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ABSTRACf 

Damage to the frontal lobes appears to result in a deficit in the temporal 

organization of memory. McAndrews and Milner (1991) recently found that subject 

perfonned tasks (SPTs) with objects allowed frontal lobe-damaged patients to circumvent 

this deficit and perform normally on recency judgments. The present study was an 

attempt to investigate the critical properties of SPTs, by comparing the performance of 

frontal lobe-damaged patients and healthy control subjects on recency judgments under 

five different encoding conditions: SPT, naming, visual imagery, visual observation, and 

verbal elaboration. Results revealed a significant group-by-condition interaction, 

indicating that patients' performance varied across encoding conditions, while controls 

did not. Post-hoc comparisons confmned that patients performed significantly poorer 

than normal controls across all encoding tasks, except SPT. In the SPT condition, there 

was no significant difference between the groups. The present fmdings serve as a 

replication of McAndrews and Milner's results. Further, they help elucidate the nature of 

both SPTs and memory for temporal order. The fact that patients' performance in the 

SPT condition was superior to all other conditions, suggests that performing an action 

served as more than an elaborative encoding technique. It is concluded that activating 

and executing motor programs was the critical feature responsible for the observed SPT 

effect. It is further concluded that SPTs, rely on automatic processes. The use of an 

automatic method for item encoding may have allowed frontal lobe patients to devote 

available cognitive resources to encoding temporal order. Thus, SPTs compensated for 

frontal lobe patients' deficits in effonful processing, and hence improved their recency 

judgments. 
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Introduction 

The relationship between memory and the frontal lobes is extremely complex. 

While it seems that damage to the prefrontal cortex does not cause a primary memory 

deficit, it can result in a variety of other cognitive impairments related to mnemonic 

functioning. For example, patients with frontal lobe damage perfonn relatively nonnally 

on memory tasks that do not require the use of temporal infonnation, but are impaired on 

tasks that have temporal demands (Milner, 1971; 1982; Milner & Petrides, 1984; Milner, 

Petrides, & Smith, 1985; Schacter, 1987b). 

Time is an abstract concept that is experienced only indirectly. As time passes 

individuals experience changing cues, and recollection of a time period involves 

reconstructing the sequence or order of the cues. Many investigators have demonstrated 

that patients with frontal lobe damage have difficulty with sequential behavior (Fuster, 

1989; Luria, 1973; McFie & Thompson, 1972; Petrides & Milner, 1982; Stuss & Benson, 

1984,1986; Sullivan, Sagar, Gabrieli, Corkin, & Growdon, 1989). An indirect effect of 

this deficit on memory may be a resulting impairment in the ability to temporally order 

recalled events (Fuster, 1989; Stuss & Benson, 1984; 1986). In this sense, frontal lobe 

patients' temporal order memory deficit may represent a by-product of a more basic 

sequencing deficit. This explanation makes intuitive sense, especially when compared to 

the altemative--that·a discrete memory ability such as memory for temporal order is 

mediated by the frontal lobes, and not by the temporal-limbic system, which appears to 

be involved with most fonns of explicit mnemonic functioning. Over the last 25 years, 

the literature on temporal order memory has grown substantially. A review of the 

relevant studies in nonhuman animals and humans follows. 
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Nonhuman Animal Studies 

The animal work in this area is suggestive. Dorsolateral frontal damage in 

monkeys and medial prefrontal damage in rats has consistently led to deficits on a variety 

of delayed response-type learning tasks (Kolb, 1984; Fuster, 1989). In most types of 

delayed reaction tasks, the animal is required to perform a simple task that requires short

term memory, across numerous trials. Typically, the animal must choose the most recent 

cue from a constrained set of possibilities. These tasks have a temporal as well as a 

spatial component, and thus the evidence for a temporal order deficit based on frontal 

lobe damaged animals' performance is somewhat indirect. Kolb (1984) (as well as other 

authors; see Fuster, 1989), points out that across animal species, failure on delay tasks 

may involve either a deficit in spatial orientation, or recall of the most recent specific cue 

or behavior that was observed or performed. While investigators have failed to specify 

the basis for the deficit, the consistency between the human, primate, and rodent literature 

leads to the conclusion that lesions in analogous areas in the different species, result in a 

deficient memory for temporal order. 

Much of the work in primates has stemmed from the ubiquitous fmding that 

frontal damage, in the dorsolateral areas particularly, results in poor performance on 

delayed response and delayed alternation tasks (Stuss & Benson, 1986), as well as 

delayed matching-to-sample tasks and self-ordering of a sequence of responses (Kesner, 

1985). The major early work that shed light on the relationship between temporal coding, 

memory, and the frontal lobes was performed by Pribram and Tubbs (1967) and Tubbs 

(1969). Pribram and Tubbs found that primates with prefrontal lesions could perform a 

delayed alternation task successfully with a 15 second interval between individual trials, 

as compared to a condition with no delay between trials. The delay was seen as 

artificially "chunking" or organizing incoming information. Tubbs (1969) replicated the 
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fmding but failed to attain a similar effect when a light or sound was substituted for the 

15 second interval. The fmding that parsing could be achieved with a time delay but not 

through other means of chunking (i.e., light or sound), led to the conclusion that the 

frontal lobes are critically involved in the temporal coding of input. Much of the 

subsequent work in this area has not attempted to manipulate temporal dimensions as 

Pribram and Tubbs did by contrasting different intertrial intervals. The subsequent work 

has centered on delay tasks, which are generally assumed to be related to temporal order 

memory, as noted above. 

Similar to the literature concerned with primates, very few studies have been 

performed in rats, focusing specifically on temporal order memory. However, damage to 

the medial prefrontal cortex does result in impairment on differential reinforcement of 

low rates of response (DRL) performance, temporal go no-go alternation tasks and 

delayed alternation tasks (Kesner, 1985) as well as spontaneous alternation (Kolb, 1984). 

Kesner (1985; Kesner & Holbrook, 1987) recently conducted the first study on item and 

order memory in rats with frontal lobe lesions. The investigators measured the animals' 

ability to recall the sequence in which they had been exposed to radial maze arms. They 

found that relative to control animals, those with prefrontal lesions displayed normal item 

memory but were substantially poorer in their ability to recall the presented sequence of 

spatial locations. The authors note that their results are entirely consistent with the 

human literature and conclude that the prefrontal cortex is involved in temporally 

structuring information. 

Human Neuropsychological Studies 

Early studies on the ability to temporally order items in memory were undertaken 

by Corsi (cited in Milner, 1971, 1982; Milner & Petrides, 1984; Milner et al., 1985). 
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Corsi developed tasks using verbal and nonverbal material (words, abstract designs, and 

representational drawings), to assess the ability both to recognize previously presented 

material and to judge how recently it was seen. The task involved the continuous 

presentation of study items, interspersed with test items. The recognition test consisted of 

the presentation of two items, one of which had been previously seen and one which had 

not. The recency task also included two items, both of which had been previously 

presented. For both tasks, the subject was asked to indicate which item he or she had 

seen most recently. Patient groups consisted of individuals with unilateral frontal, 

temporal, and combined frontotemporal lobectomies. 

Corsi found that patients with left frontal lobe lesions had intact recognition 

memory for words, representational drawings, and abstract designs. Their ability to make 

recency judgments about the abstract designs and representational drawings was intact as 

well; however it was impaired for words. Patients with right frontal lobe lesions also had 

intact recognition memory for all of the material, but, in contrast with the left frontal lobe 

patients, demonstrated intact recency judgments for words, and impairment for abstract 

designs and representational drawings. Patients with left temporal lobe lesions were 

impaired in their ability to recognize words but were intact for abstract designs and 

representational drawings, as well as in making recency judgments about all types of 

material. The patients with right temporal lobe lesions had impaired recognition memory 

for abstract designs and representational drawings, but not for words, and were intact in 

their ability to make recency judgments about all kinds material. Patients with combined 

frontotemporal lesions were impaired on both recognition and in making recency 

judgments only for the type of material (Le., words vs. representational drawings vs. 

abstract designs) associated with the side of lesion. Hence, these double dissociations 

support the hypothesis that the temporal lobes are involved in the ability to recognize 
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previously presented material but not in the ability to make recency judgments. 

Conversely, the frontal lobes appear to be minimally involved in the ability to recognize 

information, but contribute greatly to the ability to make recency judgments. 

Since these early fIDdingS, several investigators have studied temporal ordering 

abilities in patient populations. Most of the patients in these subsequent studies had 

either frontal lobe damage or lesions in areas with heavy connections to the frontal lobes. 

Some have involved patients with amnesic syndromes of varying etiologies as 

comparison groups. It is important to note that most of the amnesic patients have 

temporal lobe damage, but some (specifically those with Korsakoffs syndrome), have 

frontal lobe damage as well. 

Ladavas, Umilta, and Provinciali (1979) replicated Corsi's fIDdingS, employing 

the same task with nonsurgical epilepsy patients who had focal lesions in either the left or 

right frontal or temporal lobe. Lewinsohn, Zieler, Libet, Eyeberg, and Nielson (1972) 

obtained results similar to Corsi when they found that patients with frontal lobe damage 

were disproportionately impaired on tasks requiring memory for temporal order when 

compared with memory tasks that did not. In addition, several investigators have found 

that patients with Korsakoffs syndrome demonstrate a deficit in temporal ordering that is 

disproportionate to their item memory impairment (Huppert & Piercy, 1976; Meudell, 

Mayes, Ostergaard, & Pickering, 1985; Squire, 1982) and there is at least one other report 

of a similar fIDding for a group of amnesic patients with mixed etiologies (Hirst & Volpe, 

1982). Salmon, Butters, and Shuckit (1986) demonstrated that when detoxified chronic 

alcoholics were aware that they would be required to make recency judgments about 

stimuli, they were impaired for figures, but not for words. The authors attribute the 

recency impairment to frontal lobe dysfunction and suggest that the material specificity of 

the deficit may be the result of documented visuoperceptive disorders in this population. 
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Vakil, Blachstein, and Hoofien (1991) studied temporal order memory in closed 

head injured patients. It should be noted that closed head injuries frequently result in 

frontal lobe damage (Lezak, 1983; Teasdale & Mendelow, 1984). Vakil et al. measured 

temporal order memory by analyzing the serial position of responses in a free recall task 

under incidental and intentional retrieval conditions. Patients' perfonnance did not differ 

from controls' in the incidental condition, but in the intentional condition, the control 

group showed a significant improvement, while the patients did not. The authors 

interpret this finding as evidence that automatic processes are better preserved than 

effortful processes in closed head injury. Effortful, or strategic processes in memory, are 

defmed as those that require attentional ability, vary with individual differences and 

improve with rehearsal, and are initiated intentionally. Automatic encoding processes, on 

the other hand, are defined as those that require minimum cognitive capacity, and 

function continuously at optimal levels, regardless of the individual's intent (Hasher & 

Zacks, 1979; Zacks, Hasher, Alba, Sanft, & Rose, 1984). There is an ongoing debate in 

the literature on nonnal individuals, focusing on whether temporal order is encoded 

effortfully or automatically, which will be discussed in greater detail later. At this point, 

it is only important to note that a few of the investigations on temporal order memory in 

brain damaged humans attempt to address this contentious issue. 

Schwartz, Deutsch, Cohen, Warden, and Deutsch (1991) recently investigated 

temporal order memory in schizophrenia using a recency discrimination task. Subjects 

were administered the Wisconsin Card Sorting Test (WCST), a semantic ordering task, 

and a verbal recency discrimination and recognition task similar to the one used by Corsi. 

They found that, compared to controls, patients perfonned nonnally on recognition, but 

were impaired on recency discriminations. Moreover, patients' recency discrimination 

perfonnance was inversely correlated with the number of perseverative errors committed 



on the WCST. The authors interpret the latter fmding as evidence for prefrontal 

dysfunction in schizophrenia. Further, they attribute their patients' recency 

discrimination deficit to a general failure to engage in effortful encoding processes. 

15 

A few investigators have compared the performances of more than one patient 

population on temporal ordering tasks. Gutbrod, Cohen, Maier, and Meier (1987) 

investigated temporal order memory in left and right hemisphere damaged patients. They 

found that left hemisphere patients were significantly more impaired on both a picture 

sequencing and a temporal order task than right hemisphere patients and normal controls. 

Kohl and Brandt (1985) compared temporal ordering ability under both incidental and 

intentional learning conditions, in patients with focal frontal lobe damage, Korsakoff 

syndrome patients, and alcoholic and nonalcoholic control groups. They found that both 

the frontal lobe and Korsakoff patients were significantly impaired in the incidental 

learning condition, and demonstrated significant improvement in the intentional 

condition. Error analyses indicated that the frontal lobe patients' impaired performance 

under the incidental condition was due to perseveration, and not to a failure of automatic 

encoding. The authors interpret the fmding in Korsakoff patients, as evidence for an 

automatic encoding deficit central to their amnesia, and not to their frontal lobe 

impairment. Shimamura, Janowsky, and Squire (1989,1990) studied the performance of 

a group of amnesics with mixed etiologies on temporal ordering tasks. They compared 

the performances of these amnesic patients with other patient groups who had either 

Korsakoffs syndrome or frontal lobe lesions, as well as normal controls. They found 

that, compared to normal controls, frontal lobe damaged-patients were intact for item 

memory and impaired on temporal sequence recall. The mixed amnesic group was 

impaired on both item memory and temporal ordering, as was the group with Korsakoffs 

syndrome. However, the group with Korsakoffs syndrome displayed an even greater 



deficit on temporal ordering than the mixed amnesic group. The authors conclude that 

this finding reflects the special role the frontal lobes play in temporal or sequential 

memory. 
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Recent studies by Sagar and colleagues (Sagar, Cohen, Sullivan, Corkin, & 

Growdon, 1988a; Sagar, Sullivan, Gabrieli, Corkin, & Growdon, 1988b; Sullivan & 

Sagar, 1989) focusing on memory functioning in Parkinson's disease have also 

demonstrated dissociations between temporal ordering and item memory ability. In a 

study focusing on retrograde memory (Sagar et al., 1988a), they found that memory for 

date of occurrence was differentially effected compared to memory for content of remote 

events. They also investigated anterograde memory (Sagar, et al., 1988b), and found that 

patients were relatively more impaired on recency discrimination than on short-term 

recognition memory for serially-presented words. Sullivan and Sagar (1989) used a 

nonverbal analogue of the verbal temporal ordering task, and found similar results. The 

authors attribute the fmdings across these studies to bilateral frontostriatal dysfunction 

caused by the disruption of striatal outflow due to nigrostriatal dopamine depletion. In 

addition, they relate the Parkinson's disease patients' impairment in recency judgments to 

other impairments of sequencing, typically attributed to frontal lobe dysfunction. 

More recently, Vriezen and Moscovitch (1990) investigated temporal order 

memory for words, representational drawings, and abstract designs in Parkinson's disease 

patients. The task required patients to reconstruct the order of stimuli within series. They 

found that the patients were impaired in some aspects of temporal ordering, but not 

others, and the authors interpret these fmdings along the automatic/effortful dimension. 

Although they employ the term "associative", their definition is similar to the one 

frequently implied by the term "automatic". They describe associative processes as those 

in which retrieval is achieved automatically, by cues with direct relationships to the 
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target. In their study, they found that patients performed similar to controls in terms of 

the number of stimuli placed in correct serial position, and in the number of intact pairs 

recalled. However, they were impaired on deviation and rank-order correlation scores, 

which essentially are measures of the relationship between stimuli order on presentation 

and on recall. The authors suggest that recall of the number of stimuli in the correct 

position may be mediated by associative processes and rank order correlations and 

deviation scores may reflect the efficiency of strategic processes. This interpretation of 

the dissociation leads to the suggestion that associative and strategic cognitive processes 

are mediated by different neuroanatomic structures. The authors suggest that the mesial 

temporal lobes and limbic structures mediate associative processes and strategic 

processes are dependent upon the frontal lobes. Therefore, they attribute Parkinson's 

disease patients' poor temporal order memory to frontostriatal system dysfunction and 

resulting reduced efficiency of strategic processes. 

There are a few studies with findings on temporal ordering that contradict much 

of the literature. Kopelman (1989) assessed frontal lobe atrophy as measured by cr scan, 

frontal lobe dysfunction as determined by performance on selected neuropsychological 

measures, and temporal context memory for both retrograde and anterograde events in 

patients with Korsakoff's syndrome, Alzheimer's disease, and normal controls. He found 

that, compared with normal controls, both patient groups were impaired on both 

anterograde and retrograde temporal memory tasks. However, temporal ordering ability 

had only a weak association with frontal lobe dysfunction and no correlation with the 

amount of frontal lobe damage among patients. It should be noted that although both of 

these patient groups are characterized as amnesic, the task controlled for recognition 

memory ability. Thus, their general memory impairment probably cannot account for the 

observed temporal ordering deficit. There is at least one other report of a patient with 
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retrosplenial damage without frontal lobe dysfunction, who demonstrated a temporal 

ordering deficit that was disproportionate to his recognition memory impainnent 

(Bowers, Verfaellie, Valenstein, & Heilman, 1988). Notwithstanding the results of these 

studies, most findings are consistent with, and are most readily explained by, the 

existence of a relationship between the frontal lobes and temporal organization of 

memory. 

In an attempt to go beyond describing the deficit and examine its nature in patient 

populations, McAndrews (1989; McAndrews & Milner, 1991) recently investigated the 

effect of encoding techniques on temporal ordering. McAndrews and Milner tested two 

hypotheses. The flIst was based on the proposal that the frontal lobes are responsible for 

parsing the stream of incoming experience (Pribram & Tubbs, 1967), and ultimately, the 

temporal ordering of this experience. Hence, McAndrews and Milner proposed that the 

inability of patients with frontal lobe lesions to temporally order information may be due 

to a general impairment in segmenting ongoing experience. Having these subjects 

actually perform tasks with items to-be-remembered may provide them with temporal 

landmarks to aid in segmentation and thus increase their ability to perform recency 

decisions. The second hypothesis, as stated by McAndrews and Milner, was based on 

fmdings that patients with frontal lobe lesions frequently demonstrate deficits on memory 

tasks that require strategically searching and comparing stored events. McAndrews and 

Milner reasoned that this ability may be involved in performing recency discriminations 

and may account for the deficit in frontal lobe patients. Thus, if they were provided with 

an encoding technique that does not require strategic processing, patients with frontal 

lobe damage should perform normally on recency decisions. 

The encoding technique McAndrews and Milner used in their study is known as a 

subject performed task (SPT). The SPT method was developed by Cohen (1981) and has 



19 

been further explored by a number of investigators (Cohen, 1983, 1984, 1985; Nilsson & 

Backman,1989). The technique is simple and involves merely performing an action with 

a to-be-remembered object. There are differing opinions on the critical properties of 

SPTs. Cohen (1981,1983,1985) argues that the technique is governed by automatic, or 

nonstrategic encoding processes. Thus, SPTs are seen as impervious to individual 

differences and encoding manipulations that affect strategic or effortful processing. 

Alternatively, Nilsson and Baclonan (1989) believe that it is the multimodal nature of the 

technique that leads to a greater number of encoded features, and ultimately, optimal 

encoding. Although the nature of the critical properties is as yet unclear, a number of 

fmdings on the use of SPTs are quite striking. Most investigations to date have focused 

on comparing SPTs with other methods frequently employed in traditional learning and 

memory experiments. The results indicate that, in contrast with findings on traditional 

verbal recall, for SPTs: there is no primacy effect in free recall (Cohen, 1981); the 

forgetting curve is less pronounced; self-selecting the act to-be-perfonned does not affect 

retention; there is no build-up of proactive interference; recognition and recall are 

stochastically independent; directed forgetting has only minimal effect; there is no 

difference between incidental and intentional learning; there are only minimal individual 

differences or developmental effects; and varying the depth of encoding by 

accompanying SPTs with questions that either do or do not require reference to past 

experience, has no effect (Nilsson & Backman, 1989). Nearly all of the studies with 

SPTs thus far, with the exception of that reported by McAndrews and Milner, have 

focused on memory in healthy adults, and a few have involved children or 

developmentally disabled adults (Nilsson & Backman, 1989). McAndrews and Milner 

are the fITSt to investigate the use of SPTs either in cognitive activities other than item 

memory or with brain damaged adults who have specific focal lesions and no pervasive 
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developmental disability. 

McAndrews and Milner (1991) compared the perfonnances of nonnal controls 

and patients with either unilateral frontal or temporal lobe excisions (for intractable 

epilepsy) on a recency discrimination task. The task included 11 trials, each consisting of 

an encoding phase, which involved exposure to a series of 22 items to-be-remembered 

(real objects or toys), followed by a test phase. Manipulations were perfonned at both the 

encoding and test phases. Encoding methods consisted of the subject either perfonning 

an action with the item (SPT) or simply naming it. During testing, the subject was 

presented with either a pair of objects he/she had previously seen, for which he/she had to 

make a recency decision, or the names of two of the objects, for which he/she was 

required to make a size judgment. The relationship between the pairing of items at 

testing and their original order of presentation during the study phase essentially created 

the three conditions critical to the hypotheses. These conditions include: SPT --SPT; 

non-SPT --SPT --non-SPT; non-SPT --non-SPT. 

McAndrews and Milner analyzed the data in a number of ways to address their 

hypotheses. First, to discover whether providing a temporal landmark aids segmentation, 

and ultimately temporal ordering, they compared the perfonnances on recency judgments 

in two of the three conditions. They compared recency discrimination perfonnances for 

pairs of non-SPT items (those that were simply named during encoding) that had an 

intervening SPT item during presentation, with those that did not (Le., order of 

presentation: non-SPT --SPT --non-SPT vs. non-SPT --non-SPT). The only significant 

fmding was an effect for group--patients with frontal lobe lesions were impaired in both 

conditions, compared to nonnal controls. Thus, providing a temporal landmark did not 

affect frontal lobe-damaged patients' deficit in temporal memory. Second, McAndrews 

and Milner addressed the question of whether a noneffortful, nonstrategic encoding 
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technique would allow frontal lobe patients to circumvent their deficit and perfonn 

nonnally on recency judgments. As the first analysis showed no difference between the 

two non-SPT conditions, the data was collapsed into one non-SPT category and was 

compared with recency judgments for pairs of items that had been enacted upon (i.e., 

presentation was: SPT --SPT). Significant findings included effects of condition as well 

as a group x condition interaction. Nonnal controls and temporal lobe lesion patients 

perfonned equivalently across conditions. However, patients with frontal lobe lesions 

were impaired on named items but perfonned as well as nonnal controls on SPT items. 

Thus, using SPT at encoding overcame a temporal order memory deficit for patients with 

frontal lobe lesions. 

McAndrews and Milner's results do not directly address possible factors that may 

be responsible for the facilitation provided by SPTs; however they do offer some 

tentative explanations, based upon the temporal ordering literature in nonnal subjects. 

Others (Jackson, Michon, Boonstra, De Jonge, & De Velde Harsenhorst, 1986; Naveh

Benjamin, 1990) have demonstrated that depth of encoding affects mem0I)' for temporal 

order. McAndrews and Milner suggest that performing actions may have increased the 

salience or distinctiveness of the memory trace (compared to the naming condition), 

leading to superior perfonnance. Another speculation is based on earlier fmdings that 

recency judgments for both preexisting (e.g., category membership) and novel (e.g., 

interactive images) associations are better than recency judgments for unrelated word 

pairs (Tzeng & Cotton, 1980; Winograd & Soloway, 1985). These findings have 

suggested the interpretation that the presentation of the second member of the pair 

reminds subjects of the first member. This presumably leads to direct (or automatic) 

encoding of the temporal order. McAndrews and Milner's study contained relatively few 

action items compared to named items in each series. They suggest that the process of 
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became associated with one another. 
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McAndrews and Milner point out that some previous studies have shown 

temporal order memory to involve effortful strategies while others have suggested that 

automatic processes are relied upon. They cite a recent study (Nairne, 1990) that 

suggests both types of processing may be involved. Using a single paradigm, Nairne 

found" ... substantiallong-term recall of order when subjects were not expecting a 

memory test" (suggesting that temporal order had been encoded automatically). Further, 

" ... he showed that cues which increased the accessibility of the episodic trace thereby 

facilitating retrieval processes, produced substantial benefits in memory for temporal 

order" (McAndrews & Milner, 1991). The fineting in their study is consistent with the 

notion that more than one mode of processing is available for judging recency. The 

general memory difficulties experienced by frontal lobe patients are thought to represent 

a failure to actively employ mnemonic strategies (Luria, 1973; Petrides, 1989; Stuss & 

Benson,1986). This may account for the temporal ordering deficit displayed by frontal 

lobe patients in most encoeting circumstances, inclueting McAndrews and Milner's 

naming condition. Earlier studies with SPTs have led to the conclusion that memory for 

manipulated objects involves a noneffortful, nonstrategic process. Given this, the fmeting 

that SPT facilitated patients' performance suggests that an automatic process is also 

involved. Taken together, McAndrews and Milner's, along with Nairne's finetings, 

suggest that there may be various modes of processing involved in memory for temporal 

order, and that the frontal lobes may not be responsible for all of them. McAndrews and 

Milner further imply that impaired recency discrimination may be due to frontal lobe 

patients' inability to engage in effortful processes, given that the SPTs improved their 

temporal order memory. McAndrews and Milner conclude that using SPTs provided 
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enough polysensory cues to allow patients to gain access to temporal order information, 

but that further examination of mnemonic processes such as reminding and various 

strategic operations would be necessary before temporal memory is more fully 

understood. 

McAndrews and Milner's f'mdings raise some interesting questions. First, the 

rmding that a simple encoding manipulation such as performing an action can overcome a 

deficit, quickly leads to a question about the nature of the technique. That is, the effect 

may have been due to an inherent aspect of SPT that distinguishes it from other methods. 

For example, perhaps it was efficacious because performing actions involves either 

general movement through space, or either the activation or execution of motor programs 

or plans, which may be dependent upon other, intact brain structures as well as putatively 

different memory processes. Or possibly, the effect was due to the necessarily self

involved nature of SPTs. Alternatively, the effect could be attributed to general 

elaboration, which any of a number of techniques could provide (cf. Craik & Lockhart, 

1972; Craik & Tulving, 1975). That is, performing the action may have merely provided 

a stronger, more distinctive trace, and other elaborative techniques might work similarly. 

It is plausible that all explanations are at work. That is, that general elaboration in many 

forms will work to aid performance of recency judgments; however, both the movement 

and motor components and self-involved aspect of SPTs provide something above and 

beyond other encoding techniques. 

As noted above, the distinctive characteristics of enacting an SPT include 

elaboration, the activation and execution of motor programs, general movement through 

space, and self-involvement. A number of encoding techniques that share specific salient 

features with SPT were developed and employed in the present study. There was an 

experimenter performed task (EPT) condition in which subjects observed the examiner 
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perfonn tasks with objects. This condition involved movement through space without the 

motor programming or self-involved aspects. A visual imagery condition was employed, 

in which subjects imagined themselves perfonning various actions with objects. This 

condition incorporated self-involvement and possibly the activation of motor programs, 

without either ~e movement feature, or the execution of motor programs. A verbal 

elaboration condition required that subjects provide estimates of how often they use 

objects and the last time they used them. It encompassed the self-involved characteristic 

without requiring either movement or motor programs. All three of the above conditions 

provide elaborate encoding, similar to SPT. Finally, simple object naming was used as a 

control condition because it shares none of salient features of SPT. In addition, naming 

allowed replication of McAndrews and Milner's findings. Most importantly, depending 

upon the results, these conditions permitted a number of possible dissociations, any of 

which would shed light upon the salient features of SPTs. The present hypothesis is that 

using a general semantic elaboration technique will improve frontal lobe patients' ability 

to perfonn recency judgments for items, but will not be as efficacious as performing 

actions with the items. Furthennore, using encoding techniques that share some but not 

all of the characteristics of SPTs will also improve the patients' ability to judge the 

recency of items, but will not be as effective as perfonning the actions themselves (i.e., 

SPT> EPT = Imagery = Verbal Elaboration> Naming). Engelkamp (1988) compared 

similar encoding methods in nonnal individuals, and found verbal task instructions led to 

the worst, imagery and observation resulted in intennediate, and task perfonnance 

yielded the best, item recall perfonnance. 

The present study addresses several issues that have been raised both within the 

temporal ordering literature and specifically, by McAndrews and Milner's study. First, it 

builds on the finding that the deficit can be overcome by SPTs, by exploring whether 
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other elaborative encoding techniques work as well. It also helps clarify whether the 

effect was due to general elaboration, movement through space, the activation and 

execution of motor programs, or the self-involvement that is specific to SPTs. Finally, it 

includes a clear, explicit recognition measure which will increase the confidence in any 

temporal order fmdings (i.e., one cannot judge recency if one cannot remember the item). 



METHOD 

The present study was conducted in two phases. In Phase I, three groups of 

nonnal controls were administered all five conditions in three different orders, to assess 

whether there were any order effects. None were found, and the order was fixed to 

prevent some specific encoding techniques from contaminating others that were 

particularly vulnerable. In Phase IT, the task was administered to additional nonnal 

control subjects and frontal lobe patients. 

PHASE I 

Subjects 
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Phase I included fIfteen healthy nonnal controls, recruited through personal 

contact with the examiner. Exclusionary criteria included significant psychiatric history, 

neurologic history (involving the central nervous system), and alcohol or illicit drug 

abuse. The subjects were divided into three groups of five each, that were matched for 

age, education, gender, and handedness. Two separate one-way analyses of variance 

(ANOVAs) were perfonned and no statistically significant differences were found 

between the three groups in tenns of age (p=.48) or education (p=.28). Chi-square 

analyses also revealed no differences in tenns of gender (p=1.0) or handedness (p=.56). 

The descriptive infonnation is presented in Table 1. 
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Table 1 

Descriptive information for control groups in Phase I 

(Means; standard deviations are presented in parentheses) 

Age 

Education 

Materials 

Group 1 

51.8 (±17.5) 

12.0 (±1.9) 

Group 2 

57 .2 (±2 0 • 1) 

13.4 (±1.3) 

Group 3 

62 • 4 (±12 • 8) 

12.4 (±O. 5) 

Two hundred common household objects were each assigned a commonly 

associated action. Items were then randomly and pennanently assigned to one of five 

series. Each series consisted of 40 items, 10 target items each in Lists I and 2, for 

exposure during both the presentation and test phases, and an additional 20 items that 

were used as foils exclusively during the test phase. Target items were counterbalanced 

so that all lists appeared both in all conditions and in both positions (as Lists I and 2) an 

equal number of times. The series of items are presented in Appendix A. 
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Procedure 

Every subject participated in each of five different conditions. Each condition 

consisted of a study phase during which the subject was exposed to 10 of the test items 

and their associated actions in a predeternrined random order, designated as List 1. The 

items in List 1 were exposed one at a time, for 5-8 seconds each, with a 2-3 second 

interstimulus interval. Following List 1, subjects counted backward for one minute, to 

prevent rehearsal. They were then exposed to 10 more items, in the same manner as List 

1, except that they were designated List 2. Immediately following List 2, subjects entered 

the test phase. During the test phase, subjects were exposed to 20 pairs of items. Each 

pair consisted of one item from either of the presented lists, along with a foil they had not 

seen previously. Foil order was random. Target item order was yoked to serial position 

during the study phase. This assured that item intervals between study and test exposure 

were equally distributed and held constant across all conditions and subjects. For each 

pair, subjects first indicated which of the items they recognized from the study phase. 

They then made a recency judgment for the recognized item, indicating whether they 

thought the item was from List 1 or List 2. Only those items correctly recognized were 

included in the recency judgment scores. 

The five conditions differed in their study phases and included: a control 

condition during which subjects simply named each item; an SPT condition, in which 

subjects performed an action with each item; a visual imagery condition, during which 

subjects imagined themselves performing an action with each item; an EPT condition 

(EPT), during which subjects observed the examiner perform an action with each item; 

and a verbal elaboration condition, during which subjects judged how frequently they 

performed particular actions with items. The actions involved in the latter four 

conditions were specific to the items and held constant across subjects and conditions. 
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During Phase 1 three different condition orders were administered to five nonnal 

controls each. The orders were constructed so that no condition occurred in any serial 

position more than once. Furthermore, SPT, the condition of primary interest, was 

distributed across serial positions, so that it occurred fIrst, third, and fIfth. The orders 

employed were as follows: 

1. SPT ---Naming ---EPT ---Elaboration---Imagexy 

2. N aming---EPT ---SPT ---Imagery---Elaboration 

3. Elaboration---Imagexy---N aming---EPT ---SPT 

The procedure took approximately two hours to complete and subjects were 

informed of the nature of the task. The instructions varied slightly, depending upon the 

particular condition. Every subject was given the following instructions prior to the flIst 

condition: "I am going to (hand/show) you a series of objects, one-at-a-time, and you will 

(perform a common action with it/ simply tell me its name/ watch me perform an action 

with it/ use a scale to rate how often you use it and to indicate the last time you last used 

it/ imagine that you are performing an action with it). We will call the series group 1. 

We will then take a 60 second break, during which you will count backwards. 

Immediately following the break, I will (hand/show) you another series of objects, one-at

a-time, which we will call group 2. After seeing all of the objects in group 2, there will 

be a simple test, in which I will hold up pairs of objects. Each pair will consist of one 

item which you have seen already, and another which you have not seen before. I will 

flIst ask you to tell me which one you have seen, and then whether you think it was in the 

flISt group or the second group." 

The instructions for all four subsequent conditions were as follows, except that the 

last portion varied, depending upon the particular condition: "We will proceed with the 
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next set of objects in the same way, in that I will show you a series of objects that we will 

call group 1, then there will be a break and you will count backward. Next, I will show 

you group 2, and then there will be a test. Again, I will hold up pairs of objects, and you 

will tell me which object in each pair you recognize as having seen before, and whether it 

was in the fIrst or second group. The only difference this time is that when you fIrst see 

the objects, instead of ..... , you will ..... ". Depending upon the conditions being referred 

to, this last sentence consisted of: 

SPT-- " ... perform a common action with each one" 

N aming-- " ... simply tell me the name of each one." 

EPT -- " ... watch me perform an action with each one." 

Elaboration-- " ... use a scale to rate how often you use each one and to 

indicate the last time you used it. " 

Imagery--" ... imagine that you are performing an action with each one. " 

Results 

The recognition memory performance of all subjects was 100%, making statistical 

analysis of these data unnecessary. For the recency judgments, a two-way (3 orders x 5 

conditions) mixed ANOVA was performed to determine whether there were any 

statistically significant differences among the three predetermined orders and fIve 

conditions (see Table 2). The order (p=.29), condition (p=.31), and order-by-condition 

interaction (p=.51) effects all failed to attain statistical significance. Thus, no differences 

in normal controls' performance were found, regardless of condition or order. 
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Table 2 

Recency judgment performance by condition in Phase I 

( /20; Means; standard deviations are presented in parentheses) 

Group 1 Group 2 Group 3 

SPT 16.0(±2.4) 15.2(±2.6) 16.2 (±3. 0) 

Naming 16.6(±2.6) 15.4(±2.9) 15.6(±3.7) 

EPT 16.8 (±1. 9) 14.8 (±1. 6) 16.0 (±l. 4) 

Elaboration 16.6(±1.1) 15.0(±1.2) 17.0 (±l. 4) 

Imagery 17.6(±1.8) 14.8 (±l. 8) 18.8 (±2. 5) 

Mean 16.7 15.0 16.6 

Condition Order Group 1: SPT--Naming--EPT--Elaboration--Imagery 

Condition Order Group 2: Naming--EPT--SPT--lmagery--Elaboration 

Condition Order Group 3: Elaboration--Imagery--Naming--EPT--SPT 

Mean 

15.8 

15.9 

15.9 

16.2 

17.1 



PHASED 

Subjects 
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This phase of the study included the original data from five of the nonnal control 

subjects in Phase I, as well as the perfonnances of five additional controls and 10 subjects 

with circumscribed lesions in either the right, left or both frontal lobes (see Appendix. B). 

The patient and control groups were matched for age, education, gender, and handedness. 

A series of univariate analyses (t-tests) revealed no statistically significant differences 

between the groups in tenns of age (p=.59) or education (p=.40). Chi-square analyses 

also revealed no differences in sex (p=.63) or handedness (p=.21) composition of the two 

groups. Descriptive data on the groups can be found in table 3. 

Table 3 

Descriptive information for patients and controls in Phase II 

Gender 

Handedness 

Mean Age (±SD) 

Mean Education (±SD) 

Patients 

7 M, 3 F 

9 R, 1 mixed 

52.1 (±7. 8) 

11.2 (±2.3) 

Controls 

6 M, 4 F 

8 R, 2 L 

48 • 2 (±14. 4) 

12.0 (±1.7) 
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The additional nonnal controls were recruited through personal contact with the 

examiner, and met the same inc1usionary/exclusionary criteria as those in Phase I. The 

patients were referred by several neuropsychologists, who were enlisted through personal 

contact with the examiner. Patients had no history of psychiatric treatment, or significant 

alcohol or illicit drug use. 

The patients'lesions have a variety of etiologies, including aneurysm (3), CV A 

(3), tumor (2), and penetrating head injury (2). The time elapsed since initial illness or 

injury ranged from two months to 16 years. The area and extent of patients' brain damage 

was determined by converging evidence from both neuroimaging studies and 

neuropsychological measures. Table 4 contains verbal descriptions and Figure 1 provides 

visual representations of the patients' lesions. The schematics were constructed from 

either CT or MRI scans, using a procedure developed by Damasio and Damasio (1989). 

In this method, neuroanatomicallandmarks are used to match the images' cuts to the best

fitting templates. This permits representation of the damaged area across multiple 

tomographic cuts. The lesion reconstructions and descriptions for all patients except MN, 

were provided by Paul Eslinger, Ph.D. The lesion reconstruction and description for 

patient :MN was provided by Mark Kritchevsky, M.D. 
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Figure 1 

Patient Lesion Reconstructions from CT or MRI Scans. 

CR zs SH 

RG/MP SC 
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Figure 1 

Patient Lesion Reconstructions from CT or MRI Scans. 

AL CH MN 

RS 
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Table 4 

Patient Lesion Descriptions 

CR Right frontal lobe lesion in the region of the operculum, which extends through 
the deep white matter to the frontal hom-subventricular area and to the insula with 
its subcortical structures, i.e., extreme and external capsules, claustrum, etc. 

ZS Left prefrontal lobe lesion which is primarily cortical and in the inferior-lateral 
sector. There is only a small amount of white matter involvement. 

SH Small left posterior ventromedial frontal lobe lesion, partly involving the basal 
forebrain. 

RG Rupture and clipping of anterior communicating artery aneurysm; areas of 
& damage based upon neurosurgeons' reports. CT scans show clip artifact which 
:MP precludes precise lesion localization. Damaged area is typically posterior 

ventromedial frontal lobe. This includes the region known as the "basal 
forebrain", i.e., septal nuclei, nucleus basalis, diagonal band of Broca, fornix, etc. 

SC Bilateral damage to the orbitofrontallobe. The lesion is polar and medial in the 
left hemisphere. The right-sided lesion extends through deep white matter, 
reaching the frontal hom, and stretches from medial to lateral surfaces. 

AL Left frontal lobe lesion involving the operculum (areas 44 & 45) and extending in 
the deep white matter to the frontal hom, insula, and prefrontal cortex just rostral 
and dorsal to Broca's area. 

CH Left superior frontal lobe lesion, located at the superior mesial juncture of primary 
motor, premotor, and prefrontal cortices, compromising small portions of each. 
The inferior aspects of the lesion intrude upon posterior cingulate gyrus and 
supraventricular white matter. 

MN Large bilateral medial frontal lesions that extend upward from orbitofrontal 
cortex. The superior extension is greater in the right hemisphere than in the left. 
There is compensatory enlargement of lateral ventricles, particularly anteriorly. 

RS Very large lesion to the orbital and inferior medial frontal lobe bilaterally. Edema 
surrounds the lesion, involving almost the entire inferior frontal lobe, in polar, 
mesial, and lateral sectors. This includes the posterior ventromedial frontal lobe 
and possibly the region of the basal forebrain. 
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Patients were administered a battery of tests that measure a variety of cognitive 

functions. Administration of the neuropsychological measures required approximately 

three hours. The battery was chosen based upon literature that shows frontal lobe patients 

to be impaired in particular cognitive abilities. For example, a number of studies have 

demonstrated that damage to the frontal lobes often results in deficits in: attention; 

initiation and maintenance of response set; sensitivity to interference; and word 

generation (Lezak, 1983; Stuss & Benson, 1986). Therefore, some measures in the 

battery were selected to detennine whether the patient group in the present study 

manifested classical frontal lobe-related neurobehavioral dysfunction. The letter 

cancellation task (Mesulam, 1985) requires basic attention and visual scanning. The Trail 

Making Test (Heaton, Grant, & Matthews, 1991; Reitan & Davison, 1974) assesses the 

ability to alternate between two response sets, and the Stroop Color-Word Interference 

Test (Stroop, 1935) measures the ability to maintain a response set while simultaneously 

inhibiting a distracting response set. The Lurian tasks (Luria, 1966/1980) assess a variety 

of executive functions, including the ability to attain, maintain, and change response sets. 

These tasks involve performing series of alternating hand movements, alternately tapping 

rhythms, knocking on command, and drawing serial patterns. Finally, the "letter fluency" 

generative naming task (Lezak, 1983) measures verbal fluency. 

Other measures were selected because they assess a cognitive function 

particularly relevant to the experimental task. For example, determining individual 

patients' general level of intellectual functioning ensured that it was not so low that it 

would effect task performance. All patients were administered the Wechsler Adult 

Intelligence Scale-Revised (W AIS-R) Information and Vocabulary subtests (Wechsler, 

1981) as part of the present study. These subtests are thought to be good general 

indicators of intellectual ability (Lezak, 1983). 
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Memory was a particularly relevant cognitive ability to measure for a number of 

reasons. First, the ability to recall or recognize an item or event is essential to making a 

recency judgment. Second, as discussed above, frontal lobe deficits may affect memory 

perfonnance. In the present study memory ability was assessed in a number of ways. 

Both verbal and visual recall were assessed using subtests from the Wechsler Memory 

Scale-Revised (Wechsler, 1987). Verbal and visual recognition memory were detennined 

by the Recognition Memory Test (Warrington, 1984). Finally, adequate recognition 

memory for the specific items in the experimental task was assured by assessing 

recognition prior to recency judgments. Although many patients displayed impairment 

on some of the clinical memory tasks, none was impaired across all measures employed, 

and all recognized 100% of the items in the experimental task. 

Two additional measures were selected because they assess specific abilities that 

are requisite for successful execution of particular encoding conditions. Successfully 

performing actions (as well as benefitting from the procedure) requires intact sensory, 

motor, and perceptual abilities. Additionally, the EPT requires intact visual processes. 

Therefore the Halstead-Reitan Sensory-Perceptual Exam (Heaton et al., 1991; Reitan & 

Davison, 1974), which grossly assesses a variety of basic sensory, perceptual, and motor 

functions was employed. Finally, prior to undergoing the imagery condition, the Gordon 

Test of Visual Imagery Control (Gordon, 1949) was used to ensure that patients were able 

to adequately visualize objects in motion. The tasks comprising the neuropsychological 

battery are summarized in Tables 5. 
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Table 5 

Patient descriptive data and scores on neuropsychological 
measures 

CR ZS SH RG SC AL MP CH .MN RS 

!:2~ng~r M M F M F M M F M M 

H~m;!~dn~~:i1 R R R R R Mixed R R R R 

~ 53 75 52 5l l6 67 64 3l 46 66 
Egucation l3 9 l2 8 lO l5 l4 9 l2 lO 

WAIS-R 
(scaled score) 
information 9 lO 9 7 6 8 l3 4 8 l4 
vocabulary II 11 8 7 6 8 l5 5 9 lO 

~ 
(percentile) 
stories I 53 86 66 9 47 II 44 3 9 89 
stories II 38 8l 45 23 49 l4 18 1 8 78 
drawings I 19 90 63 50 43 l2 99 17 72 89 
drawings II lO 99 80 65 79 49 l3 25 19 93 

~ 
(scaled score) 
words 10 8 13 3 lO 13 9 13 lO II 
faces 4 6 9 5 6 9 II l3 4 l6 

C~DI:;~llgt;i.QD 
(raw score /30) 
left 29 29 29 28 30 29 30 29 30 30 
right 30 30 28 22 29 30 30 29 30 29 

:r;!;:ail~ A 4l 58 42 43 53 38 49 20 41 38 
:rr~il~ B 33 48 46 45 53 30 49 lO 42 48 
(T-score) 

St;rQQr;! 
(T-score) 
interference 49 NA 5l 48 55 * 54 4l 52 52 

rlmml:;;:l 
(percentile) 95 9 29 95 4 4 19 4 4 59 
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CR ZS SH RG SC AL MP CH MN RS 

~!.n;;:;i.g Ig:zk:z 
(raw score /20) 
alternation 15 20 17 17 20 19 20 16 20 19 
tapping 20 20 16 20 17 18 17 20 16 18 
go no-go 20 18 20 20 20 15 20 15 19 20 
serial patterns: 

copy 20 20 20 18 20 19 19 17 12 18 
recall 20 20 20 10 20 20 20 10 10 20 

~~n~Q:t::!l 
tactition 
(raw sco:ce /24) 

right 24 24 24 22 24 24 24 24 24 24 
left 24 24 24 22 24 24 24 24 24 24 

audition 
(raw score /8) 

right 8 8 8 6 8 8 8 8 8 * 
left 8 6 8 6 8 8 8 8 8 * 

vision 
(raw score /24) 

right 24 24 24 22 24 24 0 24 24 24 
left 24 24 24 24 24 24 24 24 24 24 

finger gnosis 
(raw score /20) 

right 20 20 20 20 20 20 20 20 20 20 
left 20 20 20 20 20 20 20 20 20 20 

astereognosis 
(raw score /6) 

right 5 4 NA NA 4 4 NA 4 5 6 
left 5 5 NA NA 4 4 NA 6 6 6 

finger oscillation 
(T-score) 

right 44 44 36 12 36 31 50 24 40 33 
left 31 51 40 10 31 52 47 27 35 37 

grip strength 
(T-score) 

right 43 44 40 22 30 41 45 35 37 47 
left 44 46 40 13 25 43 47 50 43 48 

Imgg~;[:!l 62 63 58 60 57 45 60 62 60 51 
(T-score) 

NA = Not Administered 
* = patient was too impaired to complete 
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Patients' perfonnance across the measures varied greatly. Four patients received 

relatively low scores on the measures of intellectual functioning. However, three of them 

(RG, SC, and CH) had a low level of education. The remaining patient (AL) suffered a 

left-hemisphere CVA, and as a result experiences residual word-finding difficulty. The 

Infonnation and Vocabulary subtests are sensitive to both verbal deficits and level of 

education, and thus these factors probably account for these patients' poor perfonnance. 

Three patients (ZS, SH, and RS) were minimally impaired overall. The remaining seven 

patients were more moderately impaired, in that each yielded relatively low scores on 

several measures, but were also intact on a variety of others. Each of these seven patients 

demonstrated impainnent on some of the memory measures, but none was impaired 

across all memory tasks. In tenns of the measures of frontal lobe functioning, all 10 

patients perfonned in the impaired range on at least one task. All of the patients were 

generally intact on the sensory-perceptual measures, however, many were impaired on 

sensory-motor tasks (i.e., grip strength or fmger oscillation). Finally, it should be noted 

that no patient rated him or herself impaired at visualizing objects in motion. 

Materials and Procedure 

The materials and procedure for the experimental task were identical to those 

employed in Phase 1. Given that no differences in perfonnance among nonnal controls 

were found, regardless of condition order in phase I, the order was fixed in Phase IT to 

prevent some specific encoding techniques from contaminating others that were 

particularly vulnerable. For example, if subjects became experienced at imagery and 

elaboration early in the test session, it would be difficult to prevent (and detect) them 

from covertly employing the techniques simultaneously while performing actions in the 

SPT condition or naming the objects. Therefore, the order that was selected was: SPT; 
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Naming; EPT; Elaboration; and Imagery. Five control subjects from Phase I had 

received this order, and thus these data were included in Phase II. All 10 patients and the 

five additional nonnal control subjects tested exclusively in Phase II received this same 

order. 

Results 

The analyses included the original data from the five subjects in Phase I who 

received the selected condition order, as well as five additional nonnal controls, and 10 

patients with frontal lobe lesions. All subjects correctly recognized 100% of the study 

items, rendering analysis of recognition accuracy unnecessary. For the recency judgment 

data, a two-way (2 groups x 5 conditions) mixed ANOVA revealed a significant overall 

effect of group (p=.0004), indicating that patients' perfonnance was generally lower than 

controls'. There was no significant overall effect of condition (p=.1O). Importantly, there 

was a significant group-by-condition interaction (p=.0 1), indicating that patients' 

perfonnance varied across encoding conditions, while nonnal controls were equivalent 

across conditions (see Table 6). Post-hoc t-test comparisons confmned significant 

differences between the groups across all encoding tasks, except for SPT. In the SPT 

condition, there was no significant difference between patients and nonnal controls 

(p=.75). 

An additional series of one-way ANOV As comparing patients' perfonnance in 

each condition with chance-level perfonnance (i.e., 10 correct), revealed a significant 

difference across all conditions (p values ranged from .0001 to .0039). This fmding 

indicates that patients' perfonnance was significantly above chance in each of the 

encoding conditions. 



Table 6 

Recency judgment performance by condition in Phase II 

( /20; Means; standard deviations are presented in parentheses) 

Patients Controls 

SPT 15.5 (±1. 8) 15.8 (±2.4) 

Naming 12.9 (±2. 8) 16.2 (±2. 2) 

EPT 13.0 (±1.6) 16.7 (±1. 9) 

Elaboration 13.0 (±1. 3) 16.1 (±1. 9) 

Imagery 13.9 (±2.2) 17.2 (±2. 0) 

Mean 13.6 16.4 

Condition Order: SPT--Naming--EPT--Elaboration--lmagery 
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Discussion 

The fIrst fmding of note is that all subjects in the present study showed perfect 

perfonnance on the recognition portion of the task, indicating that any irnpainnent noted 

in recency judgments is not the result of an inability to recognize which object they had 

seen previously. The major fmding in the present study is that frontal lobe patients were 

impaired on recency judgments under all conditions except SPT. These results replicate, 

with a different paradigm, the McAndrews and Milner (1991) fmding that executing 

actions with objects allowed patients to overcome their defIcit and perfonn nonnally on 

recency judgments. The present study also extends McAndrews and Milner's fmdings, in 

that it begins to address the crucial characteristics of SPTs, as they affect the temporal 

order memory of patients with frontal lobe damage. 

McAndrews and Milner offer the explanation that a reminding process may have 

accounted for frontal lobe patients' superior recency judgment perfonnance. In their 

stuey, relatively few SPT items were embedded in series of named items. They speculate 

that later SPT items may have reminded patients of earlier items, and thus led to direct 

encoding of temporal order. The present study employed separate series of items for each 

encoding condition, preventing item pairing and subsequent reminding. Therefore, the 

process of reminding cannot account for the present finding, that frontal lobe patients' 

temporal order memory for SPT items was superior to all other conditions. 

The next issue that must be addressed is whether SPTs merely represent a fonn of 

general elaboration that encourages deep encoding and subsequent improved recall of 

temporal order. This appears not to be the case. Each of the other encoding conditions, 

(except for the control condition of simple naming) represents an elaborative technique, 

yet none facilitated patients' perfonnance. This lack of temporal order memory 
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facilitation by conditions other than SPT is particularly interesting, since there is evidence 

from studies on item recall that some of the encoding conditions employed in the present 

study are equivalent to SPT, in terms of their elaborative quality. For example, Cohen, 

Peterson, and Mantini-Atkinson (1987) compared item recall in normal individuals under 

three of the same conditions employed in the present study. Their study conditions 

included SPTs, EPTs, and task instructions (TIs). In the TI condition, which is similar to 

the verbal elaboration condition in the present study, subjects were presented with task 

instructions, with no enactment. The SPT condition contained the motor as well as the 

movement through space components, the EPT condition involved movement only, and 

the TI condition contained neither. The results showed recall to be equivalent under the 

SPT and EPT conditions, but inferior for TIs. The fact that performance was equivalent 

for SPTs and EPTs, suggests that the motor component did not account for the superior 

item recall over TIs, and suggests that the movement through space component was the 

critical characteristic in this study. While TIs were inferior in the Cohen et al. study, 

other investigators have found this manipulation to be equivalent to SPTs ii1 young adults 

(Backman & Nilsson, 1984; 1985). Therefore, at least for some subjects, TIs, or verbal 

elaboration, and SPTs may possess equivalent elaborative potential in regard to item 

recall. Another condition employed in the present study, imagery, was reported to be 

superior to motor encoding (Le., performing actions) in a cued recall task, but inferior in a 

free recall condition (Engelkamp, 1988). Although Engelkamp has generally found 

imagery to be an inferior encoding technique to enactment, at least one investigator found 

that it led to greater sentence recall (Saltz & Donnenworth-Nolan, 1981). Thus, a number 

of studies have demonstrated that the various encoding conditions employed in the 

present study have similar elaborative qualities, as judged by their effect upon item recall. 

Therefore, the SPT effect observed in the present study is probably not explained by 
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general elaboration. 

Other potentially salient characteristics of SPTs to consider include self

involvement, movement through space, and the activation and execution of motor 

programs. Given that neither visual imagery nor verbal elaboration facilitated temporal 

order memory in the present study, it is unlikely that the self-involved nature of SPTs was 

the critical feature. The perception or imagery of movement through space component of 

SPTs can also be ruled-out, as the EPT and visual imagery conditions did not improve 

patients' performance. Finally, the motor programming feature of SPTs must be 

considered. No encoding condition other than SPT was effective, and no other required 

the activation and execution of motor programs. Therefore, a logical conclusion is that 

motor programming is the salient feature that allowed patients to overcome or circumvent 

their deficit and perform recency judgments normally. 

Each of the other encoding methods (except naming) shares some important 

characteristic with SPT, yet all three failed to improve temporal order memory. This 

leads to one conclusion--the motor aspect is responsible. What is it about the activation 

and execution of motor programs that facilitated recency judgments? A number of 

studies conducted by Engelkamp, Zimmer, and their colleagues (see Engelkamp, 1988) 

have demonstrated that in normal individuals, recall of actions is processed differently 

and independently under verballcarning, imagery, observation, and performance 

conditions. The investigators conducted a series of studies and found: planning to 

perform an action (i.e., verbally processing the action) and executing it led to better free 

recall than planning alone, or observing someone else execute it; alternately performing 

and imagining action items in a list produced better recall than either one alone; and in a 

paired-associate learning task, cued recall performance was superior to free recall in an 

imagery condition, while the opposite pattern was obtained when motor encoding was 
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employed. The investigators also compiled the results from a series of studies that 

compared a variety of methods of encoding phrases that describe actions in normal 

individuals, and found verbal task instructions led to the worst, imagery and observation 

resulted in intermediate, and task performance yielded the best, item recall performance. 

All of these findings led the authors to propose the existence of separate memory 

subsystems for verbal, imagery and motor processing. If separate systems do exist, motor 

processing is clearly the dominant system involved in SPTs. 

The recent cognitive neuropsychological literature on memory may both offer 

support for this motor processing explanation and shed light on the nature of the present 

fmding. Substantial evidence can be found in the memory literature, from studies with 

both amnesic patients and normal individuals, for the existence of multiple, distinct forms 

of mnemonic processing (Butters, Salmon, & Heindel, 1990; Schacter, 1985; Squire, 

1987). At a basic level, there appear to be a minimum of two types, termed "explicit" and 

"implicit" by Graf and Schacter (1985). The major feature that distinguishes these forms 

of memory from one another, can be defmed as awareness. Information processed by the 

explicit system is accessible to conscious recall while the implicit system does not require 

the conscious recollection of previous experience (Graf & Schacter, 1985; Schacter, 

1987a). Implicit memory phenomena have been demonstrated across a wide variety of 

tasks, subjects, and conditions, and may include a number of different processes, such as 

classical conditioning, priming, and perceptual-motor skill learning (sometimes referred 

to as procedural memory). Numerous investigations have demonstrated that patients with 

acquired organic amnesia are impaired in explicit memory but frequently have preserved 

implicit memory ability (Graf & Schacter, 1985; Graf, Squire, & Mandler, 1984; 

Warrington & Weiskrantz, 1974). 

As mentioned above there is s.ubstantial evidence that patients with impaired 
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explicit memory can perfonn nonnally on a variety of implicit memory tasks, including 

proceduralleaming tasks. Recent studies with patients who have different fonns of 

progressive dementias have led investigators to the conclusion that at least some aspects 

of cognitive and motor skillieaming, which are thought to represent a fonn of procedural 

memory, are mediated by corticostriatal connections within the basal ganglia (Bondi & 

Kaszniak, 1991; Harrington, Haaland, Yeo, & Marder, 1990; Heindel, Butters, & Salmon, 

1988; Heindel, Salmon, Shults, Walicke, & Butters, 1989; Heindel, Salmon, & Butters, 

1991; Saint-Cyr, Taylor, & Lang, 1988; also see Butters et al., 1990 for a review). These 

studies generally found no correlation between level of dementia and proceduralleaming 

in patients with so-called "cortical dementia" (e.g., Alzheimer's disease). In this group, 

patients with various levels of dementia can generally perfonn procedural learning tasks. 

However, collectively these studies have indicated a relation between the degree of 

dementia and level of impainnent on procedural tasks, in patients with basal ganglia 

disease (e.g., Parkinson's disease, Huntington's disease). These fmdings that moderately, 

but not mildly, demented basal ganglia patients are impaired on procedural tasks, evoke 

at least three possible explanations. It is possible that cortical, as well as basal ganglia 

dysfunction must be present before the deficit is noted. Alternate explanations include 

the possibility that an absolute threshold of basal ganglia damage must be exceeded 

before impainnent is manifested, or that different cells within the basal ganglia are 

associated with patient's extrapyramidal motor signs and their dementia. Heindel et al.'s 

(1989,1991) observation that proceduralleaming ability does not correlate with severity 

of extrapyramidal motor signs lends some support for the latter interpretation. 

Tlms, there is evidence that patients with basal ganglia disease and dementia are 

impaired on procedural memory tasks. However, patients whose dementia can be traced 

to pathological changes in cortical structures are generally able to acquire new 
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infonnation that is procedural in nature. It is interesting to speculate that this same 

corticostriatal motor processing system that is involved in proceduralleaming, may also 

be responsible for the SPT effect in the present study. This evokes the possibility that 

SPTs represent a fonn of procedural memory. But why would the use of the procedural 

memory system facilitate frontal lobe patients' recency judgment perfonnance? Each of 

the non-SPT encoding methods employed in the present study represents a mnemonic 

strategy mediated by the explicit memory system, that requires conscious effort. While 

frontal lobe patients are not amnesic, they are impaired in their ability to to employ 

effortful mnemonic strategies. In a sense, their conscious access to explicit memory 

representations is limited. The use of an alternative memory system that requires 

minimal effort and to which they have access, enabled them to encode and retrieve 

temporal order infonnation. However, one difficulty with this explanation is that it fails 

to specify either why or how temporal infonnation is encoded. 

Another approach to understanding why the motor component may have been 

critical, is to consider the neuroanatomical areas involved in motor processing. 

Performing tasks with common objects such as in the present study, requires motor 

processing. Before a movement is initiated, motor programs are activated. Marsden 

(1982) describes motor programs as simple units that specify the time and distribution of 

muscle activity. The sequential operation of numerous motor programs fonn a single 

motor plan, which is responsible for the execution of a fully integrated action. Motor 

plans are the fundamental units processed by the basal ganglia, which in tum appear 

responsible for running sequences of programs to complete motor plans. The role of the 

basal ganglia and their vast connections to the frontal lobes, in the initiation and 

execution of motor programs, has been discussed recently by a number of authors 

(Alexander, DeLong, & Strick, 1986; Heindel et al., 1988; Heindel et al., 1989; Marsden, 
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1982). The basal ganglia consist of a group of nuclei in the forebrain that includes the 

caudate nucleus, putamen, globus pallidus, claustrum, and amygdala (Kolb & Whishaw, 

1990). These structures receive input from diverse cortical areas, including the prefrontal 

region, but project exclusively to restricted portions of the frontal lobes. Alexander et al. 

e 1986) reviewed and integrated the available literature and proposed the existence of 

segregated basal ganglia-thalamoconical pathways. These circuits parallel one another in 

that they share a basic design, but are functionally varied and separate. The circuits are 

designated, based upon their tenninal projections as, "motor", "oculomotor", "dorsolateral 

prefrontal", "lateral orbitofrontal", and "anterior cingulate". Each circuit is a closed loop 

that receives output from functionally related cortical areas, sending projections to a 

restricted portion of the striatum. The striatal area then projects to the globus pallidus 

and substantia nigra, which in tum project to specific areas of the thalamus. The 

thalamus closes the loop by projecting back to the cortex. 

One of these loops in particular, may be relevant to the present finding. The 

motor circuit receives input from the premotor, motor, and sensorimotor areas, and 

terminates in the supplementary motor area (SMA). There is growing evidence that the 

SMA mediates complex movement. For example, cerebral bloodflow studies have 

revealed increased bloodflow in the SMA during the planning or rehearsal of complex 

movement sequences (Orgogozo & Larsen, 1979; Roland, 1984; Roland, Larsen, Lassen, 

& Skinhoj, 1980). Alexander et al. conclude that the motor circuit is involved in the 

programming, initiation, and execution of complex movements. Since none of the 

patients in the present study had major motor deficits, it is likely that this circuit was fully 

activated in the SPT condition. Employing this undamaged circuit may have been critical 

for the temporal coding of the stimuli. Regardless of the validity of Alexander et al.'s 

specific anatomical model, it is clear that there are abundant reciprocal connections 
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lobe areas when movements are executed, may play an important role in the facilitation 

provided by SPTs. 
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One difficulty with this explanation focusing on the basal ganglia is that some of 

the other encoding teclmiques employed may also rely on nonfrontal cerebral areas that 

are assumed to be intact in the patients in the present study. For example, Goldenberg, 

Podreks, Steiner, Suess, and Deecke, (1988), using regional cerebral bloodtlow studies, 

found that bilateral occipital and medial inferior temporal areas fonn a functional unit 

that is involved in processing visual imagery. These areas are assumed to be intact in the 

patients involved in the present study, and thus it could be argued that visual imagery 

should have facilitated temporal order recall as well as SPT. A second example involves 

the verbal elaboration condition, in which subjects were asked to identify the last time 

they used each object. In this condition, subjects were required to search their long-tenn 

store and activate episodic memory representations. Since limbic and temporal structures 

are involved in episodic memory (Squire, 1987), and these areas are presumed to be 

unaffected in the present patients, the elaborative condition should also have facilitated 

recency perfonnance. It is of note, however, that episodic recall was not necessarily 

required in the verbal elaboration task. The frequency and recency questions regarding 

object use could be answered by relying on semantic knowledge alone, and making an 

estimate of personal use. Nevertheless, the patients in the present study were not 

amnesic, and moreover, the question regarding the last time objects were used was posed 

in a manner that encouraged the use of episodic recall. Thus, by itself, the explanation 

that performing actions and hence engaging an intact basal ganglia motor system, resulted 

in improved recency judgments, may not be entirely satisfactory. There is an alternative 

psychological explanation that stems from the literature ~n temporal ordering in nonnal 
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contributes to the presently observed SPT effect. 

52 

A substantial body of literature exists on the topic of temporal order memory in 

healthy, normal individuals. Much of it centers around a central issue--whether encoding 

of temporal information is an automatic or effortful process. As described earlier, 

automatic encoding processes are defmed as those that require minimum cognitive 

capacity, and function continuously at optimal levels, regardless of the individual's intent. 

Effortful processes, on the other hand, require attentional ability, vary with individual 

differences, improve with rehearsal, and are initiated intentionally (Hasher & Zacks, 

1979; Zacks et al., 1984). The fmdings from the most frequently cited works on temporal 

order memory (Tzeng & Cotton, 1980; Tzeng, Lee, & Wetzel, 1979: Zacks et al., 1984) 

form the basis for much of the subsequent work in the area. Zacks et al. investigated a 

number of qualitative aspects of order memory in an attempt to establish whether it can 

be characterized as an automatic process. Contrary to their predictions, they found that 

recall of temporal order increased with practice, and that students who differed in 

academic ability differed in temporal order memory performances. The authors conclude 

that the encoding of temporal infonnation does not occur automatically. 

Tzeng et al. (1979), employing a directed forgetting paradigm, and serial position 

and recency judgment tasks, demonstrated varying levels of temporal encoding. They 

found that minimal temporal encoding occurred for to-he-forgotten items, while much 

more temporal information was encoded for to-be-remembered items. In a later study 

(Tzeng & Cotton, 1980) subjects performed better on recency judgments for pairs of 

words from the same taxonomic category than from different categories. The results 

from these studies led the authors to suggest that later items in a list remind subjects of 

earlier related items. This cumulative, grouped rehearsal results in incidental or direct 
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encoding of temporal information. They refer to the phenomenon as "study-phase 

retrieval", and characterize it as an automatic process. However, a number of authors, 

including Naveh-Benjamin (1990) and Zacks et aI. (1984) have since pointed out that the 

study-phase retrieval model includes both automatic and nonautomatic features. For 

example, performing grouped rehearsal requires deliberate processing. Furthermore, 

Tzeng and Cotton's fmding that temporal order memory was better for to-be-remembered 

than for to-be-forgotten items, suggests that an effortful process was involved. 

In the subsequent literature, results have been mixed, with investigators fmding 

evidence both for and against automaticity. Two recent reviewers of the literature on 

temporal order memory in normal individuals drew somewhat different conclusions. 

Schacter's (1987b) interpretation of the literature is that memory for some types of 

temporal information does not require effortful, strategic processing. Therefore, he 

suggests that frontal lobe patients' temporal order deficit is caused by impairment in a 

specific automatic mechanism. In an attempt to determine which process best 

characterizes coding of temporal information, Naveh-Benjamin (1990) reviewed all of the 

available evidence for and against Hasher and Zack's (1979) automaticity criteria. 

Naveh-Benjamin notes that many of the fmdings have been inconsistent, and thus the 

picture is unclear. He suggests that temporal ordering may involve a variety of processes, 

some automatic and others strategic. (Different experimental methods may tap different 

mechanisms, and this may account for the inconsistent fmdings in the literature.) 

Similarly, Jackson et al. (1986) have made the suggestion that both automatic and 

strategic processes are involved. Relative temporal order may be encoded automatically, 

but more deliberate processing is required to perform complex temporal order tasks, such 

as those that rely on interval judgments. Thus, the debate over automaticity and strategic 

processing in temporal coding continues, but there have been recent attempts at resolving 
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the inconsistent fmdings. 

The substantial nonnalliterature on memory for temporal order makes it clear that 

at least some effortful processing is typically performed. It is interesting to note that 

many investigators have demonstrated that patients with frontal lobe damage are often 

deficient at strategic, effortful processing (Fuster, 1989; Stuss & Benson, 1986). 

Moreover, as noted earlier, numerous studies have demonstrated the robust nature of 

SPTs and their imperviousness to manipulations that typically affect verbal recall 

performance. The general conclusion is that SPTs involve an automatic, non-effortful 

process. Therefore, within the present study, engaging in a method that relies on 

automatic processes, may have enforced the encoding of temporal order, and 

compensated for the frontal lobe patients' deficits in effortful processing, and hence 

improved their recency judgments. 

Although the present study ';<'as not. desigr..ed to address the aut.JrD.atic/effortful 

distinction, this may play an integral role in explaining the SPT effect. TIlls explanation 

presupposes that encoding temporal order information is dependent upon two things. 

First, it is dependent upon item encoding--as discussed earlier, recalling that something 

occurred necessarily supersedes recalling when it occurred. Second, whether and how 

order is encoded is dependent upon the method of encoding employed. The interaction 

between these two factors (item encoding and method of encoding) determines whether 

patients will perfonn successfully on temporal order memory tasks. For example, when 

an encoding method requires effort, frontal lobe patients may direct all of their cognitive 

resources to item encoding. Because of their impairment in effortful processing, they 

would thus have few residual cognitive resources to devote to encoding order 

infonnation. (Although the present fmding that patients performed above chance-level in 

the effortful conditions, suggests that some minimal amount of order infonnation is 
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encoded). If frontal lobe patients employ an automatic encoding method (e.g., SPT), 

minimal effort is required for item encoding, and cognitive resources may thus be 

available for encoding temporal order. Therefore, if the encoding method exploits 

patients' intact automatic processing ability, frontal lobe patients would be able to encode 

temporal order information. 

In summary, recency judgments likely depend upon both effortful and automatic 

processes. For frontal lobe patients, whose impaired recency judgment may be due to an 

impairment in effortful processing, the use of an automatic encoding method such as 

SPT, may allow them to devote available cognitive resources to encoding temporal order. 

In this sense, SPTs allow them to compensate for their deficit. Further, the possibility 

that SPTs represent a form of procedural memory has been raised. Whether SPTs 

actually do involve the procedural memory system, and if so, how, remains an unsettled 

Clinical Application of Findings 

The present fmdings have implications for brain damaged individuals functioning 

in the real world. A temporal order memory deficit could potentially affect functioning in 

a number of ways. For example, an impaired individual will have difficulty accounting 

for a series of events (e.g., to determine blame for an error committed at work, or to give 

eyewitness testimony). Obviously, for patients with frontal lobe damage who are 

impaired in temporal order memory, engaging the motor system during encoding 

whenever possible, will maximize functioning. Whether engaging the motor system can 

facilitate performance in more diffusely brain damaged patients, who may have general 

memory impairment coupled with a temporal order deficit, remains an empirical 

question. Previous studies have demonstrated that intact implicit memory processes can 
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be exploited to facilitate new learning in amnesic patients (Gllsky, Schacter, & Tulving, 

1986a, 1986b; Glisky & Schacter, 1987; 1989). Whether SPTs will work similarly 

remains to be seen. Nevertheless, the fmding that performing directed actions facilitated 

frontal lobe patients' memory for temporal order provides further evidence that intact 

abilities can be harnessed to compensate for deficits and facilitate new learning. 

Limitations of the Study 

There are a number aspects of the present study that represent limitations. The 

recent literature on temporal ordering in normal individuals indicates that numerous 

components and processes are involved. As mentioned above, relative order may be 

encoded through a process separate from that used to encode more specific and elaborate 

temporal information The recency judgments performed in the present study required 

only a judgment about relative position, and did not assess the ability to recall item serial 

position. Therefore, the SPT effect may not generalize to a more specific (and perhaps 

more difficult) temporal ordering task. If current theoretical notions are correct, and the 

encoding of complex temporal order information normally requires effortful processing, 

it remains to be seen whether an automatic encoding method such as SPT, can help 

patients compensate for their deficit on a more complex task. 

Frontal lobe patients' deficit in effortful processing leads to the possibility that 

some patients were not maximally engaged in all of the encoding methods. Moreover, 

the covert nature of some of the encoding methods (e.g., visual imagery and observation), 

made it impossible to monitor the level of patients' effort and engagement. However, the 

lack of differences in patient performance across the four non-SPT conditions, suggests 

that they expended similar levels of effort across conditions. This potential problem 

could be avoided in future studies, by providing continuous verbal instruction as the 



57 

mental image is fonned and the action carried out. 

The small number of patients and the heterogeneity of their lesions represent 

another limitation. It is difficult to speculate from the present data, about the 

involvement of specific prefrontal areas in temporal order memory. It would be of future 

interest to corroborate the finding that dorsolateral lesions in nonhuman primates affects 

temporal ordering ability, using a larger sample of patients with variously located frontal 

lobe lesions. 

Finally, the use of only one patient sample made it impossible to demonstrate a 

double dissociation and rule out the possibility that both the deficit and effect were due to 

the mere presence of brain damage and/or subsequent general cognitive deterioration. 

This is unlikely, however, given that the present rmding of a temporal order memory 

deficit in frontallohe patients, paralleled earlier studies that included additional patient 

groups. However, future studies with varying sources and sites of brain damage are 

indicated. 

Future Directions 

The above speculation regarding the role of the basal ganglia could be further 

explored and tested by including another patient group. Patient's with idiopathic 

Parkinson's disease, have neostriatal damage that typically results in motor 

initiation/programming impairment. Moreover, many of these patients have been noted 

to demonstrate cognitive deficits similar to those of patients with frontal lobe damage 

(including deficits on temporal order memory), which has been attributed to dysfunction 

of frontostriatal circuitry. If the SPT/basal ganglia hypothesis is correct, SPTs should not 

facilitate the recency judgment perfonnance of Parkinson's disease patients. 

The speculation that SPTs may involve procedural memory, may be tested in a 
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similar fashion. Recent studies have demonstrated double dissociations between different 

forms of implicit memory in patients with different dementing illnesses (see Butters et al., 

1990 for a review). Some studies have found that patients with Alzheimer's disease, who 

have damage to cortical association areas, are impaired on verbal/semantic priming tasks, 

but yield intact performances in motor skill learning. Further, patients with Huntington's 

and some with Parkinson's disease, who have subcortical dementias that affect the basal 

ganglia, show the opposite result (Heindel et al., 1989; 1991). If this dissociation can be 

replicated in these same patient groups, while employing SPTs as the procedural memory 

task, the speculation that SPTs involve implicit processing will be supported. 

As noted above, the relatively small patient group employed in the present study 

prohibited statistical analysis to determine the correlation between lesion size and/or site 

and task performance. However, an inspection of individual cases yielded an interesting 

trend. All ten patients did not have the same pattern of performance across the encoding 

conditions. Four patients in particular, although impaired in their overall recency 

judgment performance, achieved a performance pattern across the encoding conditions 

that was somewhat different than the other patients. For two patients (CR and MP) 

recency judgment performance was best in the imagery condition and second-best in the 

SPT condition. The best performance of two other patients (SH and RG) was equivalent 

in SPT and another condition. RG's performance was equivalent under SPT and imagery, 

and SH performed equally well under the SPT and EPT conditions. It is interesting that 

patients MP, SH, and RG all suffered anterior communicating artery aneurysms, which 

typically lead to basal forebrain and ventromedial prefrontal damage. Patient CR's lesion 

was the result of a subcortical, periventricular eVA. The lesions of all four of these 

patients were relatively small and deep within the frontal lobes. The remaining six 

patients, each of whom demonstrated a clear SPT effect, had larger lesions located more 
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anteriorly in the prefrontal region. Future research should determine whether it is the size 

or placement of the lesion that is the critical factor in determining whether a patient will 

demonstrate the SPT effect. 

Conclusions 

In closing, the present study replicated McAndrews and Milner's (1991) finding 

that performing tasks with objects facilitated frontal lobe patients' recency judgment 

perfonnance. It seems unlikely that the effect was due to reminding, general elaboration, 

movement through space, or self-involvement. The available evidence suggests that the 

activation of motor programs and/or execution of motor plans was the feature critical for 

facilitation. A number of possible explanations focusing on motor programming may 

account for the fmding. The fIrst draws on three areas of relevant literature -- temporal 

order memory in nonnal individuals, SPTs in nonnal individuals, and cognitive deficits 

in frontal lobe damage. The literature suggests that, nonnally, both automatic and 

effortful processes are involved in temporal order memory. Further, SPTs 'appear to 

largely rely on automatic processes. Moreover, patients with frontal lobe damage often 

fail to engage in effortful processing. Taken together, these fmdings suggest that 

engaging in tasks that rely on intact automatic processes, allowed the patients to devote 

their limited cognitive resources to encoding the temporal order. There is another, albeit 

speculative explanation. The basal ganglia and their vast connections are involved in the 

activation and execution of motor programs, and are thought to mediate some forms of 

procedural or motor memory. Whether SPT recall is a fonn of procedural memory 

remains an empirical question. In any event, while there is substantially greater evidence 

in support of the fonner explanation, neither explanation precludes the other. 
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APPENDIX A 

Recency judgment task objects and actions 

Series I 

Study List A 

bar of soap (wash hands) 
sun glasses (put on / take off) 
toothpick (use) 
earphones (put on / listen to music / take off) 
toy syringe (give self shot) 

ListB 

Magic 8 ball (tum over, read fortune) 
plastic pear (eat it) 
container of comet (shake / scrub table) 
light bulb (screw / unscrew) 
flag (wave) 

Test Foils 

egg timer 
telephone 
post-it 
garden spade 
blackboard eraser 
magnifying glass 
water color paints 
compass 
dish towel 
hole punch 

pencil eraser (erase) 
big spoon (stir pot / serve food) 
toilet brush (scrub toilet) 
racquet (swing) 
nail clippers (clip fmgemails) 

safety pin (put on clothing / take off) 
paper towel roll (tear towel/wipe hands) 
hair dryer (dry hair) 
yo-yo (play with it) 
chopsticks (eat) 

tin foil 
winter scarf 
postage stamp 
clip 
cheese slicer 
TV clicker 
play money on money clip 
table cloth 
doormat 
dice 



Series li 

Study List A 

paper clip (clip paper) 
ring (put on / take off finger) 
globe (spin / fmd a location) 
ice cream scoop (scoop & serve ice cream) 
ball of string (unwind / wind) 

ListB 

box of tissues (remove tissue & blow nose) 
ruler (draw a straight line) 
pot holder (remove pot from stove) 
Rubik's cube (attempt to solve) 
shoe hom (put on shoe) 

Test Foils 

back scrubber 
hand mop 
comb 
bottle opener 
lobster bib 
lalmdry bag 
tongs 
jar 
pennies 
hand blender 

baseball (throw / catch) 
bubble wand (blow bubbles) 
bell (ring) 
nail brush (scrub nails) 
shampoo (wash hair) 

button with slogan (pin on self) 
eye patch (put on / take off) 
box (open & close) 
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thumb tack (push/pull from piece of cork) 
whisk broom (sweep) 

tooth paste 
ribbon 
hand mirror 
crayon 
noise maker 
baseball bat 
squeegee 
hand-held vacuum cleaner 
high flyer / paddle ball 
plastic donut 



Series ill 

Study List A 

white out (use on paper) 
frisbee (throw) 
can of soda (drink) 
colander (toss food to strain) 
snow dome (shake it) 

ListB 

spray bottle (spray surface / wipe) 
record (remove from sleevelput on turntable) 
alarm clock (wind) 
handkerchief (fold / put into breast pocket) 
fan (open & use) 

Test Foils 

toothbrush 
talcum powder 
top 
glue 
can opener 
pencil sharpener 
ear muffs 
large salad utensils 
large tote bag 
party favor 

combination lock (spin dial / open) 
pliers (remove nail from board) 
kaleidoscope (gaze into it) 
bottle of aspirin (remove & take one) 
balloon (blow it up) 

stethoscope (listen to heart) 
bubble paper (wrap object) 
feather duster (dust) 
ace bandage (wrap arm) 
fly swatter (swat a fly) 

rubber ball 
ponable hose 
candle 
hanger 
silly puny 
sponge 
hammer 
playing cards 
binoculars 
apron 
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Series IV 

Study List A 

mouthwash (gargle) 
tea bag (make tea) 
name label (peel off / put on self) 
socks (make ball) 
flashlight (shine) 

ListB 

nose clip for swimming (put on / take off) 
telescope (gaze at sky) 
lint roller (remove lint from clothing) 
water pistol (shoot it) 
key (unlock & open door) 

Test Foils 

wrench 
camera 
rubber glove 
plastic fork 
magazine 
watering can 
shoe polish / buffer 
dish washing liquid 
umbrella 
nut cracker 

ball point pen (click top & write) 
pizza slicer (cut pizza) 
twist tie (twist) 
chalkboard (write on it with chalk) 
bandanna (tie around neck) 

Q-tip (clean ear) 
knife (cut food) 
envelope (address / lick it) 
tweezers (remove splinter) 
clothes pin (hang clothes on line) 

carrot peeler 
stapler 
rubber band 
extension cord 
tape measure 
ice cube tray 
clip board 
stopwatch 
self-closing plastic bag 
pepper grinder 
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Series V 

Study List A 

dust pan (scoop-up dirt / empty) 
slinky (play with it) 
large paint brush (paint wall) 
baseball cap (put on / take off) 
mask (put on / take off) 

ListB 

napkin (unfold, put on lap/dab mouth) 
air freshener (spray) 
bicycle hom (squeeze) 
change purse (open & close) 
plunger (use it) 

Test Foils 

football 
jump rope 
flower 
watch 
map 
sandpaper 
straw 
belt 
iron 
plastic food container 

cork screw (open bottle) 
bandaid (put on self) 
matches (strike / blowout) 
roll-on antiperspirant (roll-on) 
screw driver (turn screw) 

knapsack (put over shoulder / take off) 
scotch tape (remove & put on paper) 
sun tan lotion (apply) 
ladle (serve soup) 
horse shoe (toss) 

shoe 
scissors 
cotton ball 
needle & thread 
ice scraper 
calculator 
dental floss 
liquid dispenser 
razor 
paint roller 
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APPENDIXB 

The data from three patients were excluded from the analyses. One had suffered 

a closed head injury, but had no visible lesion on neuroimaging. He also demonstrated 

no neuropsychological deficit on assessment. Moreover, he performed near the ceiling 

on the experimental task. Thus, there was minimal evidence for a penn anent lesion that 

effects cognitive functioning in this patient. The second excluded patient had suffered 

an anterior communicating artery aneurysm. She was quite depressed, and psychomotor 

retarded, and had tremendous difficulty sustaining concentration. As a result, she was 

unable to complete the test battery. A third patient, who had suffered a closed head 

injury was excluded because he was unable to complete the neuropsychological battery 

due to scheduling difficulties. 
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