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Rowing against the current – European optometry getting closer in
times of social distancing

Across Europe, education and clinical practice in optometry re-
mains heterogeneous. In some European countries, optometry
is a fully recognised profession and awell-established academic
discipline whereas in others further developments are urgently
needed. For the foreseeable future collaborative projects at asso-
ciative and academic levels will occur between different coun-
tries to develop optometry as a profession. These efforts will ex-
pand the possibilities to share knowledge and expertise andwill
lead to further and faster development of the field of optometry
allowing optometrists to provide competent eye health and vi-
sion care required by patients everywhere. At the beginning of
2020 one of these long-term highly promising projects was ini-
tiated when the Italian Optometric Society, named SOPTI, de-
cided to join TheNorwegianAssociation ofOptometry (NOF) to
support a project initiated in 2008 – The Scandinavian Journal of
Optometry and Vision Sciences (SJOVS). In 2020 SOPTI became
a joint owner of the journal and Fabrizio Zeri was handpicked to
join the group of editors. This “joint venture” between the two
associations and SJOVS will allow the promotion of the journal

and will create new pathways and opportunities for the Italian
optometric community that should consider SJOVS their new
scientific platform for readers and authors.

This expanding European project has developed andwill con-
tinue to thrive through utilization of digital communication de-
spite restrictions imposed byCOVID-19 at the beginning of 2020
leading to the dramatic and almost unthinkable closure of Eu-
ropean borders. For now, two important European countries
have joined in a common enterprise to empower the scientific
relationship between their optometrists and researchers; hope-
fully, other countries and associations will follow in the near
future. We anticipate a bright future for the world, for Europe
and for optometry. Now, as in the past, human solidarity and
intelligence will find solutions for the current crisis. We, the ed-
itors of SJOVS, with the support of the professional associations
wish the very best for the European optometric community, and
we are looking forward to receiving contributions from you to
our journal.

Stay safe and keep well!

Rigmor Baraas
Editor-in-chief

Fabrizio Zeri
Associate editor

Antonio Filipe Macedo
Associate editor
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Abstract
The Groffman Visual Tracing (GVT) test is a psychometric ocu-
lomotor test comprising two cardswith five contorted and inter-
sected lines for the clinical evaluation of ocular movement. The
participant starts from the one of letters at the top of the page,
follows the line from the letter, and reports the corresponding
number at the bottom of the page. The aim of this study is to
evaluate two claims made by the original author of the test: “it
is a developmental test”, and “the feasibility of its application
from primary school children up to adults”. This was achieved
by using the GVT test and a simplified version of it.
In two consecutive experiments, two groups of children and

adults were tested. In the first experiment, 75 children (1st, 3rd,
and 5th grade) and 25 adults underwent theGVT test. In the sec-
ond experiment, 115 children from 1st to 5th grade underwent a
simplified version of the GVT test. Total scoring, accuracy and
execution time were evaluated.
In the first experiment, a developmental trendwas found, but

24% of children in the 1st and 3rd grades did not follow any
lines correctly due to the difficulty of the test. In the second
experiment, all participants were able to perform the test, and
the accuracy improved significantly with age (p < 0.0001), a
sign of an evolutionary trend. The time required to follow the
lines was found to decrease with age (p < 0.0001), and the accu-
racy of simplified version was better than the standard version
(p < 0.0001).
A developmental trend was found, but the standard version

of the GVT test has proven to be too difficult for younger chil-
dren. The modified version provides best results. Children at
or below the 5th grade should be tested using the modified ver-
sion. Older children and adults can be tested with the standard
version. Specific norms based on execution times and accuracy
should be established.
Keywords: eye movements, Groffman test, visual tracing, saccade

Riassunto
Il Groffman Visual Tracing (GVT) è un test psicometrico ocu-
lomotorio costituito da due schede, sulle quali sono riprodotte
cinque linee contorte che si intersecano e si sovrappongono più
volte. I partecipanti iniziano da una lettera nella parte alta del
foglio, seguono la linea e denominano il corrispondente nu-
mero, nella parte bassa del foglio. L’obiettivo di questo studio
è di verificare due affermazioni dell’autore del test: “È un test
per l’età dello sviluppo” e “Può essere adottato dall’inizio della
scuola primaria fino all’età adulta”. Tale valutazione è stata ef-
fettuata attraverso l’uso della versione standard e di una ver-
sione semplificata del test.
In due esperimenti sono stati testati due gruppi di bambini

e di adulti. Nel primo esperimento, a 75 bambini (della 1°, 3°
e 5° anno della scuola primaria) e 25 adulti è stato somminis-
trato il GVT test. Nel secondo esperimento, a 115 bambini (dal
1° al 5° anno della scuola primaria) è stata somministrata una
versione semplificata del test. Sono stati valutati il punteggio,
l’accuratezza e il tempo di esecuzione.
Nel primo esperimento è stato trovato che la performance

migliora con l’età, ma il 24% dei bambini del 1° e 3° anno non
è riuscito a seguire correttamente alcuna linea, data la difficoltà
del test. Nel secondo esperimento, tutti i partecipanti sono stati
in grado di eseguire il test e l’accuratezza cresce significativa-
mente con l’età (p < 0.0001), a conferma di un trend evolutivo.
Il tempo di esecuzione ha evidenziato un decremento con l’età
(p < 0.0001) e l’accuratezza della versione semplificata del test
è risultata migliore rispetto alla versione standard (p < 0.0001).
Un miglioramento dei risultati in relazione all’età è stato

trovato, ma la versione standard del GVT test si è rivelata troppo
difficile per i bambini più piccoli. La versione modificata del
GVT test si è invece rivelata più adeguata. Pertanto, con i bam-
bini dal 1° al 5° anno della scuola primaria, è opportuno utiliz-
zare la versione semplificata del test. Nei bambini più grandi
e per gli adulti, la versione standard è risultata adeguata. Sarà
necessario in seguito definire i valori normativi di riferimento
riguardanti il tempo di esecuzione e l’accuratezza.
Parole chiave: movimenti oculari, Groffman test, visual tracing, sac-
cadi

Introduction
In a policy statement defined by the American Academy of Op-
tometry and theAmericanOptometricAssociation (1997), itwas
stated that, in the visual testing of childrenwith learning-related
visual problems, a complete visual examination should bemade
(Scheiman & Rouse, 2006; Scheiman & Wick, 2019). In particu-
lar, visual pathway integrity, visual efficiency, and visual infor-
mation processing need to be investigated. Specifically, the sec-
ond area of visual efficiency included accommodation, binocu-
lar vision, and eye movements.
From a clinical point of view, for the evaluation of eye move-

ments there are few standardized oculomotor tests available.
Indeed, a precise and objective evaluation of ocular movement
should be made objectively using an eye tracker (Scheiman &
Wick, 2019, chapter 1). However, its cost and the length of time
required for implementation, examination, and analysis restrict
its primary use to research and it is not appropriate for use in
clinical practice. Moreover, clear interpretation of the data is not
easy because of the requirement for updated language-specific
text and norms.
Consequently, other instruments, such as psychometric tests,

were developed for the evaluation of eye movements (Richman
& Garzia, 1987).
Several tests are available. The NSUCO is an observational

structured scale test in which the examiner evaluates different
aspects during the execution of a standard test of saccades and
pursuit (Maples & Ficklin, 1990). The King-Devick is a visuo-
verbal screening test to evaluate eye movements. It is based on
the measurement of the speed of rapid number naming ((A. T.
King, 1976)) and recently was applied as a concussion screen-
ing tool (Galetta et al., 2016; D. King et al., 2013). Similarly, the
developmental eye movement test (DEM) is a visuo-verbal test
to examine ocular movement in a reading like condition. It is
widely used in developmental age groups and has norms for
different languages (Baptista et al., 2011; Facchin et al., 2012;
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Jimenez et al., 2003; Okumura & Wakamiya, 2010; Pang et al.,
2010; Richman & Garzia, 1987; Serdjukova et al., 2016; Xie et
al., 2016). In these “paper and pencil tests”, the functioning of
ocular movement is derived indirectly from the overall perfor-
mance. Other than eye movements, several cognitive functions
are involved in the overall performance of these tests: sustained
attention, number recognition and retrieval, visual verbal inte-
gration time, speaking time, visuo-spatial attention, and other
cognitive skills. For these reasons, these tests are not pure oculo-
motor tests (Ayton et al., 2009), but their ease of application and
usefulness have been well demonstrated (Facchin et al., 2011;
Maples & Ficklin, 1990; Moiroud et al., 2018; Richman, 2009;
Richman & Garzia, 1987). Over the years, the DEM and King-
Devick tests have been applied in a large number of investiga-
tions of their application and also to assess their psychometri-
cal properties (Facchin et al., 2011; Facchin & Maffioletti, 2018;
Moiroud et al., 2018; Rizzo et al., 2016; Tjarks et al., 2013).
The DEM test was largely used, but one of its limitations (also

valid for the King-Devick) is the presence of verbal naming that
takes from between 64% and 90% of the total horizontal time
(Facchin et al., 2011). For this reason, there is a requirement
for an oculomotor test without the naming component and the
Groffman Visual Tracing (GVT) test acts in this manner (Groff-
man, 1966). The GVT test is an oculomotor “tracing” test in
which a participant is required to follow a line in a group of five
crowded lines from a letter at the top of the page to a number at
the bottom. The number of times the line is followed correctly
and the time spent to achieve this produce the final score (Groff-
man, 1966). Since the author reported that there are no naming
skills required, this represents a simple performance test related
to ocular movement.
In the first article by the author, visual tracing was correctly

defined as “the oculomotor skill used to follow a continuous stimu-
lus from one point to another” (Groffman, 1966) and it is related
to both saccades and pursuits. The GVT test is not a real test of
pursuits because of the lack of moving objects.
For the purposes of the author (Groffman, 1966), the GVT test

complies with the following requirements and criteria: it pro-
vides a quantitative measure of oculomotor ability; it is a purely
visual test (without other senses); there are no language factors;
it is independent of cognitive factors; it is a developmental test;
and it is applicable from children in kindergarten to adults.
Although mentioned in several textbooks (Chinn, 2014; Levi

& Carney, 2009; Press, 2008; Press & Moore, 1993; Scheiman &
Wick, 2019; Solan, 1982), the GVT test has received little atten-
tion in the literature. Only a few studies (Cui et al., 2017; Groff-
man, 1993; Langaas et al., 2002; Smaakjær et al., 2018) and some
dissertations have cited this test and its application.
Specifically, GVT was used for the clinical assessment of eye

movements in children with reading disabilities and with de-
velopmental coordination disorder (Langaas et al., 2002). The
authors found that children with deficits perform poorly on the
GVT test compared with controls, and a high number of chil-
dren failed the GVT. In stroke patients, GVT was used for the
assessment of oculomotor dysfunction before and after vision
therapy. The results show an improvement of GVT score after
vision therapy (Smaakjær et al., 2018).
As reported by Scheiman and Wick, 2019, in chapter 1, no

studies indicating the psychometric properties and application
of the GVT test have been published. Our main aims were to
examine some of these properties. Specifically, we wanted to
test the two last assertions of the author: “it is a developmen-
tal test” and “it is applicable from primary school to adults”,
together with performing a clinical evaluation of the test. We
tested it in two consecutive experiments, as described below.

Experiment 1: standard version of the GVT test
The aim of the first experiment was to test the application of the
GVT test in three groups of children and in one group of adults
in order to evaluate the developmental trend and the feasibility
of its application to participants ranging from primary school
children to adults.

Methods
Participants
Children were recruited during a school screening program,
and adult participants enrolled informally as volunteers. Only
children with written informed consent from their relatives per-
mitting them to take part in the study were enrolled. A total of
one hundred and four participants were initially enrolled, but
four (3 children and 1 adult) did not meet the inclusion crite-
ria and were excluded. Finally, four groups of 25 participants
were created, demographic characteristics are shown in Table 1.
Adult participants were recruited randomly among patients at-
tending an optometric office. Inclusion criteria were the pres-
ence of normal binocular vision assessed by cover test, the ab-
sence of ocular diseases reported by the participant or relatives,
no history of refractive surgery, strabismus or amblyopia re-
ported by children or relatives, and a visual acuity equal to or
greater than+0.1 logMAR in each eye at near using a LEA sym-
bols logMAR chart (Goodlite 250800, Elgin, IL, USA). All par-
ticipants had no current or previous neurological or psychiatric
disorders. Participants wore their own glasses or contact lenses
(if needed) during testing. The study was carried out in accor-
dance with the guidelines given in the Declaration of Helsinki
and it was approved by the Board of Optics and Optometry of
the University of Milano-Bicocca (January 14, 2019).

Table 1.: Demographic characteristics for the four groups of participants in Exper-
iment 1.

Group n Mean age SD Range

1st class 25 6.5 0.5 6 – 7
3rd class 25 8.2 0.4 8 – 9
5th class 25 10.5 0.5 10 – 11

Adults 25 28.9 5.9 21 – 39

Total 100

Groffman Visual Tracing Test
According to the original paper (Groffman, 1966), the Groffman
Visual Tracing test was an oculomotor test based on two cards of
216× 279mm (i.e. US letter size). Each card comprised five sep-
arate continuous lines that intersected one another in a tangled
pattern. The task was to “follow” each line as rapidly as possi-
ble without losing the line pattern. Each participant was asked
to follow each line from a letter at the top of the page (A, B, C, D,
and E) to a number (1 to 5) at the bottom. Execution times and
final recognized numbers were recorded. Firstly, a demonstra-
tion card was placed on the lectern, and the instructions about
the start, intersections, and ends were given. If the participant
did not understand, the instructions for a demonstration card
were repeated up to three times. After three repetitions, if the
participant could not follow a single line on the demonstration
card correctly, testing was terminated because of the failure to
attain the minimum level of skill required for the execution of
the test.
According to the original paper, the instruction was: “This is a

test to see how quickly and accurately you can follow a line using only
your eyes. Look at the line that starts at the letter A. Follow it with
your eyes. When it reaches another line (point to the first intersection),
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follow it through the gap (point to the broken line). This line goes un-
der the whole line and continues through.” (Groffman, 1966). After
the demonstration card, card A and B were administered in this
order. The instruction for each card and line was: “Now we are
going to trace five more lines. Your score will depend on accuracy and
speed so work quickly, but try not to make a mistake.” (Groffman,
1966).
The answer key was identical for cards A and B and was re-

ported on a scoresheet. Scoring was performed using the origi-
nal procedure, as reported in the test manual. Since the original
score cannot differentiate between lower but accurate tracing
(e.g. participant #4, 4 lines correctly followed slowly, 20 points)
and fast but inaccurate tracing (e.g. participant #12, 2 lines cor-
rectly followed faster, 20 points), in order to have a better expla-
nation of the results, we decided to take into account the accu-
racy (number of lines followed correctly that ranges from 0 to
5) and execution times separately, as many recent performance
tests do. Consequently, in addition to the original scoring, the
execution times of the lines correctly followed and the overall
accuracy for each card were used for the analysis.
Procedure
For the children the GVT test was administered during a school
screening program. The overall evaluation was performed in
a quiet and well-illuminated room (approximately 400 lux).
Firstly, children performed the basic screening program that in-
cluded visual acuity at far and near, objective refraction, stere-
opsis, near point of convergence, objective observation, and
cover test. After these tests, the child was seated at the desk
wearing the proper refractive correction (if necessary), and the
different cards were positioned on a lectern at 40 cm. A stop-
watchwas used to record the execution time. The cardwas posi-
tioned on a lectern and lineswere covered by a blank sheet in or-
der to avoid the child following lines before the start of the test.
In this phase, only letters at the top of the pagewere visible. The
examiner then spoke the letter, removed the blank sheet, and
started the time. The examiner stopped the stopwatch when
the participant gave the corresponding number. The number
and the execution time were recorded on a scoresheet. If the
number reportedwas incorrect, scoringwas zero. If the number
was correct, the execution time was recorded. If the participant
lost the line, scoring was zero. The original score of the GVT
test was computed using the table reported in the test manual.
Adult participants were tested in an office under the same con-
ditions as described above.
Statistical analysis and scoring
For comparative purposes, the data for the adults were anal-
ysed separately before they were included in the analysis of
the children’s data. Original scoring, accuracy, and execution
timeswere analysedwith a general linearmodel by using differ-
ent structures of ANOVA to assess the evolutionary trend and
to perform specific comparisons. Post-hoc analyses were per-
formed with Tukey correction for multiple comparisons. Effect
size was evaluated using partial eta squared. Since the execu-
tion times were available only for the lines followed correctly,
we used these times for the analysis of the participants that have
these data. Where appropriate, 95% confidence levels (CI) were
reported. Statistical analyses and figures were performed with
R statistical environment (R Core Team, 2019).
Results
The clinical application of the GVT test in 1st-grade children
showed that execution of the task was very difficult for children
at this age (6-7 years old), and the larger part refused to perform
the second card B. For this reason, we decided to apply and con-
sider only card A to the overall group of children. The second
card “B” was administered only to adult participants. Conse-

quently, the comparisons between groups were performed only
for card “A” and cards “A” and “B” were compared only in
adults.
Original Score
The original score was analysed using a one-way ANOVAwith
the between-participants factor Group with 4 levels (1st grade,
3rd grade, 5th grade, Adults). The results show that the factor
Group was significant [F(3, 96) = 15.05, p < 0.0001, η2

p = 0.32].
Post-hoc analyses showed significant differences between 1st
and 5th grade (p < 0.001), between 1st grade and Adults (p <
0.0001), between 3rd and 5th grade (p < 0.05) and between 3rd
grade and Adults (p < 0.0001). There was an improvement in
performance with grade. The data are plotted in Figure 1.
On examining the raw data with respect to accuracy (see Ta-

ble 2), we found that 24% of children in the 1st and 3rd grades
could not correctly follow any lines and only 4% followed five
lines correctly. In the 1st grade, 52% at best could follow only
one line out of 5 on the first card “A” correctly.

Table 2.: Accuracy of the GVT test according to group.

Group Lines Frequency Percent Cumulative
percent

1st grade 0 6 24.0 24.0

1 7 28.0 52.0
2 6 24.0 76.0
3 3 12.0 88.0
4 2 8.0 96.0
5 1 4.0 100.0

Total 25 100.0

3rd grade 0 6 24.0 24.0

1 3 12.0 36.0
2 9 36.0 72.0
3 5 20.0 92.0
4 0 0.0 92.0
5 2 8.0 100.0

Total 25 100.0

5th grade 0 0 0.0 0.0

1 3 12.0 12.0
2 3 12.0 24.0
3 6 24.0 48.0
4 8 32.0 80.0
5 5 20.0 100.0

Total 25 100.0

Adults 0 0 0.0 0.0
1 1 4.0 4.0
2 5 20.0 24.0
3 2 8.0 32.0
4 6 24.0 56.0
5 11 44.0 100.0

Total 25 100.0

Note. For each group, a frequency, percent, and cumulative percent was reported.

The accuracy between groups was analysed using a one-way
ANOVAwith the between-participants factor Groupwith 4 lev-
els (1st grade, 3rd grade, 5th grade, Adults). The results show
a significant effect of Group [F(3, 96) = 16.13, p < 0.0001, η2

p =

0.34]. Post-hoc comparisons showed significant differences be-
tween 1st and 5th grade (p = 0.0001), between 1st grade and
Adults (p < 0.0001), between 3rd and 5th grade (p < 0.001),
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and between 3rd grade and Adults (p < 0.0001). The mean ac-
curacy improved with grade. The data are listed in Table 2 and
plotted in Figure 2.
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Figure 1.: The score of GVT as a function of the group. Bars represent ±1 standard
error of the mean (SEM).
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Figure 2.: Evolution of accuracy during Grade for the GVT test. Bars represent ±1
SEM.

The average score reported in the original paper (Groffman,
1966) was separated according to age. In order to compare our
results with original norms for each child, we grouped all chil-
dren participating according to their specific age. The compar-
isons for each age group with average score (t-test) showed a
non-significant difference for all children and adults [in this last
case the highest age available was used (12 and adults)]. How-
ever, large variability in our data explains these results. In fact,
the comparison of variance (F-test) shows a significant differ-
ence (p < 0.05) for all ages except for 11-year old children.
Execution times
Execution times were analysed with a factorial ANOVA, with
the factor Group with four levels (1st grade, 3rd grade, 5th
grade, Adults), and the factor Line with 5 levels (A, B, C,
D, and E). The results show a significant result for Group
[F(3, 247) = 6.01, p < 0.001, η2

p = 0.07], a significant effect for
Line [F(4, 247) = 7.59, p < 0.0001, η2

p = 0.11] and no significant
interaction between Group and Line (p = 0.97). Post-hoc com-
parisons for the factor Group showed significant differences be-
tween 1st grade and Adults (p < 0.001) and between 5th grade

and Adults (p < 0.05). The data separated by Group are plot-
ted in Figure 3. Execution times improved with group, but this
improvement was small, and there were significant differences
in the execution time for each line.
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Figure 3.: Execution times for the GVT test for card A as a function of Grade. Bars
represent ±1 SEM.

Correlations between original score, accuracy and
execution times
Since all parameters that were evaluated (original score, accu-
racy, and times) improved significantly with grade, we tested
their relationship. The results show a high positive correlation
between original score and accuracy [r = 0.938 (0.909 – 0.958),
p < 0.0001] and a medium negative correlation between origi-
nal score and time [r = −0.418 (0.229 – 0.577), p < 0.0001]. The
original GVT score was highly related to the accuracy, with a
similar evolutionary trend as shown in Figures 1 and 3.
The GVT test in adults
Adult participants were able to perform both cards; their accu-
racy is reported in Table 3.

Table 3.: Accuracy of the GVT test in Adults.

Card Lines Frequency Percent Cumulative
percentage

A 1 1 4.0 4.0
2 5 20.0 24.0
3 2 8.0 32.0
4 6 24.0 56.0
5 11 44.0 100.0

Total 25 100.0

B 1 1 4.0 4.0
2 4 16.0 20.0
3 4 16.0 36.0
4 4 16.0 52.0
5 12 48.0 100.0

Total 25 100.0

Note. For each card, a frequency, percent, and cumulative percent was reported.

The accuracy was analysed using a paired sample t-test. The
result reveals no significant difference in accuracy between
cards (p = 0.87).
For the execution times, data were analysed using a factorial

ANOVAwith the factor Card with two levels (A, B) and the fac-
tor Line with 5 levels (A – E). The results show a significant re-
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sult for the factor Card (F(1, 183) = 7.63, p < 0.01, η2
p = 0.04),

for the factor Line [F(4, 183) = 4.50, p < 0.01, η2
p = 0.09],

and the interaction Card × Line [F(4, 183) = 4.05, p < 0.01,
η2

p = 0.08]. Post-hoc comparisons for card A showed signifi-
cant differences between line A and line C (p < 0.001), between
line B and line C (p < 0.05), between line C and line D (p < 0.05)
and between line C and line E (p < 0.001). For card B no signif-
icant differences were found. Each line on different cards had a
different execution time. The results are plotted in Figure 4.
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Figure 4.: Execution times for Card A and B in adult participants. Bars represent
±1 SEM.

Discussion
The aim of this first experiment was to test the developmental
trend and the feasibility of the GVT test in ages ranging from
primary school children to adults.
Compared to the original norms, the children tested generally

performed in the mean values, but with large variability. Using
the score reported in the original paper, it is not possible to dif-
ferentiate between fast and inaccurate and slower and accurate
participants. For these reasons, we decided to assess the accu-
racy and execution times separately. Without this division, the
results below could not have been evaluated.
Observing accuracy and execution times, the GVT test shows

an evolutionary trend, and we can confirm the statement made
by the author that the GVT test is a developmental one.
Conversely, considering the second question, the task is too

difficult for children in the 1st and 3rd grade. In order to allow
this test to be applied at an optimum level in young children,
we have performed a simplified version, as described below for
the second experiment.

Experiment 2: simplified version of the GVT test
Based on the results of Experiment 1, with the aim of produc-
ing a better test for children, cards A and B were simplified by
deleting lines B and D from both of them. Higher accuracy is
expected compared to the original five lines and this raises the
possibility of administering both cards even in younger chil-
dren. The aim of this second experiment was to assess the per-
formance of this modified version.

Material and methods
Participants
A different group of 115 children from 1st to 5th grade partici-
pated in the second experiment. They were equally subdivided
into 23 participants for each grade. Inclusion and exclusion cri-
teria were the same described earlier for Experiment 1.

Tests

Simplified GVT test

In order to simplify theGVT test, the original cardsA andBwere
modified by deleting lines B and D from both of them. Conse-
quently, the accuracy score was calculated over three lines for
each card. For comparison between the original and simplified
version, the accuracy was calculated in percent. Original and
simplified version GVT cards are shown in Figure 5.

A                 B

C                D  

Figure 5.:Original and simplified versions of the GVT test (demonstration card was
not shown). Panels A and B show the original visual tracing test cards “A” and “B”
respectively. Panels C and D show the simplified version of the GVT test cards
“A” and “B”.

Procedure

The procedure was the same as that described earlier for Exper-
iment 1.

Results

Accuracy

The accuracy for both cards is reported in Table 4.
In order to compare the accuracy of the simplified GVT test

between grades, a repeated measure ANOVA was performed
using the within factor Card with two levels (A and B) and
the between factor Grade with five levels (1st – 5th). The re-
sults show a significant result only for the main factor Grade
[F(4, 110) = 9.6, p < 0.0001, η2

p = 0.26]. Post-hoc pairwise
comparisons for the factor Grade showed significant differences
between 1st and 4th grade (p < 0.0001), between 1st and 5th
grade (p < 0.0001), between 2nd and 5th grade (p < 0.01) and
between 3rd and 5th grade (p < 0.05). Both cards present the
same accuracy and developmental trend. The data are plotted
in Figure 6.
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Table 4.: The frequency relative to the accuracy of the simplified version of the
GVT test with three lines for cards A and B.

Card A Card B
Grade Line Frequency Percent-

age
Cumulative
percentage

Frequency Percent-
age

Cumulative
percentage

1 0 5 21.7 21.7 4 17.4 17.4
1 7 30.4 52.2 9 39.1 56.5
2 5 21.7 73.9 4 17.4 73.9
3 6 26.1 100.0 6 26.1 100

Total 23 100.0 23 100.0

2 0 0 0.0 0.0 3 13.0 13.0
1 6 26.1 26.1 7 30.4 43.5
2 7 30.4 56.5 4 17.4 60.9
3 10 43.5 100.0 9 39.1 100

Total 23 100.0 23 100.0

3 0 1 4.3 4.3 2 8.7 8.7
1 6 26.1 30.4 5 21.7 30.4
2 5 21.7 52.2 8 34.8 65.2
3 11 47.8 100.0 8 34.8 100

Total 23 100.0 23 100.0

4 0 0 0.0 0.0 2 8.7 8.7
1 3 13.0 13.0 1 4.3 13.0
2 2 8.7 21.7 4 17.4 30.4
3 18 78.3 100.0 16 69.6 100

Total 23 100.0 23 100.0

5 0 1 4.3 4.3 0 0.0 0.0
1 1 4.3 8.7 2 8.7 8.7
2 1 4.3 13.0 2 8.7 17.4
3 20 87.0 100.0 19 82.6 100

Total 23 100.0 23 100.0
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Figure 6.: The accuracy between grades for the simplified version of the GVT test.
Bars represent ±1 SEM.

More importantly, the relative accuracy for the 1st, 3rd and
5th grade from the two versions of the GVT test (original and
simplified) scored in percent were compared using a factorial
ANOVA with the factor Experiment with two levels (Experi-
ment 1 and Experiment 2) and Grade with three levels (1st, 3rd,
5th). The results show a significant difference for the main fac-
tor Experiment [F(1, 138) = 26.1, p < 0.0001, η2

p = 0.16], for the
main factor Grade [F(2, 138) = 19.8, p < 0.0001, η2

p = 0.22], but

no interaction between Experiment and Grade. The accuracy
of the simplified version of the GVT test is significantly higher
than for the original GVT test for children in 1st, 3rd and 5th
grade. The results are plotted in Figure 7.
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60%
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Figure 7.: Comparison of accuracy between the standard (Experiment 1) and the
simplified version (Experiment 2) of the GVT test. Bars represent ±1 SEM.

Execution times
In order to evaluate the difference in execution times, a mixed
ANOVA was performed with the between factor Grade with
five levels (1st – 5th), the within factor Card with two lev-
els (A and B) and the factor Line with three levels (A, C,
E). A significant result was found for the main factor Grade
[F(4, 465) = 14.61, p < 0.0001, η2

p = 0.11], for the main factor
Line [F(2, 465) = 11.15, p < 0.0001, η2

p = 0.05] and the interac-
tion Card ×Line [F(2, 465) = 7.05, p < 0.001, η2

p = 0.03]. Post-
hoc analyses for the factor Grade showed significant differences
between 1st and 3rd grade (p < 0.001), between 1st and 4th
grade (p < 0.0001), between 1st and 5th grade (p < 0.0001),
between 2nd and 4th grade (p < 0.0005) and between 2nd and
5th grade (p < 0.0001). For Card A, post-hoc analyses showed
significant differences between line A and line B (p < 0.001)
and between line C and line E (p < 0.0005). For card B post-hoc
analyses showed significant differences between line A and line
C (p < 0.05) and between line A and line E (p < 0.01). Execu-
tion times decrease with Grade and are different between cards
and lines. The results are plotted in Figure 8.

Discussion
The aim of the second experimentwas to assess the performance
of the simplified version of the GVT test compared to the origi-
nal one.
With the simplification of the test, the overall accuracy in-

creased significantly between grades. Qualitatively, using the
original test, the majority of young children refused to perform
the second card of test (B) due to its difficulty. With the simpli-
fied version, all the children were able to perform both cards.
Even modified cards were performed in the same order (as is
necessary for a clinical application), and both exhibited a simi-
lar accuracy. These results imply that the accuracy does not im-
prove between cards, and consequently, there is not a learning
effect, as occurs in other tests (Facchin & Maffioletti, 2018).
Conversely, each line on each card has a different and a spe-

cific execution time. Based on this result, a single scoring system
cannot be applied to the execution time of all lines. Each line on
each card requires specific scoring parameters.
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resented the mean execution times between Grades. In the bottom graph, the
mean time of execution for each card and each line was reported. Bars represent
±1 SEM.

We found that accuracy improves, and execution times de-
crease almost linearly according to grade in children. Conse-
quently, the simplified GVT test is undoubtedly a developmen-
tal test.

General discussion
In this study we have aimed to apply the GVT test in a group
of children and adults in order to test the two last assertions of
the author of the test: “it is a developmental test”, and “it is ap-
plicable from primary school to adults”, together with a clinical
evaluation of the test. We have found several interesting results.
With respect to the application of a standard test in young

children, examining in detail the data with respect to accuracy
in card A, we found a very poor result. A total of 24% were
unable to follow a single line, 28% could correctly follow one
line, and only 4% perform all lines correctly. Children in the 3rd
grade performed in a similar manner, and only in the 5th grade
were there discrete results (no one failed to follow all lines, and
20% followed all lines correctly). Young patients with reading
disabilities (Langaas et al., 2002) and adult patients with stroke
seem to have the same problems (Smaakjær et al., 2018).
Using the original score, no differentiation between styles of

execution was possible. In some cases, accurate but slower chil-
dren received a score equal or lower than faster but inaccurate

children. The standard score was reported in the paper pub-
lished in 1966, but there was no description of how this score
was made. It was stated that 120 participants were tested, and
the respective mean and standard deviation were reported. The
original score was highly related to accuracy and moderately to
time of execution.
Moreover, the time taken to execute the test was found to be

different for each card and line. Consequently, a unique point –
the scoring system seems not to be valid. For these reasons, we
opted to analyse accuracy and execution times separately, as for
the most part psychometric – performance tests do [e.g. in the
domain of oculomotor testNSUCO (Maples& Ficklin, 1990) and
DEM test (Richman & Garzia, 1987)].
Based on the overall results of the two experiments, we can

review the criteria provided by the author, specifically, “GVT is
a developmental test”. We confirm that the ability improves dur-
ing grades, as shown clinically by an increase of accuracy and
in decreasing the time of execution during grades, in particular
using the simplified version of the test.
“GVT was applicable from primary school to adults”. This claim

was partially correct. TheGVT testwas applicable in all ages but
only in different forms or versions. In fact, the original version
was too hard for the youngest children, and our modified and
simplified versionwas found to be easier by children in primary
school.
This study represents a baseline for future work that should

take into account these observations. Future research on the
GVT test could take into account its psychometric properties
(validity, test-retest, and inter-examiner repeatability) and the
development of specific norms, taking into account the overall
accuracy (over 6 or 10 lines depending on age) and execution
times separated for each card and line, preferably with modern
scoring (i.e. percentile rank). The use of two separate scorings
for execution times and accuracy permits clinicians to discrimi-
nate between different strategies that the participant may use.
When specific norms of GVT test are available, its first appli-

cation will undoubtedly be in the field of oculomotor dysfunc-
tion, specifically in children with learning disabilities or other
deficits. This test, together with other psychometric tests such
asDEMandNSUCO could represent a valid and specific battery
for oculomotor testing (Langaas et al., 2002).
In this study, we have reported that the GVT test demon-

strates a clear evolutionary trend as an indication of validity,
but the application of this test in adults could also be useful. It
represents an oculomotor – performance test, and with the spe-
cific norms, it could be a valuable test in the evaluation of pa-
tients with special needs (Taub et al., 2012), in particular those
with specific oculomotor problems such as patients with brain-
injury (Gallaway et al., 2017; Scheiman et al., 2017; Smaakjær et
al., 2018) and adults with learning disability.
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Abstract
In health-related professions, education has unique challenges.
Problem-based learning can be extremely useful and driven by
strategies such as group-work (GW) and peer assessment (PA),
which are both used as formative and assessment tools. This
study aimed to explore experience and perceptions about GW
and PA held by educators and students in optometry. In a first
survey, 45 Italian educators (43.8 ± 13.0 years old) of optomet-
ric clinical modules answered an email questionnaire investi-
gating their attitudes towards GW and PA. In a second sur-
vey, 66 3rd-year undergraduates (22.5 ± 2.0 years old) answered
a questionnaire investigating the perception and attitudes to-
wardsGWandPAat the beginning and at the end of amodule of
Advanced Optometry structured with a formative/summative
GW activity with a final PA. Two-thirds of optometry educa-
tors declared they use GW, but not as a summative assessment
tool. Only a quarter of the sample answered that they used PA
at least once. Educators’ attitudes towards GWwere more posi-
tive than PA (p < 0.001). About 60% and 80% of the interviewed
students stated they have never participated in GW and PA,
respectively. Students’ pre-course attitudes towards GW and
PA resulted in values close to the middle of the scale with no
significant differences and positive correlations between them
(p < 0.001). When students’ GW attitudes were compared
with educators’ GW attitudes, the latter were more positive.
Students’ post-course attitudes towards GW and PA were en-
hanced. Although GW and PA are considered very good strate-
gies to improve teaching, the results of the present study have
demonstrated that the use of these strategies in Italian optomet-
ric higher education is limited. However, the study has also
demonstrated that Italian optometry educators have positive at-
titudes towards “social” teaching strategies especially for GW.
Furthermore, optometry students showed improved attitudes
towards these strategies once exposed to them. Overall, the re-
sults of the study open the possibility to integrate “social” teach-
ing strategies to improve the effectiveness of optometry educa-
tion.
Keywords: Group-work, peer assessment, optometry education,
problem-based learning.

Riassunto
La formazione accademica delle professioni sanitarie presenta
delle criticità uniche. L’apprendimento basato su problemi
(problem-based learning) può essere estremamente utile e con-
dotto usando il lavoro di gruppo (group-work; GW) e la val-
utazione fra pari (peer assessment; PA) sia come strumenti di
formazione che di valutazione finale degli studenti. Questo stu-

dio ha puntato ad esplorare l’esperienza e la percezione verso il
GW e il PA da parte di educatori e studenti in optometria. In
un primo sondaggio 45 docenti italiani di moduli di optometria
clinica (43.8 ± 13.0 anni) hanno risposto ad un questionario invi-
ato permail che ha indagato le loro attitudini verso il GWe il PA.
In un secondo sondaggio 66 studenti del terzo anno della lau-
rea triennale in optometria hanno risposto ad un questionario
che ha indagato le loro attitudini verso il GW e il PA prima e
dopo la frequenza del modulo di Optometria Avanzata strut-
turato con un’attività formativa e valutativa di GW e con un PA
finale. Due terzi dei docenti in optometria hanno dichiarata di
usare il GW, ma non come strumento di valutazione finale degli
studenti. Solo un quarto del campione ha risposto di aver usato
il PA almeno una volta. L’attitudine dei docenti verso il GW è
risultata più positiva che verso il PA (p < 0.001). Tra gli studenti
intervistati rispettivamente il 60% e l’80% hanno dichiarato di
non avere mai partecipato al GW e al PA. L’attitudine pre-corso
degli studenti verso il GW e il PA è risultata su valori medi
con assenza di differenze significative e correlazione positiva
tra loro (p < 0.001). Quando le attitudini degli studenti verso
il GW sono state comparate con quelle dei docenti, in questi ul-
timi sono risultate più positive. Comunque, l’attitudine post-
corso degli studenti verso il GW e il PA è cresciuta. Nonostante
il fatto che il GW e il PA sono considerate strategie molto valide
per migliorare la didattica, i risultati del presente studio hanno
dimostrato che il loro uso nell’educazione universitaria in op-
tometria è limitato. Comunque, lo studio ha anche dimostrato
che i docenti di optometria italiani hanno attitudini positive
verso l’insegnamento che usa forme d’interazione “sociale”, so-
prattutto per il GW. Inoltre, gli studenti di optometria hanno
mostrato che l’attitudine verso queste strategie migliora una
volta esposti a queste metodiche. Nel complesso, i risultati di
questo studio aprono alla possibilità d’integrare l’insegnamento
che usa l’interazione “sociale” per migliorare l’efficacia della
formazione optometrica.
Parole chiave: lavoro di gruppo, valutazione tra pari. formazione in
Optometria, apprendimento basato su problemi.

Introduction
Learning is a social activity. Race (2007) noted that ‘learning
from others is the most instinctive and natural of all the learn-
ing contexts experienced’. In health-related professions, such
as medicine, nursing, and optometry, education is particularly
challenging since the students have to recall a broad theoreti-
cal knowledge and skills in a clinical setting (Frenk et al., 2010).
Moreover, the ability to think critically and work effectively in a
team is required (Hrynchak & Spafford, 2015). There are many
ways to improve teaching in Higher Education (HE), especially
for health-related professions, using the positive influence of so-
cial activity. Two of these ways are group-work (GW) and peer-
assessment (PA).
GW is where a small group of students meets to discuss a

particular issue or perform a particular task. Student-student
interaction is at the base of GW functioning, leading to an en-
hanced experience of learning (Biggs & Tang, 2011; Fry et al.,
2008). There are two slightly different forms of learning in a
group: collaborative and cooperative (Bruffee, 1995; Hammar
Chiriac, 2014; Panitz, 1999). Collaborative learning includes in-
teraction, collaboration and utilization of the group’s competen-
cies; whereas cooperative learning happens without direct in-
teraction, for example students independently producing a dif-
ferent part of the group’s project work would be cooperative
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(Bennett & Dunne, 1992; Galton & Williamson, 1992). Whilst
cooperative learning is teacher-centred, collaborative learning
is more student-centred (Panitz, 1999) andmore appropriate for
learning that requires a critical approach (Bruffee, 1995). GW is
becoming increasingly common in HE (Hammar Chiriac, 2014)
especially as a formative tool and it is now largely utilized in
schools and universities worldwide (D. W. Johnson & Johnson,
2009). Also, in optometry programs there is more attention to
the use of student-centred learning models (Hrynchak & Spaf-
ford, 2015; Weisinger & Prideaux 3, 2011). However, the use
of strategies of GW as a formative assessment tool is a more
recent phenomenon but could be useful in reducing teachers’
marking workloads and in promoting students’ interpersonal
skills (Biggs & Tang, 2011). The assessment of GW usually fo-
cuses on social skills and the group processes but can also be
extended to include knowledge acquisition (Forsell et al., 2020).
There is robust evidence supporting the effectiveness of GW
in learning (D. W. Johnson et al., 2014). In particular, a series
of specific outcomes will be triggered by positive interdepen-
dence within a work group rather than simply motivating in-
dividuals to work harder. The elaboration of known content,
deriving standards for judging better, reflective awareness of
how one arrives at a given position, applying theory to prac-
tice, the development of new insights and themore frequent use
of higher level reasoning strategies are common positive out-
comes (Biggs & Tang, 2011). Ortiz et al. (1996) demonstrated
that teamwork resulted in better individual performance. How-
ever, this happened after participants became more skilled in
the teamwork element, about five weeks after the beginning
of the study. Moreover, group membership alone is not suffi-
cient to produce better achievements since positive interdepen-
dence is also required (Hwong et al., 1993). In science educa-
tion, working in small groups was effective in improving sig-
nificantly higher final exam grades with respect to individual
study, especially among the least prepared students (Gaudet
et al., 2010). All these benefits could be particularly important
in optometry education. In terms of subjective perception, the
experience of students with GW and group assessment is ex-
tremely positive. Hammar Chiriac (2014) found out that thema-
jority of students experienced that working in groups facilitated
learning of academic knowledge, collaborative abilities or both.
Students feel that GW is amethod that leads to the development
of a wider breadth of knowledge through discussion, clarifica-
tion of ideas and evaluation of the ideas of others (Hassanien,
2006). Students perceive that the work group provides a secure
support system which cannot be obtained when working indi-
vidually (Janssen et al., 2010; Pfaff & Huddleston, 2003). Stu-
dent attitudes toward small-group learning improved after the
experience of GW (Gaudet et al., 2010; Walker, 2001). Finally,
it has been shown that GW could be more suitable for some
categories of students (e.g. women and minority groups) than
teaching methods based on individual learning ability (Boud et
al., 1999).
PA is another teaching and learning strategy that uses the pos-

itive influence of social activity. Here students make assess-
ment decisions on another student’s work or on group work
(Forsell et al., 2020). It can be used for almost any aspect of
student performance and can be either formative or summative
(Race, 2001). There are a series of advantages of PA such as im-
proving autonomy, responsibility and self-efficacy, finding out
more about assessment culture, learning from each other’s suc-
cesses and weaknesses, and enhancing problem-solving skills
(Falchikov, 2007; Race et al., 2005; Thomas et al., 2011). PA can
also save the teacher time; however, it has been demonstrated
that students tend to give lower grades to the better performing
students than their teacher did (Sadler & Good, 2006). PA effec-
tiveness can be improved if the educator explains clearly to the

students how theywill benefit fromparticipating (Biggs&Tang,
2011; Carless et al., 2006; Falchikov & Goldfinch, 2000; Thomas
et al., 2011). However, PA has some drawbacks because it can be
unreliable and can challenge the traditional power relationship
between learner and teacher (Leach et al., 2001).
In biomedical education two approaches use GW and PA: the

problem-based learning (PBL) (Barrows & Pickell, 1991) and the
team-based learning (TBL) (Hrynchak & Spafford, 2015). They
were both successfully used in optometry education (Hrynchak
& Spafford, 2015; Lovie-Kitchin, 1991).
Although the cooperative learning theory and knowledge is

well established among Italian researchers in education (Benati
& Chiari, 2008; Comoglio, 1999), experience of GW, PBL or TBL
based programs in biomedical education in Italy is not so com-
mon (Lotti, 2015). The present study aimed to explore the ex-
perience and perceptions of GW and PA held by educators and
students in the field of Optometry in Italy. This field is particu-
larly interesting because optometry is a health-related teaching
discipline that only reached HE level in Italy at the beginning of
this century, so no effects of previous structured traditions exist
and no data is available so far.

Methods
Study 1: Optometric Educators Survey
Educators of optometric clinical modules (contact lenses, refrac-
tion, ophthalmic dispensing, binocular vision, visual optics and
low vision) who were currently engaged in teaching of optom-
etry courses at six Italian Universities and two private schools
were invited, on a voluntary basis, to complete an anonymous
email questionnaire. The study was conducted following the
tenets of the Declaration of Helsinki. Informed consent was ob-
tained from all individual participants included in the study.
Data was collected over a 3-month period from the end of 2017
to the beginning of 2018.
Questionnaire
The questionnaire (see Figure A.1) used in the interviews was
developed to investigate the educators’ experience and percep-
tions of GW and PA. The questionnaire covered three main sec-
tions: (1) Educator’s information; (2) Educator’s experience and
perceptions about GW; and (3), Educator’s experience and per-
ceptions about PA. The educator’s perceptions towardsGWand
PA (section 2 and 3) were assessed each through four questions
adapted from the questionnaire used by Walker (2001). The list
of advantages and disadvantages of GW and PA (section 2 and
3) was created by the authors through a process of consensus
with a focus group.
Study 2: Optometric Students Survey
This second study was carried out during the first semester
module of Advanced Optometry run in the 3rd year of the BSc
in Optics and Optometry at the University of Milano Bicocca in
Milan in the academic year 2017/2018. The aim of the study
was to explore the perceptions of GW and PA held by students
and then evaluate any possible change in their perceptions after
they attended the module in which GW and PA were experi-
enced. More specifically, 3rd-year students attending the mod-
ule of Advanced Optometry were required to participate in a
formal collaborative GW activity during the semester. This ac-
tivity required them to be assigned randomly to small groups of
maximum seven students to produce, for the end of semester,
a 15-minute oral presentation about how to cope with a specific
clinical dilemma. Each group was given a different dilemma on
a certain subject related to clinical optometry highlighting the
importance of a brainstorming modality of discussion (Biggs &
Tang, 2011), in the light of evidence-based literature. Although
the core of GW was student–student interaction, a preliminary
phase was needed in which the module leader introduced the
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GW in terms of the task, rules that should be used by the
group, positive interdependence and individual accountability,
expected social skills to be used, organizational tips (such as the
appointment of group leader, modality of meeting etc.) activ-
ities timetable, and criteria for success. Two follow-up meet-
ings were set up during the semester. Considering the impor-
tance of an evidence-based approach required in the task, a lec-
ture on this subject was provided before the GW started. More-
over, to try to deliver the importance of positive interdepen-
dence and individual accountability during the GW, an inter-
active group game was conducted to demonstrate the dynam-
ics of GW. The assessment of each group presentation was done
during a unique presentation day at the end of the semester.
Marks were determined by a co-assessment as the average of
PA and staff assessment (conducted by the module leader and
tutors) attributed independently. Co-assessment was preferred
to pure PA because it allowed the tutors and module leader to
keep a certain control over the assessment marks (Dochy et al.,
1999; Freeman, 1995). Assessmentwas performedusing amark-
ing scheme on the four following criteria: appropriate descrip-
tion of the relevant aspects of the dilemma; strength of literature
reviewed; coherence; and strength of the proposed clinical man-
agement of the dilemma and communication performance. The
assessment formed 15%of the course overall assessment and the
GW was rated as a team, so each individual group member re-
ceived the same mark (White et al., 2007) although the fairness
related to awarding all group members with the same mark has
been criticized in a study carried out in optometry education
(Conway et al., 1993).
GW and PA activity were tailored to align constructively the

tasks to a specific learning outcome of the module that looked
at the ability of the students to use evidence-based approach in
order to make clinical decision and solve a problem in specific
contexts of optometry. Considering that GW and PA were in-
troduced for the first time in this module, this survey to study
changes in attitudes and perception was particularly impor-
tant in helping to decide on the continued use of GW and PA.
The survey was carried out through a pre-course questionnaire
that was handed out at the beginning of the first lecture of the
course, and a post-course questionnaire that was handed-out at
the end of summative PA of GW presentations at the end of the
semester. The study was conducted following the tenets of the
Declaration of Helsinki. Informed consent was obtained from
all individual participants included in the study.

Questionnaires
The pre-course questionnaire and the post-course questionnaire
were identical except that in the former the questions about at-
titudes versus GW and PA (Q1–Q8) were phrased in the present
tense, whilst in the second the past tense was used. In Fig-
ure A.2 only the pre-course questionnaire is reported. The pre-
and post-questionnaire were paired together using the personal
course number. The questionnaire covered three main sections:
(1) Student’s information; (2) Student’s experience and percep-
tions about GW; and (3), Student’s experience and perceptions
about PA. The student’s perceptions towards GW and PA (sec-
tion 2 and 3) were assessed through four questions adapted
from the questionnaire used by Walker (2001). The list of ad-
vantages and disadvantages of GWand PA (section 2 and 3)was
the same as used above for educators (FigureA.1). However, for
advantages three additional options about specific skills devel-
oped in the module, were included.

Statistical Analysis
Data about experience and perceptions with GW and PA are
presented descriptively for both educators and students. Non-
parametric statistics were used to analyze the data. To explore if
the GW and PA experience was biased by personal demograph-
ics of the interviewees a chi-squared (χ2) and Kruskal Wallis
ANOVA were used. According to Walker (2001), to explore the
relationship between perceptions of GW and PA, the ratings for
the four questions (Q1–Q4) about GW and the four questions
(Q5–Q8) about PA were added together (hereafter referred to as
overall perception rating) for educators or students. The Spear-
man correlations (rs) and paired comparison (Wilcoxon-signed
rank test) between overall perception rating of GW and PAwere
calculated for educators and students, respectively. For the stu-
dent group only, the GW and PA perceptions in the two condi-
tions (pre vs. post) were compared by a Wilcoxon-signed rank
test. Also, the comparison between themain important GW and
PA advantages and disadvantages perceived by students pre-
and post-course were compared using a chi-squared (χ2) test.
Finally, educators’ and students’ perceptions of GW (Q1–Q4)
and PA (Q5–Q8) were compared with a Mann-Whitney Test.

Results
Study 1: Optometry Educators Survey
Forty-five Italian educators (mean ± standard deviation age
of 43.8 ± 13.0 years, range 24–67 years; 11 females and 34
males) from five Universities (Florence, Milan, Padua, Rome,
and Turin) and two private optometry schools (Bologna and
Vinci) answered the questionnaire.
Twenty-three (51.1%), six (13.3%) and 16 (35.6%) of intervie-

wees stated they have used GW “more than once”, “once” and
“never” respectively. Amongst the interviewees who declared
use of GW none used this activity as a summative assessment
tool. Six (13.3%), five (11.1%) and 34 (75.6%) of the educators in-
terviewed stated they have used PA, “more than once”, “once”
and “never”. Among interviewees who declared that they use
PA, only one out of eleven used this activity as a summative
assessment tool. The effect of personal variables on experience
with GW and PA are reported in Table 1.
Non-parametric ANOVA showed that differences in experi-

ence with GW is linked with differences in years of experience,
with more experienced educators having used GW more. Al-
though non-parametric ANOVA did not show a significant ef-
fect of the 3 levels of GW experience of educators with their age,
paired comparisons showed that educators who declared that
they had used GWmore than once are older than those who de-
clared having never used GW (Mann-Whitney, p < 0.01). Non-
parametric ANOVA also showed that differences in experience
with PA is not linked with differences in years of teaching expe-
rience. However, paired comparisons between educators who
declared that they had used PA more than once, and those who
declared never having used PA, showed a significant difference
both for age and years of teaching (Mann-Whitney, p = 0.01 and
p = 0.03, respectively).
The educators’ perceptions of GW and PA are reported in

Figure 1. No significant correlation between the overall per-
ception rating for GW (Q1–Q4) and PA (Q5–Q8) was found
(rs = 0.23, p = 0.13). Moreover, Wilcoxon-signed-rank test
showed that there is a significant difference between the overall
perception rating for GW and PA (p < 0.001).
The main important advantages and disadvantages of GW

and PA perceived by educators are reported in Table 2.
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Table 1.: Educators’ experience with ’group work’ and ’peer assessment’ as a function of personal variables of interviewees (N = 45).

Experience Gender
(N: males/females)

Age (years)
(median, mean ±SD)

Teaching experience
(years)
(median, mean ±SD)

Institute/s of teaching
(N: academia/school/both)

Module taught
(N: one/more than one)

Group-work

Never 11/5 39.0; 39.3 ±10.4 3.5; 8.0 ±8.7 13/1/2 13/3
Once 18/5 39.0; 39.0 ±12.5 5.5; 10.3 ±10.2 1/3/2 5/1
More than once 5/1 46.0; 48.1 ±13.4 22; 20.4 ±13.9 4/10/9 11/12

Comparison χ2 = 0.69, p = 0.7 Kruskal Wallis, p = 0.07 Kruskal Wallis, p = 0.01 χ2 = 17.9, p = 0.01 χ2 = 5.7, p = 0.06

Peer assessment

Never 25/9 40; 41.6 ±12.4 7.5; 12.8 ±12.6 17/12/5 25/9
Once 6/0 46; 45.6 ±17.0 10; 17.2 ±17.5 0/1/4 2/4
More than once 3/2 54.5; 54.3 ±5.6 28; 23.0 ±9.8 1/1/4 2/3

Comparison χ2 = 2.67, p = 0.26 Kruskal Wallis, p = 0.07 Kruskal Wallis, p = 0.12 χ2 = 14.3, p < 0.001 χ2 = 5.1, p = 0.08
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Figure 1.:Mean and SD of the results of the four questions about GW (white bars)
and PA (grey bars) asked to Educators (N = 45).

Table 2.: Main advantages and disadvantages of ’group work’ and ’peer assess-
ment’ perceived by educators (N = 45).

Main advantage N % Main disadvantage N %

Group-work

Improving
communication skills,
discussion and debate

25 55.6 Participants’
contributions are
different

27 60.0

Improving subject
knowledge

6 13.3 Strong personality of
some participants can
negatively affect
collaboration of peers

6 13.3

Improving
collaboration among
peers

6 13.3 Final assessment of
GW is more difficult

6 13.3

Improving problem
solving skills

6 13.3 Personality difference
can create anxiety and
stress

3 6.7

Improving planning
skills

1 2.2 Other 2 2.2

Not answered 1 2.2 Not answered 1 2.2

Peer assessment

Developing critical
reflection

27 60.0 Students are not
inclined to judge peers

16 35.6

Encourage
commitment

7 15.6 Students are less
accurate and expert
than lecturers

15 33.3

Students can learn
from success/failures
of peers

5 11.1 Students have the
bias to judge all peers
in the same way

10 22.2

Learning improve if
students are involved
in assessment criteria

4 8.9 Students can give
poor ranks for
personal reasons

2 4.4

Other 1 2.2 Other 2 4.4
Not answered 1 2.2

Study 2: Optometry students Survey
Seventy 3rd-year undergraduates answered the first question-
naire but only 66 (mean ± standard deviation of age = 22.5 ±
2.0 years; range: 20-29) were included in the analysis because
they also answered the second questionnaire. Three (4.5%), 20
(30.3%) and 41 (62.1%) students interviewed stated that they
have participated inGW“more than once”, “once” and “never”,
respectively. Two students did not respond to the question re-
lating to previous experiencewithGW. Six (9.1%) and 50 (81.8%)
students interviewed stated they hadparticipated inGW“once”
and “never”, respectively. Six students did not respond to the
question relating to previous experience with PA. Experience
with GW and PA was not affected by personal demographics
of interviewees, such as gender, age or average marks obtained
in their university career (Table 3).
Table 3.: Students’ experience with ’group work’ and ’peer assessment’ as a func-
tion of personal variables of interviewees.

Experience Gender
(N:
males/females)

Age (years)
(median, mean
±SD)

Average of exam
marks (thirtieths)*
(median, mean
±SD)

Group-work

Never 20/21 22.0; 22.9 ±2.2 24.3; 24.4 ±1.9
Once 12/8 21.0; 22.0 ±1.9 23.8; 24.6 ±2.6
More than once 2/1 22.0; 22.0 ±2.0 24.0; 24.6 ±2.9
Not answered 2/0 21.0; 21.0 ±0.0 missing values

Comparison χ2 = 2.63,
p = 0.45

Kruskal Wallis,
p = 0.13

Kruskal Wallis,
p = 0.9

Peer assessment

Never 27/27 22.0; 22.4 ±2.1 24.0; 24.4 ±2.3
Once 3/3 23.0; 23.0 ±1.8 24.0; 24.7 ±2.4
More than once 0/0 no cases no cases
Not answered 6/0 21.5; 21.5 ±0.6 23.7; 24.3 ±1.7

Comparison χ2 = 5.5,
p = 0.06

Kruskal Wallis,
p = 0.28

Kruskal Wallis,
p = 0.99

*Italian marking system (30 is the highest mark achievable, 18 is the lowest pass
mark).

The perceptions of GW and PA, both pre- and post-course,
are reported in Figure 2. For Q2, Q3, Q5 and Q7 the shift is sta-
tistically significant (Wilcoxon-signed-rank test; all p < 0.01).
Significant correlations were found between the overall ratings
for GW and PA both pre-course and post-course (rs = 0.36, p <
0.001 and rs = 0.27, p = 0.03, respectively). However, a
Wilcoxon-signed-rank test showed no significant difference be-
tween the overall perception rating for GW and PA both pre-
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course and post-course (p = 0.27 and p = 0.72, respectively).
The comparison between the main GW and PA advantages

and disadvantages perceived by the students, pre- and post-
course, are reported in Table 4. The distribution of the main ad-
vantages perceived pre and post for GW was not significantly
different (χ2 = 11.2, ns) whereas the distribution of the main
disadvantages was significantly different (χ2 = 18.9, p < 0.01).
The distribution of themain advantages pre and post for PAwas
significantly different (χ2 = 13.4, p < 0.05) whereas the distri-
bution of the main disadvantage did not show any significant
difference (χ2 = 2.9, ns).
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Figure 2.: Mean and SD of rating of four questions about GW (Q1–Q4) and PA
(Q5–Q8) asked to the students pre– and–post course (N = 66). Wilcoxon-signed-
rank test: *p = 0.001: ** p < 0.001.

Comparison Between Educators and Students perceptions
about GW and PA
Educators’ and students’ perceptions (pre-course) of GW (Q1–
Q4) and PA (Q5–Q8) are compared in Figure 3. Educators
were more positive about Q1, Q2 and Q4 (Mann Whitney, all
p < 0.001). For Q3 no difference was seen between educa-
tors and students (Mann Whitney, all p = 0.60). Perceptions
about PA were also more positive in educators for Q5 (Mann
Whitney, all p < 0.05) and more positive for students for Q8
(Mann Whitney, all p < 0.001). No differences were found be-
tween the two groups for Q6 and Q7 (Mann Whitney, p = 0.90
and 0.94, respectively). The differences between educators and
students in Q1, Q2 and Q4 remained the same even when stu-
dents’ data after GW experience (post-course) was considered
(Figure 2) (Mann Whitney, all p < 0.001), whereas the differ-
ence for Q3 became significant (Mann Whitney, p < 0.001) be-
cause the students’ attitude moved from 2.5 to 1.9 (Figure 2). If
students’ post-course attitudes only were considered, then the
difference between educators and students in Q5 would dis-
appear (because students’ attitude moved from 3.1 to 2.7), and
the difference for Q7 would become significant (MannWhitney,
p < 0.001, because students’ attitudemoved from 3.2 to 2.7, Fig-
ure 2).

Table 4.: Distribution (number [N] and percentage) of main advantage and disadvantage of GW and PA perceived by students (N = 66) pre– and post–course.

Main advantage N Pre % Pre N Post % Post Comparison
Pre-Post

Main disadvantage N Pre % Pre N Post % Post Comparison
Pre-Post

Group-work

Improving subject
knowledge

6 9.1 3 45

χ2 = 11.2 ns

Strong personality of
some participants can
negatively affect
collaboration

2 3.0 2 3.0

χ2 = 18.9,
p < 0.01

Improving problem
solving in clinical
optometry

4 6.1 5 7.6 Participants’ contributions
are different

20 30.3 8 12.1

Improving decision
making in clinical
optometry

0 0.0 1 1.5 Personality differences
can create anxiety and
stress

11 16.7 5 7.6

Improving
evidence-based
approach in clinical
optometry

10 15.2 18 27.3 Group-work reduce
individual study time

20 30.3 41 62.1

Improving collaboration
aming peers

14 21.2 7 10.6 Final assessment of
group-work is more
difficult

9 13.6 3 4.5

Improving communication
skills, discussion and
debate

20 30.3 12 18.2 Other 2 3.0 5 7.5

Improving problem
solving skills

5 7.6 6 9.1 Not answered 2 3.0 2 3.0

Improving planning skills 5 7.6 10 15.2
Not answered 2 3.0 4 6.1

Peer assessment

Encourage commitment 13 19.7 24 36.4

χ2 = 13.4,
p < 0.05

Stundents are less
accurate and expert than
lecturers

35 53.0 34 51.5

χ2 = 2.9 ns

Learning improves if
students are involved in
assessment criteria

10 15.2 6 9.1 Students have the bias to
judge peers in the same
way

14 21.2 20 30.3

Students learn from
success/failure of peers

12 18.2 2 3.0 Students are not inclined
to judge peers

3 4.5 2 3.0

Developing criitical
reflection

30 45.5 31 47.0 Students can give poor
ranks for personal
reasons

12 18.2 7 10.6

Other 1 1.5 1 15 Other 1 1.5 1 1.5
Not answered 0 0.0 2 3.0 Not answered 1 1.5 2 3.0
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Figure 3.: Comparison between educators (white bars) and students perceptions
pre-course (grey bars) both for GW (Q1–Q4) and PA (Q5–Q8). Mann Whitney
test: *p = 0.05: ** p < 0.001.

Discussion
This study explored experience and attitudes toward GW and
PA among Italian educators (Study 1) and students (Study 2) in
the field of optometry higher education.
Study 1
Looking at the results in terms of experience, this study found
that GW is used by two-thirds of Italian optometric educators.
Two factors were significantly associated with the experience of
GW: teaching experience and the type of teaching institution.
Firstly, the longer the teaching experience, the more likely the
educator is to use GW. It is possible that the longer time spent
in education may have led the educators to become aware of
the value of bringing GW into their practice, notwithstanding
the fact that the additional time required for its preparation and
implementation are generally considered an issue among edu-
cators (Gillies & Boyle, 2010).
Regarding the type of teaching institution, it was shown that

educators in an academic environment had the lowest level of
experience of GW: 13 out of 18 (72%) in the “Academia” group
declared they had never used GW compared to 7% and 15% of
“School” and “Both” groups. However, the mean ± SD of teach-
ing experience resulted 7.4 ± 10, 16.1 ± 13.3 and 23.2 ± 11.5 for
“Academia”, School” and “Both”, respectively, with a signifi-
cant difference between the three groups (Kruskal Wallis test,
p < 0.01). This led to the consideration that there is no direct ef-
fect of the type of teaching institution on the experience of GW,
and rather it is the amount of teaching experience that may de-
termine it. Interestingly, amongst interviewees who declared
that they use GW none used this activity as a summative as-
sessment tool. One explanation could be the fact that GW is con-
sidered more useful for students in formative assessment than
in summative assessment (Frykedal & Chiriac, 2011). Another
possibility may be linked to the rigid tradition in Italy to per-
form a classic written and oral assessment as formative assess-
ment strategies.
The educators’ experience with PA is even less common than

GW and the use of PA as a summative assessment was negligi-
ble.
Regarding the educators’ perception of the two pedagogical

strategies studied, Figure 2 shows educators are more positive
(lower scores) towards the GW than towards the PA (higher
score). Lack of correlation between the overall perception rating
for GW and PA as well as the difference between them demon-
strates that the perception is different for the two strategies
(Walker, 2001). The different educators’ perception towards
GW and PA is confirmed by the fact that they use the first tool
more.
Analysis of advantages of GW (Table 2) showed that edu-

cators perceived GW as a strategy to develop “group abili-
ties’ such as communication skills (56%) and collaboration skills
(13%) and not as a means for the students to acquire academic
knowledge (14%) as already highlighted in literature (Frykedal
& Chiriac, 2011). On the other hand, analysis of the main disad-
vantages of GW (Table 2) confirmed the evidence of literature
(Le et al., 2018) that educators feel that participants’ contribution
to the GW may not be the same (60% of interviewees indicated
this as the main disadvantage).
Finally, the majority of educators think that the main advan-

tage of PA is the fact it allows critical reflection (60%), whilst
in terms of disadvantages there is an equal split between fac-
tors linked to the quality of the assessment. In order to try to
fight the barriers perceived by educators several tips have been
suggested, such as introducing it gradually, providing mark-
free rehearsal opportunities for the students, and providing re-
ally clear assessment criteria (Race et al., 2005). When PA is
used for the first time a clear marking scheme should be pro-
vided at the beginning of the module and discussed with the
students. Moreover, it may be introduced as a co-assessment
strategy where the marks from the students are moderated by
an average of the marks set by the staff (module leader and tu-
tors). Interestingly, looking at themarks achieved in the final as-
sessment of Study 2, no difference between the “pure” PA (only
students) and staff PA was found (t = 1.4, p = 0.18). These re-
sults indicate that the disadvantages that students perceive are
not reliable.
Study 2
The results of the second study highlight the fact that the op-
tometry students attending the 3rd year had little experience
with the pedagogical strategies investigated: 2 out of 3 stu-
dents and 4 out of 5 students declared having never experi-
enced GW and PA, respectively. This confirms the outcome
that in Italian biomedical education experience of GW is not
common (Lotti, 2015). As far as the perceptions of GW and
PA are concerned, the results show that students had attitudes
close to values in the middle of the scale (neutral attitudes) with
no significant differences or positive correlations between them
(rs = 0.36, p < 0.001). However, being exposed directly to a
teaching module in which GW and PA were used changed the
attitudes of the students, which were improved for four out of
the eight sub-scales studied. Specifically, amongst GW attitudes
there was an enhancement of the perception that they will en-
joy taking part GW (Q2) and that all members will be given the
same possibility to contribute (Q3) (Figure 2). A very similar re-
sult was found byWalker (2001) for psychology students, which
changed their attitudes after having experienced GW only for
Q3. Students’ attitudes to PA showed an improvement with Q5
(every student should take part) and Q7 (I will feel confident to
mark). The only difference to the Walker (2001) study was that
they found a difference for Q4, too.
Analysis of advantages of GW in the pre-course phase (Ta-

ble 4) showed that students perceived that GW was a useful
strategy to develop “group abilities” such as communication
skills (30%) and collaboration skills (21%). However, the ef-
fect of direct experience of GW in the module attended only
slightly changed their preferences, with an increase of a particu-
lar subject knowledge: the evidence-based approach in clinical
optometry. This could be explained by the fact that this goal
was a learning objective of the module and the GW activity was
specifically set up to develop it. This confirms that GW can suc-
cessfully be utilised to develop clinical skills (Frenk et al., 2010).
Finally, concerning the PA, students declared that the major ad-
vantage was the ability to develop critical reflection (Table 4). In
terms of disadvantages, the strongest one seemed to be a con-
cern that PA was less accurate, and no change was perceived
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after having experienced PA.
In conclusion, although according the literature in the field

GW and PA are considered very good strategies to improve
teaching, the results of the present study have demonstrated
that the use of these strategies in Italian optometric higher ed-
ucation is quite limited. However, the study has also demon-
strated that Italian optometry educators have positive attitudes
towards “social” teaching strategies, especially for GW. Further-
more, optometry students showed improved attitudes towards
these strategies once exposed to them. Overall, the results of the
study open up the possibility of integrating “social” teaching
strategies to improve the effectiveness of optometry education.
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Appendix A – Educator’s and Student’s Questionnaires

2. Educator’s experience and perceptions about GW:

Have you ever used GW in a module delivery as a formative tool? Never ❒ Once ❒ More than once ❒

If you have used GW at least once, did you use it also as a summative assessment tool? Yes ❒ No ❒

Please rate your level of agreement with the following statements according this scale 1 = agree very much, 2 = agree, 3 = not sure, 4 =

disagree, 5 = disagree very much:

-Q1: I think GW is a good idea for the students___________

-Q2: I think that students will enjoy taking part in GW___________

-Q3: I think that all students in the group will be given equal opportunity to contribute___________

-Q4: I think that students will learn more about the subject matter working in a group than they would if they worked individually___________

Among the following, please indicate the most important advantage of GW:

❒ Improving theoretical knowledge of the subject

❒ Improving peer collaboration skills

❒ Improving communication, discussion, and debating skills

❒ Improving problem solving skills

❒ Improving plan management

❒ Other (please specify)_________

Among the following, please indicate the most important disadvantage of GW:

❒ Strong personality of one or more students in the group can negatively affect collaboration in the group

❒ Contribution of students may be unequal, and some may not engage at all

❒ Conflicting personalities within the group can create anxiety, stress and hostility

❒ GW can reduce time for individual study

❒ Other (please specify)_________

3. Educator’s experience and perceptions about PA:

Have you ever used PA in a module delivery as a formative tool? Never ❒ Once ❒ More than once ❒

If you have used PA at least once, did you use it also as a summative assessment tool? Yes ❒ No ❒

Please rate your level of agreement with the following statements according this scale 1 = agree very much, 2 = agree, 3 = not sure, 4 =

disagree, 5 = disagree very much:

-Q5: I think that students should take part in assessing their peers___________

-Q6: I think that students will be able to assign grades to their peers in a responsible manner___________

-Q7: I think that students feel comfortable when making PA___________

-Q8: I think that students will make a fair and responsible assessment of their peers___________

Among the following, please indicate the most important advantage of PA:

❒ PA encourages commitment and involvement of students

❒ Student learning improves if students are involved in assessment criteria

❒ Students can learn from success or unsuccessful performance of peers

❒ PA improves critical reflection

❒ Other (please specify)_________

Among the following, please indicate the most important disadvantage of PA:

❒ Students are less objective and have less experience than educators

❒ Students are uncomfortable when judging their peers

❒ Students may be inclined to judge their peers too highly in order to keep them happy

❒ Students may discriminate peers for personal reasons (competition, envy, etc.)

❒ Other (please specify)_________

1. Educator’s Information:

Gender: M/F Age:_________ Years of teaching____________

Teaching institution/s__________________________ Module taught:_________________

Figure A.1.: Summarised version (translated from Italian) of Educator’s questionnaire used in the survey.
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1. Student’s Information:

Course number _________Gender: M/F Age:_________ average of exams marks achieved in the academic career up to date _________

2. Student’s experience and perceptions about GW:

Have you ever participated to a GW in any academic module? Never ❒ Once ❒ More than once ❒

Please rate your level of agreement with the following statements according this scale 1 = agree very much, 2 = agree, 3 = not sure, 4 =

disagree, 5 = disagree very much:

-Q1: I think GW is a good idea___________

-Q2: I think that I will enjoy taking part in GW___________

-Q3: I think that all the members of the group will be given equal opportunity to contribute___________

-Q4: I think that I will learn more about the subject matter working in a group than working by myself.___________

Among the following, please indicate the most important advantage of GW:

❒ Improving theoretical knowledge of the subject

❒ Improving peer collaboration skills

❒ Improving communication, discussion, and debating skills

❒ Improving problem solving skills

❒ Improving plan management

❒ Improving problem solving skills in clinical optometry

❒ Improving decision making skills in clinical optometry

❒ Improving evidence-based approach in clinical optometry

❒ Other (please specify)_________

Among the following, please indicate the most important disadvantage of GW:

❒ Strong personality of one or more students in the group can negatively affect collaboration in the group

❒ Contribution of students may be unequal, and some may not engage at all

❒ Conflicting personalities within the group can create anxiety, stress and hostility

❒ GW can reduce time for individual study

❒ Other (please specify)_________

3. Student’s experience and perceptions about PA:

Have you ever participated to PA in any academic module? Never ❒ Once ❒ More than once ❒

Please rate your level of agreement with the following statements according this scale 1 = agree very much, 2 = agree, 3 = not sure, 4 =

disagree, 5 = disagree very much:

-Q5: I think that students should take part in assessing their peers___________

-Q6: I think that 3rd-year student students will be able to assign grades to their peers in a responsible manner ___________

-Q7: I think that I will feel comfortable when making PA___________

-Q8: I think that I will make a fair and responsible assessment of my peers___________

Among the following, please indicate the most important advantage of PA:

❒ PA encourages commitment and involvement of students

❒ Student learning improves if students are involved in assessment criteria

❒ Students can learn from success or unsuccessful performance of peers

❒ PA improves critical reflection

❒ Other (please specify)_________

Among the following, please indicate the most important disadvantage of PA:

❒ Students are less objective and have less experience than educators

❒ Students are uncomfortable when judging their peers

❒ Students may be inclined to judge their peers too highly in order to keep them happy

❒ Students may discriminate peers for personal reasons (competition, envy, etc.)

❒ Other (please specify)_________

Figure A.2.: Summarised version (translated from Italian) of the student’s questionnaire used in the survey.
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Abstract
This case report describes a 66 years old male patient with pel-
lucid marginal degeneration (PMD). The patient had fallen out
of a regular follow-up scheme and presented with a poorly fit-
ting corneal rigid lens that he had worn for almost five years.
Correction had failed to improve vision in the left eye, so the
patient wears a contact lens in his right eye only. Scleral lenses
vault over the cornea, the tear layer between the lens and the
cornea masks corneal irregularities and are a good correction
option for corneal ectasias. This patient was fitted with an On-
efit scleral lens that provided good visual acuity and comfort.
Lens handling was no obstacle to this patient. A heart surgery
postponed the first follow-up examination. Follow-up exami-
nation 8 months after the refit resulted in no changes of lens pa-
rameters as the fitting was still acceptable and the patient was
happy. Attention to the inferior limbal clearance will be the fo-
cus at the next follow-up in 6 months’ time.
Keywords: Pellucid marginal degeneration, corneal rigid lens, corneal
irregularities, scleral lens

Sammendrag
Denne kasus rapporten beskriver en 66 år gammel mannlig
pasient med pellusid marginal degenerasjon (PMD). Pasien-
ten hadde ikke hatt jevnlige rutinekontroller, og han ankom
klinikken med en fem år gammel formstabil korneal linse som
passet svært dårlig. Kontaktlinse bæres kun på pasientens
høyre øye, da venstre øye ikke oppnår funksjonsforbedringmed
korreksjon. Sklerallinser hvelver over kornea, og tårelinsen
mellom linsen og korneamaskerer korneale irregulæriteter. Det
gjør at denne typen linser er et godt alternativ til korreksjon av
korneale ektasier. Pasienten ble tilpasset med en Onefit skler-
allinse som ga god visus og komfort. Håndtering av linsen var
ingen utfordring for pasienten. En hjerteoperasjon utsatte første
oppfølgingstime. Oppfølgingstimen 8 måneder etter tilpassing
viste akseptabel linsetilpassing og fornøyd pasient, og det ble
ikke gjort noen endring av linseparametere. Neste etterkontroll
foretas om 6 måneder, med spesielt fokus på tilpassingen over
limbus.
Nøkkelord: Pellusid marginal degenerasjon, korneal ektasi, retilpass-
ing, korneal linse, sclerallinse

Background
Pellucid marginal degeneration (PMD) is a rare bilateral, asym-
metric, non-inflammatory corneal ectasia that most commonly
occurs in the inferior part of the cornea. A narrow band of
corneal thinning is usually present in areas from around 4
o’clock to 8 o’clock, with 1-2 mm of unaffected cornea between
the thinning and limbus (Martinez-Abad & Pinero, 2019). Cen-
tral corneal thickness is normal, and an anterior displacement
of the cornea occurs directly above the band of thinning. The
vertical meridian above the area of thinning is flat; hence, irreg-
ular “against-the-rule” astigmatism is usually present. These

corneal changes result in a classical “crab-claw” topography
map, also referred to as “kissing doves“ or “butterfly” patterns
(Jinabhai et al., 2011). Literature suggests a slightly higher inci-
dence in men, but shows no ethnical or geographical predispo-
sition (Jinabhai et al., 2011), nor familial inheritance (Martinez-
Abad & Pinero, 2019). Systemic diseases associated with eye
rubbing and progressive connective tissue diseases might be as-
sociated with PMD, this is yet to be confirmed (Martinez-Abad
& Pinero, 2019).
PMD can easily be confused with other bilateral corneal

ectatic disorders, such as keratoconus and keratoglobus. The
etiology of these ectasias is not fully understood. Possibly these
are not three different diseases, but rather different clinical pre-
sentations of the same underlying disease (Martinez-Abad &
Pinero, 2019). Keratoconus is the most common corneal ecta-
sia. It usually occurs earlier in life (puberty) and progresses
more rapidly than PMD. With the cone situated away from the
corneal centre and a topographic “crab-claw” pattern, inferior
keratoconus resembles PMD (Koc et al., 2018). However, in all
clinical cases of keratoconus, Fleisher ring and Vogt’s striae are
present. In moderate and severe cases apical corneal scarring,
Rizutti’s phenomenon and Munson’s sign also are present in
keratoconus. All these signs are absent in PMD (Jinabhai et al.,
2011).
Spectacles and soft contact lenses work well in early stages

of PMD. As the condition progresses, and irregular astigma-
tism and corneal irregularity occur, rigid gas permeable (RGP)
contact lenses are usually required. Hybrid contact lenses, pig-
gyback, large-diameter RGP, bitoric RGP or reverse-geometry
RGP might be needed to avoid excessive inferior edge stand-
off (Asena & Altınörs, 2016; Jinabhai et al., 2011; Rathi et al.,
2016). Several authors have reported successful fitting of scleral
lenses for patients with advanced PMD (Asena&Altınörs, 2016;
Biswas et al., 2000; Ozek et al., 2018; Pullum & Buckley, 1997;
Rathi et al., 2016). Scleral lenses vault over the entire cornea
and rest on the sclera. The tear reservoir under the lens masks
the corneal irregularity and increases visual acuity and comfort
(Otchere et al., 2017). A variety of terminology has been in use
to describe various modalities of scleral lenses. Terms like mini-
scleral and full scleral lenses, differentiate lenses with a total di-
ameter up to 6 mm larger than horizontal visible iris diameter
(HVID) from lenses with larger total diameters. In “An official
guide to scleral lens terminology” published in Contact Lens
and Anterior Eye recently, Michaud et al. (2019) suggest avoid-
ing this terminology. All lenses that vault entirely over cornea
and limbus are to be called scleral lenses (Michaud et al., 2019).
The fitting of scleral lenses on corneal ectasias has grown

rapidly over the past few years due to improved lens de-
signs, development of highly oxygen permeable lens materials,
and increased awareness and acceptance by ophthalmologists
around the world (Asena & Altınörs, 2016; Otchere et al., 2017).
There are potential contraindications to consider upon fitting
scleral lenses. Fadel and Kramer (2019) have recently done a lit-
erature review, resulting in the provision of guidelines on how
to proceed caution in certain conditions. According to the au-
thors, potential contraindications for scleral lenswear are signif-
icant corneal endothelial abnormalities, glaucoma or following
glaucoma therapy, and overnight wear.
The approach to fitting scleral lenses varies between manu-

facturers, and it is useful to read the fitting guide for the spe-
cific lens before fitting. In the case presented, the fitting guide
and trial set chosen were for Onefit designed by Blanchard Lab
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Canada, manufactured by Multilens, Sweden (Blanchard Con-
tact Lenses, 2018).

Case presentation
This case presents a male born in 1952, who came to our clinic
in August 2018, referred by a colleague. For several reasons he
was lost to follow-up for almost five years. The patient was di-
agnosed with bilateral PMD in 2012 and wore spectacles and
soft contact lenses successfully until he was about 50 years of
age. Eventually he was fitted with corneal rigid lenses in 2013.
Correction failed to improve vision in the left eye, and lens wear
in this eye was discontinued.
The patient presented with a Rose K2 IC contact lens (Meni-

con Co, Nagoya, Japan) received in February 2014. Wearing
time was approximately 15 hours a day. Without this lens, the
patient felt he was blind. He wore reading spectacles over the
contact lens, but he still noticed shadows on letters when read-
ing. Despite a very old contact lens, the patient did not experi-
ence ocular redness, or discomfort, or problems with the lens.
The patient came in wearing his Rose K2 IC lens. Initially,

visual acuity, over-refraction and assessment of the lens fit-
ting with the slit-lamp were performed. After lens removal,
corneal topography with Medmont M700 (Medmont Interna-
tional, Nunawading, Australia) and assessment of the ante-
rior segment using a slit lamp with and without fluorescein
were done. The fitting of a scleral lens to the right eye only
was completed according to the Onefit fitting guide. Assess-
ment of the fit was repeated after one hour of wear, and over-
refractionwas done. In addition to the procedures alreadymen-
tioned, anterior segment OCT with Zeiss Cirrus (Zeiss MedTec
AG, Oberkochen, Germany) was used for lens assessment upon
follow-up.

Results
Preliminary tests
Assessment of the habitual contact lens fit using the slit lamp
andfluorescein: The lens decentered inferiorly over limbuswith
no visible movement. The inferior lens edge was stuck in the
inferior conjunctiva. The fitting was flat centrally, with a broad
edge lift nasally, temporally and superiorly. Table 1 shows pre-
liminary measurements and results of examination of the ante-
rior segment after lens removal using the slit-lamp and Efron
grading scale.

Table 1.: Results of preliminary tests.

Uncorrected distance
visual acuity (VA)

1.4 logMAR

Habitual correction
(Rose K2) IC

Base curve 6.55 mm
Diameter 11.8 mm
Edge Incline +1.5

Power −6.50 D

Habitual distance VA 0.36 logMAR
Over-refraction −1.00 DS, 0.1 logMAR
Lids No blepharitis or Meibomian gland dysfunction
Bulbar redness E 2.0 (in all quadrants)
Limbal redness E 1.0
Neovascularization E 2.0 at 2-4 o’clock and 7-8 o’clock. Ghost vessels

at 10-2 o’clock.
Cornea Visible thickness irregularities, with a band of

thinning inferiorly.
Clear cornea.
Polymegathism: E 1.5

With fluorescein No corneal staining.
Conjunctival staining in the area where the edge of
the habitual lens had been sitting.

Topography: Figure 1a shows the axial topography map of the

right eye performed with Medmont M700 (directly after re-
moval of the Rose K lens). Four topography measurements
showed repeatable results. The topography confirms an irreg-
ular cornea with flatter curvatures superiorly and the steeper
curvatures inferiorly, and the surface indexes confirm large ir-
regularities.
Keratometry readings in diopters: 45.91 @ 56° / 55.06 @ 146°
Keratometry readings in millimetres: 7.35 @ 56° / 6.24 @ 146°
The elevation difference between the highest and the lowest
point of the cornea was just over 400 µm, seen in Figure 1b.
A

B

Figure 1.: Corneal Topographic plot directly after lens removal of the corneal rigid
lens RE.

Scleral lens fitting
We used a trial lens set of Onefit with total diameter of 14.9mm.
The fitting guide recommends base curve selection to be equiv-
alent to the flattest K-reading. The trial lens parameters are
shown in Table 2, and Table 3 shows results one hour after in-
sertion.

Table 2.: Onefit trial lens parameters.

Base curve 7.30 mm
Diameter 14.9 mm
Edge Standard
Power −4.00 D

Table 3.: Assessment of lens fit one hour after insertion.

Distance VA 0.1 logMAR
Over-refraction +0.50 DS, no change in VA
Near VA (with add +2.00) 0.1 logMAR
Central clearance over the pupil ≈ 300 µm
Clearance inferiorly, over the cone ≈ 100 µm

The limbal clearance seemed sufficient, and the edge and
edge lift were good, with no sign of blanching or impingement.
The fit was considered acceptable the contact lens shown in Ta-
ble 4 was ordered.
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Table 4.: Onefit lens parameters ordered for patient.

Onefit scleral lens in material Boston XO (blue handling colour)
Base curve 7.30 mm
Diameter 14.9 mm
Edge Standard
Power −3.50 D

When the lens arrived, the patient came in to the clinic to learn
proper lens handling and care. He had no trouble inserting the
lens using an insertion cup, nor removing the lens using a regu-
lar lens remover for rigid gas permeable contact lenses. The pa-
tient was instructed to rub the lens in a standard multipurpose
solution for rigid gas-permeable lens materials for 20 seconds,
rinse the lens in the same solution and fill the lens case with the
solution prior to placing the lens into the lens case for disinfec-
tion overnight. For lens insertion, the patient was instructed to
fill the lens with unpreserved single-dose saline.

Follow-up examination
Due to a heart surgery, the first follow-up examination followed
8 months after re-fitting. During this time leaning forward to
insert the lens had been impossible, and the patient had only
started wearing the scleral lens approximately 3 weeks prior to
the follow-up examination. The patient reported excellent com-
fort and vision with the scleral lens, with no complaints. On the
day of follow-up the lens had been in the eye for approximately
7 hours. Acuity results are shown in Table 5.

Table 5.: Assessment of lens fit approximately 7 hours after insertion.

VA with scleral lens 0.3 logMAR
Over-refraction −1.00 DS, 0.1 logMAR

Figure 2 shows excellent lens centration and overall lens di-
ameter. The lens extends a little more than 1.25 mm outside of
limbus, which corresponds with the fitting guide recommenda-
tions. The landing zone and edge (Figure 2) align well with the
sclera with no signs of impingement or blanching, nor does the
lens move or allow air bubbles to enter under the edge.

Figure 2.: Lens fit in white light showed excellent centration, good overall diameter
and well-fitting edge.

Figure 3 shows the assessment of the apical clearance us-
ing the slit lamp with white light and fluorescein in the lens
bowl. Central clearance is approximately 350 µm at centre of
the pupil. The clearance increases superiorly. Inferiorly, at the
point where the cornea is bulging out, the corneal clearance is
approximately 50 µm.

Figure 3.: Scleral lens fit seen with an optic section. Note the relatively high central
clearance and the minimal inferior clearance over the highest point of the cornea.

Anterior segment OCT (with Zeiss Cirrus) confirms these re-
sults. The OCT image of central clearance (see Figure 4) indi-
cates a central clearance of 379 µm. Figure 5 shows a clearance
of 49 µm at the apex of the cone.

Figure 4.: OCT central clearance: 379 µm.

Figure 5.: OCT clearance at the cone: 49 µm.

The anterior segment was mainly unchanged from the initial
fit, but with less bulbar redness than at the initial visit (E1.0 vs
E2.0). Superficial corneal staining close to the inferior limbus
from 5 to 7 o’clock, indicates a slight lens touch in this area. This
corresponds with the OCT picture in Figure 6.

Figure 6.: OCT the edge sinks nicely into the conjunctiva without compression of
structures. The lens seems to touch the limbal area slightly in this section.

Discussion
This case describes a patient diagnosed with PMD several years
ago, who had been wearing a Rose K2 IC large diameter RGP
contact lens for several years. The patient presented with a 4
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year old lens that he was happy with, except for some shadow-
ing on letters when reading. Examination revealed an unaccept-
able lens fit. The excessive lens decentration resulted in a lens
that was stuck in the inferior conjunctiva. This was probably the
reason for conjunctival staining in this area, the bulbar redness,
and the excessive edge lift in the three other quadrants. This
is the opposite of what literature usually reports as a challenge
with corneal RGP lenses on advanced PMD patients. Excessive
inferior edge stand-off ismore common (Asena&Altınörs, 2016;
Jinabhai et al., 2011; Rathi et al., 2016). The inferior position of
apex of cornea might be one of the reasons for the decentration.
It is also likely that the lens parameters had changed with time,
as RGP materials tend to deteriorate. Lens thickness reduces
with time, making the lens subject to warpage. Lens binding
is also common with old lenses (Efron, 2018). Refitting with a
new Rose K2 lens or another corneal RGP contact lens designed
for irregular corneas could have been an option for this patient.
Two aspects lead to the choice of a scleral lens. Firstly, lens de-
centration is easier to overcome with a larger lens as opposed to
a smaller lens. Secondly, topography showed a corneal eleva-
tion difference of approximately 400 µm. This would increase
the risk of a small lens rocking on the corneal apex. Manage-
ment of corneal height differences is easier with a scleral lens as
the lens vaults over the entire cornea. As several authors have
reported successful fitting of scleral lenses for patients with ad-
vanced PMD (Biswas et al., 2000; Ozek et al., 2018; Pullum &
Buckley, 1997; Rathi et al., 2016), we decided to try refitting the
patient. There are several scleral lens designs available, and we
decided on Onefit as the trial set was already available and fa-
miliar to the clinicians.
The fitting procedure was done by following the Onefit fit-

ting guide, apart from selection of the total diameter. The fit-
ting guide recommends selecting the total diameter from the pa-
tient’s HVID (Blanchard Contact Lenses, 2018). HVID was not
measured in this case, and the trial set available only contained
lenses with diameter 14.9 mm. However, this diameter was per-
fect. Upon insertion, the central clearance was large, but these
kinds of lenses will recess during the day. During a full day of
wear, a recess of 100 µm is expected (Blanchard Contact Lenses,
2018). The fitting guide recommends assessing the lens fit at ap-
plication, after 30 minutes, and after 4 hours of lens wear (Blan-
chard Contact Lenses, 2018). During the fitting process in our
case, the fit was reassessed after 1 hour only. The time needed
for a scleral lens to settle is highly individual, and the average
loss of central corneal clearance after one hour was 34 ± 48 µm
(Otchere et al., 2017). With this in mind, our case of 100 µm
clearance of the cone might suggest that the clearance was on
the small side. However, the follow-up examinations were per-
formed in the afternoon, several hours after lens insertion, and
as shown, the lens did not touch the highest point of the cornea.
The clearance in the central and superior part of corneawas a lit-
tle larger than recommended. With irregular corneas there will
be a wide variation in clearance across the cornea (Walker et al.,
2016), as seen in this case.
Limbal clearance is another important factor to consider in

scleral lens fitting. Extensive clearance reduces the Dk/t, which
increases the risk of hypoxia. On the other hand, touch in this
area should be avoided, as it may affect the limbal stem cells
(Walker et al., 2016). A limbal clearance of 100 µm is often
striven for (van der Worp, 2015), but the Onefit fitting guide
recommends to keep it as minimal as possible without touch.
Fluorescein is not visible when the clearance is less than 25 µm,
but staining in the limbal area is an indication of touch (Blan-
chard Contact Lenses, 2018). In addition to the staining found
along the inferior part of the limbus, OCT confirmed slight lim-
bal touch. This might be dealt with in two ways; either order
lenses with “Extra limbal clearance”, which will increase the

limbal clearance by 50 µm without affecting the lens behavior
on the eye, or increase the total diameter of the lens (Blanchard
Contact Lenses, 2018). If the lens fits well elsewhere, Walker
et al. (2016) usually accept less than 20% or limbal touch. For
this reason, we decided to go ahead without any changes. The
limbal clearance and staining must be monitored closely and
should be checked at the next follow-up visit. The edge, on the
other hand, was fitting well with no signs of being too flat or too
tight.
From the initial fit to the follow-up examination, the visual

acuity dropped, and an over-refraction of−1.00D improved the
visual acuity back to baseline. The reason for this could be in-
accurate over-refraction when fitting. The initial examination
lasted a long time. A tired and unfocused patient could influ-
ence the refraction. Research found that lens settling does not
affect over-refraction and visual acuity (Bray et al., 2017). Large
corneal clearance will affect visual acuity (Fadel, 2019). The
corneal clearance varies largely across the cornea of this patient.
If the patient focused through a slightly different part of the lens
on the follow-up examination, this might have affected the vi-
sual acuity. Corneal oedema is a complication of scleral lens
wear that also affect over-refraction and visual acuity. Studies
have failed to show clinical significant oedema following daily
wear of scleral lenses in normal corneas, but sub-clinical levels
of edema might occur (Fadel, 2019). The patient did not present
with other signs of corneal oedema, but attention to the corneal
wellbeing, and the state of the endothelium in particular (Fadel
& Kramer, 2019) is important at all future follow-up examina-
tions.
The most common reason for discontinuation of scleral lens

wear is issues with lens handling (Asena & Altınörs, 2016). Ed-
ucating the patient well is important, as well as patient motiva-
tion. In this case, the patient was highly motivated, as he felt
blind without a lens. After recovering from the heart surgery,
lens handling was no issue either. An ophthalmologist diag-
nosed the patient with PMD in 2013, and the findings in the an-
terior segment of this patient resemble characteristics of PMD.
However, detailed anterior and posterior elevation maps and
full pachymetry maps with thickness data would add valuable
information to the state of the condition of the patient, and pos-
sible progression (Belin et al., 2011). This will be included in
future follow-up of this patient. Examination of the posterior
segment was not included in this case report. As glaucoma is a
potential contraindication to scleral lens wear (Fadel & Kramer,
2019), future follow-up examinations should also include pro-
cedures such as dilated fundus examination, posterior segment
OCT, intraocular pressure and perimetry. With the history of
being lost to follow-up for several years, it is crucial to empha-
size the importance of regular 6-monthly follow-up examina-
tions to this patient.

Conclusion
A patient with PMD presented with a poorly fitting Rose K2
IC lens and was successfully refitted with a Onefit scleral lens.
Lens handling was no obstacle, and the patient was happy with
vision and comfort. The next follow-up visit will take place 6
months from the last examination, with specific attention to the
corneal status, limbal clearance and the posterior segment.

Copyright Lundanes, E., 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.
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SOPTI Meeting 2020: Abstracts
The 25th National Conference of the Italian Optometric Association
(SOPTI) was held in Verona on January 19–20, 2020. The theme of the
conference was “Innovative technologies in Optometry and Contact
Lenses”, was arranged in 3 sessions: optometry, contact lenses, and
ophthalmology. Three keynote speakers were invited during the con-
ference: Prof. Rigmor C. Baraas from the University of South-Eastern
Norway in Kongsberg, Prof. Silvia Tavazzi from University of Milano Bic-
occa and Dr. Iwan Zanchetta, clinical practice Rothrist, Switzerland.
The abstracts from accepted posters and free papers are presented
here.
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Abstract
Objective and subjective refraction are considered the gold stan-
dard for assessing vision defects. Self-reported questionnaires,
which are becoming increasingly popular, could be used as an
alternative test to detect refractive errors (Breslin et al., 2014;
Cumberland et al., 2016; Ip et al., 2007; Walline et al., 1996).
The purpose of this study was to assess the accuracy of two
self-questionnaires (Q1 and Q2) in identifying refractive errors.
In particular, in the Q1 questionnaire interviewees were re-
quired to identify their own refractive error choosing among op-
tions specified with the scientific term of the condition (e.g. my-
opia, hyperopia, astigmatism and presbyopia). In the Q2 ques-
tionnaire, options available for the interviewees combined the
scientific term of the condition with a descriptive explanation of
this.
A multicentre study was carried out in six high street opto-

metric practices in Italy. Two hundred and eight participants
(mean age 39.7 ± 17.7 years; 65 percent females) were ran-
domly asked to complete one of two questionnaires before an
eye examination. The non-cycloplegic subjective refraction of
each participant was determined by an examining optometrist
in each centre who was masked to the results of the question-
naire. The spherical equivalent refractive error was used to cat-
egorise myopia as ≤ −0.25 D, hyperopia as ≥ +1.00 D, astig-
matism≤ −1.00D, and presbyopia with a required addition for
near greater or equal +1.00 D. For each questionnaire the sen-
sitivity and the specificity were determined comparing the self-
reported answers with the classification obtained by the subjec-
tive refraction.
Questionnaire 1 showed a sensitivity of 0.82, 0.47, 0.72, and

0.58 for myopia, hyperopia, astigmatism, and presbyopia, re-
spectively. In terms of specificity, Questionnaire 1 showed a
value of 0.72, 0.75, 0.59, and 0.97 for myopia, hyperopia, astig-

matism, and presbyopia, respectively.
Questionnaire 2 showed a sensitivity of 0.90, 0.75, 0.72, and

0.49 for myopia, hyperopia, astigmatism, and presbyopia, re-
spectively. While in terms of specificity, Questionnaire 2
showed a value of 0.80, 0.80, 0.60, and 0.98 for myopia, hy-
peropia, astigmatism, and presbyopia, respectively. The ROC
curves of the two questionnaires are reported in Figure 1.
Both questionnaires used in the study showed reliable results

for identifying myopia (see Figure 1). However, their accuracy
in allowing hyperopic, astigmatic, and presbyopic participants
to correctly identify their condition was poor. Self-reporting
questionnaires in Italian language to identify refractive errors
are a good option in case of myopia, but not for other refrac-
tive errors, forwhich only objective and/or subjective refraction
should be considered.
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Abstract
Nicotine is a toxic compound belonging to the alkaloid family
and it is present in high concentrations in the leaves of tobacco
plants (Nicotiana tabacum). Both smokers and non-smokers are
exposed to this chemical because of direct fruition of tobacco
derivatives and its presence in the environment as a pollutant
(Liu et al., 2018). In clinical contact lens practice, this molecule
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can be dangerous because it can adhere to the surface of con-
tact lenses (CLs) (Broich et al., 1980). As for other contaminants,
nicotine can have a negative impact on CL properties and ocular
health causing infection and inflammation (Panthi & Nichols,
2018; Rabiah et al., 2019). The purpose of this study was to
determine the in-vitro affinity of CLs to nicotine using UV-VIS
spectrophotometry.
Thirteen different materials belonging to 4 out of 5 FDA

groups were chosen according to the availability on the market:
1 group I hydrogel CL (Polymacon), 3 group II hydrogel CLs
(Nelfilcon A, Omafilcon A, Nesofilcon A), 4 group IV hydrogel
CLs (Etafilcon A, Methafilcon A, Filcon IV, Ocufilcon D), and 5
group V silicone hydrogel CLs (Comfilcon A, Delefilcon A, Lo-
trafilconA, Lotrafilcon B, SomofilconA). UV absorbance spectra
of each of these CL materials were acquired with a Jasco V-650
spectrophotometer, prior to and after a 10-minute exposure to a
2 mM nicotine solution, followed by a brief rinse in saline solu-
tion in order to remove the superficial nicotine. The spectrum
of the clean CL was numerically subtracted from the spectra of
each CL after the exposure to the nicotine solution. The result-
ing spectra show a peak centred at about 260 nm, due to the
presence of nicotine. The intensity of this peak was then com-
pared to the expected absorbance at the equilibrium (assuming
a CL hydration with 0.5 mM nicotine solution), calculated ac-
cording to the central thickness and percentage of hydration
of each CL. The measured/expected ratio provided a relative
value which allowed a comparison of nicotine incorporation in
the investigated materials.
For each CL, a different measured/expected ratio was found.

Group II hydrogel materials showed an absorbance in good
agreement with the calculated equilibrium value (range: 0.8-
1.0), except for Nesofilcon A, which displayed a ratio of 0.3. On
the other hand, Group IV hydrogel materials showed an inten-
sity of the nicotine peak between two and three times higher
than the expected equilibrium level (range: 2.1-2.4) and Group
V silicone hydrogels showed an opposite result, with a much
lower absorbance than expected (0.2-0.4). As far as Group I is
concerned, only Polymaconwasmeasured and it showed a ratio
of 0.6. In conclusion, despite small differences, similar values
were displayed by CLs belonging to the same FDA group: in
particular, ionic high-water-content materials (Group IV) pre-
sented the highest affinity to nicotine, whereas silicone hydro-
gels (GroupV) showed the lowest. These results suggest that in-
vitro affinity of CLmaterials for nicotine depends on their chem-
ical and physical properties.
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Abstract
The purpose of this study was to evaluate inter and intra-
repeatability of the tear meniscus height (TMH) assessment
(Wolffsohn et al., 2017) through a new automatic digital acqui-
sition system.
A set of 153 pictures of lower tear meniscus (76 of ODs and

77 of OSs) were selected from the database of the Research Cen-
tre in Optics and Optometry (COMiB) and arranged in a new
database. Four observers (2 newly graduated optometrists and
2 optometrists with more than 20 years of clinical experience)
measured the TMHof each picture in three different points, cen-
trally and at 30 degrees temporally and nasally (Pena-Verdeal
et al., 2016; Yokoi et al., 1999), by the new device named Dry
Eye Report (CSO, Firenze). Each observer was requested to re-
peat the overall measurement after 15 days. Central TMH re-
sults measured by the 4 observers ranged between 0.09 and 0.86
mm and between 0.08 and 0.54 mm on the OD and OS, respec-
tively. Nasal TMHmeasurements ranged between 0.08 and 0.86
mm and between 0.04 and 0.74 on the OD and OS, respectively.
Temporal TMH measurements were between 0.08 and 0.60 and
between 0.06 and 0.61 on the OD and OS, respectively. For the
OD, the intraclass correlation coefficient (ICC) (Johnson &Mur-
phy, 2005; Koo & Li, 2016) calculated among the 4 observers
resulted 0.94, 0.95 and 0.90 for the central, nasal and temporal
measures, respectively. For the OS, the ICC resulted 0.94, 0.95
and 0.90 for the central, nasal and temporal measures, respec-
tively. Intra-observer reliability for pictures of both eyes and the
3 positions of measurement was good for all the observers (all
ICCs > 0.79).
The inter-observer reliability in assessing TMH by a new dig-

ital device of measurement appeared extremely good in terms
of ICCs for both eyes and either centrally, nasally or tempo-
rally. The intra-observer reliability appeared extremely good,
also. More experienced clinicians did not show better ICC val-
ues.
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Abstract
The study was carried out to evaluate accuracy and inter- and
intra-observer reliability of the centration assessment of an ex-
tended depth of focus (EDOF) soft contact lens (CL) developed
by Brian Holden Vision Institute for myopia control, by corneal
topography.
Thirty-three myopic volunteers (25 females) age range 18.6–

27.9 years (mean ± SD; 22.7 ± 2.0 years) were recruited among
the students of Milano-Bicocca University (Milan, Italy). All
measurements were performed at the Research Centre in Op-
tics and Optometry (COMiB) of the same university. EDOF CLs
(Mylo, Mark’ennovy, Spain) were fitted in both eyes of each par-
ticipant except for two of them because only one eye met all in-
clusion criteria. For any EDOF CL, a videokeratography over
the CL (Osiris-T, CSO, Italy) and a slit lamp (SL) digital picture
(HR-Elite, CSO, Italy)were taken in a randomised sequence. For
the SL images, the Phoenix software was used to assess the po-
sition (coordinates x and y) of the EDOF CL centre respect to
the centre of the pupil in a Cartesian plane. For the videoker-
atoscophic acquisitions, the position of the EDOF CL centre in
respect to the centre of the pupil was detected using a qualita-
tive procedure directly from the topographicmap (tangential al-
gorithm), by two different observers (one newly graduated op-
tometrist and one optometristwithmore than 20 years of clinical
experience) and repeated twice in two different sessions with a
15 days delay.
Accuracy of the topographic assessment in determining co-

ordinates of the EDOF CL centre with respect to SL assessment
was good. No significant difference was found in the left eyes,
whereas in the right eyes a less temporally decentred position of
the CLs was detected (paired t-test, p< 0.05). Nevertheless, this
difference appeared clinically negligible (0.14 ± 0.22 mm). The
difference between the 2 observers in assessing CLs centration
by topographic map was not significant for horizontal coordi-
nates of both eyes, but a significant difference was found for
vertical axes (paired t-test, p < 0.05). The intra-class correlation
coefficient (ICC) was calculated for each coordinate (x, y) and
for each eye amongst the two measures achieved in CL centra-
tion assessment by the topographic procedure by each observer.
ICCs were very good (between 0.64 and 0.88) in each observer,
except for the horizontal decentration value relative to the right
eye, which for the observerwith less experience dropped to 0.58.
In conclusion, assessing CL centration by performing topog-

raphy over an EDOF soft CL appeared to be an accuratemethod.
Intra and inter-observer reliability of the measurement were
good.
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Abstract
This study investigates the possibility of developing a sensory
eye dominance test on a continuous scale, based onperformance
rather than on the subject’s introspective response. Determining
sensory eye dominance (SED) is important in some optomet-
ric interventions influenced by the integration of information
coming from the two eyes (Evans, 2007). Several studies have
found inconsistencies between traditional dominance measure-
ments (Mapp et al., 2003; Walls, 1951). SED seems to vary ac-
cording to the type of test and its conditions, such as the dis-
tance and the eccentricity of the stimulus (Khan & Crawford,
2001). These inconsistencies may result from tests that are di-
chotomous and based on the patient’s subjective impressions.
Some scientific research uses SED tests based on ocular balance
indexes, currently not used in the clinical context due mainly to
the required administration times (Bossi et al., 2018).
Thirteen observers participated in the experiment. Stim-

uli presentation and data analysis were performed using Psy-
chopy and other scientific Pythonmodules (Peirce&MacAskill,
2018). A dichoptic stimulus previously used by Reynaud &
Hess (Reynaud & Hess, 2017) in order to produce a Pulfrich ef-
fect (Pulfrich, 1922) that allows the illusory three-dimensional
perception of a cylinder that rotates clockwise or counterclock-
wise, was modulated in terms of ocular disparity and contrast.
The stimuli were fused through two prismatic lenses mounted
on a stereoscope prototype built in our laboratory. The ob-
servers were asked to report the perceived direction of rotation.
In this way, psychometric curves were obtained for the propor-
tion of clockwise responses related to ocular disparity and con-
trast difference between the two stimuli. Furthermore, three tra-
ditional dominance tests were conducted on each subject: the
red filter, positive lens (sensory) and pointing (motor) test.
Firstly, we assessed the repeatability of our test on three sub-

jects from our sample who carried out the measurements two
times with one week between measurements, showing similar
results within their trials. From the psychometric curves, we es-
timated the balance point between eyes in terms of the ocular
disparity which produced an inversion of perceived rotation.
We found that it was significantly different between observers
whose results were consistently right (N = 4), left (N = 4) or
ambiguous dominant for the combination of traditional tests
[F(2,10) = 6.196, p = 0.017], and estimated that the information
from the dominant eye could be processed on average 8.2 ± 5.8
ms faster than that of the other eye. Observers with a dominant
left eye showed more marked differences in processing times
(6.8 ± 2.0 ms) than people with a dominant right eye (1.5 ± 0.9
ms). The subjects that do not show a clear dominance had no
differences in processing times between the eyes (1.2 ± 1.7 ms).
These results are consistent with the literature (Read & Cum-
ming, 2005) andunderline the need to distinguish the peripheral
from the hemispherical SED (Jasper & Raney, 1937; Rombouts
et al., 1996). We are currently resolving this critical issue in or-
der to develop a new SED quantitative test for use in clinical
practice.
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Abstract
Ophthalmic optics and optometry together are a unitary field,
both historically and functionally. Even now, European associ-
ations (European Council of Optometry and Optics ECOO and
European Academy of Optometry and Optics EAOO) represent
both professions. Nevertheless, there are differences in func-
tions, but the common ground of optical aids for vision func-
tion remain.Ante litteram opticians started to prepare eyeglasses
in the XIII century in Italy. The year 1286 is used as a sym-
bolic date for the first eyeglasses (Ilardi, 2007) even if the real
date is probably earlier (Cappa, 2004). There is evidence that
eyeglasses for myopia were specifically selected, sold and used
already in the XV century in Italy (Ilardi, 2007). So, the spe-
cific practice of optics spans over 7 centuries. In Italy, one tra-
ditional “optician” dates back to 1856 and is still active in the
same place, and another one which is still active dates back to
1802 (Raffaele Sacco). These are both in Naples. It must be
highlighted that eyeglasses, even during the XIX century, found
opposition by medical professionals. Antonio Scarpa (1826),
an Italian eye surgeon famous in Europe, wrote a short text-
book to promote visual hygiene, and against “lasciviousness”
in order to prevent myopia. The same book warns about the
use of concave eyeglasses, but considers convex lenses “less
harmful”. This radically different approach – opposing opti-
cians and oculists – shines light on different styles of thought
at the time: for physicians the goal was to remove eye defect
(i.e. to cure); instead, for opticians the goal was to correct and
re-establish visual function. Looking back from actuality, both
approaches seem incomplete: use of corrective lenses without
evaluating causes or applying a treatment without real knowl-
edge of causes. The “opticians’ approach” has shown efficacy,
and refractive correction with lenses remains the preferred and
scientifically based option. The “cure” of refractive errors is still
is being studied. Activity of opticians as a regulated profession
can be traced far back in local guilds, like the one of Christal-

leri in Venice, in the XIII century (De Lotto, 1956). In 1928 a law
was introduced which regulates the practice of opticians in the
unified Italy. This law still applies and gives opticians the li-
cense to refract for “simple defects of myopia and presbyopia”.
This poses the role of opticians under Category 2 ofWCO, not to
be confusedwith the “dispensing optician” of English-speaking
countries. In 1969-70 advanced education in optometry started,
for licensed opticians only, both in Milan and Vinci/Florence
(the latter Institute is still active as IRSOO). Many educational
projects on optometry followed, none fully establish a standard.
In 2001 a three-year university program in “optics and optom-
etry” was started (as a specific Physics degree, within the Sci-
ence School) in Milan and rapidly other universities followed.
In 2018, Italian optics and optometry associations developed a
two-level registration, for optician and optometrist-optician, based
on the different education, competencies and qualifications of
the two (Registro TiOpto). Most of the current practices in Italy
are independent. Generally speaking, all optometrists are also
licensed as opticians, but not all opticians are qualified as op-
tometrists, respectively in a ratio of about 4:1 (opticians to op-
tometrists).
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Abstract
Inappropriate use of contact lenses is themost common cause of
severe ocular microbial keratitis. Severe microbial keratitis can
reduce visual function. In Italy there have been no studies into
the incidence ofmicrobial keratitis in contact lenswear. The pur-
pose of this study was to investigate habits of contact lens wear-
ers in relation to severe microbial keratitis and describe associ-
ated risk factors.
A total of 49 subjects with severe microbial keratitis re-

sponded to a survey between November 2018 and May
2019. All subjects were in ophthalmological hospital for phar-
macological treatment after diagnosis of severe microbial ker-
atitis associated with contact lens use, and all were disposable
soft contact lenswearers. The surveywas retested on 22 subjects
one month after the first test. The participants were aged from
16 to 67 years (mean 37 years), 74% were female. No rubbing
of the lens after use was reported for 98% of the sample. 83%
reported that they had not visited an eye specialist to have con-
tact lenses fitted. Water exposure (tap water, swimming pool,
shower)was reported for 72%of the sample. 55% reportedwait-
ing longer than 1 month before replacing the contact lens case.
49% sleptwith contact lens in the eyes almost 1 or 2 night aweek.
49% reportedwaiting longer than the recommended time before
changing their contact lenses.
Risk factors associated with severe microbial keratitis were

reported. It is necessary to educate contact lens wearers to es-
tablish safe habits.
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Abstract
Densitometry is a measure of transmission of light. Orthokera-
tology is an effective treatment for myopia control. It has been
established that it is a reversible modelling of corneal epithe-
lium. Actually, there is no study of corneal densitometry after
orthokeratology treatment over short and long period. The aim
of this study is to analyse the densitometry of the sublayers of
human corneas that have undergone orthokeratology treatment
for two years.
Scheimpflug images of 70 eyes of 36 subjects, aged from 9 to

15 years, that underwent orthokeratology treatment for myopia
control have been collected for this retrospective study, before
and after two years of orthokeratology. The images have been
processed through MATLAB scripts. The central vertex and the
external edge of the cornea were identified and the optical den-
sity for each sublayer within the 3 central mm was measured.
The data thus obtained have been analysed with the Shapiro
Wilk and T-test (Wilcoxon signed-rank test), in order to assess
the statistical significance. The values related to the right eyes
of the sample have been analysed. The densitometric values
in GSU (Grey Scale Unit) before the orthokeratology treatment
and after two years of continuous wear highlighted a difference
from 18.1 ± 1.04 to 18.7 ± 1,4 (Mdn = 18.0, CI 95%, W = 81, p
= 0.02) for the epithelium-Bowman complex, from 10.7 ± 0.8 to
11.2 ± 0.8 (CI 95%, t = 3.63, M = -0.51, p = 0.00) for the stroma,
and from 5.1 ± 0.6 to 5.0 ± 0.7 (CI 95%, t = 0.92, M = 0.12, p =
0.37) for the endothelium.
The difference in densitometric values for the primary corneal

layers of normal subjects, measured before and after two years
of orthokeratology treatment, turned out to be statistically sig-
nificant for the epithelium and the stroma. However, these dif-
ferences are not considered clinically significant, as the mea-
sured variations of refractive index are minimal. Currently, the
minimal normal values of the density variation occurring physi-
ologically or by wearing other kinds of contact lenses cannot be
determined because of the characteristics of the assessed sam-
ple.
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Abstract
Densitometry is a measure of transmission of light. Measure-
ments of corneal densitometry are useful to observe effects of
contact lenses, ocular treatments, or surgical intervention. The
Scheimpflug camera is a principle of photography, which when
applied with a specific device can visualize and make further
analysis on the anterior segment of the eye. The purpose of this
study was to compare measurements of corneal densitometry
taken with two commercially available Scheimpflug camera de-
vices.
A total of 66 images of 24 normal eyes of 12 subjects were

analysed with Sirius (CSO, Italy) and Pentacam (Oculus, Ger-
many). Subjects were aged from 20 to 22 years, 64% were fe-
male. GSU (Grey Scale Unit) index for principal corneal sub-
layers were extrapolated. GSU from Pentacam images were
extrapolated using proprietary software, GSU from Sirius im-
ages were extrapolated by a bespoke algorithm based on Mat-
lab. For the anterior sublayers of the cornea (120 µm for Pen-
tacam, Epithelium-Bowman for Sirius) a statistically signifi-
cant difference was found between the two devices (p < 0.001
Wilcoxon signed-rank test; mean and standard deviations val-
ues of 16.80 ± 0.66 GSU for Pentacam and 17.55 ± 0.70 GSU for
Sirius; 95% range of difference from 0.76 to 1.07). A statistically
significant difference was also found between the two devices
for the posterior sublayers of the cornea (over 120 µm for Pen-
tacam, stroma for Sirius) (p = 0.02 Wilcoxon signed-rank test;
mean and standard deviations values of 10.50 ± 0.48 GSU for
Pentacam and 10.62 ± 0.56 GSU for Sirius; 95% range of differ-
ence from 0.01 to 0.21)
GSU values for each device were reported for the principal

sublayers of the cornea. Statistical differences for each sublayer
were found, but our data suggests a difference of 1 GSU unit as
maximum difference. It is not possible to consider the clinical
significance of these differences due to a lack of normal values
reported in scientific literature for the two instruments.
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Abstract
Corneal surface irregularity can introduce high order aberra-
tions often not correctable with spectacles. New generation
soft contact lenses with bitoric design may be useful in correct-
ing higher-order aberrations. The bitoric design is character-
ized by both the anterior and posterior surfaces being toric, and
their principal advantages is almost normal thickness. The dis-
advantage is that more chair-time is required for trialling the
lenses and calculating the final parameters comparedwith other
lenses. A better predictability of objective effectiveness would
be useful in cutting down on time consuming procedures.
The purpose of this study was to analyse the effects on coma

and astigmatism aberrations of bitoric soft contact lenses in sub-
jects with irregular astigmatism and to assess the measurement
differences of aberrations by using an aberrometer and a topog-
rapher.
A retrospective studywas performed on a selection of 22 sub-

jects with irregular astigmatism divided into 14 right eyes and
15 left eyes for a total of 29 examined eyes. Each eye had BCVA
with spectacles lower (better) than 0.3 logMAR. Each eye was
fitted with soft bitoric contact lens (TDK, TSlac, Italy). Aberra-
tions index, fromOsiris (CSO, Italy), for astigmatism, coma, and
spherical aberration, for a pupil diameter of 4 mm, were extrap-
olated with and without the contact lens fitted. Indexes were
comparedwith ANOVA to evaluate the effect of the contact lens
on aberrations.
In the comparison between before and after contact lens ap-

plication the statistical analysis did not reveal any significant
difference in predictability of changes in aberrations, although
the means of single aberrations showed a decrease of vertical
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coma in both samples (right eyes and left eyes).
The study does not show any predictability of objective effi-

cacy, compared to high order aberrations, of bitoric soft contact
lenses in subjects with irregular astigmatism. Evaluation of effi-
cacy with trial lenses and comparisonwith subjective variations
are necessary to assess the efficacy of bitoric contact lens fitting
in general irregular astigmatism.

Imaging cone-to-RPE connections in
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Abstract
Multimodal adaptive optics scanning light ophthalmoscopy (m-
AOSLO) allows for high resolution in-vivo imaging of the hu-
man retina. The m-AOSLO instrument in Kongsberg currently
allows for the following modes of imaging: in-vivo reflectance
confocal, split-detector and dark-field imaging (Pedersen et al.,
2020; Scoles et al., 2013; Scoles et al., 2014). Thus, resolving indi-
vidual photoreceptor cells (1–2 µm in size) and individual reti-
nal pigment epithelial cells. It is non-invasive and allows mon-
itoring in the authentic anatomical setting of the living human
eye. The retinal pigment epithelium (RPE) is essential for ap-
propriate development of the human retina, through promot-
ing photoreceptor development and differentiation. RPE cell
maturation is thought to play a critical role in defining foveal
specialization and shape. Results from an ongoing study on the
relationship between foveal shape obtained from OCT imaging
and cone and RPE cell density profiles of healthy adults will be
presented and discussed.
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