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From practice to progress: vision research in Scandinavia

The current issue of the Scandinavian Journal of Optometry and
Visual Science (SJOVS) contains three papers and one scientific
meeting abstract collection. These contributions present strong
clinical and registry-based research and add updated knowledge
for clinicians and researchers alike. This focus is also evident in
the Kongsberg Vision Meeting abstracts, which span neuro-visual
consequences of acquired brain injury, service development in
primary eye care, and large-scale initiatives such as the SNOW
school vision testing project, which has involved around 3,700
children.

Wehling et al. (2025) show that structured screening for vi-
sual deficits early after stroke is feasible in a stroke rehabilita-
tion setting, and that visual impairment is common. Their find-
ings support more systematic pathways for identifying vision-
and neglect-related problems.

W. Sheppard et al. (2025) quantify functional costs of monoc-
ular viewing using online visuomotor tasks, highlighting the po-
tential of scalable digital paradigms for studying visual deficits
and everyday performance.

Gyllén et al. (2025) use data from the Paediatric Cataract Reg-
ister (PECARE) to examine visual acuity testing after childhood
cataract surgery, underscoring how variation in methods across
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ages and clinics complicates scientific evaluation of visual devel-
opment and why harmonisation of outcome measures matters.

We, the editors, continue to prioritise efficiency and quality. In
2025, SJOVS received several new submissions, and the average
time to first editorial decision was 25 days. We also implemented
a change in our publication schedule, moving from two issues per
year to one annual issue. We thank the authors for submitting
their work to SJOVS and the reviewers for their invaluable contri-
butions to improving manuscripts and ensuring the quality of the
material we publish, while maintaining SJOVS’ free-to-publish
model with no author fees.

We also continue to strengthen the journal’s outreach, for ex-
ample through SJOVS’ LinkedIn page, which has gained hun-
dreds of followers. Over the past year, we have expanded the ed-
itorial board, broadening the range of expertise supporting peer
review and helping us further develop the quality of the journal.
We take this opportunity to thank our new editorial board mem-
bers for supporting SJOVS.
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Abstract

The ability to move one’s hand quickly and accurately towards a
target is an essential skill that underpins many activities of daily
living, such as writing or threading a needle. In-lab research has
previously demonstrated that the time taken to complete an aim-
ing task is proportional to task difficulty; however, the strength of
this relationship appears to reduce as the quality of visual input
becomes degraded (Wu et al., 2010). There is also evidence that
when compared to full vision, monocular vision leads to a general
increase in movement time during aiming tasks (Sheppard et al.,
2021). Despite these valuable findings, logistical challenges (e.g.
recruitment from hard-to-reach populations) make in-lab testing
difficult or even impossible. These potential challenges could be
overcome by introducing online tests if they are sufficiently sensi-
tive to capture visual deficits accurately. The present study aimed
to test (i) whether monocular vision was associated with increased
response time and (ii) the feasibility of using simple, online tasks
to probe the relationship between visual and motor function.

Using a computer mouse or touchpad to move to targets as
quickly as possible, 65 participants (aged 18-77) completed (i) a
visual search task (moving to a 34 target embedded amongst a
grid of distractors) and (ii) a basic visual-motor aiming task (mov-
ing to individual targets of varying size/distance). Participants
completed both tasks online, either with full vision or monocular
vision.

Visual search time and aiming task response time increased
significantly under monocular vision (=1.8 s and =40 ms, respec-
tively).

These results suggest that a simple, online aiming task can be
suitable for testing the effects of a visual deficit on motor function.

Keywords: monocular vision, aiming, visual search, online testing

Introduction

For an individual to efficiently complete an aiming task, e.g. mov-
ing their hand to a target (Coull et al., 2000), they must estimate
the positions of the hand and the target (Crawford et al., 2004) be-
fore estimating a path between the two (Flanagan et al., 2006) that
balances the need to minimise movement time and energy expen-
diture depending on the demands of the task (Lyons et al., 2006).
Once the hand is in motion, the participant uses vision to monitor

the position of the hand and correct errors in a ”feedback” loop
(Elliott et al., 2010; Fukui & Inui, 2013). Aiming forms the basis
of many essential activities of daily living (ADLs); for example, to
thread a needle, one must accurately align the thread with the eye
of the needle, and to write a sentence, one must accurately move
their hand to the desired position on the page.

This ability to accurately move one’s hand to a target has been
shown to be significantly impaired by monocular vision (Loftus
et al., 2004); therefore, it stands to reason that monocular blind-
ness may impair one’s motor function. Approximately 3.7% of the
population experience monocular blindness, with the most com-
mon causes being optic atrophy (13%), amblyopia (11%), and ph-
thisis bulbi (10%) (Mirza et al., 2021). In a study involving 65 in-
dividuals who had monocular vision loss, 50% reported changes
in their ability to perform sports/hobbies, such as sewing, and
23% reported a change in their employment status (Coday et al.,
2002), potentially due to changes in their ability to perform tasks
essential to their role, such as writing. For example, monocular
vision has been shown to significantly impair basketball perfor-
mance (Vera et al., 2020).

Before completing a reach, an individual must generate a mo-
tor plan using an estimate of the hand’s position and the desired
endpoint. An accurate motor plan facilitates the movement’s ini-
tial “feedforward” portion. Once the hand is in motion, the visuo-
motor system exploits vision and proprioception to monitor and
correct the hand position in a “feedback” loop until it reaches the
endpoint (Loftus et al., 2004). The time taken to execute the move-
ment to the target (movement time or MT) is proportional to the
index of difficulty (ID) of the movement, which is a product of the
distance from the start point of the movement to the target (A) and
the width of the target (W). Fitts first summarised this relationship
with the equation:

ID=log, (%) (1)

A linear function can approximate the linear relationship be-
tween ID and MT:

MT=a+bxID )

Where a and b are empirical constants, this pair of relation-
ships has become known as Fitts’ law (Fitts, 1954; Fitts & Peterson,
1964).

Notably, the linear relationship between ID and MT appears
robust to visual impairments, i.e., the relationship remains linear
with a large effect size, even when visual input is degraded. For
example, Wu et al. (2010) asked participants to complete a point-
ing task under four monocular visual conditions: full feedback,
no-hand-movement (once the trial begins, the participant can see
the position of the target but not the movement of the hand), no-
target-location (once the trial begins, the participant cannot see the
target) and no-vision (once the trial begins, the participant can-
not see the target and the hand). ID and MT had a robust linear
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relationship, with ID explaining much of the variance in MT ir-
respective of the visual condition (R2=0.99,0.99,0.98, and 0.96,
respectively). At the same time, however, the strength of the re-
lationship between ID and MT decreased with degrading visual
feedback, as shown by the standardised coefficient in each condi-
tion (8=67.49,53.80, 58.20, and 46.89, respectively).

Degrading vision is also associated with slower movements
and, consequently, longer execution times. In a study inves-
tigating the participants’ performance on a tablet-based aiming
task (i.e., with 2D stimuli on a screen), monocular vision signif-
icantly increased MT compared to binocular vision (Sheppard et
al., 2021). Monocular vision, relative to binocular vision, was also
associated with increased MT in a similar study where the partic-
ipants were required to point at 3D blocks rather than 2D stimuli
on a screen (Loftus et al., 2004). In this study, visual feedback was
manipulated in three experiments. Experiment 1 (fully lit) showed
that monocular vision increased MT and reduced peak velocity
and deceleration time. Experiment 2 (self-illuminating target in a
dark room) did not show these effects. In experiment 3 (initially
fully lit with the lights switching off after movement initiation),
monocular vision was linked to a decrease in the time to peak ve-
locity and an increase in maximum grip aperture, suggesting that
binocular advantage is related to improved motor planning and
feedback.

There are several possible mechanisms through which binoc-
ular vision improves the quality of visual input compared with
monocular vision, including binocular summation and vergence.
Binocular summation occurs when each eye’s independent sig-
nals are combined, increasing the signal-to-noise ratio (Baker et
al., 2018; Campbell & Green, 1965). Binocular summation is par-
ticularly beneficial when planning movements and is associated
with faster initiation of rapid eye movements to the target, also
known as saccades (Gonzdlez et al., 2013; Niechwiej-Szwedo et al.,
2010). When an individual has moved their eyes to a target, they
use the target’s position on the retina to encode its position rela-
tive to the observer (Crawford et al., 2004). The individual then
uses this signal to guide the movement direction during the ini-
tial phase of the movement (Niechwiej-Szwedo et al., 2023). Ver-
gence signals also provide information on the target’s depth and
distance from the observer. These signals are derived from the
muscular effort of both eyes to fix the gaze at a particular dis-
tance. During monocular vision conditions, the direction of the
uncovered eye deviates (phoria), reducing the reliability of these
vergence signals, which in turn produces planning and movement
onset errors proportional to the magnitude of the phoria (Gonza-
lez & Niechwiej-Szwedo, 2016; Ono, 1979; Ono & Mapp, 1995).

Monocular vision also directly affects visual search perfor-
mance. When moving the hand towards a target in a cluttered en-
vironment, an individual must visually scan the scene to identify
the target’s location. Researchers have tested the effect of monoc-
ular vision on visual search performance in individuals with am-
blyopia. This neurodevelopmental disorder reduces visual acuity
(VA), typically occurring unilaterally and degrading binocular vi-
sion (Birch, 2013). Research has found amblyopia to increase vi-
sual search times in children and adults compared to controls with
normal or corrected-to-normal vision (Black et al., 2021; Nagara-
jan et al., 2022; Tsirlin et al., 2018).

Studying the effects of monocular vision on motor functionin a
laboratory setting allows the researchers to take complete control
of environmental and lighting conditions. However, this is not al-
ways possible. During the COVID-19 pandemic, the United King-
dom was placed into an emergency lockdown, restricting travel
and social interaction. The lockdown reduced the opportunities
for in-person research, and alternative research methods had to
be explored. Presenting experiments online is naturally less con-
trolled than when using the laboratory; on the flip side, advan-
tages include mass testing a broad sample of individuals, which
is diverse in terms of age, education, ethnicity, and nationality.
Once the limitations of online testing are better understood and
minimised, it will become possible to utilise the benefits of on-
line testing. For example, remote clinical testing makes diagnos-
ing and testing individuals quicker and more accessible for those
living in remote rural communities (Li et al., 2021).

The present study investigates the potential for using simple
online tasks to detect changes to the motor system associated
with changes to the visual system across a range of people us-
ing their computers/laptops. Specifically, whether monocular vi-
sion produced changes to performance in an online aiming task.
We designed two tasks to be performed under two visual condi-
tions: binocular vision (with both eyes open) and monocular vi-
sion (with one eye covered). The tasks were: (i) a visual search
task requiring participants to find the letter ”Y” in a grid other-
wise populated with “X”s and move the mouse to click on it and
(ii) a motor task requiring participants to move the mouse to click
on targets of various sizes and positions around the screen.

In the visual search task, we predicted that monocular vision
would be associated with an increase in search time (ST), the time
from the presentation of the search grid to the participant clicking
on the target.

In the aiming task, we anticipated that response time (RT)
would increase as the ID increased, following Fitts’ law. RT is de-
fined as the time it takes between the presentation of the target
and the participant clicking on it using the mouse. It includes the
time the participant takes to locate the target on the screen, plan
the movement, and execute it. It is important to note that Fitts’
law focuses on the effect of ID on MT, which is the time taken
from starting the movement to reaching the target. However, our
study could not directly test this due to technological limitations.
To account for the expected increase in search and planning time
associated with monocular vision, we included each participant’s
recorded ST from the visual search task as a control in the analysis.

Based on the study conducted by Wu et al. (2010), we expected
that there would be a difference in the strength of the relationship
between ID and RT across different visual conditions. To test this
prediction, we hypothesised that a significant two-way interaction
between visual condition and ID would indicate this difference.

Methods

Participants

An opportunity sample of 75 individuals was recruited to partic-
ipate in the present study. However, the researchers excluded 10
participants after a general health screening. Three participants
reported untreated cataracts, one reported uncorrected astigma-
tism, one reported uncorrected myopia, one had a right-eye
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stroke, two were waiting for or had recently had ocular surgery,
and two reported having osteoarthritis but did not specify the af-
fected joints.

The remaining 65 participants’ ages ranged from 18 to 77 (M =
36.97 years, SD = 20.07). The sample was 69.23% female. Most
participants (95.38%) reported using the mouse right-handed.
Most (61.50%) of participants reported being educated to the
undergraduate level or higher. All remaining participants self-
reported normal or corrected-to-normal vision.

Participants under 18 or who did not understand written En-
glish were excluded. The University of Leeds School of Psychol-
ogy Ethics Committee granted ethical approval on 08/11/2021
(Ethics Reference Number: PSYC-344).

Design

The present study employed a within-subjects, experimental de-
sign, whereby participants completed four tasks (including an
aiming task and a visual search in that order) across two visual
conditions (monocular vision, full vision); however, two tasks are
not reported in this manuscript. The order of the tasks was the
same for all participants; however, the order of the visual condi-
tions was counterbalanced between participants.

Procedure

The participants were sent a link to the study by email. They were
presented with a digital information sheet and given the opportu-
nity to contact the researchers with any questions before accessing
a digital consent form. After agreeing to the terms of consent, the
participants completed the demographics questionnaire and the
eye dominance test. The participants established their dominant
eye using an ”alignment test” (Rombouts et al., 1996). A video em-
bedded in the experiment provided all the instructions; the writ-
ten instructions followed this. The participants then made a small
triangle with the thumb and forefinger of both hands. Their arms
were straight, and they framed an object on a wall with a gap in
the triangle. The participant then closed their right eye; they could
no longer see the object through the gap between their hands; the
participant was deemed right-eye dominant; otherwise, they were
categorised as left-eye dominant (Rombouts et al., 1996).

Having successfully established eye dominance, the partici-
pant was randomised to perform the monocular or binocular con-
dition first. In the binocular condition, both eyes remained open.
In contrast, in the monocular condition, the participant covered
their non-dominant eye with any material they could not see
through and which would not fall off or move during the tasks (for
example, a scarf or an eye mask). The participant then completed
the four tasks. After completing the tasks, they changed their vi-
sual condition and repeated the tasks before being debriefed.

Materials and Apparatus
The participants completed a demographics questionnaire, re-
porting their gender, height, weight, highest educational level,
which hand they used to control a computer mouse, any relevant
medical conditions or visual impairments, and whether they re-
quired a carer.

The experiment was hosted using the online experiment
builder Gorilla (https:/ /gorilla.sc) and completed in a place con-
venient to the participant. Gorilla estimates RT measures using

JavaScript’s performance . now which is independent of the system
clock, thus making the timing estimates resistant to errors such as
changing connection speed, system clock adjustments, and sys-
tem clock skew (Barnhoorn et al., 2015). These estimates are accu-
rate to at least the millisecond level and have an average precision
of +8.25 ms (Anwyl-Irvine et al., 2021; Barnhoorn et al., 2015).

Stimuli

In the visual search task, the participants saw one of four possi-
ble 14 (vertical) x 10 (horizontal) grids populated with 139 black
distractor letters “X” and one black target letter “Y”; see Figure 1.

Figure 1: The four visual search grids were presented to the participants. Red circles
(not shown to the participant) locate the target letter Y” in each grid.

Before beginning the task, the participants were instructed to
use the mouse and click on the ”Y” as quickly as possible. Each
trial started with a fixation cross visible at the centre of the screen
for 250 ms. After a 100 ms pause, the first of four grids appeared.
Having clicked on the first grid, there was a 100 ms pause and the
process repeated for the remaining three girds. The grids were
presented in a random order, and the participants completed all
four grids. Each grid was 640 by 280 pixels (width by height),
each cell was 64 by 20 pixels, and each letter was 8 by 9 pixels.
After completing the trial (i.e., after responding to all four grids in
succession), participants clicked a button to move on to the sub-
sequent trial, which began 100 ms later.

In the aiming task, participants saw a yellow box in the top
corner of the screen: the top left for right-handed participants (see
Figure 2) and the top right for left-handed participants. The par-
ticipant was then required to click the yellow box with the mouse
cursor. Once the participant clicked the yellow box, a red box ap-
peared on the screen, and the participant moved the cursor to this
target using the mouse. The yellow box reappeared once they
clicked the red box, and a new trial began. The red box would
appear in one of five positions; see Table 1 for details. The red tar-
get boxes could be one of three sizes: 5x5, 10x10 or 20x20 screen
units. The yellow home box was always 5x5 screen units in size.
The displayed size of each screen unit in pixels was dependent
on the dots-per-inch of a participant’s monitor. The participants
repeated each combination of position and size eight times for a
total of 120 trials, which were presented in random order.

Statistical analysis
Due to the repeated measures design, a multilevel approach (us-
ing a Generalised Linear Mixed Model; GLMM) was used to ac-
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count for dependencies in the data (Maas & Snijders, 2003).

For the visual search task, the mean ST in milliseconds (ms)
was modelled as a function of one fixed factor (visual condition,
two levels: monocular versus binocular).The maximal model in-
cluded the main effect of the visual condition, two random inter-
cepts and arandom slope. Two random intercepts were estimated,
one at the participant level to account for individual differences in
vision and coordination and another at the grid level to account
for random differences in the difficulty of each grid. The grid was
not entered as a fixed factor as the grids were not generated with
a systematic difficulty gradient. A random slope for each visual
condition was estimated at the participant level to account for in-
dividual variability due to anisometropia.

Figure 2: Relative positions and sizes of the home (yellow square) and target squares
(red squares). The targets were presented to the participants one at a time.

Table 1: The X and Y positions of the targets in the aiming task.

Right Left
X Y X Y
Position 1 40 40 60 40
Position 2 20 25 80 25
Position 3 41 71 59 71
Position 4 74 74 26 74
Position 5 8 46 92 49

Note: The coordinates of each target represent the position of the top left corner of
the target relative to the top left corner of the participant’s screen. These positions
were measured in screen units. The top left of the screen is at (0, 0), and the
bottom right is at (100, 100).

For the aiming task, the mean RT (in ms) was modelled as a
function of two fixed factors (visual condition, two levels, and ID).
ID was a numeric value, which is the product of the distance from
the start point of the movement to the target (A) and the width of
the target (W, see equation 1). ID was then standardised to have
a mean of 0 and an SD of 1.

The maximal model included the two main effects, the two-
way interaction of these factors and ST as covariate (the partic-
ipant’s performance in the visual search task under each visual
condition). These values were standardised to have a mean of 0
and an SD of 1. ST was entered into the model as a covariate to
isolate the effect of visual condition and ID on the MT of the task

rather than the time taken for the participant to find the target. A
random intercept was estimated for each participant to account
for individual differences in vision and coordination. A random
slope for the two-way interaction between visual condition and
ID was also estimated at the participant level.

For all models, if the model failed to converge, starting with
the random effects, the factors with the lowest variance were re-
moved. All fixed effects from all models are reported in the results
section, as each corresponds to a hypothesis being tested.

For the aiming and visual search models, performance was
compared with two distributions: Inverse Gaussian and Gamma.
The Gaussian distribution was not fitted to the aiming task and
visual search data as both will use reaction time as an outcome
variable. Reaction time data are zero bound and typically have
a long, right-sided tail, meaning they are more likely to fit the
Inverse Gaussian and Gamma distributions (Wagenmakers &
Brown, 2007).

Performance was assessed by comparing each model’s
Bayesian information criterion (BIC), where a low BIC indicated
a better fit, favouring models with lower numbers of factors.
A BIC difference greater than 10 gives “very strong” evidence
favouring the model with the lower BIC value (Bauldry, 2015;
Raftery, 1995). These data are stored in the GitHub repository
[https:/ / github.com /willsheppard9895/ OneEyeOnThePrize] in
the files: aiming task (motorTable.html) and visual search
(vsDistTable.html).

For each random effect, the heterogeneity of the effect was as-
sessed by comparing the relative size of the random and fixed ef-
fects, for example, the random slope calculated for the visual con-
dition and the fixed effect of the visual condition. In the present
case, this took the form ¢ /B, where ¢ is equal to the magnitude
of the random effect, and  is equal to the magnitude of the fixed
effect. When this value exceeds 0.25, we concluded that the data
are heterogeneous, as a participant at the 2,51 percentile would
have a score equivalent to 0.5 of the mean, and a participant at
the 97.5t percentile would have a score 1.5 times the mean (Bol-
ger et al., 2019). These results were only reported if the effect was
heterogeneous.

Standardised Beta (Std. p) coefficients were estimated using a
standard procedure, whereby the outcome variables were scaled
(with a mean of 0 and SD of 1) before being made positive by
adding the minimum possible integer (scaled ST + 1 and scaled
RT + 3), to fit the Gamma and Inverse Gaussian distributions. The
continuous predictor variables were also scaled. The effect of vi-
sual condition was made numeric with binocular vision equal to
zero and monocular vision equal to one (Lorah, 2018).

All analyses were performed using R Statistical Software
(v4.3.1, R Core Team (2021)). GLMMs were estimated using the
1me4 package (Bates et al., 2015), and p-values were estimated us-
ing Satterthwaite’s approximation through the 1merTest package
(Kuznetsova et al., 2017).

Results

Visual Search Task

Depending on the visual condition, participants took approxi-
mately 11-13 seconds to complete the visual search (see Figure 3).
Given an estimated MT of =1 second (the average MT in the aim-
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ing task), this suggests an average processing time of ~140-170 ms
per search item based on an average target location in the middle
of the array and a systematic search method.

15000

14000 4 1 —_—

13000

12000

11000 4

Search time (ms)

10000 4

9000 4

8000 4

Monocular vision

T
Binocular vision

Figure 3: The effect of visual condition on mean search time (ms). p<.05 (*), p<.01
(**), p<.001 (***), not significant (ns).

The coefficients (B) in Table 2 predicted the average ST (g, in
ms) and were fitted using an inverse Gaussian function. The in-
tercept (Bgst) estimated the average predicted performance in the
binocular vision condition was 12509 ms. The standard deviation
for its random effect (0pst), which indicates the variability in the
intercept across different participants, was equal to 2917 ms.

Table 2: Multilevel modelling estimates of the fixed and random effects of the visual
condition on mean search time (ms).

Fixed effects

Paramater Description M SE t SD
[95% Cls] B
B z:;:;teézesr:; J:cfer 12510 66.59 1879 -
osT . - [12380, 12640] = :
binocular vision
The effect of monocular 1880**
64.87 29.0 0.15
Bstec vision on pst [1750, 2010]
lRandom Random slopes
intercepts
SD of random intercept
OsTpp associated with each 2920 -
participant
SD of random slope
OsTmv associated with the effect of - 510
monocular vision
SD of random
OsTgrid intercept/slope associated 690 -
with the four grids
R? Variance attributed to fixed 0.08
marginal effects ’
R? Variance explained by fixed
- 1.00
conditional and random factors

Note: p<.05 (*), p<.01 (**), p<.001 (***).

There was a main effect of visual condition, Bgry., Whereby
monocular vision increased ST by 1881 ms (see Figure 3). This
suggests that monocular vision was associated with an increase
in processing time of 27 ms per search item based on an average

target location in the middle of the array and a systematic search
method (see discussion for further details). A random slope for
the effect of visual condition was estimated for each participant,
with the standard deviation of these slopes being 509 ms. There-
fore, in the present case, we concluded that the effect of visual
condition on ST was heterogeneous between participants as the
standard deviation of the random slope was 27% of the fixed effect
estimate for the visual condition. Further evidence for the hetero-
geneous nature of this effect comes from the relatively large size
of the R? conditional compared to the R2 marginal, i.e., 11.5 times
as much variance is attributed to between participant factors com-
pared with the fixed effect of the visual condition. The variability
in the random intercepts of the four grids had an estimated stan-
dard deviation of 688 ms.

Aiming task

Participants took approximately 130 seconds to complete the task
(120 trials), which varied depending on the visual condition (see
Figure 4).
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Figure 4: The effect of visual condition on mean response time (ms) in the aiming
task across the index of difficulty (ID).

The coefficients (8) in Table 3 predicted the mean RT (ugr, in
ms) and were fitted using a Gamma function. The intercept (BgrT),
estimating the average predicted performance in the binocular vi-
sion condition with a mean ID and RT, was 1062 ms. The standard
deviation for its random effect (0rrpp), which indicates the vari-
ability in the intercept across different participants, was equal to
86 ms.

There was a significant main effect of visual condition, Brrye,
whereby RTs increased by 40 ms under monocular vision (see Fig-
ure 4). A random slope for the effect of visual condition was es-
timated for each participant, with the standard deviation of these
slopes being 55 ms.

Discussion

The present study investigated whether a pair of simple online
tasks could accurately measure the effects of monocular viewing
on motor function. Monocular vision impaired performance in
simple visual search and visuomotor aiming tasks. Performance
in the visual search task (ST) was associated with performance on
the aiming task (RT), whereby longer STs were associated with
longer RTs. Therefore, ST was entered as a covariate when esti-
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mating the effect of the visual condition on RT in the aiming task.
Results showed that, after controlling for ST, monocular vision
was associated with increased RT. An increase in the ID was also
associated with increased RT. There was no significant interaction
between visual condition and ID.

Table 3: Multilevel modelling estimates of the fixed and random effects of the visual
condition, target distance and target size on mean response time (ms).

Fixed effects

Paramater Description M SE t SD
[95% Cls] B
Hrr intercept. The 1060
BorT egtimated RT under [1060, 1070] 1.79 593.82 —
binocular vision
The effect of monocular 40***
1.57 26.7 11
Brrvc vision on pgt [30, 40] 57 2675 0
The effect of the index of 70***
) 1.29 56.66 0.19
Brmia difficulty on pgr [70, 80]
The effect of the search 30***
1.39 27.73 0.10
Brret time on psr [20, 30]
The interaction of 0
Brmveta monocular vision and ID [0, 0] 121 046 -
Random
. ando Random slopes
intercepts
SD of random intercept
ORTpp associated with each 90 -
participant
SD of the random slope
ORTvc associated with the visual - 60
condition
SD of the random slope
ORTid associated with the index of - 10
difficulty
R? Variance attributed to fixed
. 0.43
marginal effects
R? Variance explained by fixed
- 1.00
conditional and random factors

Note: p<.05 (*), p<.01 (**), p<.001 (**).

Therefore, we can conclude that the effect of the visual condi-
tion on RT was heterogeneous between participants, as the stan-
dard deviation of the random slope was 138% of the fixed effect
estimate for the visual condition. Also, similar to the visual search
task, further evidence for the heterogeneous nature of this effect
is evidenced by the relatively large size of the R? conditional com-
pared to the R? marginal, i.e.,, 1.3 times as much variance is at-
tributed to between participant factors compared with the fixed
effects (including visual condition) entered into the model. There
was also a significant main effect of ID, where each additional in-
crease of one SD was associated with a 73 ms increase in RT, frrig-
The random slope associated with the ID had an SD of 14 ms.
There was no significant interaction between visual condition and
ID. Additionally, there was a main effect of ST, Brrst, whereby
each increase of one SD was associated with a 28 ms increase in
RT.

In the visual search task, monocular vision increased ST by
1881 ms, or 15.0%, compared to the full vision condition. This
effect is approximately half the size reported in previous studies,
22% to 37% (Black et al., 2021; Nagarajan et al., 2022). The dif-

ference in the effect size between the present study and previous
work may be due to task characteristics (e.g. in the present task,
the participants searched for the letter ”Y” in a grid of ”X"s com-
pared with creating a path through ascending numbers (Black et
al., 2021) or searching for a specific part of a real-world image (Na-
garajan et al., 2022)). However, it seems more likely that this effect
is due to the differences in participant characteristics. The present
study used individuals with normal binocular vision with one eye
covered. In contrast, the cited studies used individuals with am-
blyopia, a condition that begins at an early age and can impact the
development of the individual’s visual processing system. The
idea that interindividual differences can cause differences in per-
formance on a visual search task is supported in the present study,
as demonstrated by the relatively large size of the SD of the ran-
dom intercepts associated with each participant, osrpyp, and the R?
conditional compared to the intercept, ygr, and the R? marginal.

Nagarajan et al. (2022) found that the performance deficit asso-
ciated with amblyopia relative to the controls persisted when both
groups used only their fellow /dominant eye despite no difference
in the average VA of the groups. This effect suggests that ambly-
opia may also be associated with higher-order visual processing
deficits beyond the change to the clarity of their vision. In order
to complete a visual search task in the minimum amount of time,
participants would complete the task with a minimum number of
saccades and brief fixations. Eye tracking data revealed that whilst
the average fixation duration of the two groups was similar, the
amblyopia group would, more often than the controls, fixate on
the target before performing a saccade to, and fixation upon, the
extra-target area before performing another saccade to the target,
seemingly to perform a confirmatory fixation. A similar pattern of
eye movements has been reported when investigating the effect of
amblyopia on children’s reading performance (Kelly et al., 2017).
Nagarajan et al. (2022) proposed that the need for individuals with
amblyopia to make additional confirmatory fixations is linked to
a reduction in ”visual span” (the amount of information that can
be collected in one fixation (Frey & Bosse, 2018)). Evidence for
this comes from studies showing that performance on a percep-
tual learning task by individuals with amblyopia is better when
the visual environment is less crowded, i.e., individuals with am-
blyopia retain more task-relevant visual information when there
is less demand on the individuals’ visual processing systems.

While the participants in the present study all reported healthy
vision, this is not to say that they all performed equally. When
considering the effect of visual condition on ST, the magnitude of
the random effect was equal to 27% of the fixed effect, suggesting
that the effect of visual condition was heterogeneous across the
sample (Bolger et al., 2019), whereby monocular vision increased
ST by 1750 ms to 2010 ms in 95% of the participants. This variabil-
ity is most likely due to each participant having different levels
of anisometropia, which is the difference in VA between the eyes
(Vincent et al., 2014). As monocular vision was induced by asking
the participant to cover the non-dominant eye, it is logical that
participants with low levels of anisometropia show a larger vi-
sual deficit and, therefore, would also show a greater performance
deficit in the monocular vision condition, i.e., the STs of the partici-
pants with lower levels of anisometropia will increase by a greater
amount in the monocular vision condition compared to those with
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high levels of anisometropia. To confirm levels of anisometropia
in the sample as the cause of variability in task performance, we
need to develop reliable and validated tests of clinical measures of
vision for use online. The 2D nature of the online tasks limits the
stereoscopic aspects of the stimuli. Tests for contrast sensitivity
and visual acuity will provide additional insight into the effects
of visual conditions on motor function.

In the aiming task, monocular vision increased RT by 40 ms.
This small but significant effect suggests that online testing pro-
vides a valuable method for assessing the effects of visual deficits
on motor function. However, the pattern of results appears to
differ from the work completed by Wu et al. (2010). They pre-
sented evidence that the association between ID and MT weak-
ened as vision degraded. When the researchers further degraded
vision, MTs were shorter when the ID was larger (compared with
full monocular vision). The present study found no evidence that
the gradient associated with ID differed between binocular and
monocular vision.

There seem to be two possible explanations for this: (i) different
metrics or (ii) different task difficulty. To describe these in turn,
first, the aiming task in the present study used a measure of RT,
which also contains some time before the initiation of the move-
ment and is not a pure measure of MT. Despite controlling for the
effect of the visual condition on the participant’s performance in
the visual search task (ST) on RT, there will be some additional
variability in RT that is not present in the results presented by Wu
etal. (2010), which may be masking a possible interaction. Second,
Wu et al. (2010) found that the differences in slope between the vi-
sual conditions emerged at IDs equal to 5 and 6; the present study
had a maximum ID of 5.39, and the effect may have emerged if the
present study used stimuli with a higher ID.

When considering the main effect of ID on RT, rather than the
interaction effect between ID and visual condition on RT (as dis-
cussed in the previous paragraph), as predicted, RT increased with
ID; however, the effect size was far smaller than those reported in
pure Fitts’ law type tasks (for example, Wu et al. (2010)). Given
that the standardised beta of ID was 0.19, approximately 19% of
the variance in RT can be explained by ID. This is less than one-
quarter of what is typically reported in the literature for Fitts’
law-type tasks. This reduction is most likely due to the measure-
ment of RT used in the present study, which also included the
time taken for the participant to acknowledge the presentation of
the target stimuli, find the target on the screen, plan the move-
ment and execute the movement, rather than simply executing
the movement to the target, as per a typical Fitts” law task. How-
ever, the finding of a significant relationship between ID and RT
does confirm that online testing is a valid method for assessing
the effects of visual deficits on motor function. Including ID in
the model also assesses the effect of the visual condition on mo-
tor function more robustly since this isolates variance in RT due
to task characteristics, which otherwise may have been wrongly
attributed to the effects of monocular vision.

It is worth noting that the present study does face some poten-
tial limitations. First, the ocular dominance test was conducted at
a distance of approximately 2 m, whereas the experimental tasks
were conducted at approximately 0.6 m; therefore, ocular domi-
nance may have switched between the ocular dominance test and

the experimental tasks. Second, screen resolution and, therefore,
the image size will likely vary between participants. However, the
present study explored the feasibility of detecting visual effects
on motor function in an online setting where such variability is
inherent. By employing a within-subjects design, alongside mul-
tilevel modelling techniques and allocating each participant their
intercept, we accounted for individual differences in setup. While
this approach introduces variability, we believe it reflects the real-
world conditions we aimed to study. However, future iterations
of similar research paradigms may consider adding a calibration
task to standardise the procedure further, although the choice to
add additional tasks to future research must be balanced against
the accessibility demands of the present research program.

Online testing presents opportunities not only in research,
where it allows us to test individuals from a broad range of ages,
educational backgrounds, ethnicities and nationalities but also in
healthcare, where testing individuals remotely makes diagnosis
and treatment quicker for those individuals who otherwise may
struggle to access it (Li et al., 2021). To the authors” knowledge,
this is the first time that Fitts’ Law has been tested entirely re-
motely in an empirical study; therefore, presenting evidence that
this phenomenon is robust to the reduced control associated with
online testing provides robust evidence that online testing can be
used to assess the impact of vision on motor function.

Acknowledgements and financial support

We thank Charlotte Reilly, James Homer, and Megan Mulcahy for
collecting the data and the Leeds Doctoral Scholarship for fund-
ing the research. We would also like to thank Doctor Courtney
Goodridge for being a calm voice in the face of multilevel dilem-
mas.

© Copyright William E. A. Sheppard et al. This article is distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use and
redistribution provided that the original author and source are credited.

References

Anwyl-Irvine, A., Dalmaijer, E. S., Hodges, N., & Evershed, J. K. (2021). Realistic
precision and accuracy of online experiment platforms, web browsers, and devices.
Behavior Research Methods, 53(4), 1407—1425. https://doi.org/10.3758/s13428-
020-01501-5

Baker, D. H., Lygo, F. A., Meese, T. S., & Georgeson, M. A. (2018). Binocular sum-
mation revisited: Beyond V2. Psychological Bulletin, 144(11), 1186—1199. https://doi.
org/10.1037/bul0000163

Barnhoorn, J. S., Haasnoot, E., Bocanegra, B. R., & van Steenbergen, H. (2015).
QRTEngine: An easy solution for running online reaction time experiments using
Qualtrics. Behavior Research Methods, 47(4), 918-929. https://doi.org/10.3758/
$13428-014-0530-7

Bates, D., Maechler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software, 67, 1-48. https://doi.org/10.
18637/jss.v067.i01

Bauldry, S. (2015). Structural Equation Modeling. In J. D. Wright (Ed.), International
Encyclopedia of the Social & Behavioral Sciences (Second Edition) (pp. 615-620).
Elsevier. https://doi.org/10.1016/B978-0-08-097086-8.44055-9

Birch, E. E. (2013). Amblyopia and binocular vision. Progress in Retinal and Eye
Research, 33, 67-84. https://doi.org/10.1016/j.preteyeres.2012.11.001

Black, A. A., Wood, J. M., Hoang, S., Thomas, E., & Webber, A. L. (2021). Impact of
Amblyopia on Visual Attention and Visual Search in Children. Investigative Ophthal-
mology & Visual Science, 62(4), 15. https://doi.org/10.1167/iovs.62.4.15

doi:10.15626/sjovs.v18i1.4329 — ISSN: 1891-0890

Scandinavian Journal of Optometry and Visual Science


https://doi.org/10.3758/s13428-020-01501-5
https://doi.org/10.3758/s13428-020-01501-5
https://doi.org/10.1037/bul0000163
https://doi.org/10.1037/bul0000163
https://doi.org/10.3758/s13428-014-0530-7
https://doi.org/10.3758/s13428-014-0530-7
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/B978-0-08-097086-8.44055-9
https://doi.org/10.1016/j.preteyeres.2012.11.001
https://doi.org/10.1167/iovs.62.4.15

SJOVS, December 2025, Vol. 18, No. 1 — Scientific article

Bolger, N., Zee, K. S., Rossignac-Milon, M., & Hassin, R. R. (2019). Causal pro-
cesses in psychology are heterogeneous. Journal of Experimental Psychology. Gen-
eral, 148(4), 601-618. https://doi.org/10.1037/xge0000558

Campbell, F. W., & Green, D. G. (1965). Monocular versus binocular visual acuity.
Nature, 208(5006), 191-192. https://doi.org/10.1038/208191a0

Coday, M. P., Warner, M. A., Jahrling, K. V., & Rubin, P. A. D. (2002). Acquired
monocular vision: Functional consequences from the patient’s perspective. Oph-
thalmic Plastic and Reconstructive Surgery, 18(1), 56—63. https://doi.org/10.1097/
00002341-200201000-00009

Coull, J., Weir, P. L., Tremblay, L., Weeks, D. J., & Elliott, D. (2000). Monocular and
binocular vision in the control of goal-directed movement. Journal of Motor Behavior,
32(4), 347-360. https://doi.org/10.1080/00222890009601385

Crawford, J. D., Medendorp, W. P., & Marotta, J. J. (2004). Spatial transformations
for eye—hand coordination. Journal of Neurophysiology, 92(1), 10—19. https://doi.org/
10.1152/jn.00117.2004

Elliott, D., Hansen, S., Grierson, L. E. M., Lyons, J., Bennett, S. J., & Hayes, S. J.
(2010). Goal-directed aiming: Two components but multiple processes. Psychologi-
cal Bulletin, 136(6), 1023—1044. https://doi.org/10.1037/a0020958

Fitts, P. M. (1954). The information capacity of the human motor system in controlling
the amplitude of movement. Journal of Experimental Psychology, 47(6), 281-391.

Fitts, P. M., & Peterson, J. R. (1964). Information capacity of discrete motor re-
sponses. Journal of Experimental Psychology, 67(2), 103—112. https://doi.org/10.
1037/h0045689

Flanagan, J. R., Bowman, M. C., & Johansson, R. S. (2006). Control strategies in
object manipulation tasks. Current Opinion in Neurobiology, 16(6), 650—-659. https:
/Idoi.org/10.1016/j.conb.2006.10.005

Frey, A., & Bosse, M.-L. (2018). Perceptual span, visual span, and visual attention
span: Three potential ways to quantify limits on visual processing during reading.
Visual Cognition, 26(6), 412—429. https://doi.org/10.1080/13506285.2018.1472163

Fukui, T., & Inui, T. (2013). Utilization of visual feedback of the hand according to
target view availability in the online control of prehension movements. Human Move-
ment Science, 32(4), 580-595. https://doi.org/10.1016/j.humov.2013.03.004

Gonzalez, D. A., & Niechwiej-Szwedo, E. (2016). The effects of monocular viewing
on hand-eye coordination during sequential grasping and placing movements. Vision
Research, 128, 30—-38. https://doi.org/10.1016/j.visres.2016.08.006

Gonzélez, E. G., Lillakas, L., Lam, A., Gallie, B. L., & Steinbach, M. J. (2013). Hori-
zontal saccade dynamics after childhood monocular enucleation. Investigative Oph-
thalmology & Visual Science, 54(10), 6464—6471. https://doi.org/10.1167/iovs.13-
12481

Kelly, K. R., Jost, R. M., De La Cruz, A., Dao, L., Beauchamp, C. L., Stager, D., &
Birch, E. E. (2017). Slow reading in children with anisometropic amblyopia is associ-
ated with fixation instability and increased saccades. Journal of AAPOS: the official
publication of the American Association for Pediatric Ophthalmology and Strabismus,
21(6), 447-451.e1. https://doi.org/10.1016/j.jaapos.2017.10.001

Kuznetsova, A., Brockhoff, P. B., & Christensen, R. H. B. (2017). ImerTest package:
Tests in linear mixed effects models. Journal of Statistical Software, 82(13), 1-26.
https://doi.org/10.18637/jss.v082.i113

Li, J.-P. O., Liu, H., Ting, D. S., Jeon, S., Chan, R. P, Kim, J. E., Sim, D. A., Thomas,
P. B., Lin, H., Chen, Y., Sakomoto, T., Loewenstein, A., Lam, D. S., Pasquale, L. R.,
Wong, T. Y,, Lam, L. A,, & Ting, D. S. (2021). Digital technology, tele-medicine and
artificial intelligence in ophthalmology: A global perspective. Progress in Retinal and
Eye Research, 82, 100900. https://doi.org/10.1016/j.preteyeres.2020.100900

Loftus, A., Servos, P., Goodale, M. A., Mendarozqueta, N., & Mon-Williams, M.
(2004). When two eyes are better than one in prehension: Monocular viewing and
end-point variance. Experimental Brain Research, 158(3), 317-327. https://doi.org/
10.1007/s00221-004-1905-2

Lorah, J. (2018). Effect size measures for multilevel models: Definition, interpreta-
tion, and TIMSS example. Large-scale Assessments in Education, 6(1), 8. https:
/Idoi.org/10.1186/s40536-018-0061-2

Lyons, J., Hansen, S., Hurding, S., & Elliott, D. (2006). Optimizing rapid aiming be-
haviour: Movement kinematics depend on the cost of corrective modifications. Ex-
perimental Brain Research, 174(1), 95-100. https://doi.org/10.1007/s00221-006-
0426-6

Maas, C., & Snijders, T. (2003). The multilevel approach to repeated measures for
complete and incomplete data. Qual Quant, 37, 71-89. https://doi.org/10.1023/A:
1022545930672

Mirza, G. D., Okka, M., Mirza, E., & Belviranli, S. (2021). The causes and frequency
of monocular and binocular blindness in adults applying to the health committee of
a university hospital in Central Anatolia. Turkish Journal of Ophthalmology, 51(5),
282-287. https://doi.org/10.4274/tjo.galenos.2020.88120

Nagarajan, K., Luo, G., Narasimhan, M., & Satgunam, P. (2022). Children with ambly-
opia make more saccadic fixations when doing the visual search task. Investigative
Ophthalmology & Visual Science, 63(13), 27. https://doi.org/10.1167/iovs.63.13.27

Niechwiej-Szwedo, E., Colpa, L., & Wong, A. (2023). The role of binocular vision in
the control and development of visually guided upper limb movements. Philosophi-
cal Transactions of the Royal Society B: Biological Sciences, 378(1869), 20210461.
https://doi.org/10.1098/rstb.2021.0461

Niechwiej-Szwedo, E., Goltz, H. C., Chandrakumar, M., Hirji, Z. A., & Wong, A. M. F.
(2010). Effects of anisometropic amblyopia on visuomotor behavior, I: Saccadic
eye movements. Investigative Ophthalmology & Visual Science, 51(12), 6348—6354.
https://doi.org/10.1167/iovs.10-5882

Ono, H. (1979). Axiomatic summary and deductions from Hering’s principles of vi-
sual direction. Perception & Psychophysics, 25(6), 473—477. https://doi.org/10.3758/
BF03213825

Ono, H., & Mapp, A. P. (1995). A restatement and modification of Wells-Hering’s laws
of visual direction. Perception, 24(2), 237-252. https://doi.org/10.1068/p240237

R Core Team. (2021). R: A language and environment for statistical computing. https:
/lwww.R-project.org/.

Raftery, A. E. (1995). Bayesian model selection in social research. Sociological
Methodology, 25, 111-163. https://doi.org/10.2307/271063

Rombouts, S. A. R. B., Barkhof, F., Sprenger, M., Jaap Valk, & Scheltens, P. (1996).
The functional basis of ocular dominance: Functional MRI (fMRI) findings. Neuro-
science Letters, 221(1), 1-4. https://doi.org/10.1016/S0304-3940(96)13260-2

Sheppard, W. E. A., Dickerson, P., Baraas, R. C., Mon-Williams, M., Barrett, B. T.,
Wilkie, R. M., & Coats, R. O. (2021). Exploring the effects of degraded vision on sen-
sorimotor performance. PLOS ONE, 16(11), e0258678. https://doi.org/10.1371/
journal.pone.0258678

Tsirlin, I., Colpa, L., Goltz, H. C., & Wong, A. M. F. (2018). Visual search deficits in
amblyopia. Journal of Vision, 18(4), 17. https://doi.org/10.1167/18.4.17

Vera, J., Molina, R., Cardenas, D., Redondo, B., & Jiménez, R. (2020). Basketball
free-throws performance depends on the integrity of binocular vision. European Jour-
nal of Sport Science, 20(3), 407—-414. https://doi.org/10.1080/17461391.2019.
1632385

Vincent, S. J., Collins, M. J., Read, S. A., & Carney, L. G. (2014). Myopic ani-
sometropia: Ocular characteristics and aetiological considerations. Clinical and Ex-
perimental Optometry, 97(4), 291-307. https://doi.org/10.1111/cx0.12171

Wagenmakers, E.-J., & Brown, S. (2007). On the linear relation between the mean
and the standard deviation of a response time distribution. Psychological Review,
114(3), 830-841. https://doi.org/10.1037/0033-295X.114.3.830

Wu, J., Yang, J., & Honda, T. (2010). Fitts’ law holds for pointing movements under
conditions of restricted visual feedback. Human Movement Science, 29(6), 882—-892.
https://doi.org/10.1016/j.humov.2010.03.009

doi:10.15626/sjovs.v18i1.4329 — ISSN: 1891-0890

Scandinavian Journal of Optometry and Visual Science


https://doi.org/10.1037/xge0000558
https://doi.org/10.1038/208191a0
https://doi.org/10.1097/00002341-200201000-00009
https://doi.org/10.1097/00002341-200201000-00009
https://doi.org/10.1080/00222890009601385
https://doi.org/10.1152/jn.00117.2004
https://doi.org/10.1152/jn.00117.2004
https://doi.org/10.1037/a0020958
https://doi.org/10.1037/h0045689
https://doi.org/10.1037/h0045689
https://doi.org/10.1016/j.conb.2006.10.005
https://doi.org/10.1016/j.conb.2006.10.005
https://doi.org/10.1080/13506285.2018.1472163
https://doi.org/10.1016/j.humov.2013.03.004
https://doi.org/10.1016/j.visres.2016.08.006
https://doi.org/10.1167/iovs.13-12481
https://doi.org/10.1167/iovs.13-12481
https://doi.org/10.1016/j.jaapos.2017.10.001
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1016/j.preteyeres.2020.100900
https://doi.org/10.1007/s00221-004-1905-2
https://doi.org/10.1007/s00221-004-1905-2
https://doi.org/10.1186/s40536-018-0061-2
https://doi.org/10.1186/s40536-018-0061-2
https://doi.org/10.1007/s00221-006-0426-6
https://doi.org/10.1007/s00221-006-0426-6
https://doi.org/10.1023/A:1022545930672
https://doi.org/10.1023/A:1022545930672
https://doi.org/10.4274/tjo.galenos.2020.88120
https://doi.org/10.1167/iovs.63.13.27
https://doi.org/10.1098/rstb.2021.0461
https://doi.org/10.1167/iovs.10-5882
https://doi.org/10.3758/BF03213825
https://doi.org/10.3758/BF03213825
https://doi.org/10.1068/p240237
https://www.R-project.org/.
https://www.R-project.org/.
https://doi.org/10.2307/271063
https://doi.org/10.1016/S0304-3940(96)13260-2
https://doi.org/10.1371/journal.pone.0258678
https://doi.org/10.1371/journal.pone.0258678
https://doi.org/10.1167/18.4.17
https://doi.org/10.1080/17461391.2019.1632385
https://doi.org/10.1080/17461391.2019.1632385
https://doi.org/10.1111/cxo.12171
https://doi.org/10.1037/0033-295X.114.3.830
https://doi.org/10.1016/j.humov.2010.03.009

SJOVS, December 2025, Vol. 18, No. 1 — Scientific article

Ett oye pa premien: Effekten av monokulaert
syn pa sikteresponser

Sammendrag

Evnen til & bevege hdnden raskt og neyaktig mot et mal er en
grunnleggende ferdighet som er avgjerende i mange daglige ak-
tiviteter, f.eks. néar en skriver eller skal tre en ndl. Laborato-
rieforskning har vist at tiden det tar & fullfere en sikteoppgave (re-
sponstiden) er proporsjonal med oppgavens vanskelighetsgrad;
dette forholdet svekkes om kvaliteten p4 visuell informasjon blir
forringet (Wu et al., 2010). Studier har ogsé vist at nar en bruker
kun ett oye (monokulert syn) vil en bruke lenger tid p& & bevege
handen nér en utferer en sikteoppgave sammenlignet med nér
en bruker begge synene (binokuleert syn) (W. E. A. Sheppard et
al., 2021). Til tross for disse verdifulle funnene, sé er ikke labo-
ratorietesting alltid mulig & gjennomfere pga. ulike logistiske ut-
fordringer, f.eks. om en ensker a rekruttere fra vanskelig tilgjen-
gelige populasjoner. Slike mulige utfordringer kan en lose ved &
introdusere nettbaserte tester, om testene er tilstrekkelig sensitive
til ogsé & registrere om personen som testes har et synsproblem
som kan pévirke motorisk funksjon. Denne studien hadde som
mal 4 teste (i) om monokuleert syn forer til gkning i responstid
sammenliknet med binokuleert syn og (ii) muligheten til & bruke
enkle, nettbaserte tester for & undersoke forholdet mellom visuell
og motorisk funksjon.

Ved a bruke en datamus eller pekeplate for a peke pa objekter pa
skjermen sa raskt som mulig, fullferte 65 deltakere (i alderen 18-77
ar) (i) en visuell sekeoppgave (flytting ar musepeker til et objekt
som var skjult i et rutenett av distraktorer) og (ii) en enkel visuell-
motorisk sikteoppgave (flytting av musepeker til ulike bestemte
objekter av varierende storrelse/avstand). Deltakerne fullferte
begge oppgavene, binokuleert eller monokuleert, pa sin egen data-
maskin via en nettbasert tjeneste.

Resultatene viser at visuell seketid og sikteoppgavens respon-
stid okte betydelig under monokuleere forhold (henholdsvis=1,8 s
og =40 ms). Dette viser at en enkel, nettbasert sikteoppgave kan
veere egnet for & teste effekten av synsforstyrrelse pa motorisk
funksjon.

Nokkelord: monokuleert syn, sikting, visuelt sok, nettbasert testing

Un occhio sul premio: L’'Impatto della
visione monoculare sui compiti di
puntamento

Riassunto

La capacita di muovere la mano in modo rapido e preciso verso
un bersaglio & un’abilita essenziale alla base di molte attivita della
vita quotidiana, come scrivere o infilare un ago. La ricerca di lab-
oratorio ha precedentemente dimostrato che il tempo impiegato
per completare un compito di puntamento & proporzionale alla
difficolta del compito; tuttavia, la forza di questa relazione sem-
bra ridursi all’aumentare del degrado della qualita dell’input vi-
sivo (Wu et al.,, 2010). Inoltre, vi sono evidenze che, rispetto alla
visione binoculare, la visione monoculare comporti un generale
incremento del tempo di movimento nei compiti di puntamento
(W. E. A. Sheppard et al., 2021). Nonostante queste preziose scop-
erte, le difficolta logistiche (ad esempio, il reclutamento di popo-
lazioni difficili da raggiungere) rendono i test in laboratorio comp-
lessi o addirittura impraticabili. Queste criticita potrebbero essere
superate mediante I'adozione di test online, a condizione che essi
siano sufficientemente sensibili nel rilevare con precisione i deficit
visivi. Il presente studio si proponeva di esaminare (i) se la visione
monoculare fosse associata a un aumento del tempo di risposta e
(ii) 1a fattibilita dell’uso di semplici test online per esplorare la re-
lazione tra funzione visiva e motoria.

Sessantacinque partecipanti (di eta compresa tra 18 e 77 anni)
hanno completato due attivita online utilizzando un mouse o
un touchpad per spostarsi il pitt rapidamente possibile verso i
bersagli: (i) un compito di ricerca visiva (raggiungere un bersaglio
all'interno di una griglia di distrattori) e (ii) un compito di pun-
tamento visuo-motorio di base (raggiungere bersagli di dimen-
sioni e distanze variabili). I partecipanti hanno eseguito entrambi
i compiti sia in condizioni di visione binoculare che monoculare.

II tempo di ricerca visiva e il tempo di risposta nel compito
di puntamento sono aumentati significativamente con la visione
monoculare (=1,8 s e =40 ms, rispettivamente).

Questi risultati suggeriscono che un semplice compito di pun-
tamento online pud rappresentare uno strumento adeguato per
indagare gli effetti di un deficit visivo sulla funzione motoria.

Parole chiave: visione monoculare, puntamento, ricerca visiva, test on-
line
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Abstract

Stroke patients are not routinely screened for visual deficits de-
spite recommendations on the importance of vision for safety
and design of rehabilitation plans. The aim was to examine if
it was feasible to expose rehabilitation patients to vision screen-
ing. Secondly, we aimed to examine the agreement between the
vision screening and items from a neurological stroke screening
tool specifically targeting vision and neglect.

Over a period of 6 months, patients arriving at a rehabilita-
tion unit after having had a stroke were consecutively included.
Data on aetiology, severity, and location of the stroke, time
since the original admission, scores on the National Institutes
of Health Stroke Scale (NIHSS), and results from a short screen-
ing/observation battery were registered. Cohen’s kappa was cal-
culated to examine the agreement between results from the screen-
ing/observation battery and NIHSS items.

Nighty-six percent of the patients were able to undergo screen-
ing of basic visual functions. Impairment was found in 52% of
the patients, and 67% of these showed impairment in more than
one function. Visual impairment occurred for all levels of stroke
severity. Reduced distance visual acuity was found in 15% of all
patients. Accordance between the screening/observation battery
and NIHSS items varied between ¥ =0.36 and x=0.64. Screening
battery vs NIHSS items showed impairment in 31% vs. 21% of pa-
tients for oculomotor deficits, 31% vs. 34% for visual field deficits
and 31% vs. 29% for neglect.

Results show that patients are assessable for basic visual func-
tions early in the rehabilitation process. Items from the NIHSS
cannot replace a dedicated vision screening tool because they ex-
clude essential functions such as visual acuity, and oculomotor
deficits may go undetected. Only the visual field assessment
indicates substantial agreement and high sensitivity. Regard-
ing stroke severity, agreement was substantial only in the severe
group. In summary, we conclude that the NIHSS items cannot be
recommended to replace systematic screening of visual function

and neglect.

Keywords: visual impairment, stroke, vision screening, neurorehabilita-
tion, NIHSS

Introduction

Impairment of visual function occurs in up to 60% of stroke sur-
vivors in the early subacute phase (Ali et al., 2013; Rowe, 2013;
Rowe, Hepworth, et al., 2020). The importance of early visual as-
sessment, preferably shortly after hospitalisation, is stressed by
findings indicating that visual impairment increases the risk of
falls, reduces participation in and the benefit of rehabilitation,
and decreases independence in daily activities (e.g. dressing, ma-
noeuvring wheelchairs, reading, using mobile phones) (Kerkhoff,
2000; Norup et al., 2016; White et al., 2015). Asking the patients
themselves about visual impairment has been shown to be of
limited value as answers do not provide reliable status descrip-
tions due to the unawareness of deficits, denial of impairment,
inability to describe impairment, or unspecific questions by staff
(Berthold-Lindstedt et al., 2021; Falkenberg et al., 2020).

Despite the importance of visual functioning and recommen-
dations in clinical guidelines, screening of functions is still not
routinely applied in neither stroke nor rehabilitation units (NICE,
2013; Rowe et al., 2019; Schow et al., 2024). This may be due to
time constraints, insufficient understanding of the impairment’s
impact, absence of brief and basic screening tools at rehabilitation
sites, or uncertainty about which functions to prioritise when pa-
tients have complex needs and multiple impairments (Pollock et
al., 2012; Rowe, Hepworth, Howard, Hanna, & Helliwell, 2022;
Vancleef et al., 2022). Clinicians may further meet obstacles such
as patients’ fatigue, language impairment, postural difficulties,
limited response capability, or cognitive impairment (Kerkhoff,
2000; Roberts et al., 2016; Schow et al., 2024; Wehling et al., 2024).

Warren (Warren, 1993a; 1993b) stressed the importance of ex-
tensive assessment of visual function after brain injury. Yet, she
suggested that assessing basic visual skills, i.e. oculomotor func-
tion, visual fields and visual acuity, prior to higher level functions
such as visual scanning, attention, pattern recognition, and visual
memory, since deficits in basic skills could affect higher level func-
tions (de Haan et al., 2020; Warren, 1993a; 1993b). This bottom-up
approach could initiate referral to vision specialist to verify diag-
nosis and instigate treatment.

Upon admittance to stroke or rehabilitations units, patients are
routinely examined for neurological deficits. A frequently used
screening tool is applied; the National Institutes of Health Stroke
Scale (NIHSS) (Brott et al., 1989), which contains items assess-
ing visual domains, i.e. horizontal gaze disorders and visual field
deficits. A third item assesses neglect/inattention, characterised
by inattention towards the contra-lesional hemisphere, indepen-
dent of the direction of gaze. Using the NIHSS, Ali et al. (2013)
found that visual impairment was reported in 61% of stroke pa-
tients in the acute phase, with 28% still showing impairment at 30
days and 21% at 90 days follow-up. The NIHSS has been criticised
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for not being usable as the only vision screening tool due to prob-
lems in detecting impairment of central vision and eye movement
disorders (Hanna et al., 2017). Existing studies often report NIHSS
findings focusing on location of the stroke (left versus right hemi-
sphere, posterior versus anterior) or on sex differences (Barrett et
al., 2007; Lyden et al., 1999; Tao et al., 2012). Regarding visual
impairment, these studies either focus on one item or combine
items based on factor analysis. Studies comparing NIHSS scores
with subtests from more comprehensive screening tools such as
the Brain Injury Visual Assessment Battery for adults (biVABA)
(Warren, 2006), which is frequently available in rehabilitation set-
tings, are still missing.

The aim of this study was to explore if it is feasible to expose pa-
tients admitted to inpatient rehabilitation to a short vision screen-
ing battery, including assessment of visual acuity, visual field and
oculomotor functions. Screening of neglect/inattention was in-
cluded due to the high occurrence in stroke patients and the over-
lap of symptoms with visual field deficits (Nyffeler et al., 2017;
Ringman et al., 2004). The second aim was to analyse the agree-
mentbetween the short vision screening / observation battery with
results from the NIHSS. The results may help clinicians to decide
which patients should be exposed to extensive assessment and re-
ferral to vision specialists as suggested by guidelines.

Methods

Participants

Patients admitted from two hospitals with acute stroke units
were consecutively included after admission to the Depart-
ment of Physical Medicine and Rehabilitation at the Haukeland
University Hospital Bergen, Norway. Inclusion criteria were
age = 18 years and the ability to be awake and sit upright
(wheelchair / chair) for approximately 20 minutes. Informed con-
sent was obtained from the patient him-/herself or from a next
of kin in cases where the patient’s ability to communicate or their
cognitive ability was reduced. The study was approved by the
Western Regional Ethics Committee (REK 2018\ 903) and was con-
ducted in accordance with the declaration of Helsinki (World
Medical Association, 2018).

Measures

Medical data

Demographical and medical data were collected from each pa-
tient’s medical journal, including age and gender, and aetiology,
location and severity of stroke. Variables regarding visual func-
tion were registered, including ptosis, glaucoma, cataract, dia-
betic retinopathy, macular degeneration, strabismus, and use of
visual aids/ glasses/lenses before the stroke. The NIHSS (Brott et
al., 1989) was scored upon arrival to the rehabilitation unit by the
physician in charge.

Time of assessment
The time interval between stroke and vision screening was regis-
tered.

Vision screening procedure

Three short tests from the basic level of Warren’s hierarchical
model of visual-spatial abilities (Warren, 2006) were chosen, i.e.
distance visual acuity, oculomotor control, and visual fields. Two

experienced occupational therapists conducted the vision screen-
ing, which took approximately 15-20 minutes.

Vision screening battery

Visual acuity

Visual acuity was assessed using the Intermediate Acuity Test
Chart from the biVABA (Warren, 2006). The patient sat one me-
tre from the test chart wearing his/her own glasses, if indicated,
and read the numbers on the chart aloud. The outcome was de-
termined by the Snellen and metric fractions for the last row in
which the patient accurately identified at least three out of five
letters. Patients with aphasia were tested with the LEA-acuity
test with symbols and pointed out the corresponding symbol on a
sheet (Hyvérinen et al., 1980). Low vision was defined according
to WHO's standards (Snellen acuity less than < 20/60) (Steinmetz
et al., 2021).

Oculomotor control

Oculomotor control was assessed using the Binocular Smooth
Pursuit Eye Movements from the biVABA (Warren, 2006). The
penlight was held vertically, and the patient was instructed to fo-
cus on the light at the tip of the penlight. The penlight was moved
slowly and smoothly in an arc through the nine cardinal directions
of gaze (left, right, up, down and 45° diagonals) while maintaining
approximately 40 cm distance from the patient. The results were
recorded as “normal” when the patient was able to follow the pen
in all directions, or “impaired” when the patient had difficulties
following the pen or had a deviated eye position for more than
approximately 2 seconds.

Visual field test

The patient sat vis-a-vis a staff member and was requested to fo-
cus on the person’s face. A second staff member was positioned
behind the patient. A red ball (the size of a tennis ball) was moved
from behind the patient’s head into his/her visual field at eye
height until a 70° angle from fixation was reached (according to
an angle meter fixed in the ceiling). The patient was instructed to
indicate (by saying “now” or raising his/her hand) when he/she
detected the ball. Three attempts for each side were registered.
The results were recorded as “normal” (responding all three times
to either side) or “visual field deficit” (VFD) when the ball was not
detected two or more times (either left or right).

Neglect/visual inattention

Since brain injury often causes visual neglect co-occurring with vi-
sual deficits, and due to the timely assessment after admission and
occurrence of hemiparesis of upper extremities, the presence of
neglect was based on occupational therapists’ observations. Ne-
glect/inattention in at least two daily activities (e.g. dressing, eat-
ing, personal hygiene, colliding with/into objects) in addition to
gaze deviation had to be observed for the presence of neglect to
be registered.

National Institutes of Stroke Scale

The NIHSS is a systematic assessment tool providing a quantita-
tive measure of stroke-related neurologic deficit. In this study,
a 13-item Norwegian version was used to assess levels of con-
sciousness, eye movements, visual-fields, motor strength (face,
arm, leg), ataxia, sensory loss, language, speech, and neglect
(Thomassen et al., 2011). Stroke severity was indicated by the fol-
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lowing intervals: 1-4 = minor, 5-14 = moderate, 15-24 = severe,
and > 25 = very severe stroke.

For the analysis in this study, three items from the NIHSS re-
lating to visual deficits and neglect were used. These comprised:
Best gaze (item 2; Eyes open — patient follows examiner’s finger
or face; 0 = normal, 1 = partial gaze palsy, 2 = forced deviation),
Visual fields (item 3: introduce stimulus/threat to patient’s visual
field quadrants; 0 = no visual field loss, 1 = partial hemianopia,
2 = complete hemianopia, 3 = bilateral hemianopia [blind]), and
Inattention/Neglect (item 11; using Donders confrontation test, the
patients covers his/her one eye with his/her hand). The examiner
sits directly across from the patient and asks the patient to direct
his/her gaze to the corresponding eye of the examiner. The ex-
aminer moves a target (finger/hand) from outside the visual field
slowly into a central position until the patient reports seeing the
target. Each eye is tested independently. Scores: 0 = no neglect,
1 = visual neglect, 2 = neglect occurred in visual and one other
modality.

Data analysis

Analysis was conducted using IBM SPSS Statistics (Version 27).
Descriptive statistics (Mean [M], Standard deviation [SD] and
percentage [%]) were used to describe the sample characteristics
and frequencies. Fisher’s Exact Test was used to examine cate-
gorical data and Kruskal-Wallis tests were used for comparisons
of continuous data. Cohen’s kappa measure of agreement was
calculated to evaluate the agreement between results from three
items from the NIHSS and the vision screening/observation bat-
tery. The values of agreement have been defined as < 0.2 mild,
0.21-0.4 fair, 0.41-0.6 moderate, and 0.61-0.8 substantial. All anal-
yses were two-tailed, and the alpha level was set at p<0.05.

Results

In total, 52 patients were included. The average age was 67 years
(SD =9; range 49-83 years) and 56% of the sample were men. In
46% of the patients the lesion was located in the right hemisphere,
in 50% it was in the left hemisphere, and 4% had bilateral lesions.
For 77% of the patients the stroke was ischaemic and for 23% it
was haemorrhagic. Thirty-five percent (n = 18) presented with
language difficulties (aphasia and/or verbal apraxia). Based on
NIHSS scores, 48% (n = 25) had a minor, 35% (n = 18) a moder-
ate, and 17% (n = 9) a severe stroke. Sample characteristics are
presented in Table 1.

Screening visual functioning and neglect

Feasibility of assessment with vision screening battery

Fifty patients (96%) were able to undergo the complete vision
screening. Two were not assessed with the visual acuity test, one
who was not able to respond to stimulus material due to severe
speech difficulties and one who expressed severe diplopia and
was not able to focus on the Snellen chart. The timepoint for vision
screening varied between 1 and 68 days (M =21, SD =11, Median
=20) after the stroke. Sixty-four percent were screened within the
first week after arrival at the rehabilitation unit, all were screened
within the first 12 days.

Table 1: Sample characteristics and clinical variables upon admission to the rehabil-
itation unit.

Range
Age (years), M (SD) 66.7 (9.1) 49-83
NIHSS total admission rehabilitation, M (SD) 7.6 (6.5) 0-24
Length of stay at acute ward (days), M (SD) 12 (9) 3-55
:::Tezsler:;f::alsltlll::;: (\cl;:;:)l M (SD) 22(1 6-61
Sex, n (male/female) 34/18
Type of stroke, n (ischaemic/haemorrhagic) 40/12
Location, n (left/right/bilateral) 26/24/2
Aphasia, n 18
Eye disease before admission, n 12
Use of visual aids (glasses, contact lenses) before 47

injury, n

Vision screening results

Of the sample, 52% (n = 27) of patients showed deficits on any of
the tests from the vision screening battery and the neglect identifi-
cation. Fifteen percent of the sample (1 = 8) had low vision (visual
acuity <20/60), 31% (n =16) showed oculomotor deficits, and 31%
(n=16) had visual field deficits. Visual neglect occurred in 29% (n
=15). Analysis indicated no significant sex differences and no dif-
ferences regarding lesion site for visual impairment. For patients
registered with neglect, the stroke was more often in the right than
in the left hemisphere (x?= 13.9; p < 0.01). Grouped by stroke
severity, 48% (n = 12) with a minor, 44% (n = 8) with a moderate
and 77% (n = 7) with a severe stroke demonstrated visual impair-
ment. Sixty-seven percent of the patients demonstrated impair-
ment in more than one function (see Figure 1). Analysis indicated
that strokes with greater severity were more likely to cause some
form of visual impairment (H = 5.48 [2], p < 0.07).

NIHSS score on three items

According to the three NIHSS items, 54% of the patients had
deficits in any of the three selected items. Approximately 44% (n
= 23) were scored to have visual field deficits, 37% (n = 19) had
inattention /neglect, and 21% (n = 11) showed gaze deficits. Nine-
teen percent (n = 10) demonstrated impairment on one item, 23%
(n =12) on two, and 12% (n = 6) on all three items.

Agreement of NIHSS items and vision screening/observation
battery

Table 2 shows the number of patients with impairment on the vi-
sion screening/observation battery and the NIHSS items for the
three stroke severity groups.

The agreement for individual items and stroke severity groups
are shown in Table 3. The overall agreement between NIHSS and
the vision screening/ observation battery had a kappa value of 0.5.
This related to both high false negatives and false positives. Sensi-
tivity was 77% and specificity 72%. For the individual items of the
two methods, the highest level of agreement occurred for the vi-
sual field assessment (x = 0.64). Neglect revealed a fair agreement
( =0.53). The lowest level of agreement occurred for oculomotor
deficits (x = 0.36). This related to a high number of false negatives,
which means that patients did not show impairment on the NIHSS
item, whereas they did on the vision screening/observation bat-
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tery. The visual field assessment and the neglect assessment re-
vealed a high number of false positives, which means the patients
were scored as impaired with the NIHSS assessment but not with
the vision screening battery.

VFD + Neglect
2

VAD + VFD +
Neglect
2

VAD + OMD +
VFD
1

Minor stroke

VFD + Neglect
1

VAD + VFD
+ Neglect

1
OMD + VFD +

Neglect
2

OMD + VFD

Moderate stroke

OMD + VFD +
Neglect
2

Severe stroke

OMD + VFD
2

VFD

Figure 1: Combination of visual deficits based on the visual screening/observation
battery. VAD = Visual acuity deficit, OMD = Oculomotor deficit; VFD = Visual field
deficit.

Table 2: Agreement between the visual screening/observation battery (VS/OB) and
NIHSS items grouped by stroke severity.

Minor stroke Moderate stroke Severe stroke

(n=25) (n=18) (n=9)
'\i‘tlt:r?: VS/OB T;?: VS/OB I’;‘;:i VS/OB
Visual acuity deficit - 5 - 1 - 2
Oculomotor deficit 1 4 3 5 7 7
Visual field defect 8 6 7 5 8 5
Neglect 4 6 8 5 7 4

Numbers refer to the number of patients.

For the stroke severity group, analysis revealed low agreement
in the group with moderate severity (x = 0.24) and fair agreement
in minor and severe groups. In the minor stroke group reduced
agreement was due to false negatives, whereas in the moderate
stroke group low agreement was due to false positives. Sensitiv-
ity and specificity varied between 66% and 92%.

Table 3: Summary of agreement between NIHSS and vision screening/observation
battery for individual components and stroke severity (false positives and negatives,
K, sensitivity and specificity, and positive- and negative-predictive values).

Agree- False False Kappa

ment  neg. pos. [95% CI] Sens. Spec. PPV NPV
. 0.50
o o L] ‘o
Impairment 39 6 [0.26, 0.74] 77% 72% 75% 75%
dO;LiJ:i)tmotor 39 9 ‘o Og'ag 65 % 89% 64% 78%
Z":ftl‘t' field 45 1 8 42'63 g5 9% 7% 65% T8%
0.53
Neglect 41 3 8 020077 0% 60% 60% 80%
gmg 20 4 L 2(;'5(? oo O0% 92% 88% 75%
gfjkzate 1 2 [7001'240 66) 75% 0% 54% 71%
zf;';e 8 0 o 02'611 oo 100% 50% 8% 100%
Discussion

The aim was to examine the feasibility of a short vision screen-
ing/observation battery and to investigate the agreement of re-
sults from this battery with items from the NIHSS, a common neu-
rological screening instrument that contains items of visual func-
tion and neglect.

Our results demonstrate that most patients were able to un-
dergo vision screening using established methods in rehabilita-
tion, i.e. subtests from the biVABA. Impaired visual function and
neglect/inattention were found in about half of all patients using
a vision screening/observation battery. Two thirds of these pa-
tients demonstrated deficits in more than one visual function. The
agreement of results from the vision screening/observation bat-
tery and the NIHSS varied between fair and substantial. Likewise,
sensitivity and specificity for individual items and stroke severity
groups varied.

Our results, showing that vision screening was viable in 96%
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of the patients admitted to rehabilitation units, even those with
severe stroke or with aphasia, are notable and important for clin-
icians working in rehabilitation. More than half of the patients in
our sample were screened within the first week after arriving at
the rehabilitation unit, and all were assessed within the first fort-
night. Due to this early screening, patients could be referred to
vision specialists as soon as they were considered capable of un-
dergoing an extensive assessment. Safety issues at the unit could
be addressed, potentially preventing falls or bumping into ob-
jects. Moreover, the screening results could be considered in the
interdisciplinary rehabilitation plan both at the inpatient unit and
at follow-up after discharge. Although starting visual training
is not recommended until after consultation with vision special-
ist (Roberts et al., 2016), for some patients the process of becom-
ing aware of their visual impairment, learning about the conse-
quences, and compensating for the deficit may be started imme-
diately after the screening. Only two patients were not able to un-
dergo distance acuity screening. One of these patients had aphasia
which is often a barrier in assessments. The oculomotor and visual
field assessments had instructions that were intuitive or could be
supported by signs, which may have made them easier to perform
than the visual acuity test.

The vision screening/ observation battery indicated that more
than half of the sample had some kind of visual impairment or
neglect, and that most patients have impairment in more than one
visual function. We found a trend indicating that the more severe a
stroke was, the more likely it was to cause visual impairment. This
is in accordance with earlier reports (Rowe, Hepworth, Howard,
Hanna, et al., 2020) and the missing statistical significance may be
explained by a small group size for patients with severe stroke.

The agreement between the NIHSS items and results from the
screening battery varied considerably. Lowest agreement was
found for the oculomotor item. Analysis revealed low sensitiv-
ity and a high number of false positives. This is important to
consider. Eight patients who showed oculomotor impairment
on the screening/observation battery were overlooked by the
NIHSS. The shortcoming of detecting such impairment should be
avoided, regardless of whether it occurs as the only impairment
or in combination with others. Oculomotor function is highly im-
portant for all visual functioning and since these functions may
improve through training (Watabe et al., 2019) the NIHSS item is
not sufficient to satisfactorily assess this function and an extended
screening as performed in the screening battery seems indicated.

The agreement for neglect and visual field varied between
moderate (neglect) and substantial (visual field). The detection
of VFD after stroke is important since it impacts grooming, feed-
ing, work and family life, and is associated with fear, loss of confi-
dence and avoidance (Hazelton et al., 2019; Rowe, 2017). Despite
a high sensitivity for the visual field item (94%), specificity was
somewhat low (77%) and for the neglect item, both sensitivity and
specificity were low (< 80). For both items, there was a high num-
ber of false positives, indicating that impairment was found on
the NIHSS item but not on the screening battery. Of these false
positives, four showed impairments on a combination of other
functions in the screening battery including neglect, oculomotor
and visual acuity. One showed only a visual acuity deficit. This
underlines the importance of further referral and clarification of

multiple conditions through an orthoptic examination.

It is noteworthy that in both the NIHSS and the screening bat-
tery symptoms of visual field deficits and neglect co-occurred in
almost half of the patients. Since neglect and visual field deficits
are functionally distinct disorders, with differing lesion localisa-
tion, observable behaviour and prognosis (Halligan et al., 1990;
Mueller-Oehring et al., 2010; Ting et al., 2011), comprehensive as-
sessment and differential diagnosis are indispensable. This un-
derlines that screening must be followed up with more exten-
sive assessment which may be challenging in the early phase after
stroke (Karnath, 2001; Karnath et al., 2001; Kerkhoff & Schindler,
1997; Mueller-Oehring et al., 2010).

Our final analysis examining the agreement between the vision
screening / observation battery and the NIHSS regarding stroke
severity showed considerable variation. Overall, agreement was
low, and so were sensitivity and specificity with a high number
of both false negatives and false positives. Agreement was sub-
stantial and sensitivity high only among the patients whose stroke
was severe. In this case the NIHSS items could seem sufficient
to determine impairment. Yet, the combination of impaired func-
tions varied and thus the screening battery should be the preferred
method of assessment. In the minor stroke group, agreement was
high moderate, yet sensitivity was low, with a considerable num-
ber of false negatives.

In sum, we conclude that the NIHSS items for screening are not
recommendable. The analysis revealed a considerable number of
both false negative and false positives. The clinical consequences
are of importance in that a false negative may mean that a patient
is not referred for further assessment and subsequent treatment
in a timely fashion. A false positive test may result in unneces-
sary further assessment for patients with limited capacity. The
balance between these two types of errors needs consideration. In
a rehabilitation setting like ours, repeated screening would be one
way to collect consistent results since confounding factors such as
fatigue, cognitive and communication disorders, or paresis may
affect assessment.

We acknowledge that there are limitations to this study. We
are aware that both the NIHSS and the tests from the biVABA are
screening instruments and cannot compensate for detailed exam-
ination by vision experts. We argue that the methods enclosed in
the biVABA are quite similar to validation tools such as Compe-
tence, Rehabilitation Of Sight after Stroke (KROSS) (Falkenberg
et al., 2024) or Vision Impairment Screening Assessment (VISA)
(Rowe, Hepworth, et al., 2020) and that it is a systematic method
of screening for vision impairment in stroke patients. We chose to
include screening of four functions but we are aware that there are
many others of importance (Rowe, Hepworth, Howard, Hanna, &
Currie, 2022). We based our approach on Warren’s model for vi-
sion rehabilitation which is well-known in rehabilitation settings
in Norway (Warren, 1993a; 1993b). Increased focus on interdisci-
plinary vision rehabilitation and functional vision including user
perspectives may lead to changes in approaches and assessment
of stroke patients in the future (Roberts et al., 2016; Rowe, Hep-
worth, Howard, Hanna, & Helliwell, 2022).
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Conclusion

Screening of basic visual functions early in the rehabilitation pro-
cess is feasible in most stroke patients. A systematic approach in
the form of a short screening battery helps the interdisciplinary
team and patients to differentiate type of impairment and poten-
tial impact on visual function. This study has found that a large
proportion of stroke patients show multiple deficits and indicates
that visual function should be considered along with language,
speech, and motor disorders during assessment and rehabilitation
after stroke. The use of a screening instrument in all patients is
preferred compared to relying on items from the NIHSS.
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Screening for visuelle vansker tidlig i
rehabiliteringsprosessen etter hjerneslag

Sammendrag

Pasienter med hjerneslag blir ikke rutinemessig screenet for vi-
suelle vansker til tross for anbefalinger om viktigheten av syn for
sikkerhet og utarbeidelse av rehabiliteringsplaner. Mélet med stu-
dien var 4 undersgke om det er mulig & gjennomfere synsscreen-
ing hos rehabiliteringspasienter. Videre ensket vi & undersgke ov-
erenstemmelsen mellom resultatene fra synscreeningen med tes-
tledd om syn og neglekt fra et nevrologisk screeningsverktey.

Over en periode pé seks maneder ble pasienter med hjernes-
lag innlagt pé en rehabiliteringsenhet fortlopende inkludert i stu-
dien. Data om &rsak, alvorlighetsgrad og lokalisering av hjer-
neslaget, tid siden ferste innleggelse, skidr pa National Insti-
tutes of Health Stroke Scale (NIHSS), og resultater fra en kort
screening- / observasjonsbatteri ble samlet inn. Cohens kappa ble
beregnet for & vurdere overensstemmelse mellom resultatene fra
screeningen-/ observasjonsbatteriet og NIHSS-leddene.

Nittiseks prosent av pasientene var i stand til & gjennomga
screening av grunnleggende visuelle funksjoner. Synsvansker
ble funnet hos 52% av pasientene, og 67% av disse viste nedsatt
funksjon i mer enn én visuell funksjon. Visuelle vansker forekom
for alle alvorlighetsgrader av hjerneslaget. Redusert visus (av-
stand) ble registrert hos 15% av alle pasientene. Overensstem-
melsen mellom screeningen-/observasjonsbatteriet og NIHSS-
leddene varierte mellom ¥ =0,36 og ¥ =0, 64. Screeningbatteriet
sammenlignet med NIHSS-leddene viste nedsatt funksjon hos
31% vs. 21% av pasientene for syemotoriske vansker, 31% vs. 34%
for synsfeltutfall, og 31% vs. 29% for neglekt.

Resultatene viser at pasienter kan screenes for grunnleggende
visuelle funksjoner tidlig i rehabiliteringsprosessen. Ledd fra
NIHSS kan ikke erstatte et dedikert synsscreeningsverktey, fordi
vesentlige funksjoner som synsskarphet er utelukket, og oye-
motoriske vansker kan forbli uoppdaget. Kun kartleggingen av
synsfeltet viser betydelig overensstemmelse og hoy sensitivitet.
Alvorlighetsgraden av hjerneslaget hadde kun betydning for ov-
erensstemmelsen i gruppen med alvorlig hjerneslag. Samlet sett
konkluderer vi at NIHSS-ledd ikke kan anbefales som erstatning
for systematisk screening av visuelle funksjoner og neglekt.

Nokkelord: visuelle vansker, slag, synsscreening, NIHSS, nevrorehabili-
tering

Screening dei deficit visivi in una unita di
riabilitazione nelle fasi precoci del percorso
riabilitativo post-ictus

Riassunto

I pazienti colpiti da ictus non vengono sottoposti sistematica-
mente a screening per i deficit visivi, nonostante le raccoman-
dazioni sull'importanza della visione per la sicurezza e per la pi-
anificazione della riabilitazione. L'obiettivo dello studio era ver-
ificare la fattibilita di effettuare uno screening visivo su pazienti
in riabilitazione. In secondo luogo, si mirava ad esaminare il
grado di concordanza tra i risultati dello screening visivo e alcuni
elementi di uno strumento neurologico di valutazione dell’ictus
(NIHSS) specificamente rivolti a visione e neglect. Nel corso di
6 mesi, i pazienti che giungevano in una unita riabilitativa dopo
un ictus sono stati inclusi. Sono stati raccolti dati sull’eziologia,
gravita e sede dell’ictus, tempo trascorso dalla prima ospedaliz-
zazione, punteggi alla scala National Institutes of Health Stroke
Scale (NIHSS), e risultati di una breve batteria di test di screen-
ing/osservazione. L’indice kappa di Cohen & stato calcolato
per esaminare l'accordo tra i risultati della batteria di screen-
ing/osservazione e gli elementi del NIHSS.

11 96% dei pazienti e stato in grado di sottoporsi allo screening
delle funzioni visive di base. Nel 52% dei pazienti & stato rilevato
un deficit visivo e il 67% di questi mostrava alterazioni in pitt di
una funzione. I deficit visivi si sono riscontrati a tutti i livelli di
gravita dellictus. Una riduzione dell’acuita visiva da lontano &
stata osservata nel 15% dei pazienti. La concordanza tra la batte-
ria di screening/osservazione e gli item del NIHSS variava tra [
=0.36 e k=0, 64. Il confronto tra batteria di screening e NIHSS ha
mostrato alterazioni nel 31% contro 21% dei pazienti per i deficit
oculomotori, 31

I risultati indicano che i pazienti possono essere valutati per
le funzioni visive di base nelle fasi iniziali del processo riabili-
tativo. Gli elementi del NIHSS non possono sostituire uno stru-
mento dedicato allo screening visivo, poiché escludono funzioni
essenziali come l’acuita visiva, e i deficit oculomotori possono non
essere rilevati. Solo la valutazione del campo visivo mostra una
concordanza sostanziale e un’elevata sensibilita. In relazione alla
gravita dell’ictus, I’accordo & stato sostanziale solo nel gruppo con
forme gravi. In sintesi, si conclude che gli elementi del NIHSS non
possono essere raccomandati come sostituti di uno screening sis-
tematico della funzione visiva e del neglect.

Parole chiave: deficit visivo, ictus, screening visivo, neuroriabilitazione,
NIHSS
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Abstract

The purpose of this study was to analyse visual acuity tests and
methods used in children who have undergone cataract surgery
in Sweden as well as the success rate of visual acuity testing, in
order to improve current treatment.

Children registered in PECARE who underwent cataract
surgery between 15t January 2007 and 315 July 2016 were in-
cluded. Visual acuity test methods were analysed at the follow-up
ages of 1, 2, 5 and 10 years.

A total of 424 children were operated, 209 girls (49%) and 215
boys (51%). The number of operated eyes was 584, of which 320
(55%) were bilateral cataracts and 264 (45%) unilateral. A total of
660 follow-up visits took place, and successful visual acuity mea-
surements were achieved in 416 of these cases: 106/228 (46%) at
1 year of age, 128/226 (57%) at 2 years of age, 169/193 (88%) at 5
years of age, and 13/13 (100%) at 10 years of age.

Visual acuity test methods differed among the follow-up clin-
ics, making comparisons challenging. The Kasper test was widely
used before the age of 2, and has been validated, but not been pub-
lished scientifically. The success rate was higher for Kasper than
for other tests.

A challenging diversity of methods for testing visual acuity
are used in Swedish paediatric cataract care. Age-related national
guidelines regarding visual acuity tests methods are needed for
the development and improvement of current treatment. Scien-
tific evaluation of visual development is an important outcome in
order to reach equal care. Furthermore, the Kasper test needs to
be scientifically re-validated.

Keywords: paediatric cataract, congenital, visual acuity tests

Introduction

The aim of the Swedish National Quality Registries is to improve
health care by continuously evaluating treatment results as well as
patient reported outcome measures. Furthermore, they are tools
in the national work for securing equal care between genders and
age, independently of where you live in Sweden. The registries
are funded by the Swedish Association of Local Authorities and
Regions (SALAR), and regular reports of health care improve-
ments are requested. The Pediatric Cataract Registry (PECARE)
highlights several challenges when scientifically evaluating visual
acuity among Swedish children in general. Therefore, it can be
used as a scientific example of the challenge shared by other child-
related quality registries and may be shared worldwide. For in-
stance, there is no national, Scandinavian or European, agreement
regarding age-related visual acuity tests. Another challenge is that
for the youngest children, there is an acceptance of not achieving
a result from visual acuity testing, justified by the lack of coop-
eration of the child due to their young age. However, the visual
acuity result is always dependent on the interaction between three
parties: the child, the parent and the professional.

Childhood cataract can be congenital or acquired, unilateral or
bilateral, dense or partial. It is a very rare condition, but still one
of the most common causes of blindness in children worldwide
(Gilbert & Foster, 2001). In Sweden, about 40 children per year
are born with congenital cataract (Haargaard et al., 2015). New-
borns have an immature visual system and normal visual devel-
opment requires, among other things, clear ocular media. If un-
treated, an eye with dense cataract will become severely visually
impaired due to amblyopia and often requires surgery (within
the first three months), followed by numerous visits to an oph-
thalmology clinic for several years during childhood to enable
proper visual development. Early detection and surgery is essen-
tial (Gilbert & Foster, 2001). Unlike cataract surgery for adults,
cataract surgery performed on children is associated with a sig-
nificantly higher rate of complications in the form of glaucoma,
inflammation, secondary visual axis opacification (VAO) and reti-
nal detachment (Chan et al., 2012). Childhood cataract surgery
is centralised by the Swedish National Board of Health and Wel-
fare, and at present St Erik Eye Hospital (St Erik), Stockholm, and
Sahlgrenska University Hospital (SU), Gothenburg, hold licences
for National Specialised Medical Care for children under 3 years of
age. They are called regions 1 and 2 in this study. One treatment
goal for cataract surgery in children is visual acuity compatible
with driving licence requirements where best corrected binocular
visual acuity must be at least decimal 0.5 binocularly.

PECARE is a subdivision of the Swedish National Cataract
Registry and collects data on aspects of cataract surgery and out-
comes from all ophthalmology units in Sweden (Lundstrom et al.,
2002; PECARE, 2025). One goal of PECARE is to strive for equal-
ity of care among children and adults, between children in differ-
ent regions of Sweden, and to ensure early detection of paediatric
cataract in new-borns by continuously evaluating and optimising
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current screening strategies. Other goals are to reduce surgical
complications, analyse unusual treatment outcomes on a national
level, and to facilitate analysis of the underlying causes of child-
hood cataracts (PECARE, 2025). PECARE also works to evalu-
ate and optimise collaboration with families as co-caregivers in
the treatment of children with cataracts and to disseminate new
knowledge on improving care.

At present, there is no general agreement as to which visual
acuity test to use in paediatric ophthalmology (Anstice & Thomp-
son, 2014). Choices are instead guided by knowledge and tradi-
tion. In the EU, a project called Euroscreen was carried out to col-
lect data on vision and hearing screening programmes for chil-
dren in all EU countries (“Euroscreen vision & hearing”, 2023).
In Sweden, various forms of preferential looking tests (PL tests)
such as the Teller Acuity Cards (TAC) and the Cardiff Acuity
Test (Cardiff) are mainly used from 0 to 2.5 years of age, and
thereafter, the Lea Hyvérinen test (LH), the Hooper Visual Or-
ganization Test (HVOT) and the Konstantin Moutakis visual acu-
ity chart (KM chart) (Adoh & Woodhouse, 1994; Moutakis et al.,
2004; Rydberg, 2013; Teller et al., 1986). As a complement to TAC
and Cardiff, a new variant of PL has been developed in Sweden:
the Kasper PL vision test (Kasper), consisting of test cards with
stylised faces in decreasing size, which are shown until the child
no longer maintains fixation (“Kasper visual test chart”, 2023). See
Figure 1. In addition to visual acuity measurement, electrophysi-
ology in the form of visual evoked potential (VEP) is also used for
the youngest, non-verbal children (Lyons & Lambert, 2022).

Visual acuity measured with one test cannot be compared to a
value measured with another method for the same age. Since vi-
sual acuity outcome is one of many important measures of success
rates in paediatric cataract surgery, there is a need for agreement
on visual acuity testing within the PECARE quality register, but
also in our nation. Thus, the aim of the study was to analyse vi-
sual acuity tests used in children operated for cataract in Sweden
as well as the success rate of visual acuity testing, in order to im-
prove current treatment.

Figure 1: Kasper PL visual test for children under 2 years of age.

Methods

The PECARE registry was initiated in 2007 to gather data on post-
operative outcome and aggravating factors among children un-
dergoing cataract surgery before 8 years of age and has a cover-
age of 95% (PECARE). Demographic data, such as patient age and
sex, age at time of diagnosis and surgery, surgical variables and

reasons for patient referral, as well as who initiated primary con-
tact, are reported to PECARE. Treatment outcomes as represented
by visual development and occurrence of complications at 1, 2, 5
and 10 years of age are entered for each child. All measured visual
acuity values are monocularly tested with glasses or contact lens
correction for best corrected visual acuity (BCVA).

Children registered in PECARE who underwent cataract
surgery between 1st January 2007 and 31st July 2016 were in-
cluded in this study. During this period, 424 children were op-
erated, 215 boys (51%) and 209 girls (49%), giving a M/F ratio of
1.03. Of these 160 had bilateral surgery, however, not all children
with bilateral cataracts had both eyes operated. The number of
operated eyes was 584 in which a total of 660 follow-up examina-
tions were performed at the ages of 1, 2, 5 and 10 years. Of the
total 584 operated eyes, 320 (55%) were bilateral cataracts and 264
(45%) unilateral. Please see Magnusson et al. (2018) for more de-
tail.

The study was performed in accordance with the tenets of the
Declaration of Helsinki as well as the General Data Protection Reg-
ulation (GDPR) and was approved by the Swedish Ethical Review
Authority (reference numbers 2023-07821-02).

Results

Visual acuity tests were attempted for all children and results were
achieved for 228 eyes (46%) at 1 year of age, 226 (57%) at 2 years
of age, 193 (88%) at 5 years of age and 13 (100%) at 10 years of age,
see Figure 2.

m Visual acuity test not achieved m Visual acuity measurements achieved

13
I

Follow-up at 10 years

Follow-up at 1 year  Follow-up at 2 years  Follow-up at 5 year

Figure 2: Overview of the total number of visual acuity measurements achieved (blue)
and not achieved (red) distributed over follow-up visits at 1, 2, 5 and 10 years of age
n = 660.

Table 1 shows the predominant visual acuity test methods at
each follow-up age. At 1 and 2 years of age, the predominant
methods in PECARE were TAC and what is referred to as an
“other method”. The “other method” is explained in free text
when registering in PECARE, e.g. Cardiff, Kasper or Kay Picture
tests. At the age of 5 years, the predominantly used methods were
LH, HVOT and KM boards, and at the age of 10 years, KM and let-
ter charts.

In the catchment areas of Region 1 and Region 2, i.e. the two op-
erating clinics in Sweden, the choice of visual acuity test methods
differed for the different follow-up ages. The proportion of suc-
cessful visual acuity measurements at 1 year of age was slightly
lower for Region 2 (38.0%) than for Region 1 (47.1%). For 1-year-
olds TAC dominated in Region 1 and “other method” in Region 2.
In Region 1 “other method” was in some cases described as “per-
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ception”, in others non-existent, i.e. “amaurosis”, and for one eye
the visual acuity method was not described. In Region 2 “other
method” was described as Cardiff and Kasper tests, “perception”,
or non-existent, i.e. “amaurosis”. The method was unexplained
for four eyes.

Table 1: Visual acuity tests used at different ages during follow-up visits registered in
PECARE.

Age

Test 1year (%) 2years (%) 5years(%) 10 years (%)
Other 43.4 54.7 9.1 0

TAC 56.6 39 1.7 0

HVOT 0 0.8 32 0

LH 0 4.7 40 0

KM 0 0.8 16.6 30.8

VA letter chart 0 0 0.6 69.2

Note: VA = Visual acuity, LH = Lea Hyvérinen, HVOT = HVOT acuity chart, TAC =
Teller Acuity Cards, KM = Konstantin Moutakis.

For 51.2% of the total number of eyes tested in 1-year-olds, the
“other method” of the Kasper test was used.

In contrast to the follow-up at 1 year, for the 2-year-olds, the
proportion of successful visual acuity measurements was higher
in Region 2 (63.3%) than Region 1 (48.3%). Also, for following
up the 2-year-olds TAC was predominant in Region 1 and “other
method” in Region 2. The Kasper test was only used in clinics
in Region 2. The total percentage of eyes in 2-year-olds mea-
sured with the Kasper test was 35.7%. In Region 1 four eyes
were measured with LH, and in Region 2 one eye was measured
with HVOT, two eyes with LH and one eye with KM. The “other
method” was described in Region 1 as seven eyes that had “per-
ception” or non-existent visual acuity, i.e. “amaurosis”, as well as
five eyes for which the method was left unexplained. In Region
2, in addition to Cardiff and Kasper, the “other method” was ex-
plained by eight eyes measured with Kay Pictures, three with KM
symbols/charts, and four eyes were labelled amaurotic.

For the 5-year-olds, HVOT, LH and KM dominated with some
differences between the clinics. In Region 2, HVOT dominated
with 58.2%, followed by KM at 19.4%, and LH at 9.0%. In Region
1, the distribution was LH 63.4%, HVOT 12.9%, and KM 11.8%.

For follow-up of the 10-year-olds, KM and letter charts were
the predominant tests. Too few follow-ups were recorded for this
age group to detect possible differences between clinics.

The proportion of children with recorded developmental delay
at the time of follow-up was 15.4% for 1-year-olds and 16.4% of all
registered eyes at 2 years of age. In the group with unsuccessful
visual acuity measurements, 22.1% had developmental delay at 1
year of age and 23.5% at 2 years of age.

No significant difference between girls and boys could be seen
in this study, either in terms of the proportion of girls and boys
with cataracts or in terms of the proportion that could or could
not perform a visual acuity test.

Discussion
This study highlights the challenges of measuring, evaluating and
comparing visual acuity in children when using a variety of dif-

ferent methods, especially during the first years of life. Our find-
ings illustrate the problem that there are no European or Swedish
guidelines for visual testing of children.

The strength of this study is that it is a geographically based
cohort. Furthermore, the data represent all parts of ophthalmic
healthcare for children in Sweden, which makes the study unique.
Also, the success rate of visual testing of children under the age
of 2 years in Sweden has not been investigated before, making
this study an important contribution to the literature. One should
bear in mind that one third of the children with cataract have a
congenital syndrome or intellectual disability, which potentially
could decrease the success rate.

In the PECARE register, visual acuity was successfully mea-
sured in 88% of eyes at the follow-ups of 5-year-olds, and in 100%
of eyes at the follow-ups of 10-year-olds. The register only used
scientifically evaluated tests at these follow-ups, which was not
the case for the younger children. Visual acuity was successfully
measured in fewer than 50% of the children under 2 years of age.
Visual acuity measurement in children depends largely on the co-
operation of the child, the skill of the examiner and the test method
(Adoh & Woodhouse, 1994; Rydberg, 2013). To some extent, de-
velopmental delay can explain why visual acuity measurement
was not possible in the younger children in this study, but not
entirely. Nor does gender provide any explanation for the ab-
sence of visual acuity measurements. It can therefore sometimes
be assumed that the age of the child determines how much vi-
sual acuity data can be collected. At the ages of 1 and 2 years, the
general opinion is that children often will not accept occlusion of
one eye and therefore do not cooperate in monocular visual acuity
testing, which is shown in our analysis. Moreover, visual acuity
testing is largely dependent on the child’s ability to concentrate,
which varies depending on factors such as stress, hunger and lack
of sleep. It can also be speculated about whether examiners’ ex-
perience and confidence in visual acuity testing of young children
also vary in different parts of the country. The choice of visual acu-
ity testing method is also likely to have an impact. Many attest to
the difficulty of performing visual acuity testing on children aged
1 to 3 years, as they are easily distracted and grow tired of the ex-
amination (Adoh & Woodhouse, 1994; Rydberg, 2013). However,
children with visual impairments have been found to be better at
cooperating at this age than children with normal vision, probably
due to the limited “visual attention area” of children with visual
impairment (Rydberg, 2013). The difficulties of visual acuity test-
ing in children under 2 years of age are reflected by the results of
this study, where visual acuity was successfully measured in 46%
of eyes at the 1-year-old follow-ups and 57% of eyes at the 2-year-
old follow-ups.

Our study indicates that the Kasper test provides more success-
ful visual acuity measurements in children at 1 and 2 years of age,
possibly because it is more appealing for children. The test was de-
signed with a face since newborns are better able to fixate on round
shapes than straight ones and because children fixate on faces and
stylised figures at an early stage (Maurer & Barrera, 1981; Morton
& Johnson, 1991). Unlike many other PL tests, the test card does
not have a grey half but instead has a grey low contrast face with
a grey body of the same size as the black high contrast “test face”.
See Figure 1. The testis designed in this way to help the tester un-
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derstand if the child has better visual acuity than the current card.
Like the Cardiff test and the Harris stylised face test, the Kasper
test is based on a stylised image, a more complex stimulus, and
is thus a kind of hybrid of the striped pattern test and the single
optotype test. This could possibly give more accurate visual acu-
ity values than TAC and be better at detecting a lateral difference
in visual acuity in a child with e.g. strabismic amblyopia (Harris
et al., 1984; 1986).

At the eye clinic at Skdne University Hospital, the Kasper test
was compared with VEP and was found to be equally sensitive
in detecting as VEP. Several professionals at the clinic used the
Kasper test and each detected the difference in visual acuity be-
tween the eyes. They also conducted a study comparing Kasper
and TAC and found that, in general, visual acuity results were
better by a line or two with TAC. However, none of these studies
have been published. Furthermore, the Kasper test needs to be
compared with other standardised tests and validated.

A national agreement on visual acuity testing is important for
equal care, since the present study has mapped the differences
found in PECARE in the choices of visual acuity measurement
methods in the Swedish eye care system. The PECARE steering
committee reached consensus in 2017 and has recommended the
following choices of methods for visual acuity testing for different
age groups: Kasper, TAC or another PL test method at < 2.5 years
of age, LH at 2.5-3.5 (4) years of age, HVOT at 4-5 years of age and
KM at 5-6 years of age. These recommendations are formulated
in the instructions for performing the follow-up. Visual acuity is
an important variable for evaluating cataract surgery in children
as well as for vision rehabilitation, amblyopia treatment and eval-
uating the treatment of surgical complications. It is therefore of
the utmost importance that there is agreement on the choice of vi-
sual acuity test method for these children. Since the present study
represents all paediatric eye clinics in the country, it is likely that
divergent methods are also used for children with other causes of
visual impairment. The Swedish Health and Medical Care Act re-
quires that the quality of healthcare provision must be systemati-
cally and continuously improved and assured (SFS 2017:30, 2017).
To be able to conduct retrospective journal-based studies of good
quality for diseases in addition to paediatric cataracts, it is desir-
able to have national agreement. It is likely that our findings will
apply to visual acuity measurements in conditions other than pae-
diatric cataract.

Clinical implications

Discussions should be had about which new strategies would be
beneficial in minimising failures in visual acuity testing of the
youngest ages. Optimising cooperation with parents is naturally
of paramount importance. One strategy could be to send instruc-
tions to parents ahead of their first visit to the medical centre, ask-
ing them to prepare the child for the visual acuity test by refer-
ring to an instructional film. Itisimportant to provide information
to parents on how to minimise stress factors that reduce concen-
tration in children during an eye clinic visit. For example, opti-
mal food intake, leaving in good time for the visit, and preferably
even having already played a game with one eye covered, as well
as having played with the optotypes that will be presented dur-
ing the visual acuity test, can make the situation one that is char-

acterised by pleasure and recognition for the child. Cooperation
within the healthcare team should also be optimised and should
include standardised training in visual testing. Good interdisci-
plinary team spirit in combination with a test that is familiar to the
examiner is certainly an important factor for successfully measur-
ing visual acuity in children.

Conclusion

A challenging diversity of methods for testing visual acuity are
used in Swedish paediatric cataract care. Age-related national
guidelines regarding visual acuity tests methods are needed for
the development and improvement of current treatment. Scien-
tific evaluation of visual development is an important outcome in
order to reach equal care. Furthermore, the Kasper test needs to
be scientifically re-validated.

© Copyright J. Gyllén et al. This article is distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use and redistribu-
tion provided that the original author and source are credited.
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Pediatric Cataract Register (PECARE):
Utfordringer ved vitenskapelig evaluering av
synsutvikling

Sammendrag

Formaélet med denne studien var & analysere tester og metoder for
méling av visus hos barn som har gjennomgétt kataraktkirurgi i
Sverige, samt 4 undersegke suksessraten for synsskarphetstesting
for & forbedre dagens behandling.

Barn registrert i PECARE som ble operert for katarakt mellom 1.
januar 2007 og 31. juli 2016 ble inkludert. Metoder for visustesting
ble analysert ved oppfolgingsalder 1, 2, 5 og 10 4r.

Totalt ble 424 barn operert, 209 jenter (49%) og 215 gutter (51%).
Antall opererte gyne var 584, hvorav 320 (55%) hadde bilateral
katarakt og 264 (45%) unilateral. Totalt fant det sted 660 oppfel-
gingsbesok, og vellykkede visusmalinger ble oppnadd i 416 av
disse tilfellene: 106/228 (46%) ved 1 &rs alder, 128/226 (57%) ved
2 &rs alder, 169/193 (88%) ved 5 &rs alder og 13/13 (100%) ved 10
ars alder.

Metodene for visustesting varierte mellom de ulike oppfel-
gingsklinikkene, noe som gjorde sammenligninger utfordrende.
Kasper-testen ble mye brukt for 2-drsalderen. Den er validert, men
ikke vitenskapelig publisert. Suksessraten var heyere for Kasper-
testen sammenliknet med andre tester.

Variasjonen i metoder for visustesting innen svensk pediatrisk
kataraktomsorg er utfordrende. Alderstilpassede nasjonale ret-
ningslinjer for tester og metoder for méling av visus er nedvendig
for & utvikle og forbedre dagens behandling. Vitenskapelig eval-
uering av synsutvikling er et viktig mal for & oppna lik behan-
dling. Videre ma Kasper-testen vitenskapelig re-valideres.

Nokkelord: pediatrisk katarakt, medfodt, visustester

Il Registro della Cataratta Pediatrica
(PECARE): Sfide nella valutazione scientifica
dello sviluppo visivo

Riassunto

Lo scopo di questo studio e stato analizzare i test di acuita vi-
siva e i metodi utilizzati nei bambini sottoposti a chirurgia della
cataratta in Svezia, cosi come il tasso di successo delle misurazioni
dell’acuita visiva, al fine di migliorare il trattamento attuale.

Sono stati inclusi i bambini sottoposti a chirurgia della cataratta
tra il 1° gennaio 2007 e il 31 luglio 2016 registrati in PECARE. I
metodi di misura dell’acuita visiva sono stati analizzati alle eta di
follow-up di 1, 2, 5 e 10 anni.

In totale, 424 bambini sono stati operati, 209 femmine (49%) e
215 maschi (51%). Il numero di occhi operati & stato 584, di cui
320 (55%) cataratte bilaterali e 264 (45%) unilaterali. Complessi-
vamente si sono svolte 660 visite di follow-up, e l'acuita visiva e
stata misurata con successo in 416 di questi casi: 106/228 (46%)
a1 anno di eta, 128/226 (57%) a 2 anni di eta, 169/193 (88%) a 5
anni di eta e 13/13 (100%) a 10 anni di eta.

I metodi di test dell’acuita visiva differivano tra le cliniche di
follow-up, rendendo le comparazioni difficili. Il test di Kasper &
stato ampiamente utilizzato prima dei 2 anni di eta, ed e stato val-
idato ma non pubblicato scientificamente. Il tasso di successo &
risultato piti elevato per il test di Kasper rispetto ad altri test.

La gestione della cataratta pediatrica in Svezia & caratterizzata
da un’ampia eterogeneita nei metodi impiegati per la valutazione
dell’acuita visiva, elemento che rende complessa la comparazione
dei risultati. L'elaborazione di linee guida nazionali, differenzi-
ate per fasce d’eta, appare necessaria per favorire lo sviluppo e
I’ottimizzazione dei protocolli terapeutici attuali. La valutazione
scientifica dello sviluppo visivo rappresenta infatti un esito fonda-
mentale per garantire uniformita ed equita di trattamento. Inoltre,
il test di Kasper richiede una rinnovata validazione scientifica.

Parole chiave: cataratta pediatrica, congenita, test di acuita visiva
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Kongsberg Vision Meeting: Abstracts 2025

Kongsberg Vision Meeting 2025 was held for the 17th time at
the University of South-Eastern Norway in Kongsberg on October
20-21. The two-day event focused on clinical optometry and vi-
sion research, attracting more than 100 practicing optometrists, 60
final-year optometry students, and several commercial exhibitors,
creating a dynamic arena for sharing knowledge and networking.

Keynote speakers included Jan Johannson (Karolinska Insti-
tute, Sweden), Hanne-Mari Schietz Thorud (University of South-
Eastern Norway, Norway), Erik Roberstad (Interoptik Holt, Nor-
way), and Eike Wehling (University of Bergen, Norway). The
programme addressed vision problems following acquired brain
damage, the expanding role and scope of optometrists in inde-
pendent prescribing, and clinical approaches to headache man-
agement. A dedicated session showcased a decade of research on
children’s vision in Norway [The Southeast Norway Vision and
Visuomotor Study (SNOW)]. Practical skills and applied research
were central, with workshops on neurorehabilitation, tear duct ir-
rigation, and binocular vision in schoolchildren. Two panel dis-
cussions addressed the evolving role of Norwegian optometrists
as independent prescribers, and the importance of using diagnos-
tic drugs in vision examinations in children and adolescents.

The Scandinavian programme was curated by Vibeke
Sundling, Bente Monica Aakre, Rigmor C. Baraas, and Helle K.
Falkenberg. Abstracts from invited and contributed talks are pre-
sented in the order they were given. The meeting reinforced the
need for clinical innovation, evidence-based practice, and inter-
disciplinary collaboration to strengthen primary eye care services.

Visual function problems after brain injury

Jan Johansson

Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden

jan.johansson.1@ki.se

Abstract

Neuro-optometry is a subspecialty within optometry that focuses
on the connection between the visual system and the brain. It in-
cludes the assessment, identification, and management of visual
disorders resulting from neurological conditions or brain injuries.
The field covers areas such as eye movement control, accommoda-
tion, binocular function, visual-vestibular integration, visual per-
ception and processing, as well as specific eye and brain-related
effects seen in individuals with neurological impairment. The pre-
sentation provided an overview of visual function problems after
acquired brain injury and linked them to patient needs and treat-
ment opportunities. Animportantaspectis adapting the examina-
tion environment and communication style to the patient’s cogni-
tive and sensory condition. Treatment strategies are divided into
two main categories: relief and restorative vision therapy. Relief
aims to reduce visual strain through interventions such as tinted
lenses, prism correction, and ergonomic adjustments related to vi-
sual tasks. Restorative therapy involves training to improve ocu-
lomotor control, binocular function, and visual endurance. Re-
cent research emphasises the importance of early management of

vision-related problems and the role of collaboration with other
professionals involved in the rehabilitation process to optimise
treatment outcomes.

The association between headaches and
uncorrected vision problems in children and
adolescents

Hanne Mari Schigtz Thorud

National Centre for Optics, Vision and Eye Care, Department of Optometry,
Radiography and Lighting Design, Faculty of Health and Social Sciences, University
of South-Eastern Norway, Kongsberg, Norway

hanne-mari.schiotz.thorud@usn.no

Abstract

Headaches and uncorrected vision problems are both common
among children and adolescents. However, few studies have in-
vestigated the potential relationship between these two condi-
tions. Existing research often lacks clear definitions of headache
types and vision status, is not well-controlled, and frequently
omits appropriate follow-up of participants. The evidence sup-
porting a link between uncorrected vision and the development of
headaches remains limited. Consequently, uncorrected vision is
typically excluded from both international and national evidence-
based clinical guidelines on headache management. However,
cross-sectional studies suggest a possible association between un-
corrected vision problems and headaches. This potential link
warrants further investigation through high-quality, controlled re-
search.

Diagnostics and Rehabilitation of post-stroke
visual field loss using Innovative Visual field
Evaluation — the impact of losing driving
privileges (DRIVE-study) research protocol

Marte F. Rosenvinge! Per Lundmark;! Grethe Eilertsen?

Stig Larsen? Helle K. Falkenberg!”

' National Centre for Optics, Vision and Eye Care, Department of Optometry,
Radiography and Lighting Design, Faculty of Health and Social Sciences, University
of South-Eastern Norway, Kongsberg, Norway

2 USN Research group of Older Peoples’ Health, Department of Nursing and Health
Sciences, Faculty of Health and Social Sciences, University of South-Eastern
Norway, Drammen, Norway

3 Meddoc Research AS, Skjetten, Norway

helle.k.falkenberg@usn.no

Abstract

It is challenging for healthcare professionals to recognise acute
vision symptoms as signs of stroke. A structured vision assess-
ment is essential to avoid stroke being identified by coincidence.
Post-stroke visual field defects (VFD), without other stroke seque-
lae, are common after stroke, and affect stroke, survivors’ right to
drive. This represents a significant limitation in daily life. The
driving ban is often perceived as a challenging consequence of
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a stroke. In most parts of Norway, driving is essential for ac-
cessing healthcare, buying groceries, maintaining independence,
and participating in society. Therefore, the loss of driving priv-
ileges poses substantial limitations to everyday life and quality
of life. The Norwegian Stroke Care Guidelines recommend vi-
sion rehabilitation through compensatory scanning training to im-
prove daily functioning by enhancing saccadic behaviour and vi-
sual search. However, there is a lack of knowledge about how
vision rehabilitation protocols can be most effective, and further-
more, vision rehabilitation is not standard care offered to all stroke
survivors. This study aims to gain knowledge about the effects
of home-based compensatory vision rehabilitation in adult stroke
survivors who have lost their driving licence due to VFD. The
study is designed as a controlled, randomised, stratified trial with
a semi-crossover design (ClinicalTrials.gov: NCT07147660). Par-
ticipants will be randomised into either an immediate or delayed
intervention group. Both groups will undergo objective and sub-
jective baseline assessments (including vision assessments and
questionnaires), followed by two post-intervention evaluations.
Additionally, qualitative data will be collected through individual
interviews to explore participants’ experiences and expectations
regarding vision rehabilitation.

Coping strategies in keratoconus

Eilin Lundanes!” Espen Andreas Brembo? Lena Leren]

Vibeke Sundling’

' National Centre for Optics, Vision and Eye Care, Department of Optometry,
Radiography and Lighting Design, Faculty of Health and Social Sciences, University
of South-Eastern Norway, Kongsberg, Norway

2 Centre for Health and Technology, Department of Nursing and Health Sciences,
Faculty of Health and Social Sciences, University of South-Eastern Norway,
Drammen, Norway

eilin.lundanes@usn.no

Abstract

Keratoconus is associated with reduced quality of life, as evi-
denced by studies utilising patient-reported outcome measures.
However, quantitative data alone may not capture the full com-
plexity of the relationship. Qualitative research offers deeper in-
sight into how individuals navigate the challenges of living with
keratoconus. In this study, 13 individuals (six women and seven
men) participated in semi-structured individual interviews to ex-
plore their experiences of living with keratoconus. The data was
analysed using Systematic Text Condensation. Here, we present
one of the main findings that emerged through the analysis which
captured the participants’ coping strategies and may influence
their self-efficacy expectations. The strategies presented here re-
flect those most frequently described by the participants and do
not constitute an exhaustive list. The first coping strategy in-
volved the use of both optical and non-optical aids. In addition
to primary vision correction, optical aids included computer and
reading glasses, filters or sunglasses, and magnifiers. Participants
mentioned a range of useful non-optical aids, including mobility
sticks, car rear-view cameras, audiobooks, read-aloud software,
and simple caps or hats for bright summer days. Other coping
strategies included acquiring knowledge about keratoconus and
one’s own condition, as such understanding could help reduce

emotional stress and worry. Participants accessed information
through internet searches and YouTube videos, by consulting eye
care professionals, or by reading their own patient records. Ad-
ditionally, being open about keratoconus was often beneficial in
the workplace, as it enabled necessary adjustments. In contrast,
openness with family and friends was not always helpful, as they
struggled to understand or tended to forget. Avoiding visually
demanding situations and activities, such as reading, going to the
movies or attending concerts, was also described as a strategy
to cope. Finally, cultivating a positive outlook through person-
ally meaningful and enjoyable activities emerged as an important
strategy. These included hobbies such as knitting, listening to au-
diobooks, travelling, hiking, dining with friends, or riding a mo-
torbike. While adopting a positive attitude came naturally to some
participants, others described it as a continuous effort requiring
daily commitment. Knowledge of coping strategies is essential for
optometrists and other eye care professionals to enhance person-
centred care and support individuals with keratoconus in manag-
ing their condition. Future research is needed to explore the re-
lationship between quality of life and self-efficacy in this patient

group.

Spectacles or treatment?

Erik Robertstad
Interoptik Holt, Tensberg, Norway

erik.roberstad @interoptik.no

Abstract
The challenges and burdens within the eye health sector are ex-
pected to increase in the years ahead. Waiting lists for treatment
of common eye conditions such as cataract are growing; in some
parts of Norway, the waiting time for cataract surgery is as long
as 93 weeks. New treatments will further add to the workload in
ophthalmology — for example, emerging therapies and medica-
tions for dry AMD, myopia, dry eye disease, and presbyopia. Eye
diseases predominantly affect the elderly. Norway’s population
is aging, and the number of people over the age of 67 is projected
to rise by almost 500 000 by 2043. In addition, the absolute number
of working-age people will decline over the coming decades.

Norway already has a high and increasing number of doctors
and nurses compared to neighbouring countries and the OECD
average. The number of doctors and nurses per 1 000 inhabitants
is 5.2 and 18.3, respectively, while the OECD average is 3.7 and 9.2.
The number of ophthalmologists in Norway is also increasing (by
40% from 2012 to 2024).

The public report “Time for Action” (2023) concluded that the
health sector must:

e increase the use of medical technology and digital solutions,

e enhance task sharing,

¢ use available competencies more effectively, and

e ensure that healthcare is delivered at the lowest safe and ef-

fective level

A report from Menon Economics concludes that optometrists
can manage stable patients, particularly with glaucoma and AMD.
Furthermore, task sharing with optometrists may reduce the need
for travel, increase capacity in eye departments, and lead to
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shorter waiting lists and better geographical coverage of ocular
health services. National health service ophthalmologists and
doctors currently perform around 1.6 million ocular consultations
per year. Previous co-management projects within diabetes and
cataract care have shown that optometrists can contribute success-
fully, significantly reducing both waiting times and travel bur-
dens. A 2025 Kantar survey found that 75% of the Norwegian
population believes optometrists should be allowed to prescribe
topical eye drops for eye disease.

The Norwegian Optometric Association, the optometric indus-
try, and the University of South-Eastern Norway have formed
a therapeutics committee with the aim of enhancing patient
care. Their goal is to develop educational programmes that em-
power optometrists to prescribe therapeutic medications, ensur-
ing timely and effective treatment for individuals with eye dis-
eases. The committee estimates that this initiative could signifi-
cantly reduce the burden on ophthalmologists, potentially cutting
up to one million consultations annually.

Digital co-management platforms are valuable tools for en-
suring correct diagnosis and treatment for patients who require
ophthalmological or interdisciplinary assessment. However, such
platforms can also be time-consuming and incur extra costs for
conditions that could have been managed safely and effectively at
a lower level of care. In many cases, optometrists already possess
the necessary skills to provide treatment independently.

Visual perception and cognition after
acquired brain injury
Eike Wehling'-2

' Department of Biological and Medical Psychology, University of Bergen, Bergen,
Norway

2 Department of Physical Medicine and Rehabilitation, University of Bergen,
Bergen, Norway

eike.wehling@uib.no

Abstract

Acquired brain injury (ABI) often leads to a range of visual deficits
as well as associated perceptual and cognitive deficits that signif-
icantly impact the individual’s daily functioning. Within rehabil-
itation settings, there is currently no consensus on when, or based
on what symptoms, patients with visual deficits are referred to
a vision specialist (ophthalmologist, orthoptist, optometrist) and
how results from these examinations are integrated into rehabil-
itation processes. In 2016, an interprofessional model for com-
prehensive vision assessment and management was proposed,
demonstrating how visual specialists and rehabilitation special-
ists could collaboratively address vision impairment; however,
implementation remains insufficient.

Neuropsychologists are skilled at identifying specific visual
perceptual deficits that may arise following brain injury or neuro-
logical conditions. Warren's hierarchical model of visual function
emphasises the organisation of visual skills from basic to com-
plex, i.e. from visual acuity, visual fields, and oculomotor con-

trol, up to higher-level skills such as visual attention, scanning,
pattern recognition, visual memory, and visual cognition. This
model underlines that understanding the interrelations of func-
tions is crucial for neuropsychological assessment and the inter-
pretation of results. Additionally, neuropsychologists can assess
a patient’s level of insight and awareness regarding their deficits.
By collaborating closely with other professionals in the rehabil-
itation team, a neuropsychologist’'s knowledge can inform how
interdisciplinary teams approach patients. By evaluating cogni-
tive processes such as attention, learning and memory, neuropsy-
chologists can provide recommendations for vision rehabilitation
which may ultimately contribute to improved treatment for indi-
viduals with ABL

A decade of research on children and vision
in Norway

Trine Langaas, Rigmor C. Baraas, Ellen Svarverud,

Lene A. Hagen, Hilde R. Pedersen, Tina R. Johansen,
Gro Horgen, Hanne Mari Schigtz Thorud,

Cecilie Onshuus Bjoarset, Stuart J. Gilson

National Centre for Optics, Vision and Eye Care, Department of Optometry,

Radiography and Lighting Design, Faculty of Health and Social Sciences, University
of South-Eastern Norway, Kongsberg, Norway

trine.langaas@usn.no & rigmor.baraas@usn.no

Abstract

The Southeast Norway Vision and Visuomotor Study (SNOW)
is a longitudinal and ongoing research study that was initiated
in 2015 to investigate the development of refractive errors, visual
function, and motor- and cognitive skills in children aged 7-16
years. In celebration of its 10-year anniversary, a medley of the
various projects included in SNOW was presented.

Data are collected in 2nd, 5th and 10th grades within a school
setting, and include cycloplegic refraction, ocular biometry, and
comprehensive visual assessments. Fine motor skills (tracking,
aiming, and tracing tasks) and cognitive performance (short-term
memory, visuospatial memory, and processing speed) were as-
sessed by a tablet computer that supported input through a digital
stylus or finger touch.

To date, more than 3,700 children have participated, provid-
ing normative, longitudinal data across multiple time points. The
results underscore the importance of cycloplegic refraction for ac-
curate diagnosis and suggest that its omission often leads to an
underestimation of hyperopia and an overestimation of myopia.
The study also explores whether biometric parameters can predict
cycloplegic refraction.

Overall, SNOW contributes to insights into the interaction be-
tween visual functions, motor skills and cognition in childhood,
emphasising the clinical importance of accurate refraction and
highlighting the broader implications of eye and visual health for
learning and child development.
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