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Table 2 Differences in distribution of responses over the response categories for the Dutch sample (n = 253) and the UK sample

(n=91)

[tem  Item content

Distribution of

responding
population Dutch

sample (%) over the

response options®

Missing
responses
Dutch
sample (%)

Distribution

of responding
population UK
sample (%) over
the response

Missing P-value
responses
UK sample (%)

options®
1 2 3 4 1 2 3 4

FV_1  Watching TV 436 500 48 16 12 281 427 258 34 22 <0.001
FV_2  Playing video and computer games 504 428 59 08 67 239 477 205 80 33 <0.001
FV_3  Playing other games, e.g. board games or 354 536 105 04 63 213 348 382 56 22 <0.001

card games
FV_4  Using the computer for homework 358 562 73 07 458 261 523 170 45 33 0.020
FV_5  Reading food packets, labels or recipes 102 313 366 220 28 60 143 405 393 77 0.002
FV_6  Doing household chores, e.g. washing up 336 573 77 14 130 200 525 188 88 121 <0.001
FV_7  Telling the time on a wrist watch 341 374 238 47 154 138 345 322 195 44 <0.001
FV_8  Telling the time on a wall clock 268 452 176 105 55 112 281 303 303 22 <0.001
FV_9  Using the computer for lessons 421 523 51 05 146 236 562 157 45 22 <0.001
FV_10 Reading small print text books, worksheets 116 289 355 240 43 34 136 386 443 33 <0.001

and exam papers
FV_11 Reading enlarged text books, worksheets 479 438 25 58 51 420 420 102 57 33 0.030

and exam papers
FV_12 Drawing or painting 325 563 83 29 51 303 337 315 45 22 <0.001
FV_13 Reading hand writing 104 446 307 143 08 136 125 534 205 33 <0.001
FV_14 Seeing the board in the class 250 460 194 97 20 82 235 353 329 66 <0.001
FV_15 Recognizing people, e.g. in school corridors 324 486 150 40 00 159 330 330 182 33 <0.001
FV_16 Recognizing other people’s facial expressions 234 456 206 103 04 218 287 287 207 44 0.008
FV_17 Finding friends in the playground 216 436 308 40 12 80 284 364 273 33 <0.001
FV_18 Taking part in science classes 237 604 137 22 451 233 511 200 56 1.1 0.261
FV_19 Taking part in geography classes 241 560 163 36 344 182 442 286 91 154 0.027
FV_20 Taking part in math classes 272 496 212 20 1.2 222 522 211 44 1.1 0.528
FV_21 Taking part in PE 393 504 94 08 36 20.7 356 356 80 44 <0.001
FV_22 Taking part in English/Dutch classes 305 550 124 20 16 202 573 202 22 22 0.150
FV_23 Keeping up with the teacher in lessons 218 532 226 24 04 211 378 356 56 1.1 0.023
FV_24 Keeping up with other students in class 239 526 223 12 08 231 330 396 44 00 0.001
FV_25 Getting around the school by yourself 433 504 60 04 04 429 418 132 22 00 0.047
FV_26 Getting around outdoors by yourself 365 520 107 08 04 172 414 345 69 44 <0.001
FV_27 Reading signs and posters at stations or shops 192 408 308 92 5.1 136 261 307 295 33 <0.001
FV_28 Getting around in crowds by yourself 121 320 441 117 24 114 190 392 304 132 0.001
FV_29 Seeing small moving objects, e.g. balls 146 403 304 146 00 103 115 402 379 44 <0.001
FV_30 Seeing large moving objects, e.g. cars passing 39.1 451 107 51 00 307 500 125 68 33 0.546
FV_31 Using the escalators 396 494 94 16 32 404 382 180 34 22 0.077
FV_32 Playing team sports, e.g. football, without adaptations 276 50.7 187 30 198 184 218 333 264 44 <0.001
FV_33 Watching films in the cinema 405 514 73 09 130 348 404 191 56 22 0.001
FV_34 Watching plays and shows in the theatre 262 559 149 30 202 150 388 313 150 121 <0.001
FV_35 Reading price tags 165 496 242 97 20 120 301 337 241 88 <0.001
FV_36 Finding correct money to pay 226 557 200 1.7 9.1 224 400 259 118 66 <0.001

21: very easy; 2: easy; 3: difficult; 4: very difficult/impossible
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Table 3 GRM item characteristics for the 24 item FVQ_CYP_NL (n = 253)

[tem  Item content Discrimination a  Threshold 81 Threshold 2 Item information  X* P-value
FV_1 Watching TV 1.32 -0.26 249 245 817 052
FV_2  Playing video and computer games 1.19 -0.02 256 2.12 13.04 022
FV_3  Playing other games, e.g. board games or card games 141 -057 1.89 2.58 1241 026
FV_8  Telling the time on a wall clock 174 -0.84 0.85 3.06 1345 020
FV_9  Using the computer for lessons 1.29 —-0.36 260 241 1151 018
FV_10 Reading small print text books, worksheets and exam  1.11 -2.26 —043 1.76 1169 039
papers
FV_11 Reading enlarged text books, worksheets and exam 227 —0.004 1.70 4.26 895 0.8
papers
FV_13  Reading hand writing 1.22 —2.24 0.24 217 903 053
FV_14 Seeing the board in the class 142 —-1.05 0.88 246 19.18 0.12
FV_15 Recognizing people, e.g. in school corridors 1.50 -0.67 133 2.66 11.86 046
FV_16 Recognizing other people’s facial expressions 1.67 -1.03 0.74 296 1943 005
FV_17 Finding friends in the playground 1.36 —1.24 0.67 233 1544 022
FV_24  Keeping up with other students in class 1.28 -1.19 1.20 2.27 1436 035
FV_25 Getting around the school by yourself 1.72 -0.23 211 324 1404 005
FV_26 Getting around outdoors by yourself 1.80 -044 163 334 900 044
FV_27 Reading signs and posters at stations or shops 1.64 -1.28 040 284 1322 021
FV_28 Getting around in crowds by yourself 1.25 —2.05 -0.23 2.05 1507 018
FV_29  Seeing small moving objects, e.g. balls 1.26 -1.80 023 2.15 1490 0.19
FV_30 Seeing large moving objects, e.g. cars passing 1.82 -0.34 1.36 325 1489 0.19
FV_31 Using the escalators 1.58 -0.34 1.80 2.89 1338 0.15
FV_32 Playing team sports, e.g. football, without adaptations  1.58 -0.86 1.16 2.85 1222 027
FV_33  Watching films in the cinema 1.90 -0.37 177 3.59 850 0.29
FV_35 Reading price tags 1.61 —145 0.64 293 1553 011
FV_36 Finding correct money to pay 148 -1.16 1.17 2.70 981 046

inclusion criteria with respect to these variables in the
Dutch sample.

Item analyses

Table 2 presents the distribution of responses over
the response categories for the Dutch sample and the
UK sample. The response option ‘not applicable’ was
treated as a missing value. As such, four items in the
Dutch sample had missing scores >20% (“using the
computer for homework”, “taking part in science clas-
ses”, “taking part in geography classes”, and “watching
plays and shows in the theatre”) and these items were
removed. None of the items had floor or ceiling ef-
fects, and in all items all four response categories
were endorsed. However, infrequent endorsement of
the response option ‘very difficult or impossible’ in al-
most all items in the Dutch sample motivated the
collapsing of response options ‘very difficult or impos-
sible’ and ‘difficult’. There were no item pairs display-
ing high inter-item correlations (>0.7). There were
significant differences in the distribution of responses

between the Dutch and the UK sample for all but five
items. In general, the Dutch sample was more likely
to opt for the response options 1 or 2 (‘very easy or
‘easy’) and less likely to opt for the response options
3 or 4 (‘difficult or ‘very difficult/impossible’) than
the UK sample. Matching the Dutch sample on UK
inclusion criteria (i.e. age 10—15 years and VI logMAR
>0.48; n =63 for Dutch sample and n =85 for UK
sample) did not influence these results.

Calibration of the FVQ_CYP_NL

The acceleration factor suggested a one-factor solu-
tion for the Dutch data. Principal components of the
one-factor solution were all positive and moderate to
large. Inspection of item and factor content gave no
reason for multidimensional solutions. The first factor
accounted for 33% of the variance, whereas the sec-
ond factor accounted for 5% of the variance; thus, the
ratio of explained variance by the first and second
factor is 6.6, which is higher than the required mini-
mum of 4 [45]. It was therefore concluded that the
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32 items stem from a unidimensional scale. Examin-
ation of the residual correlation matrix showed that
one out of 496 item pairs (0.2%) showed excess item
covariation (>0.25), violating the assumption of local
independence (“keeping up with the teacher in les-
sons” — “keeping up with other students in class”).
However, since the violation was not very severe
(0.267), it was decided not to remove one of the
items. Monotonicity analysis (piecewise assessment in
sets of 16 items in order to retain samples after list
wise deletion) showed that all items complied with
monotonicity, and none of the items had a Loevinger
H coefficient below 0.3, indicating sufficient
scalability.

Five items were removed after the first application of
the GRM: “reading food packets, labels or recipes”,
“doing household chores, e.g. washing up”, “telling the
time on a wrist watch”, “drawing or painting”, and
“keeping up with the teacher in lessons”. These items
were removed because they provided very little informa-
tion (i.e. little precision/discrimination) and/or because
they covered the same area on the disability trait as an-
other item, but provided less information and/or pro-
vided information over a smaller range of the disability
trait. Content validity, item relevance and similarities
with other items were also considered. Three additional
items were removed after the second fit of the GRM
(“taking part in math classes”, “taking part in physical
education”, and “taking part in Dutch language classes”),
mainly because they still provided very little information.

The Likelihood Ratio test showed that the full GRM
outperformed the polytomous Rasch model for the 24
items (LRT =40.0, p =0.015). The fit indices reflected
adequate overall model fit of the 24 items to the GRM:
RMSEA =0.061, SRMR =0.062, TLI =0.965, and CFI =
0.968. Table 3 summarizes GRM item parameters, infor-
mation and fit statistics of the FVQ_CYP_NL. Item
discrimination ranged from 1.11 to 2.27. The item with
the lowest discrimination was “reading small print text
books, worksheets and exam papers”, and the item with
the highest discrimination was “reading enlarged text
books, worksheets and exam papers”. Item threshold pa-
rameters ranged from -2.26 to 2.60. Item information
ranged from 1.76 to 4.26, and total information of the 24
items was 65.32. All items fitted the GRM at the p <
0.01 level. Despite the fact that some items still provided
little information, further item removal was considered
unfavourable given the location of these items on the
disability trait and for reasons of content validity. The
item-person map shows that items are distributed
almost entirely across the disability trait. The thetas of
respondents adequately match the item thresholds,
although there are no items for persons with low levels
of disability (Fig. 1).
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Differential item functioning and known-group validity
After two iterations, analysis of DIF for age indicated
three items with some level of DIF, which was all uni-
form (Fig. 2a). However, change in McFadden’s R* was
below 2% for two of the three items. For two items
(“keeping up with other students in class” (R* = 0.0147)
and “finding correct money to pay” (R* = 0.0259)), youn-
ger children were more likely to endorse higher response
categories (signifying higher levels of difficulty) com-
pared to older children. Item response functions suggest
that uniform DIF was due to second category threshold
values being smaller for the younger group than for the
older group for both items. For one item (“seeing small
moving objects, e.g. balls” (R? =0.017)), older children
were more likely to endorse higher response categories.
Here, the item response functions suggest that the cat-
egory threshold values were both smaller for the older
group than for the younger group. Analysis of DIF for
gender also indicated three items with some level of DIF
after three iterations (Fig. 2b), but change in McFadden’s
R was below 2% (“playing video and computer games”
(R?> =0.0194), “seeing the board in the class” (R? =
0.0161), and “seeing small moving objects, e.g. balls”
(R* =0.017)). According to x* tests, all items displayed
uniform DIF. However, item response functions revealed
non-uniform DIF, indicated by differences in slope
parameters.

Figure 3a shows the total impact of DIF for age on the
test characteristic curve (TCC), and Fig. 3b the total im-
pact of DIF for gender. The TCC shows the relation be-
tween the total scores (y-axis) and thetas (x-axis). The
left graphs show the impact on the test score for all
items, whereas the right graphs show the impact of only
those items with DIF. The curves show that the total
score is the same for both age groups and genders, indi-
cating minimal impact of DIF by age and gender.

Known-group validity was established for groups that
differ on level of VI and gender. Those with severe VI/
blindness had significantly higher thetas than those with
moderate VI and mild VI (p= 0.002 and p<0.001 respect-
ively), indicating that they experienced more disability and
the FVQ_CYP_NL was able to discriminate them. Females
had significantly higher thetas than males (p=0.008), and
no significant differences were found in thetas between
those with and without other impairments.

Discussion

This study reports the cross-cultural adaptation of the
original UK version of the FVQ_CYP into Dutch and its
important psychometric properties. The FVQ_CYP is a
PROM which measures functional vision of children and
adolescents with VI [18]. Following standardized transla-
tion processes, the original English instrument translated
well into Dutch resulting in a new Dutch version of the
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questionnaire — the FVQ_CYP_NL. However, the cross-
cultural validation in the Dutch population using the
measurement model specifications and assumptions
used in the original UK study was not straightforward.
Since some adaptations needed to be made to achieve
model fit of the Dutch version, it can be argued whether
the FVQ_CYP_NL still measures the same construct as
the original UK FVQ_CYP. However, both versions
proved to be unidimensional scales with a broad cover-
age of items measuring children’s self-assessed ability to
endorse vision-dependent tasks. The FVQ_CYP_NL has
high measurement precision, is targeted adequately to
the abilities of children and adolescents aged 7—17 years
with different levels of VI, and can discriminate between
these levels.

We originally planned to perform ‘strict’ cross-cultural
validation of the FVQ_CY_NL by applying the same cri-
teria for item analyses as used in the validation study of
the UK questionnaire [18], using the RSM, and conduct-
ing DIF analysis for country. This would have allowed
direct cross-cultural comparisons in future studies as
well as pooling the data from the two countries for in-
stance in the context of trials of new therapies or
interventions.

Interestingly, we found a number of differences in the
psychometric performance of the instrument versions of
the two countries. There were differences in the distri-
bution of missing responses and response patterns be-
tween the Dutch data and the UK data. Some items had
high missing responses in the Netherlands, but not in
the UK, and Dutch children were less likely to opt the
response category ‘very difficult/impossible’. There are a
number of possible reasons for these differences. Firstly,
the difference in instrument performance between coun-
tries may have been driven by differences in the popula-
tion due to the broader age range and less restrictions in
degree of vision impairment in the Dutch sample. There
were also differences in the presence of comorbidity be-
tween the samples. Matching the samples did not im-
prove the results. Secondly, differences might have been
influenced by different modes of administration. Data in
the original UK study had been collected as self-report
and self-completion with questionnaires returned by
post [18], whereas in the Netherlands data was collected
using face-to-face interviews via home visits. Face-to-
face interviews are known to be more prone to social de-
sirability bias and yes-saying bias, while respondents are
less willing to disclose sensitive information [46].
Thirdly, the FVQ_CYP UK version was developed within
a specific population which drove the questionnaire con-
tent, including semi-structured and cognitive interviews
with children and adolescents to develop and shape the
instrument items and formats. Thus, the FVQ_CYP may
more accurately capture the UK children’s functional
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vision because the content is more relevant to them both
with respect to age and level of acuity: interviewing
Dutch children to develop a similar instrument de novo
may have resulted in a different set of items. Despite the
mismatch between the Dutch population and the
intended target population of the FVQ_CYP with respect
to age and level of vision impairment, we decided to use
the FVQ_CYP because it currently is the most robust in-
strument to measure functional vision in children.
Besides the differences in psychometric performance,
there was non-invariance at the model level; the RSM
did not fit the Dutch data, whereas fit for the UK data
was satisfactory. The RSM assumes that the discrimin-
ation parameter (i.e. the slope) is equal across all items
(and therefore this model belongs to the Rasch family),
and that the thresholds for each category response are
also equal across items [40]. These assumptions make
the RSM among the more restrictive IRT models. How-
ever, the RSM can tolerate smaller sample sizes than the
commonly used GRM, which has fewer assumptions and
is more flexible [40]. The sample sizes of both the UK
data and the Dutch data were modest and therefore ra-
ther limited for the advanced analyses conducted in this
study [24, 47]; furthermore, the difference in sample size
between the Dutch data and UK data might have con-
tributed to the non-invariance at the model level, as any
model fit is contingent upon sample size. Besides unsat-
isfactory overall fit of the RSM to the Dutch data, vari-
ous tests for item fit indicated misfit of items to the
model. After iteratively removing those items with most
misfit, the goodness-of-fit test was suggestive for satis-
factory model fit of the RSM. However, by then only 12
items were maintained in the FVQ_CYP_NL, which was
considered undesirable because of the threat to face and
content validity. Matching of the Dutch sample to UK
inclusion criteria led to more violations to IRT assump-
tions. Model fit improved, but 11 items were excluded in
the analysis because of inappropriate response patterns,
and tests for item fit still indicated items with misfit.
Measurement invariance implies that the association
between test scores and latent traits of persons is uncon-
ditional on group affiliation or time of measurement
[48]. The non-invariance at the model level already
implied that there would be DIF for country or non-
invariance at item level as well. The assumption of
measurement invariance rarely holds, especially when
parameters are expected to be exactly the same across
groups. But even when applying less strict criteria, the
occurrence of measurement invariance is often ignored,
and populations are compared even though there is no
psychometric basis for it, thereby introducing potential
bias [48]. Most studies only report the results of DIF
analyses in assessing cross-cultural validity, not taking
into account the measurement model specifications and
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