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62 The Mnemonic Consequences of Moderate to Severe
Traumatic Brain Injury 
Eli Vakil

This chapter presents a review of the e�ects of moderate to severe traumatic brain injury (TBI) on

various aspects of memory, including working memory, episodic and semantic memory/contextual

memory, prospective memory, skill learning, and memory self-awareness. In addition to reviewing

the cognitive sequelae of TBI, the chapter also discusses approaches to memory assessment in TBI and

memory remediation. TBI in�icts di�use injury, including to the white matter (di�use axonal injury),

which is re�ected in heterogeneous patterns of impairment across participants. Furthermore,

neuroimaging �ndings consistently demonstrate the vulnerability of the frontal lobes. Memory

processes that require strategic and e�ortful elaboration appear particularly susceptible to TBI. By

focusing on these processes, the sensitivity of memory assessment and the e�ciency of memory

remediation could bene�t signi�cantly.

Traumatic brain injury (TBI) has become a signi�cant health problem in modern industrialized countries.

Based on data gathered in 2013, the Centers for Disease Control and Prevention reported that 2.8 million

people in the United States alone su�ered from TBI, including 282,000 TBI-related hospitalizations and

approximately 56,000 TBI-related deaths in 1 year (Taylor et al., 2017). Severity of injury following TBI is

typically based on three measures: the Glasgow Coma Scale (GCS), which is used to assess a person’s level of

consciousness, with scores ranging from 3 to 15; post-traumatic amnesia (PTA), a state of disorientation
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and confusion following TBI; and length of coma. Severe TBI is characterized by GCS of 3–8, PTA more than

7 days (Williamson et al., 1996), and length of coma greater than 36 hr. Moderate injury is characterized by

GCS 9–12, PTA 1–7 days, and length of coma between 20 min and 36 hr. Mild TBI is characterized by GCS

13–15, PTA less than 24 hr, and coma less than 30 min (McKee & Daneshvar, 2015; Williamson et al., 1996).

According to Dewan et al. (2018), 81% of all reported TBIs are considered mild, 11% are considered

moderate, and 8% are considered severe.

TBI causes a wide range of emotional, behavioral, and cognitive di�culties. It is associated with high

mortality rates and multiple functional de�cits, including occupational, social, mental, and physical health

problems (Andelic et al., 2010; Azouvi et al., 2017). Memory impairment is one of the most disturbing

consequences of such an injury, due to its e�ect on a wide range of everyday activities, employability, and

social interactions. Jourdan et al. (2016) reported that memory problems were the most frequent complaint

(67.5%) 4 years after acquiring TBI. Nash et al. (2014) found that 1 year after injury, 60.4% of motor vehicle

accident victims who su�ered moderate to severe TBI complained of memory di�culties. On the one hand,

the prevalence of TBI patients across the population, together with patients’ availability in rehabilitation

centers, enables extensive research on this population. On the other hand, due to the di�use nature of their

injuries, TBI patients are not the ideal group to study brain–behavior relations. Literature on the e�ect of

TBI on memory has already been reviewed in several articles and book chapters (Azouvi et al., 2017; Canty et

al., 2014; Goldstein & Levin, 1995; Vakil, 2005, 2013). However, due to ever-changing technologies and

procedures, along with new theoretical conceptualizations of memory, a continuous update of such

literature reviews is necessary.

p. 1831

Neuropathology Following TBI

Neuroimaging acquired following TBI is usually either computerized tomography scan, or more recently,

magnetic resonance imaging (MRI). This imaging provides qualitative information about the clinical

situation and the severity of the patient’s injury (Bigler, 2016). Structural MRI studies have reported that the

brain structures most vulnerable to damage following TBI are the frontal and temporal lobes (Avants et al.,

2008; Bigler, 2013; Stuss, 2011). These regions are most vulnerable “because of how the brain is cradled in

the anterior and middle cranial fossae, and the resulting consequences of how the brain strikes and/or

deforms against boney ridges and internal surfaces of the cranial vault” (Bigler & Maxwell, 2011, p. 67).

Bigler and Maxwell (2011) also reported brain atrophy following TBI, expressed by expansion of the

ventricles. Atrophy of the hippocampus following TBI has been associated with poor memory performance

(Bigler et al., 1996). In addition to these cortical injuries, lesions to white matter, expressed as a di�use

axonal injury (DAI), are also common, especially following moderate to severe TBI (Spitz et al., 2013). White

matter integrity is vulnerable to rapid acceleration/deceleration of the brain following motor vehicle

accidents, a common cause of TBI. This is the primary cause of DAI following TBI (V. Johnson et al., 2013).

These white matter lesions interfere with the widespread connectivity among the frontal, temporal, and

parietal lobes, and various subcortical structures. White matter lesions can occur in almost every brain

region and are correlated with injury severity (Levine et al., 2013). DAI also results in signi�cantly slowed

cognitive processing (Caeyenberghs et al., 2017). Di�usion tensor imaging (DTI) is frequently used to assess

DAI by measuring the anisotropic di�usion of water molecules (Hunter et al., 2012). These DTI studies

probably demonstrate best the di�use nature of TBI.

TBI victims show widespread and more di�use activity of brain areas, indicating reorganization as well as

compensatory overactivation and engagement of various brain networks (Bigler, 2013). In addition, edema

and ischemia further complicate the functional outcome of TBI. Long-term follow-up studies on TBI

victims have revealed brain atrophy, apoptosis, in�ammation, microgliosis, loss of myelin, and cerebral
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Executive Functions

Attention

blood �ow changes (Bramlett & Dietrich, 2015). This di�use nature of TBI could explain the variability in

cognitive and behavioral dysfunction reported in this disorder. A promising approach that could help

understand this variability has been introduced recently. Bigler (2016) presented the “system biology

approach” for the study of the relationship between neuropathology following TBI and its

neuropsychological consequences. The assertion of this approach is that various neuroimaging methods

(including structural and functional techniques such as MRI, functional MRI [fMRI], positron emission

tomography, single-photon emission computed tomography, magnetoelectroencephalography,

electroencephalography, etc.) may be more sensitive to di�erent pathologies expressed in various

neuropsychological impairments. Such an integrative strategy has the potential to better predict and

explain the speci�c cognitive and behavioral consequences of TBI based on a detailed pro�le of the nature of

the injury. Notwithstanding the above, consistent �ndings that the frontal and temporal lobes are most

vulnerable following TBI (Avants et al., 2008; Bigler, 2013) lead to a quite consistent pattern of memory

impairment: memory processes that require strategic and e�ortful elaboration either at encoding or at

retrieval phases of memory (see Vakil, 2005).

p. 1832

Cognitive Implications of TBI

Traumatic brain injury a�ects a wide range of cognitive processes, including, but not limited to, human

memory. A meta-analysis conducted by Schretlen and Shapiro (2003) found that despite improvement in

overall cognitive performance throughout the �rst 2 years post moderate to severe TBI, patients remain

severely impaired compared to controls. Most prominently, TBI results in impaired executive functions,

attention, and speed of processing (Azouvi et al., 2009). These de�cits often accompany and a�ect the way

memory de�cits are expressed following TBI. Hence, memory impairment following TBI is not always a

pure de�cit because it may be indirectly a�ected by impaired cognitive processes known to interact with

memory.

Damage to the frontal lobes can cause impairments in the executive functions of self-directive behavior,

planning, decision-making, judgment, self-perception, and self-monitoring (Tranel et al., 1994). Gansler

et al. (1996) reported that patients with TBI had impaired executive functions, as determined by the

Wisconsin Card Sort Test (see also the review by Stuss, 2011). Draper and Ponsford (2008) reported that

executive function was impaired even 10 years following TBI and that it was associated with severity of

injury. Using Moscovitch’s (1994) terminology “working-with-memory,” the frontal lobes support the

memory system by applying top-down processes such as implementation of strategy, organization, and

conceptual elaborative encoding and retrieval.

Attention is not a unitary system but, rather, is composed of several subprocesses (Posner & Petersen, 1990;

see also Chapter 21). Individuals with moderate to severe TBI have di�culties with selective attention

(Schmitter-Edgecombe & Kibby, 1998), divided attention (Leclercq et al., 2000), and sustained attention

(Dockree et al., 2004). Slovarp et al. (2012) found that impaired working memory (WM) was associated with

sustained attention measures. A meta-analysis conducted by Mathias and Wheaton (2007) con�rmed that

TBI a�ects all aspects of attention. Mangels et al. (2000) interpreted a disproportionately large e�ect of

divided attention on memory in TBI as expressing the in�uence of attention de�cits on memory

impairments.
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Speed of Processing

Felmingham et al. (2004) demonstrated a direct relationship between DAI in TBI patients and processing

speed. Wechsler Adult Intelligence Scale–Third Edition processing speed index scores were found to be

sensitive to TBI (Axelrod et al., 2001; Fisher et al., 2000). Madigan et al. (2000) used two serial addition tests

(visual and auditory) to show that individuals with TBI were signi�cantly slower in performing the task

even when controlling for accuracy. Based on meta-analysis, Ferraro (1996) concluded that patients with

TBI are signi�cantly slower than controls on cognitive tasks involving simple and choice reaction time. Also

based on meta-analysis, Mathias and Wheaton (2007) found that TBI signi�cantly a�ects information

processing speed. Draper and Ponsford (2008) reported that processing speed was impaired even 10 years

after TBI and that it was associated with severity of injury.

p. 1833

Memory Assessment

Vakil (2013) distinguished between three di�erent memory assessment methods used to evaluate memory

following TBI. The �rst method has an experimental design; it typically addresses a theoretical question and

attempts to isolate a particular memory process. An example would be studies investigating the e�ect of TBI

on various aspects of context memory or skill learning (see the corresponding sections). The second is a

more general approach: Memory is assessed as a component of neuropsychological evaluation following

TBI. This method’s primary objective is to characterize the e�ect of TBI on various aspects of memory. It

often involves the administration of standardized memory batteries (e.g., the Wechsler Memory Scale

[WMS]) or speci�c tests tapping various aspects of verbal learning and memory, such as the Rey Auditory

Verbal Learning Test (AVLT; Vakil & Blachstein, 1997), the California Verbal Learning Test (CVLT; Delis et

al., 1987), and the Selective Reminding Test (Buschke & Fuld, 1974). Vakil (2012) classi�ed the various

commonly assessed measures of memory into several dimensions: Time frame, modality, process, and

retrieval conditions (Figure 62.1). The third method evaluates memory assessment by using clinically driven

questions concerning rehabilitation or daily functioning; this design typically encompasses stronger

ecological validity. Tests generally use real-life tasks and items (e.g., Rivermead Behavioral Memory Test

[RBMT]; Wilson et al., 1985). According to Vakil (2013), these three approaches can be viewed as a

continuum mirroring a trade-o� between the evaluation of a purer memory process with low ecological

validity and vice versa. In recent years, there has been an increase in the use of a virtual reality (VR) setting

for neuropsychological assessment, including memory assessment (Corriveau-Lecavalier et al., 2020). VR

has the advantage of better simulating the real world, thus increasing the assessment’s ecological validity,

in addition to allowing for control and recording of all task parameters.

p. 1834
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Figure 62.1  Variety of memory measures.

Adapted with permission from Vakil (2012).

Working Memory

Baddeley (2003) proposed a revised version of his in�uential multicomponent model of WM. According to

this model, a central executive orchestrates the operation of two slave systems: a phonological loop and a

visuospatial sketchpad. The central executive bears responsibility for controlled and attentional processes,

divided attention, and the manipulation of information. The modality-speci�c slave systems bear

responsibility for maintenance and rehearsal of information in verbal and visual modalities. The episodic

bu�er is the additional component in the revised version of Baddeley’s WM model, serving as a

multidimensional store that integrates all components of WM with long-term memory.

Vallat-Azouvi et al. (2007) conducted one of the few studies that simultaneously assessed multiple

components of Baddeley’s WM model. They demonstrated that patients with severe TBI performed similarly

to controls on tasks involving the so-called slave systems, such as the digit span test for the phonological

loop and the Corsi block-tapping test for the visuospatial sketchpad. In contrast, patients were signi�cantly

impaired on a variety of tests involving the central executive system (e.g., the Brown–Peterson paradigm),

particularly under interference. Several studies have reported errors during dual-task paradigms for TBI

patients, which have been interpreted as an indication of poor central executive system functioning (T.

Anderson & Knight, 2010; Asloun et al., 2008). They found that participants following TBI exhibited

impaired performance on several tasks involving the central executive system, such as the random

generation task (Azouvi et al., 1996) and the n-back task (Kasahara et al., 2011). Dunning et al. (2016)

conducted a meta-analysis of 21 studies testing WM in individuals with moderate to severe TBI. They

reached three major conclusions. First, verbal and visuospatial WM are impaired following TBI compared to

controls, which they interpreted as a re�ection of damage to a more general mechanism—the central

executive system. Second, as time following onset increases, so does the severity of verbal WM, suggesting

that these functions do not recover over time. In fact, the opposite is true: They deteriorate over time. Third,

the older the individual at the time of onset, the poorer the verbal WM performance. This �nding supports

the plasticity hypothesis, which proposes that the earlier in life the injury, the better the chances of

recovery.
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Christodoulou et al. (2001) tested individuals with moderate to severe TBI on a WM task—a modi�ed

version of the Paced Auditory Serial Addition Task. Participants listened to a sequence of numbers and were

asked to continuously add up the last two consecutive numbers. The processing required in this task is

assumed to involve the central executive system. Behavioral results showed that patients with TBI made

more errors than controls. Functional neuroimaging data indicated that although similar brain regions were

activated (i.e., frontal, temporal, and parietal lobes) for both groups, overall activation was more dispersed

and lateralized to the right hemisphere in the TBI group compared to controls. The authors suggested that

this was because patients recruited more brain areas in order to deal with the demanding task. Palacios et al.

(2011) tested several measures of WM for individuals with TBI, including the n-back task. Researchers found

a correlation between WM measures and white matter integrity measured by DTI (superior longitudinal

fasciculi, corpus callosum, arcuate fasciculi, and fornix). A neuroimaging study by Merzagora et al.

(2014) of individuals with TBI used functional near-infrared spectroscopy (fNIRS) while testing WM with

the n-back task. Although performance of the TBI and control groups did not signi�cantly di�er for the n-

back task, brain activation measured with fNIRS di�ered across the two groups. Overall, brain activation,

particularly in the dorsolateral prefrontal cortex, was higher for the TBI group than the control group.

Merzagora et al. suggested that this re�ected increased recruitment of such areas to enable coping with the

task. In a longitudinal study using fMRI, Sanchez-Carrion et al. (2008) demonstrated an initial low

activation of the right superior frontal gyrus for the TBI group compared to that of the controls while

performing the n-back task. The di�erence between the groups had decreased 6 month later. Furthermore,

this recovery was associated with improvement on the task performance. Thus, the central executive is

consistently reported to be more vulnerable than the slave systems to the e�ects of TBI. This is consistent

with previous �ndings demonstrating that the central executive involves the frontal lobes, primarily the

dorsolateral prefrontal cortex (Baddeley, 2003), which is vulnerable following TBI (Avants et al., 2008;

Bigler, 2013; Bigler & Maxwell, 2011; Stuss, 2011).

p. 1835

Episodic and Semantic Memory

Episodic memory refers to memory for events typically bound contextually to a person, time, and place (see

Chapter 6). In contrast, semantic memory refers to general knowledge that is not bound to a speci�c

context. Autobiographical memory, which is memory about oneself and personal experiences, can be

categorized as episodic memory, although it may also contain semantic information (see Chapter 39). Note

that memory tasks are not pure and might involve both episodic and semantic memory. Therefore, the

distinction between episodic and semantic memory is not always clear-cut. Furthermore, it is important to

distinguish between semantic memory as de�ned by Tulving (1972) as general knowledge not bound to

speci�c context and semantic processes, which involve elaboration of the information, including processes

such as categorization or formation of semantic associations between various units of information.
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Episodic Memory and Semantic Processing

Learning and forgetting processes interact with each other because the quality of learning a�ects the

forgetting rate, and forgetting impacts measures of the rate of learning. Therefore, these two aspects of

memory are presented together. Learning rate is commonly measured by tests in which verbal or visual

information is presented in repeated trials. Frequently used verbal learning tests include the Rey AVLT

(Vakil & Blachstein, 1997), the CVLT (Delis et al., 1987), and the Selective Reminding Test (Buschke & Fuld,

1974). In addition to these common tests, the Shum Visual Learning Test (Shum et al., 2000) is sometimes

administered to individuals with TBI to assess the learning rate for visual stimuli. The advantage of these

tests, usually used in clinical settings, is that they tap several measures of memory and learning. For

example, the Rey AVLT can generate several measures, such as immediate memory, learning rate, proactive

and retroactive interference, retention over time, and retrieval e�ciency (Vakil et al., 2010). Unfortunately,

all these measures are rarely reported, as di�erent studies often choose to report various measures of the

task.

Several studies have reported impaired performance of participants with TBI when using the Rey AVLT

(Blachstein et al., 1993; Zec et al., 2001) or the CVLT (Haut & Shutty, 1992; Novack et al., 1995). Gardner and

Vrbancic (1998) found that the total amount of words acquired in the learning phase (Trials 1–5 in the

CVLT) was the most sensitive measure di�erentiating between controls and individuals with TBI. Similar

results were reported using the Selective Reminding Test (Levin et al., 1979; Zec et al., 2001). Unlike

verbal learning, visual learning in individuals with TBI is not tested as frequently. Using the Shum Visual

Learning Test, Shum et al. (2000) reported that just like �ndings concerning verbal information, the

learning rate of visual stimuli was slower for individuals with TBI compared to controls. Honan et al. (2015)

used a computerized version of the Austin Maze task to measure visuospatial learning in individuals with

moderate to severe TBI. Compared with their control group, they found that patients with TBI exhibited

signi�cant impairment in this task.

p. 1836

Numerous attempts have been made to detect the underlying impaired processes in individuals with TBI

that cause impaired learning rate. Blachstein et al. (1993) proposed that learning rate is composed of two

components: the number of words added in each learning trial and the number of words omitted from trial to

trial. Analysis of these two components using the Rey AVLT on patients with TBI revealed that overall, the

patient group had a higher turnover of words from trial to trial, stemming primarily from a higher rate of

words omitted. This was interpreted as an ine�cient learning strategy, consequently leading to di�culty in

transferring information from WM to long-term memory. It could also re�ect a greater sensitivity to output

interference, which constrains the number of words that can be recalled. This is consistent with a previous

study using the Selective Reminding Test. Levin et al. (1979) also reported a higher turnover of words during

repeated learning trials for individuals with TBI. Palacios et al. (2013) also reported that individuals with TBI

were impaired on all measures of the Rey AVLT. Based on multiple regression analysis, the researchers

concluded that the best predictors of memory impairment were diminution of the left parietal region

(because it is associated with verbal memory) and decreases in fractional anisotropy (FA). Ariza et al. (2006)

showed that impaired verbal memory, measured with the Rey AVLT, was correlated with left hippocampal

head atrophy in individuals with TBI. Ries and Marks (2006) tested participants following TBI and found

that not only did they remember less items than controls but also they made more false-positive responses

and more semantic intrusion errors.

The interaction between encoding and forgetting, tested by delayed recall or recognition, has been

investigated in several studies. DeLuca et al. (2000) found that individuals with TBI required more learning

trials than controls to reach a learning criterion of a verbal list. Patients who reach this criterion did not

di�er from controls on delayed recall and recognition after 30 and 90 min. The researchers concluded that

the primary de�cit of the patients is at the acquisition phase rather than at the retrieval phase. An

alternative interpretation could be that patients are less able to resolve output interference at retrieval, and
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Episodic Memory Versus Semantic Memory

they are only able to do so once the items are well encoded. Wright et al. (2010) reached a similar conclusion

by analyzing the learning process of the CVLT. They deduced that patients with TBI make poor use of

semantic clustering in their learning process, leading to poor encoding and, therefore, impaired delayed

recall. In their meta-analysis, Allanson et al. (2017) found that immediate and delayed verbal memory are

the best predictors of outcome following TBI. In summary, learning rate is impaired following TBI, leading

to poor retention over time.

Piolino et al. (2007) documented a year in the life of patients with TBI before testing the patients’ episodic

autobiographical memories of that year. It was found that patients’ episodic autobiographical memory was

impaired compared to that of controls. This impairment was associated with executive function

impairment, indicating frontal lobe involvement in episodic autobiographical memory.

Vakil et al. (1992) tested 40 individuals with moderate to severe TBI and 40 controls on the �rst story from

the WMS (logical memory). Recall of the story was tested immediately, after 40 min, and after a 1-day delay.

As predicted, TBI patients recalled less units of information overall and had a steeper forgetting rate over

time than the controls. Interestingly, although the control group showed a di�erential forgetting rate as

a function of the importance of the unit of information (determined in a pre-test), the patient group did not

demonstrate such a pattern. In other words, whereas the controls retained the more important information

better over time as opposed to the less important information, the forgetting rate of the TBI patients was

similar for all types of information. The researchers suggested that the results indicate the patients’

di�culty in taking advantage of the di�erential importance of information. Carlesimo et al. (1997) reported

similar �ndings with visual information. Participants with TBI and controls were presented with sets of 16

drawings either semantically related or unrelated. Unlike the controls, the patients with TBI did not utilize

the semantic relationships between the drawings to improve their delayed recall. Consistent with these

�ndings, Perri et al. (2000) reported that patients with TBI did not take advantage of semantic knowledge

during word-list memory tests. Another study demonstrated that patients with TBI exhibited reduced

semantic clustering in the learning process of a word list (CVLT) (Stallings et al., 1995).

p. 1837

Carlesimo et al. (1998) reported that individuals with TBI had impaired autobiographical memory as well as

impaired memory for early acquired knowledge of public events. Similarly, Roberts et al. (2019) reported

that following severe TBI, patients showed impaired semantic and episodic autobiographical memory when

measured at the acute stage, as well as 6 months later. Coste et al. (2015) tested individuals with TBI on both

semantic and episodic memory in addition to administering a neuropsychological test battery. They found

that both semantic and episodic memory were impaired for the patients; furthermore, these de�cits were

associated with a de�cit in executive functions.

Contrary to the above studies that reported impairment of both episodic and semantic memory following

TBI, the following studies found that TBI a�ected episodic but not semantic memory. Knight and O’Hagan

(2009) tested individuals with TBI on episodic and semantic memory for famous faces. The former requires

memory of speci�c events associated with the famous person, whereas the latter requires only general

knowledge about the person. The results demonstrated that participants with TBI had impaired episodic

memory but intact semantic memory. Similarly, Rasmussen and Berntsen (2014) found that episodic

memory was impaired following TBI, although semantic memory remained intact. Interestingly, they also

found that impaired episodic memory in individuals with TBI was associated with an impaired ability to

imagine future events. This is consistent with literature suggesting that these two processes share a

common neuronal network. Similarly, Esopenko and Levine (2017) also showed that individuals with severe

TBI had impaired episodic memory yet intact semantic autobiographical memory; impaired episodic
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autobiographical memory was associated with diminished cortical volume, particularly in areas linked to

the autobiographical network (i.e., parietal, temporal, and frontal).

Following the distinctions introduced above between semantic and episodic memory, on the one hand, and

between semantic memory and semantic processing, on the other hand, the �ndings can be summarized as

follows: Episodic memory is impaired following TBI, but the impairment is more pronounced when

semantic processing or elaboration of the information is required (Carlesimo et al., 1997; Perri et al., 2000;

Vakil et al., 1992). Poor semantic processing can be viewed as a re�ection of impaired executive functions

that are mediated by the frontal lobes (Tranel et al., 1994), which are known to be vulnerable following TBI

(Azouvi et al., 2009; Draper & Ponsford, 2008; Gansler et al., 1996). The reports in studies comparing the

e�ect of TBI on episodic and semantic memory are inconsistent. Although all of these studies reported

impaired episodic memory following TBI, �ndings on its e�ect on semantic memory are mixed.

p. 1838

Prospective Memory

Prospective memory (PM) refers to “remembering to perform previously planned actions at the right time

or within the right time interval or after a certain event takes place while being involved in other activity”

(Groot et al., 2002, p. 645). This form of memory can be particularly important for carrying out activities of

daily living (Ellis & Kvavilashvili, 2000; Shum et al., 2002). Individuals with TBI, as well as their relatives,

reported that PM is the most challenging memory-related aspect of everyday functioning (Mateer et al.,

1987). Kvavilashvili and Ellis (1996) distinguish between three types of PM: time-based (e.g., call a friend at

6 p.m.), event-based (e.g., tell my wife when she returns home that a friend called), and activity-based (e.g.,

attach a �le to an email message after the message has been written). The �rst type is considered to be more

di�cult because it requires self-initiation, whereas the other two are triggered by an external cue. For

further discussion of this topic, see Chapter 58.

Shum et al. (2002) identi�ed three common ways to assess PM: questionnaires such as the Prospective

Memory Questionnaire (PMQ; Hannon et al., 1995); psychological tests such as the Memory for Intentions

Screening Test (MIST; Raskin, 2009) or the Memory for Intentions Test (Raskin et al., 2010); and

experimental procedures in which participants, while continuously performing a task, are asked to do

something following a certain amount of time (time-based) or when encountering a certain cue (activity-

based). In their review, Shum, Levin, et al. (2011) found four studies that used questionnaires on adults with

TBI. Hannon et al. (1995) found that self-report on PM measured with the PMQ weakly correlated with PM

performance of individuals on short-term, but not long-term, time and event cued tasks. They concluded

that such questionnaires do not necessarily measure PM but, rather, memory self-awareness.

Kondo et al. (2010) tested PM using the RBMT (Wilson et al., 1985) for individuals with DAI. They found an

association between impaired PM and measures of white matter (DTI) using FA at voxel level for each

participant, in the left parahippocampal gyrus, left inferior parietal lobe, and left anterior cingulate.

Palermo et al. (2020) evaluated PM using the MIST in addition to a battery of tests involving various aspects

of executive functions (e.g., Wisconsin Card Sorting Test and Tower of London). As predicted, individuals

with TBI had poorer PM. They also found that the updating/WM component of executive functions was

associated with both time- and event-based PM. Raskin et al. (2012) tested individuals with TBI on the

Memory for Intentions Test to evaluate the e�ect of various aspects of PM measuring tasks, such as length

of delay and di�culty of an ongoing task. They found that participants with TBI were impaired on all

aspects of the PM measuring tasks. Furthermore, PM performance did not correlate with self-report of PM

(the PMQ by Hannon et al., 1995) but did correlate with measures of executive functions.

Groot et al. (2002) used the Cambridge Behavior Prospective Memory Test to test individuals with TBI. The

test includes time- and event-based tests of PM. The patient group’s performance was signi�cantly poorer
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than the control group’s performance for both tests of PM. Independently, PM performance correlated with

retrospective memory and executive function measures. These results are consistent with previous �ndings

demonstrating that individuals with TBI are impaired on both time- and event-based aspects of PM

(Carlesimo et al., 2004; Shum et al., 1999). Based on their literature review and meta-analysis, Shum, Levin,

et al. (2011) concluded that patients with sustained TBI have impaired time- and event-based PM. In

summary, �ndings fairly consistently demonstrate that most aspects of PM are impaired following

moderate to severe TBI.

p. 1839

Context and Source Memory

M. Johnson and Raye (1981) and Schacter et al. (1984) introduced the distinction between item (or target)

memory, the information that we intend to remember, and source memory (e.g., temporal order and spatial

location), the contextual information that we do not intend to remember. Di�ering from source memory,

which is the explicit memory of context, context e�ect refers to the memory of context when tested implicitly

(thus, this discussion was not included in the section titled “Episodic and Semantic Memory,” which

focused on explicit memory). A context e�ect is said to occur when memory of target information is

improved upon retrieval by the presence of a contextual stimulus (Vakil et al., 1997).

Several fMRI studies have demonstrated that various subareas within the prefrontal cortex have been

associated with source memory (e.g., Dobbins et al., 2004). Thus, it is not surprising that patients with TBI

often have impaired source memory (Dywan et al., 1993). Schmitter-Edgecombe and Seelye (2012) reported

that although it remained impaired, source memory measured by temporal order of activities improved 1

year following TBI. Interestingly, they found that temporal order memory, more than content memory for

the activities, was associated with daily memory activity. Contrary to this, the same researchers (Wright et

al., 2014) reported preserved temporal order memory of observed and performed activities. To reconcile

their inconsistent �ndings, the researchers suggested that temporal order memory is preserved under

incidental learning instructions assumed to involve more implicit memory processes but is impaired under

intentional instructions.

In a series of studies using a variety of paradigms and contextual information, Vakil and colleagues have

consistently shown that although following moderate to severe TBI, context memory is impaired when

tested explicitly (i.e., source memory), it is in fact preserved when tested implicitly (i.e., context e�ect)

(regarding temporal order judgment, see Vakil et al., 1991; regarding frequency judgment, see Vakil et al.,

1994; regarding perceptual background, see Vakil et al., 1996; regarding modality of presentation, see Vakil

et al., 1997; see also Vakil et al., 2019). In a more recent study, Barak et al. (2013) demonstrated that

preserved context e�ect is expressed during cued and free recall in individuals with TBI. In summary, when

contextual information (e.g., temporal order and modality) is tested explicitly (i.e., taps source memory),

individuals with TBI usually show impaired memory. This is consistent with reports that the frontal lobes,

which are known to be vulnerable following TBI (Avants et al., 2008; Bigler, 2013; Bigler & Maxwell, 2011;

Stuss, 2011), are associated with source memory (Dobbins et al., 2004). Conversely, when memory for

contextual information is tested implicitly, a process that does not require e�ortful retrieval and is thus less

dependent on the frontal lobes, such memory is less a�ected by TBI.
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Skill Learning

Based on the performance of amnesic patients with medial–temporal lobe lesions, Cohen and Squire (1980)

di�erentiated declarative memory (knowing that) from procedural memory or skill learning (knowing how).

Whereas the former was impaired in amnesics, the latter was preserved, as demonstrated by the ability of

the amnesic patients to acquire new motor, perceptual, and cognitive skills. Schmitter-Edgecombe and

Nissley (2000) showed that for individuals following TBI, skills acquired pre-injury are retained post-

injury. Several researchers have attempted to verify whether patients with TBI are able to acquire new skills

post-injury. Various studies have shown that individuals with moderate to severe TBI have di�culties in 

implicit sequence learning, as measured with the Serial Reaction Time (SRT) task (Mutter et al., 1994; Vakil

et al., 2002; but see McDowall & Martin, 1996). Vakil et al. (2001) used the Tower of Hanoi puzzle (TOHP), a

cognitive (problem-solving) learning task, for individuals with moderate to severe TBI and controls. They

found that overall, the TBI group was slower in solving the task compared to controls and that the controls’

learning rate as measured by number of moves to solution was steeper. Vakil and Lev-Ran Galon (2014)

measured the baseline level and learning rate of individuals with TBI using two di�erent skill-learning

tasks: the TOHP (cognitive task) and the mirror reading task (perceptual task). Consistent with Vakil et al.

(2001), the baseline performance of the TOHP was impaired for the TBI group, yet unlike the previous study,

the learning rate of the TBI group was comparable to that of controls. Similarly, the TBI group exhibited a

poorer baseline and a preserved learning rate with the mirror reading task. There is no suitable explanation

accounting for the inconsistent �ndings regarding the learning rate of the TOHP, aside from the highly

varied patient group, as noted by Vakil et al. (2001). Patients with TBI were able to reach automaticity when

performing a search-detection task, although at a slower rate than controls (Schmitter-Edgecombe &

Beglinger, 2001). This learned skill was retained just as well in TBI patients as controls 5 and 10 months later

(Pavawalla & Schmitter-Edgecombe, 2006). Schmitter-Edgecombe and Robertson (2015) tested patients

with moderate to severe TBI in two phases, post-acute and at 8 months post-injury, on two versions of the

visual search task: a parallel version (bottom-up), which tested pre-attentive visual search abilities, and a

serial version (top-down) that tested attentive visual search abilities. The patient group’s performance on

the pre-attentive visual search was intact for both phases of the task, unlike their performance on the

attentive visual search, which was impaired for both phases. The authors explain these �ndings based on

electrophysiological studies demonstrating the involvement of the parietal lobes in bottom-up visual search

and the frontal lobes in top-down visual search (Li et al., 2013). This explains the poor performance of the

group following TBI, which is known primarily to a�ect the frontal lobes (Avants et al., 2008; Bigler, 2013;

Bigler & Maxwell, 2011; Stuss, 2011). Nissley and Schmitter-Edgecombe (2002) reported that patients with

TBI were able to learn at a normal rate, evaluated by an implicit perceptual learning task. In an attempt to

reconcile these inconsistent �ndings, Vakil (2005) proposed that unlike the perceptual tasks, the SRT and

TOHP tasks are known to involve the frontal lobes and are thus more challenging for individuals with TBI

because TBI predominantly a�ects the frontal lobes.

p. 1840

Memory Self-Awareness

Livengood et al. (2010) view self-awareness of memory as the “cognitive ability that involves having

accurate knowledge of one’s memory abilities” (p. 598). Whereas awareness of the impairment could lead to

distress and depression (Wilson, 2002), lack of awareness of general de�cits, particularly memory de�cits,

may cause reduced motivation for rehabilitation (Malec & Moessner, 2001). Furthermore, it may lead to

unpleasant consequences by setting unrealistic goals (e.g., �nancial and academic). Several studies have

shown that decreased self-awareness or metacognition in TBI is associated with impaired PM (Fleming et

al., 2008) and executive functions (Bivona et al., 2008). Thus, increasing memory self-awareness should be

a primary goal in rehabilitation.
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Livengood et al. (2010) di�erentiated between two methods of evaluation of memory self-awareness

following TBI: o�ine assessment and online assessment. In the o�ine assessment method, participants are

asked to rate on a questionnaire their everyday memory functioning, and this rating is then compared to the

rating of a family member or a rehabilitation sta� professional who is familiar with the patient’s memory

functioning. Some studies have evaluated self-rating by using a standardized questionnaire such as the

Everyday Memory Questionnaire and then compared it to actual performance on a standard memory

battery. In the online assessment method, typically before carrying out a memory task (e.g., recalling a list

of words), participants are asked to estimate and predict their performance on that particular task (e.g., a

judgment-of-knowing in which they state how many words they think they will be able to remember).

Memory self-awareness is then determined by calculating the gap between performance prediction and

actual performance.

p. 1841

Using the o�ine assessment approach, Oddy et al. (1985) reported that 7 years after onset, only 40% of TBI

patients, whose family members reported that the patients had memory problems, acknowledged such

problems. Roche et al. (2002) used the Comprehensive Assessment of Prospective Memory to test the

awareness of participants with TBI of their PM performance compared to their signi�cant others’

estimation of their performance. They found that the participants with TBI overestimated their PM

performance. Similarly, Sbordone et al. (1998) found that individuals with TBI, regardless of severity of

injury, underestimated their cognitive behavioral and emotional di�culties compared to their signi�cant

others’ observations. Dirette and Plaisier (2007) interviewed individuals with TBI and their signi�cant

others using the Awareness Questionnaire, and they found reduced self-awareness more pronounced in

individuals with severe more than mild TBI. So, unlike the previous study, severity of injury has an e�ect on

self-awareness. The report by Jamora et al. (2012) is inconsistent with the above studies. These researchers

tested the relationship between subjective cognitive complaints and objective neuropsychological test

results for mild and more severe TBI. They found that patients with mild injuries were more aware and more

accurate regarding their complaints about attention de�cits, whereas patients with moderate to severe

injuries were more accurate in estimating their learning and memory de�cits.

Using the online assessment approach, Knight et al. (2005) tested the accuracy of patients with TBI when

predicting their performance on a PM task. Results showed that in addition to impaired PM, patients

predicted their performance more poorly by overestimating their memory, indicating low memory self-

awareness. Similarly, O’Brien and Kennedy (2018) used a VR game to assess PM and memory self-awareness

in individuals following TBI. In this assessment of memory self-awareness, although patients predicted

they would demonstrate low performance, their predictions still overestimated their actual performance.

In contrast to the above studies, J. Anderson and Schmitter-Edgecombe (2009) tested memory self-

awareness on a sample of patients with TBI who attended a rehabilitation program. It was found that

although patients’ memory was consistently impaired compared to that of controls, their estimation of

their performance was as accurate as that of controls. Several other studies on patients with TBI reported

similar �ndings; despite impaired memory performance compared to controls, their estimation of

performance was just as accurate as that of controls (Kennedy, 2001; Schmitter-Edgecombe & Woo, 2004).

Livengood et al. (2010) tested o�ine and online assessment methods in a single study using a single sample

in order to clarify this pattern of discrepancies between the two assessment methods. Consistent with their

hypothesis, using online assessment, individuals with TBI were as accurate as controls in their prediction of

memory performance. However, contrary to their hypothesis, these patients were also accurate in their

assessment of memory using o�ine assessment. The authors raise the possibility that the fact that

participants in their study attended a rehabilitation program may have contributed to awareness of their

memory de�cit. Robertson and Schmitter-Edgecombe (2015) used several measures of self-awareness

testing (metacognitive awareness, anticipatory awareness, error-monitoring, and self-regulation) with a

group of participants following moderate to severe TBI, at the acute phase and during recovery, top. 1842

D
ow

nloaded from
 https://academ

ic.oup.com
/edited-volum

e/57928/chapter/475480843 by O
U

P-U
SA M

irror user on 31 July 2024



identify whether self-awareness changes over time. Their main �ndings were that error monitoring was

impaired and did not improve over time. They measured error monitoring by using two tasks: the letter

�uency task and the 5-point task. In the �rst task, participants were asked to provide as many words as

possible (but not nouns) that start with one of three letters (P, R, and W), and in the second task they were

asked to produce as many di�erent designs by connecting the dots. When a participant did not follow

instructions—for example, producing a noun in the �rst task or not drawing a straight line in the second

task—that was considered a monitoring failure error. Furthermore, error monitoring was predictive of

community reintegration. In addition to severity of injury and time since injury, attendance at a

rehabilitation program should also be viewed as a moderator of memory self-awareness because it may

resolve some of the inconsistent �ndings.

Thus, �ndings regarding self-awareness when tested o�ine seem quite consistently impaired following

TBI. However, when self-awareness is tested online, the �ndings are inconsistent. Several studies (Knight

et al., 2005; O’Brien & Kennedy, 2018) reported impaired awareness, whereas other studies did not �nd such

an impairment of self-awareness following TBI (J. Anderson & Schmitter-Edgecombe, 2009; Kennedy,

2001; Schmitter-Edgecombe & Woo, 2004). One possible interpretation of this discrepancy is that the

studies reporting impaired self-awareness following TBI used PM as the memory test, whereas other

studies reporting preserved self-awareness used retrospective memory (i.e., list-learning, visual–spatial

memory tasks, lists of noun pairs, and story recall). Further research is required to understand why it is

more di�cult for individuals with TBI to estimate their PM than their retrospective memory. A possible

explanation for this pattern of more consistent reports of impaired memory self-awareness when tested

o�ine than online is that the former requires a judgment of a general and abstract situation, whereas the

latter requires a judgment of immediate, speci�c, concrete questions and performance-dependent

feedback, which seems to be easier for individuals with TBI.
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Memory Remediation

There are two predominant approaches to memory remediation: One is internal, encouraging the use of

mnemonic strategies such as visual imagery, and the other is external, adopting the use of external cues

such as electronic cues (e.g., using a smartphone for reminders) or paper and pencil (e.g., keeping a diary)

(Cappa et al., 2005; Tsaousides & Gordon, 2009). The e�ectiveness of the internal approach has been

demonstrated in several studies. Some studies aimed to improve speci�c memory processes such as PM

using visual imagery (Potvin et al., 2011) or self-imagination (imagining from a personal perspective) (Grilli

& McFarland, 2011). Self-imagination was found to be a very e�ective strategy for improving cued recall

(Grilli & Glisky, 2011) and PM (Potvin et al., 2011). Chiaravalloti et al. (2016) trained participants with TBI in

10 sessions over 5 weeks to improve their learning abilities by using context and imagery. The researchers

reported a signi�cant improvement in prose learning for the group that participated in the training

program. Duval et al. (2008) trained TBI participants with three strategies: dual coding—using verbal and

visual coding; serial processing—arranging the stimuli (e.g., in alphabetic order) before processing them

further; and speed reduction—placing an emphasis on quality and accuracy of performance rather than on

speed. The goal was to improve three speci�c components of the WM central executive: processing load,

updating, and dual-task monitoring. They found that this intervention not only improved these WM

components but also led to recovery that generalized to real-life situations. Serino et al. (2007) developed a

remediation program targeting the central executive system. The e�ciency of the program was expressed

in cognitive tasks that not only involved the central executive but also generalized to everyday

functioning. Mioni et al. (2017) used the Virtual Week task with the aim of improving PM performance of

individuals with TBI. The task involves a computer-based program requiring participants to simulate future

events. Results showed that although individuals with TBI had impaired PM, they bene�ted from this

strategy. In addition, patients with TBI showed the advantage of spaced rather than massed practice

(Goverover et al., 2009). The generation e�ect (better memory of self-generated words than words

provided) was also demonstrated in individuals with TBI (Goverover et al., 2010; Sche�t et al., 2008).

p. 1843

Implementation of external strategies has also proven useful as a mnemonic device. Everyday functioning

of individuals with TBI was improved by using a notebook or a diary (Ownsworth & McFarland, 1999;

Schmitter-Edgecombe et al., 1995). Electronic devices and paging systems were also found to be very

helpful for sending reminders of daily activities to TBI patients with memory impairment (Gentry et al.,

2008; Kirsch et al., 2004). Shum, Fleming, et al. (2011) have shown that the use of external aids, such as a

diary, improved PM.

Fleming et al. (2005) trained individuals following TBI for 8 weeks in an attempt to improve their PM.

Participants were trained simultaneously with a combination of both internal strategies (i.e., self-

awareness with feedback) and external strategies (i.e., the use of a diary or an alarm watch). Training

included implementation of these strategies in real-life situations. They reported a signi�cant

improvement in PM when comparing pre- and post-training performance.

One of the most frequent complaints regarding memory decline is face naming. Manasse et al. (2005)

designed an intervention to address this problem for participants with TBI. The approach consisted of

several phases. In the �rst phase, researchers focused participants’ attention on special features of faces in

photographs. Participants were instructed to repeat the names loudly and then to read a sentence with

imagery association (e.g., for Jim, “Imagine Jim working out at the gym”). In the next phase, participants

had to implement face naming in real-life situations. Researchers reported a signi�cant improvement in

face naming compared to the initial baseline.

Alashram et al. (2019) reviewed nine studies that used VR technology for remediation of various TBI

impaired cognitive processes. They concluded that 10–20 sessions of 20–40 min each can make a
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signi�cant improvement in memory, executive functions, and attention. The VR sessions in the nine

reviewed papers included various settings such as a driving simulator, a bike riding simulator, a Caribbean

island, a country town, ski runs, and a virtual mall.

In their literature review on cognitive rehabilitation, Cicerone et al. (2011) concluded that internal strategies

are more bene�cial for individuals with mild TBI, whereas external mnemonics are more bene�cial for

those with severe TBI. A recent meta-analysis study Lambez and Vakil (2021) has indicated that individuals

with TBI bene�t most when receiving mixed interventions, including both internal and external strategies.

One of the most challenging aspects of any kind of training is the transfer and generalization of the learned

material to real-life situations. In a study by Vakil and Heled (2016) using the TOHP, it was demonstrated

that the cost of transfer to a new condition was signi�cantly lower under varied training (when di�erent

versions of a speci�c task are used for training) than under constant training (when the same version of a

task is used throughout training). This principle should be implemented in memory remediation techniques

together with other cognitive remediation paradigms.

Discussion

Traumatic brain injury results in widespread brain injury, but it particularly a�ects the frontal and temporal

lobes (Avants et al., 2008; Bigler, 2013; Bigler & Maxwell, 2011; Stuss, 2011). In addition, white matter is

a�ected in the form of di�use axonal injury (Spitz et al., 2013). Unlike localized brain lesions that cause

speci�c impairments (e.g., hippocampal lesion causing amnesia), TBI results in a wide range of cognitive

de�cits, including de�cits in attention, speed of processing, executive functions, and memory. Even many

years after TBI, patients cite memory impairment as their most concerning symptom (Jourdan et al., 2016).

The high prevalence of individuals su�ering from TBI and the need to characterize their memory de�cit

have led to extensive research on the e�ects of TBI on memory.

p. 1844

When analyzing the e�ects of TBI on memory, we must bear in mind the di�use nature of these brain

injuries and their e�ect on other cognitive processes that modulate the expression of the memory de�cit.

For example, the well-documented e�ect of TBI on executive functions (Draper & Ponsford, 2008; Gansler

et al., 1996) has an e�ect on the encoding and retrieval of information. In Moscovitch’s (1994) term

“working-with-memory,” damage to the frontal lobes (which typically follows TBI) hinders top-down

processes such as implementation of strategy, organization, and conceptual elaborative encoding and

retrieval.

The literature reviewed in this chapter illustrates that TBI a�ects most aspects of human memory function

(Table 62.1). However, we can ask whether some aspects of memory are more vulnerable than others. In an

attempt to address this question, Vakil (2005) suggested that TBI most severely impacts aspects of memory

that (a) depend on conceptual processing of items and strategic/e�ortful elaboration of those items and (b)

rely on episodic or contextual associations, as in delayed recall tasks. By contrast, those aspects of memory

that rely on automatic, implicit, and shallow processes are more resistant to impairment in TBI. This

assertion is supported by the literature reviewed in this chapter. Accordingly, there are more consistent

reports of an impaired central executive component of WM, which supports e�ortful processes, than 

reports concerning impairment of the slave systems (Vallat-Azouvi et al., 2007). Similarly, when analyzing

the underlying de�cit of the learning process, several researchers attributed TBI learning de�cits to poor

use of semantic clustering (Wright et al., 2010). This review has also demonstrated that TBI consistently

results in impaired semantic organization. When testing the e�ect of TBI on episodic versus semantic

memory, impaired episodic memory was reported more consistently than impaired semantic memory

(Knight & O’Hagan, 2009; Rasmussen & Berntsen, 2014). Episodic memory, unlike semantic memory,

requires reinstatement of the contextual information to be retrieved (see Chapter 6). Findings on source

p. 1845
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memory versus context e�ect on memory are also consistent with the pattern described above. Source

memory that requires explicit retrieval of incidentally encoded contextual information is consistently found

to be impaired following TBI (Dywan et al., 1993). In contrast, context e�ect, which expresses the implicit

e�ect of contextual information on target memory, is consistently found to be preserved following TBI

(Vakil et al., 1991, 1994, 1996, 1997). Finally, this pattern is also exhibited in literature on skill learning.

Cognitive skills that require a strategic approach (e.g., TOHP; Vakil et al. 2001) are more frequently found to

be a�ected by TBI compared to perceptual skill learning tasks (Pavawalla & Schmitter-Edgecombe, 2006).

These impaired memory aspects are associated with frontal lobe functions; thus, it is not surprising that

such aspects are found to be more susceptible to TBI, which typically involves damage to the frontal lobes

(for further discussion of this issue see Vakil & Greenstein, 2021).

Table 62.1  Summary of Studies of Memory Functioning Following TBI

Memory
Domain/Function

Memory Subprocesses Major Findings (vs. Controls)

Working memory Phonological loop
 
Visuospatial sketchpad
 
Central executive

Preserved
 
Preserved
 
Impaired

Episodic and semantic
memory

Learning rate (verbal material)
 
Learning rate (visual material)
 
Forgetting rate
 
Episodic autobiographical memory
 
Semantic autobiographical memory

Impaired
 
Impaired
 
Preserved (when controlling for
learning baseline)
 
Impaired
 
Mixed results

Implementation of semantic processes (verbal and
visual material)

Impaired

Prospective memory Time based
 
Event based

Impaired
 
Impaired

Context and source
memory

Context (implicit measure)
 
Source (explicit measure)

Preserved
 
Impaired

Skill learning Perceptual tasks
 
Cognitive tasks

Preserved (mostly)
 
Impaired (mostly)

Memory self-awareness O�line test
 
Online test

Impaired
 
Mixed results

Importantly, some critical aspects of strategy-dependent memory—such as PM, source memory, and skill

learning—are not usually tested via standard memory batteries. Incorporation of these measures into

standard batteries would lead to better patient assessment and the amassing of much needed additional
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data. Assessment of memory self-awareness is also essential due to its implications for memory

remediation as well as rehabilitation in general.

Most of the studies exploring the impact of memory remediation reported a signi�cant e�ect of training,

whether an internal or external strategy was used. However, transfer or generalization of training to the real

world (particularly when an internal training strategy was applied) was not always demonstrated. The

implementation of varied training may be bene�cial in this regard, as demonstrated by Vakil and Heled

(2016). Another issue that should be considered when dealing with memory remediation is that memory

de�cits following TBI typically do not result from pure de�cits but, rather, more likely stem from, or are at

least modulated by, other cognitive impairments such as executive functions. Accordingly, comprehensive

memory remediation should also address such impaired cognitive processes.

Although TBI a�ects many aspects of memory function, its e�ect on memory is not uniform, and our review

highlights numerous dissociations between impaired and preserved memory processes—for example, the

dissociation between the central executive and slave systems in WM (Vallat-Azouvi et al., 2007), the

dissociation between explicit (source memory) and implicit memory of contextual information (context

e�ect) (Vakil et al., 1991, 1994, 1996, 1997), and the dissociation between episodic and semantic memory

(Knight & O’Hagan, 2009). These �ndings support theoretical models that ascribe di�erent components,

mechanisms, or systems underlying performance in varied memory tasks. Although no task is process pure,

some tasks rely more heavily on some processes than on others, and TBI appears to substantially a�ect

processes involving elaboration of conceptual information and context-dependent encoding and retrieval

processes (Vakil & Greenstein, 2021). Thus, the study of TBI can also inform theoretical distinctions brought

out through basic-science investigations of human memory surveyed in Volume 1.

In conclusion, research on memory following moderate to severe TBI has provided a wealth of data

concerning the patterns of impairment seen across a wide range of cognitive tasks (see Figure 62.1).

Although this review also highlights some inconsistencies in this literature, these inconsistencies may

simply re�ect the extreme heterogeneity of the population being studied. The application of a “systems

biology approach” (Bigler, 2016) to the study of TBI is a particularly fruitful means of integrating

neuroimaging and neuropsychological �ndings. As we learn more about the neural substrates of TBI-

related disease, we can replace the crude mild to severe classi�cation with far more precise taxons. Such

improved classi�cation could lead to the development of individualized remediation regimes.
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