select

statistical services

Oxygen House

Grenadier Road

Exeter Business Park

Exeter, Devon, EX1 3LH

tel: 01392 440426
email:info@selecistatistics.co.uk
web: www.selectstatistics.co.uk

Statistical Support for QuickScreen Dyslexia

Diagnostic Accuracy Assessnezi2021

Author: Sarah Littler

Reviewed bytLynsey McColl

Revision Datet" May 2021

Prepared forPico Educational Systems Ltd

Reference NumbeP1CO004

training | advice | analysis | research | data |survey



Executive Summary

Background

QuickScreens an adult computerised screening teabiat assesses andelivers an indication of possible dyslexia
without the need for wers to undergo a costly professional assessment by an educational or occupational
psychologistin this study, Select provided amdependent analysis of the diagnostic accuracy of QuickSdrassd

on the (i S adiis@a quotient (degreef consistency with a dyslexia profilbased on established reseajciihe
datawere provided by Pico Educational Systeamsl included all candideas who, between midDecember 2020 and
January 2021yndertookatest via their university, colleger workplace assessment procestong withmembers of

the public who requestediccess to the test vithe website Therefore the results reflect a crossection of the

public who accessethe service withinthis period consistent with the normal age range of the test -85#)
Participants with a previous positive assessment for dyslexéee considered in the dyslexic grougr fanalysisThe
non-dyslexic group included those without a previous assessraadtwho reportedno life-long difficulties with
literacy. A separate control group of nedyslexicswvasalso includedgcomprisingselfselected volunteersvithout

dyslexia. Candidates without a previous assessment but who reportedidifg difficulties with literacy were
O2yaARSNBR al (i Nkparhtéexplorgtéty afabysidh tReNifsBxic HrgupNote: All participad &8 Q@ R i |
was anonymised by Pico Educational Systems Ltd prior to being provided to Select for analysis and was handled in
accordance with their current privacy policy.

Headline Results

An essential step in the evaluation process of any diagnostic/scre¢estds to assess its accuradyhe overall

accuracy of a diagnostic test indicates how good it is at correctly identifying people with and without the condition

Ay ljdzSadAiazyed Li Aa GKS LINRPoloAfAGe ( RdsdldortheSanpédia & d !l G d:
data for the dyslexic and nowlyslexic groupsind to maximise the overall accuracy of the test, participants with a

guotient greater than 4.2%or equivalently a dyslexia percentile > 0.48puld be considered test positive (indicated

2 KIFI@gS ReatSEALFO FyYyR (K2a&a$S X n ®u pThisiGuafiiaimy © @mentiitieS o0 A y RA
quotient figure between the possible existenof dyslexia and a lack of symptaras a dyslexia screend8ased on

this threshold, and assuming an estimated prevalence of dyslexia in the population ¢f&.0¥eflecting the results

that we might expect if the test were applied to a random samgflehe population) the Quicksreentest was

estimated tohave a high overall accuracy rate3%%o (95% confidence interval [CIP ® 96% reflectingsampling

variability). TheReceiver Operating Characteristic (R@@p under thecurve (AUC)was estimated to be 97%06%

ClI: 95 to 99% Given that theAUC represents thdiscriminationof the test where 100% is the best possible value

(perfect classification}his illustrates thathe QuickScreetest has strong predictive capacity for dyslexia.

We also analysedthe link between speed of processing and dysldgidinding of a previous stuflyto further
explore the extent to which slow processing might be an aggravating symptoay$texia andecognising the
relevance of fast/efficient processing skills in high achievEngre was a statistically significant association between
the QuickScreen general speed of processing result (Difficulties/Average/No Difficulties)thandon-
dyslexic/dyslexi group along with evidence of abetter averagespeed of processing score for the ndyslexis
versusdyslexic participants. Therefore, speed of processing may be useful in identifying potential difficulties in
learning profiles, as a standalone charaidtic. Additionally, wefound a statistically significamissociation between

the speed of processing results and severity of dyslexia, measured ayshlexiaquotient minus the processing
speed disparity factor, i.e., removing the speed of processing contribution from the quotient. Forlysdétxics and
non-dyslexics participants with a worse speed of processing score tended to have a higher adjustedadyslexi
quotient. A higher adjusted quotient was also observed on average for those with difficulties, followed by the
average group, and then no difficultiegth speed of processingSo, for participants in the dyslexic group, those
with worse speed of procesgy results are associated with more severe dyslexia. Similarly, albeit at a lower level, for
participants in the nordyslexic group, those with worse speed of processing results are associated with more
evidence of dyslexic symptoms (and equally thosé Wétter speed of processing results are associated with less of
evidence of dyslexic symptoms).
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Note: Slightly difféng results for the quotient threshold anddiagnostic accuracy measurese obtained if we
alternatively choose thecut-off that maximises the sensitivity +specificity of the test rather than the overall
accuracyThere is a trad®ff in the sensitivityws specificity of the test for different threshasdvhich results irslight
variation in theassociatedverall accuracgstimate.Furthermore, if we assume a higher prevalence of dyslexia, for
example, that associated with those who might sdéntify for a QuickScreen test (as opposed to the whole
population), slightly differingestimates of the overallauracy are obtainedihese results are includdd full in the
body of this report.

DiscussiofContext

The QuickScreetest results are almosentirely based onli KS Ol ydirkeR lpérfér@abce and a positive
conclusion of Mild, Moderate or Strong indicatavdl have been adjusted in the light of attainment levels in verbal
processing, literagyand speed of processing. Whilst these can be seen as contribatengents,they are not
necessarily the determining factors of dyslexia, and most likely not so etm@nring in isolation in an otherwise
consistent set ohigh-performanceresults. Therefore, it is possible to have a low result on one or more of these
componentsbut not be dyslexic.

Likewise, degrees of compensation are also taken into consideration b@uiekScreeriest and may positively
influence a dyslexiandication by reducing it to a Mild, Borderline or even None category where these other
attainment levels a found to be satisfactory. To that extent tiest result is not adiagnosisput it is designed to

act as a 'functional dyslexia screener' that provides immediate and detailed insightariftoy RA @A Rdz f Q&
learning profile and upon which individusupport programmes can be devised, reasonable adjustments put in place
at work and where possible additional time in written examinations be considered.
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Introduction

Following an initial study in 201#hd asubsequentstudy in 2018 Select were pleased to again be
FAa1SR (2 KSfL) gAGK GKS adlaAradarolt FylFrteaara 27
test!, on behalf of Dr Dee WalkeQuickScreen is an adult computerised screening test, developed

with the am of providing a reasonably -oepth assessmenbf dyslexia. The testelivers an

indication of possible dyslexia without the need for users to underggostly professional
assessment by an educational or occupational psychologist. focus ofour first study was to

provide an initial assessment of the diagnostic accuracy of the QuickScreen dyslexia test, based on
GKS (SadqQa ol yRSR 2dzi02YSa 6b2ySs . 2NRSNEeAYy Sz a)
aim was to support the development of theedt by providing evidence that might inform
adjustments to theexistingQuickScreen indication category boundaries.

In this study,we provide an assessment of the diagnostic accuracy of the latest version of
QuickScreerased on data from tests completed December2020to January 2021An essential

step in the evaluation process of any diagnostic/screening test is to assess its accuracy via diagnostic
accuracy measureRather than considering dzA O 1 { Eategolcyl Bolindariesye were asked to
O2yaARSNI GKS (S &épgeaof dcomsisténbybvithta dypldxi iprafifeefed on a scale

from O to 20, which is calculated by combining individual scores for various processes examined
during the online assessments, such as visual, verbal, memory, reading, comprehensidieetc.
cut-off values of the quotient score that best discriminate between those with and without a
previous dyslexia diagnosisere first identified and then used in the subsequent accuracy
assessments

Wewere also asked téurther explore the speed of procasg component results available from the
QuickScreen test and how theaee associate with the presence or absence ofpaevious dyslexia
diagnosisThe interest being in the potential connection between slow processing and dyslexia and
whether speed of pcessing, as a standalone characteristic, may be useful in identifying potential
difficulties in learning profilesAdditionally, wewere asked taexplore the association between the
speed of processing component results wiitie QuickScreedydexiagquotient minusthe processing
speed disparity factor, i.e., removing the speed of processiogntribution from the quotient, to
understand how the severity of dyslexia might correlate with slow processing

Finally further data from the QuickScredest assessment were available foarticipants who were

sellA RSYGAFASR & KF@AyYy3a RATTFAOdzZ G hubwithouty Rrevibus S NB F 2 N
dyslexia diagnosidVe were also asked to conductr@peat of the diagnostic accuracy ass@ents

considering this group as dyslexia positileough there was no way in which their presence or

absence of dyslexia could be verified)

Data

The data for this study wereompiled by Pico Educational Systems Ltd and provided to us for
analysis. Theséncluded observational data collected from participants completing the online
QuickScreerassessmenfrom mid-December 20200 mid-January 2021lincluding all candidates
who came forward to do the test via their university, college or workplace assesgrmréssand

L https://gsdyslexiatest.com/
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members of the public who requested access via the websherefore this study includes cross
section of the publicaged 16 to 746 K2 | OO0S&aa SR t A O2ifegperddS NIDA OSa 6 A (K

The data received included results foarticipants on whether they did or did not have a previous
dyslexia diagnosig.his information was used subsetthe candidates into the following groups:

1 A generalnon-dyslexic groupwhich comprised participants who had not been previously
assessed fodyslexia and reported that they had not héfik-long difficulties with literacy
(n=69)
1 Adyslexic groupwhichcomprised participants who stated that thdnad been previously
assessed as dyslexit=68)
T 'y aFd NRA]E 3INERdzZLIZ sévKoih@dknot OeerydréMiduslySaBseskdd fdi A O A L.
dyslexia but reported that they had experienced-lidag difficulties with literacyn=228).

Data from an additionakontrol group of non-dyslexicswere alsoprovided, generatinga further
group:

T ! & { NHz$gradpofndritipskexis, whichcomprised selselected volunteers who were
known not to have dyslexia and were invited to participate in the s{ndyp5)

The QuickScreen dyslexia test results were providefun Excel spreadsheets, for four separate

weeks of dataTheseExcelfiles all had a consistetiayout and were combined prior to analysis to

create a single datasef separate Excel file was also provided ofdhéa for theadditional control

group (i.e., @ U NstmBol group) of nondyslexics from which the IDs of these participants were

extracted allowing appropriate subetting of the datafor analysis.The results fori KS & G N&X a1
goupg K2 KIF Ry Qi 0SSy LINBGA2dzat e | a-werang BRatestas Kl JA Y :
they had experienced lif®ng difficulties with literacyvere provided in separate sheets in the same

Excel files, again in a similar format, and which vedsecombined ready for analysis.

Thesubsequentnalysiof the study data was run fahree different sets of theeavailable data:

i. ¢ KS & F-dgsléxic grougdfue controlé group and general nedyslexic group) vs
the dyslexic group

ii. The ctrue controlé group of nondyslexics only (excludinthe general nordyslexic
group) vahe dyslexic group.

i, CKS aFf®etéESEFRP ANRdZI 04 (KS Reaft SEAO 3IANRdzLJ
GKS al G NR&A1E LINIAOALIYyG&Ea Ay GKS ReatSEAOD

Theaim of thesubgroup analysis (iiyas to helpremovethose with the potential for indications
who were not aware of having problemfsom the analysisthat mayhave beenin the general non
dyslexics groupThe expectation being that thétrue controk group explicitly identified themselves
as nondyslexics andvere therefore less likely to have potentially undiagnosed dysledi@ugh, we
note that this subgroum@nalysis has a more limited sample sizentttee primary analysis (i).

For the primary analysis (fest results were available for 162 participar@8 (42.0%)n the dyslexic

group, and 94 (58.0%n the nondyslexic groupThe 94 norRé 8 f SEA 04 Ay Of dzZRSR Hp
and 69 participants from the generalon-dyslexicgroup.¢ KSNBE 6SNB HHy Gl G NRAJ
were also considered in the dyslexjroup in the additional exploratory analysis (iii).
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b2dSY ! ff LI NIAOA LI yPicéEducaibnal ISystérhsapdor ty BeyfgforévidédS R 0 &
to Select foranalysis anavas handled in accordance with their current privacy policy.

Potential Limitations

We recognisehat there are some potential limitations of the studgiven the data available for
analysis,that may affect its outcomesln most cases, these are likely to lead to conservative
estimates of the test accuracye., the reported results may underestimate the true performance of
the test in practice.

Firstly, we note that some of those participants in the dyslexic group may have made improvements
in their learning since their previous diagnosis wexeived which may have not been very recently.
PicoEducational Systemsave highlighted that th&uickScreertest is only able to identify those
GAGK WTdzyOlAa2yltQ Reé&af SEAIZ A ®S.dBywellkanpeSsatédk I G | N.
individuals may beasymptomatic ormore borderline in their dyslexia symptoms atids would
therefore impact upon the accuracy assessments reported in this sisdiie test mayind it more
difficult to identify theselessersymptoms linked with dyslexi&Vhen presenting theesults of the

test to participants, QuickScreen provides a caveat/explanation that in the absence of other key
indicators (e.g., deficiencies in literacy levels) a dyslexia diagnosis is urfikglyermore, he
graduated indications provided by Quick&m in their presentation of the test resulteflect this
non-binary nature of dyslexia which is on a continuum of symptoms/severitidsereas the
diagnostic accuracy summaries here are not able to account for this uncertainty

We also acknowledge thdhose in the nordyslexic group, particularly the general ndyslexics as

2L ASR G2 GKS adGNHzS O2y(iNRBfé¢ 3ANRAzZIE YIe& KIF@S d
they may have indictors of dyslexia but be unaware of these issues. This will agaithdaotential

to reduce the apparent accuracy of the QuickScreen test, as reported in this Buurtlyermore, it is

recognised that though participants in then-dyslexicgroup may not have previously received a

formal dyslexia diagnosis, it is possilthat this group mayin fact contain a small number of

previously undiagnosed dyslexidherefore, where QuickScreenay report a positive albeit weak
AYRAOIGAR2Y 2F Re&atSEAlI oy2i0 ab2z2ySéx F2N SEIl YLX
understood that this subject could in fact have undiagnosed dysld@xia.effect of this potential
misclassification of partipants is known as classification bi@ge implication of which is that it may

not be possible to achieve perfect diagnostic accuracy in this case.

Similar to oumpreviousstudies, it shouldalsobe noted when interpreting the results of this analysis

that their validity dependsipon the applicability of the sample participants to the population of

interest. This includes the spectrum of severity of dyslexia in the sample. Where this might not
reflect the target population, a study is sometimes said ® JUSNJ FNRY & aLISOG NHzy oAl
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Methods

Receiver Operating Characteristic (ROC) Curve Analysis

A Receiving Operating Characteristic (ROC) &tiigsea useful tool that allows us to examine the
trade-off betweeniil KS v dzA O1 { ONB Sy (i $rdpodian of @ySIgxi paitizipgdtsitiat 6 A &S @
are identified as having dyslexia by the test) and specificity (i.e., the proportion edysbexics that
are identified as not having dyslexia by the te$tje plotthe true positive rate TPRor sensitivity)
against thefalse positive rateKPRor 1 minus the specificityfor a variety of different classification
thresholdsbased on the QuickScreen dyslexia quotigfach point on the ROC curve represents a
different threshold for classification, ranging frontl guotients classified as nodyslexic in the
bottom left-hand corner (i.e., 0% TPR and FPR) angualients classified aglyslexicsn the top
right-hand corner (i.e., 100% TPR and FPR3.best possible predictive model would be one with a
100% TPR and 0% HeRuivalently 100% sensitivity and specificityhich corresponds with the top
left-hand corner of the figure for the ROC curtleough seldom is this achievable

We consideed two potential options for the choice obptimal threshold to give the best
discrimination between the dyslexic/neayslexic groups

i. To maximise the TPR 4#FPR), i.e., the maximum sensitivity + specificity
ii. To maximise the overall accuracy, i.e., the prdioor of results that are correctly
identified by the test

The ROC curve is also a useful indicator of how welle$igs able to perform classification. If the
ROC curve follows the diagonal y=x line.(TPR = FRRhen any classifications are notber than
predicting at random, e.g., by tossing a cfiin assigning participants as dyslexic or.rdeally,we
want the curve to lie abovthisline as this indicates that thest is better than if we were to classify
the outcome randomly.We can fomalise this by calculatindpe Area Under the Curve (AUCYhe
AUC represents the accuracy of tiestin terms of its capacity fadiscriminationwhere 100%is the
best possible valuéperfect classificationb0%is equivalent to predicting at randoand a value of
less than50%is even worseThe AUC estimate caalsobe interpreted as the probability that the
test will assign a higher score to a randomly chodgslexic individuathan to a randomly chosen
non-dyslexic participanexample.An estimate of the AUC baseagpon a sample of datauch as the
data in this stidy, like all estimates, is subject to a sampling error. To account for this and express
our uncertainty in the estimatal AUCdue to sampling variabilitywe also calculatel a 95%
confidence intervafor the AUQusing theDeLon§ method).

Diagnostic Accuracy Assessments

As described above, the sensitivitr TPRDf a diagnostic test indicates how good it is at finding
people with the condition in question. It is the probabilttyat someone who has the condition is

identified as such by the test. Whereas the specificigFPRPf a diagnostic test indicates how good

2 https://select-statistics.co.uk/resources/glossapage/#receiveioperatingcharacteristieroc-curve

3 https://select-statistics.co.uk/blog/classifyirginary-outcomes/

4 https://select-statistics.co.uk/resources/glossapage/#rocareacurve-auc

5 Elisab¢h R. DeLong, David M. DeLong and Daniel L. Glag&ké NBR 2y O6mMdpyy o &/ 2YLI NRAy 3
2N Y2NB O2NNBfFGiSR NBOSAGBSNI 2LISNI GAy3d OKINIXOGLSNRaAGAO
845.
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it is at identifying people who do not have the condition. It is the probability that someone who does
not have he condition is identified as such by the test.

¢tKS LINBRAOGAGS O fdzSa 2FSaAKSLINBAIKGEA ft X @RS & SNYIIRR
a positive or negative diagnosis given the test result. The predictive values therefore provide
important information on the diagnostic accuracy of the test for a particular participant, answering

0KS ljdzSadAazy alz2g tA1Ste Aa AG GKFG L KIFI@S 2NJ
NEOSAJPSRKE

To assess the performance of the current Quick&ctitestbased on the dyslexia quotient caffs,

as described abovave produced a number of diagnostic accuracy assessment summaries, including
estimates othe sensitivities, specificities, and predictive values.

A similar approachto these calculationsvas applied to that used in our original project for
QuickScreen. The method to calculate these values is described in our previous report (ref: PICO001)
and therefore not repeatedn full here. We again assumd an estimated prevalere of dyslexia in

the population of 10% when calculating the predictive valllescreening situations, the prevalence

is almost always small and the positive predictive value low, even for a fairly sensitive and specific
test. This reflectdhe results fo the predictive values that we might expect if the test were applied

to a random sample of the population, for whom the prevalence is approximately 10%. However,
the prevalence in those that have ssHleced to take the QuickScreen dyslexia test isliikio be
considerably higher. Therefore, the results were also considered for a higher estimate of the
prevalence in line with thialternativepopulation using the rate of dyslexia observedour original
study of QuickScreefref: PICO001),e., 78.8% which included participants where an independent
assessment of their dyslexia diagnosis was availéloleéhis study, the observed prevalence will be
arbitrarily affected by the number of control group participants that have been incluated
therefore cannot be used as a reliable estimate of the prevalence in this alternative popujation

In addition to the diagnostic accuracy measures described abogerovided previosly, estimates

of the overall accuracy of the testere also calculatedi.e., theoverall proportion of correctly
classified participantswhich was the key outcome of interest in this studyo express our
uncertainty in the overall accuracy, 95% bootstragmonfidence intervalaere alsocalcubted. We
note that, similar to the predictive values, the overall accuracy also depepdn the assumed
prevalence of dyslexiand is therefore provided for the two populations and corresponding
prevaknceestimates considered (10% and 78.8%)

Alongsidethe diagnostic accuracy measures, we hagmincarried out a statistical test to assess
whether there is evidence of an assdma between the QuickScreen test outcome and the
independent dyslexia diagnosis. This would be expected if the test is useful in discriminating
between dyslexic and nedyslexic individualsC A & K S NX2 & waSdpplicdl ({rather&taii darge
sample testsuch as theChisquare test, for example) to account for the fact that we have relatively
low sample sizesvhich can bias the resulta asymptotic tess (as the normal approximation of the
multinomial distribution can fail).
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General Speed of ProcessiBgploration

Another area of interest, highlighted by Dr Dee Walker, was to explore the QuickScreen speed of
processing resultand their association with dyslexia, expanding on some initial work carried out in
our initial analysis for QuickScreenf( PIC001)

Therefore, m this study, v again lookd at the association between the speed of processing
categories (No Difficulties/Average/Difficulties) and theslexic/nondyslexiogroups anccarriedout

a statistical test6 3 Ay @Al | Ohthek $hoepedenseiNe @lso expl&a the
relationship between thenumeric speed of processing scores and the previous dyslexia diagnosis
groups via summary statistics and visualisatioasd a statisticajMann-WhitneyU) test to compare

their distributions

Furthermore,we consideredvhether the extent of other dyslexic symptoms might be associated

with the QuickScreen speed of processing resiWe looled at the speed of processing results

versus the dyslexia quotiemminus the processing speed disparity component, calculativey

correlation between these values and comparing the average adjusted dyslexia quotient across the
general speed of processing groupdo(Difficulties, Average, Difficultleéria aKruskalWaliis rank

sum tes). Note: We ddy Qi dzaS G KS dzyl R2dzaid SR vdzA O1{ ONBSyYy |jdz
speed of processing disparity component and therefore will intrinsically be correlated with the speed

of processing results.

Full NonDyslexic Group uesus True Control Group Only

Asdiscussed in thé®atasectionabove, the analysidescribed herevasrepeated for the full non

dyslexic (versus dyslexic) group, foleld @ (G KS &dzo ANRdzL) 'yl feaia gKSNB
non-dyslexic (versus dyslexic) growpsincluded.

At Risk Group Exploration
A further exploratory analysisasl f 82 OF NNASR 2dzix O2yaAARSNAyYy3a GKS
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Results

The results of thenalysis outlined in théethodssection are presented below, first ftine primary

analysis considering the full natyslexic group (general aridie control group nordyslexics), then

for the true control group onlyor the non-dyslexics (but again including all dyslexics with a previous
diagnosis), and finallgn additionalkexploratory analysi® 2 Yy 8 A RSNA Yy 3 (GKS alF G NRA]E

Full NonDyslexic Group

The ROC curve for the full nolyslexic group analysis is shownHFigurel. The ROCurve AUC is
estimated to be 97.12%, with 95% confidence interval from 94.87% to 99@ivém that the AUC of

a perfect model would be 0% this illustrates that the QuickScreen test has strong predictive
capacity for dyslexia and may be useful when agieg for dyslexia.

Full Non-Dyslexic Group
[ROC AUC = 97.12% (95%CI: 94.87% - 99.37%)]

1.00 — —-
(0.941, 0.128): Max TPR+TNR threshold 5°
overall accuracy = 90.12% /,’

(0.853, 0.043); Max Acc. threshold ,’/
overall accuracy = 91.36% o
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Figurel: ROC Curve fdhe full non-dyslexic versus dyslexic group, with poinfEPR, FPRhowing the thresholds
associated withmaximising the sensitivity + specificity (in bluapd maximising the overalhccuracy (in red).
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Overall Accuracy Threshold

The dyslexia quotient cwdff associated with maximising the overall accur@eyl point onFigurel)

was 4.25 (or equivantly a dyslexia percentile > 0.40). Therefore, to maximise the overall accuracy

of the test, participants with a quotient greater than 4.25 should be considered test positive
OGAYRAOIFIGSR (G2 KI @S ReatSEALIV | yRvedyex@aS X noup 8

The distribution of theQuickScreemlyslexia quotient values observed in the rdyslexic (previous
diagnosis negative) and dyslexic (previous diagnosis positive) gralmsy with thisoptimal
threshold are visualised fRigure2.

Full Non-Dyslexic Group

20 i Threshold:
i Dyselxia Quotient > 4.25
I
I
1 I
I
1
1
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Dyslexia Quotient
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Figure2: Histograms of theQuickScreerdyslexia quotientsfor the participantsin the nondyslexic (pevious diagnosis
negative) and dyslexic (previous diagnosis positive) groufis the full nondyslexic group The vertical, dashed line
shows the dyslexia quotienthreshold associated with maximising the overall accuracy.

Applying this threshold, 100 (6/0%) of participants were test negative and 62 (38.3%) test positive,
compared with 94 (58%) in the natyslexic group and 68 (42.0%) in the dyslexic group (as shown in

the crosstabulation inTablel).! CA aKSNXa SEI Otablel)Jikds strong gtatisiidalS R G |
evidence (pvalue < 0.0001) of an association between the eljal group and the QuickScreen test

result.
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I I =
Negatlve Positive
Non—DysIeX|c Group 94 (58.0%)
1 e 68 (42.0%
100 (61.7%) 62 (38.3%) 162 (100%)

Table 1: Crosstabulation of the dyslexia group (nomlyslexics/dyslexics) versus the QuickScreen test result
(negative/positive) based on the threshold associated with maximising the overall accuracy, for the fulldystexic

group.

The poportion of participantsan the nondyslexic groupvho receiveda negativeQuickScreen test
result (i.e., sample specificity) and the proportion of participantthe dyslexic groupvho received

a positiveQuickScreertest result (i.e., sample sensitivity), based on this threshold, are shown in
Table2.

_ QuickScreen Test Negative QuickScreen Test Positive
Non-Dyslexic Group 95.7% 4.3%

Dyslexic Group 14.7% 85.3%

Table2: Raw sample specificitynpn-dyslexic grougrow) and sensitivity lyslexic grouprow) values forthe QuickScreen
test negative and positive resultsbased on the threshold associateditw maximising the overall accuragyor the full
non-dyslexic group

Ninety-five-point-sevenpercent 95.7% of participants in the noslyslexic groupeceived a negative
test result, and 85.3% of those in the dyslexic group received a positive test result.

Of those participants who received negative QuickScreen test outcome, the proportion who were in
the nondyslexic group (i.e., sample negative potide value); and of those participants who
received a positive QuickScreen test outcome, the proportion who were in the dyslexic group (i.e.,
sample positive predictive valuegre shown m Table 3. Overall 91.4% ([90+58]/162) of the
QuickScreen test results were correct according to the-agigsiexic/dyslexic group3hese are the

raw sample predictive valueand overall accuragypased on the observed sample prevakenand

do not reflect estimates forma random sample of thgopulation nor those selfelecting for a
QuickScreen test

_ QuickScreen Test Negative QuickScreen Test Positive
Non-Dyslexic Group 90.0% 6.5%

Dyslexic Group 10.0% 93.5%

Table3: Raw sample predictive values (negative for the ndgslexic group and positive for the dyslexic group) for the
QuickScreen test negative and test positive outcomdémsed on the threshold associated with maximising the overall
accuacy, for the full nondyslexic group.

Ninety percent(909 of those participants with a negative QuickScreen test result were in the non
dyslexic group, and 93.5% with a positive QuickScrestrresult were in the dyslexic group.

The diagnostic accuracy measures, estimated using the adjusted method (with adjusted logit
confidence intervals) and assuming a 10% prevalence of dydiedad on theéhreshold associated
with maximising the ovell accuracyare shown irrable4.
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QuickScreen Test Result Diagnostic Measure 95%Confidence Interval

Positive Sensitivity 83.4% (73.0%, 90.3%)
PPV 60.5% (41.1%, 77.1%)
Negative Specificity 93.9% (87.1%, 97.3%)
NPV 98.1% (96.8%, 98.8%)
Overall Accuracy 92.9% (88.9%, 96.0%)

Table 4: Estimates of the diagnostic accuracy measunesing the adjusted logit method based onthe threshold
associated with maximising the overall accuradyr the full non-dyslexic group(with 10% prevalence)PPV = Positive
Predictive ValueNPV = Negative Predictive Value.

Sq assuming an estimated prevalence of dyslexia in the populationaf 10

9 The overall accuracy of the QuickScreen test (proportion of test results that are correct) is
estimated to bed2.9% with a 95% confidence intervill]expressing our uncertainty in this
estimate 0f88.9%to 96.0%)

1 The sensitivitfproportion of those with dyslexia that test positivef the Quickscreen test is
estimated to be83.4% (95% CI: 734310 90.3%)

1 The pecificity (proporion of those without dyslexia that test negative)astimated to be
93.9% (95% CI: 8P4lto 97.3%)

1 The msitive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be50.5% (95% CI: 424ito 77.1%)

f ThelS3AI GADBS LINBRAOGAGBGS @I fdzS OGLINPLIR2NILIAZ2Y 27
dyslexia) igstimated tobe 98.1% (95% CI: 96480 98.8%)

(et

We note that, inscreening situations, the prevalence is almost always small and the positive
predictive value low, even for a fairly sensitive and specific fEsts isreflected in the estimated
positive predictive alue of 60.5%here, which is impacted by the assumed prevalence of dyslexia in
the population 2 S Géefin the subsequent results below, that for a higher assumed prevalence of
dyslexia, the positive predictive value is higher

The diagnostic accuracy measures, again estimated using the adjusted method (with adjusted logit
confidence intervals) but assung a 78.8% prevalence of dyslexia, based on the threshold
associated with maximising the overall accuracy, are showialie5.

QuickScreen Test Result Diagnostic Masure 95% Confidence Interva

Positive Sensitivity 83.4% (73.0%, 90.3%)
PPV 98.1% (95.9%, 99.1%)
Negative Specificity 93.9% (87.1%, 97.3%)
NPV 60.4% (47.5%, 71.9%)
Overall Accuracy 85.6% (78.9%, 91.6%)

Table 5: Estimates of the diagnostic accuracy measures using the adjusted logit method, based on the threshold
associated with maximising the overall accuracy, for the full rdyslexic group (with 78.8% prevalence). PPV = Positive
Predictive Value; NPV = Negative Predictive Value.
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The estimates of the sensitivity and specificity are unaffected by thegehenassumed prevalence
of dyslexia. However, based on this higher estimate of dyslexia for participants who have self
identified to takethe test

1 The overall accuracyf the QuickScreen test (proportion of test results that are correct) is
estimated to be85.6% (95% CF8.9%to 91.6%).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to bed8.1% (95% C85.9%t0 99.1%)

9 TKS yS3IGADPS LINBRAOGADGS @I fdzS OG6LINPLERNILAZ2Y 27
dyslexia) is estimated the 60.4% (95% C#7.5%t0 71.9%).

We note that for this higher assumed prevalence the positive predictive value is estimated to be

much higher at over 98%. However, the negative predictive value has correspondingly decreased to
60.4%

Sensitivity + Spafticity Threshold

Alternatively, choosng the threshold that maximises theensitivity +specificity, rather than the
overall accuracythe dyslexia quotient cubff (blue point onFigurel) was3.25 (or equivalently a
dyslexia percentile > B4). Therefore, to maximise the sensitivity + specificity of the test,
participants with a quotient greater thaB.25 should be considerea@st positive (indicated to have
R&&f SEAI 03.25¥Rnegalivd @dicated to not have dyslexia).

The distribution of the QuickScreen dyslexia quotient values observed in thdystexic (previous
diagnosis negative) and dyslexic (previous wiesis positive) groups, along with this optimal
threshold are visualised figure3.
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Figure3: Histograms of the QuickScreen dyslexia quotierior the participants in the nordyslexic (previous diagnosis
negative) and dyslexic (previous diagnosis positive) groups, for the full-dgslexic group. The vertical, dashed line
shows the dyslexia quotient threshold associated with maximising sesitivity + specificity

Applying this threshold36 (53.1%) of participants were test negative aii@ (46.9%0) test positive,

compared with 94 (58%) in the nordyslexic group and 68 (42.0%) in the dyslexic group (as shown

in the crosstabulation inTable6).! CA & KSNIa SEI Onable6) fndsistroagestatisticdl S R G |
evidence (pvalue < 0.0001) of an association between the dyslexia group and the QuickScreen test

result.
QuickScreen Test QuickScreermest Total
Negative Positive
Non-Dyslexic Group 82 12 94 (58.0%)

Dyslexic Group 4 64 68 (42.0%)
Total 86 (53.1%) 76 (46.9%) 162 (100%)

Table 6: Crosstabulation of the dyslexia group (nomlyslexics/dyslexics) versus the QuickScreen test result
(negative/positive) based on the threshold associated with maximising thensitivity + specificity for the full non
dyslexic group.

The proportion of péicipants in the nordyslexic group who received a negative QuickScreen test
result (i.e., sample specificity) and the proportion of participants in the dyslexic group who received
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a positive QuickScreen test result (i.e., sample sensitivity), basedigthtieshold, are shown in

Table7.
QuickScreen Test Negative QuickScreen Test Positive

Non-Dyslexic Group 87.2% 12.8%
Dyslexic Group 5.9% 94.1%

Table7: Raw sample specificitynpn-dyslexic grougrow) and sensitivity yslexic grouprow) values forthe QuickScreen
test negative and positive results, based on the threshold associated with maximisings#resitivity + specificityfor the
full non-dyslexic group

Eightysevenpoint-two percent of participants in the noedyslexic group received a negative test
result, and94.1% of those in the dyslexic group received a positive test result.

Of those participants who received nega&tiQuickScreen test outcome, the proportion who were in
the nondyslexic group (i.e., sample negative predictive value); and of those participants who
received a positive QuickScreen test outcome, the proportion who were in the dyslexic group (i.e.,
sample positive predictive value)are shown inTable 8. Overall 90.1% ([82+64]/162) of the
QuickScreen test results were correct according to the-agigsiexic/dyslexic group3.hese are the

raw sample predictive valueend overall accuragyased on the observed sample prevalence, and
do not reflect estimates for a random sample of the population nor thosessddfcting for a

QuickScreen test.
QuickScreen Test Negative QuickS®reen Test Positive

Non-Dyslexic Group 95.3% 15.8%
Dyslexic Group 4.7% 84.2%

Table8: Raw sample predictive values (negative for the ndyslexic group and positive for the dyslexic group) for the
QuickScreen test negative and test positive outcomes, based on the threshold associated with maximisisgribigvity
+ specificity for the full non-dyslexic group.

Ninety-five-point-three percent(95.3%)f those participants with a negative QuickScreen test result
were in the nordyslexic group, an@4.26 with a positive QuickScreen test result were in the
dyslexic group.

The diagnostic accacy measures, estimated using the adjusted method (with adjusted logit
confidence intervals) and assuming a 10% prevalence of dyslexia, based on the threshold associated
with maximising thesensitivity + specificityare shown ifmable9.

Positive Sensitivity 91.8% (82.8%, 96.3%)
Negative Specificity 85.8% (77.4%, 91.4%)
NPV 98.9% (97.7%, 99.5%)

Table 9: Estimates of the diagnostic accuracy measures using the adjusted logit method, based on the threshold
associated with maximising theensitivity + specificity for the full nondyslexic group (with 10% prevalence). PPV =
Positive Predictive Value; NPVNegative Predictive Value.
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So, assuming an estimated prevalence of dyslexia in the population of 10%

1 The overall accuracy of the QuickScretst (proportion of test results that are correct) is
estimated to be86.4%, with a 95% confidence interval [CI] expressing our uncertainty in this
estimate 0f79.9% t091.8%).

1 The sensitivity (proportion of those with dyslexia that test positive) ofQléckscreen test is
estimated to be91.8% (95% C82.8% t096.3%).

1 The specificity (proportion of those without dyslexia that test negative) is estimated to be
85.8% (95% CF7.4% t091.4%).

1 The positive predictive value (proportion of those with aspige test that have dyslexia) is
estimated to be41.®% (95% CB0.5% t053.9%)

9 TKS yS3IGADBS LINBRAOGAGS @I fdzS OG6LINPLERNILAZ2Y 27
dyslexia) is estimated to 88.9% (95% C87.7%6 t099.5%).

We note that, inscreenng situations, the prevalence is almost always small and the positive
predictive value low, even for a fairly sensitive and specific test. This is reflected in the estimated
positive predictive value of1.®%6 here, which is impacted by the assumed prevedeof dyslexia in

0KS LRLz FdAz2yd 2SQfft aSS Ay (G(KS &adzoaSldsSyid NBa
dyslexia, the positive predictive value is higher.

The diagnostic accuracy measures, again estimated using the adjusted method (wittechdijgyst
confidence intervals) but assuming a 78.8% prevalence of dyslexia, based on the threshold
associated with maximising theensitivity + specificityare shown ifmrablel0.

Positive Sensitivity 91.8% (82.8%, 96.3%)
Negative Specificity 85.8% (77.4%, 91.4%)
NPV 73.7% (56.3%, 85.9%)

Table 10: Estimates of the diagnostic accuracy measures using the adjusted logit method, based on the threshold
associated with maximising theensitivity + specificity for the full nondyslexic group (with 78.8% pwalence). PPV =
Positive Predictive Value; NPV = Negative Predictive Value.

The estimates of the sensitivity and specificity are unaffected byctimgein assumed prevalence
of dyslexia. However, based on this higher estimate of dyslexia for participants who have self
identified to take the test

1 The overall accuracyf the QuickScreen test (proportion of test results that are correct) is
estimated to be90.5% (95% C85.6% t094.4%).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be96.0% (95% C03.6% t097.3%)

f The negative predictive value (proportion of those with a negative test that @i KI @S
dyslexia) is estimated to b&S3.7R6 (95% CE6.3%6 1085.9%).
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We note that for this higher assumed prevalence the positive predictive value is estimated to be
much higher atapproximately 966. However, the negative predictive value has correspondingly
decreased td/3.7%.

True Control Grou®nly

The results of thesubgroupanalysis outlined in thélethods section forthe & G NHzS O2-y (i NB f £
dyslexic (versus dyslexic) group are presented below.

The ROC curve for the true control subgroup analysis is showigime4. The ROC curve AUC is
estimated to be 8.97%, with 95% confidence interval from 04% to 999%.Given that the AUC of

a perfect model would be 0% this illustrates that the QuickScreen test has strong predictive
capacity for dyslexia and még useful when screening for dyslexia.
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True Control Group
[ROC AUC = 96.97% (95%CI: 94.04% - 99.9%)]
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Figure4: ROC Curve for thigue control non-dyslexic versus dyslexic group, with point (TPR, FPR) showing the threshold
associated with maximising the overall accuraayhich also corresporsiwith maximising the sensitivity + specificity.

Overall Accuracgnd Sensitivity + Specificityhreshold

The dyslexia quotient ctaff associated with maximising the overall accuracy (red poirfigare4),
which was also found to maximise the sensitivity + specifiaig 2.75 (or equivalently a dyslexia
percentile >0.30). Therefore, to maximise the overall accurasyd sensitivity + specificitgf the
test, participants with a quotient greater thah75should be considered test positive (indicated to
have dyslexia)}dR (i K2Z75t&st néigative (indicated to not have dyslexia).

The distribution of the QuickScreen dyslexia quotient values observed inrakecontrol non
dyslexic (previous diagnosis negative) and dyslexic (previous diagnosis positive) groups,talong w
this optimal threshold are visualiséd Figureb.
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Figure5: Histograms of the QuickScreatyslexia quotients for the participants in the nedyslexic (previous diagnosis

negative) and dyslexic (previous diagnosis positive) groups, fortthie control non-dyslexic group. The vertical, dashed

line shows the dyslexia quotient threshold associatewnith maximising the overall accuracynd the sensitivity +

specificity.

Applying this threshold23 (24.76) of participants were test negative aii@ (75.3%) test positive,

compared with25 (26.9%) in the nordyslexic group and 6838.1%) in the dyslexigroup (as shown

in the crossabulation inTable110 @ ! CA &aKSNXD& SEITéblel1l)ifidds Gtromg2y G KS
statistical evidence (palue < 0.0001) of an association between the dyslexia group and the
QuickScreen test result.

QuickScreen Test QuickScreen Test Total
Negative Positive
Non-Dyslexic Group 21 4 25 (26.9%)
Dyslexic Group 2 66 68 (73.1%)

23 (24.7%) 70 (75.3%) 93 (100%)

Table 11: Crosgtabulation of the dyslexia group (nowlyslexics/dyslexics) versus the QuickScreen test result
(negative/positive) based on the threshold associated with maximising the overall accusany/ sensitivity + specificity
for the true control non-dyslextc group.
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The proportion of participants in the neatyslexic group who received a negative QuickScreen test
result (i.e., sample specificity) and the proportion of participants in the dyslexic group who received
a positive QuickScreen test result (i.e., gdensensitivity), based on this threshold, are shown in
Tablel2.

QuickScreen Test Negative QuickScreen Test Positive

Non-Dyslexic Group 84.0% 16.0%
DyslexicGroup 2.9% 97.1%

Table 12: Raw sample specificity npn-dyslexic grouprow) and sensitivity @yslexic grouprow) values for the
QuickScreen teshegative and positive results, based on the threshold associated withximising the overall accuracy
and sensitivity + specificityfor the true control non-dyslexic group

Eightyfour percent(84.0%)of participants in the nowlyslexic group received a negative test result,
and97.1% of those in the dyslexic group receigegositive test result.

Of those participants who received negative QuickScreen test outcome, the proportion who were in
the nondyslexic group (i.e., sample negative predictive value); and of those participants who
received a positive QuickScreen testtapme, the proportion who were in the dyslexic group (i.e.,
sample positive predictive valuepre shown inTable 13. Overall 93.5% ([21+66]/93) of the
QuickScreen test results were correct according to the-aggsiexic/dyslexic group3hese are the

raw sample predictive valueand overall accuragypased on the observed sample prevalence, and
do not reflect estimates for a ralom sample of the population nor those ssklecting for a

QuickScreen test.
QuickScreen Test Negative QuickScreen Test Positive

Non-Dyslexic Group 91.3% 5.7%
Dyslexic Group 8.7% 94.3%

Table13: Raw sample predictive values (negative for the ndyslexic group and positive for the dyslexic group) for the
QuickScreen test negative and test positive outcomes, based on the threshold associated with maximising the overall
accuracy, for thdrue control non-dyslexic group.

Ninety-one-point-three percent(91.3%)f those participants with a negative QuickScreen test result
were in the nonrdyslexic group, an®4.36 with a positive QuickScreen test result were in the
dyslexic group.

The diagnostic accuracy measures, estimated using the adjusted method (with adjusted logit
confidence intervals) and assuming a 10% prevalence of dyslexia, based on the threshold associated
with maximising the overall accuraapd sensitivity + specificitare shown inTablel4.
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QuickScreen Test Result Diagnostic Measure 95% Confidence Interva

Positive Sensitivity 94.5% (86.2%, 98.0%)
PPV 33.8% (19.9%51.3%)

Negative Specificity 79.5% (61.1%, 90.5%)
NPV 99.2% (98.0%, 99.7%)

Overall Accuracy 81.0% (68.4%, 91.1%)

Table 14: Estimates of the diagnostic accuracy measures using the adjusted logit method, based othr&ghold
associated with maximising the overall accuraend sensitivity + specificityfor the true control non-dyslexic group
(with 10% prevalence). PPV = Positive Predictive Value; NPV = Negative Predictive Value.

So, assuming an estimated prevalen€egslexia in the population of 10%

9 The overall accuracy of the QuickScreen test (proportion of test results that are correct) is
estimated to beB1.0%, with a 95% confidence interval [Cl] expressing our uncertainty in this
estimate 0f68.4% t091.1%).

1 The sensitivity (proportion of those with dyslexia that test positive) of the Quickscreen test
is estimated to b&4.5% (95% CB86.24 t098.0%0).

1 The specificity (proportion of those without dyslexia that test negative) is estimated to be
79.5% (95%C1:61.1% t090.5%).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be33.8% (95% CL9.%% to51.3%)
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dydexia) is estimated to b89.26 (95% C88.0% t099.740).

We note that, inscreening situations, the prevalence is almost always small and the positive
predictive value low, even for a fairly sensitive and specific test. This is reflected in the estimated
positive predictive value d33.8% here, which is impacted by the assumed prevalence of dyslexia in

0KS LRLz FdAz2yd 2SQff aSS Ay (G(KS &adzowaSldsSyid NBa
dyslexia, the positive predictive value is higher.

The dagnostic accuracy measures, again estimated using the adjusted method (with adjusted logit
confidence intervals) but assuming a 78.8% prevalence of dyslexia, based on the threshold
associated with maximising the overall accurang sensitivity + specifty, are shown imrablel5.

QuickScreen Test Result Diagnostic Measure 95% Confidence Interva

Positive Sensitivity 94.5% (86.2%, 98.0%)
PPV 94.5% (89.3%, 97.2%)
Negative Specificity 79.5% (61.1%, 90.5%)
NPV 79.7% (59.5%, 91.3%)
Overall Accuracy 91.3% (86.9%, 94.9%)

Table 15: Estimates of the diagnostic accuracy measures using the adjusted logit method, based othtbghold
associated with maximising the overall accuraend sensitivity + specificityfor the true control non-dyslexic group
(with 78.8% prevalence). PPV = Positive Predictive Value; NPV = Negative Predictive Value.
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The estimates of theensitivity and specificity are unaffected by the change in assumed prevalence
of dyslexia. However, based on this higher estimate of dyslexia for participants who have self
identified to take the test

1 The overall accuracyf the QuickScreen test (propdoh of test results that are correct) is
estimated to be91.3% (95% C86.%% t094.9%).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be94.9% (95% CB89.3% t097.20)

 The negative predictived £ dzS O LINBLR NI A2Y 2F (GK2aS 6A0GK |
dyslexia) is estimated to b&9.®6 (95% CE9.5% t091.3%).

We note that for this higher assumed prevalence the positive predictive value is estimated to be

much higher at ove®4%. Howeverthe negative predictive value has correspondingly decreased to
79.7%0.
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At Risk Group

The results of theexploratory analysisnoted in the Methods sectionfor the & I i N dateé¢ 3 N dz
presented below.In this analysis, we repeated the steps carried tutanalyse the diagnostic

accuracy measurefor the full nondyslexic versus dyslexgroup analysigpresented above but

includingil KS &l G NR&1é 3INRdzL) & Reat SEAOaA®

As shown in the histogramim Figure6, 1 KS Reé af SEAIl ld2GASyivwe a¥T2N (K
somewhatsimilar distribution to those in the positive previous dyslexia diagnosis group, though with

slightly more overlap with the nedyslexic(previous diagnosis negativgjoup. Thisis perhaps not
AdzNIINAaAY 3 a4 GKS&aS ald Nralé LINILAOALNIyida R2 y:
selfidentified as having difficulties with their learning.

Full Non-Dyslexic Group with At Risk Group
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Figure6: Histograms of the QuickScreen dyslexjaotients for the participants in the nordyslexic (previous diagnosis

negative) dyslexic (previous diagnosis positive)y' R & I gioupslJoé thetfull nordyslexic grouph y Ot dzZRA Yy 3 & G N3
participants. The vertical, dashed line shows the dyslexiaagient threshold associated with maximising the overall

accuracy.

Ultimately, these additional data boost the sample size available for analysisyebfind thatthe
diagnostic accuracy measures are not dramatically different if these are includecdripleteness,
GKS NBadzZ G6§a AyOftdzZRAy3I (GKSaS FRRAGAZ2YIFT al G NR&a]E
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The ROC curve for the full nolyslexic group analysisy Of dzRA y 3 { KiSshawh itFiginét & 1 ¢ 3 N
7. The ROC curve AUC is estimated to #8860, with 95% confidence interval fro82.36% to

97.1%%. Given that the AUC of a perfect model would B8% this illustrates that the QuickScreen

test has strong predictéscapacity for dyslexia and may be useful when screening for dyslexia.

Full Non-Dyslexic Group including At Risk Group
[ROC AUC =94.77% (95%CI: 92.36% - 97.19%)]
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Figure7: ROC Curve for the full nedyslexic versus dyslexic grodpy Of dzZRA y 3 (G KS Qwith poiNts @RRE LI NI A OA
FPR) showing the thresholds associated with maximising the sensitivity + specificity (in blue) and maximising the overall
accuracy (in red).

Overall Accuracy Threshold
The dyslexia quotient cedff associated with maximising the ovdratcuracy (red point oRigure?7)
was2.25 (or equivalently a dyslexia percentile 27). Therefore, to maximise the overall accuracy

of the test, participants with aguotient greater than2.25 should be considered test positive
OAYRAOIGSR (2 KI @85 tdsttnéghtiBeHihdicated to yidR havekiygslaxi). X
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The distribution of the QuickScreen dyslexia quotient values observed in thdysbexic (previos
diagnosis negative) and dyslexic (previous diagnosis positifeR & ) groupsRaiofgéwith this
optimal threshold are visualised Figure8.

Full Non-Dyslexic Group with At Risk Group
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Figure8: Histograms of the QuickScreen dyslexia quotients for the participants in the-dgslexic (previous diagnosis
negative) and dyslexic (previous diagnosis positive/ R & I) @roupsh fér thé full nordyslexic groupincldzRA y'3 &k
NJA a1 ¢ LI Th&iverGeal Ldhsifed Bne shows the dyslexia quotient threshold associated with maximising the overall
accuracy.

Applying this threshold?5 (19.246) of participants were test negative aBd5 (80.8%) testpositive,
compared with 9424.1%) in the nordyslexic group an@96 (75.9%) in the dyslexic groymcluding

G G NRA & €(aslshondiniti® crodshlat®dn inTablels) @ | CAaKSNRa SEI O
in Table 16) finds strong statistical evidence-yplue < 0.0001) of an association between the
dyslexia group and theuckScreen test result.
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I A =
Negatlve Positive
Non—DysIeX|c Group 94 (24.1%)
8 288 296 (75.9%)
75 (19.2%) 315 (80.8%) 390 (100%)

Table 16. Crosstabulation of the dyslexia group (nomlyslexics/dyslexics) versus the QuickScreen test result
(negative/positive) based on the threshold associated with maximising the overall accuracy, for the fulldystexic
groupA y Of dzRAY 3 al s NRA A1 é LI NGAOALI Y

The proportion of participants in the neayslexic group who received a negative QuickScreen test
result (i.e., sample specificity) and the proportion of participants in the dyslexic group who received
a positive QuickScreen test result (i.e., sang@@sitivity), based on this threshold, are shown in
Tablel7.

_ QuickScreen Test Negative QuickScreen Test Positive
Non-Dyslexic Group 71.3% 28.7%

Dyslexic Group 2.7% 97.3%

Table 17: Raw sample specificity non-dyslexic grouprow) and sensitivity @yslexic grouprow) values for the
QuickScreen teshegative and positive results, based on the threshold associated with maximising the ovacaliracy
for the full non-dyslexic groupgh y Ot dzZRAy 3 &l 4. NR &1 ¢ LI NIAOALI yia

Seventyone-point-three percent (71.3%)of participants in the nowyslexic group received a
negative test result, anf7.3% of those in the dyslexic group received a positiverasstlt.

Of those participants who received negative QuickScreen test outcome, the proportion who were in
the nondyslexic group (i.e., sample negative predictive value); and of those participants who
received a positive QuickScreen test outcome, the propn who were in the dyslexic group (i.e.,
sample positive predictive valueare shown inTable 18. Overall 910% (B7+288/390) of the
QuickScreertest results were correct according to the ndgslexic/dyslexic groups. These are the

raw sample predictive values and overall accuracy, based on the observed sample prevalence, and
do not reflect estimates for a random sample of the population nor theskselecting for a
QuickScreen test.

_ QuickScreen Test Negative QuickScreen Test Positive
Non-Dyslexic Group 89.3% 8.6%

Dyslexic Group 10.7% 91.4%

Table18: Raw sample predictive values (negative for the ndyslexic group and positive for the dyslexic group) for the
QuickScreen test negative and test positive outcomes, based on the threshold associated with maximising the overall
accuracy, for the full nordyslexic grouph y Of dzRAyYy 3 &l G. NRalé LI NIAOALI yiGa

Eightynine-point-three percent(89.3% of those participants with a negative QuickScreen test result
were in the nondyslexic group, an®1.4% with a positive QuickScredast result were in the
dyslexic group.

The diagnostic accuracy measures, estimated using the adjusted method (with adjusted logit
confidence intervals) and assuming a 10% prevalence of dyslexia, based on the threshold associated
with maximising the ovell accuracy, are shown irablel9.
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Positive Sensitivity 96.7% (93.9%, 98.2%)
Negative Specificity 70.4% (60.7%, 78.6%)
NPV 99.5% (99.0%, 99.7%)

Table 19: Estimates of the diagnostic accuracy measures using the adjusted logit method, basetieothreshold
associated with maximising the overall accuracy, for the full rdyslexic grouph y Of dzRA Yy 3 & | {0 (WikhKG@E ¢ LI NI A
prevalence). PPV = Positive Predictive Value; NPV = Negative Predictive Value.

So, assuming an estimated prevalencelydlexia in the population of 10%

9 The overall accuracy of the QuickScreen test (proportion of test results that are correct) is
estimated to ber3.1%, with a 95%1of 65.0% t080. ®%.

1 The sensitivity (proportion of those with dyslexia that test positive) of the Quickscreen test is
estimated to bed6.76 (95% C03.9% t098.20).

1 The specificity (proportion of those without dyslexia that test negative) is estimated to be
70.%% (95% CB80.7% t078.6%0).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be26.7% (95% CPR1.1% t033.1%)

9 T/KS yS3IGADBS LINBRAOGADBS @I fdzS OG6LINRPLIRNIAZ2Y 27
dyslexia) is estimated to 1#9.3% (95% C09.(% t099.7%).

We note that, inscreening situations, the prevalence is almost always small and the positive
predictive vdue low, even for a fairly sensitive and specific test. This is reflected in the estimated
positive predictive value d¥6.®%6 here, which is impacted by the assumed prevalence of dyslexia in

0KS LRLz FdAz2yd 2SQff aSS Aoya highieSassiinded pr&/glare it NS &
dyslexia, the positive predictive value is higher.

The diagnostic accuracy measures, again estimated using the adjusted method (with adjusted logit
confidence intervals) but assuming a 78.8% prevalence of dyslexia, basdtieothreshold
associated with maximising the overall accuracy, are showable20.

QuickScreen Test Result Diagnostic Measure 95% Confidence Interva

Postive Sensitivity 96.7% (93.9%, 98.2%)
PPV 92.4% (89.9%, 94.3%)

Negative Specificity 70.4% (60.7%, 78.6%)
NPV 85.1% (75.4%, 91.5%)
Overall Accuracy 91.1% (88.7%, 93.4%)

Table 20: Estimates of the diagnostic accuracyeasures using the adjusted logit method, based on the threshold
associated with maximising the overall accuracy, for the full rdyslexic groupA y Of dzRA Yy 3 &} G (WHBR &1 € LI NJ
78.8% prevalence). PPV = Positive Predictive Value; NPV = Negativietfred/alue.

The estimates of the sensitivity and specificity are unaffected by the change in assumed prevalence
of dyslexia. However, based on this higher estimate of dyslexia for participants who have self
identified to take the test
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1 The overall accurey of the QuickScreen test (proportion of test results that are correct) is
estimated to be91.1% (95% CB88.7%6 t093.4%).

1 The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to be92.4% (95% C89.9%6 t094.3%)

f T/KS yS3IIGAGS LINBRAOUGAGDGS G fdzS OLINBLRNIAZY
dyslexia) is estimated toe 85.1% (95% CF.5.4% t091.5%).

We note that for this higher assumed prevalence the positive predictive value is estimated to be
much higher at ove®2%. However, the negative predictive value has correspondingly decreased to
85.1%.

Sensitivity + Spdecity Threshold

Alternatively, choosing the threshold that maximises the sensitivity + specificity, rather than the
overall accuracy, the dyslexia quotient @iff (blue point o Figure7) was 3.25 (or equivalently a
dyslexia percentile > 0.34). Therefore, to maximise the sensitivity + specificity of the test,
participants with a quotient greater than 3.25 should be considered test positive (indicated to have
dyslexiay YR (G K2aS XX odup (Sad yS3aIaAodS 6AyRAOI GSR

The distribution of the QuickScreen dyslexia quotient values observed in thdystexic (previous
diagnosis negative)dyslexic (previous diagnosis positiMe)y R & | groupslJabrig éith this
optimal threshold are visualised Fgure9.
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Full Non-Dyslexic Group with At Risk Group
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Figure9: Histograms of the QuickScreen dyslexia quotients for the participants in be-dyslexic (previous diagnosis

negative) dyslexic (previous diagnosis positive)y R & I giioupllXoé theéfull nondyslexic grouph y Of dzRA Y 3 al G NA
participants The vertical, dashed line shows the dyslexia quotient threshold associated miéiximising the sensitivity +

specificity.

Applying this thresholdl 17 (30.0%) of participants were test negative aRd3 (70.0%) test positive,

compared with 9424.1%) in the nordyslexic group ané96(75.9%) in the dyslexic group (as shown

in the crosgtabulation inTable210 @ | CA &KSNXQR& SEITéble21)ifds &rong 2y G KS
statistical evidence (palue < 0.0001) of an association between the dyslexia group and the
QuickScreen test result.

QuickScreen Test QuickScreen Test Total
Negative Positive
Non-Dyslexic Group 82 12 94 (24.1%)

Dyslexic Group 35 261 296(75.9%)
Total 117 (30.0%) 273 (70.0%) 390 (100%)

Table 21: Crosgabulation of the dyslexia group (nomulyslexics/dyslexics) versus the QuickScredest result
(negative/positive) based on the threshold associated with maximising the sensitivity + specificity, for the full non
dyslexicgrouph y Of dzZRAyYy 3 al G. NRAAal1é LI NGAOALI yiGa

The proportion of participants in the nedyslexic group who received a néiga QuickScreen test
result (i.e., sample specificity) and the proportion of participants in the dyslexic group who received

Page |31

training | advice | analysis | research | data |survey




a positive QuickScreen test result (i.e., sample sensitivity), based on this threshold, are shown in

Table22.
QuickScreen Test Negative QuickScreen Test Positive

Non-Dyslexic Group 87.2% 12.8%
Dyslexic Group 11.8% 88.2%

Table 222 Raw sample specificity npn-dyslexic grouprow) and sensitivity @yslexic grouprow) values for the
QuickScreen teshegative and positive results, based on the threshold associated with maximising the sensitivity +
specificity, for the full non-dyslexic grouph y Of dzR A yparticipants. NR& & | ¢

Eightysevenpoint-two percent(87.2%)of participants in the nostlyslexic group received a negative
test result, andB8.2%6 of those in the dyslexic group received a positive test result.

Of those participants who received negative Quick8grtest outcome, the proportion who were in

the nondyslexic group (i.e., sample negative predictive value); and of those participants who
received a positive QuickScreen test outcome, the proportion who were in the dyslexic group (i.e.,
sample positive gedictive value),are shown inTable 23. Overall87.%6 ([82261]/390) of the
QuickScreerest results were correct according to the ndgslexic/dyslexic groups. These are the

raw sample predictive values and overall accuracy, based on the observed sample prevalence, and
do not reflect estimates for a random sample of the population nor theskselecting for a

QuickScreen test.
QuickScreen Test Negative QuickScreen Test Positive

Non-Dyslexic Group 70.1% 4.4%
Dyslexic Group 29.9% 95.6%

Table23: Raw sample predictive values (negative for the rdpslexic group and positive for the dyslexic group) for the
QuickScreen test negative and test positive outcomes, based on the threshold associated with maximising the sensitivity
+ specificity, for thefull non-dyslexic groupgh y Of dzZRAy 3 &l 4. NR &1 ¢ LI NIAOALI yia

Seventypoint-one percent (70.1%)of those participants with a negative QuickScreen test result
were in the nordyslexic group, an®5.6% with a positive QuickScreen test result were in the
dyslexiagroup.

The diagnostic accuracy measures, estimated using the adjusted method (with adjusted logit
confidence intervals) and assuming a 10% prevalence of dyslexia, based on the threshold associated
with maximising the sensitivity + specificity, are showmable24.

Positive Sensitivity 87.7% (83.5%, 91.0%)
Negative Specificity 85.8% (77.4%, 91.4%)
NPV 98.4% (97.9%, 98.8%)

Table 24: Estimates of the diagnostic accuracy measures using the adjusted logit method, based on the threshold
associated with maximising the sensitivity + specificity, for the full ndpslexic groupA y Ot dzZRAy 3 &l G NRAR &1 é L
(with 10% prevalence). PPV = Positive Predictive Value; NPV = Negative Predictive Value.

Page |32 /"/_\

training | advice | analysis | research | data |survey




So, assuming an estimated prevalence ofekial in the population of 10%

9 The overall accuracy of the QuickScreen test (proportion of test results that are correct) is
estimated to be 8@9%, with a 95%lof 79.7% to 915%).

1 The sensitivity (proportion of those with dyslexia that test positivahefQuickscreen test is
estimated to beB7.76 (95% CB83.5% t091.0%).

1 The specificity (proportion of those without dyslexia that test negative) is estimated to be
85.8% (95% CI: 77.4% to 91.4%).

9 The positive predictive value (proportion of those wihpositive test that have dyslexia) is
estimated to be40.6% (95% CR9.6% t052.7%)

9 T/KS yS3IGADBS LINBRAOGADBS @I fdzS OG6LINRPLIRNIAZ2Y 27
dyslexia) is estimated to be 986 (95% CI: 99% to B.8%).

We note that, inscreening situations, the prevalence is almost always small and the positive
predictive value low, even for a fairly sensitive and specific test. This is reflected in the estimated
positive predictive value 0£0.6% here, which is impactdaly the assumed prevalence of dyslexia in

GKS LRLJz A2y d 2S5SQff aSS Ay GKS adzaSldsSyid NBa
dyslexia, the positive predictive value is higher.

The diagnostic accuracy measures, again estimated using thstedljmethod (with adjusted logit
confidence intervals) but assuming a 78.8% prevalence of dyslexia, based on the threshold
associated with maximising the sensitivity + specificity, are shoviabie25.

Positive Sensitivity 87.7% (83.5%, 91.0%)
_ PPV 95.8% (93.4%, 97.4%)
Negative Specificity 85.8% (77.4%, 91.4%)

Table 25: Estimates of the diagnostic accuracy measures using the adjusted logit method, based on the threshold
associated with maximising the sensitivity + specificity, for the full ndyslexic groupA y Of dzZRAy 3 &l G NR A1 é L
(with 78.8% prevalence). PPV = Positive Predictive Value; NPV = Negative Predictive Value.

The estimates of the sensitivity and specificity are unaffected by the change in assumed prevalence
of dyslexia.However, based on this higher estimate of dyslexia for participants who have self
identified to take the test

i The overall accuracgf the QuickScreetest (proportion of test results that are correct) is
estimated to beB7.3% (95% C84.0% t090.3%).

i The positive predictive value (proportion of those with a positive test that have dyslexia) is
estimated to bed5.8% (95% C03.4% t097.4%)

f The negak @S LINBRAOGA DS QI tdzS OLINBLRNIAZ2Y 2F (K2
dyslexia) is estimated to l&5.2% (95% CE7.8% to71.9%).
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