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Abstract

Objective 
To test the effectiveness of training in the use of closed-circuit television (CCTV) on 
task performance in visually impaired patients.

Methods
In a multicenter masked randomized controlled trial 122 patients were assigned either 
to a treatment group that received instructions from the supplier plus outpatient 
CCTV training (n=62), or to a control group with instructions from the supplier only 
(n=60). The Dutch ICF Activity Inventory was administered to rate the difficulty of 
tasks (e.g., Reading large print) and goals (e.g., Writing), at baseline and 3 months 
later, with and without the use of their CCTV, respectively. Treatment effects were 
analyzed with ordinal regression and mixed models. 

Results 
Patients experienced significantly less difficulty in performing tasks and goals with 
the use of their CCTV. The highest mean improvement was for goal ‘Reading’ (range 
-4 to 4): treatment group -1.56 (SD 1.79), control group -1.14 (SD 1.46). However, there 
was no effect of training. Patients reported frequent use of their CCTV for a great 
diversity of tasks (e.g., correspondence, reading newspapers and magazines): 81% 
used their CCTV at least once a day, mean duration 68.9 (SD 62.5) min.  

Conclusions
Task performance in daily living improved by prescribing a CCTV to visually impaired 
patients, but the outpatient CCTV training had no additional value. These results 
indicate that outpatient services do not make a significant contribution to improve 
task performance. However, the CCTV protocol may be valuable for patients who 
receive unsatisfactory or no instructions from suppliers. 
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Introduction  

The purpose of low-vision rehabilitation is to overcome visual disability by prescribing 
vision-enhancement devices, teaching patients adaptive skills, and by making 
environmental changes.1;2 A closed-circuit television (CCTV) is an electronic vision-
enhancement system,3 which is mainly prescribed to patients with severe vision 
loss and may contribute to overcome reading disability.4 Reading is essential for 
maintenance of many activities in daily living, and may prolong independent living. 
Although studies have shown that training improves reading performance with 
CCTVs,5-14 these studies mainly focused on objective measures of reading performance 
(e.g. reading speed) and not on other aspects of visual rehabilitation. In addition to 
measuring reading performance, measuring quality of life (QOL) from the patient’s 
perspective has gained importance due to the increasing interest of governments 
and health insurance companies in this outcome as a parameter for quality of care.15;16 

The present randomized controlled trial (RCT) was conducted to investigate the 
treatment effect of an outpatient structured training protocol in the use of CCTV on 
several outcomes.17 Reading performance was analyzed using objective measures 
of reading acuity, reading speed and technical reading.18 In addition, the patient’s 
perceived health and vision-related QOL was measured with questionnaires.19 
Results showed that improvement in reading performance and QOL was mainly 
due to introducing a CCTV and not to training or practice differentials, i.e., additional 
outpatient training in the use of the device did not result in an improved reading 
performance (in terms of speed or acuity), or improved QOL.18;19 

According to Goodrich et al. current low-vision services can restore most patients’ 
ability to read at a level sufficient to meet the patients’ goals.8 Moreover, Massof et 
al. noted that if the purpose of rehabilitation is to decrease disability and to monitor 
progress, then the outcome of rehabilitation should be measured at both goal and 
task level, as rehabilitation often occurs at task level and tasks are performed to serve 
certain goals.1 To our knowledge, previous studies on outcomes of training in the use 
of CCTVs did not make an inventory of the patient’s difficulties with certain tasks or 
goals, neither did they describe to what extent these goals were met. Also, in previous 
reports from the present study, the objective reading performance outcome measures 
provided little information on how visually impaired patients experienced reading or 
other tasks in daily life, or to what extent their rehabilitation goals were met. Therefore, 
this study investigates the effect of outpatient CCTV training on the performance of 
specific tasks and rehabilitation goal attainment compared with no training.  
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Methods

Design 
In a multicenter RCT, the effectiveness of training in the use of CCTVs was evaluated. 
A detailed description of the training protocol, the methodology of the trial and the 
randomization process are provided elsewhere, and are summarized below.17 Informed 
consent was obtained from all participants. The study protocol was approved by the 
Medical Ethics Committee of the VU University Medical Center, Amsterdam, and 
conducted according to the principles of the Declaration of Helsinki. 

Patients
At nine sites of three major multidisciplinary rehabilitation centers in the Netherlands 
168 patients were screened for eligibility and invited to participate in the study by 
low-vision specialists. Inclusion criteria were: age ≥18 years, a prescription for a 
stand-mounted CCTV, ability to speak and understand Dutch, and no absolute 
indication of cognitive deficits. Three patients were ineligible, 1 patient died before 
consenting and 42 patients did not want to participate for various reasons. Of the 
122 remaining patients, 62 were randomized to the treatment group and 60 to the 
control group. Randomization was performed by research personnel, not involved 
in the study, using a computer-generated allocation scheme based on blocks of 
two, stratified by the nine sites. The assignments were sent by email to coordinators 
at the MRCs. Eight patients (4 in each group) dropped-out from the study prior to 
the baseline measurements. Therefore, task performance and goal attainment was 
investigated in 114 patients; their baseline characteristics are shown in Table 1. Ten 
patients were lost to follow-up at the 3-month evaluation point either due to physical 
or mental inability to participate (n=6), or refusing further participation (n=2), or for 
unknown reasons (n=2).18 When the CCTV was delivered, all participants received 
the usual instructions from the various suppliers. We have good reason to assume 
that the suppliers were unaware of the trial, which means that their instructions were 
not bound by a predefined protocol; this also implies that the instructions differed 
between participants and ranged from no instructions at all to basic instructions for 
operating the CCTV.17 

In addition, participants in the treatment group received training in the use of the 
device from low-vision therapists according to a standard protocol. Soon after patients 
had received their CCTV (i.e., before the start of the training program in the treatment 
group) and also 3 months later, task performance and goal attainment were measured 
by medical, health or social science students during a home visit. Furthermore, 
during these 3 months participants in both groups reported their daily use of the 
CCTV in a diary. 
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Intervention
The standard training protocol focused on various aspects such as: ergonomics, basic 
operating instructions, tracking skills, reading and writing using different materials, 
looking at pictures and photographs, and practicing hobbies. Easy-to-difficult 
assignments10 were used throughout the program. Once a week, two 30-min sessions 
(separated by a break of 15-30 min) were scheduled at the patient’s home. Active 
training strategies were used and direct feedback was given to the participants,10 
until they had practiced with every assignment or until no further improvement 
could be attained. 

Participants in the control group did not receive training in the use of their CCTV. 
However, for ethical considerations, training was also offered to all patients in the 
control group after their follow-up measurements had been completed. 

Figure 1. Chart showing the progress of participants through the phases of the trial.

Assessed for eligibility and invited to join the study (n=168)

Excluded (n=46)
•	Patients	died	before	consenting	(n=1)
•	Patients	who	did	not	meet	the	inclusion	criteria	(n=3)
•	Patients	who	refused	to	participate	(n=42)

 Randomized (n=122) 

Allocated to treatment group (n=62)
•	Discontinued	study	prior	to	baseline	

measurements (n=3)
•	Received	allocated	intervention	as	assigned	

(n=49)
•	Did	not	receive	allocated	intervention	as	

assigned (n=6)
•	Unknown	(n=4)

Allocated to control group (n=60)
•	Discontinued study prior to baseline 

measurements (n=5)
•	Received allocated intervention as assigned 

(n=52)
•	Did not receive allocated intervention as 

assigned (n=2)
•	Unknown (n=1)

Discontinued study prior to completion of the 
trial (n=4)

Discontinued study prior to completion of the 
trial (n=4)

Completed 3-month follow-up (n=55) Completed 3-month follow-up (n=51)

Included in intention-to-treat analysis (n=59)
Included in per-protocol analysis (n=51)

Included in intention-to-treat analysis (n=55)
Included in per-protocol analysis (n=58)
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Main outcome measures
At baseline (i.e., soon after delivery of the CCTV) and 3 months later, the Dutch 
International Classification of Functioning, Disabilities and Health (ICF) version of 
the Activity Inventory (D-AI) was administered, which is an adapted and expanded 
version of Massof’s Activity Inventory (AI).20-22 Massof’s AI is a questionnaire which 
measures the patient’s visual ability, the importance and difficulty of individual goals, 
and the difficulty of completing underlying tasks to achieve these goals.1;2;23 The D-AI 
was developed for that purpose, as well as to systematically investigate rehabilitation 
goals, and to monitor the progress of patients who enter low-vision rehabilitation 
services.20-22 A patient rates the importance of each goal (0 not important to 3 very 
important; e.g., ‘How important is it for you to be able to read?’), rates the difficulty 
of goals that were found to be important (0 not difficult to 4 impossible; e.g., ‘How 
difficult is it for you to be able to read?’), and rates the difficulty of tasks (0 not difficult 
to 4 impossible; e.g., ‘How difficult is it for you to be able to read small print [e.g., 
medicine labels or footnotes]) nested under goals that to him/her are experienced 
as both important (score >0) and difficult (score >0). In all response categories it 
was also possible to answer ‘not applicable’ when goals or tasks were not performed 
by the patient. Thus, patients rated the difficulty of only those goals found to be 
important, and the difficulty of only those tasks nested under goals that were found 
to be both important and difficult.23 This means that every patient had his/her own 
unique dataset, in which some items were coded as missing if the patient considered 
them to be not applicable, not important or not difficult. Respondents with many 
missing values were removed from the data files, only difficulty scores of goals and 
tasks with a response of at least 60% were reported. In addition to organizing tasks 
under goals, the structure of the original AI also enables to organize tasks according 
to function.23 For example, tasks that serve different goals can all be examples of 
reading function. Moreover, reading tasks could be further subdivided into sustained 
reading (e.g., newspapers, books, magazines), brief reading (e.g., postcards, recipes), 
and spot reading (labels).24 In the present study, the main focus of rehabilitation was 
on reading function and carrying out near tasks (such as writing); the goals and tasks 
that could be grouped according to these functions were selected from the D-AI and 
programmed into a laptop for individual assessment using Blaise Enterprise 4.7, which 
allowed for immediate data entry during the home visit. 

Ten goals which require many reading and/or near tasks to accomplish them were 
taken into account. These were: ‘Reading’, ’Writing’, ‘Personal administration’, 
‘Managing finance’, ‘Following a schedule’, ’Personal correspondence’, ‘Personal 
healthcare/medication’, ‘Following the news’, ‘Creative activities’ and ‘Intellectual 
activities’. The non-response on the goal ‘Intellectual activities’ was 75% of two 
measurements in 114 patients (i.e., from a possible 228 responses 170 were missing), 
due to answering ‘not important’ or ‘not applicable’ on the importance question 
of the goal. Therefore, the goal ‘Intellectual activities’ was omitted from further 
analyses. Subsequently, more in-depth analyses of difficulty scores of tasks nested 
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under the important and difficult goals: ‘Reading’, ‘Writing’, ‘Personal administration’, 
‘Manage finance’ and ‘Personal correspondence’ were performed. Task items with 
a non-response of more than 40%, were omitted from further analyses; these were 
‘Following a schedule’ (non-response 54%), ‘Personal healthcare/medication’ (72%), 
’Following the news’ (79%), and ‘Creative activities’ (93%). There were few responses 
to these latter items because only those tasks were rated that were nested under 
goals that were both important and difficult for the patient. Therefore, the present 
study focuses on difficulty scores of 9 goals and on summary scores of tasks nested 
under 5 goals that were found to be both important and difficult. 

To gain insight into the diversity of tasks patients performed with their CCTV (e.g., 
reading newspapers/books, completing word puzzles, sewing), as well as on the 
duration and frequency of use, questions on these items were scripted at the end of 
the D-AI. In addition, all patients were sent a CCTV diary in which they were asked to 
write down which tasks they performed, and the frequency and duration of each task 
performed. Since the diaries were filled out by only 52% of patients, the information 
was only used to check for inconsistencies. Because no inconsistencies were found, 
only the scripted data are reported here. 

Data analysis
Baseline characteristics of patients in both groups were analyzed using χ²-tests and 
independent samples t-tests. Group differences in duration and frequency of use 
were analyzed with independent samples t-tests, as was the number of tasks patients 
performed with their CCTV. Group differences in the diversity of tasks patients 
performed with the use of their CCTV were analyzed with χ²-tests. 

To assess the effect of training on the nine goals, ordinal regression analyses were 
used to estimate cumulative odds ratios (odds ratios for cumulative probabilities) 
for the difficulty scores of goals (0 not difficult to 4 impossible). The importance 
scores of the goals were not analyzed since no strong effects were expected or found 
in the importance of reading (or) related goals within the 3-month follow-up. The 
analyses were performed with treatment allocation and baseline scores as covariates. 
For the remaining tasks, nested under five goals that were found important and 
difficult, five separate sum scores were calculated, as the underlying tasks were 
considered unidimensional sets of items. Two-way imputations of the missing values 
were performed for the treatment and control group separately on tasks serving the 
goals: ‘Reading’ (7 tasks), ‘Writing’ (5 tasks), ’Personal administration’ (4 tasks), 
’Managing finance’ (4 tasks) and ‘Personal correspondence’ (4 tasks), to be able 
to calculate sum scores of these tasks. A two-way imputation calculates missing 
scores of respondents on certain items by adding the average of all observed scores 
of a respondent and the average of all observed scores on a certain item, minus the 
average of all observed scores on all items and of all persons.25 The minimum value 
of a task was 0 ‘not difficult’ and the maximum value was 4 ‘impossible’. Some 
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error was added such that imputed scores were more realistic.25 The sum scores 
of tasks depend on the number of tasks nested under a goal, for example the goal 
‘Reading’ contains 7 tasks with difficulty scores ranging from 0 to 4, therefore the 
sum score ranges from 0 to 28. To evaluate the treatment effect, the sum scores of 
tasks were analyzed using mixed model analyses, with treatment allocation and time 
point (baseline or follow-up) as fixed effects. All data analyses were based on the 
intention-to-treat principle.

In addition to analyzing treatment effects at the goal and task level, secondary effects 
of task performance with and without a CCTV in the total group (combining the 
treatment and control group) were analyzed using Wilcoxon signed ranks tests, 
to estimate the effect of receiving (and using) a CCTV. Moreover, the level of 
improvement or deterioration in goal and task performance was defined by a score, 
representing the difference between the patient’s ability to perform the goal with the 
CCTV minus the reported ability to perform the goal without the device. Since the 
possible response categories were 0 ‘not difficult’ to 4 ‘impossible’, possible changes 
ranged from -4 to 4 (negative values reflect improvement). Data were analyzed by 
2 masked investigators who were unaware of the treatment allocation, in contrast 
to participants and trainers, all data analyses were performed using the software 
package SPSS 15.0 for Windows. 

Results

Patients
Table 1 presents the baseline characteristics of the patients: mean age was 77.2 
years, visual acuity 0.88 logMAR and the primary cause of vision loss was age-related 
macular degeneration (68%); there were no significant differences between the 
characteristics of the two groups.
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Table 1. Baseline characteristics of the population by treatment allocation. 

Patient characteristics Treatment group (n=59) Control group (n=55)

Age (years): Mean (SD)
75.4 (12.3)   

Range [38.9 - 94.4]
78.6 (12.8)  

Range [34.4 - 95.7]

Gender: % female 61.0 58.2

Education (years): Mean (SD)
9.8 (2.8)       

Range [5 - 16]
9.9 (3.0)       

Range [6 - 16]

LogMAR visual acuitya: Mean (SD)
0.90 (0.38)   

Range [0.05- 2.15] 
0.86 (0.32)   

Range [0.22 - 1.52]

LogRAD reading acuityb:  Mean (SD)
0.95 (0.28)   

Range [0.46 - 1.90]
0.90 (0.27)   

Range [0.41 - 1.47]

Social status: % living alone 44.2 51.9

Independent living: % 87.0 82.7

Co-morbidity: % with co-morbid conditions 69.2 75.0

Use of low vision devices (LVDs): % with LVDs 82.7 92.3

Primary cause of visual impairment: %

○  Age related macular degeneration 61.4 74.5

○  Diabetic retinopathy 5.3 7.3

○  Glaucoma 3.5 7.3

○  Cornea disease 7.0 1.8

○  Cataract 5.3 0.0

○  Other 17.5 9.9

SD=standard deviation; 
a Visual acuity of the best eye as assessed during visual function tests at the rehabilitation centers, Snellen ratings 

were converted to the logMAR scale. 
b Binocular reading acuity in logRAD as assessed during the first home visit, note that small differences in acuity are 

expected based on the variance in testing conditions in the patients’ homes. 
c Cause of visual impairment in the better eye according to the patient’s ophthalmologist extracted from the referral 

letters. 

Difficulty scores goals and tasks
Table 2 represents cumulative odds ratios and confidence intervals of the difficulty 
scores of goals and the estimated treatment effect on sum scores of tasks. Difficulty 
scores of goals were rated similarly in both treatment arms. However, the odds of 
responding in a particular category (≥1 at least some difficulty, compared to no 
difficulty), rating the difficulty score of the Goal ‘Creative activities’, in the control 
group was 3.02 times the corresponding odds in the treatment group, which was on 
the verge of significance. Note that odds >1 represent a beneficial improvement in 
difficulty of achieving goals in the treatment group compared to the control group. 

The mean sum score of tasks underneath the goal ‘Writing’ (range 0-20) decreased 
from 15.3 to 12.1 in the treatment group and from 14.5 to 13.7 in the control group, 
indicating that participants in the latter group rated these tasks as more difficult to 
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perform than participants who received training in the use of their CCTV (difference 
2.3; p=0.005). Since for the other goals and tasks the ratings were similar in both 
groups, the overall effect of receiving a CCTV was calculated by comparing difficulty 
scores of the total group (both the treatment and control group) with and without 
the use of a CCTV. Patients reported significantly less difficulty completing all goals 
and the investigated tasks with the use of their CCTV. The only exception to this was 
‘Following the news’, because most patients reported no difficulty in completing 
this goal at both time points (79.8% of patients at baseline vs. 82.5% at follow-up).      

Table 2. Between-group and overall treatment effects from baseline to 3-month follow-up. 

Goals (difficulty scores)                       Ordinal regression analyses Wilcoxon signed 
ranks test

Cumulative odds ratio 95% Confidence 
Interval

Z

Reading 1.43 [0.72 ; 2.86] -6.47 (p <0.001)

Writing 1.41 [0.65 ; 3.09] -3.96 (p <0.001)

Personal administration 1.10 [0.39 ; 3.11] -3.87 (p <0.001)

Manage finance 0.69 [0.23 ; 2.06] -3.30 (p=0.001)

Follow a schedule 2.51 [0.90 ; 6.99] -3.18 (p=0.001)

Personal correspondence 1.19 [0.45 ; 3.13] -2.25 (p=0.024)

Personal healthcare 0.36a [0.88 ; 2.31] -2.16 (p=0.031)

Follow the news 0.43 [0.13 ; 1.44] -1.02 (p=0.307)

Creative activities 3.02 [0.99 ; 9.25] -2.67 (p=0.008)

Tasks (sum scores) Mixed model analyses Wilcoxon signed 
ranks test

Treatment effect                    Effect size 95% Confidence 
Interval

Z

Readingb 0.44 0.07 [-1.93 ; 2.80] -4.65 (p <0.001)

Writingc -2.30 (p=0.005) -0.63 [-3.89 ; -0.71] -4.72 (p <0.001)

Personal administrationd 0.11 0.03 [-1.53 ; 1.74] -5.57 (p <0.001)

Manage financee -1.25 -0.34 [-3.06 ; 0.56] -3.49 (p <0.001)

Personal correspondencef 0.88 0.20 [-0.67 ; 2.43] -5.30 (p <0.001)

CI=Confidence Interval;  
a Proportional hazard ratio based on complementary log-log links, because the proportional odds assumption was 

not satisfying. 
b Reading tasks consisted of: reading large print (e.g., headlines), normal print (e.g., newspaper articles, books), 

small print (e.g., medicine labels and footnotes), and bad print (e.g., price tags); reading own handwriting; reading 
someone else’s handwriting; and continuously reading for more than one hour. cWriting tasks were: writing a text 
(e.g., letters); place your signature; writing inside the lines; filling in forms; and filling in (cross) word puzzles. 

d Personal administration tasks were: Reading typed or printed post; reading footnotes or small letters; looking up 
contact details, such as addresses and phone numbers; and distinguish mail from advertisements. 

e Manage finance consisted of: control your financial situation (i.e., make ends meet); balancing bank account, reading 
bills, and writing cheques. 

f Personal correspondence consisted of: recognize objects on postcards or pictures; manage contact details such as  
addresses; looking up telephone numbers; and writing down contact details, such as telephone numbers.   
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Level of improvement or deterioration
From the nine goals reported, patients most often showed improvement (change -1 
to -4) on the goal ‘Reading’, 64% of patients improved on this goal in both trial arms 
(Table 3). Mean improvement in the treatment group was -1.56 compared to -1.14 
in the control group. Maximum improvement (change of -4) was found in 23% of 
the patients in the treatment group compared to 2% in the control group. The total 
percentage of patients that reported improvement on the goals (change <0) was 
39.4 in the treatment group vs. 34.9 in the control group. The percentage of patients 
that reported no change (change =0) was 48.8 vs. 53.0 in the treatment and control 
group, respectively, and 11.9 vs. 12.1, respectively, reported deterioration (change >0). 

CCTV use: duration, frequency, number and diversity of tasks
There were no differences between groups or time points for the frequency and 
duration of CCTV use. Participants in both groups reported frequent use of their 
CCTV. At follow-up 59% of the participants used their CCTV several times a day 
(mean 2.3 times a day, SD 0.8), 22% daily, 16% weekly and 3% monthly. In the control 
group, one person no longer used the CCTV due to enhanced vision after ophthalmic 
treatment. Patients used their CCTV a mean of 68.9 (SD 62.5) min/day and the 
maximum consecutive use ranged from 2 to 360 min. The number of tasks performed 
at follow-up (mean 10.1 different tasks) was significantly higher compared to baseline 
(mean 6.8; p <0.001), however this increase was similar in both groups (p=0.22). 
Since there were no group differences for the types of tasks for which participants 
used their CCTV, the overall diversity in task performance is shown in Figure 2. 
The percentage of participants using their CCTV for the tasks described in Figure 2 
increased at follow-up compared to baseline; this applied to all tasks (however, not 
all improvement was significant) except for reading the newspaper. 
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Figure 2. Self-reported tasks performed in daily living.
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*Reflects a significant difference (p <0.05) between baseline and follow-up use of CCTV for specific tasks.

Table 3. Changes in task performance from baseline to 3-month follow-up.

Goal Deterioration  
(>0)

No change  
(0)

Improvement  
(-1 to -4)  

Mean improvement

Treatment 
(%)

Control 
(%)

Treatment 
(%)

Control 
(%)

Treatment 
(%)

Control
 (%)

Treatment 
(SD)

Control 
(SD)

Reading 9.5 12.0 26.4 24.0 64.1 64.0
-1.56 
(1.79)

-1.14 
(1.46)

Writing 14.6 16.7 43.8 36.1 41.7 47.2
-0.75 
(1.45)

-0.50 
(1.25)

Personal 
administration

11.5 4.3 30.8 52.2 57.7 43.4
-0.85 
(1.35)

-0.87 
(1.29)

Manage finance 19.2 9.6 30.8 28.6 49.9 61.8
-0.88 
(1.70)

-1.10 
(1.95)

Follow a 
schedule

7.8 13.6 56.9 63.6 35.3 22.7
-0.75 
(1.56)

-0.25 
(1.37)

Personal 
correspondence

17.6 14.8 41.2 55.6 41.2 29.6
-0.50 
(1.64)

-0.48 
(1.65)

Personal health 
care

10.4 14.9 72.9 63.8 16.8 21.3
-0.29 
(1.13)

-0.32 
(1.66)

Follow the news 13.0 4.1 72.2 85.7 14.8 10.2
-0.04 
(0.99)

-0.16 
(0.99)

Creative 
activities

6.5 22.2 41.9 50.0 51.6 27.8
-0.84 
(1.39)

0.00 
(1.08)

Mean total 11.9 12.1 48.8 53.0 39.4 34.9
-0.69 
(0.65)

-0.62 
(0.79)
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Discussion

The present study used the Dutch ICF version of the AI to investigate the effect of 
CCTV training on task performance and attainment of rehabilitation goals compared 
to no training. The results show a treatment effect on tasks serving the goal ‘Writing’, 
i.e., there was more subjective improvement on task performance in patients who 
received CCTV training than in controls. However, in apparent contradiction, this 
did not result in the treated patient perceiving completing the goal ‘Writing’ as being 
less difficult. Therefore, the actual treatment effect did not seem to be confirmed 
and might have been the result of multiple testing. However, patients showed most 
improvement on the writing task ‘fill in (cross) word puzzles’, which may also be 
considered a creative activity. In the treatment group completing the goal ‘Creative 
activities’ was rated as less difficult after CCTV training, whereas many patients in 
the control group reported no change or even deterioration on this goal (see Table 
3); the difference between the two groups was on the verge of significance.
 
Some study limitations should be addressed. First, we may have underestimated 
the treatment effect, since the structure of the AI allowed to skip questions on 
tasks nested under goals that patients perceived to be not important, not difficult 
or not applicable. Another limitation is that imputation techniques to compensate 
for missing data might have led to an underestimation of the sum scores of tasks. 
Furthermore, some patients did not receive the allocated intervention as assigned. 
However, rearranging participants from the treatment group that did not receive 
training to the control group and vice versa (i.e., per-protocol analyses) did not change 
the results on reading performance and QOL of the present trial and were therefore 
not repeated in this study.18;19

Two earlier studies also used visual function questionnaires to measure the effect of 
low-vision rehabilitation. In the Low Vision Intervention Trial (LOVIT) an outpatient 
program including at least 10 hours of therapy and homework assignments proved 
to be effective on all aspects of visual function compared to no training (waiting list 
control group). However, LOVIT focused on more than training in device handling 
alone.26 In contrast, in an RCT by Pearce et al. patients receiving training in device 
handling showed a similar improvement in functional ability compared to patients 
who did receive a low-vision device without additional training in its use.27 Their result 
is comparable to that of the present study, i.e., no significant difference was found 
between the groups for the treatment effect on difficulty in performing most goals 
and tasks. Therefore, performance differences appear to be the result of introducing 
the device itself, and not of training or practice differentials. However, electronic 
magnifiers were not included in the study of Pearce and colleagues.   

From the studies that concentrated on task performance with (stand-mounted) 
CCTVs, to our knowledge only Watson et al. also focused on improvement in subjective 
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reading ability (i.e., from the patient’s perspective).28 Many patients in their study 
(50%, mean age 67.4 years) reported that they could not read at all without the device 
but could read with no difficulty with it, thus showing maximum improvement.28 In 
contrast, in the present study, only 23% of patients in the treatment group and 2% of 
patients in the control group showed maximum improvement, subjectively rating the 
difficulty of the goal ‘Reading’. In both groups, 64% subjectively rated some level of 
improvement and 13-34% showed no improvement or even deterioration in reading 
ability. The latter was not seen in the study of Watson et al., which might be explained 
by their patients receiving about 20 hours of training. However, training effects were 
not reported as training was not the subject of their study. Furthermore, patients rated 
the difficulty of reading 1-2 years after provision of the CCTV and may have had trouble 
reproducing the level of difficulty in reading without the device. Loaning CCTVs to 
patients, and discriminating between the difficulty scores of reading with and without 
CCTV at one time point, might also have led to favorable results. Another reason for 
the dramatic improvement in the study of Watson et al. might be that CCTVs were 
only provided to patients who reached an initial 50% increase in reading speed with 
the device and/or showed an extended reading duration with the CCTV compared 
with optical aids;28 such performance criteria/conditions for prescribing CCTVs do 
not exist in the Netherlands. 

In the present study, the overall results of reading with and without a CCTV, clearly 
showed that participants who experienced at least some difficulty in performing 
tasks and achieving goals (‘Following the news’ was not perceived as difficult to 
most participants), perceived significantly less difficulty in performing these tasks 
and goals with the use of their CCTV. Furthermore, participants in our study reported 
frequent use of their CCTV for a great diversity of tasks. Although the frequency of use 
was comparable to the studies of Watson et al.28;29 and Zabel et al.29 (i.e., 81% of our 
participants used the CCTV at least once or more times a day), the CCTV was used 
for a greater diversity of tasks compared to these other studies. Similar to the study 
of Goodrich et al., reading correspondence was most frequently reported, followed 
by reading newspapers, magazines and books.10 The percentage of patients that used 
their CCTV for reading newspapers, books, and periodicals, as well as writing letters 
or looking at photographs has almost doubled compared to the study of Zabel et al.29 
Therefore, it seems that in the Netherlands there has been an increased acceptance 
of the use of CCTVs since their study conducted in 1980. 
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Conclusion  

In conclusion, this group of patients used their CCTV frequently and for many different 
tasks. Task performance was significantly less difficult with the use of a CCTV than 
without the use of a CCTV; this is an important finding because it represents the 
impact of the visual impairment and the impact of prescribing CCTVs on the daily 
lives of patients.30 However, the effects of training were both small and inconsistent. 
Therefore, the benefit of training was not proven; this is also demonstrated in the 
results on reading performance and QOL of the present trial. Multidisciplinary 
rehabilitation centers might consider investing these costs in other rehabilitation 
programs or services that meet other rehabilitation needs of this group of patients. 
However, the CCTV training protocol may still be valuable for patients who received 
unsatisfactory or no instructions from the CCTV suppliers.19   
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