterns of older 

adults on a variety of tasks, and by comparisons of these patterns to evidence from the 

human neuropsychological literature: age-related deficits in organization of material to be 

remembered, and in working memory may parallel neurobiological changes in the frontal 

lobes and their associated structures across the adult lifespan. However, discrepancies 

between the human and rodent studies of working memory and aging require further 

investigation. Various components of working memory tasks (e.g., the particular 

information to be remembered, the length of the delay, attentional demands) probably rely 

upon different memory systems, and may be differentially affected by the aging process. 

The Hippocampal System. Memory and Aging 

The mnemonic functions of the medial temporal lobe memory system are well 

established. Empirical evidence has demonstrated that it is involved in the consolidation 

and storage of new information (see Squire & Zola-Morgan, 1991, for review). 
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Subsystems within the medial temporal lobes probably have different roles in memory 

(see Nadel, in press, for review). Zola-Morgan, Squire, and Amaral (1986) reported the 

case of R.B., who suffered a memory disorder secondary to ischemic damage to the CAl 

fields of the hippocampus. Similarly, Victor and Agamanolis (1990) reported a case 

study of a patient with a seizure disorder, and amnesia resulting from bilateral damage of 

the hippocampus and dentate gyrus. The hippocampal formation has a critical role in 

memory following a delay, and seems to have a special role in spatial memory (O'Keefe 

& Nadel, 1978). This was demonstrated in humans by Smith and Milner (1989) who 

tested patients with unilateral medial temporal lobe lesions, and their healthy controls. 

Participants were compared on immediate and delayed spatial memory for an army of 16 

objects. Performance of patients with small left or right hippocampal lesions, and those 

with large left hippocampal lesions was similar to that of controls on both immedlate and 

delayed recall. Only patients with large right medial temporal lobe pathology were 

impaired, and only after a delay. 

Pigott and Milner (1993) reported a similar pattern of results. They compared 

several groups of patients with unilateral excisions to healthy controls on immediate and 

delayed recognition memory. Patients were divided into 6 groups by lesion size (only for 

temporal lobe groups) and locus: left frontal, right frontal, left or right temporal lobe with 

small hippocampal excisions (did not exceed the pes), left or right temporal lobe with 

large hippocampal excisions (included hippocampus proper and/or parahippocampal 

gyrus). Participants were asked to remember the spatial arrangement of an array of 

drawings, and to recognize any changes in item details, item inventory (new item replaced 

an old one), deletion (missing item), displacement (item moved in the horizontal plane), 

and rearrangement (two items exchange positions). In the immediate recognition 

experiment (tested after presentation of each scene), there were no significant lesion 
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group differences on any of these measurements. However, lesion size and locus did 

correlate with differential delayed recognition deficits. Right medial temporal lobe lesions 

were associated with impaired memory for item details, inventory, and displacement, 

regardless of the size of the lesion. All medial temporal lobe groups, regardless of 

laterality or size of lesions, were impaired in the deletion condition. However, only the 

patients with large right temporal lobe lesions were impaired in recognizing item 

transposition following a delay. In contrast to their deficits in recognizing item 

transposition, the patients in the group with large right temporal lobe lesions 

demonstrated normal performance on the Wechsler Memory Scale Logical Memory and 

Associative Learning subtests. 

A number of investigations of aging in nonhuman animals have demonstrated 

parallel neurobiological changes and impairments in spatial memory. For instance, aged 

rats, like rats with hippocampal lesions, are unable to learn and remember spatial 

locations as well as healthy young rats (Barnes, 1979; Gage, Dunnett, & Bjorklund, 

1984; see Barnes, 1988, for review). These spatial memory deficits have been 

correlated, for example, with changes in synaptic responses (long-term enhancement) 

(Barnes, 1979; Barnes & McNaughton, 1980), decreases in the density of particular 

synapses (perforated axospinous synapses) in the rat hippocampal formation (Geinisman, 

Morrell, & de Toledo-Morrell, 1987), and changes in cholinergic activity (Decker, 1987). 

(See Barnes, 1991, for review.) 

Walker and colleagues (1988) reviewed evidence of age related changes in the 

brains of old nonhuman primates. For example, they reported neuropathological changes 

(i.e., presence of senile plaques, particularly in the orbitofrontal cortex and temporal 

lobes, including the hippocampus), and alterations in neurotransmitter systems (e.g., 

reduction in number of muscarinic, nicotinic, dopaminergic, and serotoninergic receptor 
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binding sites). They proposed that each of these neuropathological alterations contribute 

to cognitive deficits with age, a hypothesis which is consistent with patterns of cognitive 

perfonnance in old monkeys reported by other investigators. For instance, a report by 

Bartus and colleagues (1978) described a task in which younger and older monkeys 

attempted to remember the position of a light flashed on a 3x3 matrix of stimulus

response panels. Results indicated that older rhesus monkeys were impaired relative to 

younger monkeys in remembering the location of the light, but only after a 15- or 30-

second delay, not at a O-second delay. As Moscovitch and Winocur pointed out, rats 

(Winocur, 1992) and monkeys (Zola-Morgan & Squire, 1986) with medial temporal lobe 

lesions typically perfonn nonnally on a variety of tasks over very short intervals, but are 

impaired after a delay. Results from the Bartus et al. study are consistent with the 

hypothesis that hippocampal dysfunction in old nonhuman primates may be responsible 

for impainnents in spatial memory after a delay. 

Consistent with the rodent (Barnes, 1988) and nonhuman primate (Walker et aI., 

1988) literatures, there is substantial evidence of age-related deterioration in the human 

brain, and the hippocampal region appears to be one of the structures which is particularly 

vulnerable to the human aging process (e.g., Ball, 1977, 1978). Atrophy of the 

hippocampal region in healthy elderly adults has been reported in investigations using 

magnetic resonance imaging (MRI) (Jernigan, Archibald, Berhow, Sowell, Foster, & 

Hesselink, 1991; Golomb, de Leon, Kluger, George, Tarshish, & Ferris, 1993; 

Golomb, Kluger, de Leon, Ferris, Convit, Mittelman, Cohen, Rusinek, De Santi, & 

George, 1994; however, see Sullivan, Marsh, Mathalon, Lim, & Pfefferbaum, 1995). 

Microscopic changes have also been observed in the human hippocampal fonnation. For 

instance, there appear to be fewer pyramidal cells in the subiculum and hilus (West & 

Gundersen, 1990), and diminished availability of choline acetyltransferase (ChAT) in the 
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hippocampus and entorhinal cortex (Perry, Johnson, Kerwin, Pigott, Court, Shaw, Ince, 

Brown, & Perry, 1992). There is also evidence of the increased presence of 

neurofibrillary tangles in the parahippocampal gyrus and CA 1 cells of the hippocampus 

proper (Price, Davis, Morris, & White, 1991). 

Compared to rodents, much less is known about parallel age-related neurobiological 

and cognitive alterations in humans. However, the patterns of memory impairments 

experienced with advanced age in humans are consistent with altered function in the 

medial temporal lobe system. For example, Smith and Milner (1989) and Pigott and 

Milner (1993) reported that patients who had undergone right medial temporal lobe 

excisions demonstrated impaired memory for spatial arrays of objects and drawings 

respectively. A number of investigators have reported age group differences in healthy 

adults on tasks requiring memory for the spatial arrangements of letters (Schear & Nebes. 

1980; Salthouse, 1987), drawings (Naveh-Benjamin, 1988; Chalfonte & Johnson, in 

press), or objects (Pezdek, 1983; Puglisi, Park, Smith, & Hill, 1985; Park, Cherry, 

Smith, & Lafronza, 1990). 

Few attempts have been made to empirically link changes in human memory and 

cognition to specific age-related changes in neuroanatomy and neurophysiology. Two 

exceptions of particular interest for the present paper are aging studies by Golomb and 

colleagues (Golomb et aI., 1993; and Golomb et aI., 1994) which provide some of the 

few pieces of evidence for parallel age-related neuroanatomical and cognitive changes in 

the same persons. In the 1993 paper, they documented hippocampal atrophy using MRI 

in 50 out of 154 participants who were 55 to 88 years of age. Atrophy occurred 

significantly more often in older participants. After covarying for age, education and 

Wechsler Adult Intelligence Scale (WAIS) vocabulary scores, the authors found that the 

presence of medial temporal lobe atrophy was associated with impairments on immediate 
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and delayed recall of a paragraph relative to those whose brains did not show signs of 

significant atrophy. However, there was no difference between groups on digit span or 

on immediate memory for numbers associated with "content-neutral" line drawings. 

Golomb et al. (1994) found a similar pattern of results based on composite scores 

(immediate and delayed recall for a paragraph, paired associates, list recall, and facial 

recognition) for 54 adults who were 55 years of age or older. (Forty-four of these 

individuals had participated in the 1993 study.) Magnetic resonance images were used to 

derive hippocampal formation size, with adjustments for head size. Results of 

morphometric measurements demonstrated increased atrophy of this structure with age. 

A hierarchical multiple regression was employed to examine the relationship between 

hippocampal formation size and memory performance while controlling for age, sex, 

intelligence, and generalized atrophy. Hippocampal formation size was associated only 

with delayed memory performance, and not with primary memory or immediate memory 

performance. DeToledo-Morrell, Sullivan, Morrell, Spanovic, & Spencer (1995) found 

decreases in right hippocampal volume in older males, but not females. These older 

males were impaired on a test of visuospatial memory, whereas the performance of older 

females was equivalent to their younger counterparts. 

Conflicting results were reported by Sullivan et al. (1995). They found decreased 

temporal cortical volume, and increased cerebrospinal fluid volumes in the temporal lobe 

sulci and the ventricular system with age. These neurobiological alterations were 

associated with cognitive impairments. However, they found no change in the 

hippocampus proper with age. Significant differences between these studies may account 

for the conflicting findings. The Golomb et al. studies included participants who were 

considerably older (up to 88 years of age) in contrast to the maximum age of 70 years in 

the Sullivan et al. study. In addition. the Golomb et al. included both men and women 
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whereas the Sullivan et ai. study was limited to men. As noted above, deToledo-Morrell 

et al. (1995) reported age-related changes in the right hippocampal formation and 

visuospatial memory in males, but not females. 

Evidence of memory impairment and more rapid decay of memory traces in older 

than in younger humans is reported in a paper by Flicker, Bartus, Crook, and Ferris . 

(1984). Volunteers in this study viewed a diagram of a 25-room house (5x5 matrix) on a 

microcomputer monitor. One or more of the rooms contained a white square ("a light on 

in the window l1
), and participants were instructed to remember which rooms had lights. 

During delay intervals of up to 120 seconds, volunteers were engaged in a reaction time 

task. At O-seconds delay in both the single and multiple light condition, younger and 

older healthy adults were equivalent in memory for the location of the light. Delays of 15 

seconds or longer resulted in an impairment in older adults. Old monkeys (Bartus et aI., 

1978), like monkeys (Zola-Morgan & Squire, 1986) and humans (Smith & Milner, 1989) 

with medial temporal lobe lesions, demonstrated impaired memory only after a delay. 

Results of the Flicker et al. study are consistent with the hypothesis that hippocampal 

system function deteriorates with age in humans. 

Relative performance of younger and older adults may vary according to the degree 

of medial temporal lobe system involvement in spatial memory tasks. Cherry, Park, and 

Donaldson (1993) compared younger and older women on memory for the location of 

poker chips in the cells of a 4x4x4-celled cube. Landmarks (8 objects placed within the 

cube) were provided to half of the participants in each age group to assist memory for 

chip location. Spatial memory of the older group was less accurate than the younger 

group. Further, whereas younger adults did equally well with and without landmarks, 

the performance of older women was facilitated by the landmarks. The presence of these 

cues may have changed the task from a spatial version which relied heavily upon the 
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normal functioning of the medial temporal lobes to a nonspatial version which did not. 

Support for this hypothesis can be found in rodent studies. For instance, old rats were 

impaired relative to young rats on a spatial memory version of a radial maze, but not on a 

cued version of this task (e.g., Barnes, Oreen, Baldwin, & Johnson, 1987). (See 

Barnes, 1991, pp. 268-269, for discussion of the effects of hippocampal lesions on 

spatial versus nonspatial [cued] memory in rodents). 

Cooney and Arbuckle (1990) tested younger and older adults on a spatial memory 

task (memory for object location on a map), and on the Emergent Complex Figure task 

(Jones-Ootman, 1986). The latter task is a variation of the Rey-Osterreith task 

(Osterrieth, 1944) in which subjects were asked to copy a series of designs which make 

up a more complex figure. Mter a 4O-minute delay, an unannounced recall test for the 

complex figure was administered. Patients in the lones-Ootman study who had large 

hippocampal lesions were impaired on this task relative to those with small lesions or no 

lesions at all. Cooney and Arbuckle found age group differences in healthy adults on the 

spatial memory task. They reported that hippocampal function, assessed by the Emergent 

Complex Figure task, accounted for a significant amount of the variance in the spatial 

memory task. Based on these results, these authors suggested that age-related decline in 

spatial memory may be associated with changes in hippocampal function with age. 

Patterns of performance on a variety of spatial memory tasks are consistent with the 

hypothesis that these cognitive changes parallel neurobiological changes across the 

lifespan. Spatial memory deficits, impairments on delayed memory tasks, difficulties in 

organizing information, and in shifting attention from one task or sub task to another are 

consistent with Moscovitch and Winocur's (1992) hypothesis that alterations in the 

frontal (Milner, 1963) and hippocampal systems (Smith & Milner, 1989; Moscovitch, 

1982) may be responsible for many cognitive deficits in older adults. 
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Is Spatial Memory Differentially Affected by the Aging Process? 

A number of investigations have demonstrated age-related deficits in item recall and 

recognition, as well as memory for the spatial location of items to be remembered. 

However, there is some evidence to support the hypothesis that spatial memory is 

differentially affected by the aging process, but results are not consistent across studies. 

Zelinski and Light (1988) calculated conditional probabilities of correct spatial location of 

structures on a map, given that the structure itself was recognized. Younger adults 

recognized more structures than those in the older group. In addition, they had lower 

probability scores suggesting greater impairment in memory for spatial than item 

information. Park, Puglisi, and Lutz (1982) also reported that conditional probabilities 

for correct spatial location, given recognition of a target item, were greater in younger 

than in older individuals. In a study reported by Chalfonte and Johnson (in press), older 

individuals were equivalent to their younger counterparts in remembering either the 30 

items in a 7x7 array or their colors, but were impaired in remembering item locations, 

item-plus-color, and item-plus-location. These reports are all consistent with a 

differential impairment in memory for spatial information. 

In contrast, the reverse pattern occurred in a study by Ellis, Katz, and Williams 

(1987), who compared item and spatial memory for 60 pictures presented in a binder, 

two pictures per page creating a four-picture display when the binder was opened. These 

authors reported no age group differences on spatial memory, but a difference on item 

recall. Schear and Nebes (1980) found were equally impaired on item and spatial recall 

for 7 letters on a 5x5 grid. The Schear and Nebes task may not stress the memory system 

enough to produce a free recall deficit, or these subjects may have used a nonspatial 

strategy to remember item location. Conversely, the item recall task in the Ellis et al. 

study may have been far more challenging than its spatial counterpart. 
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There is some evidence to suggest that spatial memory may be preferentially 

affected by the normal aging process. When memory for items is equated between age 

groups, spatial memory is often impaired in the elderly. Inconsistencies between studies 

seem to be related to particular task demands. This issue is further explored in the 

discussion of the current investigation below. 



Effects of Particular Task Manipulations, Socioeconomic Status, and 

Education upon Age Group Differences in Spatial Memory 
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A number of nonspecific factors affect age group comparisons in spatial memory 

performance. Socioeconomic status, educational level, and gender can affect study 

outcome, although gender differences are inconsistent. Memory load (amount of 

information to be remembered), stimulus and background characteristics, availability and 

utility of learning aids (e.g., maps), and variations in task instructions may also have 

differential between-group effects. 

Cherry and Park (1993) evaluated the contributions of socioeconomic status, 

education, verbal and general cognitive abilities, and health on spatial memory 

performance. Three groups of volunteers studied the locations of 24 objects either on a 

plain map or a colorful model: younger adults, and 2 groups of older adults differing in 

level of education, verbal ability, and occupational status. Those in the older group who 

were of lower socioeconomic status, education level, and verbal ability were most 

impaired on this spatial memory task. The younger group was superior to both older 

groups. 

There is some evidence of an advantage for males in spatial skills (e.g., Moore, 

Richards, & Hood, 1984; Caplan & Lipman, 1995), but conflicting results suggest that 

fUlther exploration of gender-related differences are required. It may be that sex 

differences emerge more consistently on tests of vi suo perceptual or visuospatial tasks 

(e.g., Dodrill, 1979; see Albert & Heaton, 1988). In contrast, the ability to represent 

spatial relationships between stimuli in one's environment may not be related to sex. 

Increases in the amount of information to be remembered may affect older adults 

more than younger individuals. For instance, in the spatial memory study by Flicker and 
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colleagues (1984), the performance of older adults was differentially affected by the 

increase in number of targets ("lights") to remember. Recall accuracy suffered in both 

groups on the multiple target trials, but deficits in recall were greater for the older group 

when the memory load was increased. An alternative explanation is that attentional 

demands increased with the number of items in the display, and younger adults had 

greater attentional resources than their older counterparts. A third possibility is that the S'

second exposure time did not allow older adults enough time to scan the grid for multiple 

lights. Further exploration would be required to exclude these alternatives. However, 

the results appear to be more consistent with evidence from studies of monkeys with large 

bilateral lesions of the medial temporal lobes. Squire and Zola-Morgan (1991) 

summarized the characteristics of amnesia induced in monkeys with large bilateral lesions 

of the medial temporal lobe that are similar to the features human amnesia. These authors 

suggested that memory impairment related to medial temporal lobe dysfunction is 

exacerbated by increases in the amount of material to be learned, or by increasing the 

retention delay. 

A number of investigators examined the relative effects of various stimulus and 

background characteristics on younger and older individuals (e.g., Sharps & Gollin, 

1987; Cherry et aI., 1990; Waddell & Rogoff, 1981). Sharps and Gollin (1987) 

suggested that age group differences in memory performance might be attributable to 

particular aspects of stimulus characteristics. They compared younger and older adults on 

free recall for spatial location. Items to be remembered were displayed on a black-and

white or colored map, an unpainted or painted wooden model, and in a full-sized room 

display. Results indicated that elderly participants derived greater benefit from distinctive 

background characteristics (i.e., colored map, both models, and the room display) than 

their younger counterparts, and that in these more distinctive conditions, memory for item 
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locations was equivalent in the two age groups. The visual distinctiveness of the 

background may have been the source of differential improvements in the performance of 

older adults. Alternatively, the availability of a nonspatial (verbal) strategy may have 

facilitated memory for item location. 

Waddell and Rogoff (1981) examined spatial memory for an array of items 

presented either in a 2-dimensional display of cubicles or on a 3-dimensional panorama. 

They found that middle-aged women performed equally well in both the 2- and 3-

dimensional conditions. The performance of older women was impaired in the cubicle 

condition, but was equivalent to that of middle-aged women in the panorama condition. 

Changes in background characteristics affected the performance of older individuals more 

than their younger counterparts. These results, and those of Sharps and Gollin (1987) 

seem to support the argument that more distinctive characteristics of stimulus displays can 

affect the relative performance of younger and older adults. However, as Park, Cherry, 

Smith and Lafronza (1990) pointed out, 1) Sharps and Gollin tested small numbers of 

volunteers in each condition, and 2) Waddell and Rogofffailed to control for study time: 

the older women studied the array longer than younger women. Additionally, Waddell 

and Rogoff compared only middle-aged and elderly women. The inclusion of a younger 

group might have revealed age group differences even in the panorama. 

Some investigators failed to show a disproportionate increase in the performance of 

older persons with increased distinctiveness of background. Park and colleagues (1990) 

failed to replicate the findings of Sharps and Gollin (1987). They examined memory for 

item identity and spatial location on a plain surface, a black-and-white map, and a colored 

model. Contrary to Sharps and Gollin, they found that the spatial memory of the younger 

group was consistently superior to that of the elderly adults, and spatial memory was 

facilitated by distinctive background characteristics equally in both groups. Similar 
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results were reported by Cooney and Arbuckle (1990) who used objects on plain or 

colored maps of a room. Sharps (1991, 1992) later suggested that categorization may 

have accounted for the differences in findings between the studies of Sharps and Gollin 

(1987) and Park et al. (1990). The performance of older adults was more facilitated than 

that of younger individuals by the more distinctive context only when target items were 

unrelated. When items were related by category, performance in the two age groups was' 

equally enhanced by distinctive background characteristics. This may be due to 

differences in frontal system function in younger and older adults: when the objects can 

be categorized, younger adults may use this information more effectively than older 

individuals to improve memory. 

Utt! and Graf (1993) varied context only at testing, but not during the learning 

phase. They asked younger and older individuals to perform a number of secretarial 

tasks (e.g., filing, placing objects in particular places, watering a plant). Following a 

series of memory tests (e.g., paired associates, digit span), participants were asked to 

relocate objects in the room in which learning had occurred, and to locate photos of the 

objects on a map. Performance in both groups was facilitated by relocation of these items 

in the room rather than the map. There was no interaction: younger adults demonstrated 

better spatial memory in both conditions. 

In another investigation of the effects of stimulus characteristics, Bruce and Herman 

(1986) used structures that represented distinct buildings (e.g., house, gas station, bam) 

or nondifferentiated buildings (cube-like structures varying only in color and roof shape) 

in a model, and found that overall, the spatial memory of the younger group was 

superior. They also found that on Trial 1, the two groups were equivalent on 

nondifferentiated, colored buildings. but the younger group was more accurate than the 

older group on the more distinctive, differentiated buildings. This appears to argue 
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against Sharps & Gollin's (1987) hypothesis that stimulus distinctiveness ameliorates the 

deficits of older persons. However, there were significant differences between the 

paradigms which may have affected patterns of performance. Both the differentiated and 

nondifferentiated buildings in the Bruce and Herman study were colored, differing in 

distinctive detail. The Sharps and Gollin buildings were either plain or painted wood. 

Additionally, the older group in the Sharps and Gollin study included persons who were' 

older (65-87 years of age, X = 76.35) than those in the Bruce and Herman study (60-70 

years of age, X = 65.0). In addition, the former study included men while the latter did 

not. This may account for the differences in results on Trial 1. On Trial 2, after another 

learning period, the younger group was superior to the older group in both the 

differentiated and nondifferentiated conditions. This may reflect task-general learning on 

the part of the younger and not the older participants. 

Another factor that can affect relative patterns of performance is the availability of 

learning aids. Provision of learning aids such as maps or diagrams can differentially 

affect younger versus older volunteers, and males versus females on spatial memory 

tasks. Caplan and Lipman ( 1995) studied age group differences in spatial memory for a 

slide presentation under three conditions: a map labeled "diagram", or a map labeled 

"map" (identical to the diagram in all but the label) available during the learning phase, or 

no map (control condition) during the learning period. Overall, memory was better in the 

younger than in the older group, and males performed better than females. However, 

there was an interesting interaction: younger men were superior to older men only when 

a map or diagram was not provided. Older women, on the other hand, were impaired 

only when a map was provided. Group performance was equivalent in the diagram and 

control conditions. Perhaps the mental representations of spatial information in older 

women were slightly distorted. If that was the case, when they attempted to compare 
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their own mental representation of an environment to one which was provided to them in 

the form of a map, the poor match may have interfered with performance. A study by 

Lipman (1991) provides evidence to support this hypothesis. She tested memory for a 

slide presentation of two overlapping routes through a neighborhood. Younger adults 

drew more accurate sketch maps depicting the overlapping section of the routes. Given 

the simplicity of route configuration (one was almost a complete square, the other was u- ' 

shaped), differences in drawing abilities cannot explain these results. In a large space 

spatial memory study, Ohta (1981) also found that the sketch maps of younger adults 

were more accurate than those of their older counterparts. Caplan and Lipman suggested 

that effective use of memory aids may depend upon whether or not they are perceived as 

useful, and upon prior experience with similar aids. The diagram may have been ignored 

entirely, and use of the map may have interfered with maximal performance due to prior, 

unsuccessful experience with maps. An alternative explanation for the interference effect 

of the maps is that they distracted older adults from the slide presentation, thus precluding 

adequate encoding. However, this would not explain the performance deficits in the 

diagram group, nor the impairments of elderly individuals demonstrated on spatial 

memory tasks which did not provide such distractions. 

The instructions given to research volunteers can also affect the relative outcome of 

different age groups. Participants in a study by Lipman & Caplan (1992) viewed a series 

of slides depicting two overlapping routes through a neighborhood. They were either 

instructed to attend to the contents of the slides, or the configuration of the route, or no 

orienting instructions were given at all. These authors reported that, when given explicit 

instructions to pay attention to the route, older participants recognized the landmarks as 

well as younger participants. But when instructed to attend to the scenes, the 

performance of the younger group was superior. 
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Summary and Conclusions 

Pamllel neurobiological and cognitive changes with age have clearly been 

demonstmted in animal studies. Previous human investigations have demonstmted 

neuroanatomical, neurophysiological and neurochemical alterations associated with the 

healthy aging process. Cognitive studies have provided evidence of changes in spatial 

memory across the adult lifespan. Similar patterns of perfonnance in animal models, 

patients with neuropsychological disorders, and relative performance of younger and 

older humans reviewed here are consistent with Moscovitch and Winocur's (1992) 

hypothesis that changes in spatial memory across the adult lifespan may be secondary to 

age-associated altemtions in the frontal and hippocampal systems. Older adults have 

greater difficulty acquiring spatial infonnation than their younger counterparts, are 

impaired in task-genemllearning, and their memory traces appear to decay more mpidly. 

Additionally, elderly adults exhibit difficulties in working memory, in organizing 

information, and in shifting attention from one task to another. However, conclusions 

based upon these behavioral studies must be viewed cautiously given the paucity and 

inconsistency of investigations focusing on parallel neurobiological and cognitive changes 

across the adult lifespan. 

Demogmphic variables, manipulation of memory load, and stimulus and 

background characteristics (e.g., addition of colors, 2- versus 3-dimensional displays, 

pictures versus objects), variations in instructions, as well as availability of memory aids 

influence memory perfonnance in younger and older adults, but may differentially affect 

the elderly. 
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PURPOSE OF THE STUDY 

The general purpose of the present investigation was to contribute to basic 

knowledge concerning the effects of aging on spatial memory. The specific aims of the 

study were: 1) to compare youngei' and older healthy adults on a large space task similar 

to rodent tasks demonstrated to be sensitive to hippocampal function (e.g., Morris, 

Garrud, Rawlins, & O'Keefe, 1982); 2) to compare these two age groups on a small 

space memory task similar to one on which the spatial memory of patients with medial 

temporal lobe excisions was impaired following a delay (Smith & Milner, 1989); 3) to 

explore differential impairments on spatial versus nonspatial subtasks; 4) to examine any 

associations between performances within and between the Small and Large Space 

Memory Tasks; and 5) to compare the performance of men and women on various 

aspects of memory. 



METHODOLOGY 

Subjects 

General Selection Criteria 
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Subjects were interviewed for medical history, current medical conditions, and 

current medications before being invited to participate in the study. Only those 

individuals who met the following criteria were included: those who reported being free 

of known dementing illnesses, neurological disorders, uncontrolled hyper- or 

hypotension, motor and visual deficits which would interfere with performance; those 

who were not clinically depressed (reflected in a score of 12 or less on the Beck 

Depression Inventory [Beck, Ward, Mendelson, Mock, & Erbaugh, 1%1]); those who 

were not taking medications which could impair cognitive performance; those with no 

history of prolonged unconsciousness (more than a few minutes), or cardiac arrest within 

the previous 18 months. All subjects were able to see cues from any point within the 

testing area, and hear instructions clearly. They were all mobile enough to move freely in 

the testing environment. All subjects were tested on both the large and small space tasks. 

All but two from each age group returned 5 to 9 days following the first session for 

delayed testing. 

Groups 

Thirty-three subjects were recruited for two age groups: 16 younger adults (9 

males, 7 females) and 17 older adults (7 males, 10 females). Ages in the younger group 

ranged from 18-30 (X = 24.5 years, s.d. = 3.0); subjects in the older group were age 60 

years and older (X = 72.1 years, s.d. = 6.2). Chi-square analyses did not reveal any 

differences between groups for sex (X2 [df = 1] = 0.75 < 3.84, p =.05), or handedness 

(X2 [df = 2] = 2.24 < 5.99, p =.05). Levels of education were not significantly different 

(2-tailed t = .727, P = .473). 
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Table 2: Subject Demographics 

II 
N 

Age Mean (s.d.) (years) 

Age Range (years) 

Education (years) 

Sex 

Handedness 

R = Right-handed 
L = Left-handed 
A = Ambidextrous 

y ounger Grou~ 

16 

24.5 (3.0) 

20-30 

16.6 (2.0) 

9M,7F 

16R,OL, 1 A 

Tasks 

II Older Grou~ 

17 

72.1 (6.2) 

61-81 

15.9 (2.8) 

7M,IOF 

13 R,3 L,OA 

M = Male 
F = Female 

Large Space Spatial Memory Task 

Subjects were asked to remember the location of a target (a lightweight PVC pipe 

standing in a metal base, 36-3/4" in height) within an octagonal tentlike enclosure (23 
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feet, 9 inches in diameter). Six colored, geometric shapes were provided at the periphery 

of the enclosure as cues to be used in the relocation of the pole. This task was developed 

based upon a task which has been demonstrated to be sensitive to hippocampal 

functioning in rats (Morris, 1981; Morris, Garrud, Rawlins, & O'Keefe, 1982). 

Accuracy was assessed in distance (measured in centimeters) and angle of rotation 

(measured in degrees) from the to-be-remembered location. Groups were compared on 1 

Practice Trial (a unique trial designed to ensure that subjects understood the task), 3 

Learning Trials (feedback provided as to correct location of pole after each trial), 9 
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Performance Trials (no feedback), and 4 Probe Trials (2 of the 6 cues removed). 

Materials 

The enclosure in which testing was conducted consisted of eight 8-foot vertical 

sections of conduit pipe joined together at the top and bottom by lO-foot horizontal 

sections of conduit pipe forming an octagonal frame. Black plastic sheeting (6 mil) was 

threaded like curtains onto the top and bottom horizontal pipes, forming walls for the 

enclosure. White gauzelike fabric formed the ceiling of the enclosure. This fabric 

allowed light to pass through, but partially masked light fixtures, ceiling tiles, and other 

potentially distracting cues. Strips of artificial grass covered the floor, minimizing the 

availability of local cues for remembering target location. Six colored geometric shapes 

(blue heart, red square, yellow triangle, pink cross, orange diamond, green circle) 

approximately 9 inches high were mounted on white poster board "easels" (easel base = 
11", height = 8-118") and placed on the floor at the periphery of the enclosure. (See 

Figure 1 for diagram of enclosure.) Cue positions were identical for all testing 

conditions, groups and individuals. However, particular cues were chosen at random to 

occupy these positions for three different test conditions, and these were balanced within 

and between groups. For instance, for Condition 1, the Diamond was located at 60 

degrees and the Cross at 100 degrees during the Learning Trials. In Condition 2, the 

Triangle was at 60 degrees and the Diamond at 100 degrees. Thus any order effect would 

result in random error and "cancel out" across groups and conditions. This was done to 

ensure that success or failure was not associated with any particular arrangement of cues. 

Procedure 

Prior to testing, all instructions were given by the investigator while the task was 

demonstrated using a tabletop model of the enclosure, target and cues. Subjects were 

then asked to demonstrate their understanding of the task using the model, and were 
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given an opportunity to ask questions before entering the testing area (see Appendix B, 

Sample Data Packet, for complete instructions.) Craik (1983, 1986) suggested that 

elderly adults are less likely to spontaneously develop and use efficient processing 

strategies on memory tasks (see Craik & Jennings, 1992, for discussion). Therefore, in 

order to maximize performance, and also to ensure that task demands were clearly 

understood by all participants, explicit instructions were given to notice and use the 

relative position of the cues and pole in order to be able to relocate the pole. In an effort 

to minimize the use of cue association strategies (e.g., wandering in the testing area until 

lined up with one specific cue), subjects were instructed to walk directly from the 

entrance of the enclosure to the target, both when retrieving the target and when replacing 

it in its original location. (Investigators observed subjects periodically from outside the 

enclosure to ensure compliance with instructions.) Subjects always entered the testing 

environment from the same position. Cues were rotated relative to the enclosure (as 

though the floor could be rotated independently of the walls) so that neither motor 

response strategies (left or right turns) nor cue association strategies (using local cues, 

e.g., wall or carpet seams) could be used effectively. Participants were warned before 

and between Learning Trials that this rotation of cues would occur in order to discourage 

use of local cues, and to encourage them to study the relative positions of all cues with the 

pole. 

Learnine Trials 

A large protractor placed in the center of the room was used to position the pole. A 

string attached to the center of the protractor was calibrated in centimeters. The pole was 

positioned at 100 centimeters from the room's center. (See Appendix B, Sample Data 

Packet, for positions of pole and cues on each trial.) Subjects were instructed to walk 

directly to the pole while attempting to remember the positions of all cues in relation to 
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each other and to the pole. They then left the enclosure with the pole, walking directly 

from the pole's position to the exit. Participants immediately returned to the room, went 

directly to the remembered target location, and replaced it as accurately as possible. Two 

measurements were taken after each trial: 1) distance (measured in centimeters) of the 

relocated target from the center of the room, and 2) number of degrees of rotation of the 

relocated target from its original position. Three measurements were used in the 

calculation of a general error score: the original distance of the pole from the center of the 

room (100 centimeters), the distance of the pole from the center of the room as replaced 

by subjects, and the angle of rotation between those two distances. (See Figure 1 for 

error formula and diagram.) 

Figure 1: Large Space Task Diagram 

& Formula for Performance Assessment 

00 

Yv"""'~ b ·'···x 
0. 

anglec 

Error.. j a 2 + b 2 - 2ab(cos C) 

x .. OrlgiMl po3ition of pole 
y .. Subjec1's po3ltionlng of pole 
0." 100 em from cen1er of room 
b .. DIsIZlIlCe from cen1er of room CIS positioned. by subject 
c ., i!nor Score 
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If participants did not appear to understand the task, the instructions were explained 

again, and subjects were given the chance to demonstrate the task on the model, and were 

given the opportunity to ask questions. Following the three Learning Trials, the pole was 

no longer replaced in its original position for the subject (i.e., no more 

leaming/feedback). From this point on, subjects relied upon memory for target/cue 

relationships during the Perfonnance and Probe Trials. 

Probe Trials 

A Probe Trial followed the three Learning Trials, and each block of3 Perfonnance 

Trials in the rotated conditions. Prior to Probe Trials, 2 of the 6 cues were removed. 

Participants were handed the pole outside of the enclosure, and asked to replace it as 

accurately as possible using the remaining cues. The particular cues to be removed were 

chosen randomly, and differed within and between the three testing conditions such that 

no two trials were identical for any particular subject. (See Appendix B, Sample Data 

Packet, for specific infonnation.) 

Participants were told in advance that different cues would be removed on each 

Probe Trial, and that they were to use the four remaining cues to place the target in its 

original position. They were not told in advance which particular cues would be 

removed. This method was used to limit the use of single cues for target positioning, a 

skill which has been demonstrated to be intact in rodents with hippocampal lesions. 

Evidence from intact (non-Iesioned) animal studies suggests that once the "cognitive map" 

of the environment has been encoded, a number of cues may be removed before the 

"map" is no longer functional. Based on this evidence, it was believed that humans 

would also remember the spatial location of the target in the absence of 2 of the 6 original 

cues. 
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Rotation Trials 

Immediately after the 3 Learning Trials and first Probe Trial, the 6 cues were rotated 

together 90, 180 and 240 degrees from their original Learning Condition positions, as 

though the floor could be rotated independently of the walls. Three Performance Trials 

and 1 Probe Trial were conducted in each of these rotated positions. To preclude an 

effect from the particular order of positions (either 90, 180 or 270 degrees of rotation 

from the Learning Trials position), order was chosen randomly for 3 different test 

conditions which were balanced within- and between-groups. Thus any rotation order 

effect would result in random error and would be expected to cancel out across groups 

and conditions. 

Rotation from the position of the Learning Trials precludes use of right-left motor 

responses upon entry into the enclosure, a learning strategy which does not require an 

intact hippocampus in rodents. Additionally, it permits examination of the use of relevant 

cues (geometric figures located on the periphery of the circular testing environment) 

versus irrelevant cues (e.g. floor markings, wall seams). Successful performance 

(rotation of target with rotated cues) would require a spatial memory strategy, reflecting 

memory for the spatial relationships of these items independent of absolute position 

relative to the room. Rodent studies provide evidence that an intact hippocampus is 

required for successful performance on similar tasks. Rotation of the target with the 

cues, but impaired memory for the relationships of the cues and target would be 

interpreted to reflect degraded formation, storage andlor retrieval of the hypothesized 

cognitive map. Placement of the target in its original, non rotated position despite rotation 

of cues, would suggest use of irrelevant, local cues for target location, a learning strategy 

which does not require the integrity of the hippocampus in rodents. It was expected that 

all participants, both younger and older adults, would use a spatial memory strategy for 
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solving this problem. However, it was expected that, concomitant with the hypothesized 

age-related degradation of the human hippocampus, the performance of older adults 

would be impaired on this task. 

Small Space Memory Task 

Materials 

Thirty-six objects were chosen for this task, 6 exemplars in each of 6 categories 

(desk/stationary items, toys, kitchen items, clothing/accessories, food, and toiletry 

items). Objects to be remembered were placed in a 6x6-cell shadowbox. Locations for 

particular items were phosen at random; 5 additional arrangements were made using a 

Latin Square. These 6 conditions were balanced within and between groups as well as 

possible to minimize the impact of any particular arrangement of items on memory 

performance. The shadowbox was placed on a chair so that all cells and the objects they 

contained were clearly visible regardless of the height of the subject. The shadowbox and 

its contents were obscured by a curtain when participants entered the testing room. 

Procedure 

Subjects were told they would have 2-112 minutes to study the items in the 

shadowbox, and that they should try to remember object identities and locations. (See 

Appendix B, Sample Data Packet, for complete instructions.) Following instructions, 

participants were given an opportunity to ask questions. The shadowbox was then 

uncovered, and the learning period began. Participants were encouraged to use the entire 

study period. Anyone who was distracted or demonstrated diminished attention was 

encouraged to continue studying the items. At the end of the learning period, the 

shadowbox was covered, and subjects were tested first for item free recall, then item 

recognition, and finally memory for item location. 
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Short-Term Free Recall for Objects 

Subjects were given 2-112 minutes to verbally report as many objects as 

possible in any order. Participants who stopped generating object names before the 2-112 

minutes expired were encouraged to continue trying to remember additional items. 

Short-Term Recognition Memory for Objects 

A list of seventy-two items was read aloud: these included the 36 target items from 

the 6x6 array (6 exemplars from each of 6 categories) and 36 distracter items (6 novel 

exemplars from the each of the same 6 categories). Subjects were asked to respond "yes" 

if the object was one of the target items in the array, and "no" if it was not a target item. 

Short-Term Spatial Memory for Object Array 

Objects were placed randomly on a table to the right of the shadowbox. Subjects 

were given 3 minutes to replace the 36 target items in their original locations. Subjects 

were encouraged to take the entire 3 minutes to complete the task. Spatial memory was 

assessed by assigning 3 points for items placed in their exact original locations, 2 points 

for those in any immediately adjacent cell (horizontally or vertically), 1 point for those in 

a cell immediately diagonal to the original location, and 0 points for any other location 

(see Figure 2). 

Long-Term Free Recall for Object Array 

Participants returned 5-9 days later for Session II. They were given 2-112 minutes 

to recall as many objects as possible in any order. 

Long-Term Spatial Memory for Object Array 

Following Long Delay Free Recall, subjects were given 3 minutes to put the objects 

back in their original locations. 



Figure 2: Scoring Procedure for Small Space Spatial Memory Task 

1 2 1 

2 3 2 

1 2 1 

Item placed in original position = 3 points 
Item placed in any vertically or horizontally adjacent 

position = 2 points 
Placement in .a diagonally adjacent position = 1 point 
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Protocol 

Session I 

• Interview/Medical Screening (5 minutes) 

• Large Space Spatial Memory Task 

• Learning Trials (15 minutes) 

• Performance Trials (25 minutes) 

• Beck Depression Inventory (BDI) (5 minutes) 

• Small Space Memory Task (15 minutes) 

• Learning Period (2-112 minutes) 

• Free Recall (2-112 minutes) 

• Recognition (5 minutes) 

• Spatial Recall (3 minutes) 

Total Testing Time (including breaks between tasks): Approximately 90 minutes 

* To control for the effect of task order within and between groups, the Large and Small 

Space Memory Tasks were alternated as either the second or fourth task in Session I. 

Session II 

• Delayed Small Space Memory Task: 

• Delayed Free Recall (2-112 minutes) 

• Delayed Spatial Recall (3 minutes) 

Total Testing Time: 15 minutes 
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RESULTS 

The analyses reported here revealed age group differences on a number of large and 

small space memory subtasks. Due to the reports of sex differences in prior studies of 

both spatial and verbal skills, data from the large and small space subtasks were 

compared using two-factor (group x sex) analyses of variance (ANOVA). The alpha 

level was set at .01 rather than .05 to correct for the use of multiple tests. The results of 

the Large Space Task (see Table 3 for group means; see Figure 1 for error score 

calculation procedures) indicated that there were no significant differences between 

groups on the Practice Trial, F(1,29) = .791, P = .3811, suggesting that younger and 

older adults understood the requirements of the task, and were equivalent in their abilities 

to remember the spatial configuration of the target and 6 cues. The main effect for sex 

was not significant, F(1,29) = .674, P = .4182. Interestingly, there was a trend toward a 

group-by-sex interaction, F(I,29) = 5.178, P = .0305. Examination of Practice Trial 

group means (see Table 4) suggested that the performances of older women and younger 

men were equivalent, and that they both tended to be better than younger women and 

older men. Given the fact that no other main effects or interactions were found for sex, 

this trend is probably due to random error. 



Table 3: Large Space Taslt Group Error Means 

I Sub task II Younger II Older II P Value I 
Practice 28.29 32.85 .3811 

Learn 12.53 30.77 .0003 

Learn T-1 14.97 35.82 .0024 

Learn T-2 10.667 31.395 .0016 

Learn T-3 10.275 21.755 .0399 

Lrn Probe 14.20 34.13 .0181 

Prfrmnce 30.50 47.32 .0706 

Prf Probes 33.04 47.76 .0683 

Practice Trial: 1 unique trial to ensure understanding of task directions. 
Learning Trials: 3 trials for participants to learn position of pole (pole 
reset to correct position after each trial) 
Learning (Learn) T -1: First Learning Trial 
Learning (Learn) T -2: Second Learning Trial 
Learning (Learn) T -3: Third Learning Trial 
Learning (Lrn) Probe: First time 2 cues are removed & participants 
used remaining cues for positioning of pole 
Performance (Prfrmnce) Trials: Cues rotated 90·,180·, and 270· 
from their Learning Trial positions (as though floor had been rotated). 
Participants positioned pole relative to those cues. (Performance Probe not 
included here) 
Performance (Prf) Probes: 4th trial in each rotated position. 2 cues 
were removed, and participants positioned the pole relative to the cues. 
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Table 4: Large Space Task Practice Trial Error 

Sex II 

Y 

0 

Totals 

Female II Male 

33.57 24.18 

24.62 44.616 

28.305 33.121 

Y: Younger Group 
0: Older Group 

II Totals 

28.288 

32.854 

30.64 

I 

In contrast to the Practice Trial results, spatial memory in the younger group was 

superior to that of the older group on the Learning Trials, F(1,29) = 17.39, P = .0003, 

and marginally significant on Learning Probe Trial, F(1,29) = 5.96, P = .0181. The 

Learning Trials were identical in nature to the Practice Trial: participants were asked to 

remember the location of a pole relative to the same 6 cues in each case. The only 
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difference was in the particular configuration of the cues and pole. Learning Trials were 

examined individually to determine the source of this discrepancy. Younger adults were 

significantly better on Trial 1, F(l,29) = 11.053, P = .0024, and Trial 2, F(l,29) = 

12.118, P = .0016. The performance of these two groups was similar on Trial 3, 

F(1,29) = 4.629, P = .0399. Group differences on Learning Trials 1 and 2 may, 

therefore, reflect task-general learning on the part of the younger, but not the older 

participants. Bruce and Herman (1986) found similar task-general learning on the part of 

younger, but not older individuals for the relocation of buildings in a model town. 

Winocur and Moscovitch (1990, cited in Moscovitch & Winocur, 1992) demonstrated in 

rodents that acquisition of maze-general learning skills is a frontal system function. The 
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current results might reflect changes in the frontal system with age. A 2-way (groups x 

trials) repeated measures ANOVA revealed that both age groups demonstrated improved 

performance over the 3 Learning Trials, F(1,31) = 3.557, p = .0345. There was a 

significant between-group difference in performance on these trials, F(1,31) = 15.561, 

p = .0004, but no group-by-Iearning trial interaction, F(2,62) = 1.129, p = .3298. 

However, the failure to demonstrate differences in learning curves, and in Trial 3 

performance may be due to ceiling effects in the younger group. 

Marginal group differences between the means of all Probe Trials, F(l,29) = 5.96, 

p = .021, suggested that the cognitive maps of older adults may be somewhat more 

fragile than those of younger adults, and therefore, more vulnerable to the loss of 

environmental cues, but this will require further investigation. There was no main effect 

for sex, F(1,29) = .016, p = .8992, and no group-by-sex interaction, F(1,29) = .076, 

p = .7841, on the Probe Trials. However, when the Learning Trial Probe and 

Performance Trial Probes were examined separately, a different pattern emerged. Group 

differences on the Learning Probe Trial were marginally significant, F(1,29) = 6.273, p = 

.0181. Sex differences did not reach significance, F(1,29) = 1.864, p = .1827. When 

the means of Performance Probe Trials were examined after eliminating the Learning Trial 

Probe, no significant group, F(1,29) = 3.585, p = .0683, or sex, F(1,29) = .015, p = 

.9024, differences were found. Similarly, when scores were averaged over all trials 

(Learning and Performance, including Probes), group differences were marginally 

significant, F(1,29) = 5.93, p = .0213, and there were no differences between males and 

females, F(l,29) = 0.00, p = .9974. However, when data from the Learning Trials were 

removed, and between-group means on Performance Trials alone were compared, group 

differences decreased, and were no longer marginally significant, F(1,29) = 3.525, P = 
.0706. In addition, when Performance Trials were grouped by degree of rotation from 
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the original absolute positions of the cues and target (90°, 180°, 270°), between-group 

comparisons did not reveal any significant differences, F(1,29) = 1.837, P = .1858; 

F(1,29) = 4.479, p = .043; F(1,29) = 3.227, p = .0828, respectively. These patterns of 

performance suggested that spatial memory impairments of older adults may be more 

attributable to differences in task-general learning (indicated by non-significant 

performance differences between groups on the Practice Trial in contrast to the impaired 

memory of older adults on the first Learning Trial), and in encoding ability (suggested by 

relative performance across Learning Trials), at least on this task. Once spatial 

information was encoded, the performance levels of younger and older adults on the 

Performance Trials were not significantly different. However, ceiling effects in the 

younger group may have precluded demonstration of group differences on the 

Performance Trials. Additionally, group differences, while not significant, were in the 

expected direction: absolute scores of younger adults were superior to those of older 

adults. 

Simple regressions computed across groups were used to examine relationships 

between performance measures on these sub tasks. There was no relationship between 

Practice and Learning Trials, r = .247, P = .1651, or Practice and Performance Trials, 

r = .282, P = .112. This suggests differences in the demands of these subtasks. A high 

correlation was found between Learning Trial and Learning Probe scores, r = .78, 

P = .0001, so relative performance across both groups on these trials seems to be 

maintained even in the absence of the two missing cues, although there are significant 

differences between group means on both subtasks (see above). A somewhat lower 

correlation exists between Learning and Performance Trial scores, r = .426, P = .0134. 

The relationships suggested by these analyses must be viewed with caution, because 

these associations can be unstable as the number in each subject group changes. 



Due to evidence of sex differences on verbal versus nonverbal tasks in previous 

investigations, the Small Space Task data were analyzed using 2-factor (group x sex) 

ANOV As (see Table 5 for group means). 

Table 5: Small Space Task Group Error Means 

I Subtask II Younger II Older II P Value I 

Free Recall 18.56 16.71 .2373 

Diy Recall 18.0 13.93 .0062 

Recog Diff 32.5 30.29 .1341 

Spatial ReI 72.56 53.53 .0077 

Diy Spatial 50.64 32.07 .0009 

Free Recall: Report as many of the 36 items as possible in 2-112 minutes 
Delayed (Diy) Recall: 5-9-day delayed free recall 
Recognition Difference (Recog DifO Scores: Hits minus false alarms 
Spatial Recall (Rei): Replace items in their original positions as 
accurately as possible in 3 minutes 
Delayed (Diy) Spatial Recall: 5-9-day delayed spatial recall 
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Immediate Free Recall for the 36 items in the small space task was not significantly 

different between groups, F(1,29) = 1.456, P = .2373, although the absolute difference 

between scores was in the expected direction (younger superior to older group 

performance) (Xy = 18.562; Xo = 16.706). There were no sex differences, F(1,29) = 
.502, P = .4844. Likewise, there were no group differences on Recognition Memory 

Difference Scores (Hits minus False Alarms) for the 36 items, F(1,29) = 2.375, P = 

.1341, nor were there sex differences, F(1,29) = .49, p = .4896, or group-by-sex 



interactions, F(1,29) = .791, p = .3712. However, there were significant age group 

differences in Immediate Spatial Memory, F(1,29) = 8.19, p = JJ077, Delayed Free 

Recall, F(1,25) = 8.927, p = .0062, and Delayed Spatial Memory, F(1,25) = 14.067, 
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p = .0009. There were no sex differences or group-by-sex interactions on these 

subtasks, suggesting that even on the spatial subtask, male and female memory abilities 

were equivalent. In order to examine the contribution of general memory impairment to . 

spatial memory deficits in older adults, groups were compared on these sub tasks using a 

one-factor analysis of covariance (ANCOVA) with Free Recall performance as the 

covariate. Group differences were still significant on the Spatial Memory, critical 

difference = 9.881, P = .0005, and Delayed Spatial Memory subtasks, critical difference 

= 9.524, P = .0005. Impairment on spatial memory tests, and delayed spatial and 

nonspatial memory tests have previously been associated with medial temporal lobe 

pathology (Smith & Milner, 1989; Moscovitch, 1982, cited in Moscovitch & Winocur, 

1992). Similar age-associated impairments demonstrated in the current study may, 

therefore, be attributable to changes in the medial temporal lobes with age. Correlational 

analyses suggested that performance on the test of Free Recall had moderate to high 

association with the other measures of immediate memory, that is, Immediate Spatial 

Memory, r = .66, P = .0001, and Recognition Difference Scores, r = .811, P = .0001. 

However, the predictive value of Free Recall dropped somewhat for measures of memory 

following a delay, including Delayed Free Recall, r = .555, P = .0018, and Delayed 

Spatial Recall, r = .503, p = .0054. These results merely suggest that further 

investigation of these associations are indicated. 

In addition to these within-task analyses, a principal components factor analysis 

was performed in order to examine any relationships within and between the Large and 

Small Space Tasks and their components. A default method extracted 3 factors, which 



59 

were subjected to an orthogonal transformation using Varimax. (See Table 6 for the 

orthogonal factor scores.) Items with loadings of 0.5 or more are presently interpreted as 

major contributors to each factor (printed in bold type). 

Table 6: Ortho8onal Transformation Solution (Varimax): Small & Large Space 
Tasks 

I Task II Subtask II Factor 1 II Factor 2 II Factor 3 I 
LarJ~e Space Practice -.632 .123 -.124 

Lar2e Space Learnln2 -.205 .167 .897 

Lar2e Space Performance -.209 .94 .213 

Lar2e Space Learn Probe -.082 .152 .905 

Lar2e Space Perf Probe -.227 .938 .133 

Small Space Free Recall .845 -.035 -.179 

Small Space Reco2. Dlff .763 -.36 -.177 

Small Space Spatial Rei .767 -.299 -.317 

Small Spaee Dlv Free Rei .736 .213 -.322 

Small Space Dlv Spt Rei .628 -.264 -.443 

Practice Trial: I unique trial to ensure understanding of task directions. 
Learning Trials: 3 trials for participants to learn position of pole (pole reset to correct position after 

each trial) 
Learning (Learn) T-l: First Learning Trial 
Learning (Lrn) Probe: First time 2 cues were removed & participants used remaining cues for 

positioning of pole 
Performance (Prfrmnce) Trials: Cues rotated 90·, 180·, and 270· from their Learning Trial 
positions (as though floor had been rotated). Participants positioned pole relative to those cues. 

Performance (Prf) Probes: 4th trial in each rotated position. 2 cues were removed, and participants 
positioned pole relative to the cues. 

Free Recall: Report as many of the 36 items as possible in 2-112 minutes 
Delayed Recall (Diy Free Rei): free recall after 5-9 day delay 
Recognition Difference (Recog Diff) Scores: Hits minus false alarms 
Spatial Recall (Rei): Replace items in their original positions as accurately as possible in 3 minutes 
Delayed Spatial Recall (Diy Spt Rei): spatial recall after 5-9-day delay 
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Factor 1 included the scores from the Practice Trial of the Large Space Task, in 

addition to all of the components of the Small Space Task. This factor accounted for 

almost 44% of the variance on these tasks. The spatial and nonspatial, immediate and 

delayed components of the Small Space Task all had high and fairly equivalent loadings. 

There was no discrimination between the learning portion (represented by scores on the 

tests of immediate memory) and the retention portion (represented by ability on the 

delayed trials) of the task. This factor may represent general memory ability, and/or 

intelligence. Factors 2 and 3, on the other hand, were comprised of different 

subcomponents of the Large Space Task only. They represent abilities on the 

Performance Trials and Performance Probes, and the Learning Trials and the Learning 

Probe, respectively. The Performance and Performance Probe Trials occurred after the 

relevant cues had been rotated together with respect to the room. Factor 2 accounted for 

28% of the variance, and may represent the stability of the memory representation on the 

Large Space Task in the presence of perturbations in the environment, when irrelevant, 

local cues (Performance Trials) or relevant cues (Probe Trials) are not available. Finally, 

Factor 3 appears to represent spatial learning ability, as it includes the Learning Trials and 

Learning Probe of the Large Space Task. It also accounts for 28% of the variance. 

The above factor analysis resulted in all sub tasks within the Small Space Task 

loading on the same factor. This is probably due to the fact that the Small and Large 

Space Tasks are fairly different in their demands: the constructs underlying Small Space 

Task performance are more like one another than they are like those underlying Large 

Space Task performance. In spite of this pattern of clustering, the Small Space subtasks 

do vary in their demands. Therefore, data from these subtasks were submitted to a 

separate principal components factor analysis. A default method extracted 2 factors, 

which were subjected to an orthogonal transformation using Varimax. (See Table 7 for 



the orthogonal factor scores.) Items with loadings of 0.5 or more are presently 

interpreted as major contributors to each factor (printed in bold type). 

Table 7: Orthogonal Transformation Solution (Varimax): Small Space 

Task 

Isubtask II Factor 1 II Factor 2 I 

Free Recall .8S7 .338 

Reco~ Diff .928 .246 

DIy Free Recall .179 .878 

Spatial Recall .61 .644 

Diy Spatial Rcl .419 .744 

Free Recall: Report as many of the 36 items as possible in 2-112 minutes 
Delayed Recall (Diy Free Recall): 5-9-day delayed free recall 
Recognition Difference (Recog Dift') Scores: Hits minus false alarms 
Spatial Recall: Replace items in their original positions as 
accurately as possible in 3 minutes 
Delayed Spatial Recall (Diy Spatial Rei): 5-9-day delayed spatial recall 
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Factor 1 included Free Recall and Recognition Difference Scores, which each had 

high and fairly equivalent loadings. This factor accounted for almost 53% of the variance 

on this task. Factor 2, on the other hand, was comprised of both the spatial and the 

delayed components of this task, and accounted for 47% of the variance. Moscovitch 

(1982) suggested that medial temporal lobe damage is associated with long-term memory 

deficits, with short-term memory relatively spared. Moscovitch and Winocur (1992) 



62 

proposed that changes in medial temporal lobe memory system functioning are probably 

involved in the memory deficits of older adults after a delay. O'Keefe and Nadel (1978) 

proposed that the hippocampus, a structure within the medial temporal lobes, is critically 

involved in spatial memory. One would predict from these hypotheses that if spatial 

memory and delayed recall each depend upon the medial temporal lobe memory system, 

performance in each of these areas would cluster in one factor, and that older adults 

would be impaired on these tasks relative to younger adults. The results of this 

experiment are consistent with these expectations. 
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DISCUSSION 

The purpose of the present investigation was to compare the performance levels of 

healthy younger and older adults on several aspects of memory. The specific aims of the 

studies were as follows: 1) To compare younger and older adults on a human large space 

spatial memory task similar to the animal tasks on which performance has been shown to 

be related to hippocampal functioning; 2) to compare these age groups on a small space . 

memory task (2-dimensional array of objects) on which patients with medial temporal 

lobe excisions have been found to be impaired following a delay; 3) to explore 

differential impairments on spatial versus nonspatial subtasks; 4) to examine associations 

in performance within and between the Large and Small Space Memory (Sub)Tasks; and 

5) to compare the performance of men and women on various aspects of memory. 

A group of subjects from 18-30 years of age was matched for sex and years of 

formal education to a group of subjects from 61-82 years of age. Patterns of performance 

on a Large Space Spatial Memory Task, and a Small Space Test of Immediate and 

Delayed Item Free Recall, Immediate Item Recognition, and Immediate and Delayed 

Spatial Recall were examined. The major findings of the study were that 1) while the 

abilities of younger and older adults were similar on a challenging Small Space Test of 

Free Recall and Recognition Memory, Spatial Memory in the elderly was impaired 

relative to that of their younger counterparts on this task; 2) Spatial Memory on this task 

was impaired even when Free Recall performance was entered as a covariate; 3) 

performance on the Learning Trials of the Large Space Task was superior in the younger 

group; however, learning rates were not significantly different; 4) younger, but not older 

adults demonstrated task-general learning, reflected in improved performance between the 

Practice and first Learning Trials; 5) the spatial memory impairments of the older group 

on the Large Space Task seem to be attributable to deficits in task-general learning, and 

encoding (reflected in group differences on the Learning Trials), and not to a failure in the 
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retrieval of adequately encoded spatial information (suggested by group means on the 

Performance Trials that were not significantly different from one another); 6) the inferred 

cognitive maps formed by both groups of participants remained relatively accurate even in 

the absence of some environmental cues (Performance Probe Trials), and when the 

relevant cues were rotated relative to the walls of that environment (Performance Trials); 

7) Spatial Memory deficits in the elderly on both the Large and Small Space Tasks, in the' 

context of normal verbal Recall and Recognition, provide evidence consistent with the 

hypothesis that spatial memory is differentially affected by the healthy aging process; 8) 

distinct patterns of performance on the Large and Small Space Tasks, in addition to the 

results of a factor analysis, suggest that the demands of the two tasks are quite different; 

9) based upon the results of the factor analysis and the relative performance patterns of 

the two age groups, it appears that the Small Space Task may reflect more general 

memory skills and perhaps intelligence level, whereas the Large Space Task may be a 

more purely spatial task. 

The results of some previous investigations have suggested that spatial memory is 

preferentially affected by the normal aging process (Zelinski and Light, 1988; Park, 

Puglisi, and Lutz, 1982; Chalfonte and Johnson, in press). Relative performance 

patterns of the two age groups of healthy adults in the present study provide support for 

that hypothesis. These particular adults demonstrated equivalent verbal Free Recall and 

Recognition Memory for 36 items in a spatial array, but memory for the spatial 

relationships between these objects was superior in the younger group. Based upon the 

results of a factor analysis, and the fact that all components of the Small Space Task, 

including the spatial memory component, loaded on the same factor, performance on this 

task appears to reflect general memory ability, and perhaps intelligence. This may be due 

to the fact that information, even spatial information, on this task can be encoded verbally 
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(e.g., the doll was in the upper left-hand comer; the soup was beside the stapler). 

Subcomponents of the Large Space Task, on the other hand, loaded onto two additional 

factors, one which reflects learning ability and the other which appears to reflect the 

stability of the spatial representations (cognitive maps) of these subjects. This task seems 

to be a purer test of spatial memory than the Small Space Task, with fewer opportunities 

for verbal encoding of infonnation. One useful manipulation for future investigations 

might be to equate the age groups on general memory ability and intelligence, and then 

examine relative performance on the Small and Large Space Tasks. 

Analysis of Large Space Task data suggested that one of the contributing factors to 

the spatial deficits of the older persons may be difficulty in task-general learning. 

Winocur and Moscovitch (1990) demonstrated in rodents that general improvements in 

performance within a task are dependent upon frontal lobe functioning. Therefore, failure 

to improve perfonnance between the Practice Trial and the first Learning Trial may reflect 

changes in the frontal lobes over the adult lifespan. This hypothesis might be explored by 

making direct comparisons of frontal lobe volumetric measurements to performance on 

the Large Space Task. 

Learning rates of the two age groups were not significantly different on the Large 

Space Task, but a comparison of Learning Trial mean scores revealed age group 

differences for these trials. In contrast, Performance and Probe Trial group means were 

not significantly different. This suggests that once the representation of objects and their 

spatial relationships had been adequately encoded in both age groups, the inferred 

cognitive maps of younger and older individuals were similar and remained stable 

through perturbations within the environment (i.e., absence of some cues; rotation of the 

relevant cues together, with respect to the room). However, ceiling effects in the younger 

group may have obscured group differences. This alternative hypothesis should be 
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explored further. 

In order to further examine the relative contributions of learning versus retention 

and retrieval, to spatial memory impainnents in the elderly, two variations of the current 

tasks could be developed. First, the Large Space Task might be made more challenging 

by arranging cues and target in a much larger, and perhaps more natural environment to 

diminish the opportunities for verbal encoding of spatial information and use of cue 

association strategies. In addition, abstract, black-and-white cues could replace the more 

"nameable" colored, geometric cues. These two manipulations would maximize reliance 

on spatial memory strategies to solve the problem. Second, a larger number of cues 

might be included, and they could be arranged such that some occlude others, 

necessitating movement through the environment in order to encode all of the spatial 

infonnation available. Third, long-tenn memory for the spatial configurations of items in 

the Large Space Task could be tested 5-9 days following the first session, as was the case 

in the Small Space Task. Fourth, various elements of the Large and Small Space Tasks 

might be combined so that they can be studied in a single task. For instance, the Small 

Space Task could be modified slightly such that, in addition to the current tests of 

memory (Immediate and Delayed Free Recall, Immediate Recognition, Immediate and 

Delayed Spatial Memory), several learning trials could be included in order to pennit 

comparisons of learning rate and level of encoding. A practice trial could be included to 

pennit examination of task-general learning, as occurred in the younger group on the 

current Large Space Task. Finally, Delayed Recognition Memory could be tested in 

addition to Delayed Free Recall and Spatial Recall. 

The results of the factor analysis, and the relative performance patterns of younger 

and older adults on the Large Space Task, which is similar to those used to test 

hippocampal function in rodents, are consistent with the hypothesis that this task may 

depend upon the normal functioning of the human hippocampus. Questions concerning 
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the neurobiological substrates of these tasks might be tested by comparing performance 

patterns of patients who have sustained focal lesions to either the hippocampal or the 

frontal system to healthy control subjects. Double dissociations would provide evidence 

that particular tasks or subtasks are uniquely sensitive to dysfunction in one or the other 

of these structures. Alternatively, healthy elderly adults might be divided into two 

subgroups consisting of those with high versus low scores on psychometric tests with 

known sensitivity to hippocampal and frontal system damage (see Glisky, Polster, & 

Routhieaux, 1995). These groups could then be compared to one another and to healthy 

younger adults on the subcomponents of the task. Any association between, for 

example, psychometric measures of hippocampal function and performance on the spatial 

memory elements of the Large Space Task would provide evidence consistent with the 

hypothesis that an intact hippocampal system is required for successful performance. 

Ultimately, inferences about relationships between neuroanatomic changes, spatial 

memory and aging will require studies in which brain structures are measured directly, 

for example, with MRI structural volumetric measures, and relationships between relative 

structural volume and spatial memory skills are examined. Sullivan et al. (1995) reported 

a relationship between a visuospatial task (Wechsler Memory Scale recall for drawings) 

and enlargement of the ventricles, but no relationship between this cognitive measure and 

hippocampal formation. DeToledo-Morrell et al. (1995) found reduced volume in the 

right hippocampal formation in older males, but not females, and an impairment in older 

males on a visuospatial memory task. A similar volumetric measure of the hippocampal 

formation might show a greater relationship with performance on the spatial memory 

tasks in the current investigation, which are believed to be sensitive to medial temporal 

lobe functioning. 

Previous investigators have reported significant differences between the spatial 

skills of men and women. However, of the investigations reviewed here, including the 
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current project, only two studies demonstrnted sex differences in spatial memory, defined 

as memory for the spatial relationships of objects in the environment (Lipman & Caplan, 

1992; Caplan & Lipman, 1995). Perhaps differences between males and females are 

more consistently related to abilities on visuoperceptual or visuospatial tasks (e.g., 

Dodrill, 1979; see Albert & Heaton, 1988), which rely more heavily upon brain 

structures other than the hippocampal memory system. In contrast, males and females 

may have equivalent abilities on spatial memory tasks such as those included in the 

present study, which may depend upon the normal functioning of the hippocampal 

memory system. Alternatively, the spatial memory tasks employed in the current study 

may not have been challenging enough to result in a sex difference. Perhaps on the 

versions suggested above for future studies, males will demonstrate superior spatial 

memory. Inconsistencies between studies invite closer examination of the relative 

performance of men and women on a variety of "spatial" tasks which are sensitive to 

different brain structures or systems. 

Severn I limitations of the current study suggest the need for replication and 

extension of this work. As mentioned above, failure to find group differences on some 

of the Large Space Subtasks (e.g., Practice, Performance and Probe Trials of the Large 

Space Task) may be attributable to ceiling performance in the younger group; absolute 

differences between group means were in the expected direction. The availability of 

non spatial (e.g., verbal) strategies for solving the problem may also have inflated the 

performance of the elderly. The use of non-nameable cues, a larger environment, a 

delay, and perhaps an interference task between Learning and Performance Trials, would 

probably make the Large Space Task more challenging, and age group differences might 

then emerge. Group differences might be demonstrated on the Small Space Free Recall 

and Recognition Tasks if study time was reduced. However, that might further confound 
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differential age-related impairments in spatial versus non spatial memory skills with 

difficulty in managing timed tasks. Inclusion of a greater number of target items, and use 

of noncategorizable target items might produce a different pattern of results from the 

current study. Modification of the task such that only a certain percentage of the 36 cells 

in the 6x6-cell shadowbox are filled might also result in different patterns of performance 

between these age groups. In addition, the Small Space Task could be modeled more ' 

closely on the Smith and Milner (1989) task design, with items scattered pseudorandomly 

rather than arranged in a matrix to see if that has an effect on relative performance. Future 

studies should also include a broader age range of older adults, allowing division of 

elderly participants into subgroups. These subgroups could be compared to one another 

and to younger adults for differences in brain volumetric measures, and the relationships 

those measures may have with cognitive skills. Perhaps the next logical step in the 

examination of parallel neurobiological and cognitive changes with age should be to study 

healthy adults 18-30 and 60-90 years of age on the modified versions of the Large and 

Small Space Tasks. Volumetric (MRI) measures of subdivisions of the frontal lobes and 

hippocampal formations, in addition to the behavioral measures obtained from these 

individuals, would permit examination of associations between structural and cognitive 

measures. 

In summary, Winocur and Moscovitch (1990) suggested that age-related 

neurobiological changes in the hippocampal and frontal systems may account for age 

group differences in memory. Results of the current study are consistent with this 

hypothesis, at least in terms of the hippocampal memory system being implicated in the 

memory deficits of older adults. There is some evidence consistent with the involvement 

of the frontal system as well, although the study was not specifically designed to test 

frontal system functioning. Evidence from previous investigations suggests that, in the 
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presence of hi ppocampal pathology, deficits in spatial memory and delayed spatial and 

nonspatial memory would be expected (Smith & Milner, 1989; Moscovitch, 1982). This 

is precisely the pattern of performance exhibited in the present study by older subjects. 

Conclusions based upon the results of this study are certainly tentative and in need of 

further investigation, both in healthy adults of different ages, and in patients with lesions 

in the frontal and medial temporal lobes. However, these results do provide direction for 

future investigations of brain-behavior relationships. 
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APPENDIX A: HUMAN SUBJECTS APPROVAL 

THE UNIVERSITY Of 

Human Subjects Committee 
ARIZONA 

HEALTH SCIENCES CENTER 

~ 

1690 N. Wa"",n (Bldg. 526B) 
Tucson, Arizona 85724 
(602) 626·6721 or 626·7575 

November 16, 1992 

Mary C. Newman, , M.A. 
Alfred W. Kaszniak, Ph.D. 
Department of Psychology, #332 
Main Campus 

RE: BEHAVIORAL EFFECTS OF THE AGING OF THE HUMAN HIPPOCAMPUS AND 
FRONTAL LOBE 

Dear Investigators: 

We received documents concerning your above cited project. 
Regulations published by the u.s. Department of Health and Human 
Services [45 CFR Part 46.101(b) (2») exempt this type of research 
from review by our Committee. 

Thank you for informing us of your work. If you have any questions· 
concerning the above, please contact this office. 

sincerely yours, 

.~ 
W~ll~am F. Denny, M.D. 
Chairman, 
Human Subjects Committee 

WFD:sj 

cc: Departmental/College Review Committee 



APPENDIX B: SAMPLE DATA PACKET 

SPATIAL MEMORY STUDY 

CODE: __ _ GROUP: __ _ EDUC: __ _ 

SEX: __ _ DOB: AGE: __ _ 

HAND: __ _ DATEOFTESTING: __ _ 

Neurological disorders: ________________ _ 
Head injury: _--:-__ 
Prolonged unconsciousness (more than a few minutes): ___ _ 
Alcohol/substance abuse: ___ _ 
Alcohol within last 48 hours ___ _ 
Colorblindness: ___ _ 

Medications: 

******************************************************************* 
CO~ENTS: ________________________ _ 
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6X6 GRID SPATIAL MEMORY TASK 

Learning Stage: (2-112 minutes to study) 

"This task takes approximately 15-20 minutes to complete. II (Stand subject in 
front of covered display.) "Here we have a shadowbox with a number of objects in it. 
(DO NOT SAY HOW MANY I). You will be given 2-112 minutes to study those items. 
Then they will be hidden and you will be asked to remember what they were and where 
they were located. (If subjects express real concern with ability to do the task, reassure 
them that it is difficult for everyone, and you just want them to do their best.) 

"If you do not know the name of an item, please ask me." 

"This is difficult for everyone. We just want you to do your best. Do you have 
any questions? ... Ready? ... Go! (Start stopwatch when subject actually turns around 
and begins looking at objects.) 
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FREE RECALL FOR ITEMS 

(rAPE RECORDER. 2-112 minutes to recall items.) "Now I would like you to tell me as 
many of the items as you can think of in any order. Ready? Go! (START 
STOPWATCH) 

1. 21. 

2. 22. 

3. 23. 

4. 24. 

5. 25. 

6. 26. 

7. 27. 

8. 28. 

9. 29. 

10. 30. 

11. 31. 

12. 32. 

13. 33. 

14. 34. 

15. 35. 

16. 36. 

17. 37. 

18. 38. 

19. 39. 

20. 40. 

** BE SURE TO ENCOURAGE participants to continue trying to remember objects if 
they give up before the 2-112 minutes have expired. 
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RECOGNITION MEMORY 
"I am going to read a list of items to you. I would like you to tell me 'yes' if the item 

was one of those you saw in the shadowbox, and 'no' if it was not. Ready?" 

blocks Slinky celery 

knife crayon napkin 

Bandaids watch bowl 

tie crackers peanuts --
handkerchief comb eraser 

scissors raisins sock 

candy pantyhose glue 

corkscrew brush honey 

cotton balls tape scarf 

yogurt eyeglasses nail clipper 

soap nail polish tissues 

plate rubberbands balloon 

shoe Coke toy car 

can opener pencil sharpener razor 

glove hat note pad 

yoyo glass shampoo 

salt shaker soup pen 

dice mitten deodorant 

fork pencil paperclips 

nutcracker stapler cookies 

toy soldier belt potato peeler 

toy boat toothbrush measuring cup 

coffee cup ruler markers 

ball doll Jell-O 
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INSTRUCTIONS: LARGE SPATIAL MEMORY TASK: 

"This task will last approximately 45 minutes. You will be brought into an 
enclosure like this one (show model). It has COLORED SHAPES like these near the 
wall (show sample). These are CUES to help you remember where a pole like this one is 
located. The pole will be somewhere on the floor. I would like you to go into the testing 
area, and walk directly to the pole. Notice where these COLORED SHAPES are (point to 
them) as you walk and after you arrive at the pole. These cues are here to help you 
remember exactly where the pole is located. You will walk directly to the pole, pick it up 
and walk back out. 

"Then you will go back into the testing area, walk directly to the place you found 
the pole (demonstrate on model) and put it exactly where you found it. DO YOU 
UNDERSTAND? 

"Every so often, the cues will be rotated, so remembering marks on the floor or 
walls will not help you to place the pole accurately. Use the COLORED SHAPES to help 
you remember where it goes. 

TAKE PARTICIPANT INTO TESTING ROOM 

"Do you have any questions? Okay, remember, walk directly to the pole, pick it 
up and walk straight back here. At the same time, look at the colored shapes S0 you will 
remember where to put the pole. 

Send Participant in for PRACTICE TRIAL. 

"Sometimes 2 of these cues will be missing, and you won't know ahead of times 
which ones we will take away. SO REMEMBER TO LOOK AT ALL OF THE 
COLORED SHAPES TO HELP YOU PUT THE PC~.JE IN THE CORRECT PLACE. 

"Do you have any questions?" 

BEGIN TESTING 



ROTATION CONDITION 1 

I. Practice Trial: 

Cue Order: Circle (80) Square (130) Heart (200) 
Diamond (350) Triangle (240) Cross (290) 

Target: 90 degrees, 100 cm from center of octagon 

( ___ degrees) ( ___ cm) 
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II. Learning Trials: "The colored shapes have been moved. Again, go in, look at ALL 
of the shapes and remember where the pole is in relation to them. Then bring the pole out 
here." 

Cue Order: Diamond (60) 
Heart (230) 

Cross (100) 
Square (260) 

Target: 150 degrees, 100 cm from center of octagon 

Angle Distance 

Tl: ( ___ degrees) ( ___ cm) 

Circle (170) 
Triangle (340) 

Total Error 

"Remember to look at ALL the shapes because we are going to remove some of them 
soon!" 

T2: ( ___ degrees) ( ___ cm) 

"Do the same thing, looking at all the shapes." 

T3: ( ___ degrees) ( ___ cm) 

(FROM HERE ON, THERE IS NO "LEARNING". Participants are handed the pole 
outside the enclosure, enter the enclosure, and put it where it was originally relative to the 
cues. They do not have to go get it, leave, and then put it back.) 

"Two shapes have been taken away. Use the remaining shapes to put the pole back where 
it was." 

PROBE 1: ( ___ degrees) ___ cm) 

(Remove DIAMOND & SQUARE) 



III. Rotation 1 (90 degrees) 

"Now all 6 shapes are back in there, but they have all been rotated from their original 
positions. They are IN THE SAME ORDER as they were before. They have just been 
rotated with respect to the room as though the floor could be rotated. Use the shapes to 
help you put the pole back where it was RELATIVE TO THE SHAPES." 

Cue Order: Diamond (150) Cross (190) Circle (260) 
Heart (320) Square (350) Triangle (70) 

Target: 240 degrees, 100 cm from center of octagon 

Angle Distance Total Error 

Tl: ( degrees) cm) 

T2: ( degrees) ( cm) 

T3: ( degrees) ( cm) 

"Two shapes are missing .... " 

PROBE 2: (, ___ degrees) ___ cm) 

(Remove DIAMOND & TRIANGLE) 

78 



IV. Rotation 2 (270 degrees) 

Cue Order: Diamond (330) 
Heart (140) 

Cross (10) 
Square (170) 

Target: 60 degrees, 100 cm from center of octagon 

Circle (SO) 
Triangle (2.50) 

"Okay, we are halfway through this task now! The shapes have been rotated again. 
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They are STILL IN THE SAME ORDER. Use the shapes to help you put the pole where 
it belongs." 

Angle Distance Total Error 

Tl: ( degrees) ( cm) 

T2: ( degrees) ( cm) 

T3: ( degrees) ( cm) 

"Two shapes are missing .... " 

PROBE 3: ( ___ degrees) ( ___ cm) 

(Remove CIRCLE & TRIANGLE) 

V. Rotation 3 (180 degrees) 

Cue Order: Diamond (240) 
Heart (50) 

Cross (280) 
Square (80) 

Circle (3.50) 
Triangle (160) 

Target: 330 degrees, 100 cm from center of octagon 

"Only 4 more trials to go! The shapes have been rotated again. They are STILL IN THE 
SAME ORDER. Use the shapes to help you put the pole where it belongs." 

Angle 

Tl: ( ___ degrees) 

T2: ( degrees) 

T3: ( ___ degrees) 

"Two shapes are missing .... " 

Distance 

( ___ cm) 

( cm) 

____ cm) 

PROBE 4: ( ___ degrees) (--. ___ cm) 

(Remove CROSS & DIAMOND) 

Total Error 
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BECK INVENTORY 

On this questionnaire are groups of statements. Please read each group of statements 
carefully. Then pick out the one statement in each group which best describes the way 
you have been feeling DURING THE PAST WEEK INCLUDING TODAY! Circle the 
number beside the statement you picked. If several statements in the group seem to apply 
equally well, circle each one. Be sure to read all the statements in each group before 
making your choice. 

1) 0 I do not feel sad. 
1 I feel sad. 
2 I am sad all the time and I can't snap out of it. 
3 I am so sad or unhappy that I can't stand it. 

2) 0 I am not particularly discouraged about the future. 
1 I feel discouraged about the future. 
2 I feel I have nothing to look forward to. 
3 I feel that the future is hopeless and that things cannot improve. 

3) 0 I do not feel like a failure. 
I I feel I have failed more than the average person. 
2 As I look back on my life, all I can see is a lot of failures. 
3 I feel I am a complete failure as a person. 

4) 0 I get as much satisfaction out of things as I used to. 
I I don't enjoy things the way I used to. 
2 I don't get real satisfaction out of anything any more. 
3 I am dissatisfied or bored with everything. 

5) 0 I don't feel particularly guilty. 
1 I feel guilty a good part of the time. 
2 I feel quite guilty most of the time. 
3 I feel guilty all of the time. 

6) 0 I don't feel I am being punished. 
I I feel I may be punished. 
2 I expect to be punished. 
3 I feel I am being punished. 

7) 0 I don't feel disappointed in myself. 
1 I am disappointed in myself. 
2 I am disgusted with myself. 
3 I hate myself. 

8) 0 I don't feel I am any worse than anybody else. 
I I am critical of myself for my weaknesses or mistakes. 
2 I blame myself all the time for my faults. 
3 I blame myself for everything bad that happens. 



9) 0 I don't have any thoughts of killing myself. 
1 I have thoughts of killing myself, but I would not carry them out. 
2 I would like to kill myself. 
3 I would kill myseif if I had the chance. 

10) 0 I don't cry any more than usual. 
1 I cry more now than I used to. 
2 I cry all the time now. 
3 I used to be able to cry, but now I can't cry even though I want to. 

11) 0 I am no more irritated now than I ever am. 
1 I get annoyed or irritated more easily than I used to. 
2 I feel irritated all the time now. 
3 I don't get irritated at all by the things that used to irritate me. 

12) 0 I have not lost interest in other people. 
1 I am less interested in other people than I used to be. 
2 I have lost most of my interest in other people. 
3 I have lost all of my interest in other people. 

13) 0 I make decisions about as well as I ever could. 
1 I put off making decisions more than I used to. 
2 I have greater difficulty in making decisions than before. 
3 I can't make decisions at all any more. 

14) 0 I don't feel I look any worse than I used to. 
1 I am worried that I am looking old and unattractive. 
2 I feel that there are permanent changes in my appearance that make 

me look unattractive. 
3 I believe that I look ugly. 

15) 0 I can work about as well as before. 
1 It takes an extra effort to get started at doing something. 
2 I have to push myself very hard to do anything. 
3 I can't do any work at all. 

16) 0 I can sleep as well as usual. 
1 I don't sleep as well as I used to. 
2 I wake up 1-2 hours earlier than usual and find it hard to get back to sleep. 
3 I wake up several hours earlier than I used to and cannot get back to sleep. 

17) 0 I don't get more tired than usual. 
1 I get tired more easily than I used to. 
2 I get tired from doing almost anything. 
3 I am too tired to do anything. 

18) 0 My appetite is no worse than usual. 
1 My appetite is not as good as it used to be. 
2 My appetite is much worse now. 
3 I have no appetite at all any more. 
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19) 0 I haven't lost much weight, if any, lately. 
1 I have lost more than 5 pounds. 
2 I have lost more than 10 pounds. 
3 I have lost more than 15 pounds. 
I am purposely trying to lose weight by eating less. Yes I No 

20) 0 I am no more worried about my health than usual. 
1 I am worried about physical problems such as aches and pains, or upset 

stomach, or constipation. 
2 I am very worried about physical problems, and it is hard to think of much else. 
3 I am so worried about my physical problems that I cannot think about anything 

else. 

21) 0 I have not noticed any recent change in my interest in sex. 
1 I am less interested in sex than I used to be. 
2 I am much less interested in sex now. 
3 I have lost interest in sex completely. 
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DELAYED FREE RECALL FOR ITEMS 

(TAPE RECORDER. 2-1/2 minutes to recall items.) "Now I would like you to tell me as 
many of the items that you saw in the shadowbox last week as you can think of in any 
order. Ready? Go! (START STOPWATCH) 

1. 21. 

2. 22. 

3. 23. 

4. 24. 

5. 25. 

6. 26. 

7. 27. 

8. 28. 

9. 29. 

10. 30. 

11. 31. 

12. 32. 

13. 33. 

14. 34. 

15. 35. 

16. 36. 

17. 37. 

18. 38. 

19. 39. 

20. 40. 
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DELA YED RECOGNITION MEMORY 
"I am going to read a list of items to you. I would like you to tell me 'yes' if the item 

was one of those you saw in the shadowbox last week, and 'no' if it was not. Ready?" 

blocks Slinky celery 

knife crayon napkin 

Bandaids watch bowl 

tie crackers peanuts 

handkerchief comb eraser 

scissors raisins sock 

candy pantyhose glue 

corkscrew brush honey 

cotton balls tape scarf 

yogurt eyeglasses nail clipper 

soap nail polish tissues 

plate rubberbands balloon 

shoe Coke toy car 

can opener pencil sharpener razor 

glove hat note pad 

yoyo glass shampoo 

salt shaker soup pen 

dice mitten deodorant 

fork pencil paperclips 

nutcracker stapler cookies 

toy soldier belt potato peeler 

toy boat toothbrush measuring cup 

coffee cup ruler markers 

ball doll JeU-O 
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