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Abstract

Prospective remembering has been relatively underinvestigated in neurological patients. This paper describes a
group study in which the prospective memory performance of 36 people with brain injury and 28 control
participants is compared. We used a new instrument, the Cambridge Behaviour Prospective Memory Test (CBPMT)
to assess prospective memory. This comprises 4 time-based and 4 event-based tasks. Participants were allowed to
take notes to help them remember the tasks. The relationships between CBPMT scores, scores on formal tests and
subjective reports on memory, attention and executive functioning were analyzed. The key findings were that

(1) note-taking significantly benefited prospective memory performance, (2) significant relationships were found
between scores on the prospective memory test and scores on tests of memory and executive functions, and

(3) participants had more difficulty with the time-based than with the event-based prospective memory tasks. The
results suggest that compensatory strategies improve prospective memory functioning; memory for content as well
as attention and executive functioning processes are involved in prospective memory; and that time-based tasks are
more difficult than event-based tasks because they place higher demands on inhibitory control mechanisms.
Discussion focuses on the implications of these results for neuropsychological assessment and rehabilitation.

(JINS 2002,8, 645-654.)
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INTRODUCTION life. Forgetting to do things could threaten independent liv-
ing. Despite its clinical significance, prospective memory
has been relatively underinvestigated in this group, possi-
bly due to the absence of a standardized clinical prospec-

Prospective memory involves remembering to perform pre
viously planned actions at the right time or within the right
time interval or after a certain event takes place while being. -
. . o ive memory instrument.
involved in other activities. Cohen (1996) gave the follow- Y

ina d ot f " P . Ellis (1996) said that the termrospective memorgar-
Ing description Of proSpective memory. Frospective MeMy;q g 1o implicit assumption that this is a distinct form of
ory is remembering a plan of action (i.e., what to do) as

I bering to do it at ifiod ti thi memory. She suggested that prospective memory is a mis-
well as remembering to do It at a Specified ime or within leading or inadequate description as it refers to the forma-
certain time limits. Everyday life examples include putting

letter in th iib h bering t tion, retention, and retrieval of intended actions that cannot
aletter in the maiibox on yourway home, Tememuering 10,4 (o5)izeqd at the time of initial encoding. Ellis finds the

turn off the oven, and calling your m‘?ther a't 8:00 P-M- term “the realization of delayed intentions” more appropri-
Memory problems are frequently associated with neurologhte_ Shimamura et al. (1991) claim that prospective mem-

!cal co_nd|t|on_s (Wilson, .1995)' For people with bral_n n- ory not only involves memory, but also shares common
jury, failures in prospective memory, such as forgetting to

tak dicati h d at foct d features with skills of planning and decision-making, and
ake medication, can have devastating efiects on everydayy, inhibitory control mechanisms, all of which are thought

to be mediated by the frontal lobes. Cockburn’s (1995) view
Reprint requests to: Professor Barbara A Wilson, OBE, MRC Cogni-yas that retrospective and prospective memory are similar

tion and Brain Sciences Unit, 15 Chaucer Road, Box 58, Addenbrooke’s h f - ial both but th

Hospital, Cambridge CB2 2EF, UK. E-mail: barbara.wilson@mrc- In that memory for content Is essential to bot ut the es-

cbu.cam.ac.uk sential differences between the two are that (1) remember-
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ing prospectively also requires memory for intention, andmember to carry out tasks after 60 s, 2 min, 10 min, 20 min,
(2) the cue for retrieval has to be self-initiated. Accordingand 24 hr. We assume there was no control over the strat-
to Einstein and McDaniel (1990), prospective memory dif-egies used in the 24-hr period. A Prospective Memory Pro-
fers from retrospective memory in that prospective memorycess Training (PROMPT) is also described with the overall
requires people to remember to remember in the first placegoal of systematically extending the amount of time an in-
whereas in retrospective memory tasks, the experimentetividual is able to remember to carry out tasks.
initiates or requests remembering. Shallice and Burgess (1991) described three patients
Most studies of prospective memory functioning com-whose ability to organize their lives was grossly impaired
pare prospective memory with retrospective memory. Veryyet performed in the normal range on traditional frontal
few studies look at the relationship between prospectivdobe tests. Consequently, Shallice and Burgess developed
memory functioning and executive functioning. To our tasks of executive functioning to capture these difficulties.
knowledge this is the first group study in which prospectiveOne task involved going to a shopping mall to buy certain
memory is investigated in people with brain injury, to- things and find out information (e.g., the rate of the Brit-
gether with an analysis of the relationships between proish pound against the dollar in the newspaper). Certain
spective memory and both episodic memory and executiveules had to be obeyed during the shopping trip. The sec-
functions. Two types of prospective memory tasks are usedynd task involved carrying out six tasks within a given
and we record whether compensatory strategies such as wrttme period. Once again certain rules had to be followed.
ing notes are employed. These tasks can be seen as analogous to prospective mem-
Prospective memory tasks can (1) be self-imposed or imery tasks. Cockburn (1995) described a single case study
posed by someone else, and (2) involve remembering rowf a patient with mild memory problems together with
tine or novel actions (Cohen, 1996). The degree of specificitysevere executive deficits. The patient performed well on
and timing can also vary. Ellis (1988) distinguished be-event-based prospective memory tasks but failed the time-
tween “pulses” and “steps.” A pulse specifies the exact timébased tasks, that is, tasks requiring higher demands on
for an action to be carried out, while a step is less specificself-initiated retrieval. This is consistent with Einstein and
Ellis found that pulses are not only better recalled thanMicDaniel’s (1990) view of prospective memory. Cock-
steps, they are also judged to be more important, and pedurn concluded that her patient’s prospective memory mal-
ple are more likely to use an external memory aid to remindunctioning was partly a result of failure in initiation and
them of pulses. Einstein and McDaniel (1990) distin-partly a failure to inhibit ongoing behavior. She felt poor
guished between two kinds of prospective memory on thanemory was not the explanation. Kinsella et al. (1996)
basis of the cues that trigger retrieval. They suggested thaboked at the interrelationships between self-report, tradi-
prospective memory tasks vary in the degree to which theyional memory tests, and two prospective memory mea-
rely on self-initiated cues relative to external cues. In othesures. The authors interviewed people with and without
words, retrieval may be time-based or event-based. Timetraumatic brain injury. In the first prospective memory task,
based prospective memory requires performance of a tagke participants were required to ask for a questionnaire
at a certain time or after a certain period of time has elapsednd to remember its purpose at the end of the session. The
An everyday example would be turning up at a meeting asecond prospective memory task required participants to
10:00 a.m. tomorrow. Event-based prospective memory rereturn (by mail) an evaluation form with the date written
quires an activity to be carried out in response to a certaifn the top corner. Although the patients with brain injury
external event or physical stimulus. An everyday exampleperformed worse than the control participants on the first
would be giving a message to your colleague when youask, there were no differences on the second. Kinsella
next meet. Einstein et al. (1995) stated that time-based praet al. thought this was due to differences in motivation
spective memory tasks are generally harder to remembetithough it is possible that the results were due to the lack
both because the passage of time has to be monitored awd control over strategies used in the second task. This
because remembering is self-initiated. In contrast, eventiack of control makes it difficult to compare studies con-
based tasks are triggered by an external stimulus. ducted in naturalistic settings. Responses to the self-report
Few studies describe prospective memory functioning irquestionnaire in the Kinsella et al. study did not correlate
people with brain injury. Mateer et al. (1987) showed thatwith traditional memory tests although there was a corre-
both people with brain injury and control participants per-lation with the first prospective memory task. Perhaps self-
ceive themselves as having more trouble with prospectivappraisals of memory functioning might be more closely
memory tasks than with other memory tasks. They useéssociated with prospective than traditional memory per-
factor analysis to identify four factors (attentiprospective  formance. It is possible that independent raters’ scores might
memory, anterograde memory, retrograde memory antlave resulted in higher correlations given that patients’
historical/overlearned memory) involved in self reports of awareness of memory deficits could have been impaired.
memory. The attentiofprospective memory factor ac- This view is consistent with the findings of Sunderland
counted for the highest frequency ratings. et al. (1983). They found that patients’ questionnaires are
Sohlberg and Mateer (1989) describe a Prospective Menminaccurate as a measure of the incidence of memory fail-
ory Screening (PROMS) tool looking at the ability to re- ures. As responding to the questionnaire is in itself a mem-
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ory task, people with poor memories may be poorer a2. Does note-taking improve prospective memory perfor-

recalling instances of memory failure and thus give inac- mance and what are the characteristics of the people

curate ratings. who choose a note-taking strategy, for example, do they
The purpose of this study is to (1) investigate the neuro- have better memory or executive functions?

psychological mechanisms involved in prospective mem-

ory functioning, (2) determine whether time-based3. Do people with both memory and executive functioning

prospective memory tasks are more difficult than event- problems have worse prospective memory functioning

based prospective memory tasks, and (3) see whether peo- than people who have these problems in isolation?

ple can compensate for prospective memory impairments , ) )

with external strategies. 4, I§ there a relationship between prospective memory func-
We assessed 36 people with nonprogressive brain injury 1oning and (1) self reports and (2) reports by carers on

and 28 non-brain-injured control participants on eight pro- €veryday memory and executive functioning?

spective memory tasks. A laboratory setting was chosen s

we could observe the aids and strategies people use to he

them remember. We used a modified version of the Cam-

bridge Behaviour Prospective Memory Test (CBPMT). De-

veloped originally by Wilson and Evans to evaluate a

memory group, the CI_BPMT was f|r_st mentioned in a PaPen ETHODS

by Kime et al. (1996) in a study using the test as a qualita-

tive instrument to monitor the use of compensatory strat-

egies in a young woman with severe amnesia. For the preseResearch Participants

study the CBPMT was modified to include four time-based

and four event-based prospective memory tasks, accord-he sample comprised 36 people with brain injury and 28

ing to Einstein and McDaniel’s distinction (Einstein & control participants. The people with brain injury were re-

McDaniel, 1990). Half the tasks required a verbal responséruited from a day center for people with head injury, and a

and half the tasks required a non-verbal response. Particieuropsychological rehabilitation center for people with non-

pants were allowed to use strategies to help them rememb@fogressive brain injury. Of the people with brain injury, 26

the tasks, for instance by taking notes. We wanted to se@ere male and 10 were female, all were said to have mem-

whether people with brain injury can improve their prospec-0ry problems. Diagnoses were: traumatic brain injury=(

tive memory functioning by the use of external strategies?2), CVA (including subarachnoid hemorrhage) € 7),

when told they were allowed to use these. We also wante@erebral anoxiar( = 3) encephalitisif = 2), Korsakoff’s

to determine the characteristics of those who wrote dowrsyndrome § = 1), both cerebral tumor and meningitis

the tasks. This is something encouraged in rehabilitatiodn = 1). The majority had sustained a period of coma and

yet not always observed in real life. had received some formal rehabilitation. For 34 of them,
As prospective memory involves both memory and ex-the time between the injury and the testing was at least 6

ecutive functioning, a number of tests that measure thes@onths (see Table 1).

skills were administered. We wanted to see if there was a

relationship between prospective memory performance, and

the other measures. We also assessed premorbid and cur-

rent i.ntellectual fl_"nCtioning' and spged of information pr.O'Table 1. Demographic and clinical details of the two groups

cessing to see if these abilities influenced prospectivey participants

memory. Self-reports about memory and executive func

. Do people have more difficulty on time-based prospec-
P tive memory tasks than on event-based prospective mem-
ory tasks?

tioning were collected from participants and their relatives. People with Control
Results were compared with the participants’ prospective brain injury participants
memory performance. A description of the formal tests and/ariable (N =36) (N=28)
questionnaires used can be found below. We also wanted Qqe at testing (years)
know whether participants found time-based prospective M (SD) 35.61 (11.06) 35.19 (10.85)
memory tasks harder than event-based prospective memoryRange 19-60 20-65
tasks. Gender
Specific questions the study addressed were as follows: Male 26 18
Female 10 10
1. Do people with brain injury perform significantly worse Yeslrs ogeducatlon 1249 (o " X
on prospective memory functioning than control partici- (SD) 42 (2.09) 08 (3.02)
L . . Range 9-17 10-20
pants? If so, can this difference be explained by differ-., S
. . . Time since injury (months)
ences in memory and executive functions, age, sex, years, (SD) 75.56 (87.94)

of education, speed of information processing, or pre- Rrange 0-60
morbid or current intelligence?
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Measures The eight tasks were not printed on a card. Participants
) either wrote down the information or tried to remember it.
Measure of prospective memory One point was given for each successfully completed

An extended version of the CBPMT (Wilson & Evans, re- task at the right time or after the right event took place. A
ported in Kime et al., 1996) was designed for this study.tOtal score was calculated and scores for time-based and

This test takes 40 min and comprises four time-based an@Vent-based prospective memory tasks were summed sep-
four event-based prospective memory tasks (described bél_rately for' further analy5|s. In this study the names of the
low). The participants were required to remember to dolidden objects and their places were scored separately and
things while working on intellectually demanding filler tasks. could be used qualitatively, but were not included in the
They were able to see the time on a clock and were toldotal score as inclusion would make this task unequal in
they could use any strategy they liked to help them rememdifficulty compared to the other tgsks. Thg hidden objects
ber the tasks. The instructions were, “You can use any strat¥ere good for morale as people with brain injury were more
egy you like to help you remember and use anything on th@lfely to remember some of the items and where they were
desk to help you” (paper and a pencil were clearly visible).hidden.

Some instructions were given at the beginning of the ses- o

sion and others were given during the session. Intellectual functioning measures

The CBPMT included the following tasks: Three tests were used to assess intellectual functioning and

] ) speed of information processing. The Raven’s Standard Pro-
Time-based prospective memory tasks gressive Matrices (Raven, 1960) was used to assess current
- . intellectual functioning. The Spot-the-Word subtest of the
L ‘EIQr?TISn?r:?r?uELZE’tS:'::r ??vzniigjq:?;si;%rgrﬁéhneortkt?)y-Speed and Capacity of Language Proc_essing test (SC.O.LP;
forget my key.” ' Baddeley et al, 1992) was used to estimate premorbid in-
' tellectual functioning. The Speed of Comprehension Test
2. Requesting the tester for a newspaper after 20 min: “Irsubtest of the SCOLP (Baddeley et al., 1992) was used to
20 minutes’ time, please ask me for a copy of theassess speed of information processing.
newspaper.”

3. After working for 20 min on the first filler task, the Retrospective memory measures

person was asked to switch to a second filler task after Three tests were administered to assess retrospective mem-
further 5 min. A few people had already completed theory functioning. The Logical Memory Subtest (immediate
first filler task within this time period so they were asked and delayed recall) of the Wechsler Memory Scale—Revised
to stop the second filler task in 5 min and complete a(\WMS—-R, Wechsler, 1987) was used as a verbal memory
questionnaire. (The filler tasks were nonverbal reasonmeasure. The Rey-Osterrieth Complex Figure Test (Oster-
ing tests taken from commercially available books.)  rieth, 1944; Rey, 1964) was used to assess visual memory.
Two independent raters scored the drawings and the means
were calculated. The Recognition Memory Test (War-
rington, 1984) was used to estimate recognition of words
and faces.

4. Opening or closing the booklet of the filler task 3 min
after the instruction was given: “In 3 minutes’time please
close the book you are working on.”

Event-based prospective memory tasks ) . )
prosp y Working memory, attention and executive

5. Reminding the tester about five hidden objects after thdunctions measures

tester said the testing is over (at the end of the sessiongix tests that measure working memory, attention, and ex-
“When | tell you we have finished this session, please ' '

. : ecutive functions were administered. The Digit Span sub-
ask me for the objects and tell me where they are hldden.test (forwards and backwards) of the WMS-R (Wechsler,
6. Putting a briefcase under the desk after an alarm ring$987) was used to assess working memory and attention.

which was set to ring 5 min after the beginning of the The Color Word Stroop Test (Stroop, 1935) was used to
session: “When the alarm rings, please put this briefcasassess selective attention and inhibitory control. The Mod-
under the desk.” ified Card Sorting Test (Nelson, 1976) was used to assess
. . . executive functioning. The Modified Six Elements subtest
7. Changing pens after having completed seven filler St e Behavi | A fthe D ve S
signments: “When you have completed seven of these the Behavioura ssegsment of the Dysexecutive Syn-
' . drome battery (BADS; Wilson et al., 1996) was used to
puzzles, please change pens. . . : :

assess the ability to plan, organize and monitor behavior.

8. Giving an envelope with “message” written on it to the The Controlled Oral Word Association Test “FAS” (Spreen
tester when tester says that there are 10 min left; instruc& Benton, 1977) was used to assess verbal fluency. The
tion is given after the timer goes off: “When | tell you Trail Making Test (Reitan, 1958) was used to assess visual

there are 10 minutes left, please give me this messagesearch and the ability to switch between numbers and letters.
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Questionnaires measuring memory and samples was used to look at group differences. An analysis
executive functions of covariance (ANCOVA) was used to exclude possible
effects of retrospective memory, attention, executive func-
The Everyday Memory Questionnaire (Sunderland et al.tion, speed of information processing (current and premor-
1983) was used to assess failures in everyday memory. fid), intelligence and education. Relationships between
28-item self-report questionnaire was given to participantgrospective memory performance and retrospective mem-
who rated how often certain everyday life memory prob-ory, attention and executive functioning measures were an-
lems had occurred in the past 3 months. Family membersylyzed further with Pearson’s correlations. Fisher’s test
caregivers or friends also rated the frequency of the memcompared correlations between the people with brain injury
ory problems of the people with brain injury. The Cognitive angd control groups and Williams (1959) test was used to
Failures Questionnaire (Broadbent et al., 1982) was used t@ompare correlations within group. Means, standard devia-
assess errors in attention and executive functioning. In thigons, and ranges of these measures are given in Table 2.
25-item self-report questionnaire participants were asked Adding z scores gives a total score giving each test vari-
to rate the frequency with which they made everyday errorgple equal weight. Each variable is deemed equally impor-
in the past 2 months. Other reports were by family mem-ant in determining the construct score, for example, Logical
berS Of the peOple W|th brain injury ona CheCkliSt that Con'Memory and D|g|t Span Backward are equa”y important
tains eight items. theoretically in determining retrospective memory. Regres-
The Dysexecutive Questionnaire (Burgess et al., 19983jon would give unequal weights so some scores would be
was used to assess dysexecutive problems. Participants weféemed to be more influential in determining retrospective
asked to rate the behavioral, cognitive and emotional PFObmemory than others. This appears to be theoretically
lems experienced on a 20-item checklist. This questiongounterintuitive.
naire was also completed by an independent rater. People with brain injury and control participants were
The order of testing was as follows: (1) Spot-the-Wordcompared on prospective memory performance. The two
from the SCOLP; (2) Speed of Comprehension from theyroups were successfully matched on ff62) = —0.22,
SCOLP, (3) Rey-OSterreith Complex Figure—COpy and |m'p = 83] and gender (Yates Correctga = 17,df = l, p=
mediate recall; (4) CBPMT; (5) Rey Figure—delayed recall;g 68) but the controls had more years of educaftto6) =
(6) Digit Span; (7) Logical Memory—immediate recall; —2 49 p < .05]. At test for independent samples showed
(8) (break) and delayed recall; (9) Modified Card Sortingthat people with brain injury performed significantly worse
Test; (10) Stroop; (11) Trail Making Test-A and B; (12) on the prospective memory tasks compared with control
Word Fluency E,A,S); (13) Modified Six Elements from participantd t(53) = —6.39,p < .001].
the BADS; (14) questionnaires (everyday memory prob- Controls had higher estimated premorbid intelligence as
lems, Cognitive Failures Questionnaire, Dysexecutiveneasured by the SCOLR(55) = —3.26,p < .01], higher
Questionnaire). current intelligence as measured by the Raven’s Standard
Progressive Matricelg(60) = —3.24,p < .01] and faster
speed of information processifig59) = —11.01,p < .001].
Procedure The difference in prospective memory scores between
the control participants and people with brain injury is not

People with brain injury who met the selection criteria were d for by diff ) ; dard
invited to participate in the study. Following a detailed ex- accounted for by differences in SCOLP, Raven's Standar

planation, written consent was obtained. Participants WerErogressive Matrices or years of education, butis explained

assessed individually. Before the session the people wit y speed. of mforr_n.atlon processing as shqwn in Table 3.
brain injury were asked about memory, attention and con- There is a significant positive relationship between pro-

centration difficulties experienced in everyday life. The sesSpective memory and each of SCOLP, Raven’s Standard

sion took about 2 hr for the control participants. P(_:.opleProgresswe Matrices and speed of information processing

with brain injury were seen in two or three sessions, de-in co_ntrol_ participants an_d Rav_en’_s _Standard Progr_es_sive
pending on their level of fatigue. For the people with brain Matrices in the pgople with bralcr; |njuré/. '?hef association
injury the first two tests were administered in a separaté’(atween prospective memory and speed of information pro-

session. The order of the administration was the same foqessing is stronger in the control group than in the group
both groups, however with brain injury. These results are also given in Table 3.

o _ Relationships between prospective memory and
Statistical Analysis other cognitive functioning measures

The two groups were compared on age, gender, speed &fignificant relationships were found between CBPMT scores
information processing, premorbid and current intelligenceand a number of retrospective memory, attention and exec-
and years of education to identify any differences acrossitive function tests as shown in Table 3. The correlations
the groups that might influence prospective memory perbetween each of the memory, attention and executive func-
formance. Unless otherwise stated,tast for independent tions with prospective memory in Table 3 are the same in
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Table 2. Summary measures for various tests

Y.C.T. Groot et al.

People with brain injury Control participants

Maximum
Test Score M SD Range M SD Range
CBPMT (8) 4.50 2.29 0-8 7.29 1.12 4-8
Logical Memory (immediate recall) (50) 17.87 7.15 3-37 18.22 8.16 10-38
Logical Memory (delayed recall) (50) 13.39 9.59 0-36 22.33 6.82 14-36
Rey Figure recall (36) 14.93 7.64 3-32 23.58 7.68 8.25-33
Recognition Memory Test-Words (50) 43.38 6.90 27-50 48.83 1.82  44-50
Recognition Memory Test—Faces (50) 36.13 7.11 23-48 45.39 2.87 38-49
Digit Span forward (12) 7.13 2.07 4-11 8.22 2.29 5-12
Digit Span backward (12) 5.91 1.93 3-10 6.72 1.90 4-11
Stroop (raw score) (112) 87.43 22.76  42-112 105.89 89.75 82-112
Modified Card Sorting Test (categories) (6) 4.78 1.54 1-6 5.89 0.32 5-6
Trail Making Test A o) 51.39 22.34  26-126 29.11 10.26  15-49
Trail Making Test B o) 151.70 117.13 61-572 60.27 27.76  35-124
FAS (00) 34.04 11.71  13-65 46.89 10.86 30-69
Six Elements 4) 2.65 1.30 0-4 3.83 0.38 3-4
Self: EMQ () 87.68 4390 4-179 50.46 25.20 7-95
Carer: EMQ o) 93.16 41.03 34-174
Self: CFQ (100) -1.19 11.02 -25-19 -4.25 8.16 —19-14
Carer: CFQ (100) 2.24 3.71 -5-8
Self: DEX (100) 32.77 14.45 1-59 2446 11.60 7-47
Carer: DEX (100) 41.12 14.99 15-71
SCOLP (60) 47.09 6.88  31-57 51.54 3.80 44-59
Raven’s Standard Progressive Matrices (60) 40.77 10.01 20-58 47.54 7.65 26-58
Speed of Information Processing (100) 39.71 15.06 17-89 83.04 15.01 44-100

people with brain injury and controls except for the ReyB, and the Modified Card Sorting Test (humber of catego-
Figure which has a higher association with prospective memries obtained) were calculated. The retrospective memory
ory in the people with brain injury and speed of information standard scores were added to the attention and executive

processing which has a higher association in controls.

functions standard scores. Pearson’s correlations were made

The data from the participants who did or did not taketo calculate the relationship between the added mefmory
notes as a strategy to help them remember the prospectiwxecutive functions scores and prospective memory scores
memory tasks, were analyzed separately. This analysis r&s measured by the CBPMT. Table 4 gives the associations
sulted in even stronger relationships between these meaf three standardized tests, both individually and summed

sures and prospective memory functioning.

with standardized Logical Memory (delayed recall), and

The test scores were transformed into standard scoreprospective memory. Digits Backward, MCST, TMT Part B
This was done using the control data and applying the forand Logical Memory are all associated with prospective
mula, “patient score minus control group mean divided bymemory individually. Logical Memory is also associated
control group standard deviation.” We wanted to see whethewith prospective memory when combined with each of the
retrospective memory and executive functions combineather scores. There are no differences between the summed
had a bigger relationship with prospective memory thanscores’relationship with prospective memory and that of its
retrospective memory and executive functions in isolationcomponents and prospective memory.

We chose this method rather than regression becasres

Logical Memory, Modified Card Sorting Test and Trail

ensure each test score is on the same scale. Each scoraMaking Test Part B each accounted for between 15 and
therefore treated in the same way. Difference from the con27% of variation in CBPMT scores in the people with brain
trol mean is measured in terms of number of standardnjury group and between 14 and 31% of variation in

deviations.

non-note-takers.

Standard deviations allow us to know if a change on a Partialing out executive memory from retrospective mem-
score is high or low, for example, a difference of 3 units isory and vice versa does decrease the association of each
large if theSD of the control score is small (e.g., 1) but is with prospective memory but still gives correlations with
minuscule if the controEDwas 36, say, thus we take into prospective memory of at least .30. People with brain in-

account the signal-to-noise ratio.

The standard scoreg écores) of Logical Memory (de-

jury scores greater than 2 standard deviations from the con-
trol mean were deemed impaired. Using this criterion one

layed recall), Digit Span Backward, Trail Making Test Part participant was found to be impaired on both Digit Span
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Table 3. Relationships between performance on traditional tests, years of education and prospective memory functioning

People with brain injury

Control participants

Adjusted Adjusted

CBPMT CBPMT Difference  CBPMT
Test n Pearson’s mean n Pearson’s mean inr difference
Logical Memory | (immediate recall) 35 37* 4.46 28 AB** 7.32 —.09 —2.86%**
Logical Memory Il (delayed recall) 35 A4xx 4,94 28 55%* 6.72 -.11 —1.78%**
Rey Figure Delayed Recall 36 A49** 4.84 28 .09 6.85 A40* —2.01**
RMT words 23 53** 4.95 20 .13 6.70 .40 —1.75**
RMT faces 23 -.19 4.77 20 22 6.92 -.41 —2.15**
Digit Span Forward 36 .39 4.65 28 37* 7.09 .02 —2.44%**
Digit Span Backward 36 .39* 4.68 28 A4* 7.06 —-.05 —2.38**
Stroop Test Color Word 33 A6** 4.85 25 .55** 6.84 —-.09 —1.99%**
MCST 35 54%* 4.83 28 .20 6.82 .34 —1.99%**
TMT Part A 35 -.17 4.79 28 —.32* 7.05 .15 —2.26%**
TMT Part B 35 —.50** 4.98 28 —.49%* 6.82 -.01 —1.84%*
Word Fluency FAS 35 40%* 4.69 26 A1 6.94 29 —2.25%*
Six Elements Test 31 21%* 4.60 27 -.19 7.12 .40 —2.52%**
SCOLP 35 .29 4.69 28 A2* 7.03 -.13 —2.34%*
Raven’s Standard Progressive Matrices 34 .34* 4.85 28 A3 6.86 —.09 —2.00%**
Years of education 36 .19 4.61 28 .30 7.15 -.11 —2.54%**
Speed of Processing 33 17 5.11 28 S7xx* 6.51  —.40*% -1.41

*p < .05. **p < .01. **p < .001.

Backward and Logical Memory (delayed recall) and no par-Prospective memory and
ticipants were impaired on both Trail Making Test Part Bcompensatory strategies

and Logical Memory (delayed recall). These low numbers

precluded any comparisons involving those with dual im-Thirteen of the 36 people with brain injury and 14 of the 28
pairments on these tests. The nine participants with braigontrol participants made use of the materials on the table
injury with impairments on both the Modified Card Sorting to take notes spontaneously to help them remember the
Test and Logical Memory (delayed recall) did have a lowerprospective memory tasks.

prospective memory score than the eleven with just a single A ttest for independent samples showed that participants
impairment using a Mann-Whitney tegt=f 3.14,p < .01).  who took notes performed significantly better on the pro-
An analysis of covariance was also applied comparing thepective memory test than participants who did not take
prospective memory scores from the group with brain in-notes[t(62) = —3.26,p < .01]. When the group was di-
jury with the control participants adjusted for individual vided into four subgroups: (People with brain injury note-
tests. These results can be seen in Table 3. People withkers (2) people with brain injury non-note-takerg3)
brain injury and control groups differ when adjusted for control note-takersand (4)control non-note-takerghe re-
each of the retrospective memory, attention and executiveults showed that the control participants who took notes
function tests in Table 3 but not when adjusted for them allperformed most successfulli(= 7.79,SD= .43). Second
atonce F(1,26 = 1.28,p > .2]. were the non-note-taking control participantd € 6.79,

Table 4. Correlations of tests, individually and summed with Logical Memory (LM),
with prospective memory

Sum-—
Test n Sum Alone  Difference (LM alone) LM only
Digit Span Backward 35  .51**  .39* 12 .07 A4Qxx
MCST 34  .60** 57 .03 .16 A4
TMT Part B 34  .56**  .50** .06 12 A4**

*p < .05. **p < .01.
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SD = 1.37), third the note-taking people with brain injury
(M = 5.54, SD = 1.85), and fourth the non-note-taking
people with brain injury M = 3.91,SD = 2.33) (see Fig-

ure 1). Note-takers had higher CBPMT scores than non-§
note-taker$F (1,60 = 8.37,p < .01], irrespective of whether
they were people with brain injury or contrdls(1,60 =
48,p > 4] (see Fig. 1).

A Yates correcteg? test showed that people with brain
injury were no more likely than control participants to make
use of notes ¢? = .74,df = 1, p = .38). Current IQ pre-
dicted note-takingt(32) = —2.12,p < .05] but premorbid | . . . .
?1[;&3?)): (;5]j1:g’]g[t?34?],:yggr; 2( %?ufig?cfgl(ﬁé;_ control control people with  people with
ory' (d(’elaye.d récall[t(33) = .09, p >. 9j and executive pa{ﬁ'ﬁlﬁi?ts p(irc?igfelt)s br(anlgtgl)”y kzrruimn?tj:g
function as measured by Trail Making Test PaifttE33) = _ )

1.50, p > .1] did not. A two-way ANOVA showed that Fig. 1. The. ?’ﬁeCt of note-taklng. on CBPMT scores by people
there was no interaction between notes and group on agV\é'th brain injury and control participants.
[F(1,60 = .04,p = .84], educatiofF(1,60 = 1.04,p =
.31], premorbid intelligencgF (1,59 = .11,p = .74], cur-
rent intelligence[F(1,58 = .01, p = .92], retrospective DISCUSSION

memory[F(1,59 = 2.14,p = .15] or executive functions _ , L .
[F(1,59 = .86,p = .36]. In this study people with brain injury and control partici-

Table 5 gives the correlations between prospective memPanNts were compared on a test of prospective memory func-
ory and three questionnaire ratings for controls, people withioning. The results show that control participants performed
brain injury and their carers. The self-ratings of people withSignificantly better than people with brain injury on the
brain injury are based on 34 people, the control self-rating®"0SPective memory tasks, a difference that could not be
are based on 28 people and the carer ratings are based on®¥Plained by differences in age, gender, years of education,
people. There was no difference in correlations betweefr€-morbid or current intellectual functioning individually,

prospective memory and ratings on any questionnaire iput could be explained by speed of information processing
people with brain injury, controls and carers. individually. However, analysis shows that differences in

The only association found was between EMQ carersProspective memory performance could also be explained

ratings and prospective memory. There is also no differencBY différences in performance on formal tests of retrospec-
found in the association of EMQ carer ratings and prospect!Veé memory, attention, and executive functioning together,
tive memory and that of Logical Memory (delayed recall) _bgt not individually. The performance of people with bram

with prospective memory (difference —.01,p > .9). injury on the prospective memory tasks also correlated sig-

nificantly with everyday memory evaluations by the family
members or caregivers. However, within this group, better
memory, attention and executive function is associated with

CBPMT Scor

Time-based and event-based prospective
memory performance

We used a repeated measures ANOVA as all participants

carried outboth time- and event-based measures. This showggje 5. Questionnaire rating correlations
thatthere was a significant difference in performance on timewjith prospective memory

based and event-based prospective memory [&ks62) =

10.48,p < .01] which did not differ with grouppF (1,62 =  Questionnaire PBI Controls  Difference

.01, p > .90]. The table below shows the means on thegyq

time-based tasks and event-based tasks for both people withself-rating ~-31 ~-11 —.20

brain injury and the control groups (see Table 6). PBI vs.carers -.31 —.47* (carer) .16
Time-based and event-based tasks have statistically sig- Controlsvs.carers -.11 —.47* (carer) .36

nificant correlations of at least .30 in absolute value withCFQ

Logical Memory (delayed recall), Rey Figure, Recognition Self-rating .08 —-.25 33

Memory Test for Words and Faces, Digit Span Forward and PBIVvs.carers 08 —.14 (carer) 22

Backward, Stroop, Modified Card Sorting Test, Trail Mak- _ Controlsvs.carers —.14 (carer) —:25 11

ing Test Parts Aand B, FAS, and the Six Elements Test. ThEEX

weakest relationship is with Logical Memory (immediate Self-rating —%0 29 —ol
. ) PBI vs.carers —.30 —.08 (carer) —.22
recall) for both (timer = .24,p > .05; eventr = .28,p < Controlsvs. carers —.08 (carer) _ 59 21

.05). The time-based and event-based correlations do not
differ in magnitude statistically on any test. *p < .05.
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Table 6. Participants’ performance on event-based and time-based tasks with and without making use of notes

All people People with People with
with brain brain injury—  brain injury— Controls— Controls—
injury All controls no notes notes no notes notes
Range 0-4 M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Event-based tasks 2.42 (1.30) 3.82 (.55) 2.09 (1.41) 3.00 (.82) 3.64 (.74) 4.00 (.00)
Time-based tasks 2.08 (1.18) 3.46 (.74) 1.83 (1.07) 2.54 (1.27) 3.14 (.86) 3.79 (.43)
CBPMT 4.50 (2.29) 7.29 (1.12) 3.91 (2.33) 5.54 (1.85) 6.79 (1.37)  7.79 (.43)

better prospective memory. The results of this study supthose of their components with prospective memory, but
port the assumption that both retrospective memory andre not significantly higher. It is possible that visuopercep-
executive functions are important underlying mechanismsual, visuospatial and language functioning also affect pro-
in prospective memory functioning. People with brain in- spective memory but this would require a further study. The
jury as well as control participants found time-based tasksame is true of the effects of mood. None of the present
more difficult than event-based tasks. This is consistent witlparticipants had obvious language deficits or marked
the findings of Cockburn (1995) who described a case studgepression.

of a patient with mild memory problems but severe dysex- An important finding from a rehabilitation point of view
ecutive problems who failed the time-based tasks yet suds that note-taking significantly benefited prospective mem-
cessfully completed the event-based tasks. The highewry functioning. Neither age, years of education (premor-
demands on executive functioning and inhibitory controlbid), intelligence, memory or executive functions predicted
mechanisms in the time-based tasks might make them moeote-taking but current intelligence did. The decision to
difficult than event-based prospective memory tasks. Butake notes might have been influenced by a personality fac-
also a higher load on retrospective memory could contribtor such as motivation, or compliance with the testing. Or it
ute to its difficulty as one has to remember the time tomight have been due to (mis)understanding the instruc-
perform the action as well as its content (one has to rementions. For people with brain injury, the decision to take
ber to remember). If the retrospective component of thenotes might also have been influenced by the amount and
prospective task is complex, correlations between the retguality of rehabilitation received. Strategies taught during
rospective and prospective memory tasks are likely (e.grehabilitation might have been transferred to natural set-
Einstein et al., 1995). What characterizes time-based taskggs and to other test settings. Further research will be
Do these tasks place high demands on executive functionggecessary to investigate what the exact underlying factors
memory, or both, or other things such as monitoring theare that predict note taking.

time? The relationships between traditional memory tests As failures in prospective memory could threaten inde-
and time-based and event-based prospective memory tasgendent living, it could be important to detect these failures
were calculated separately. We found that the weakest reland investigate what can be done to improve prospective
tionships were between the time-based and event-based pnmemory functioning. At present there is a relative lack of
spective memory tasks and Logical Memory (immediatestandardized tests of prospective memory in the clinical
recall). The time-based and event-based tasks had the saniterature and, the development of valid and reliable mea-
correlations with retrospective memory, attention, and exsures of prospective memory may prove of significant util-
ecutive function tasks, suggesting that both memory andty in the assessment and treatment of a wide range of people
executive functioning play crucial roles in prospective mem-suffering memory deficits (Kinsella et al., 1996). It is pro-
ory. The fact that both groups had more difficulty with the posed that the test used in this study, the Cambridge Behav-
time-based prospective memory tasks than the event-basésural Prospective Memory Test (CBPMT), could, with
prospective memory tasks is consistent with findings byfurther development, be a suitable measure to fulfil this
Einstein and McDaniel (1990) and Cockburn (1995). Theneed. The tasks in the CBPMT have high face validity and
first suggested that time-based tasks place higher demandssemble everyday situations. It can be used to assess
on self initiated retrieval and are therefore more difficult, and evaluate prospective memory performance over time
whereas Cockburn suggests that inhibitory control mechaand monitor the process of rehabilitation. It can be used as
nisms also play a key role. Our findings support this lattera learning tool for people to investigate the use of compen-
suggestion. In one instance people with both retrospectiveatory strategies and see whether they can transfer these to
memory and executive function problems, performed worseveryday living. This test could be a starting point of more
on the prospective memory tasks than people who had thesesearch in the clinical population. Further research will be
problems in isolation. The correlations of the added memseeded in a larger sample to measure the test-retest and
ory and executive functions scores are slightly higher thannterrater reliability of this tool. Also further research is
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