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Single case experimental design study of
Carer facilitated Errorless Learning in a
patient with severe memory impairment
following TBI
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Abstract. Objectives: To investigate if errorless learning applied by carer(s) in an everyday setting can reduce the frequency of
everyday memory problems following severe traumatic brain injury (TBI).

Research design: Multiple baseline single case experimental design.

Methods and procedures. A patient with severe memory impairment, six years post TBI was recruited via an outpatien
neurorehabilitation clinic. ABA analysis was conducted using daily frequency counts of everyday memory problems as an index
of change.
Experimental intervention: Errorless learning delivered by the patient’s carer, aimed at reducing the occurrence of identified
everyday memory problems. The carer was guided in treatment implementation by an Occupational Therapist.
Main outcomes and results: Incidence of frequently occurring memory lapses was significantly reduced (p < 0.001) and this was
maintained at 3 months post intervention.
Conclusion: This study highlights the potential clinical value of errorless learning with self-generated cues applied by carers
within an everyday setting.
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1. Introduction ing brain injury [10]. The resulting everyday problems
can have a profound impact not only on the individu-

Memory impairment is one of the most significant- al’s ability to succeed in rehabilitation but ultimately
ly disabling and frequently observed deficits follow- in their ability to achieve independent living and so-

cial re-integration [9,17]. In addition, memory impair-
: ment also impacts significantly on those caring for in-
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Early research considered that impaired memory
functioning could be restored. However, the supporting
literature is limited and currently poorly supports the
‘restorative’ approach [17]. The alternative approach
focuses on managing the resultant ‘cognitive’ disability
by learning new information and the use of compen-
satory techniques. The compensatory approach broad-
ly involves the use of external strategies such as envi-
ronmental aids and internal strategies (e.g. mnemonics
and visual imagery). It is widely considered to be the
most effective approach [20]. In addition to this shift
in approach, a number of broad themes have begun to
emerge within the literature.

Increasingly, memory research has moved from the
laboratory into everyday settings and focuses on every-
day memory problems encountered by individuals with
brain injury. Likewise, the importance of ensuring eco-
logically valid treatment applied to the specific mem-
ory problems encountered by the individual with brain
injury is now increasingly recognised. Ownsworth and
McFarland [13] observed that successful methods are
‘acceptable to the patient’, taking into consideration
their lifestyle, level of cognitive functioning and stage
of recovery and are applied to particular memory prob-
lems. Cicerone et al. [3] in an extensive literature re-
view of the effectiveness of cognitive rehabilitation af-
ter TBI and Stroke recommended that treatment should
always be directed towards everyday functioning gains.

More recently, Mateer [12] emphasised the “collab-
orative’ nature of management involving all those in-
volved in the individual’s life. Kime, Lamb and Wil-
son [10] in their study, emphasised the importance of
family as well as rehabilitation professionals practising
techniques with the brain-injured individual. Fleming
et al. [7] provided an example of family involvement
in a compensatory training programme for prospective
memory, which facilitated generalization into home and
community settings. In an earlier study McKinlay and
Hickox [11], specifically considered the role of family
members and suggested that relatives could act as “co-
therapists’ in training brain injured individuals to em-
ploy memory strategies within their everyday setting.
They caution however that rehabilitation professionals
should be sensitive to the complexities of family rela-
tionships. Not all family members might feel that they
can provide input at this level and their intervention
may be counter productive or contribute to, as oppose
to alleviating caregiver strain.

In the related area of Alzheimer disease research, a
recent study considers the impact of intervention on
carers. Clare et al. [4] conducted an errorless learning

memory rehabilitation programme. In this, the patient’s
carer, while not the ‘primary therapist’ played an active
role in the practice of techniques and generalised use
to other situations. This ‘generalisation” was achieved
without any reported increase in depression, anxiety or
caregiver strain. These preliminary findings suggest
that, at least among some Alzheimer disease (AD) pa-
tients and their family members, that it is possible to
apply professionally guided strategies with limited in-
volvement from healthcare professionals. However, to
date, within the field of neuro-rehabilitation, the role of
carers, in the application of memory techniques, such
as errorless learning has received limited attention.

Learning without error (Errorless learning [EL]) is
viewed as having significant potential in the manage-
ment of severe memory impairment after brain injury
Bier, Vaniear and Meulemans [2]. Indeed Kessels and
De Haan [8] reviewing the effects of errorless learning
and vanishing cues in amnesic patients, observed a sta-
tistically significant effect for the use of errorless learn-
ing over vanishing cues. Notwithstanding, the theoret-
ical basis underpinning the effect of errorless learning
remains unclear. Evans et al. [6] suggested that error-
less learning only acts on implicit memory function-
ing, which concurs with Baddeley and Wilson [1] the-
oretical position. However Hunkin et al. [5] proposed
that errorless learning utilises an individual’s residu-
al explicit memory. Tailby and Haslam [16] have ar-
gued that both implicit and explicit processes may be
used when learning information under errorless learn-
ing conditions or that, learning responses may differ
according to the individual’s cognitive profile.

In practice, errorless learning operates on the princi-
ple that the individual should be prevented from mak-
ing mistakes whilst learning. This may be achieved
using a range of strategies, such as dividing the task
into sub components, using one piece of information at
a time, guiding learning using methods such as vanish-
ing cues and spaced retrieval [19]. Furthermore, Wil-
son [19] also suggests that teaching only one piece of
information at a time may improve results. Bier [2]
emphasises the importance of ensuring that instructions
should not refer to information that has already been
learnt, but instead facilitate automatic recall. Conse-
quently, the patient should not have to retrospectively
search for learnt information. Tailby and Haslam [16]
described a method for improving the application of
errorless learning. They argued that by actively involv-
ing the patient in encoding information, that as a result,
learning performance is enhanced. This is based on
the observation that recall is improved if information is
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learnt in a semantic context and therefore this technique
aims to utilise intact semantic memory following brain
injury. However, they reported that it was unclear if the
gains observed were due to the use of elaborative cues
or the self-generation of responses or to a combination
of both.

This case study attempts to investigate the use of er-
rorless learning applied by a carer within the home en-
vironment in order to manage specific everyday mem-
ory problems with an individual following severe trau-
matic brain injury. A multiple baseline by intervention
experimental design was employed with three-month
post intervention follow-up.

2. Method
2.1. Patient

Twenty four year old single male (JT), now six years
post-traumatic brain injury as a result of a road traf-
fic accident is presented. Initial CT (brain) scan in-
dicated left side tempo-parietal subdural haematoma
with underlying cerebral hemisphere swelling and mid-
line shift. At seven days post injury JT underwent
left temporal lobectomy due to cerebral oedema and
multiple infarcts. He had a right hemiplegia and also
sustained right femur and ankle fractures. JT received
nine months in-patient neuro-rehabilitation and a fur-
ther three months as an outpatient. JT was recruited to
the study via a neuro rehabilitation review clinic. He
was living at home with his parents and brother. He
was independent with personal activities of daily living
(ADL), but dependent on his family for support with
most domestic and extended ADL tasks. He attended
a vocational rehabilitation programme twice a week.
His mother (M), agreed to be the key family member
implementing the intervention at home.

2.2. Assessment

Initial informal discussion with JT and his parents
indicated that his memory was the most limiting fac-
tor to achieving independence in many functional tasks
e.g. ‘He forgets where we have arranged to meet in the
supermarket’ or “‘He forgets when he has arranged to go
out with a friend’. Consequently, JT required constant
reminders and supervision throughout the day. Never-
theless, JT demonstrated awareness of these difficulties
and a willingness to address them. Formal brief cogni-
tive assessment was conducted including Wechsler Ab-

breviated Scale of Intelligence (WASI) [18] and River-
mead Behavioural Memory Test (RBMT) [21]. JT s es-
timated current 1Q was within average range. Howev-
er he scored 0/12 when assessed on RBMT, indicating
severe memory impairment.

In addition, a number of self-report questionnaires
were completed pre and post intervention with JT and
his mother (M).

— Caregiver Strain Index (CSI) [14] Completed by
M. A score of 7 or above is considered to indicate
a significant level of strain.

— Hospital Anxiety and Depression Scale (HADS)
[15]. Completed by M and JT, the scale provides
separate scores for anxiety and depression out of
a maximum of 21. Cut off points of 8, 11 and
15 indicate mild, moderate and severe disturbance
respectively.

— Dysexecutive Questionnaire from the Behavioural
Assessment of Dysexecutive Syndrome (BADS)
[22] rates both the patients and their carer’s per-
ception of their executive functioning. (Mean car-
er score — 32.85, S.D — 15.98. Mean self score —
27.2,S.D -14.4).

Results are presented in Table 3, within the results
section.

3. Procedure

Following assessment, JT and his parents were asked
to identify daily memory failures. They reported that JT
carried a notebook with him much of the time, however
rarely wrote in it and only did so if prompted. Whilst
this is not an everyday memory problem but rather a
failure to use an aid for such problems, it was consid-
ered to be one of the most potentially useful ‘memo-
ry failures’ to address. In addition, they also reported
that JT never remembered to walk his dog and always
required prompting do so.

Daily outcome measures were then established for
each problem:

1. Did the problem occur to day? Yes or No
2. How many prompts were required to achieve the
set task.

With problem one (Use of the notebook) 8 data points
were pre-established for each day to record whether or
not the problem took place. The data points were on
an hourly basis between 11am and 6pm (or 4pm and
11pm on the days in which JT attended his vocational
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Prompting given for Notebook Entry

Prompt level ~ Prompt Description

Level 1 Mobile phone ‘beep’ noise

Level 2 Mobile phone message “ write in notebook’

Level 3 Verbal reminder ‘now JT, write in your notebook’
Level 4 Physical/verbal reminder —take out notebook and pen-

cil for JT and say ‘Now JT, write in your notebook’

programme). The data points were mutually agreed
with JT and his mother as realistic points during the
day, at which he would make a notebook entry and
the intervention could be implemented. In the case of
problem two (Walking the dog), he had only 1 data
point per day. This was at set-time (4.30pm).

The intervention programme consisted of errorless
learning applied by the carer using self-generated pa-
tient responses. The therapist facilitated the elicita-
tion of patient generated prompts to ensure success-
ful achievement with each problem. These formed the
system of prompts, which would ultimately ensure that
JT successfully performed both tasks. For example, JT
initially suggested that his mother would bring him the
dog lead and provide a verbal prompt to ensure that he
walked the dog. This suggestion was then developed
with both JT and his mother into levels of predomi-
nantly verbal prompting, (using his choice of wording),
applied to ensure that he would walk the dog each day
at 4.30pm.

Tables 1 and 2 outline the level of prompting given
for problems 1 and 2 respectively.

Daily data sheets were used by M to record the oc-
currence of the problem at each data point and the level
of prompting required.

If JT did not move to write in his notebook with
the initial prompt level, M introduced the next level of
prompting (levels 2 to 4) until writing in the notebook
was achieved.

M used the minimal level of cue required to ensure
that JT walked the dog. Moving down through the
levels from 1 to 5 as required.

During baseline period (Al), the frequency of both
memory problems, were simultaneously monitored.
The study involved multiple baseline with staggered
intervention. Having established a stable baseline for
problem one (10 days), intervention period (B) com-
menced, using a forward chaining approach using the
prompt system outlined in Table 1. The planned inter-
vention facilitated by the Occupational Therapist was
a dynamic process involving both patient and carers.
Training in implementation of the technique and the
agreed prompt levels was provided to M. This con-

Table 2
Prompting given to exercise family dog

Prompt level ~ Prompt Description

Level 1 ‘JT itis 4.30 it is time to exercise Bob’
Level 2 ‘JT it is 4.30 it is time to exercise’
Level 3 ‘JTitis 4.30 it is time to’

Level 4 ‘JT check the time’

Level 5 M looks at her watch, in view of JT

sisted of a face-to-face education session on errorless
learning of verbal instruction and role-play. In addi-
tion, M was also provided with a written information
sheet detailing brief information on errorless learning
in general and on the levels of prompting and how to
implement each stage. M agreed to ensure that the
intervention was carefully implemented. At no point,
during the study was it indicated to M or any other fam-
ily, what the anticipated outcome measures were. JT
was effectively blinded to the intervention during carer
education sessions. Once task completion had become
established and JT had begun to perform the task on a
consistent basis before external prompting was applied,
it was jointly agreed by M and the therapist to enter the
post intervention period (A2). No additional cues were
given during this period by the family.

Intervention for problem two (walking the dog) on-
ly commenced when outcome measures for problem
one (period A2) were established. The same errorless
learning technique was applied, with the level of re-
quired prompts outlined in Table 2. In this case, how-
ever a backward chaining approach was employed. In
essence backward chaining is a behavioural technique,
which involves teaching an entire fixed sequence of be-
haviours, one step at a time, commencing with the last
step in the sequence and teaching backwards once the
preceding step has been acquired to the first step.

Throughout the study, M had access to support from
the therapy team. She was provided with contact tele-
phone details and encouraged to ring at any stage if
guidance was needed. In addition, regular phone con-
tact was maintained by the Occupational Therapist to
provide reinforcement and guidance in use of the tech-
nique. M returned the daily checklists by post on a reg-
ular basis enabling the Occupational Therapist to mon-
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itor progress. The Therapy team met with JT and his
parents once every 2—-3 weeks at key stages e.g. when
moving onto the next period. This was to ensure that
the programme was properly implemented. At these
meetings, JT’s notebook entries were reviewed and col-
lated and qualitative feedback given. At the end of
the study, JT’s notebook entries were cross-referenced
with the daily checklists.

4. Results

Figure 1 illustrates the frequency of notebook use
by JT throughout each period of the study. During the
baseline period (Al: 10 days), the notebook was not
used. During the intervention period (B), mean daily
notebook use = 8.1. JT also began to use the notebook
on a number of occasions independently (mean daily
use = 1.7) and by day 12 of intervention spontaneously
outside of the set times. On return to baseline (A), JT
continued to use his notebook unprompted (mean daily
use = 8.0). This spontaneous use extended (mean dai-
ly use = 22 at 3 months post-intervention). A signif-
icant change in notebook usage from baseline-3month
follow-up (p < 0.001) was observed.

Figure 2 demonstrates the level of prompts provid-
ed during the intervention period. Initially third level

Fig. 1.

cues (verbal prompts) were required to achieve note-
book entry. However, generally a mobile phone mes-
sage cue (level two prompt) was sufficient. Indeed, by
day 11, JT had completed 3 consecutive days with only
level two prompts. A further level of prompt (phone
‘beep’ —general alerting cue) was introduced. Thiswas
introduced, as it was considered too early to completely,
withdraw all prompts. It was the only level of prompt-
ing required during the final 7 days of intervention.

Figure 3 illustrates that JT did not walk his dog at
any time during the 44-day baseline period. He did
however during the intervention period when prompted
and continued to do so during return to baseline and
at each of the follow up periods without any further
prompting. Finally, the level of prompts during the
intervention period steadily reduced from level 1 (full
verbal reminder) to level 5 (discrete non-verbal cue).
By day 28 JT required level 5 prompt only and he
had begun to occasionally walk the dog without any
prompts (day 18).

4.1. Assessments

DEX questionnaires completed by JT pre and post
intervention did not indicate significant changes in his
insight regarding cognitive, emotional or behavioural
deficits. Of note however, M’s DEX carer’s rating (pre
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to post change of 29 to 9) indicates an alteration in M’s
rating of perceived level of executive dysfunction.

The score of 9 for HADS-A recorded by M, pre in-
tervention indicates a mild level of anxiety. Whilst post
intervention, this was not seen to be evident (HADS-A
=2).

The initial Caregiver Strain Index score was ‘nega-

tive’ for stress (2/13) and did not alter at the cessation of
the follow-up period, (1/13). Table 3 provides further
details of the self — report rating scale assessments.

Finally, JT, as already reported scored 0/12 in the
initial Rivermead Behavioural Memory Test. Post in-
tervention his level of memory impairment was, as an-
ticipated unchanged (Score 1/12).
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Table 3

Self-report rating scale assessments

Pre intervention

Post intervention

Measure Subject  Rater
HADS-A JT JT
HADS-D JT JT
HADS-A M M
HADS-D M M
CSI M M
DEX JT JT
DEX JT M

2 3
1 0
9 2
3 0
2 1
11 16
29 9

4.2. Patient and family commentary

M declined to record her experiences in a notebook
but instead preferred to give her comments verbally.
Therefore, carer’s experience of the programme was
limited to comments recorded during phone and face-
to-face contact with the therapy team. Initially JT’s
parents reported, JT ‘forgets important daily things’
and in relation to notebook use, ‘he always has to be
prompted to use his notebook. He carries it but never
initiates using it’. By day 11, M reported “JT now al-
ways carries his notebook’. During follow up meetings,
Dad (D) reported “at rest JT is inclined to read over his
notebook’. JT reported ‘I don’t ask my Mum or Dad,
what | have been doing ... | use my notebook’. M and
D both reported that they were “‘surprised and pleased’
with the results, that they felt even if JT did not receive
any further input that this approach, had ‘potential’ for
them to apply. M reported ‘it shows that someone like
JT without a memory can use a notebook and diary’.
At each point of contact, the therapist checked whether
or not there was any negative impact of the programme
on either JT or his carer. None were reported. M
commented ‘it does need patience’, but that recording
outcomes was helpful and that ‘it gave you a focus’
with programme implementation. No reported change
in the mother — son relationship was noted. Both M
and D were clearly motivated and committed to the
programme.

4.3. Functional gains

JT has expanded use of his notebook beyond the in-
tervention period. Following discussion with the Occu-
pational Therapist (LC), facilitated self-generated re-
sponses were elicited. Initially JT developed a ‘things
need to do’ page for each day in his notebook and
suggested using a yellow elastic band to highlight this
page. He resisted suggestions of using a diary instead
preferring to use a calendar, alongside his notebook.
Eventually he decided himself to move onto using a

diary. At 18 months post intervention, he now carries a
diary as well as a notebook successfully using the diary
as an aid to prospective memory and to plan everyday
activities. He continues to use a notebook to ‘track’
daily events. Finally, JT continues to remember to walk
his dog on a daily basis without prompts.

4.4. Discussion

This study highlights the successful implementation
by a carer of an errorless learning approach, to man-
age everyday memory problems in an individual with
severe memory impairment post brain injury. Three-
month follow-up demonstrated maintenance of the es-
tablished intervention gains well beyond the cessation
of errorless learning intervention.

As a family member acted as the sole implementer of
the intervention on a daily basis, gains were achieved
without intensive or lengthy input from neurorehabili-
tation professionals. Furthermore, in terms of ecolog-
ical validity, direct family involvement enabled the in-
tervention to be provided within the patient’s everyday
environment. Indeed it could be argued that less pro-
fessional input, would have been required had the in-
tervention not been part of research study. Clearly, the
potential for family members to act as ‘co-therapists’,
which has previously been referred to within the litera-
ture [11], exists. Indeed family members and/or carers
often provide a level of supervision and are willing if
not very keen to receive professional support to man-
age memory problems. It could be argued that they
are often the people best placed to implement this type
of intervention. Following appropriate assessment of
suitability in terms of carer adjustment and carer bur-
den as well as ongoing support and guidance from re-
habilitation professionals, a significant impact in terms
of day-to-day memory functioning could result from an
errorless learning approach, such as the one described.

The therapist played a pivotal role in initially estab-
lishing the programme and in facilitating active patient
involvement. In the study the patient played an active
role in self generating his own prompt levels e.g. JT
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chose the prompts to use, to remind him to use his
notebook and the wording of the sentence to be used
to cue him to exercise his dog. This may have con-
tributed to the success of the intervention and supports
the view that practical application of errorless learning
can be enhanced by active patient participation, in this
case through self-generated memory prompts. JT also
chose how to expand use of his notebook and the tools
he would use to do so, for instance using a calendar.
This further reinforces the view that patients should be
facilitated in selecting memory aids, which are specif-
ically appropriate for that individual [7]. Although it
is acknowledged that not all individuals will be able to
participate to this degree in an errorless learning inter-
vention.

With notebook use, a forward chaining approach was
applied. This did create some difficulties. The main
difficulty was the inability to predict with certainty the
precise level of prompting necessary to ensure that the
memory failure did not occur. In this case study the ini-
tial prompt was considered to be too significant to with-
draw completely and therefore an additional prompt
(phone beep) was introduced before completely with-
drawing the prompts. A backward chaining approach
was used to manage walking the dog. This was found
to afford greater control of the prompting and to facil-
itate a tailored approach. It appears to be the chaining
approach of preference in this instance. Of note, once
the learning had become established, JT demonstrated
expanded notebook use post intervention, this is indica-
tive of a habitual response pattern. Likewise, in the
case of walking the dog, once learnt the established be-
haviour became part of a daily routine. Nonetheless, it
is argued that without the errorless learning approach,
a habitual response pattern would not have been estab-
lished given JT’s severe memory impairment.

5. Study limitations & clinical practice
gener alisation

Practically, this study has some limitations. The in-
tervention places a number of demands on the carer in
terms of comprehension of the technique and also abil-
ity to commit to its implementation. In this instance,
explanation of the technique was found to be relatively
straightforward. Not all carers could however be as-
sumed to be capable of grasping the methodology with
ease. In the initial stages close contact was maintained
to ensure correct implementation. However, as the pro-
gramme proceeded, JT mother (M) began to initiate

when she felt JT was ready to move onto the next level
of prompt and felt confident in applying the technique
independently. She also initiated educating other fami-
ly members, ensuring that the programme was adhered
to correctly. Implementation of the technique was also
facilitated by the fact that M did not work outside the
home, which meant that much of the day was spent
in daily activity with JT and his father (D). Ongoing
commitment to the programme was aided by the tan-
gible gains made within the first 1-2 weeks. Success-
ful outcomes were achieved with less than 5 weeks of
intervention for both identified problems. It could be
argued that in a case where the results are not as signifi-
cant it may be difficult to maintain commitment. Clare
et al. [4] noted similar findings in relation to the im-
pact on the caregiver of adopting such a role and in this
case study, the carer’s role was expanded even further
without any negative impact being noted. However this
may not have been the case if significant and ongoing
carer emotional distress was present.

6. Insight and engagement

JT’s awareness of his memory problems was also
a significant positive contributing factor. While no
significant formal assessment was undertaken, he did
articulate some awareness of his memory problems and
a willingness to address them. A programme of self-
awareness training such as that described by Fleming
et al. [7] may be useful in instances where poor self-
awareness is an issue. This study looked at problems
that occurred on a daily basis and intervention could
therefore be applied in a consistent manner. Other
memory problems may occur with less frequency but be
equally disabling. It cannot be assumed that errorless
learning can be applied in all cases e.g. failure to recall
details of a phone conversation or where patient insight
and motivation is severely impaired.

In terms of validity, the fact that this study relied on
the carer to record the daily outcome measures could
be perceived as a potential source of bias. In an attempt
to manage this risk in the case of the notebook training,
notebook entries were cross-referenced with the daily
outcome measures. To minimise testing effect M was
also advised to ensure that JT was unaware that his
responses were being recorded. This was not, however,
considered to be a significant threat to validity given
JT’s ongoing severely impaired memory.

Clinically this case study has a number of poten-
tial implications. It illustrates the practical application
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of errorless learning and the use of self generated pa-
tient cues in the management of memory problems post
brain injury. In addition, it demonstrates the applica-
tion of EL beyond the clinic setting and the potential
for successful application by appropriately trained and
supported ‘significant others’. The implications of this
case study may be enhanced through the use of a larger
case series multiple baseline design. This study also
provides preliminary support for the application of er-
rorless technique(s) within wider non-clinical settings
such as residential settings or vocational rehabilitation
centres. Finally, research is warranted which examines
the precise role of the therapist in facilitating the use of
errorless learning as well as the under-pinning mech-
anisms of patient-generated cues, which could further
assist in refining clinical delivery.
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