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Summary: Several investigators have suggested that amnesics fail to encode
contextual information. Support for this approach was derived from studies that
tested the recall or recognition of different aspects of contextual information. In
the present study, we 1ested the possibility that contextual information is encoded
by patients with memory impairment but cannot be retrieved by direct methods.
The distinction between direct and indirect recall of context is an imporiant ong
that has not been sufficiently addressed with regard 1o brain-injured patiemts. Fif-
teen brain-injured (BI) patients and 19 non-brain-injured {NBI) subjects pantici-
pated in this study. The results show that when contextual information was tested
directly the WBI group outperformed the Bl group. However, both groups bene-
fited from the contextual cues (i.e.. indirect measure). Results are interpreted in
terms of the theoretical distinction between implicit and explicit memory regard-
ing contextual information; implicit memory is shown to be preserved in patients
with memory impairment. Key Words: Brain injury—Amnesia—Contextual in-

formation—Indirect memory. NNBN 9:176-181, 1996

Memory disturbance is the most prominent resid-
ual deficit following brain injury (1.2). In reviewing
the literature, Baddeley and co-workers (1) concluded
that the pattern of memory deficit shown by brain-
injured (BI) patients is similar to that of classic amne-
sic patients. The medial temporal lobe (3) and the
basal forebrain (4) have been linked to memory func-
tions, and both are vulnerable to traumatic brain in-
jury (5).

Several investigators have suggested the “context
theory™ as an explanation for the underlving impaired
cognitive mechanism in amnesia (6-8). They posit
that amnesics fail to encode contextual information
that normally serves as cues in the retneval stage,
Thus, poor target memory is a consequence of poor
contextual memory. Different versions of this ap-
proach have been offered in the literature (9).
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Investigators disagree regarding involvement of
effortful or auwtomatic mechanisms in processing
contextual information. Kinsbourne and Wood (10)
claim that amnesics have an attentional deficit that
disrupts encoding and retrieval of contextual infor-
mation requiring attentional effort. Among the stud-
ies supporting this approach are Smith and Glenberg
(11), Smith (12), and Winocur and Kinsbourne (13).
In these studies, different information (e.g.. lists of
words) was learned in very distingt contextual envi-
ronments (e.g., different rooms or different physical
conditions), Only under these circumstances did am-
nesics show improved memory, expressed either by
reduction of negative transference from one list to the
other or by improved recognition when the test was
performed in the original learning environment. That
normal subjects functioned effectively with minimal
cueing was interpreted as reflecting the amnesics’
deficit in attentional encoding and retrieval of
contextual information.

A different version of the contextual hypothesis was
suggested by Hirst and Volpe (6), who argued that
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contextual information is normally encoded auto-
matically, since “'target™ and “context” cannot be si-
multaneously encoded effortfully, Thus, the target,
which is the focus of attention, is encoded effortfully
while the context is encoded automatically. Accord-
ing to this approach, amnesics fail to encode con-
textual information due to the breakdown of auto-
matic processes, In support of their view, Hirst and
Volpe (6) cite many studies in which amnesics were
impaired in their recall and recognition of contextual
information. Similar studies were conducted with
other memory-impaired populations, such as the el-
derly (14) and BI patients (15). Most of these studies
tested direct recall or recognition of different aspects
of contextual information, such as temporal order or
spatial location of items (7,16,17). Impaired recall or
recognition of this information by memory-impaired
patients was interpreted as supporting the contextual
theory.

On the other hand, the contextual theory presents
difficulty in interpreting some findings with amnesics
{9). For example, Squire {18) showed that even when
target item memory is matched to that of non-brain-
injured (INBI) subjects, patients still evidence poorer
memory for contextual information (i.e., temporal
judgment). However, frontal lobe-lesioned patients
who normally recognize target items are impaired in
temnporal order judgment (19). Furthermore, the se-
verity of amnesia did not correlate with the severity
of temporal judgment impairment (18). These studies
tested temporal order as an aspect of contextual infor-
mation, whereas temporal order might be a special
feature of context that differs from other aspects of
context (20,21).

Maves and colleagues {22) reported two experi-
ments in which they showed that amnesics, unlike
normal subjects, did not benefit from interactive
context {when words meaningfully related to target
words are presented simultaneously with the target
words). Furthermore, patients showed poorer recog-
nition of the interactive context words, A more recent
study by Priestley and Mayes (23) showed that prim-
ing for interactive context was preserved in amnesics.

In the present study, we tested the possibility that
contextual information, though not accessible
through intentional retrieval processes, may be en-
coded and serve as retrieval cues. The distinction be-
tween direct and indirect measures of contextual in-
formation i5 an important one that has not been
sutheiently addressed with regard to Bl patients. Vakil
et al. {15) showed that when intentional retrieval (Le.,
direct} of temporal order of a word list was required,
Bl patients were impaired as compared with NBI sub-
jects. However, with regard to incidental retrieval {(1.e..

indirect) of temporal order of a word list, the two
groups did not differ significantly. A similar pattern of
results was obtained in a study by Vakil et al, (13) in
which B! patients were impaired as compared with
controls when direct frequency judgment of words
was required. However, when frequency was assessed
indirectly by a word-stem priming task, the groups did
not differ from each other. It is argued that the fact
that many studies have shown that memory-impaired
patients failed to recall or recognize contextual infor-
mation directly does not necessarily indicate that this
information was not encoded and was not used indi-
rectly, Therefore, it is hypothesized that memory for
context should manifest itself through its indirect
effect on target memories after changes in background
context. By contrast with contextual theory predic-
tion, we expect a similar effect for the Bl group and
the NBI group under this condition. However, mem-
orv for context is assessed direct!y by testing recogni-
tion for items previously shown as context for other
information. In accordance with the contextual the-
ory, the BI patient group is expected to be inferior to
the NBI group on this task.

METHOD
Subjects

Two groups of subjects participated in the present
studyv: A sample of NBI subjects was the comparison
group for the BI patient group. The NBI group con-
sisted of 19 volunteers aged 20-31 years (mean 25,84
vears) with 12-14 vears (mean 12.26 years) of school-
ing. The Bl group was composed of 15 patients aged
16-44 years (mean 29.47 vear) with 10-19 years
{mean 12.40 years) of schooling, The groups were not
significantly different either with regard to age (1(32)
= .10, p > .05) or on educational level (#(32) = 81, p
= .03). Table | provides a more detailed description
of the patient group. The Bl patients were recruited
for the study from a population of patients hospital-
ized in the Loewenstein Hospital (Israel) for rehabili-
tation after a brain injury, All subjects were at least 10
weeks postinjury {Table 1). All patients selected for
the study passed a screening battery administered by
the occupational therapist and the speech pathologist
in the hospital department. The Loewenstein Occu-
pational Therapy Assessment (LOTCA) battery was
administersd (24). This battery included tests of ori-
entation. visual and spatial perception, visuomotor
oreanization. and thinking operations. Furthermaore,
patients referred to the study had been evaluated at
least | month earlier by an interdisciplinary team in
the department as no longer having posttraumatic
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TABLE 1. Demographics af the brain-injured parieni gronp

Educanion Time alter Coma
Patieni/age (vr)/sex H {yrh onset (whk) {days) GCE
1/16/F R 10 7 35 5
2125/F R i2 11 21 5
33 M L 15 13 2 7
a/40; M R 15 42 7 7
5f32/M R 11 15 24 7
638/ M R 19 i) i7 b
Tr42/M R Il i — —
E24/M R 12 19 2 6
921/F L 12 26 & 5
1044/ M R 11 24 5h .
11/26/M R 12 40 45 4
12/21/M R 12 3l 6h 9
13032/M R 10 19 15 g
14/22/M R 12 20 i —
15/22/M R 12 0 14 [

H. Handedness: GCS. Glasgow Coma Scale, on admission 1o hospital.

% Information not feund in medical records.

amnesia (PTA). Therefore, the patients’ intellectual
and linguistic functioning was at a level enabling ade-
quate responsiveness to the task requirements based
on the tests conducted. None of the participants had a
history of alcohol, drug abuse, or psychiatric illness.

Testing Material

Three sets of slides were used in the present study.

I. Learning set. The learning set consisted of 21
slides with pictures of a common object (i.e., target)
placed on top of another common object (Le.,
context), such as a book placed on a chair. Objects
were chosen so that there was no natural relation be-
tween the target and context items; e.g., we did not
present a picture of a book on a bookshelf,

I1. Testing set. The testing set consisted of 42 slides
like those in the learning set. The 21 target objects
used in the learning set were presented again, but one
third (7) were in the *‘same context,” one-third had a
“plain context™ (white background), and one third
were in a “different context” consisting of new items.
In addition, there were 21 slides of new objects, one
third (7) presented with a context used before with a
different object, one third presented with a new
context, and one third presented in the plain context.
Slides were presented in random order.

[II. Context set. The context set consisted of 14
slides, including seven slides with pictures of objects
used in the learning set as context and seven slides
of completely new objects. Slides were presented in
random order.

Procedure

Each subject was tested individually. The 21 slides
of the learning set were projected from a slide proj-
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ector, from a distance of ~2 m, at the rate of one pic-
ture every 5 s, Subjects were told: "“You will be pre-
sented with a series of shides in which one object is
placed on top of another object. You are asked 1o pay
close attention to the object on top since vour memaory
for these objects will be tested.™ After presentation of
the learning set, free recall of the target objects was
tested. Subjects were asked to recall as many target
iterns as they could remember. After the free recall
task, the testing set slides were projected. With each
slide, subjects were asked to decide whether the object
presented had appeared in the learning set. Finally,
the context set was presented, in which half of the ob-
jects had appeared in the learning set as context and
half were completely new objects. Subjects were asked
to identify the context objects that had appeared in
the learning set. All answers were recorded by the ex-
perimenter.

RESULTS

Three aspects of measures were analvzed in this ex-
periment: free recall and recognition of target items
and recognition of context items.

Free Recall of Target [tems

The number of target items correctly recalled by the
two groups was subjected to the 7 test. The results
showed a significant advantage of the NBI group
{mean 9.47) over the Bl group (mean 4.47): (1, 32)
=527 p<.001,

Recognition of Target ltems

For the recognition of target items, the hit rate and
false alarm rate were obtained for each subject. Tables
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TABLE 2. Mean hit rate (and SD) for the Bf and NBf
groups as a function af the different testing context

Context
Group Different Meutral Same
NBl(n=19) 6.16{0.90) 6.21(1.18) 6.74(0.45)
Bl{n=13) 4.73(2.15) 5.20(1.90) 5.73(1.62)

BI, brain-injured; NBI, non-brain-injured.

2 and 3 show the hit rate and false alarm rate for the
Bl and NBI groups as a function of the different
context. Both recognition measured were submitted
separately to a mixed-design analysis of varance to
assess the effect of group (BI vs. NBI) by context (same
context as in the learning condition, plain context,
and different context); the former is a between-sub-
jects factor, and the latter is a within-subjects factor.

Hit Rate Analysis

Both main effects were significant: group F{I, 32)
=6.79, p = .01. The NBI group recognized more
target items than the Bl group; context F(2, 64) =
8.70, p =.001. Both groups recognized the objects
best when they were presented in the same context as
in the learning set and recognized them least under
the different context condition. The lack of significant
interaction between the two main effects indicates
that both groups were affected similarly by the differ-
ent context. Follow-up analysis was conducted to
identify the source of significance in the context main
effect. Results indicate that the only conditions sig-
nificantly different from each other were same versus
different context situations for both groups.

False Alarm Rate Analysis

As, in hit rate analysis, above, both main effects but
not the interaction between them reached signifi-
cance. The NBI group made fewer false alarms than
the BI group [F(1, 32) = 4.78, p < .04], and more false
alarms were made when objects were presented in the
same context as compared with the other two condi-
tions, F(2. 64) = 4.66, p < .02,

Recognition of Context frems

The number of context objects correct!y recognized
by the two groups was subjected to the ¢ test. The re-
sults show a significant advantage of the NBI group
(mean 5.53) over the Bl group (mean 4.33): o(1. 32)
=213, p<.04

Pearson product-moment correlations were calcu-
lated between the measures of severity of injury (i.e.,
length of coma, Glaszow Coma Scale on admission to
hospital, and time after onset) and the different mem-
ory measures. The only significant correlation was
that between Glasgow Coma Scale score and the num-
ber of context itemns recognized correctly, r{12) = .64,
p < .03. Two other scores reached near-significance;
the correlation between length of coma and the num-
ber of context items recognized correctly [A14)
= —.50, p < .07] and between time after onset and
the number of false alarms in target recognition [r(13)
= .50, p < .06].

DISCUSSION

The major advantage of the paradigm we used is
that it enabled us to measure direct and indirect as-
pects of memory for contextual and target informa-
tion within the same task. In accordance with the re-
sults of Baddeley and associates (1) and Levin (2), sur-
vivors of brain injurv showed impaired memory when
measured explicitlv. The NBI group recalled and rec-
ognized significantly more target as well as more
context items than the BI group. This result confirms
our assumption that Bl patients have impaired mem-
ory. Few memory measures were associated with the
severity of injury as measured by length of coma and
Glasgow Coma Scale. possibly because the seventy
measures are primarily related to brainstem injury
rather than to injury to the regions associated with
memory such as the temporal and frontal lobes (23).

The BI patients used and NBI subjects used
contextual cues to the same degree. This finding re-
quires more careful analysis. That we used only 21
pictures in the learning set and that on the average
MBI subjects recognized more than six of seven pic-
tures raises the possibility of a ceiling effect for the
WBI group. Therefore, if controls performed well be-
low ceiling, they may well have manifested a dispro-
portionate tendency to be more affected by context
manipulation than the Bl group. Theoreticallv. the
most telling finding is that the Bl group benefited in-

TABLE 3. Mean false alarm rate fand SD) for the Bf and
NEB[ groups as a finction of the different testing context

Context
Ciroup Diserent Meutral Same
Blin= 19 0.11 {0,132 D16101.38) 035 Mal)
Blin =13 0371119 1.5310.33) L0046

Bl. brain-injured: NBL non-brain-injured.
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directly from the contextual information. although
this information was not accessible direcily. As re-
ported in the Results section. the pattern of perfor-
mance of the Bl group was similar 1o that of the NBI
group. Both groups performed significantly better un-
der the same context condition. The question of
whether the NBI subjects might have benefited more
than the Bl subjects under a more demanding mem-
ory task remains unresolved,

Even without use of exaggerated contextual cues,
our BI patients benefited from contextual cues, unlike
the patients of Winocur and Kinsbourne (13), the dis-
crepancy might be explained by the fact our patients
had impaired memory, whereas those of Winocur and
Kinsbourne were global amnesics. Further investiga-
tion is required to determine whether this difference
reflects a qualitative or only a quantitative difference
between the two patient groups.

Our findings replicate previous findings of Hirst
and associates (16,17) indicating that direct measures
of contextual information show an impairment in
different amnesic groups. However, our findings that
both groups benefited from the contextual cues sug-
gests that not only was this information encoded, but
it even contributed to retrieval of the information.
That the NBI group benefited from contextual cues is
in accord with Tulving and Thomson's principle of
“encoding specificity™ (26) and with a more recent
version of this theorv: Transfer Appropriate Process-
ing (TAP) (27). These theories emphasize the advan-
tage of iesting memory under conditions similar to
those that existed during learning. The finding that the
Bl group benefited from contextual cues can be ex-
plained in terms of the distinction between implicit
and explicit memory (28). Implicit memory 15 pre-
served In amnesics since it does not require inten-
tional retrieval of information, but instead is ex-
pressed indirectly through facilitation of test perfor-
mance without conscious recollection, These findings
imply that contextual information is registered and
stored but is unavailable through direct-intentional
retrieval mechanisms. This does not prevent the in-
formation from being available and useful as retrieval
cues through indirect-unintentional retrieval mecha-
nisms.

Our findings agree in part with those cbtained in a
series of studies by Mayes and colleagues (21-23).
These studies confirm the distinction between the en-
coding and retrieval of contextual information. Asin
the present study, patients with memory impairment
exhibited a dissociation between their ability 1o en-
code and retrieve the information: Although encoding
is preserved, retrieval is impaired. However, another
study showed that memory-impaired patients did not
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benefit from contextual information despite indica-
tions that it was encoded (22). There are several possi-
ble explanations for this discrepancy. First. Maves
and colleagues (22) studied global amnesics, whereas
participants in our study were Bl patients with possi-
blv less severe memary impairment. Second, in their
study. the target and context were words, but we used
pictures of common objects. Therefore, in our study,
memory may have depended more on perceptual pro-
cessing, whereas in the study of Mayes and co-workers
(22), memory may have depended more on verbal or
semantic processing. Third, in the study of Mayes and
co-workers, the context word was presented under the
target word, whereas in our study the target object was
on top of the context object so that it did not require
additional effort to be perceived. Further research is
required to evaluate the contribution of each of these
possibilities to the discrepancy between the studies.

Finally, our findings argue against the context-
memory deficit hvpothesis in its general form. A more
restricted version of this theory is required, focusing
particularly on impairment of retrieval rather than on
encoding of contextual information, while taking into
account direct as well as indirect effects of contextual
information.
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