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Introduction

Technological progress is changing our lives. It is also 
exerting a powerful effect on neuropsychological diagno-
sis and rehabilitation, whose purpose is to provide psy-
chological assistance to patients with higher psychological 
functioning impairment due to brain damage. Neuropsy-
chological rehabilitation of brain-damaged patients is very 
time-consuming, laborious and expensive, and does not 
always produce the effects desired by the patient, his/her 
family and society. Computer-assisted neuropsychological 
rehabilitation therefore raises many hopes and expecta-
tions. At the least, it is viewed as a source of support and 
supplementation of existing, imperfect methods of treat-
ment, and also as a way to reduce the unforeseen costs 
and time-consuming nature of rehabilitation of patients 
with brain lesions (Cole, 1999; Gontkowsky et al., 2002; 
Seniów, 1999).

Two approaches have been distinguished in neuropsy-
chological rehabilitation using electronic equipment: com-
pensation and reconstruction. Within the compensatory 
approach various electronic devices such as pagers, palm-
tops, organizers or communicators function as “cognitive 
prostheses” to ease patients’ everyday functioning. They 
are maximally adjusted to the individual patient’s needs, 
but do not fundamentally alter the status of cognitive func-
tions. The reconstructive approach to neuropsychological 
rehabilitation applies a range of computer software whose 
purpose is to improve higher psychological functions such 
as language, memory, attention, spatial orientation, abstract 
thinking and planning (LoPresti, 2004).

There are various forms of computer-assisted neuro-
psychological rehabilitation. In the early days, computer 
games and educational software addressed to children 
were used in work with adult brain-damaged patients (in 
the 1970s and 1980s). Such games are poorly adapted to 
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patients’ needs, however, due to the specifi c nature and 
content of the tasks involved and their level of diffi culty. 
The fi rst specialist computer software aimed at rehabilita-
tion of individual patients with specifi c cognitive defi cits, 
e.g. naming dysfunctions, began to be developed (Bruce & 
Howard, 1987; Pluta & Rączaszek-Leonardi, 2008). Inter-
disciplinary specialist working groups consisting of neu-
ropsychologists, speech therapists and IT engineers also 
began to construct more elaborate commercial software 
to assist in neuropsychological rehabilitation of a range of 
cognitive abilities.

Some of this software now has several language ver-
sions, and some has been specifi cally developed to meet the 
needs of a specifi c country and language. These include, to 
name a few: Cogpack – software which trains a variety of 
cognitive functions and has an English, French and Ger-
man version; RehaCom – which also has several language 
versions and is addressed to several functions; the German 
Lernreha, French Aix Tent and American Brain-Train Fal-
coner. Such software is usually published in two versions, 
one for the therapist and one for the patient. Basing on the 
diagnosis, the therapist selects an appropriate program and 
level of diffi culty, which the computer then automatically 
adjusts to the patient. The patient can practice on his/her 
version at home. The following software is available in Po-
land: an incomplete adaptation of RehaCom, without the 
language exercises (Weber, Regel & Krause, 1999) and 
Afa-System, a Polish rehabilitation program developed by 
E. Paprot, K. Polanowska and J. Seniów for patients with 
aphasia (Seniów, 2009).

Some individual and commercial rehabilitation soft-
ware is based on virtual reality which refl ects a particular 
patient’s world (Hofman et al., 1996) or has assumed ref-
erences to everyday situations (Hofman et al., 2003). The 
Internet is also used increasingly frequently in computer-
assisted rehabilitation to facilitate patient-therapist com-
munication (Egan et al., 2004; Mortley, Wade & Enderby, 
2004). Therapeutic material or computer assignments are 
fi rst prepared traditionally and then sent to the patient’s 
personal computer. Telerehabilitation enables work with 
patients to be continued after discharge from hospital, wher-
ever patients live. It reduces the cost of treatment, enables 
the therapist to work with a larger number of patients and 
also improves quality of life (Rogante et al., 2010; Zheng et 
al., 2005). This method is not without its drawbacks, how-
ever. There is no personal patient-therapist interaction and 
considerable patient self-control is necessary. On the other 
hand, neurobiotechnological expansion is now enabling di-
rect stimulation of the brain, and brain-computer interfaces 
are offering new ways in which patients can communicate 
with the world.

Although computer-assisted neuropsychological reha-
bilitation is now being applied in the Polish health service, 
there is still relatively little published research in the Polish 
literature. A few general outlines of this subject and one or 

two case studies are worth mentioning (Jodzio, 2011; Ot-
fi nowski et al., 2006; Pąchalska, 2007; Pluta & Rączaszek-
Leonardi, 2008; Seniów, 1999; Seniów et al., 2003). Polish 
specialists trained in the schools of Alexander Luria and 
Mariusz Maruszewski are using computer-assisted reha-
bilitation programs in addition to other therapeutic aids and 
materials which can be individually selected and adjusted 
for diffi culty, but it is up to the therapist to select treatment 
methods (Seniów, 2009).

With the increase in popularity of computer-assisted 
rehabilitation methods there is also an increasing need to 
test the effectiveness of these interventions in comparison 
with other therapies and to evaluate them vis-ŕ-vis various 
aspects of patients’ lives.

Evaluation of the effectiveness of neuropsychological 
therapies

The World Health Organization’s International Clas-
sifi cation of Functioning, Disability and Health (IFC) dis-
tinguishes three basic levels of description and evaluation 
of patients’ health (cf. Wilmowska-Pietruszyńska & Bilski, 
2010). The fi rst level applies to the patient’s physical condi-
tion, and the structure and function of the body organs. The 
second level applies to the patient’s psychological function-
ing, i.e. individual activity. The third level applies to the 
patient’s social functioning, i.e. participation in social life. 
Applying this classifi cation to a hypothetical brain-dam-
aged patient we may say that as a result of a stroke he has a 
left-hemisphere brain lesion and right-side paralysis (physi-
cal effects), severe language and memory impairment and 
mood disorder (psychological effects), and due to his physi-
cal and psychological dysfunction he has had to stop work-
ing and claim disability benefi ts (social effects). We need 
to evaluate each of these levels of functioning, and the goal 
of rehabilitation is to return to optimal health in all three 
aspects to the extent within this particular patient’s grasp.

These three aspects are not always considered in evalu-
ations of the effectiveness of neuropsychological rehabilita-
tion and are not always the target of therapeutic intervention. 
When diagnosing patient functioning, neuropsychologists 
usually limit themselves to descriptions of impaired and in-
tact functions, basing on the results of specialized tests or 
clinical trials. When discussing this issue, Barbara Wilson 
(2002, 2007) argues that three types of effectiveness of neu-
ropsychological rehabilitation should be evaluated: a) eco-
nomic – the various costs of rehabilitation which may give a 
hundred-percent return if the patient is able to resume work 
thanks to therapy, b) clinical – cognitive functioning, and c) 
quality of life. It has been empirically demonstrated that im-
provements in each of these domains of neuropsychological 
rehabilitation can be effective (Cicerone et al., 2005; Klonof 
et al., 2006; Wood et al., 1999).

In neuropsychological rehabilitation, the choice of re-
search designs enabling evaluation of therapeutic effec-
tiveness is itself problematic. Cicerone et al. (2000, 2005, 
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2011) reviewed the literature on the neuropsychological re-
habilitation of injury survivors to check the methodological 
soundness of the reported research. They reviewed 258 ar-
ticles and divided them into three groups according to their 
methodological soundness. The most methodologically 
watertight group (46 articles) presented research using pro-
spective, randomized controlled trials. The next group (43 
articles) reported prospective cohort studies, retrospective 
case-control studies or clinical series with well-designed 
controls. The largest group (169 articles) contained meth-
odologically poor articles presenting clinical series without 
concurrent controls, or studies with single-subject method-
ology. Information on the effectiveness of rehabilitative in-
terventions in these studies was usually limited to cognitive 
functions – the greatest rehabilitative effectiveness is ob-
served for speech and perception, then praxis, memory and 
attention. A number of interventions are either ineffective, 
or data on therapeutic effectiveness is missing for various 
aspects of patients’ lives. This critique applies equally to 
computer-assisted neuropsychological rehabilitation (Cice-
rone, 2000, 2005; Wertz & Katz, 2004; Pąchalska, 2008).

In contrast to everyday clinical practice, research on 
computer-assisted neuropsychological rehabilitation is 
largely based on the following scheme: pretest – therapy 
– posttest. Depending on a study’s objectives, therapy out-
comes can also be compared with outcomes of patients not 
undergoing therapy (e.g. waiting for therapy), participating 
in other kinds of rehabilitation, or healthy controls. Several 
areas in which the effects of computer-assisted neuropsy-
chological rehabilitation can be observed have been iden-
tifi ed. As in other forms of neuropsychological therapy, 
improvement can be observed in the practised function 
(constructive effect), as well as in competencies other than 
the practised ones; for example, attention processes are re-
habilitated and a positive effect is also noted for memory 
(generalization effect) or for everyday functions or occupa-
tional responsibilities (real effect). Below is a short review 
of the available research, showing the methodology and 
outcomes of computer-assisted rehabilitation.

Cherney et al. (2006) studied 13 patients with nonfl uent 
aphasia who worked with the Oral Reading for Language in 
Aphasia ORLA computer software for six weeks. Changes 
in language function were assessed with the Western Apha-
sia Battery. Improvement in successive ORLA tasks and in 
aphasia tests was found. The more intensive the therapy, 
the greater the improvement.

Sing Fai et al. (2004) evaluated four different comput-
erized memory trainings in 26 patients with post-traumatic 
aphasia. Memory was diagnosed with the Riverhead Be-
havioural Memory Test. Considerable improvement was 
found in memory functions and there were no differences 
between the four computer-assisted therapies.

Doesborgh (2004) used the Multicue computer software 
to generate semantic cues to help word actualization in the 
therapy of eighteen patients with amnestic aphasia. Eight 

of these patients took part in a 10-hour training series using 
Multicue and ten participated in traditional aphasia therapy. 
Next, both groups were tested with the Boston Diagnostic 
Aphasia Examination. Only patients who had used Multi-
cue showed improved picture naming. The results of this 
study may suggest that computer-assisted therapy could 
be even more effective with some patients than traditional 
therapy, due to such factors as greater patient interest or 
involvement.

Our analysis of the research on the effectiveness of 
computer-based interventions clearly shows, however, that 
traditional therapy based on the patient-therapist relation-
ship is extremely important, and that it is very inadvisable 
to conduct computer-based therapy which is not substan-
tively directed and supported by the therapist (Cicerone et 
al., 2005).

Wertz and Katz (2004) analysed the effect of computer-
based reading training on functional language effi ciency 
in patients with aphasia. Fifty-fi ve patients participated in 
this research project. They were divided into three groups. 
Each group participated in a different form of rehabilitation 
activity. The fi rst group used a computerised rehabilitation 
software, the second group participated in a general cogni-
tive stimulation intervention and the third (control) group 
had no neuropsychological rehabilitation. A language func-
tion test revealed improvement in fi ve language functions 
in the fi rst group, one language function in the second group 
and no improvement in the third group. The rehabilitation 
effect in the fi rst group generalized to spontaneous com-
municative skills in spoken language.

Lundqvist et al. (2010) used computer-assisted therapy 
to practice working memory in brain-damaged patients. 
Twenty-one patients were treated for fi ve weeks. Memory 
functions were assessed prior to therapy and again at four 
and twenty weeks after termination of rehabilitation by 
means of neuropsychological tests (including PASAT and 
the Stroop test). Participants also completed a questionnaire 
concerning quality of life and health. The patients showed 
improvement on computer exercises, neuropsychological 
tests and overall health ratings, but not on quality of life 
ratings.

Ranstroom (2011) demonstrated that computer-as-
sisted neuropsychological rehabilitation can in fact have 
tangible effects. They used the Stimulation – Activation 
– Training Programme to rehabilitate speech in patients 
with Alzheimer’s disease (AD). Five patients with moder-
ate AD participated in this computer-assisted therapy for 
12 months. They practised writing, counting, naming and 
understanding the meaning of words, and dialogic speech. 
The computer tasks were constructed so as to imitate ev-
eryday situations. Language skills were assessed by means 
of independent, standardized neuropsychological tests. 
Results improved signifi cantly, and the patients accepted 
working with a computer as an interesting novelty. Every-
day language functioning also improved. The experienced 
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therapist who worked with the patients also conducted 
qualitative (nonstandardized) ratings of patients’ commu-
nication skills.

There are still relatively few reports in the literature of 
systematic evaluations of various aspects of functioning 
in patients undergoing neuropsychological rehabilitation. 
Also, the results of existing research show that rehabilitation 
outcomes may differ somewhat depending on which aspect 
of patient functioning is assessed. In computer-assisted re-
constructive neuropsychological rehabilitation the outcome 
most frequently assessed and observed is the constructive 
effect, i.e. improved cognitive functioning in computer tasks 
and/or neuropsychological tests of the same functions. As-
sessment and observation of other, non-practised functions 
or improved everyday functioning are much rarer.

The foregoing discussion applies to situations in which 
patients participate only in computer-assisted rehabilita-
tion. For methodological reasons, this form of rehabilita-
tion is assessed in isolation in research reports. In clinical 
practice, meanwhile, it is often just a fragment of a larger 
rehabilitation program, e.g. holistic neurorehabilitation 
(Coetzer, 2008; Sarajuuri & Koskinen, 2006; ).

The authors of this article have been conducting courses 
in neuropsychological rehabilitation at the Faculty of Psy-
chology, University of Warsaw, since 1989. These courses 
are addressed to fi fth-year students specializing in neuro-
psychology, with the participation of patients requiring 
neuropsychological rehabilitation following brain lesions. 
The introduction of computer-assisted rehabilitation to 
these courses inspired the authors to develop and undertake 
the research project presented below. The purpose of this 
project was to test the effectiveness of rehabilitation with 
respect to its constructive and real therapeutic outcomes.

The present study

Although computer-assisted neuropsychological thera-
pies are becoming increasingly popular in Poland, there 
is still very little research on the effectiveness of this type 
of rehabilitative intervention on various aspects of patient 
functioning. The purpose of this study was to evaluate the 
outcomes of computer-assisted neuropsychological reha-
bilitation with respect to the level of performance on com-
puterised rehabilitation software assignments and neuropsy-
chological tests of rehabilitated functions before and after 
therapy, to compare these outcomes with the performance 
of healthy controls, and to obtain patients’ subjective ratings 
of therapeutic effectiveness in their everyday lives.

Method

Participants
The study was performed on 28 men and women di-

vided into four groups: brain-damaged patients with atten-
tion and memory dysfunction (group BD1, n = 9), healthy 

controls demographically matched with the BD1 patients 
(group C1, n = 6), brain-damaged patients with mild to 
moderate aphasia (group BD2, n = 7) and healthy controls 
demographically matched with the BD2 patients (group 
C2, n = 6). Participants’ demographic data are presented 
in Table 1.

Measures BD1 (n=9) 
Mean (SD) 

C1 (n=6) 
Mean (SD) 

BD2 (n=7) 
Mean (SD) 

C2 (n=6) 
Mean (SD) 

Age

Education

(in years) 

Sex

47.8 (18.7) 

14.2 (2.1) 

Females=3 

Males=6

39.0 (17.0) 

13.5 (2.7) 

Females=1 

Males=5

47.7 (14.4) 

11.8 (0.3) 

Females=4 

Males=3

45.3 (13.5) 

13.3 (2.9) 

Females=3 

Males=3

BD1 – brain-damaged patients with attention and memory dysfunctions; 
BD2 – brain-damaged patients with aphasia; C1 – healthy controls for group BD1; 
C2 –healthy controls for group BD2; M – Mean; SD – standard deviation.

Table 1. Demographic characteristics of the four groups of 
subjects taking part in the study.

There were no signifi cant differences (nonparametric 
Mann-Whitney U test for independent groups) between 
groups BD1 and C1, nor between groups BD2 and C2 in 
terms of age (U = 18.00, p = 0.328 and U = 19, p = 0.775 re-
spectively), education (U = 19.5, p = 0.330 and U = 20.0, p 
= 0.879 respectively) or sex (chi2 = 0.511, p – 0.604 and chi2 
– 0.066, p – 1.000 respectively). Most of the treated patients 
were several years after brain damage onset (mean time 
from onset was 6.5 years, maximum 25 years, minimum 
1.5 years). The cause of brain damage was craniocerebral in 
two cases and cerebrovascular in the remaining cases.

Procedure
Intervention with the brain-damaged patients was con-

ducted according to the following design: pretest several 
days prior to therapy, one to three sessions; 30 hours of 
therapy conducted over 15 weeks, usually with two one-
hour sessions per week; posttest, one to three sessions, 
several days after termination of therapy. Patients were ex-
amined twice with an appropriately selected neuropsycho-
logical test battery to evaluate the state of cognitive dys-
function before and after therapy. Patients were referred to 
therapy at the Faculty of Psychology, University of Warsaw 
from health service establishments in Warsaw and the War-
saw metropolitan area. This type of therapy is conducted 
at the Faculty of Psychology as part of the coursework 
for students specializing in clinical neuropsychology (cf. 
Łojek & Bolewska, 2008). On completion of the research 
procedure, the patients continued their neuropsychological 
rehabilitation.

The healthy controls were also examined twice with 
appropriate psychological tests with a 15-week interval. 
Patients were examined and treated at the Faculty of Psy-
chology, whilst healthy controls were examined either at 
the Faculty of Psychology or at home.
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The examinations and individual therapies were con-

ducted by Faculty of Psychology students specializing in 
clinical neuropsychology in 2006-2010 within the require-
ments of their master’s degree dissertations or annual ex-
perimental assignments, managed and supervised by the 
authors of this article. Before commencing work with a 
patient or patients the students were trained in neuropsy-
chological testing, application of computer-assisted reha-
bilitation and work with brain-damaged patients.

Neuropsychological tests
The following neuropsychological tests, measuring 

mainly complex attention, learning and memory, were used 
to examine group BD1 and C1: the Trail Making Test (TMT) 
– performance times for parts A and B (Polish adaptation 
by Kądzielawa, Mroziak, Bolewska & Osiejuk, 1990); the 
Ruff Figural Fluency Test (RFFT) – the number of unique 
designs (Łojek & Stańczak, 2005); the Rey Auditory-Ver-
bal Learning Test (AVLT) – the number of correctly repro-
duced words in fi ve trials (Choynowski & Kostro, 1980); 
the Rey-Osterrieth Complex Figure Test (CFT) – copy and 
recall (Strupczewska, 1990), and the Wechsler Adult In-
telligence Scale – subtests Digit Span and Digit Symbol 
(Brzeziński, Gaul, Hornowska, Jaworowska, Machowski, 
& Zakrzewska, 2004).

Group BD2 (speech disorders) and C2 were examined 
with the Boston Diagnostic Aphasia Examination (BDAE, 
Polish adaptation by Ulatowska, Sadowska and Kądzielawa 
(Kądzielawa, 1990). The following functions were assessed: 
speech comprehension (word differentiation, recognition of 
body parts, instructions, complex language material), oral 
expression (oral competence, verbal competence, auto-
matic word series, recitation, singing, rhythm, word repeti-
tion, utterance repetition, reading words out loud, naming 
in response to questions, naming designates demonstrated 
in pictures, uttering animal names, reading sentences out 
loud) and writing (differentiating symbols and words, 
phonetic associations, understanding lettering, attributing 
words to appropriate pictures, silent reading of sentences 
and paragraphs, writing technique, writing symbol recall, 
fi nding dictated words, written text formulation).

Before and after therapy patients completed the Satis-
faction with Life Scale (SWLS) by Diener et al., Polish ad-
aptation by Juczyński (2001). This scale has fi ve items (e.g. 
“In many ways my life is almost ideal”) and the respondent 
is asked to rate this item on a scale from 1 (“Completely 
disagree”) to 7 (“Completely agree”) with respect to his/
her life so far. Upon termination of rehabilitation, patients 
also answered several open-ended questions concerning 
the therapy and its effectiveness (e.g. “How did you man-
age practising on the computer? What did you like? What 
didn’t you like? Has your speech in everyday life improved 
after therapy?”). For the purpose of the present study, only 
patients’ subjective ratings of improvement of practised 
functions during therapy and in their everyday life were 

analysed Patients’ responses were divided into two cate-
gories: positive (“yes”, “rather yes”) and negative (“no”, 
rather not”).

Computerised rehabilitation software
Two computerised rehabilitation programs were used: 

the Polish adaptation of RehaCom (Weber et al., 1999) 
and Afa-System, a rehabilitation program for patients with 
aphasia (Seniów, 2009).

RehaCom is used to rehabilitate brain-damaged pa-
tients with defi cits in various cognitive processes (memo-
ry, attention, thinking, perception). Exercises used to reha-
bilitate attention and memory were selected for the present 
study. The attention exercises involve pattern comparison. 
Patients are requested to pick one picture from a group 
which precisely matches a model. Depending on the level 
of diffi culty, three, six or nine similar pictures are presented 
on the computer screen, only one of which is identical to 
the model. There are 24 levels of diffi culty in the attention 
exercises. The memory exercises mainly involve memo-
rizing and recognizing objects. Patients are given tasks 
consisting of two parts. First, pictures representing objects 
which are easy to verbalise (e.g. dog) are presented on the 
computer screen, and the patient has to learn them (learn-
ing phase). Patients decide themselves when to terminate 
this phase by pressing OK on a special keyboard adapted 
to the program. Then, they pick out words designating the 
memorized pictures from a set of pictures moving horizon-
tally across the screen, from right to left, by pressing OK. 
There are 12 levels of diffi culty.

Work with the Afa-System software for rehabilitation of 
patients with aphasia involved oral expression, comprehen-
sion, and therapy in reading and writing (11-15 levels of 
diffi culty). In the oral expression exercises patients had to 
name pictures, complete phrases and complete sentences. 
In the exercises training speech comprehension, patients 
indicated pictures on the basis of their names or broader 
defi nitions read by the program’s narrator. In the reading 
exercises, patients matched words with pictures, organized 
antonyms and synonyms, and made up sentences with scat-
tered words. In the writing exercises, patients gave names 
to pictures or completed phrases in writing by means of a 
special keyboard.

Results

The constructive rehabilitation effect was evaluated by 
such means as comparing the level of performance of the 
RehaCom and Afa-System exercises. The mean levels of 
exercise diffi culties in each part of the two programs in the 
fi rst and last therapy session are presented in Table 2. Sig-
nifi cance of differences between the levels of diffi culty in 
the fi rst and last sessions was calculated with the nonpara-
metric Wilcoxon Z test for dependent groups.
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Throughout therapy, the level of diffi culty of abso-
lutely correctly completed tasks increased in every exer-
cise, which means that patients’ skills improved as they 
worked with the computer. Signifi cant improvement was 
found in attention, memory, speech expression and reading. 
Improvement was weakest for speech comprehension and 
writing, although all patients terminated therapy at higher 
than initial levels.

The constructive effect was also evaluated by analysing 
performance on neuropsychological tests in patients with 
attention and memory defi cits, and the control group in the 
pre- and posttests. The results of these comparisons are pre-
sented in Table 3.

As we can see from this table, there was no signifi cant 
improvement in attention or memory measured with select-
ed neuropsychological tests in patients in group BD1 before 
and after therapy. These patients displayed very marked 
defi cits compared with the control group before and after 
rehabilitation. With the exception of the copying test in the 
Rey-Osterrieth Complex Figure Test (CFT), where healthy 
controls obtained ceiling effects in both pre- and posttests, 
controls completed all tests slightly better the second time. 
No such effect was found in the brain-damaged participants 
despite rehabilitation. The only test where patients tended 
to improve was the WAIS-R Digit Symbols subtest.

As we can see in Table 4, before and after therapy pa-
tients with aphasia showed speech dysfunction compared 
with the healthy controls. Despite these defi cits, patients 
became more profi cient in speech expression and written 
speech related skills as demonstrated by the trends for these 
BDAE measures and the total BDAE score. Healthy con-
trols completed this test twice almost perfectly or with mi-
nor errors.

Patients’ responses to the request for their subjective 
ratings of improved functioning on functions trained dur-
ing therapy and the state of these functions in everyday life 
are presented in Table 5.

Table 2. Mean level of diffi culty of tasks in the fi rst and 
last sessions of computer-assisted rehabilitation in patients 
with attention and memory dysfunctions and aphasia

M – Mean; SD – Standard Deviation; BD1 – Patients with attention and memory 
dysfunctions; BD2  – patients with aphasia.

Table 3. Comparison of neuropsychological test scores 
for patients with attention and memory dysfunctions and 
healthy controls, pretest and posttest

TMT - Trail Making Test parts A and B;  RFFT - Ruff Figural Fluency 
Test; AVLT - Rey Auditory-Verbal Learning Test; CFT - Rey-Osterrieth 
Complex Figure Test C – copy, R - recall; M – Mean; SD – Standard 
Deviation; BD1 – Patients with attention and memory dysfunctions;
C1 – healthy controls; Z – Wilcoxon nonparametric test for dependent 
groups; nonparametric Mann-Whitney U test for independent groups; * 
level of signifi cance p < 0.05, **p < 0.01, # p<0.7.

Rehabilitation
tasks

First session 
M (SD) 

Last session 
M (SD) Wilcoxon’s Z 

Level of 
significance 

Group BD1 

- Attention 

- Memory 

Group BD2 

- Oral expression 

- Comprehension 

- Reading

- Writing 

14 (8.5) 

4.8 (1.6) 

4.7 (3.5) 

2.2 (0.9) 

4.4 (2.0) 

4.3 (4.9)

22.4 (2.6) 

11.1 (1.3) 

16.0 (3.8) 

14.7 (5.4) 

13.0 (3.6) 

11.3 (4.6)

- 2.371 

- 2.675 

-2.207

-1.841

-2.371

-1.633

0.018

0.007

0.027

0.066

0.018

0.102

Table 4. Comparison of Boston Diagnostic Aphasia 
Examination (BDAE) scores for patients with aphasia 
(BD2) and healthy controls (C2), pretest and posttest

M – Mean; SD – Standard Deviation; BD2  – patients with aphasia; 
C2 – healthy controls; Z – nonparametric Wilcoxon test for dependent 
groups; U - nonparametric Mann–Whitney test for independent groups; * 
level of signifi cance p < 0.05 **p < 0.01; # p<0.7

BD2 C2 BD2 – C2
BDAE

Pretest
M(SD)

Posttest 
M(SD)

Pretest     
M(SD)

Posttest 
M(SD)

BD2
Pretest- 
Posttest 

Z
Pretest 

U
Posttest 

U
Total 
Comprehension 
Oral Expression
Writing  

324.5(162.0)
92.1(32.9)
166.6(89.8)
84.6(50.5)

356.5(203.6)
91.7(39.0)

176.5(112.4)  
88.2(54.7)

517.1(3.1)
119.0(0) 

264.5(2.3)
134.1(0.9)

517.6(2.3)
119.0(0) 

265.0(1.8)
133.6(0.8)

-1.82#
-1.28
-182#
-1.84#

0.01**
0.01**
0.01**

6.00

0.01**
3.00*
0.01**

6.00

Table 5. Percent of participants declaring improvement 
in trained functions and functioning in everyday life 
in patients with attention and memory dysfunction and 
patients with aphasia

BD1 – Patients with attention and memory dysfunctions; BD2  – patients 
with aphasia; Total – subjects from both groups BD1 and BD2; I – 
improvement, NI – no improvement.

BD1 BD2 Total

I NI I NI I NI

Functions trained 
during therapy 

83  17 60 40 72  18 

Efficiency of trained 
function in everyday 
life 

0 100 20  80 9 91

Tests

BD1 C1

BD1

Pretest-

Posttest

Z

BD1 – C1

Pretest   

M(SD)

Posttest

M(SD)

Pretest         

M(SD)

Posttest

M(SD)

Pretest

U

Posttest

U

TMT-A

TMT-B

RFFT

AVLT

CFT-C

CFT-R

Digit Span

Digit Symbol

64.1(24.1)

189.4(114.1)

51.7(12.7)

11.2(2.4)

35.3(1.3)

24.7(9.2)

4.1(1.9)

30.6(6.0)

70.2(49.2)

193.7(129.0)

55.5(173)

11.8(2.3)

35.5(0.7)

25.0(5.8)

4.5(1.8)

36.7(10.9)

42.0(27.9)

71.3(34.0)

104.5(38.6)

14.8(0.4)

36.0(0)

27.6(4.0)

6.5(1.3)

48.5(11.1)

28.5(9.4)

58.1(21.3)11

4.3(34.8)

15.0(0)

36(0)

27.5(2.6)

7.0(1.4)

51.3(9.1)

-0.59

-0.70

-1.18

-0.85

-0.37

-0.05

-1.41

-1.83#

9.00*

4.50**

8.00*

4.00**

21.00

23.50

8.00*

6.00*

1.00**

4.50**

5.00**

3.00*

18.00

19.50

8.00*

7.00*
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Patients were practically unanimous in their subjec-

tive ratings of therapy outcomes. There were no signifi cant 
differences between groups BD1 and BD2 in ratings of 
functional improvement due to therapy (chi2 = 0.749, p = 
0.545) and profi ciency in cognitive function in their every-
day lives (chi2 = 1.320, p = 0.455). The vast majority of 
patients noticed an improvement in the practised functions 
during therapy, but not in their everyday lives.

No signifi cant differences emerged in SWLS patients’ 
ratings of quality of life before and after therapy (Z = -
0.420, p = 674). Two patients in group BD1 and one pa-
tient in group BD2 rated post-therapy quality of life more 
positively than pre-therapy quality of life, whereas four 
other patients (three with aphasia and one with attention 
and memory dysfunction) rated post-therapy quality of life 
as inferior to the pre-therapy level. The remaining partici-
pants who completed the SWLS gave identical ratings of 
their quality of life before and after the therapeutic inter-
vention.

Discussion

This study evaluated the effectiveness of computer-as-
sisted neuropsychological rehabilitation. Level of perfor-
mance on pre- and post-therapy computerized exercises, 
patients’ pre- and post-therapy neuropsychological test 
scores, and patients’ subjective ratings of the effectiveness 
of therapy for their everyday functioning were assessed.

Following therapy, patients showed signifi cant im-
provement in functions trained in the computerised ex-
ercises or, in other words, in those aspects of attention, 
memory and speech which were directly addressed in the 
computerised therapy. This improvement is attested to by 
the differences in level of performance of the fi rst and last 
computer task – patients completed increasingly diffi cult 
tasks. Cherney et al. (2006) obtained similar results, fi nd-
ing improvement in performance of successive tasks in the 
Oral Reading for Language in Aphasia program devel-
oped by Lundqvist et al. (2010), who used computerised 
therapy to train working memory.

The obvious improvement in performance on comput-
er exercises did not fully transfer to improvement of the 
trained cognitive functions, however, when assessed with 
independent neuropsychological tests. In the present study 
participants with memory and attention dysfunctions did not 
show improvement in these functions when they were mea-
sured with tests of attention and executive function. Some 
improvement was found, however, in patients with aphasia 
with respect to oral expression and speech functions involv-
ing writing. Other researchers have also observed a similar 
effect, including Doesborgh (2004), who trained naming and 
found a general improvement in speech on the BDAE, Wetz 
and Katz (2004), who trained reading, and Lundqvist et al. 
(2010), who trained working memory and found a general 
improvement in neuropsychological tests.

No improvement in quality of life was found in the pres-
ent study, although patients responded affi rmatively when 
questioned about improvement in speech, memory, attention 
and everyday functioning. Perhaps they were affected by the 
positivity bias and were ashamed to say “no” when interro-
gated by the therapist. When patients completed the indepen-
dent test (SWLS), their responses did not suggest improve-
ment and some respondents even said their quality of life 
had deteriorated after therapy. Therefore we cannot say that 
the therapy really worked. This is one of the least-common 
effects reported in the literature, although Wertz and Katz 
(2004) do mention it. In their patients with aphasia, improve-
ment generalized to spontaneous freedom of oral commu-
nication. Lundqvist et al. (2010) found no improvement in 
quality of life, but their patients who were given therapy 
demonstrated a general improvement in health. Ramstroom 
and Ingalill (2011) found improved quality of life.

Therapy in the present study was partly effective and, 
paradoxically, evaluation of its effectiveness can vary radi-
cally depending on how change is assessed. The therapy 
was certainly very effective in terms of trained tasks, but 
very little or no effect was found for overall improvement of 
the trained cognitive functions and no signifi cant real effect 
of the therapy was observed.

The study and its outcomes have a number of limita-
tions:

Few participants – 9 patients with memory and atten-
tion defi cits and 7 patients with aphasia. Earlier work 
demonstrating the effectiveness of computer-assisted 
therapy was conducted on groups of at least 20 (Lun-
dqvist et al., 2010; Sing-Fai et al., 2004; Wertz & Katz, 
2004; );
Short training period – patients received only 30 hours 
of therapy. Meanwhile, to give one example, Ramst-
room and Ingalilla’s (2011) patients received a year’s 
computer training and demonstrated functional im-
provement even in their everyday lives;
Long interval between training and onset of illness – 
this ruled out so-called spontaneous remission, in which 
case the observed effects of therapy are much weaker.

Patients expressed satisfaction with their participation 
in the computer-assisted rehabilitation program. It was a 
change from previous forms of therapy; they liked the com-
puter exercises even though they had no signifi cant effect 
on their daily functioning.

To conclude, computer-assisted reconstructive therapy 
should supplement traditional rehabilitation programs for 
brain-damaged patients with cognitive dysfunctions. These 
programs are most effective for performance of the ex-
ercises actually trained on the computer. It is much more 
diffi cult to obtain signifi cant generalization to other tasks 
within the trained function or overall fi tness in everyday 
life. Computer-assisted therapy should be supervised by a 
specialist who fi rst carefully diagnosis the patient and then 
defi nes the goals, methods and duration of therapy. 

a)

b)

c)
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