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ABSTRACT

Goal Management Training (GMT) is an effective method for improving disorganised
behaviour in multistep real-life tasks after brain damage. In the present study we
incorporated Working Memory Training (WMT) in GMT to explore their combined
efficacy in facilitating the serial-order maintenance of the steps that had to be
learned. GMT+WMT was compared to a control WMT designed for other purposes.
For this purpose 18 brain-injured patients (aged 20-54), who were at least 4 months
post-onset, were randomly assigned to either the GMT+WMT or the WMT
treatment. Inclusion was based on a baseline score of less than six correct steps on
each of two multistep everyday tasks. Alternative versions of these tasks were used
as primary outcome tasks. Pre-treatment and post-treatment comparisons of scores
on these primary tasks and on several secondary neuropsychological measures were
collected. The results show that post-treatment the GMT+WMT group performed
significantly better than the WMT group on the primary outcome measures and on
several ecologically valid executive tests that demanded a step-by-step
maintenance of multiple actions. Time effects were found for both groups on the
secondary measures. Other measures showed no significant differences. We
conclude that our results support the efficacy of the combined GMT+WMT in
facilitating performance in everyday multistep tasks.
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Introduction

Multistep activities of daily living demand intact executive functions. Such activities
include the generation and planning of relevant steps (subgoals) in a correct order,
the inhibition of irrelevant responses, the timely activation of the steps in working
memory, and the control of their correct execution for the attainment of the final
goal. (Levine et al.,, 2000; Sohlberg & Turkstra, 2011). Examples of everyday multistep
activities include the use of electronic devices or the preparation of a meal. The pres-
ence of executive problems in the daily life of patients with acquired brain injuries
leads to disorganised behaviour, impulsivity and deficits in goal management
(Bertens, Fasotti, Boelen, & Kessels, 2013; Levine et al, 2000; Mateer, Sohlberg, &
Crinean, 1987). In addition, executive difficulties also obstruct the successful learning
and accomplishment of new multistep daily tasks (Fasotti & Spikman, 2002; Sohlberg
& Turkstra, 2011; Spikman, Boelen, Lamberts, Brouwer, & Fasotti, 2010). So, executive
deficits lead to significant functional disabilities in people with brain damage (Bertens
et al,, 2013; Levine et al.,, 2007) and the development and implementation of effective
interventions is direly needed.

To improve goal-directed behaviour in complex real-life situations, Robertson (1996)
developed Goal Management Training (GMT; Levine et al., 2000; Robertson, 1996). GMT
is a metacognitive, compensatory intervention, requiring a trainee to stop ongoing
activity in order to establish goal hierarchies and to monitor behavioural output
(Levine et al., 2007). These behaviours are taught with a structured algorithm consisting
of five stages (see Figure 1). Each stage of the GMT algorithm corresponds to an impor-
tant aspect of a goal-directed behaviour. GMT is aimed at restructuring disorganised

Assessed for eligibility (n = 23 patients in total;
session 1)

Excluded (n = 5 patients)
not meeting the inclusion
criterion.

Pre-treatment assessment (T0)
(sessions 2- 5)

‘ Randomized (n = 18 patients) ‘

/ N

Allocated to the Allocated to the

combined intervention of controlled intervention of

Goal Management WM Training in

Training and Updating everyday scenarios

WM Strategy (n =9) (dealing with finances)

Received treatment (n=9) (n=9)

(sessions 6 — 16) Received treatment (n=9)
(sessions 6 — 16)

Post treatment analysis Post treatment analysis
(n=9) (n=9)

Figure 1. A flowchart of the treatment study.
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behaviour in complex daily tasks (Levine et al.,, 2000), by teaching patients to con-
sciously devise, plan, achieve and control the multiple steps of these tasks, until their
correct completion.

GMT has also been linked to the improvement of “sustained and vigilant attention”
(Krasny-Pacini, Chevignard, & Evans, 2014; Levine et al., 2011; Robertson & Garavan,
2000). According to this idea, sustained attention is needed for actively maintaining
goals (and subgoals) in working memory (WM) until their completion. Impairments in
sustained attention and WM are frequently reported in brain-injured patients with
attention and executive deficits (Bertens et al, 2013; Levine et al, 2011; Miller &
Cohen, 2001; Sohlberg & Turkstra, 2011). These impairments result in cue-dependent
and distracted behaviour (Levine et al., 2011), losing track of the steps in an on-going
multistep activity, and failing to stay focused in multistep tasks (Smith, 2013; Truedsson
& Strohmayer, 2013). As a result, working memory difficulties may prevent the adequate
planning and achievement of subgoals in GMT (Dahlin, Nyberg, Backman, & Neely, 2008;
Dujardin, Sockeel, Cabaret, De Séze, & Vermersch, 2004; Netto et al., 2010; Smith, 2013;
Truedsson & Strohmayer, 2013).

Moreover, poor working memory functioning may affect updating, one of the three
major executive processes along with “shifting” and “inhibition” (Miyake, Friedman,
Emerson, Witzki, & Howeter, 2000). Limitations in the ability to update information in
working memory (for example, with new incoming steps) also hamper the accomplish-
ment of goals and subgoals (Dahlin et al., 2008; Hurlstone, Hitch, & Baddeley, 2013;
Smith, 2013; Truedsson & Strohmayer, 2013).

There is insufficient empirical evidence for the effectiveness of GMT, both in proof-of-
principle and in rehabilitation studies, as suggested in a recent systematic review of
Krasny-Pacini et al. (2014). On the contrary, GMT seems to be more effective when it
is combined with attentional and problem-solving strategies (Cantor et al., 2014;
Chen et al, 2011; Miotto, Evans, Souza de Lucia, & Scaff, 2009; Novakovic-Agopian
et al, 2011; Spikman et al., 2010; van Hooren et al., 2007). Recent studies, combining
GMT with errorless learning techniques (Bertens, Kessels, Fiorenzato, Boelen, &
Fasotti, 2015) or external cueing (Tornas et al., 2016) have confirmed this.

In summary, several studies highlight the need of a more comprehensive rehabilita-
tion approach of executive functions combining GMT with attentional or other
interventions.

Therefore, based on former models (Hurlstone et al., 2013) and investigations on the
importance of working memory in monitored sequence learning (Rhodes, Bullock,
Verwey, Averbeck, & Page, 2004) and action planning (Cooper & Shallice, 2000), our
aim was to explore the effectiveness of a combined intervention programme with
the incorporation of a working memory strategy in GMT. In our intervention the role
of GMT in both the improvement of goal-directedness (Levine et al., 2000) and
“sustained” attention (the necessity to keep information in working memory while
performing a multistep task) was stressed. The addition of a WM strategy to stage 4
(learning phase) of GMT was expected to improve goal-persistent and goal-directed
behaviour (Hurlstone et al., 2013).

This combined treatment (referred to as GMT+WMT) was compared with a working
memory training (WMT) using everyday scenarios. The latter was not designed to
promote goal-persistent or goal-directed behaviour specifically. Thus, we expected
that GMT+WMT would better facilitate compared to WMT, on-going and goal-persistent
actions in everyday multistep tasks. Moreover, the combined GMT+WMT intervention
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was expected to improve daily executive performance of brain injured patients as
observed by independent raters’ in rating scales (such as the Executive Observation
Scale). Finally, we explored the secondary effects of this combined treatment on stan-
dard executive tests (such as the Wisconsin Card Sorting Test; WCST), ecologically
valid executive tests (such as the Action Planning of the Behavioural Assessment of Dys-
executive Syndrome; BADS), as well as on measures of memory and language. We
expected the combined treatment to be more effective in improving serial-order behav-
iour in neuropsychological tests that resemble complex real-life situations. All the
measures used as dependent variables in this are discussed in the Method Part
(outcome measures) and presented in Table 1.

Method
Design

To explore the efficacy of the combined treatment GMT+WMT, we performed a ran-
domised controlled study in which we compared this integrated intervention that is
the GMT + WMT (experimental treatment condition) to WMT in everyday scenarios
(control treatment condition). The CONSORT guidelines (2010, http://www.consort-
statement.org/checklists/view/32--consort-2010) were followed in the development,
conduct, and reporting of this clinical trial (Krasny-Pacini et al., 2014).

Inclusion procedure

Twenty-three patients were initially recruited from several clinics in Thessaloniki,
Greece, according to the following selection criteria: acquired brain injury (ABI) (trau-
matic brain injury, stroke or post-tumour surgery) documented by CT and/or MRI
with a post-onset period of at least 4 months. Patients with severe aphasia, visual
neglect, severe psychiatric problems, neurodegenerative disorders and a history of sub-
stance abuse were excluded from this investigation (Emmanouel, Kessels, Mouza, &
Fasotti, 2014; Spikman et al., 2010). With respect to the post-surgery patients, subjects
with sudden seizures and loss of consciousness prior to surgery were also excluded. In
addition to the ABI criterion, patients were further selected on the basis of their execu-
tive difficulties in everyday activities during sessions of physiotherapy and speech
therapy, as observed by their therapists using a Greek-language version of Spikman'’s
Checklist of Executive Disorders (Spikman, 2002).

A third inclusion criterion was a baseline score of less than six correct sequential
steps in each of two multistep everyday tasks. In these tasks, each step was con-
sidered to be a chunk (a meaningful sentence of grouped words) that had to be
chained, and recalled, with the other chunks in correct sequence (Hurlstone et al.,
2013; Milner, 1954). Thus, the correct sequential planning of more than six steps in
these tasks was considered as indicative for a well-functioning short-term memory
for action sequences. The tasks were administered by the examiner using a compu-
ter. The first task was “to search and buy theatre tickets using a website on the inter-
net”. It consisted of 19 steps (and was referred to as Task1, version A; 1A). The second
task (Task2, version A; 2A) was “to send an email message to a friend” and consisted of
15 steps. Five of the initially selected 23 patients did not meet the above-mentioned
criterion and were thus excluded from further participation. A flowchart of the study
design is shown in Figure 1.


http://www.consort-statement.org/checklists/view/32--consort-2010
http://www.consort-statement.org/checklists/view/32--consort-2010
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Table 1. Pre- and post- treatment outcome measures.

Pre- Post-
Measurement Screening  treatment  treatment

Executive Checklist Spikman, total raw score X X

Brand, & Brouwer, (2002)
Primary outcome measures
(multistep everyday tasks)
19-step Task1 performance total number of correct steps in X (A x (B

correct sequence (raw score) version) version)
15-step Task2 performance total number of correct steps In X (A x (B
correct sequence (raw score) version) version)

Secondary outcome measures
2-Back task raw score X X
Letter-Number Seq, WAIS-IIl raw core + memory span X X
Corsi Blocks Tapping Task raw score + memory span X X
Questionnaires
the Dysexecutive Questionnaire

(DEX)
DEX-self total raw score X X
DEX-raters total raw score X X
EOS total raw score X X
RRL total raw score X X
Neuropsychological assessment
Executive measures
Trail Making Test B/A ratio X X
Digit B raw score X X
Stroop Interference X X
WCST
No. of Categories completed raw score X X
No. of Perseverative answers raw score X X
Verbal Fluency Phon/Sem. ratio X X
BADS
Rule Shifting raw score X X
Action Program raw score X X
Key Search raw score X X
Zoo Map Test raw score X X
Modified Six Elements Test raw score X X
Everyday Description Task
Total Relevant Actions raw score X X
No. of Relevant Major Actions raw score X X
No. of Relevant Central Actions raw score X X
(major+ minor) raw score X X
No. of Relevant Trivial (peripheral)  raw score X X

Actions
No. of Relevant Intrusions raw score X X
Total Errors raw score X X
No. of Irrelevant Intrusions raw score X X
No. of Perseverative Errors raw score X X
No. of Sequencing Errors raw score X X
Memory and Language

measures
Rey Auditory Verbal Learning Test
(Learning 1-5, Short-Delayed

Recall,
Long-Delayed Recall, Recognition) X X
Rey-Osterrieth Complex Figure

Test
(Immediate Recall, Delayed-Recall, X X

Recognition)
Digit F X X

(Continued)
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Table 1. Continued.

Pre- Post-
Measurement Screening  treatment  treatment
Vocabulary X X
Boston Naming Test-Short Form X X

Notes: 19-step Task1: raw score of the total number of correct steps produced in Task1; 15-step Task2: raw score of
the total number of correct steps produced in Task2; A & B versions: A = pre-treatment version, B = post-treat-
ment version; 2-Back: Letter 2-Back Task; El Haj, Fasotti, and Allain (2012) DEX-Self: the DEX completed by the
participants themselves; DEX-raters: the DEX completed by an independent rater; EOS: Executive Observation
scale total score; RRL: Role Resumption List total score; Trail Making Test B/A ratio: the Trail Making Test
ratio of time to complete part B compared to the time to complete part A; Zalonis et al. (2008) Digit B: the
Digit Span Backward, WAIS-IlI; Stroop Interference = Strooplll/Il ratio of the total number of colours named
in Condition Ill within the time limit of 45 seconds, compared to the colours named in Condition Il within
the same time limit (45 seconds) fixed for all the three Stroop Conditions according to Golden’s (1978),
Zalonis et al (2009); WCST: the Wisconsin Card Sorting Test; (WCST; Heaton, 1981) No.= Number of; BADS:
the Behavioural Assessment of the Dysexecutive Syndrome battery (Emmanouel et al. 2014; Wilson, Alderman,
Burgess, Emslie, & Evans, 1996); Digit F: Digit Forward, WAIS-IIl;.Vocabulary: Wechsler (1997) Vocabulary subtest,
WAIS-III; Boston Naming Test-Short Form in Greek (Tsapkini and Emmanouel, 2007).

Eighteen patients (age ranging from 20 to 54 years, M = 35 years, SD = 9 years, men =
12, women = 6) entered treatment. These patients were considered as representative of
the larger inpatient population admitted in the clinical settings from which they were
selected (with respect to their diagnosis and functional level). Eleven patients had a
traumatic brain injury (TBI), T a haemorrhagic stroke, 1 had undergone surgery for an
aneurysm of the middle cerebral artery and five patients had a history of surgically
resected focal brain tumours. All were in at least 4 months post-onset (post onset
time ranged from 4 to 46 months, M =12.1 months, SD=10.2) and had sensorimotor
and cognitive difficulties requiring treatment for minimally 3 months. Eleven partici-
pants were outpatients of the Neurosurgical Department of Papanikolaou General
Hospital, three were inpatients at the Rehabilitation Centre “Anagennisi” and four
patients were in treatment at the Rehabilitation Centre “Arogi”, all located in Thessalo-
niki, Greece. The TBI patients and the patient with a haemorrhagic stroke had suffered a
period of loss of consciousness ranging from 12 to 33 days (coma duration, M=22.17,
SD =6.9). The study was approved by the Scientific Boards of the General Hospital of
Papanikolaou (document nr. 7016) and that of the Rehabilitation Centre “Anagennisi”.
All participants (including healthy controls) gave their informed consent to participate
in the study.

Randomisation, blinding and outcome measures

The 18 patients were randomly assigned to either the experimental treatment con-
dition (GMT+WMT) (N=9) or the control condition (WMT) (N=9). Block randomis-
ation per groups of four (two “control” and two “experimental”) took place by lot,
drawn blindly by a physiotherapist not involved in this study, for the first 16 included
patients. Due to time limitations and difficulties in finding four new patients fulfilling
the inclusion criteria of this study, the last two patients were simply randomised
by tossing a coin. No significant differences between the experimental (M= 14.33,
SD=13.62) and the control group (M=10.44, SD=5.45) post-onset time [t(15)
=.797, p>.05) were found. After performing the primary outcome tasks (Tasks1A
and 2A), participants also underwent an extensive pre-treatment assessment of
executive and working memory abilities.
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This assessment included executive observational rating scales such as the Executive
Observation Scale (EOS; Pollens, McBratnie, & Burton, 1988), working memory tests like
the Corsi Block Tapping Test (Kessels, Van Zandvoort, Postma, Kappelle, & De Haan,
2000), and several other executive, memory and language tests (Alvarez & Emory,
2006; Emmanouel et al., 2014) (see Table 1 for the included tests).

To verify pre-treatment deficits in cognitive functioning, the patients’ performances
on the above-mentioned secondary outcome measures (except for the EOS and the
RRL) were compared to those of a group of 12 healthy controls (HC) matched for
age, years of education and 1Q (Table 2). The healthy controls were recruited from
the researcher’s environment.

Procedure

All tests and rating scales were administered in a fixed order before training (at T0) by
the neuropsychologist-examiner of this study.

Rating scales were completed by the same physiotherapists who had completed
Spikman’s Checklist and the DEX. These therapists were blind to treatment allocation.
The training sessions of the GMT+WMT and the WMT were given by the examiner-
trainer of this study.

Tasks 1A and 2A were the main training tasks in the experimental GMT+WMT treat-
ment condition. Immediately after treatment, alternative (B) versions of these multistep
tasks, containing the same number of steps, were used as primary outcome measures (at
T1). The B version of Task1 (1B) “to buy airplane tickets using the internet” consisted of 19
steps. The B version of Task2 (2B) “sending a text message to a friend using a mobile phone”
consisted of 15 steps. Each task step was scored on a two-point scale as follows: 1 point
was given for every correct sequential task step, that is, 0 points for every incorrect or
ineffective step (wrongly performed and/or achieved in wrong sequence). Whenever a
task step was not correctly performed, visual feedback was given by the computer pro-
gramme (with the word “error” written on the computer screen). The programme did
not provide the participants with specific information about the nature of their errors
or how these could be fixed. Error “warnings” also prevented patients from moving to
the next step . This technique enforced patients to reflect about their errors and reformu-
late their response to the task step. No other feedback was given. If patients were unable

Table 2. Mean Scores (+5D) and statistical comparison for demographic variables for the three groups at baseline.

HCs G ETG F (2, 27)
(N=12) (N=9) (N=9) &p

Variable M (SD) M (SD) M (SD) (1-tailed)
Age 33.6 36.0 33.6 F=0.224

(9.16) (10.1) (7.9) p=08
Education (years) 12.7 12.9 13.11 F=0.13

(2.1) (1.4) (2.2) p=09
SPM-IQ 106.6 104.6 104.9 F=15

(6.6) (6.3) 6.7) p=0.2
Sex m/f (4/8) (7/2) (5/4)

SPM-IQ: the estimated 1Q scores of the Standard Raven's Progressive Matrices; HCs: Healthy Controls; CTG: patients
eligible for the control treatment group; ETG: patients eligible for the experimental treatment group; m/f: male/
female ratio.
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to correct an error, their performance was recorded and scored accordingly by the exam-
iner (i.e., the total number of correct steps executed in the correct sequence until that
point). In this case, the task was discontinued. If patients were able to correct their
error, they went on and no points were given for the corrected step.

All the tests, observation lists and questionnaires administered by the examiner
before training (T0) were also given directly after training (T1) by a second, indepen-
dent neuropsychologist. This neuropsychologist, was trained in administering the
post-treatment tasks by the examiner and was blind for treatment allocation. Neurop-
sychological data at post-treatment were only collected and scored by this second
neuropsychologist.

Treatment conditions

Both the experimental and the control treatments consisted of 11 training sessions.
Patients were individually seen in 30-minute sessions, three to four times a week.
All sessions took place at the outpatient departments of the participating centres
and at patients’ homes. In both cases the training was given by the examiner. .
There were no differences between the two groups in the amount of outpatient
and home training. The content of the training sessions in both treatment conditions
is summarised in Appendix A. With respect to the combined GMT+WMT intervention,
the GMT protocol was followed with the addition of a WMT strategy in stage 4. A
more detailed description of the content of the GMT+WMT intervention is given in
what follows.

Experimental GMT+WMT intervention

In the first training session, the trainer informed the patients about the nature of the
deficits in executive functions using everyday examples of executive difficulties.
Additionally, the trainer introduced the GMT algorithm and applied this framework to
training 1A (see Figure 2).

After presentation of the GMT algorithm, the trainer coached the patients of the
experimental group to systematically follow the instructions given in each stage of
Goal Management. This was achieved by teaching trainees to use simple catchphrases,
such as “Stop, what am | doing?" “Think!”, “List the steps”, as well as “Stop and Check”
moments (Robertson, 1996), using verbal instructions and visual cue cards. Patients
were subsequently asked to subdivide and list the multiple subgoals (steps) of 1A in
a correct sequence.

In training session 2 (Figure 3), the examiner introduced the updating working
memory strategy (the steps of a ladder metaphor), integrated in stage 4 of GMT. This
strategy entails the presentation of the visual image of a ladder with four steps and
key-words written on each step (representing the first four sub goals of 1A). Gradually
all these cues were withdrawn and the patients repeatedly practiced how to internalise
the GMT framework and the image of the ladder in stage 4.

Only then, patients were asked to actually perform the steps and use the “Stop and
Check” moments after the execution of each step. Only after the successful completion
of a step, patients moved on to the next step.

Before proceeding to the next training sessions, patients were requested to recall the
steps of the ladder acquired in previous sessions. The next set of four steps of 1A (fixed
number of steps in each training session) was then taught in the same way in every
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Training in using the following scheme with ‘instructions’ in each stage:

1) ‘Orienting’ (self-awareness) ‘STOP! What am I doing?’

Example:
2) ‘Defining the main goal!’ ‘Buying theatre tickets using the internet’
3) ‘List the steps’ ‘Subdivide the main goal into sub goals

and make a list’

1) Press the button to turn the computer on; STOP; CHECK;

2) Connect with the internet and press F2 (wireless connection) - confirm that you have access
to the internet checking at the bottom on the right side of the screen; STOP; CHECK;

P

3) Click on the \2 ; STOP; CHECK;

4) Type in the ‘www.google.com’ (the most used web browser) at the address bar’; STOP;
CHECK;

5) Enter key — word (s) (e.g. the title of the wanted theatre play and ‘buy tickets’) into the
Google search engine space; STOP; CHECK;

6) Press ‘enter/search’; STOP; CHECK;

7) Select and click the first site in front of you, e.g. the ‘www.elculture.gr’; STOP; CHECK;

8) Select the target play and click the ‘buying tickets on-line link (e.g. ‘www.viva.gr’); STOP;
CHECK;

9) Select date/time; STOP; CHECK; Continue;

10) Select seats (number, price); STOP; CHECK; Continue;

11) Add to the basket; STOP; CHECK;

12) Press ‘Complete order’; STOP; CHECK;

13) Type in ‘Personal Information’ (name, surname, address, telephone number etc.). Continue;

14) Select the type of your credit card; STOP; CHECK;

15) Enter your card’s number; STOP; CHECK;

16) Enter its expire date; STOP; CHECK;

17) Type in the CCV2 number (3 last numbers of your card); STOP; CHECK;

18) Select ‘Pay’; STOP; CHECK;

19) Confirm.

4) ‘Learn the steps’ ‘Do I know the steps now? If yes, move on to stage
5; if not, return to stage 4 and try again’

5) ‘Monitoring and Checking’ ‘Do It and Check!’
(‘Am I doing what I planned? Check if yes or no; if yes, ok; if not, return to stage 1 and try again’)

Figure 2. Goal Management Training stages using an example of multistep everyday task.

following training session (sessions 3-6), focusing on chaining (Hurlstone et al., 2013) of
the last step of the previous session with the four new ones in sequence (continuously
updating the information in working memory). This was illustrated using an arrow
between the previous steps of the ladder and the new steps uploaded (Figure 4). An
identical training approach (sessions 7-11) was also applied for the acquisition of the
second treatment goal, the 15-step 2A.

WMT-control intervention

For the WMT intervention, a new 9-step training was developed (i.e., 1. Repeat the
current information; 2. Keep it in mind; 3. Go 1 activity back; 4. Repeat together the pre-
vious and current information; 5. Hold them in mind and 6. Decide what to do; 7. Say the
outcome and 8. Repeat it internally; 9. Keep it until the next action). WMT aimed at
improving patients’ performance in two real-life scenarios that engage working



NEUROPSYCHOLOGICAL REHABILITATION 897

(continue)

4. type
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3. Click &
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O

Figure 3. Stage 4: Learn the steps as the steps of a ladder (introduction of the working memory strategy). Appli-
cation to the first four steps of training Task1A.

(continue)

8. Choose
‘Play’ +
‘tickets’

7. Click first
site

6. ‘Search’

5. Space:
‘play +
tickets’

4. type
www.google.com

Figure 4. Uploading the next four steps (steps 5-8) of task 1A in training session 3 combined with the last step of
the previous session (step 4) using an arrow.

memory skills: Working Memory Task1’handling money in 19 sequential daily trans-
actions’ (e.g., go for shopping, then pay bills, etc) and Working Memory Task2 “distribut-
ing various boxes with supplies to 15 different cities of Greece”. These control WMT tasks
consisted of the same number of steps as the experimental tasks (see Appendix A).

In training session 3, the patients were prompted to internalise the 9-step WM frame-
work and apply it to the first four activities/transactions of the WM Task1 (see Appendix
B). The same technique was applied to the subsequent training sessions for both
working memory tasks 1 and 2.

This type of working memory training differed in structure, formulation of training
instructions and goals, compared to the experimental treatment.
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Statistical analyses

Prior to analysis, all data (pre- and post-treatment) were tested for normality using
Shapiro-Wilk's normality tests. Skewed variables were thereupon transformed and
again tested for normality. Negatively skewed variables were transformed using
square transformation (x?), whereas for positively skewed variables square root trans-
formation was used (Clark-Carter, 1997). To explore pre-training (TO) group differences
between the two treatment conditions on the primary outcome measures tasks1A and
2A and the secondary outcome rating scales EOS and RRL, all data were analysed and
compared using independent-sample t-tests for normally distributed variables.
Mann-Whitney U tests (all one-tailed, a set at 0.05) were used for variables that
remained skewed after transformation. To investigate pre-treatment (T0) group differ-
ences among the three participant groups (HC, GMT+WMT and WMT) on neuropsycho-
logical test variables secondary working memory outcome measures and the DEX, (1)
parametric one-way ANOVAs and (2) non-parametric Kruskal-Wallis tests (all one-
tailed, a = 0.05) were computed. Post hoc comparisons were performed with Parametric
Dunnet t-tests and non-parametric Mann-Whitney U tests (all 2-tailed, a = 0.05).

To examine the efficacy of the experimental and control treatment, performance on
the primary outcome tasks 1A and 2A (pre-treatment T0) was analysed using a 2 x 2
General Linear Model (GLM) repeated measures analysis of variance. The same analysis
was used for post-training tasks 1B and 2B. “Treatment condition” (experimental and
control) was used as a between-subject factor and “time” (pre-T0 and post-T1 training)
as a within-subject factor. The same analysis was conducted separately for each of the
secondary outcome measures and the other neuropsychological executive, memory
and language variables. Appropriate post-hoc between-group and within-group com-
parisons (all two-tailed, a =0.05) were conducted at T1. These comparisons were per-
formed for significant GLM treatment x time interactions as well as after main
treatment and time effects. Effect sizes (1;,%) were also reported according to Cohen’s
(1992) criteria (0.2 = small effect, 0.5 = medium effect, 0.8 = large effect).

Results
Pre-treatment analyses

At baseline, no significant differences in performance between experimental group and
control group were found on the primary 1A and 2A tasks (see Figure 5 the mean per-
centages of correctly performed steps in correct order) and the secondary EOS and RRL
ratings [all t-values (16) and Z-values < 1.03, all p-values > .15] (see Table 3).
Pre-treatment multiple comparisons of the GMT+WMT, WMT and HC groups on
other secondary outcome measures (e.g., DEX-self, DEX-others and working memory
tasks) were computed after finding statistically significant group differences [all F-
values (2,27) > 4.8, all p-values < .016; all x*(2) > 17.9, all p-values < .0005]. These pre-
treatment comparisons revealed that the HC outperformed both treatment groups
on almost all of these measures (all p-values < .009 with Dunnett t-tests), whereas no sig-
nificant differences were found between the two treatment groups on the same vari-
ables (all p-values >.37) (see Table 3 for the secondary outcome measures and
Table 4 for the other executive variables). No statistically significant group differences
were found among the GMT+WMT, the WMT and the HC in almost all the other
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Figure 5. Pre- and post-treatment results (mean percentages of correctly performed steps in correct sequence) on
the primary outcome Task1 and Task2 (pre-treatment A version, post-treatment B version) for the control WMT
and the experimental GMT+WMT treatment groups.

memory and language variables [all F-values (2, 27) < 2.732, all p-values > 0.112; all )(2(2)
<4.218, all p-values > .121] (see Table 5).

Post-treatment analyses

Primary outcome measures

Figure 5 also illustrates the post-training results (mean percentages of correctly performed
steps in correct order) of the primary outcome tasks for the WMT and the GMT+WMT
groups. The results show that, after treatment, significant main “treatment” and “time”
effects as well as a significant “treatment by time” interaction effect were found for
both tasks 1 [all F-values (1,16) >46.1, all p-values <.0005, effect sizes 77,2, =.742-951]
and 2 (“B” version) [all F-values (1,16) >27.244, all p-values < .0005, effect sizes 71,2, =.
630-.874]. Post-hoc comparisons revealed that, after treatment, the GMT+WMT group per-
formed significantly better than the WMT group on the primary outcome tasks 1 [t(16) =
14.308, p <.0005, 77,2, =0.96] and 2 (Z=—-3.610, p = <.0005, r = 0.86). Additionally, the GMT
+WMT group performed significantly better on both primary outcome measures after
training compared to their pre-training performance [t(8) =—12.623, p= <.0005, 1;,2, =
0.97] and 2 [t(8) =-9.5, p= <.0005, 1;,2, =0.85]. No significant differences were found
between pre and post-training performances for the WMT group.

Secondary outcome measures
Table 3 shows the mean post-treatment secondary outcome scores (and SDs) of both
WMT and GMT+WMT groups. In the same table treatment effects (p-values) and post-



Table 3. Results (means + SD) on the secondary EOS and RRL for the patients in the control treatment (WMT) and the patients in the experimental treatment (GMT+WMT). Results on the
secondary outcome working memory measures and the DEX-Q for the healthy controls (HC), the WMT and the GMT+WMT groups. Post-treatment interaction and main effects (p-values) as
well as significant pre- and post-treatment comparisons, a =.05.

Pre-treatment

Post-treatment

Pre-treatment (T0)
Comparisons:

WMT vs. GMT+WMT
(2-independent samples,
1-tailed)

Pre-treatment (T0) pair-wise

comparisons (2-tailed) Treatment x

Post-treatment (T1)
Comparisons:

Between groups:
3a:GMT+WMT> WMT*
3b:WMT >GMT+WMT *

1: HOWMT* Time TO-T1 within-group
2: HC>GMT+WMT* Interaction ~ Treatment Time differences:
GMT 3a: GMT+WMT>WMT* GMT Effect Effect Effect E: GMT+WMT T1> T0* C:
HC  WMT +WMT  3b: WMT >GMT+WMT* WMT  +WMT (p-values) (p-values) (p-values) WMT T1 > T0*
Secondary outcome measures
Executive Observation Scale 17.89 17.44 n.s. 17.67 21.67 .034* .069** .053** 3a,E C
(total score) (3.06) (3.04) (2.00) (2.95)
Role Resumption List 15.22 15.89 n.s. 13.33 14.22 855 .208 .009* E C
(2.27) (2.14) (1.5) (0.83)
Letter-Number Sequencing 13.17  8.89 9.22 1,2 10.78 10.56 294 940 <.0005* E C
(WAIS-III) (raw score) (1.26) (1.90)  (1.78) (1.20)  (1.59)
Corsi Block Tapping Task (raw  26.67 18.22 19.56 1,2 19.88 20.66 240 368 <.0005* E C
score) (4.14) (2.8) (1.94) (2.66) (2.34)
2-Back task 13.50 11.22 11.33 1,2 11.67 11.68 818 930 121
(0.67) (1.78) (1.22) (1.22) (1.32)
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DEX Other 533 3200 3367 1,2 2967  29.89 075 .84 .0005* E C

(1.2) (8.10) (11.68) (8.29) (10.56)
DEX Self 392 956 8.89 1,2 9.33 7.78 346 .564 167
(1.08) (6.1) (2.4) (438) (2.22)

Note: * significant; ** trend; n.s.: non-significant.

TO: pre-treatment.

1 = Pre-treatment significantly better performances of HC vs. the WMT, results of TO pair-wise comparisons (2-tailed), following significant TO one-way ANOVAS and Kruskal-Wallis com-
parisons among HC, WMT and GMT+WMT.

2 = Pre-treatment significantly better performances of HC vs. the GMT+WMT, results of TO pair-wise comparisons (2-tailed), following significant TO one-way ANOVAS and Kruskal-Wallis
comparisons among the three groups.

3a + 3b = Pre-treatment significantly better performances of the GMT+WMT vs. the WMT (and WMT vs. GMT+WMT), results of TO pair-wise comparisons (2-tailed), following significant TO
one-way ANOVAS and Kruskal-Wallis comparisons among the three groups.

T1: post-treatment

3a = Post-treatment significantly better performances of the GMT+WMT vs. the WMT, results of T1 post-hoc independent samples comparisons following significant GLM main and/or
interaction effects.

E = Significantly better T1 vs. TO performances within the GMT+WMT, results of post-hoc pair-samples comparisons following significant GLM main and/or interaction effects.

C = Significantly better T1 vs. TO performances within the WMT, results of post-hoc pair-samples comparisons following significant GLM main and/or interaction effects.
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Table 4. Results on the neuropsychological executive tests (means + SD) for the HC, the control WMT and the experimental GMT+WMT treatment groups, post-treatment interaction and
main effects (p-values) as well as significant pre- and post-treatment comparisons, a =.05.

Pre-treatment

Post-treatment

Pre-treatment (T0)
Comparisons :

WMT vs. GMT+WMT
(2-independent samples,
1-tailed) Pre-treatment (TO)
pair-wise comparisons

Post-treatment (T1)
Comparisons:

Between groups:
3a:GMT+WMT > WMT*

(2-tailed) 3b:WMT >GMT+WMT*
1: HC > WMT* TO-T1 within-group
2: HC > GMT+WMT* 3a: Treatment X Treatment Time differences:
GMT GMT+WMT >WMT* GMT Time Interaction Effect Effect E: GMT+WMT T1> T0*C:
HC WMT +WMT  3b: WMT >GMT+WMT* WMT +WMT Effect (p-values) (p-values) (p-values)  WMT T1 > TO*
Executive Function Variables
Digit B 8.00 6.00 5.44 1,2 7.56 6.11 284 .002* .014* 3b, C
(0.95) (0.86) (1.13) (0.88) (1.167)
Trail Making Test B/A 2.12 2.82 3.18 2 2.72 3.02 548 428 <.0005* E C
ratio (0.57) (0.85) (1.03) (0.66) (0.99)
Stroop Interference 0.59 0.422 0423 1,2 0.42 0.48 351 476 351
(0.03) (0.10) (0.10) (0.09) (0.12)
Wisconsin Card Sorting Test
No. of Categories 543 244 3.00 1,2 2.78 3.56 718 114 160
completed (0.06) (0.72) (1.32) (0.66) (1.33)
No. of Perseverative 12.42 70.44 59.56 1,2 63.00 52.22 992 159 183
Answers (6.97) (11.5) (27.9) (10.9) (20.9)
Verbal Fluency 0.72 0.41 0.42 1,2 0.462 0.4644 919 .897 .038* E C
Phon./Sem. ratio (0.09)  (0.08) (0.08) (0.09) (0.075)

BADS
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Rule Shifting 0.65 2.78 3.00 1,2 1.89 1.56 620 .906 0.050%*
(033) (1.78) (1.65) (1.27) (1.33)
Action Program 475 2.78 333 1,2 3.00 3.78 677 .09*% p=0.222 3a
(0.45)  (0.66) (0.86) (0.5) (0.83)
Key Search 14.58 11.44 10.89 1,2 13.67 13.33 .898 641 .015% E C
(1.31)  (2.8) (2.97) (2.5) (2.34)
Zoo Map Test 15.08 10.67 10.00 1,2 11.56 11.89 464 810 .053*%*
(099) (1.80) (2.45) (1.8) (1.96)
Modified Six 5.50 3.1 344 1,2 333 433 269 .008* .075 3a
Elements Test (067)  (0.60) (1.23) (0.5) (0.5)
Everyday Description Task
Total Relevant 60.25  39.22 39.78 1,2 4233 45.44 .507 329 .033* E C
Actions (5.98) 4.7) (5.78) (4.47) (6.91)
No. of Relevant Major  51.33  27.67 27.89 1,2 29.89 3733 .058** .039*% .004* 3a,EC
Actions (5.49) (4.38) (6.56) (3.72) (5.65)
No. of Relevant 5833  35.78 36.89 1,2 38.22 43.11 281 118 .021* E, C
Central Actions (6.15) (4.14) (6.09) (3.38) 6.71)
No. of Relevant 1.50 1.89 1.67 2.00 1.89 .896, .786, 696
Trivial Actions (1.38) (1.76) (1.50) (1.93) (0.78)
No. of Relevant 1.83 2.56 1.56 2.11 0.44 668 126 322
Intrusions 0.7) (2.37) (1.42) (2.37) (0.25)
Total Errors 133 10.44 9.44 1,2 9.56 6.56 236 .003* .033* 3a, E
(0.88) (1.87) (1.95) (2.45) (2.07)
No. of Irrelevant 0.01 0.22 0.5 0.22 0.56 .587 275 .587
Intrusions (0.01) (0.44) (0.34) (0.4) (0.08)
1,2 .702 383 447
(Continued)
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Table 4. Continued.

Pre-treatment

Post-treatment

Pre-treatment (T0)
Comparisons :

WMT vs. GMT+WMT
(2-independent samples,
1-tailed) Pre-treatment (TO)
pair-wise comparisons

Post-treatment (T1)
Comparisons:

Between groups:
3a:GMT+WMT > WMT*

(2-tailed) 3b:WMT >GMT+WMT*
1: HC > WMT* TO-T1 within-group
2: HC > GMT+WMT* 3a: Treatment X Treatment Time differences:
GMT GMT+WMT >WMT* GMT Time Interaction Effect Effect E: GMT+WMT T1> TO*C:
HC WMT +WMT  3b: WMT >GMT+WMT* WMT +WMT Effect (p-values) (p-values)  (p-values) WMT T1 > T0*
No. of Perseverative 0.45 2.89 3.56 2.67 2.89
Errors (0.25) (0.78) (1.23) (2.29) (1.69)
No. of Sequencing 1.08 733 5.67 1,2 6.67 3.00 122 .000* .015% 3a, E
Errors (0.9) (1.65) (2.12) (1.2) (1.47)

Note. * significant; ** trend.
TO: pre-treatment

1 = Pre-treatment significantly better performances of HC vs. the WMT, results of TO multiple pair-wise comparisons (2-tailed), following significant TO one-way ANOVAS and Kruskal-Wallis
comparisons among HC, WMT and GMT+WMT.
2 = Pre-treatment significantly better performances of HC vs. the GMT+WMT, results of TO multiple pair-wise comparisons (2-tailed), following significant TO one-way ANOVAS and Kruskal-
Wallis comparisons among the three groups.
3a + 3b =Pre-treatment significantly better performances of the GMT+WMT vs. the WMT (and WMT vs. GMT+WMT), results of TO multiple pair-wise comparisons (2-tailed), following
significant TO one-way ANOVAS and Kruskal-Wallis comparisons among the three groups.

T1: post-treatment

3a = Post-treatment significantly better performances of the GMT+WMT vs. the WMT, results of T1 post-hoc independent samples comparisons following significant GLM main and/or

interaction effects.

3b: Post-treatment significantly better performances of the WMT vs. the GMT+WMT, results of T1 post-hoc independent samples comparisons following significant GLM main and/or inter-

action effects.

TO-T1 within-group differences:

E = Significantly better T1 vs. TO performances for the GMT+WMT, results of post-hoc pair-samples comparisons following significant GLM main and/or interaction effects.
C = Significantly better T1 vs. TO performances for the WMT, results of post-hoc pair-samples comparisons following significant GLM main and/or interaction effects.
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Table 5. Results on memory and language variables (means + SD) for the HC, the control WMT and the experimental GMT+WMT treatment groups, post-treatment interaction and main
effects (p-values) as well as significant statistical comparisons, a =.05.

Pre-treatment

Post-treatment

Pre-treatment (T0)
Comparisons:

WMT vs. GMT+WMT
(2-independent samples,
1-tailed) Pre-treatment (TO0)

Post-treatment (T1)
Comparisons:
Between groups:

pair-wise 3a: GMT+WMT > WMT*
comparisons (2-tailed) Treatment x 3b: WMT>GMT+WMT *
1: HC > WMT* Time TO-T1 within-group
2: HC > GMT+WMT* Interaction Treatment Time differences:
GMT 3a: GMT+WMT >WMT* GMT Effect Effect Effect E: GMT+WMT T1> TO* C:
HC WMT +WMT  3b: WMT >GMT+WMT* WMT  +WMT (p-values) (p-values)  (p-values) WMT T1 > T0*
Memory and language measures
Digit Span Forward 10.00 9.58 9.78 1033 10.78 .784 527 114
(1.87) (0.90) (1.09) (1.22) (1.30)
Rey Auditory Verbal Learning Test
Trials 1-5 (Learning) 55.00 5222 50.44 52.00 5244 428 550 525
(5.80) (3.34) (4.53) (2.23) (4.27)
Short-delay recall 12.58 11.78 11.22 2 11.89 11.11 .750 .048~ 999
(0.90)  (1.093) (0.66) (1.26) (0.78)
Long-delay recall 12.00 11.56 1.1 11.89 11.22 787 .095 589
(1.128)  (1.13) (0.92) (1.16) (1.09)
Delayed recognition 13.17 12.67 12.89 13.22 12.89 552 925 552
(1.11) (1.41) (1.76) (1.39) (1.69)
Rey-Osterrieth Complex Figure Test
Immediate recall 21.25  20.11 18.56 2233 19.11 468 127 233
(1.91) (2.47) (4.87) (2.00) (5.3)

(Continued)
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Table 5. Continued.

Pre-treatment Post-treatment

Pre-treatment (T0)
Comparisons:

WMT vs. GMT+WMT Post-treatment (T1)
(2-independent samples, Comparisons:
1-tailed) Pre-treatment (TO0) Between groups:
pair-wise 3a: GMT+WMT > WMT*
comparisons (2-tailed) Treatment x 3b: WMT>GMT+WMT *
1: HC > WMT* Time TO-T1 within-group
2: HC > GMT+WMT* Interaction Treatment Time differences:
GMT 3a: GMT+WMT >WMT* GMT Effect Effect Effect E: GMT+WMT T1> T0* C:
HC WMT +WMT  3b: WMT >GMT+WMT* WMT +WMT (p-values) (p-values)  (p-values) WMT T1 > T0O*
Delayed recall 20.17 18.44 17.44 19.78 17.56 .607 234 544
(169 (2.69) (4.44) (3.03) (4.33)
Recognition 10.58 10.00 10.67 10.44 10.56 410 299 619
(1.08)  (1.19) (1.22) (1.01) 0.72)
Boston Naming Test — 13.67 13.00 13.56 12.56 13.78 282 .009* 715 3a
Short Form (0.77)  (0.70) (0.72) (0.72) (1.30)
Vocabulary 49.25 45.89 46.00 46.11 4411 529 719 619
(469)  (5.98) (8.29) (4.6) (6.5)

Note. *: significant; ~: trend.

TO: pre-treatment.

2 = Pre-treatment significantly better performances of HC vs. the GMT+WMT, results of TO multiple pair-wise comparisons (2-tailed), following significant TO one-way ANOVAS and Kruskal-
Wallis comparisons among the three groups.

T1: post-treatment.

3a = Post-treatment significantly better performances of the GMT+WMT vs. the WMT, results of T1 post-hoc independent samples comparisons following significant GLM main training
effects.
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hoc between-groups (GMT+WMT vs. WMT) and within-group comparisons are reported.
After training, only a trend toward “treatment” [F(1,16) = 3.8, p =.069, 77,2, =0.192] and
“time” effects [F(1,16) =4.3, p=.053, 7),2; =0.215) was found for the EOS. A significant
“time” effect was found for the RRL [F(1,16) = 8.84, p =.009, TI;Z, = 0.356] with both treat-
ment groups attaining significantly better psychosocial adjustment and reintegration
after training [t-values (8) > 2.08, p-values < .05]. Similarly to the findings for the RRL, sig-
nificant “time” effects were found for the DEX questionnaire (raters’ version), the
Letter-Number Sequencing, the WAIS-IIl (raw score and memory span) and the Corsi
Block Tapping Test (raw score) [all F-values(1,16) >37.3, all p-values <.0005,
effect sizes 77,2, =.70-.848; all t-values(8) > —2.72, all p-values < .026, all Z-values > —2.58,
all p-values < .01]. No significant effects were found for the other secondary question-
naires and test measures.

Neuropsychological executive, memory and language test measures

The same analyses were also performed on the executive tests (see Table 4). With
respect to these tests, significant main “treatment” effects were found for the Digit Back-
wards WAIS-III subtest, the Action Programme and the Modified Six Elements subtests of
the BADS as well as for the total number of relevant major actions, the total number of
errors and the total number of sequencing errors produced in the EDT [all F-values
(1,16) > 5.07, all p-values < .039, effect sizes nf, =.356-.681]. The GMT+WMT group per-
formed significantly better on all these measures than the WMT control group after
treatment [all t-values (16)>-2.80, all p-values<0.013, all Z-values> —2.34, all
p-values < .019]. The GMT+WMT group also made significantly less sequencing errors
in the EDT compared to baseline [Z=—-2.023, p =.043]. However, no significant “treat-
ment x time” interaction effects were found [all F-values (1,16) < 2.66, all p-values
>.12]. For the Digit Backwards, only the WMT group performed better after training
[t(8) = —3.7, p=.005]. Main “time” effects were found for the Digit Backwards, the Trail
Making Test Part B/A ratio, the Verbal Fluency Phonemic/ Semantic ratio, the Key
Search subtest of the BADS, the total number of relevant major and central (major
and minor) actions as well as the total number of errors produced in the EDT [all
F-values (1,16) >5.11, all p-values <.038, effect sizes nf,:.242—.758]. Both treatment
groups showed significantly better performances after treatment [all t-values (8) >
—4.385, all p-values < .005, all Z-values > —2.02, all p-values < 0.043].

As to memory and language variables (see Table 5), neither main nor interaction
effects were found, except for a main “treatment” effect on the Boston Naming Test-
Short Form [F(1,16) =8.6, p =.009, ”flﬁ =0.352]. Further comparisons showed that on
this test the GMT+WMT group performed significantly better than the WMT group
after treatment (Z=-2.03, p =0.042).

Discussion

Several studies have shown the beneficial effects of combining GMT with other rehabi-
litation interventions (Krasny-Pacini et al., 2014). However, the effectiveness of the com-
bination of GMT and a WMT approach in improving goal-directed behaviour had not
been systematically investigated so far. This combination is relevant, because working
memory is pivotal for actively retaining sustained attention in distinct states (subgoals)
of a continuous higher-order activity (Robertson & Garavan, 2000). It also plays an
important role in sequence action planning of multistep everyday activities (Cooper &
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Shallice, 2000; Hurlstone et al., 2013; Klingberg, 2010; Netto et al., 2010). Therefore, in the
present study we investigated the efficacy of a new combined treatment in which an
updating working memory strategy was added to stage 4 (learning phase) of GMT.
This new treatment (GMT+WMT) was compared to a control treatment of working
memory training (WMT) in everyday scenarios in a randomised controlled study.

We found that after training the patients of the GMT+WMT group performed signifi-
cantly better on the two primary outcome multistep tasks 1 and 2 (B version) compared
to the patients of the WMT group and compared to their own pre-treatment perform-
ance on the same tasks (A version). The WMT group showed the same performance level
throughout. The present results confirm our hypothesis and previous studies showing
that GMT can be combined with other interventions to improve executive performance
(Bertens et al.,, 2015; Emslie, Wilson, Quirk, Evans, & Watson, 2007; Grant, Ponsford, &
Bennett, 2012; Krasny-Pacini et al,, 2014; Levine et al,, 2007, 2011; Spikman et al.,
2010; Tornas et al., 2016).

More importantly, the results of the present study show the benefits of GMT+WMT
training on the improvement of serial-order and persistent behaviour in new variants of
already taught executive tasks. WMT in everyday scenarios did not show this effect. The
training tasks used in this approach were not aimed at improving controlled, organised
behaviour towards the completion of a complex goal, as required in the primary
outcome tasks. These results illustrate the benefits of task-specific training, when the
treatment is aimed at learning to manage disorganised behaviour in complex everyday
tasks (Sohlberg & Turkstra, 2011). They further highlight the importance of improving
sustained attention through working memory activation. This, both through the main-
tenance of multiple goals within GMT (Robertson & Garavan, 2000) as well as more gen-
erally through controlled sequence learning and planning (Hurlstone et al., 2013). Thus,
the effects of our GMT+WMT training are supportive of theories (Baddeley, 2012; Hurl-
stone et al., 2013) and treatment interventions (Dahlin et al., 2008; Dujardin et al., 2004;
Netto et al., 2010; Spikman et al., 2010; Truedsson & Strohmayer, 2013; see also review of
Krasny-Pacini et al, 2014) that emphasise the relation between attention, working
memory and executive functions.

With regard to the secondary outcome measures used in this study, the improve-
ment of the GMT+WMT training was only marginally significant on the EOS. On all
other behavioural scales used as secondary outcome measures we only found time
effects. These findings are in agreement with the mixed results of previous studies
using questionnaires and rating scales to evaluate GMT (Krasny-Pacini et al., 2014).
Time effects were also found for secondary outcome working memory tests. These
results may be attributed to test practice effects, especially when the period of re-
administration is close to the baseline assessment.

As a general conclusion, despite the limitations of our small-scale study, the above
findings are consistent with our proof-of-principle hypothesis stating that combining
GMT+WMT is feasible and more helpful than WMT training only in improving perform-
ance on everyday multistep tasks. We found significant training and time effects in
favour of the WMT group on the Digit Span Backwards, a standard working memory
task that is frequently used as a near-transfer task in many working memory training
studies (review of Netto et al, 2010). However, no beneficial effects were found on
the other digit and spatial span tasks used as secondary working memory outcome
measures. This inconsistent finding is in line with the mixed results of many previous
studies with respect to the efficacy of WMT training programmes in ameliorating
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working memory capacities (digit span backward) (see the review of McAvinue et al.,
2013; Shipstead, Redick, & Engle, 2012; Vermeij, Claassen, Dautzenberg, & Kessels,
2016; Zinke et al., 2013).

With respect to other executive test results, significant training gains were found for
the GMT+WMT in comparison with the control WMT on the BADS Action Program, the
BADS MSET subtests as well as on an increased generation of major actions and a
reduced production of sequencing errors in the EDT. These results are inconsistent
with those of previous studies (Jelicic, Henquet, Derix, & Jolles, 2001; Spikman et al.,
2010) that showed only test-retest effects on the BADS subtests. However, they are in
agreement with other studies (Hewitt, Evans, & Dritschel, 2006; Manly, Hawkins,
Evans, Woldt, & Robertson, 2002) that applied a modified version of GMT and revealed
intervention effects on the Six Elements Test (and its adaptations), as well as on plan-
ning and production of relevant steps in the EDT by TBI patients. Thus, our findings
support our initial hypothesis and provide evidence for the positive effects of the
GMT+WMT therapy on ecologically valid executive tests that demand a step-by-step
maintenance and execution of complex everyday activities. This, combined with the
finding that none of the treatment conditions produced training or time effects on stan-
dard executive tests (e.g., the Stroop Colour-Word Test, the Wisconsin Card Sorting Test)
and on a majority of memory and language measures, underscores the conclusions of
Spikman et al. (2010) about the difficulty of assessing daily functioning using conven-
tional neuropsychological tests that lack adaptation to naturalistic settings. According
to our results, executive tests resembling daily tasks, such as the BADS and the EDT,
provide more accurate information about the efficacy and the outcome of training pro-
grammes designed to facilitate action planning in daily life. This finding suggests that
ecologically valid tests are clinically more useful, compared to conventional ones,
since they are more representative of everyday activities (Burgess et al., 2006). Addition-
ally, this emphasises the need for a more functional approach to the development of
both assessment and treatment tasks for clinical applications. Future studies should
explore this topic in more depth.

In summary, our results support the feasibility and the efficacy of a combined treat-
ment (GMT+WMT) in facilitating the performance of patients with brain damage in
everyday multistep tasks. This training approach also improves performance in more
ecologically valid executive tests, but not observed executive behaviour. Even though
our results were not unexpected, they should be interpreted with caution due to
several limitations of our study. The use of a relatively small sample of patients and
an absence of follow-up assessments do not allow strong conclusions to be drawn
about the maintenance of training effects. Also, we included patients after a relatively
short post-onset period (4 months), and spontaneous recovery may still have been
ongoing. Moreover, although we would like to stress that effect sizes are more impor-
tant than statistical significance (Kline, 2004), the comparison of our relatively small
samples involves the risk of Type | errors. However, corrections for multiple comparisons
would have substantially increased the risk of a Type Il error in our hypothesis-driven
study. This study should be considered as an exploratory investigation rather than a
full-scale rehabilitation study, and the results should be interpreted with caution.
Future studies should investigate this further with larger samples and with follow-up
measurements. With larger samples, the efficacy of the GMT+WMT approach can also
be investigated in comparison with other interventions, for instance with GMT only.
Another future aim could be to integrate this treatment in a larger, more comprehensive
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treatment (like Spikman’s multifaceted training based on GMT and Problem Solving
Training) to investigate the enhanced effects of such an extensive treatment. Finally,
future studies are also needed to assess the generalizability of this new treatment
and the transfer of the skills acquired to other multistage everyday tasks not specifically
targeted in the training, like “cooking a meal using the kitchen” (like in Levine's et al.
study, 2000), or “setting the car alarm on”.
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Appendix A. Content of all sessions for both treatment conditions

4-6

~

9-11

Description of the therapeutic sessions

Experimental treatment

Goal Management Training +

Updating Working Memory strategy

Setting the treatment goals (Task1A and Task2A)
Introducing the Goal Management scheme.
Defining stages 1, 2 and 3 (list of the 19 sub goals)
of task 1A applying the Goal Management scheme.
Subdividing task 1A into19 steps (to-be-learned).

Incorporating the updating working memory
strategy ** (image of a ladder) in stage 4 of GMT.
Education in learning the first four steps of
Task1A as the first four steps of the ladder.
Systematic use of external faded gradually to
internal mnemonic and errorless learning
techniques.
Adequate practice trials in actual performing the
first four steps of Task1A.
Monitoring and Checking after each step.

Control treatment Training in everyday
scenarios

Presentation of two “real-life” WM Tasks, similar to
tasks 1A and 2A (Task1 with 19 steps and Task 2
with 15 steps) as examples of daily living that
demand retaining information in working memory.
Presentation of a 9-stage Working Memory Training
scheme aiming at improving these difficulties.

Teaching the instructions given in each stage of the
Working memory scheme with the use of visual
and verbal cues. Education and practice provided
in using this scheme for retaining and mentally
manipulating previous and currently uploaded
information (numbers) in examples of simple
arithmetic problems.

Probe session: Performing the steps learned in the previous session.

Uploading the next four new steps of Task1A as the
next steps of the ladder.
Systematic training in using the updating
technique to learn and combine the new steps
with those previously learned using arrows.
Adequate practice trials to perform the 8 steps of
Task1A learned so far.
Monitoring and Checking after each step.

Probe session: Performing all the steps learned so
far (8).

Similar therapeutic procedure until the successful
learning and completion of all steps of Task1A.

Applying stages 1, 2 and 3 of GMT to Task2A

Learning and actual performing the first four steps
of Task2A applying the GMT with the addition of
the updating training in stage 4, similarly to the
treatment procedure of Task1A.

Same therapeutic procedure in all the following
training sessions till the adequate learning and
sequential execution of the 15 steps of Task2A.

Introducing the first four activities (daily
transactions) of Task1 using the 9-stage WMT
scheme.

Education in actively keeping the previous result
with the new information while counting.
Verbal feedback after each counting and
emphasis on retaining the result from the last
transaction until the next one.

Applying the same training in retaining the new
memory load (four new transactions uploaded in
session 4-6 and the last 3 activities (session 7) of
Task1.

Dividing the 15-step Task2 into three sessions of
4 steps (activities) and a fourth session of the last
3 steps.

Introducing the first four activities of the Task2.
Same training in applying the Working Memory
9-stage framework for Task 2 as For Task 1.

Same procedure in all the following sessions for the
same load (every 4 new arithmetic information
uploaded) in each session.

** |Introduction of the image of a ladder in stage 4 of GMT (applied to the example of Figure 1).

(after stage 3)

4) ‘Learn the steps’

‘Do I know the steps now? If yes, move on to stage

5; if not, return to stage 4 and try again’

2

4. Bar-
Type Google 3. Click
)
- 2. Internet

F2

1. Turn ON
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Appendix B. Working Memory Task1

Suppose you have in total € 450. You are asked to do 19 daily activities using this amount of money, for
instance to pay some bills, to buy something or take money from some sources. In each activity you have
to listen carefully and keep in mind the money given, mentally count how much money you have to
spend or add and retain the amount of money you have been left with after the completion of each
activity and before the next one .Please repeat the instructions and let me know if you are ready to start.

Activities:

A. Firstly you go to the water supply service in order to pay the bill which is € 40. How much money has
been left now?

(1) Say repeatedly the current number (€ 40).

(2) Keep it repeatedly in memory (€ 40).

(3) Go 1-step back and say the initial amount (€ 450). (The examiner provides feedback).
(4) Repeat aloud the initial number and the current number (€ 450 and 40).

(5) Keep them repeatedly in mind (€ 450 and 40)

(6) Decide what to do! Subtraction/other: (the examiner provides feedback).

(7) Make the counting and say aloud the result (450 — 40 =410).

(8) Say it repeatedly with inner voice (€ 410).

(9) Keep repeatedly in mind this number (€ 410) until the next number.

B. Secondly you go to a sports store and you buy a pair of famous brands sports shoes. The cost is € 90.
How much money has been left now?

(the same application of instructions for this and the following activities)
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