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Objective: To determine visual training effects on measures of daily life activities in cerebral blindness patients. Method: 
The study design was an explorative pre-post test design of patients in the chronic phase of stroke (>8 months) with visual 
fi eld defects. Twelve hemianopic patients were trained by using visual restorative training, which is aimed at reducing 
the visual fi eld defect. Goal attainment scaling (GAS) was applied to assess whether the functional impact of visual fi eld 
defects on daily life activities was reduced after defects were reduced. Results: Visual fi eld defect reduction was observed 
in all 12 patients to varying degrees. GAS score improvements were observed in 9 patients. In 5 of these 9 patients, all 
goals were attained or over-attained; in 2 of these patients, some goals were attained and other goals were not attained; 
and in 2 patients, goals were not attained. As a group, patients signifi cantly improved their GAS scores (t test, P < .005). 
The correlation between GAS and defect reduction was not signifi cant (Pearson’s r = 0.37, P > .01). It is likely that this was 
due to the fact that the set goals were not tuned to the part of the visual fi eld where defect reduction could be expected. 
This, in turn, may have led to slightly underestimated results. Conclusions: Visual restorative function training does not 
only lead to visual fi eld enlargement, as assessed with dynamic Goldmann perimetry, but it may also lead to a subjective 
improvement of daily visual functioning as evaluated by means of GAS. Key words: goal attainment scaling, quality of life, 
stroke, training, visual fi eld defects

Stroke leads to homonymous visual fi eld de-
fects in about one-quarter of all incidences.1 
These fi eld defects can have far-reaching 

consequences for activities of daily life,1-3 such as 
reading, driving, watching television, or using a 
computer, and in regard to navigation, orientation, 
and recognition of faces and objects. These activi-
ties can become problematic or even impossible to 
perform.

Thirty years ago, it was discovered that the size 
and depth of a visual fi eld defect of cerebral origin 
could be reduced by means of visual training. In 
the mid-1990s, a training software program called 
Vision Restoration Therapy (VRT; NovaVision, 
Boca Raton, FL) became commercially available. 

During this training, a person is required to 
focus on a central fi xation point while detecting 
peripherally presented stimuli by making a covert 
attention shift. Many studies have been performed 
in which training-induced visual fi eld enlargement 
(VFE; ie, defect reduction) is reported using VRT.1-20 
Critical reviews that stated that the reduction 
may be a result of contaminating eye movements 
during perimetry21-25 have been refuted.5,7,14 In our 
studies, we use a custom-made training program 
that operates like VRT, which we call visual 
restorative function training (RFT). Using RFT, 
we found that defect reduction was accompanied 
by improvement of elementary visual functions 

Corresponding author: Douwe Bergsma, University Medical Centre 
Radboud, Postbus 9101, Nijmegen, 6500 HB Netherlands; phone: 
(+)31 (0)24 3614237; e-mail: d.bergsma@donders.ru.nl



 Improvement in Visual Daily Functioning 401

of the character line bisection task). Subjects’ ages 
ranged from 40 to 68 years (average, 57.8 years) 
and time after stroke onset ranged from 8 to 105 
months (average, 32.6 months). Table 1 lists 
subject characteristics. Subject P11 appeared to 
have problems in carrying out the training on a 
computer and dropped out from the study. Before 
and after training, the visual fi eld defect was 
assessed and GAS was applied.

Anatomical scans of the 12 subjects in 
radiological convention (left = right; right = left) 
are shown in Figure A1 in the Appendix.

Research process

Potential subjects were able to apply for 
participation on a Web site that was specifi cally 
designed for this purpose. After applying to 
participate in this study, subjects were invited 
for an intake interview. Applicants who were 
subsequently included in the study returned to the 
lab for baseline measurements

Assessment of the visual fi eld defect and visual 
fi eld enlargement

Dynamic Goldmann perimetry was used to 
identify the VFD. For a more elaborate description 
of the perimetry method that was used, see 
previous studies (Bergsma et al, 2008, 2010).6,7 
VFE can be described as the percentage of visual 
fi eld that is regained or by the average number 
of degrees that the visual border shifts. However, 
this description does not take into account that 
a border shift in the central visual fi eld cannot 
be compared with a border shift of the same 
magnitude in the peripheral visual fi eld.

The cortical magnification factor (CMF)27 
describes the amount of cortical tissue in the visual 
cortex that is allocated to a particular part of the 
visual fi eld. According to the CMF, the largest 
amount of cortex is allocated to the central visual 
fi eld. As the part of visual fi eld under consideration 
is located more peripherally, the amount of cortex 
that is allocated to it decreases. As a consequence, 
visual acuity in the central visual fi eld is maximal, 
but it decreases as eccentricity increases. This 
explains why subjects notice a border shift of just 
a few degrees when it is located near the fovea, 

(acuity, fl icker fusion, color perception, simple 
pattern perception6,9) and visually guided 
behavior, such as reading,3,6,7 and oculomotor 
strategies during driving.8

These improvements provide insight in the 
positive effects RFT has on daily life activities. 
However, only reading and driving have been 
studied, and these activities do not have the same 
relevance for everyone. For example, if a subject 
does not like to read and does not have a driver’s 
license, the ability to read faster and have more 
effective eye-movement strategies while driving 
are not really going to be an improvement for the 
subject. It is therefore imperative that personal 
expectations and wishes are integrated into an 
assessment of training effects. One way to achieve 
this is to use goal attainment scaling (GAS).26 GAS 
can be used to assess functional improvement by 
setting personal and realistic goals before training 
and evaluating to what extent these goals are 
achieved (attained) after training. In this way, GAS 
is used to measure the treatment outcome at the 
participation level. An additional benefi t lies in the 
fact that the patients can associate the laborious 
training with personal goals, which motivates 
them to comply with the training requirements.

In this article, we describe a study in which we 
trained 12 participants with RFT and evaluated 
their progress toward individually set goals 
by applying GAS. The individual goals were 
specifically function and participation based. 
Moreover, we studied the relation between the 
degree of GAS progress and the amount of visual 
fi eld defect reduction.

Methods

Subjects and design

The study design was a pre-post test. Subjects 
were chronic stroke patients who voluntarily 
applied to participate. Inclusion criteria were 
the presence of homonymous visual fi eld defects 
as a consequence of postchiasmatic stroke, 
age between 18 and 75 years, a patient-signed 
consent form, and stroke occurrence more than 8 
months previously (chronic phase of stroke). The 
presence of visual neglect served as an exclusion 
criterion (if suspected, this was tested by means 
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whereas a border shift in the periphery must be 
much larger for a subject to notice.

Changes in GAS scores after, for example, a 2° 
shift of the visual fi eld border in the foveal fi eld 
will likely differ from changes in GAS scores after 
a shift of the same magnitude in the peripheral 
fi eld. We took this into account when we studied 
the relationship between changes in GAS scores 
and VFE. Thus, we calculated VFE as follows: 
the area of the visual fi eld that was enlarged by 
training was divided in radial sections with a 
visual angle of 2.5°. For each radial section, the 
locations of the visual fi eld border before and after 
training were established and given a CMF value, 
derived from the Cowey paper.27 The difference 
between these values was weighted by the sine 
of the angle between the heading of the radial 
section and the pretraining visual fi eld border 
in that section. The resulting values of all radial 
sections in the trained area were then averaged, 
yielding the VFE value for that subject. A more 
elaborate description of VFE calculation using 
the CMF can be found in Bergsma et al (2012).9 
In an earlier study, we showed that this method 
of calculating VFE correlates signifi cantly with 
improvements on nontrained visual tasks after 
training (r = .57, P = .01), whereas the expression 
of VFE in number of degrees or percentage 
visual fi eld does not correlate signifi cantly with 
improvements on nontrained visual tasks after 
training (r = .41, P = .08).

Training

RFT is a custom-made training software program 
that works like VRT.16 Patients are required to train 1 
hour a day, 5 days a week, for a period of 13 weeks. 
In this study, subjects trained at home on their own 
computers that had our RFT software installed 
on them. The training was aimed at the border 
area between the blind fi eld and the seeing fi eld, 
therefore it was tailored to the defect shape of the 
individual subject. During training, subjects tried 
to detect simple light stimuli that were presented 
around the visual fi eld border, thus including 
stimulus presentations inside the visual fi eld defect. 
To enable the stimuli to be presented in the border 
area, subjects were required to direct their gaze on 
a central fi xation point, just as with perimetry. To 
detect stimuli, subjects needed to use peripheral 
view or to make a covert attention shift. During 
training, more and more stimuli become detectable 
and visible. This shows up during perimetry after 
training, which is expressed as a reduction of the 
defect size or a shift of the visual fi eld border. A 
more detailed description of the training can be 
found in Bergsma et al (2008, 2010).6,7

Goal attainment scaling

In GAS, a number of personal and realistic goals 
are set. Goals are set by the subject in cooperation 
with an occupational therapist (OT) to ensure 

Table 1. Profi le of subjects

Subject Gender
Age at start of 
training, years Cerebral damage Visual fi eld defect

Time since 
stroke, months

P1 Male 62 Right occipital lobe complete Hemianopia left 23
P2 Male 40 Left occipital lobe below calcarine sulcus Quadrantanopia upper right 47
P3 Male 53 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 55
P4 Male 62 Right occipital lobe around calcarine sulcus Incomplete hemianopia left 15
P5 Male 68 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 25
P6 Male 52 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 22
P7 Male 66 Right occipital lobe around calcarine sulcus Incomplete hemianopia left 42
P8 Male 64 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 21
P9 Male 68 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 20
P10 Male 44 Right occipital lobe below calcarine sulcus Quadrantanopia upper left 105
P12 Male 60 Right occipital lobe around calcarine sulcus Incomplete hemianopia left 8
P13 Female 55 Left occipital lobe below calcarine sulcus Quadrantanopia upper right 8
Average 57.8 32.6
Median 57.5 22.5
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that goals are attainable, that is, that they are set 
realistically. For example, goals that imply complete 
recovery of VFD are not realistic, because this 
rarely happens in the chronic phase of stroke. 
The personal character of the goals ensures that 
a goal, when achieved, refl ects the actual benefi t 
from VFE. In this study, the goals were set before 
training by the patient in cooperation with an OT 
in about 60 minutes. First, personal and realistic 
goals were chosen. Then, the pretraining level of 
a certain activity pertaining to a goal was assessed. 
These levels ranged from -2 to +2: level -2 = cannot 
perform worse; level -1 = performance is impaired 
but could be worse; level 0 = the expected outcome 
level of the set goal; level +1 = outcome better than 
expected; level +2 = outcome much better than 
expected. See Table 2 for the values of the goals of 
all subjects. The pretraining level of each goal was 
evaluated by the subject and OT during a 30-minute 
session. In our study, 3 goals were set for all patients 
except patient 4, for whom only 1 goal was set.

To assess GAS improvement within a subject, 
a combined score was calculated for all 3 goals 
before and after training. These scores are called 
the before index and the after index and are shown 
in Table 3. The indices are calculated using the 
formula of Kiresuk and Sherman26:
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where x
i
 = the score on the ith goal (pretraining 

level and posttraining level in Table 2); W
i
 = 

the weight that was allocated to the ith goal; ρ = 
weighted average correlation between the goals; 
and n = number of goals. For all subjects, n = 3 
except P4 (n = 1). The weight of each goal, W

i
 , 

can be found in Table A2 in the Appendix . ρ is 
standard set at .3 by the original introducers of 
GAS (Kiresuk and Sherman).

Statistical analyses

GAS improvement was assessed using the 
GAS index before and after training. A positive 

number indicates an improvement. Signifi cance 
of GAS improvement of the whole patient sample 
was tested using a t test. The correlation between 
VFE and GAS improvement was tested using 
Pearson’s r.

Results

Visual fi elds

The visual fi elds of the 12 subjects are shown in 
Figure 1. Eight patients showed a quadrantanopia 
and 4 patients had a hemianopia. Five patients 
had a macular sparing of 4° or more. In 7 patients, 
macular sparing ranged from 2° to 3°.

The fi rst result is the change in visual fi eld 
size (VFE). The black line depicts the visual fi eld 
border before training. The black area is the VFD 
that remained. The area that lies between the black 
line and the black area is the VFE after training. All 
12 subjects showed VFE after training, with large 
variation between subjects and also within some 
subjects (ie, differences between peripheral and 
central VFE).

Goal attainment scaling

All individual goals that were set before training 
are listed in Appendix 2. A few typical goals 
pertaining to RFT are to decrease the number of 
times that someone walks into branches while 
mowing the lawn, the ability to read most or 
all subtitles, the ability to increase the distance 
between golf ball and hole without losing 1 of the 
2 out of sight, and the ability to read a sentence 
without too many regressions (back-saccades) and 
to increase the number of columns of a crossword 
puzzle that can be seen at one glance.

Table 2 sums up the level at which the subjects’ 
goals could be executed before training, the 
expected level to be attained after training, and 
the level of goal attainment that was attained 
after training. Nine out of 12 subjects showed 
improvement regarding 1, 2, or 3 set goals. Subject 
P4 could produce only 1 goal but improved much 
and therefore over-attained the set goal. Three 
subjects did not show any change in the level of 
goal attainment. No deterioration was observed; 
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Table 2. Goal attainment scaling (GAS) level before training, expected goal level, and level after 
training

GAS levela

Subject /VFE Pre training Expected Post training Improvementb Less/same/more than expectedc

P1/VFE 6.80
Goal 1
Goal 2
Goal 3

-2
-2
-2

0
0
0

0
+1
+1

++
+++
+++

0
+
+

P2/VFE 5.55
Goal 1
Goal 2
Goal 3

-1
-1
-1

0
0
0

+1
+2
0

++
+++

+

+
++
0

P3/VFE 4.94
Goal 1
Goal 2
Goal 3

-1
-1
-1

0
0
0

-1
-1
-1

0
0
0

-
-
-

P4/VFE 8.81
Goal 1 -1 0 +2 +++ ++
P5/VFE 9.49
Goal 1
Goal 2
Goal 3

-1
-1
-1

0
0
0

+1
0
-1

++
+
0

+
0
-

P6/VFE 4.01
Goal 1
Goal 2
Goal 3

-2
-2
-2

0
0
0

-2
-1
-2

0
+
0

-
-
-

P7/VFE 4.70
Goal 1
Goal 2
Goal 3

-1
-1
-1

0
0
0

+1
-1
-1

++
0
0

+
-
-

P8/VFE 6.73
Goal 1
Goal 2
Goal 3

-2
-2
-2

0
0
0

+1
0
0

++
+
+

+
0
0

P9/VFE 6.86
Goal 1
Goal 2
Goal 3

-2
-2
-2

0
0
0

-2
-2
-2

0
0
0

-
-
-

P10/VFE 6.05
Goal 1
Goal 2
Goal 3

-2
-2
-1

0
0
0

-2
-2
-1

0
0
0

-
-
-

P12/VFE 8.99
Goal 1
Goal 2
Goal 3
Goal 4

-2
-2
-2
-2

0
0
0
0

-1
-1
-1
0

+
+
+

++

-
-
-
0

P13/VFE 4.17
Goal 1
Goal 2
Goal 3

-1
-1
-1

0
0
0

+2
+1
+1

+++
++
++

++
++
++

Note: VFE = visual fi eld enlargement.

aRating of GAS levels: -2 = cannot get any worse; -1 = can even get worse; 0 = expected level after training; 1 = better than expected; 
2 = much better than expected.

bScale for degree of improvement: 0 = no change; + = 1 scale improvement; ++ = 2 scale improvement; +++ = 3 scale improvement.
cScale for degree of attainment: - = goal not attained; 0 = goal attained; + or ++ = goal more than attained.
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Figure 1. The visual fi elds of the subjects as measured with dynamic Goldmann perimetry. Only absolute 
defects are shown. The line near the visual fi eld defect depicts the border between blind and seeing fi elds 
before training. The black areas denote the remaining defect after training.
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correlation between GAS improvement and the size 
of defect reduction was not signifi cant: Pearson’s r 
= 0.37 (P > .1). We discovered VFEs that were 
accompanied by improvements in GAS scores, but 
we also discovered a few larger VFEs that lacked 
improvement in GAS scores. For example, P1, P6, 
P7, and P13 showed improvements in GAS scores, 
whereas P9 and P10 had larger VFEs but did not 
show improvements in GAS scores.

We think this result is due to the fact that some 
of the chosen individual goals were not tuned to 
the part of the visual fi eld where defect reduction 
could be expected.

For example, a goal may relate to peripheral 
view. Peripheral view is used to perceive visual 
information in the outer parts of the visual fi eld, such 
as objects approaching from the left or right from 
the “corner of the eye.” If there is defect reduction 
in the central visual fi eld, however, it is not likely 
that this goal will be reached. Alternatively, if a goal 
relates specifi cally to central vision (eg, reading), a 
defect reduction outside the central visual fi eld is 
not likely to have an effect on reading.

The following are some examples of this 
mismatch:

• P1 has a left-sided hemianopia and reported 
seeing only 50% of the visual information 
when in the front passenger seat of a moving 
car. A training goal was set at seeing 75% of 
that information. This means that the visual 
fi eld border needs to shift with a magnitude 
of 25° to 30° toward the peripheral visual 
fi eld. However, because training effect is only 
expected in the central visual fi eld in the case 
of almost complete hemianopia (as we indeed 
observed), this goal could never be reached. It 
would have been more appropriate to set 60% 
as a goal. The other 2 goals of this subject 
concerned the central visual fi eld. Because we 
did fi nd training effects in the central visual 
fi eld, these goals were attainable.

• P3, P9, and P10 chose goals that “belong” 
to VFE in the central visual fi eld, but the 
training effect predominantly took place in 
the peripheral visual fi eld. Consequently, the 
VFE did not change performance with regard 
to the set goals.

• The opposite also seems possible: P13 
showed a rather low VFE after training. When 

an increase in VFD is never observed in the chronic 
phase of stroke (unless new brain damage occurs).

GAS improvement was determined by comparing 
the GAS indices before and after training. The 
indices of all patients were calculated using 
Equation 1 and are listed in Table 3. Nine out of 12 
patient improved their GAS scores. Consequently, 
the patients as a group show signifi cantly improved 
GAS scores (t = -3.6, P < .005, α = 0.05). In the 
subjects who showed no improvement (n = 3), the 
average VFE was 5.95 mm. In the subjects who 
did showed improvement (n = 9), the average VFE 
was 6.58 mm. These averages roughly concur with 
earlier observations that (subjective) improvement 
is only to be expected if VFE >6 mm.9 However, in 
individual subjects, sometimes VFE >6 mm does 
not lead to signifi cant improvements (P9 and P10) 
and sometimes VFE <6 mm does lead to signifi cant 
improvement (P2 and P13). This could mean that 
the criterion of 6 mm is not a hard divisor between 
subjects with and subjects without improvement. 
On the other hand, it could also mean that the goals 
in these cases were not set properly in relation to 
the visual fi eld area where VFE was expected (see 
section below, Advantages and limitations of goal 
attainment scaling). The VFEs of P9 and P10 are 
only slightly larger than 6 mm and the VFE of P2 
is only slightly smaller than 6 mm. In fact, P13 is 
the only true exception. We therefore think that 
the criterion of 6 mm is still a valid one.

We also studied the relation between 
improvement of GAS scores and VFE. The 

Table 3. Before and after indices, index change, 
and VFE of all subjects

Subject Before-index After-index Δ Index VFE

P1 15.5 50.8 35.3 6.8
P2 32.7 52.1 19.4 5.55
P3 32.7 32.7 0 4.94
P4 48.9 52.3 3.4 8.81
P5 32.7 53.8 21.1 9.49
P6 15.5 21.2 5.7 4.01
P7 32.7 36.6 3.9 4.7
P8 15.5 42.3 26.8 6.73
P9 15.5 15.5 0 6.86
P10 17.4 17.4 0 6.05
P12 15.5 50.8 35.3 8.99
P13 32.7 52.1 19.4 4.17

Note: VFE = visual fi eld enlargement.
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of 12 chronic stroke patients, 9 had improved 
GAS scores, indicating that the (visual) goals that 
were set a priori were either attained or closely 
approached. This suggests that the area of VFE or 
defect reduction that was induced by this training 
is actually used for visual functioning, whereas 
the same visual fi eld area was not used for visual 
functioning before training.

Advantages and limitations of goal 
attainment scaling

GAS has been successfully applied in several 
studies to evaluate functional outcome of 
stroke rehabilitation, mainly concerning motor 
rehabilitation.28-35 A number of important 
advantages of GAS have been identifi ed36: GAS is 
a very suitable instrument to measure functional 
improvement in heterogeneous patient groups 
with often complex disabilities. GAS also meets 
the expectations of patients and increases their 
ability to engage in activities that are meaningful 
to them. Less or more goals can be set because a 
general T score is calculated. This makes statistical 
comparisons possible.

Limitations of the GAS method have been 
identifi ed as well36: The GAS version used in 
this study has 1 scale less than modern versions. 
Therefore, some cases of improvement could not 
be measured as such and the reported results are 
somewhat underestimated.

Defi cits in visuo-spatial performance have been 
associated with underachievement of goals.37 
Our patients with VFD showed impaired visuo-
spatial performance. Improving this performance, 
however, is precisely what our visual training 
aims for. GAS can therefore be used to evaluate 
improvement in visuo-spatial performance.

GAS levels that were set before and after training 
were confi rmed by measurements when possible. 
In a few cases, the level was derived from the 
subjects’ report. Because RFT takes a lot of effort, 
subjects may give desirable answers during the 
evaluation of the GAS levels as a result of cognitive 
consonance, thereby the actual level of GAS may 
be overestimated. There was suspicion of such 
bias in the case of P4 but not in others. We did not 
change the GAS score as reported by this patient, 
therefore the achieved GAS level may have been 

looking at the graph of P13’s visual fi eld, 
enlargement did not take place centrally, but 
more peripherally. Still, P13 was satisfi ed that 
the set goals were attained. This possibly is a 
result of the peripheral VFE, because P13’s set 
goals were associated with general overview of 
a visual scene and thus with peripheral view.

• A special remark must be made about goals 
that are set properly (central or peripheral), 
but that are set at levels that are too high. P5 
and P6 shared a common goal (the ability to 
see the golf ball near the hole) and showed 
the same amount of foveal sparing (the 
central visual fi eld that is unaffected), but 
they differed in the desired output magnitude 
and VFE. P5 did not see the golf ball when 
the distance from the hole was more than 1 
cm. The goal was set at seeing the ball at a 
distance of at least 3 cm. VFE was expected 
in the central visual fi eld, so the goal was set 
properly. VFE appeared to be rather large and 
the goal was more than attained. For P6, on 
the other hand, the goal was set at seeing the 
ball at a distance of at least 50 cm. VFE was 
expected in the central visual fi eld, so the 
goal was set properly. However, the desired 
magnitude of performance on the set goal 
was somewhat large: assuming a height of 
1.80 m, 50 cm into the peripheral visual fi eld 
corresponds to ±18°. VFE must be rather 
large to reach gains of that magnitude and the 
goal was therefore probably not attained. P12 
may also have set the desired goal levels too 
high. So, although goals were properly set, 
the levels seem a little high. As a consequence, 
improvement was observed, but 2 of the 3 set 
goals were not attained.

Discussion

In this study, GAS was used as a method to 
evaluate the effects of RFT on daily activities, 
described as changes in subjectively experienced 
visual functioning of subjects with (cerebral) visual 
fi eld defects. The results show that visual RFT 
leads to VFE, as assessed with dynamic Goldmann 
perimetry, and – if suffi ciently large – also leads 
to a subjective improvement of daily visual 
functioning as evaluated by GAS. In the group 
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more easily quantifi ed. It is possible, however, to 
identify the part of the visual fi eld where VFE is 
expected and adjust the goals to this specifi cation 
as much as possible. This will increase the chance 
that a set goal is actually attained. For future 
studies, the setting of realistic individual goals 
must be based on the results of pre-intervention 
perimetry. In this way, the set goals will become 
more realistic and improvement will be detected 
more easily.
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overestimated. At the same time, results may be 
somewhat underestimated, because the 5-scale 
GAS version was used instead of the more recent 
6-scale versions.35 In the 5-scale version, it is 
possible that an improvement is observed but it 
is too small to achieve the next GAS level. In our 
study, such improvements could not be scored as 
such and they may have been underestimated.

To our knowledge, this is the fi rst time that GAS 
has been used to evaluate functional improvement 
in poststroke rehabilitation of partial cerebral 
blindness. A limitation emerged that is specifi c 
to this application: The correlation between the 
improvements in GAS scores (Δ Index) and defect 
reduction (VFE) was not signifi cant. We think this 
is due to the fact that some of the individual goals 
were not tuned to the part of the visual fi eld where 
defect reduction could be expected.

In summary, RFT led to signifi cant improvement 
in daily functioning in 75% of the patients, 
as measured by means of GAS. Thus, in the 
case of training-induced visual fi eld recovery 
from cerebral blindness, GAS proves to be a 
feasible method to chart subjectively experienced 
functional improvement of daily functioning after 
the intervention in an objective way. The results 
reported here might be improved, if all goals are 
set in accordance with the expected location of 
VFE. This is, of course, precisely what makes GAS 
with this type of intervention more diffi cult than 
with motor rehabilitation where goals may be 

REFERENCES 

1. Zihl J. Rehabilitation of Visual Disorders After Brain 
Injury. Hove: Psychology Press; 2000.

2. Zihl J. Recovery of visual functions in patients 
with cerebral blindness. Effect of specific 
practice with saccadic localization. Exp Brain Res. 
1981;44(2):159–169.

3. Zihl J, von Cramon D. Visual fi eld recovery from 
scotoma in patients with postgeniculate damage. A 
review of 55 cases. Brain. 1985;108(Pt 2):335–365.

4. Zihl J, von Cramon D. Restitution of visual function 
in patients with cerebral blindness. J Neurol 
Neurosurg Psychiatry. 1979;42(4):312–322.

5. Van der Wildt GJ, Bergsma DP. Visual field 
enlargement by neuropsychological training 
of a hemianopsia patient. Doc Ophthalmol. 
1998;93(4):277–292.

6. Bergsma DP, van der Wildt GJ. Properties of the 
regained visual fi eld after visual detection training 
of cerebral blindness patients. Restor Neurol 
Neurosurg. 2008;26:365–375.

7. Bergsma DP, van der Wildt GJ. Visual training of 
cerebral blindness patients gradually enlarges the 
visual fi eld. Brit J Ophthalmol. 2010;94:88–96.

8. Bergsma DP, Leenders MJ, Verster JC, van der 
Wildt GJ, van den Berg AV. Oculomotor behavior 
of hemianopic chronic stroke patients in a driving 
simulator is modulated by vision training. Restor 
Neurol Neurosurg. 2011;29:347-359.

9. Bergsma DP, Elshout JA, van der Wildt GJ, van den 
Berg AV. Transfer effects of training-induced visual 
fi eld recovery in patients with chronic stroke. Top 
Stroke Rehabil. 2012;19(3):212-225.



 Improvement in Visual Daily Functioning 409

10. Kasten E, Poggel DA, Sabel BA. Computer-based 
training of stimulus detection improves color 
and simple pattern recognition in the defective 
fi eld of hemianopic subjects. J Cognitive Neurosci. 
2000;12(6):1001–1012.

11. Julkunen L, Tenovuo O, Jaaskelainen S, Hamalainen 
H. Rehabilitation of chronic post-stroke visual 
fi eld defect with computer-assisted training: A 
clinical and neurophysiological study. Restor Neurol 
Neurosurg. 2003;21(1–2):19–28.

12. Kasten E, Wust S, Behrens-Baumann W, Sabel BA. 
Computer-based training for the treatment of 
partial blindness. Nat Med. 1998;4(9):1083–1087.

13. Kasten E, Poggel DA, Muller-Oehring E, Gothe 
J, Schulte T, Sabel BA. Restoration of vision II: 
Residual functions and training-induced visual fi eld 
enlargement in brain-damaged patients. Restor 
Neurol Neurosurg. 1999;15(2–3):273–287.

14. Kasten E, Bunzenthal U, Sabel BA. Visual fi eld 
recovery after vision restoration therapy (VRT) is 
independent of eye movements: An eye tracker 
study. Behav Brain Res. 2006;175(1):18–26.

15. Poggel DA, Kasten E, Muller-Oehring EM, Sabel 
BA, Brandt SA. Unusual spontaneous and training 
induced visual fi eld recovery in a patient with 
a gunshot lesion. J Neurol Neurosurg Psychiatry. 
2001;70(2):236–239.

16. Sabel BA, Kasten E. Restoration of vision by training 
of residual functions. Curr Opin Ophthalmol. 
2000;11(6):430–436.

17. Sabel BA, Kenkel S, Kasten E. Vision restoration 
therapy. Brit J Ophthalmol. 2005;89(5):522–524.

18. Sabel BA. Vision restoration therapy and raising red 
fl ags too early. Br J Ophthalmol. 2006;90(5):659–
660.

19. Werth R, Moehrenschlager M. The development of 
visual functions in cerebrally blind children during 
a systematic visual fi eld training. Restor Neurol 
Neurosurg. 1999;15(2–3):229–241.

20. Mueller I, Mast H, Sabel BA. Recovery of visual fi eld 
defects: A large clinical observational study using 
vision restoration therapy. Restor Neurol Neurosurg. 
2007;25:563–572.

21. Balliet R, Blood KM, Rita P. Visual fi eld rehabilitation 
in the cortically blind ? J Neurol Neurosur Psychiatry. 
1985;48(11):1113–1124.

22. Horton JC. Disappointing results from Nova 
Vision’s visual restoration therapy. Br J Ophthalmol. 
2005a;89(1):1–2.

23. Horton JC.  Vis ion restorat ion therapy: 
Confounded by eye movements. Br J Ophthalmol. 
2005b;89(7):792–794.

24. Plant GT. A work out for hemianopia. Br J 
Ophthalmol. 2005;89(1):2.

25. Reinhard J, Schreiber A, Schiefer U, et al. Does visual 
restitution training change absolute homonymous 

visual fi eld defects ? A fundus controlled study. Br J 
Ophthalmol. 2005;89(1):30–35.

26. Kiresuk T, Sherman R. Goal attainment scaling: 
A general method of evaluating comprehensive 
mental health programs. Commun Mental Health J. 
1968;4(6):443-453.

27. Cowey A, Rolls ET. Human cortical magnifi cation 
factor and its relation to visual acuity. Exp Brain Res. 
1974;21:447–454.

28. Borg J, Wissel J, Kulkarni J, et al; BEST Study Group. 
Rationale and design of a multicentre, double-
blind, prospective, randomized, European and 
Canadian study: Evaluating patient outcomes and 
costs of managing adults with post-stroke focal 
spasticity. J Rehabil Med. 2011;43(1):15-22.

29. Huijbregts MP, McEwen S, Taylor D. Exploring the 
feasibility and effi cacy of a telehealth stroke self-
management programme: A pilot study. Physiother 
Can. 2009;61(4):210-220.

30. Turner-Stokes L, Baguley IJ, De Graaff S, et al. Goal 
attainment scaling in the evaluation of treatment 
of upper limb spasticity with botulinum toxin: A 
secondary analysis from a double-blind placebo-
controlled randomized clinical trial. J Rehabil Med. 
2010;42(1):81-89.

31. Brock K, Black S, Cotton S, Kennedy G, Wilson S, 
Sutton E. Goal achievement in the six months after 
inpatient rehabilitation for stroke. Disabil Rehabil. 
2009;31(11):880-886.

32. Ashford S, Turner-Stokes L. Management of 
shoulder and proximal upper limb spasticity 
using botulinum toxin and concurrent therapy 
interventions: A preliminary analysis of goals and 
outcomes. Disabil Rehabil. 2009;31(3):220-226.

33. Turner-Stokes L, Ashford S. Serial injection of 
botulinum toxin for muscle imbalance due to 
regional spasticity in the upper limb. Disabil 
Rehabil. 2007;29(23):1806-1812.

34. Bovend’Eerdt TJ, Dawes H, Izadi H, Wade DT. 
Agreement between two different scoring 
procedures for goal attainment scaling is low. J 
Rehabil Med. 2011;43(1):46-49.

35. Bovend’Eerdt TJ, Dawes H, Sackley C, Izadi H, 
Wade DT. An integrated motor imagery program 
to improve functional task performance in 
neurorehabilitation: A single-blind randomized 
control led tr ial .  Arch Phys Med Rehabil . 
2010;91(6):939-946.

36. Ertzgaard P, Ward AB, Wissel J, Borg J. Practical 
considerations for goal attainment scaling during 
rehabilitation following acquired brain injury. J 
Rehabil Med. 2011;43(1):8-14.

37. Prigatano GP, Wong JL. Cognitive and affective 
improvement in brain dysfunctional patients who 
achieve inpatient rehabilitation goals. Arch Phys 
Med Rehabil. 1999;80:77-84.



410 TOPICS IN STROKE REHABILITATION/SEPT-OCT 2014

APPENDIX

Figure A1. Anatomical scans of the 12 subjects in radiological convention (left = right; right = left).
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