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The present thesis focused on the consequences of having a homonymous visual field defect 
(HVFD) for daily living, and more specifically, for mobility-related activities and participation. 
Four important issues were addressed: the focus of previous studies on HVFD, the functioning 
of patients with HVFD, the effects of training, and the factors that influence functioning or 
training effects. This final chapter reflects on these four issues based on the results of the 
systematic review of the literature on HVFD and the randomized controlled trial (RCT) on the 
effects of training. The preceding chapters each discussed the strengths and limitations of the 
individual studies. This last chapter will focus on the implications for clinical practice and 
suggestions for future research. 
 
FOCUS OF PREVIOUS RESEARCH  
Previous reviews on HVFD (Bouwmeester et al., 2007; Kerkhoff, 1999; Pollock et al., 2011) 
indicated that knowledge about the effects of training on mobility in daily life was missing, 
which was one of the reasons to perform the present study. Our systematic review of 221 
papers on HVFD (see chapter 3) not only confirmed this previously reported lack of outcome 
measures within the domain of mobility-related activities and participation, but also showed 
that activities and participation in general were examined in only a marginal portion of the 
studies. Previous studies predominantly focused on body functions, such as lesion location, 
etiology, visual functions, and neuropsychological functions. The scientific findings of these 
studies are therefore hard to relate to the impact of having HVFD on functioning in daily life. 
There appears to be a discrepancy between the outcome of scientific research on HVFD and 
the implications for clinical practice. While the main goal of rehabilitation is usually to improve 
activities and participation in daily life, few scientific studies have been performed examining 
the effects of rehabilitation on activities and participation. Although ecologically valid 
measures on the level of activity and participation may face standardization issues, our study 
shows that it is possible to include measures that are standardized, as well as ecologically valid. 
In conclusion, previous research provided valuable insight, however, our knowledge about the 
difficulties experienced by patients with HVFD in daily life that should be targeted by 
rehabilitation programs is insufficient. It is unknown which rehabilitation programs effectively 
improve functioning in everyday life.  
 
IMPACT OF HVFD ON FUNCTIONING IN DAILY LIFE  
We performed the first systematic inventory of the difficulties patients with HVFD and minimal 
comorbidities report to experience in daily life (see chapter 4). This inventory confirmed that 
HVFD often leads to difficulties with reading, orientation, and mobility-related activities. 
Surprisingly, a number of problems were frequently reported that did not seem directly related 
to missing portions of the visual field and that have not been related to HVFD before. These 
problems included disturbed light sensitivity, color perception, and depth perception and could 
represent additional consequences of the brain damage. Based on these findings, further 
research on the complaints of HVFD patients has been initiated (funded by ZonMw-InZicht: 
project 94310003). Other frequently reported difficulties were related to recreation and leisure 
activities, negative feelings and thoughts, and feelings of decreased independence. These 
complaints once more stress the need for effective rehabilitation programs. 
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 The influence of HVFD on mobility was objectified by comparing performance of patients 
with HVFD on mobility-related tests with performance of a healthy control group (see chapter 
6 and 7). The results suggest that patients with HVFD need significantly more time to detect 
peripheral stimuli and have more difficulty to avoid obstacles while walking, especially when 
performing a secondary task simultaneously. These difficulties were not significantly related to 
the mobility impairments experienced in daily life as reported by patients. This implies that 
reports of the patients do not necessarily reflect their actual level of performance.  
 An activity significantly contributing to independent mobility is car driving. We performed a 
study on driving performance in a group of 26 patients with HVFD and minimal comorbidities 
(see chapter 5). It was found that spontaneous compensation for the HVFD while driving a car 
was insufficient for 12 participants. Not only impairments in viewing behavior, but also in 
tactical and operational aspects of driving were observed. Possibly, spontaneous attempts to 
compensate for the HVFD limited available attentional capacities, resulting in impairments in 
tactical and operational aspects of driving. Aspects of driving that were most frequently 
reported not to be sufficient were steering stability, speed adaptation, and anticipating 
environmental changes while applying compensatory scanning behavior simultaneously. The 
results also indicated, however, that part of the patients with HVFD were able to compensate 
for the HVFD effectively and were judged to be fit to drive. This illustrates the wide variance in 
driving performance among patients with HVFD. It can be concluded that decisions on practical 
fitness to drive cannot be solely based on visual field size. 
 
EFFECTS OF IH-CST 
The effects of the newly developed InSight-Hemianopia Compensatory Scanning Training (IH-
CST) were investigated in an RCT (see chapter 6 and 7). This was the first RCT to find specific 
effects of a compensatory scanning training (CST) on mobility-related activities and 
participation. Especially detection of peripheral stimuli in mobility situations improved, while 
simultaneously performed tasks were not affected, or even improved as well. This suggests 
that compensatory scanning was automatized to a significant degree. This is an important 
finding, since most mobility-related activities are dual task activities (e.g., having a 
conversation while walking). Furthermore, it is important that sufficient attentional capacity 
remains available for reacting on unexpected events, such as unanticipated actions from other 
road-users. The results indicate that IH-CST does not lead to overcompensation. Detection of 
stimuli in the blind periphery became faster, while reaction times to stimuli in the seeing 
periphery did not change. Based on the reports of the participants, the positive effects of the 
IH-CST were still present six to ten months after training. No conclusions could be drawn on the 
long term effects of training on mobility-related performance, since no objective test was 
included in the follow-up and because improvements in performance on mobility-related tests 
could not be predicted by self-reported improvement in daily life mobility. No evidence was 
found for an effect of IH-CST on visual functions (e.g., visual field size), nor on reading or visual 
search. The lack of effects on reading and visual search suggests that different scanning 
strategies are helpful for different types of activities. Detecting peripheral stimuli, which is 
important during mobility-related activities, was found to improve after practicing the wide, 
horizontal scanning strategy from the IH-CST. Searching for a specific target among distracting 
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information, important when looking for a specific product on a shelf for example, did not 
improve and appears to require a different type of scanning. This is in line with findings of 
previous studies suggesting that the effects of CST are specific and task-dependent (Aimola et 
al., 2014; Hardiess et al., 2010; Schuett et al., 2012). 
 
PREDICTORS OF FUNCTIONING AND SUCCESS OF TRAINING 
From a rehabilitation perspective, it is important to know which factors predict the level of 
functioning that a patient will reach and which factors predict the effects of training. This 
knowledge may guide professionals in providing the best intervention for each individual 
patient with HVFD. According to the review of 221 papers on HVFD (see chapter 3), the existing 
literature provides insufficient information on potential predictors of future functioning of the 
patient or the effects of specific training programs. Previous studies mainly focused on the 
predictive value of body functions (e.g., visual field size) or personal factors (e.g., age) on body 
functions (e.g., recovery of visual field) or, less often, on activities (e.g., reading speed). There 
were no reports about potential predictors of the effects of compensatory training on 
participation in society.  
 In the studies described in this thesis, we examined the predictive value of a number of 
variables on the difficulties experienced by HVFD patients in daily life (see chapter 4) and on 
their on-road car driving performance (see chapter 5). In addition, it was examined which 
variables could predict the effects of the IH-CST program (see chapter 7). We found that 
younger participants reported a wider range of activities as being difficult because of the HVFD. 
Younger participants were also less satisfied with their ability to travel independently than 
older participants. Furthermore, women experienced difficulties in a wider range of activities 
than men. It could be that younger and female patients performed a broader range of activities 
before the onset of the HVFD, resulting in a more extensive impact of the HVFD. Age and 
gender were not found to be related to car driving performance. Significant associations were 
found between driving performance and time not having driven a car, visual field size, and side 
of field defect. Visual scanning and operational handling of the car were found to be more 
impaired with longer time not driven. A larger intact visual field was related to better driving 
performance. However, no cut-off point for visual field size was found below which all 
participants were unfit to drive. Patients with right-sided HVFD on average performed better 
on the driving test then left-sided HVFD patients, but these results have to be interpreted with 
caution because of the different sample sizes of the two groups. 

With regard to the effects of IH-CST on mobility-related activities and participation, some 
evidence was found for more improvement in patients with left-sided HVFD as compared to 
patients with right-sided HVFD, although this was not found for all tests analyzed. No evidence 
was found for an influence of age, gender, visual field size, time since onset of the HVFD, or 
neuropsychological test performance on the effects of IH-CST. The main predictor of the effect 
of training was found to be the level of performance before onset of training. Patients 
performing worse before training on average improved more than patients that performed 
better before training. However, even patients with the highest level of performance before 
onset of training showed improvements. 

In conclusion, the impact of HVFD on daily life or the effects of IH-CST cannot be predicted 
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by demographic characteristics, variables related to the visual disorder, or neuropsychological 
test results at this point. Presumably, many factors, including personality traits and support 
from family and friends, together determine the impact of HVFD or the effect of training. 

 
RECOMMENDATIONS FOR CLINICAL PRACTICE AND FUTURE RESEARCH  
As a result of the current study, an evidence-based protocolled CST program for improving 
orientation and mobility in daily life is now available for patients with HVFD. Because the study 
was so closely linked to the clinical setting, the recommendations can easily be applied to 
clinical practice. A report resulting from this study has led to further implementation of the IH-
CST in additional locations of Visio and Bartiméus specialized in visual rehabilitation in the 
Netherlands. International interest has started preparations for implementation of the IH-CST 
in other countries. Besides translation of all training materials, other adaptations are possibly 
necessary in order to fit the IH-CST to traffic situations abroad. Cycling exercises, for example, 
might be excluded from the protocol in countries where bicycles are rarely used. 
 Based on the results described in this thesis, the IH-CST is recommended for improving 
detection of peripheral visual stimuli during mobility-related activities in patients with HVFD. 
Other types of activities, such as reading and visual search tasks, appear to require different 
types of compensatory scanning. In case the HVFD leads to difficulties with multiple types of 
activities, the different types of compensatory scanning strategies are preferably not trained 
simultaneously, but sequentially. Automatizing a scanning strategy as much as possible before 
learning a second scanning strategy, minimizes cognitive demands. At this point, there is no 
evidence for a preferred order in learning different scanning strategies. Possibly, additional 
training is helpful for learning to alternate, combine, or integrate the different scanning 
strategies. 
 Before onset of the IH-CST, it is advisable to examine both the mobility-related difficulties 
experienced by the patient, as well as actual performance during mobility-related activities. 
This information not only directs the content of the training program, but also predicts the 
effect of training. Patients with a better level of performance before onset of training are 
expected to improve less, although this improvement may still make a great difference in daily 
life. Assessing the effect of training on both subjective and objective measures is 
recommended, since both are important but were not found to be related. The protocol 
provides an evaluation form for registering the changes as experienced by the patient. 
Quantifying patients’ own idea of improvement may be achieved by incorporating a 
standardized questionnaire, e.g. the IMQ (described in chapter 4). Standardized exercises and 
scoring forms for measuring progress in performance are included in the protocol. In order to 
measure the improvement in performance on mobility-related activities different from the 
exercises from the training program, other tests may be implemented in the rehabilitation 
center before and after training, e.g. a test similar to the Tracking Task (described in chapter 6). 

The current version of the IH-CST is now evidence-based. This does not preclude that the 
protocol could possibly be further improved, keeping in mind that changes to the program may 
lead to an increase or decrease of its effectiveness and require new effect studies. Future 
research could examine to what degree the following characteristics of the current program 
contribute to the improvements in mobility-related activities and participation: exercises for 
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increasing awareness and insight, exercises for practicing the scanning strategy, exercises for 
practicing the strategy in daily life situations, characteristics of the scanning strategy (top-down 
systematic strategy with large horizontal saccades), face-to-face training, therapists’ feedback, 
and homework assignments. Some exercises might be more effective than others, with some 
possibly being even redundant. This may depend on characteristics and treatment goals of the 
individual patient. Questionnaire data of the patients and occupational therapists on the 
feasibility of the training, as well as the session reports on the progress of the patients, have 
not been described in the current thesis, but are an important source of information on the 
value of the different training elements. Most exercises in the IH-CST program are focused on 
practicing the horizontal scanning rhythm and our results suggest that this leads to an 
improvement in visual performance during mobility-related activities, but not during visual 
search tasks. Future analyses of the eye tracking data might indicate to what extent 
participants applied the horizontal scanning strategy during the visual search tests, how eye 
movements changed after training, and which scanning strategies were related to better 
performance in terms of accuracy and speed. Eye tracking during the mobility-related activities 
was not performed in the current study, but is important for conclusions on the importance of 
the horizontal scanning strategy. If it is objectified that the horizontal scanning rhythm is 
indeed applied during mobility-related activities after training and that this application is 
related to better performance, further support for the positive effects of this specific scanning 
rhythm would be provided. Although the current findings do not suggest that patients with 
quadrantanopia benefit less from the IH-CST, it might be found that these patients apply 
slightly different scan patterns and that an adapted version of the scanning strategy is actually 
more efficient (e.g., including a large saccade towards the upper or lower corner of the 
affected quadrant instead of a large saccade towards the horizontal left or right). Another 
suggestion for future research is to examine the need for implementing a short refresher 
course a couple of months after completion of the training.  

Alongside the attempts to improve the IH-CST for patients comparable to the participants 
in the current study, future research is needed to examine the effects of the IH-CST or an 
adapted version for patients with comorbidity. Until further research has shown which training 
components are most effective, it is recommended to maintain the three main elements of the 
program, i.e. exercises for improving awareness and insight, exercises for practicing a scanning 
strategy, and exercises aimed at transfer to daily life. The nature of these exercises may be 
adjusted for specific patient groups, which requires further research. For example, children 
with HVFD may need easier and more attractive exercises. Patients with neglect may benefit 
from additional exercises aimed at transfer to daily activities, depending on the severity of the 
neglect. For patients with other types of visual field defects, e.g. because of prechiasmatic or 
ocular diseases, a different scanning strategy could be implemented in the program. 

The results from the on-road driving tests provided information on the problems 
encountered during driving. These findings suggest that training programs aimed at improving 
practical fitness to drive in people with HVFD should include both visual scanning training, as 
well as driving lessons (on-road or in a simulator) to improve driving skills such as steering 
stability, speed adaptation, and anticipating environmental changes while applying 
compensatory scanning behavior simultaneously. The IH-CST appears to be a suitable training 
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to include in the training of car driving performance for HVFD patients, since the IH-CST has 
been found to improve visual performance in mobility-related activities mainly in dual tasks, 
which car driving certainly is. Further analysis of the on-road driving tests after IH-CST followed 
by driving lessons is recommended in order to examine the effects of training on car driving. 
Data from the questionnaire on car driving administered at our follow-up assessment may 
provide insight in the effects on car driving as experienced by the patients. Analyses of the 
simulated driving tests performed at T2 might provide information on the changes in car 
driving performance that can be attributed to IH-CST alone, i.e. changes that cannot be 
attributed to the driving lessons. The associations between on-road driving performance, 
simulated driving performance, and performance on other tests (such as the Tracking Task or 
Hazard perception test) could indicate whether on-road driving performance can be predicted 
by off-road testing. These associations could be further examined in a group of patients not 
ready for an on-road driving test because of physical or cognitive comorbidity or because they 
do not trust themselves on the road yet. If an off-road test is found to be highly correlated with 
on-road driving performance, this test could possibly be incorporated in the relicensure 
procedure in order to examine if a patient is ready for the on-road driving test. Within the 
range of visual field sizes in our study, we have not found a minimal visual field size needed for 
safe driving. A HVFD does not necessarily lead to impaired driving performance. Policy makers 
could therefore reconsider the visual field size required for participation in a test of practical 
fitness to drive.  

Besides recommendations regarding the IH-CST and the assessment and training of driving 
performance, some recommendations are provided related to examining the consequences of 
the HVFD. When questioning the patient about the difficulties he or she experiences, it is 
advised to start with open-ended questions. After that, difficulties known to occur frequently 
can be presented to the patient, e.g. using standardized questionnaires. Especially, more 
attention should be paid to disorders of light sensitivity, color perception, and depth 
perception in clinical assessments of patients with HVFD. It is recommended to assess both 
difficulties experienced by the patients in daily life, as well as actual performance on mobility-
related activities. Both types of measures are relevant, but the information they provide is 
different, as illustrated by the low correlations in our study.  

Our last recommendation is related to the International Classification of Functioning, 
Disability, and Health (ICF). The ICF has been used repeatedly throughout this study. We found 
that the ICF helps to clarify the scope of literature (see chapter 3), instruments (e.g., 
questionnaires, see chapter 4), difficulties in daily life (see chapter 4) and training programs 
(see chapter 6). Greater convergence between problems experienced by patients in everyday 
life, rehabilitation programs, and scientific research can be reached, when they focus on the 
same variables. It is therefore recommended to be aware of and report on the specific body 
functions, activities, personal factors, etc. when designing a rehabilitation program or when 
evaluating the effects of rehabilitation programs. For this aim, the ICF can be a valuable 
starting point, supplemented with specific parameters if necessary. Specifying the ICF domains 
in the literature on HFVDs showed that more research is needed on the activities and 
participation domains in order to bridge the gap between research and clinical practice.  
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CONCLUSION  
The studies described in this thesis have contributed to our knowledge on the consequences of 
having HVFD for everyday life, and more specifically, for mobility-related activities and 
participation. Our systematic review on 221 papers resulted in an overview of the literature on 
HVFD. This overview may be used as a reference work or as a starting point for further 
literature search. The RCT resulted in an overview of the difficulties patients experience in daily 
life, in knowledge about the impact of HVFD on car driving, and in an evidence-based training 
protocol for improving mobility-related activities and participation in patients with HVFD. 
These results have led to recommendations for clinical practice. This thesis hopefully 
contributes to more effective assessments and rehabilitation programs for people with HVFD, 
with the ultimate goal of improving mobility-related activities, participation in society and 
quality of life.  



 
 

  
 



 
 

 
 

  




