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Abstract
Purpose To evaluate a visual acuity test (VAT) with unexpect-
ed optotypes to detect malingering.
Methods We tested two groups. Group 1 consisted of 20 in-
dividuals with normal best corrected visual acuity (BCVA).
Group 2 included participants with ocular diseases and re-
duced BCVA. All subjects underwent a VAT proposed by
Gräf and Roesen to assess suspected malingering. This test
used 36 charts with one Landolt-C per page. The first 20
optotypes were Landolt-Cs, while at positions 21, 26, 30,
and 34 closed rings were presented. The testing distance was
adapted to 50% of the test person’s visual acuity. The test
person was requested to name the gap direction of the
Landolt-C within 3 s. The complete testing conversation was
recorded digitally to determine response latency for each
optotype from the audio tracks.
Results The average response time was 0.46 s in group 1 and
0.45 s in group 2 for the first 20 Landolt-Cs. In both groups the
response time was significantly extended (p < 0.05) for the
first closed ring compared to the mean of the first 20 Landolt-
Cs, (group 1: 2.9 s; group 2: 2.3 s). The following three closed
rings had also longer response times. However, these differ-
ences were not significant.
Conclusions Our results suggest that the proposed test may be
helpful to evaluate ocular malingering. The testing procedure

appeared to be feasible and showed good repeatability. The
fast training effect may be a limitation for malingering
detection.
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Introduction

Testing visual acuity (VA) is a major medical assessment in
ophthalmology. VA is tested by presenting optotypes at a stan-
dardized distance from the person whose vision is being test-
ed. For maximum contrast, optotypes are usually black test
symbols against a white background. Common optotypes for
adults are Snellen letters, Landolt-C and Sloan letters in
ETDRS charts. The main disadvantage of all these tests is that
the examiner must rely on the patient’s compliance, which
might be subject to individual manipulation. If VA does not
correlate with the morphological and other objective findings,
it can be necessary to check the validity of VA statements. It is
not easy to discriminate disease that is morphologically not
apparent such as occult macular dystrophy [1] from malinger-
ing as a possible reason for an obvious VA reduction.
Malingering patients try to create or exaggerate symptoms in
order to pretend being sick or sicker than they are. Common
reasons for malingering are financial compensation, social
privileges, or receiving attention by their environment. It is,
therefore, not surprising that visual loss was the most frequent
feigned symptom (74%) in a retrospective analysis of 344
ophthalmological independent medical examinations (IME)
for detecting malingering [2]. A patient who is malingering
may attempt to receive a fast diagnosis to achieve optimal
therapy or prevent not being taken seriously.

* Clemens Jürgens
juergens@uni-greifswald.de

1 Department of Ophthalmology, Ernst-Moritz-Arndt University,
University Medicine, Greifswald, Germany

2 Institute for Community Medicine, Ernst-Moritz-Arndt University,
University Medicine, Walter Rathenau Straße 48,
D-17475 Greifswald, Germany

Graefes Arch Clin Exp Ophthalmol (2017) 255:2459–2465
https://doi.org/10.1007/s00417-017-3820-9

mailto:juergens@unireifswald.de
http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-017-3820-9&domain=pdf


Clinical assessment of malingering presents a challenge for
ophthalmologists. Procedures to objectify visual testing are
reported such as stochastic tests [3], optokinetic tests for ex-
ample ophthalmoscopy by Kotowski [4], Teller Acuity Cards
[5], imaging (i.e. OCT), electrophysiological diagnostics, spa-
tial orientation, perimetry [6], and visual evoked potentials
[7]. Most of these methods require specialized technical
equipment. To assess visual malingering without the need
for expensive examination devices, Gräf & Roesen proposed
a practical acuity test with unexpected visual stimuli [8, 9]. In
a VA test with 32 Landolt-Cs they included four additional
closed rings of the same size. The test person’s responses were
documented in a written response sheet and the voice was
recorded in digital audio files. In their first report two volun-
teers showed longer reaction times for the closed ring com-
pared to the Landolt-Cs [8]. In the second study the authors
included 20 pseudomalingerers and 15 patients believed to be
true malingerers [9]. It is obvious that any kind of malingering
strategy can confound both the responses to the Landolt-C and
the reaction induced by a surprise component. However, we
found no normative study that determined standard values for
non-malingering healthy subjects. Therefore, the aims of our
study were the evaluation of this VA test in non-malingering
individuals to assess normal values which characterize sur-
prise and to test the applicability of this test in clinical routine.

Material and methods

The data in this study were collected from 40 volunteers. They
were divided into two groups. Group 1 consisted of 20 subjects
(12 women, 8 men) with normal BCVA (≥1.0). Group 2 in-
cluded 20 patients (12 women, 8 men) with reduced BCVA
(0.2–0.63). Vision loss was caused by age-related macular
degeneration, cataracts, retinal detachment, uveitis, and

keratitis. The participants were not selected by age or sex,
but by VA and the presence of ocular disease. They were
informed about the purpose and assessments of the study
and gave their written informed consent. Local ethics commit-
tee approval was obtained to carry out this evaluation. The
testing procedure was performed as proposed by Gräf &
Roesen [8, 9]. All 36 optotypes were presented on pages (spi-
ral-pad, EN ISO 216/DIN A4 210 mm × 297 mm) (Fig. 1)
with one optotype per page. According to DIN 58220/EN ISO
8596 (German Industry Norms DIN 1998) Landolt-Cs were
chosen for the test [10]. All Landolt-Cs had the same dimen-
sions, where the diameter was 14.5 mm. The stroke width and
the size of the gap were equal to one fifth of the diameter. This
size corresponds to VA level 0.1 at a distance of 1.0 m. To
perform the test at the VA level 0.32 (0.5 logMAR) the test
distance had to be 3.2 m, for example. The first 20 Landolt-Cs
were opened at top, bottom, left, or right. Beginning with the
21st optotype, four closed rings were inserted between the
Landolt-Cs on page 21, 26, 30, and 34. This testing procedure
offered each test person a habituation period with the first 20
Landolt-Cs, while the first closed ring (optotype number 21)
was regarded as an unexpected optotype. To compare differ-
ences between the response time to closed rings and Landolt-
Cs all responses were documented in written form and record-
ed digitally. A response sheet as proposed in the original paper
[8, 9] was used for written documentation (Fig. 1). We per-
formed the digital audio recording with a microphone (Philips
SBC ME570) and a free-ware audio-program (Audacity, ver-
sion 2.0.2) on a common laptop. The technical setup was
intentionally kept as simple as possible to offer a feasible
testing procedure. The VA of each test person was determined
by decimal progression chart (DEC) with Landolt-Cs [11, 12]
before using Gräf and Roesen’s test. The optotypes in their
study were presented at a distance that corresponded to 50%
of the VA from the DEC or presumed true acuity, respectively.

Fig. 1 Response template used in this evaluation for documentation. It showed the order of the optotypes and allowed the examiner to indicate the
direction of the response. Additional behavioral and answer abnormalities were marked as hesitation in checkboxes below each optotype
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For example the test distance was set to 5 m (corresponding to
VA level 0.5) for a subject with VA 1.0. Reducing the test
distance is essential to make sure that the test person can easily
identify the optotypes. All test persons had to indicate the
direction of the Landolt-C’s gap within 3 s and were instructed
to respond to every optotype, if necessary by guessing the
direction. Test conditions and procedures were equal for both
groups. To avoid bias caused by illumination, reflections and
scattered light, all evaluations were performed in the same
examination room. For illumination a mix of moderate day-
light (windows half covered) in addition to fluorescent tubes
was chosen. This kind of illumination appeared to be the most
practical way of avoiding unfavorable light effects on the test
pad. We detected no reflections from any position in front of
the spiral pad. The optotypes on the pad were consecutively
numbered. The examiner announced the respective number to
highlight the start of the presentation in the audio track.
Response latency was defined by the time between optotype
presentation and the corresponding response in the digital au-
dio track (Fig. 2).

Response times of the four closed rings at position 21, 26,
30, and 34 were compared with the mean answering time of
the first 20 Landolt-Cs using non-parametric tests (Wilcoxon-
Test).p-values <0.05 were considered statistically significant.

To assess individual scatter of the response times we com-
pared the response time at position 21 (first closed ring) with
the maximum response time for positions 6 to 20.

Gräf and Roesen proposed to document physical or verbal
reactions indicating indecision or hesitation in a checkbox
below each optotype (Fig. 1) [8, 9]. We found no signs of

indecisive behavior or hesitation in the responses of all
participants.

Results

The response times of the closed rings were longer compared
to the first 20 Landolt-Cs. Table 1 presents an overview of the
test statistics. Response times to the first closed ring were
significantly longer, whereas the following three closed rings
showed longer response times without statistical significance.
These results appeared in group 1, and were consistently con-
firmed in group 2.

A detailed overview of the response times of all optotypes
is given in Fig. 3 for group1. It remained at a constant level for
Landolt-Cs throughout the entire testing period. The results of
group 2 are shown in Fig. 4. In this group the response times
of the first five Landolt-Cs were longer, while all other
Landolt-Cs had constant levels similar to group 1.

A detailed overview of individual results is shown in
Table 2. The number of cases with response times at position
21 exceeding the maximum of response times for positions 6
to 20 was 16 (80%) in group 1 and 14 (70%) in group 2.

Discussion

In our study we analyzed a VA test to identify malingering
with closed rings as unexpected optotypes proposed by Gräf
and Roesen [8, 9]. We performed the test in two groups:

Fig. 2 Screenshot of digital documentation with the free audio recorder
Audacity. The response latency was determined by this procedure: a)
identification of examiner’s voice, b) identification of test person’s

voice, c) indicating the period between question and response, and d)
the software calculated and displayed the length of period c, which was
taken as response latency in seconds
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volunteers with normal BCVA (group 1) and co-operative
patients with reduced BCVA (group 2). The aim of our anal-
ysis was to determine normative values for response times of
closed rings by examining non-malingering subjects. In addi-
tion, we determined clinical feasibility of the testing proce-
dure. Regarding the times to respond to closed rings we found

differences compared to Landolt-Cs. The response time was
significantly increased for the first closed ring (Table 1). The
following three closed rings had also longer times compared
to Landolt-Cs, but without statistical significance. We assume
that this result was caused by a rapid training effect: the first
closed ring surprised the subjects, whereas the following
closed rings can be regarded as less unexpected. While the
mean response time to the first closed ring was significantly
increased, five of the subjects in each group had normal indi-
vidual response times. This shows that the test can be false
negative, particularly when exclusively focusing on the re-
sponse time. On the other hand it is very likely that an in-
creased time to respond signifies surprise.

To assess the variability of individual responses we
compared the response time at position 21 (first closed
ring) with the maximum response time for positions 6 to
20. Assuming that response times exceeding the maxi-
mum at positions 6 to 20 can be considered conspicuous
we were able to identify 16 cases in group 1 and 14 cases
in group 2 with substantial latency at the first position
where a closed ring was presented. The possible presence
of false positive responses has to be considered. A false
positive result would be extended reaction time for posi-
tion 21 despite factual inability to recognize the
optotypes. The likelihood of false positives was around
0.06 (1/17) in this setting. It remained uncertain, if a sin-
gle latency can give enough evidence to definitely prove
malingering. Consequently, we agree with Gräf and

Fig. 3 Box plot of individual
response times of group 1:
healthy subjects with normal
visual acuity (n = 20). The
increased reaction times to the
closed rings at positions 21, 26,
30, and 34 are highlighted by gray
bars. Maximum at position 21
(20 s) is not shown. Boxes
indicate interquartile range (IQR)
and median, whiskers indicate 1.5
IQR, circles represent outliers
>1.5 IQR, asterisks identify far
outliers >3 IQR

Table 1 Mean response times of the first 20 Landolt-Cs and the four
closed rings at position 21, 26, 30, and 34. Time to respond was extended
for all closed rings. A significant increasewas observed for the first closed
ring at position 21

optotype response time
(mean ± SD)

p-value minimum maximum

Group 1: Individuals with normal best corrected visual acuity (n = 20)

mean 1–20 0.46 s ± 0.25 s 0 s 1.96 s

position 21* 2.92 s ± 4.45 s 0.000 0.31 s 20.00 s

position 26 0.77 s ± 0.75 s 0.079 0.16 s 3.23 s

position 30 0.83 s ± 1.08 s 0.117 0.22 s 5.02 s

position 34 0.74 s ± 0.89 s 0.654 0 s 3.24 s

Group 2: individuals with ocular diseases and reduced visual acuity
(n = 20)

mean 1–20 0.45 s ± 0.54 s 0.07 s 6.14 s

position 21* 2.30 s ± 2.34 s 0.000 0.16 s 8.72 s

position 26 0,63 s ± 0.48 s 0.232 0.07 s 2.01 s

position 30 0,67 s ± 0.56 s 0.179 0.12 s 1.87 s

position 34 0,53 s ± 0.58 s 0.881 0.07 s 2.17 s

*p < 0.05
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Roesen that the patients’ reactions to the unexpected
optotypes and the amount of correct and false responses
have to be included in the test evaluation.

Gräf and Roesen instructed 19 volunteers to pretend
malingering. They reported that 14 malingerers were de-
tected with their test [9]. Verbal reactions (BWhat’s that?^)
or physical abnormalities (raised eyebrows) uncovered
malingering in 10 individuals. In contrast to those results
physical or verbal signs of hesitation were absent in all
participants of our study. This might be explained by the
fact that surprise is a complex phenomenon. Latencies and
behavioral responses largely depend on knowledge of the
test, expectation, personality, and intelligence. These char-
acteristics are subject to individual variation.

To evaluate the test feasibility and performance in a
clinical environment we not only included normal vision
volunteers but also patients with reduced VA. In both
groups the test showed good reliability and repeatability.
The only difference was a short adaptation period in the
patients group, where the response times of the first five
Landolt-Cs at the beginning of the test were longer but
without being significant. However, this fact illustrates
that it might be difficult to discriminate false positive time
values from increased response times caused by surprise.
Initial adaption was also reported from Gräf & Roesen
[9]. They suggested to add one additional Landolt-C at
the beginning of the test and to exclude it from the anal-
ysis. Our results suggest that this method is not sufficient

because of larger individual variations in the patients who
needed up to the first three optotypes to adapt.

A further aspect remains unclear in the original paper [8, 9].
The authors regarded the reaction to the first closed ring
conspicuous if it was longer than any previous latency.
This was the case in six of 19 pseudomalingerers com-
pared to 15 subjects in group 1 and 10 in group 2 of our
study. The following closed rings at positions 26, 30, and
34 were not considered in the analysis – meaning that
their presentation was in fact not necessary. In our study,
besides the 16 (group 1) and 14 (group 2) subjects with
response times greater than maximum response times
(scenario using response times at positions 6 to 20), we
found one more subject meeting this criteria at least once
for closed rings at positions 26, 30, and 34 (data not
shown). Hence, increased response times at these posi-
tions could be used as additional information for strength-
ening conclusions about potential malingering and for im-
proving sensitivity and/or specificity of the test. It should
be mentioned that post hoc changes in evaluation criteria
are not legitimate in a clinical setting.

In Gräf & Roesen’s study response latencies of patients
believed to be malingerers were only estimated by the exam-
iner by counting silently [9]. Estimating time intervals is sub-
ject to intra-observer variation which might have biased the
results. Regarding response times it is not possible to compare
our results with the original study because statistical data
about latencies was not reported in their publication [9]. It is

Fig. 4 Box plot of individual
response times of group 2:
subjects with ocular diseases and
reduced visual acuity (n = 20).
The increased reaction times to
the closed rings at positions 21,
26, 30, and 34 are highlighted by
gray bars. Boxes indicate
interquartile range (IQR) and
median, whiskers indicate 1.5
IQR, circles represent outliers
>1.5 IQR, asterisks identify far
outliers >3 IQR
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however very likely that our study on well cooperative indi-
viduals is not representative of the clinical situation in which
response latencies might follow a different distribution and
scatter of the response latencies is probably larger.

The concept of unexpectedness can be considered as a
potential limitation of the test. Once published, the test prin-
ciple using closed rings is not only available for examiners
but also for malingerers. In our study we have already
shown, how fast non-malingering subjects adapt to unex-
pected optotypes. Consequently, it is not very unlikely that
malingerers might get access to the test characteristics and
try to use this knowledge for further manipulation.

In our study the examiner announced each optotype number
to indicate optotype presentation in the audio track. Variations
between the examiner’s announcement and the turning of the
page might be a potential source of bias. However, we were not
able to find any relevant delays between the presenter’s voice
and the turning of the page in the audio track.

Our study provides information that may help to better
interpret a VA test to determine malingering with unexpected
optotypes. The results of our present study suggest that the test
proposed by Gräf and Roesen [8, 9] can be a valuable piece of
the puzzle for the evaluation of malingering in VA testing.
However, a real proof of malingering remains uncertain.

Table 2 Maximum response
time (RT) for the Landolt-Cs at
positions 6 to 20 compared with
the response time at position 21
among individuals with normal
vision and individuals with
reduced visual acuity*)

Group 1: Individuals with normal vision, or best
corrected visual acuity

Group 2: Individuals with ocular diseases and reduced
visual acuity

Subject
No.

Maximum
RT

6–20

RT

21

RT
21 > Maximum
RT

6–20

Subject
No.

Maximum
RT

6–20

RT

21

RT
21 > Maximum
RT

6–20

1 0.39 4.50 + 1 0.87 2.89 +

2 0.37 0.31 2 1.14 6.66 +

3 0.62 0.45 3 0.82 0.36

4 0.79 0.80 + 4 0.95 4.63 +

5 0.33 3.98 + 5 0.27 0.28 +

6 1.42 7.29 + 6 0.55 3.54 +

7 0.53 0.64 + 7 0.62 2.43 +

8 0.79 4.04 + 8 0.48 0.22

9 0.50 0.53 + 9 1.29 0.43

10 1.10 1.16 + 10 0.33 8.72 +

11 1.21 3.15 + 11 0.51 0.50

12 0.53 1.01 + 12 0.94 0.58

13 0.86 0.68 13 0.67 0.16

14 0.35 2.44 + 14 0.49 1.63 +

15 0.91 0.55 15 1.25 2.03 +

16 0.49 0.82 + 16 0.49 1.49 +

17 1.00 4.28 + 17 0.57 2.01 +

18 0.44 1.08 + 18 0.60 1.50 +

19 1.09. 20.00 + 19 0.37 4.98 +

20 0.48 0.67 + 20 1.00 1.01 +

RT 21 > max RT
6–20

16 RT 21 > max RT
6–20

14

*) For each subject, maximum response time for Landolt-Cs at positions 6 to 20 (RT 6–20) was determined.
Response time at position 21 (RT 21, first closed Landolt-C) was comparedwith this maximum response time The
last line in each sub-Table (RT 21 > max RT 6–20) indicates how often the response time at position 21 exceeded
the maximum response time for Landolt-Cs at positions 6 to 20
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