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Chapter 1. Introduction

Overview of the Pediatric Attention Disorders Diagrostic Screener

Pediatric Attention Disorders Diagnostic Screesarn Attention and Executive Functioning Screening
System with proven clinical reliability and valigitor the screening of Attention and Executive
disorders (Scott, 2005; Pedigo, 2003). PADDS system is designed to screen for ADHD with
children between the ages of 6 to 12 years. Thuisgss merges three short and enjoyable computer
administered tasks referred to as the Target DésEgecutive Functioning (TTEF) in conjunction with
aComputer Administered and Scored Diagnostic Intervew (CADI) and aNomographic Evidence-
based Report Analysiswhich reveals the positive and negative predigbeeer across multiple lines

of evidence established for or against a givenrdhag. The Target Tests of Executive Functioning
computer tasks move beyond routine persistencedfauith traditional continuous performance tests by
tapping greater aspects of executive functioniag t6PT’s currently in use. Commonly cited areas of
executive operations needed in the classroom iecmiong other#ctivating, Focusing, Planning,
Organization, Working Memory, Modulating Emotions, and Sustaining Effort . Prior to completing
the TTEF subtests, the examiner provides briefaldristruction, which is then reinforced by more
comprehensive computer instructions. The compuatruction set is designed to ensure the ability to
use a computer mouse, to recognize primary cab@sic numbers and to understand the task
requirements. These samples must be completedssficite before the program will allow the actual
subtest to be run. The TTEF subtests require appedgly 25 to 30 minutes to administer and are
designed to be more enjoyable and engaging torehildhan is typically reported with use of traditib
CPT’s. TheCADI covers the major areas of comorbidity neededltablg screen ADHD, and both
processes can be completed in total in less thamidbtes by a clinician or assistant.

All information from both components is maintairniach database for collection and comparison over
time. The Nomographically displayed, Evidence-ba&edlysis combines the incremental validation of
information from parent and teacher ratings of DBMADHD diagnostic criteria, with results from the
three Target Tests of Executive Functioning tasaks, if desired, select information provided by the
individual clinician. This Evidence-based formatmquares these results in incremental fashion, agains
an adjustable base rate, to help establish théiy@mand negative predictive power for or against a
diagnosis.

TheCADI allows the clinician to efficiently review importeareas of development and potential
comorbidity to assist with differential diagnosi$ie final 3 to 5 page report contains the answers f
the CADI that are of clinical significance, conslalied into domain specific sections, and greatly
increases the ability to identify co-morbid conalits. This process has proven highly effective and
transparent when reviewing evidence for or agardiagnosis. Since the clinician or assistant can
effectively administer this system, the cliniciatitre can be more appropriately allocated to evaiga
the results, which are collected along multipledirof evidence and spending face-to-face time thigh
patient and family.

This standardized evidence-based approach effigipridvides a preliminary treatment plan that can
support a diagnosis when combined with other proesdas deemed necessary by clinical input and
judgment. This screening can also support decigmmisirther evaluation and procedures. The multi-
level evidence-based approach incorporated ifP&R2DS System is directly in line with the current
emphasis of “best practices” called for by prominesearchers, healthcare agencies and professional
academies.
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Role of the Target Tests of Executive Functioningii Assessment

The Target Tests of Executive Functioning subtestiside several differently designed tasks
presented via computer aimed at providing objeassessment of a subject’s ability to employ variou
but not all executive processeglanning, attending, organizing input, storing andretrieving
information, modulating emotions and sustaining efbrt).

The Target Tests of Executive Functioning are designed to be enjoyable and engaging for
children while more fully requiring the use of teesrious Executive Abilities.

These Task demands were selected because theynaistently identified as areas of difficulty for
children known to have ADHD. By tapping into thegeater aspects of executive functioning,
The Target Tests move far beyond the routine gersie tasks of current continuous performance.tests

User Qualifications

The PADDS system is classified as a level B inseminthat may be purchased by individuals with
certification or licensing from appropriate profiessl organizations such as AAA, AAP, ACA, AEA,
AERA, AMA, AOTA, APA, ASHA, CEC, EAA, INS, NAN, NA® or certification in a closely related
field that requires comparable professional code®oduct and experience with testing and/or
measurement.

Examiners should also have experience testingremldnd familiarity with the Standards for
Educational and Psychological Testing (CommitteBéwelop Standards for Educational and
Psychological Testing, 1985).

Although a trained assistant (qualified techniciea) administer and input information into the
PADDS, the responsibility for interpreting the PABDResults and reports must lie with the
appropriately licensed professionals. These indiaisl should have training in the fundamental
principles of assessment, such as establishingorapjith the subject, familiarity with computer-
administered tests, and following standard admmtisin procedures as outlined in this manual.

It is also the responsibility of the licensed psesi@nal to ensure the PADDS materials are only
released to responsible assistants as necessaty araintain the security and integrity of the test
materials by safeguarding the proper use of PADC# éimes.

The PADDS system is intended to work as an adjunetith proper clinical experience and as
such is not intended for use as stand alone diagrn@smeasure.



Chapter 2. Testing Considerations

Time required to Administer PADDS

The Target Tests of Executive Functioning requppraximately 25 to 30 minutes to administer

The clinician or assistant can input data frompieiously completed Computer Administered
Diagnostic Interview(CADI) and SNAP-IV rating scalea 10 — 15 minutes. Both processes can be
completed in approximately 45 minutes. This natyr@dbes not include time used to evaluate the tepor
and results.

Testing Guidelines

The PADDS system is designed to screen for ADHD in childoetween the ages of 6 to 12 years. Prior
to screening a child with tHeADDS system a given child should have a current refféimen home

and/or school raising concern in the areas ofemétin, poor concentration and/or impulsivity. The
PADDS system is not designed for widespread screenimjitfren in general. This system is designed
for use within the context of comprehensive clihessessment practices and judgment. Since the
PADDS system is not a stand-alone assessment instrument, it silgu$ not suitable to diagnose any
clinical conditions. While th®ADDS system can be administered by a trained clinicgibtsnt its use
must be limited to the uses stated in the clinicahual and must be supervised and interpreted by a
qualified clinician. Specific environmental congigigons and standard administration procedures
outlined in this manual must also be maintainelkkage review the relevant sections on administiatio
scoring and interpretation prior to using #%&DDS program.

To ensure a valid administration the following stawlard guidelines should be
adhered to:

Administered in this ordevn the same dayarget Recognition, Target Sequencing, Targetkiingc
Administered in the morning hours to avoid diuretiécts if possible

The environment should be clear of undue noisevemation and distracting toys or equipment
If a child cannot learn the practice items aftefesal attempts the tests should not be given

A behavioral observation score must be recordegh é\0, for the subtest scores to be saved.
The attendant must sit with the child and providattg redirection when needed

The attendant must have the ability to establighraaintain rapport

The attendant must not be a relative or persormaidrof the subject

The subtests are completed outside of the pres#ribe parent or guardian




Chapter 3. Description and Use of the PADDS Syste@omponents

Summary of the PADDS Report Features

The PADDS System and Summary Reports represent annovative advancement in Evidence-
based Assessmenthis process presents the incremental input ofiplelforms of information that
research has shown to be most reliable and valid@dHD assessment. The PADDS system relies on
comparison of two well-defined reference groups elgmADHD and Non-ADHD. Each component is
calculated in additive or subtractive manner fatt against a diagnosis, taking into account the ADHD
base rate, (prevalence). The inputs are displayad¢al time format via a computer generated
Nomogram presenting an individual and an overatmtive index of likelihood ratios establishing
evidence for or against a diagnosis. Results kesvise presented in a normalized, relative Standard
T/Z-Score, and percentile rank format for comparigothe non-clinical reference group.

Parent & Teacher Ratings

The PADDS first step inputs consist of Parent aadchers ratings of the behavioral criteria for ADHD
based on criteria set by the Diagnostic and Siedistlanual of Mental Disorders Fourth Edition-
Revised. Specifically, these criteria as ratedHayrisform SNAP-IV(Swanson et al., 1992, with
permission 02/08 The SNAP scales offer categorical and dimensiommlt across the 18 core
diagnostic items from the DSM-I\Each scale has been evaluated to set a threshi@dddnbing

clinical significance based on the number of iteamdorsed in conjunction with a threshold for seyeri
The thresholds were added to the original DSM-INeda to reduce the rate of over identificatioatth
can occur when only number of items endorsed id.UBeese behavioral criteria when used in the
above-described manner have produced solid satsdivd specificity in identifying ADHD cases
relative to non-clinical reference groups (ZolofoMayer, 2004; Green, et al. 1999). These authors
report the sensitivity and specificity of variousg form ADHD checklists ranging between .70 a@id .
percent with the most productive being the SNAFRRUENAP-IV which has estimated between 90 to 97
percent sensitive and specific.

Using the Ratings Scales in Conjunction With the PBDS System

The SNAP-1V forms are included for parent and teasho complete along with the Diagnostic
Interview (CADI) or they can be copied or printedrh the PADDS Tools menu and then input with the
CADI or independent of the CADI. The CADI inputgenerated via a separate report function and does
not have to be used to score and report the beh@tings along with the cognitive subtests of the
PADDS system. If the CADI is not used, it is addise do some other form of co-morbid condition
screening. If the SNAP-1V scales are not used,ratitengs such as Vanderbilt or Brief may be input
when running the scoring function for the cognitsutbtests by placing a check mark in an assigngd bo
which will trigger the automatic calculation ancheersion of sensitivity and specificity set at diaaét

of 90%. This results in the assignment of a stashtilaelihood ratio and allows the result from the
parent, teacher or both to be incrementally inporig@with performance on three cognitive tests of
executive functions.

The second component of the PADDS SummaReport consists of the review of the Computer
Assisted Diagnostic Interview or CADIwhich enables the clinician to review multiple gatial areas
of concern as highlighted by the parent or infortriaat can be relevant to ruling out comorbid or
exacerbating conditions for a given child. Thisssralidation represents a semi-structured intervie
and develops a preliminary treatment plan to hefypert decisions for further assessment and/or
referral.



The third component of the PADDS systemepresents objective assessment of a child’'s exeivet
functions and working memory. The Target Tests of Executive Functioning haveaestrated
superior ability as an adjunct to cross validatedv#ral observation and background report. The
process is quick and enjoyable and demonstratesisuReliability, Validity, Sensitivity/Specificyt,

and Positive and Negative Predictive power overahgr measure of its kind currently available
(Please refer to the psychometric development anfdipnance section of the PADDS Clinical
Manual). These Executive measures were designieel émjoyable, engaging and ecologically valid by
requiring demands that are more consistent witeehiequired in the typical classroom setting.
Extensive research has shown that children rowtiregort them as “fun but hard”, typically avoiding
the strong negative emotions that are commonly edakhen taking traditional CPTs.

The fourth and final componentis the nomographic display of the individual amdneilative inputs.
This evidence is evaluated stepwise via the cdiomaf likelihood Ratios applied incrementally tvia
Fagan’s Nomogram, the results produce an overadliptive index that is compared to the calculated
base rate (ADHD prevalence).

The PADDS is set by default at a conservative batseof 4%, which is consistent with the reported
95% confidence intervals. Adjusting the base natihé PADDS is a simple process and is covered full
in the Installation and Use Manual.

Establishing the proper base rate is importantuse# will have a dramatic effect on the Post-Test
Posterior Probability, (outcome).

Base rate estimates of ADHD can vary widely depamdin the type of settings and methodologies
used to calculate them. Epidemiological estimatesHD have ranged from 3% to 12% (American
Academy of Pediatrics, 2000; American Psychiatrssdciation, 1994).

Currently reported base rates can range anywheme@r03 to 0.74. The higher estimates are from
specialized ADHD clinics and the lower estimatesfanm recent epidemiological studies. Specialized
neuropsychology clinics normally have higher bades as a result of referral sources weeding out
many of the more unlikely cases in advance, howevsolid rationale must exist for the use of these
extremely high base rates. Whenever possible,difioner should calculate the base rate of ADHD
based on literature review and the past histoth@f particular setting, and periodically upddtis to
reflect changes in the population or individuaéoti pool. This approach is important becauseadia|
the clinician to evaluate these incremental inpitige considering the prevalence, or base rate of a
condition, without adversely inflating the predveipower, as can happen when we rely on assumptions
of sensitivity or specificity alone.

To calculate your clinics actual base rate for ADKBuU must determine the percentage of patients,
referred to you for ADHD assessment, who are threperly diagnosed as ADHD.
(# Of Patients identified as ADHD / Total # oftieats referred for ADHD) * 100.
Ex. 34/100 = 0.34, 0.34 X 100 = 34%
(i.e. 100 patients, 34 are positive for ADHD = 3b%se rate).
This should to be recalculated periodically to aately reflect changes in the referral population.

When these components are used in conjunction wittlinical judgment they have proven to be
highly effective for consideration of diagnosis, irhighlighting and documenting a need for further
evaluation or actions, and may allow the cliniciario evaluate their own diagnostic practices and
effectiveness over time.



Chapter 4. Administration and Scoring

Scoring and Interpretation of PADDS Results

In General, interpretation of the PADDS resultd Wé straightforward given that they are compiled,
analyzed and presented via the computer programbakic feature of interpretation is the overall
predictive index presented in nomographic formahake example below.
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In the farupper right hand corner you will see thredictive Index upper bound range of 99%. This is
the maximum upper limit of the predictive index guced by the PADDS program inputs. In keer
right hand corner you will see the lower bound rang@.b%. This is the lower limit of theredictive
Index (Lower .01.......coooiiiiiiiiiie e 99 highest)

In theupper left hand corner you will see the populatiBase Rate Boxwith thedefault of 4%
assigned and that there is a blue and red indicatedle spanning from the pretest side of the
nomogram to the posttest side. This inspectionskidw that the pre-test and post-test probabiléres
currently equal at 4 %.

As the parent, teacher and cognitive elementsngné one at a time they will produce a given
likelihood ratio that will adjust the blue and nedlicator set in the middle of the nomogram up @wvd
depending on the performance of a given subjegst iSHhow the program achieves its honesty by
giving credit to performances for or against a dsgis.

Based on the psychometric performance of the PABBEm this set of procedures will typically yield
very valuable information to help guide clinicak@gons. Please take a minute to review summary
listed in Table 4.1 and Table 4.2 respectivelyhhghting the strong properties of psychometricd an
clinical utility demonstrated by the Target Test&recutive Functioning.



Analysis of the Target Subtests psychometric aimical support revealed that individuals with a
clinical diagnosis of ADHD scored significantly lewon each of the three tests as compared to
individuals who had not been diagnosed with ADHID{s> 19, p < .001. It is also important to note
that the 95% confidence intervals that are basestanmdard errors of measurement (SEM) calculated
with reliability estimates of .85 supports the sl of the cut scores used for diagnostic purpegéh
very little error in classification. Table 4.1 peess the 95% confidence intervals for each indizicige
grouping. As can be seen little to no overlap islent on the Target subtests between the Typiahl an
Clinical groups.

Table4.1 PADDS cut scores, means, standard deviationgjatdrerrors of measurement, and 95%
confidence intervals as a function of sample arelgrgupings.

Typical Clinical

PADDS Cut 95% CI Cut 95% CI
AGE | subtest | score | M SD | SEM score | M sD SEM

TR >94 | 103.12] 34.23| 12.81 78-12 <94 65.72 37.31 1396 38-93
6 yrs TS >22 2412 10.83 4.05 16 — 37 <22 16.54 9.46 3.54 10 - 23
TT >6 8.65 3.46 1.29 6-11 <6 4.98 3.11 1.16 3-7

TR >102 | 111.75 24.92 9.3% 93 -13 <102 | 75.68 33.92| 12.6p 51-100
7yrs TS >26 30.29 5.2 195 26-34 <26 16.15 8.83 3.30 10 - 23
1T >6 10.13 3.18 1.18 8-12 <6 4.5 2.43 0.91 3-6

TR >111 | 118.41 27.36| 10.24 98 —13 <111 | 80.91 31.74| 1188 58-104
8 yrs TS >26 31.39 6.62 2.48 27 — 36 <26 18.21 9.14 3.42 11 - 2§
TT >8 11.6 3.53 1.32 9-14 <8 5.82 3.66 1.37 3-9

TR >113 | 130.25 14.77 553 119-1 <113 | 83.72 30.93| 11.5f 61-106
9 yrs TS >28 32.23 6.11 2.29 28 — 31 <28 19.77 8.75 3.27 13 - 24
TT >8 11.91 3.97 1.49 9-14 <8 5.78 3.31 1.24 3-8

TR >125 | 134.32] 12.03 450 125-1 <125 | 107.63] 18.95 7.09 94-122
10 yrs TS >31 34 5.2 1.95 30 - 37 <31 26.79 6.36 2.38 22 - 3]
TT >11 13.65 3.54 1.32 11 - 16 <11 9.13 4.50 1.68 6—-12

TR >128 | 140.49 8.49 3.1§ 134-1 <128 | 98.85 3468 | 1298 73-124
11 yrs TS >32 34.87 6.52 2.44 30 — 4( <32 27.1 7.48 2.80 22 -33
TT >12 14.8 3.47 1.30 12 — 17 <12 8.95 4.43 1.66 6—-12

TR >128 | 137.77 9.77 3.66 131-1 <128 | 130.07] 14.42 540 119-141
12 yrs TS >34 36.27 2.49 0.93 34 — 38 <34 29.79 4.08 1.53 27 — 33
TT >14 16.05 2.77 1.04 14 - 19 <14 10.64 4.80 1.80 7-14

Note. Within typical sample, agen6= 25, age h = 32, age &1 =52, age :1= 64, age 1 =79, age 1h =53,
age 12n = 25. Within clinical sample, agert= 72, age f = 80, age & = 95, age :1= 67, age 101 = 44, age 11
n=22, age 12 =15. SEM = Standard error of measurement.

Using interval specific cut points, the followingasion rule was applied to 725 subjects: In otddre
considered as a classification hit, two of theeahFarget Test scores must fall within the predicted
direction for subjects to remain classified in theitially known group assignment. (At least two
clinical scores for ADHD classification and at letgo non-clinical scores for classification as non
clinical).



Table 4.2presents the clinical utility of the Target subsdsy individual age. Taken along with the lack
of overlap seen in the 95% confidence intervalsgméed in Table 4.1, the Target Subtests have
demonstrated superior clinical performance in sapeg typical age peers from their ADHD
counterparts.

Table4.2. Sensitivity, specificity, positive predictive powand negative predictive power by age grouping.

AGE SENS SPEC PPP NPP
6 yrs .89 .84 .94 72
7yrs .90 .88 .95 .78
8 yrs .87 .87 .92 .79
9yrs 91 .92 .92 91
10 yrs .86 91 .84 .92
11l yrs .86 .92 .83 .94
12 yrs .80 .84 75 .88

Important Points to Consider When Interpreting PADDS Results
To ensure a valid administration the following stadard guidelines should be adhered to:

Administered in this order on the same day Targetdg@nition, Target Sequencing, Target Tracking
Administered in the morning hours

The environment should be clear of undue noiseyeation and distracting toys or equipment

If a child cannot learn the practice items afteresal attempts, the tests should not be given

A behavioral observation score must be recordegh é\0, for the subtest scores to be saved

The attendant must sit with the child and providattg redirection when needed

The attendant must have the ability to establighraaintain rapport

The attendant must not be a relative or persomaidrof the subject

The subtests are completed outside of the pres#ribe parent or guardian

Interpretation of PADDS Results (General Guideling)

Despite the highly acceptable clinical performaressealed above, raw scores for each Target subtest
were analyzed to determine the specific sensitauitgt specificity for each raw score at a given age
interval. These sensitivities and specificities evlren converted to specific Likelihood ratios, ethi
could be applied incrementally via a nomogram tmlgime information from behavioral ratings along
with the cognitive performances from the TTEF. Ti@emental inputs from behavioral and cognitive
results develop a predictive index for and or agfagndiagnosis. This analysis when considered again
the individual practice’s base rate constituteggally standardized and effective evidence-based BDH
screening procedure.



The following guidelines are offered to assist witinsidering the objective assessment in conjunctio
with the CADI along with other information deemesktul to assist in the clinical judgment.

90-99Percent Probability: PADDS Predictive Index Scores in this range cleadyport a diagnosis

of ADHD and suggests that strong consideratiomefrisk for intervening should be made against the
risks of not intervening. Typically, scores in thésge will have multiple confirming sources of
information from well-established measures inclgdiiemonstrated impairment in academic and or
social/lemotional areas of functioning. A reviewREDDS inputs will show that Parent and/or Teacher
Ratings and at least two of the three Target stsotesre found in the clinical range (See publisGet!
Off scores listed below for the Target Tests ofdnire Functioning). Consideration the objective
assessment must be made in conjunction with Clidisdgment, and other sources of information (i.e.
the CADI or other interview and information or esieemed useful).

80-90Percent Probability: PADDS Predictive Index Scores in this range areysstyve of ADHD.
Again, multiple inputs will be found supporting eagnosis. However, actual impairment may not be as
evident from the background report and should msidered in conjunction with Clinical Judgment and
other information deemed appropriate. (i.e., theDCér other interview and information or tests
deemed useful).

Below 80Percent Probability: PADDS Predictive Index Scores below this rangenatedeemed
adequate to support a clinical diagnosis of ADHID anggests that comorbid issues should be looked at
closely. However, other information obtained by theician along with clinical judgment may in fact
show that a diagnosis is warranted.

Interpretation of Target Test scores compared to te non-ADHD group

While the PADDS program automatically calculates pedictive index for the user, at times, it is
helpful to review raw score and standard scoremébion. Table 4.1 outlines the 95% confidence
interval relative to a given raw score. This coafide interval information along with normalized
Relative Z-Scores and cutoff points are preserdedelview in the cognitive test report.

PADDS Interpretation Guidelines for Unusual or Uneypected Results

Despite the outstanding classification potentiahdestrated by the Target Tests of Executive
Functioning with known groups (see Table 4.2)séhmetrics, when applied against an epidemiological
base rate of 4% (as with ADHD) will result in sificantly lower predictive power than is implied fno
their ability to separate groups with 100% knowsigrsment (for a graphic depiction see case studies
section of manual). This illustrates the importaand necessity of establishing a true base rateh Ea
potential raw score from the Target Tests of Exgeutunctioning was analyzed to determine the exact
percentile rank for both the ADHD and Typical greupat corresponded to that given raw score. This
was done to determine the sensitivity and spetyfl every possible score for each of the thregdia
Tests. These sensitivities and specificities weezluo develop likelihood ratios from every potainti
score for all three subtests. These ratios codd be applied incrementally with other data, agé¢ad
clinically appropriate, to a Fagan nomogram. Githeat the PADDS program collects data for and
against diagnosis, it is possible to get unusugllte and while these should not be routine we have
listed below several profiles that we have encaecten occasion.
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Profile 1

Positive parent and teacher ratings for ADHD produes probability index of 74% and two of the
three Target subtests fall within the non-clinicalrange (see 95% confidence intervalsble 4.1)
reducing the predictive index away from supportinga diagnosis.

Discussion:

This profile suggests that at least under someigistances the subject can display adequate attentio
and executive control and therefore points to isleaf over reliance on behavioral ratings or test
measures alone. The most common outcomes foundhistiprofile have been:

A. A bright hyperactive subject who was challenged emghged by the Target Tests. This child often
presents as making solid grades but is a frequsnipdion to the learning environment. Often
complaints show that the child easily irritatesrgeteachers, parents and relatives. They mayvitkep
games for hours on end and may like risk takingiets. These children typically have a diffictiline
with slow paced activities, such as the classroomaiting in line and listening to instructions thg
sporting activities. These subjects also often stifficulty modifying their activity patterns to ker fit
with others at church, movies, when dining out, emchost other instances when confronted with tasks
and environments that lack frequent, clear and mgau rewards. As always the final determinatidn o
a clinical diagnosis rests with the clinician werghall the available information. The clinician stu
determine the extent to which these difficultiepa@nm the social and emotional development of the
subject and the likelihood that behavioral and/edial intervention will help.

B. Consideration that an academic and/or performpramglem is creating behaviors similar to ADHD.
Below we have listed some of the most frequentigtcprecautions given when routinely using rating
scales.

Subjectivity can be skewed

Demand characteristics may enhance personal leaning

Can be inconsistent even between parents and theukti@chers

Multiple ratings may be considered as redundaatrmétion in some cases

Bias may reflect more about the relationship ofdhiid & rater than about the organic functioning
of the child.

When the hyperactive profile described above isevatent, we have found many instances of reading
disabilities or reading delay especially when thiddcis being identified for the first time as airig 3
or 4" grader.

C. The behavioral rating scales are picking up prityan an adjustment or emotional disorder.
Clinical judgment, the CADI and other multi-levakings can help rule in or out such conditions. In

some cases they occur co morbidly with ADHD bus ikiusually seen with combined poor
performance on the Target Subtests.



Profile 2.

One extreme oultlier significantly modifies the precttive model

Discussion: As can be seen in the descriptivessiegipresent for group classification in Table, 4he
95 percent confidence intervals show little to nertap for the cut scores. However, at times argive

score may fall well above or below that found ia ttonfidence bands. The following recommendations

are offered to assist in deciding the weight teeguch scores.

A Very Low Score: will not modify the predictive model. This woule la score that was not
encountered by either reference group as with eestfd? for the Target Tracking subtest. In general
this type of score is so infrequent that it shaudti be interpreted.

A Very High Score: When found between two low scores can substayteltier the predictive model
as with a Target Tracking score of 17. A reviewhs confidence intervals shows that this scora fall
above the 95 confidence interval for the non-clinical group.uBhsuch a score should not be given
more weight than the combined input of all otharrses of data.

This graph is used to visually compare the indiaidest performances, (color coded indicatorsihéo

non-ADHD group cutoff points for that test, (comyded dashed lines).

Standard Dewviatian +1 to -1 /"\ B
2
FAEAM = 1 Target Recognition 7

Target Sequencing 15
Dazhed lines are color coded and Target Tracking 9

indicate rezpective Cutaff Points

Scores falling below theze points
are conzidered siqnificar/ ” - |H§ank | E1 Sacl:re |

|
| ,
” | T |Ez | |—1.55 |
/ 0 TT22% | 077 |
|
|

Il
—/’/( o ”TT \N
v —¥ r

Percentile  [relative)

3 -2 -‘] [.] +‘] +2 +?; Standard Deviation

0:1 % 2.:3% 15:9“':1 5;’]% 34 1% GT:T% 99:.9% Cumulative %

.3:0 .2:(] -1:l] (I] +1 :[) +2;1] +3;ﬂ Z - Score

2 30 40 50 60 70 80 _ T-Score
Range adjusted for 8 years old. m

Using age interval specific referenced cut poithite,following decision rule was applied with all578ubjects:

In order to be considered as a classificationtlib, of the three Target Tests of Executive Fundtign
performances must fall within the predicted directfor subjects to remain classified in their @iy known

group assignment (At least two clinical scoresABHD classification and at least two non-clinicabses for

classification as non-clinical).
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Chapter 5. Psychometric Properties of the PADDS
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Overview of PADDS Reliability and Validity
Reliability

Reliability, broadly defined, is the repeatabilititest scores and/or research findings (Kaplan &
Saccuzzo, 1997). Several forms of reliability egisd can be estimated using a variety of measures.
The choice of reliability estimation technique feea limited in terms of the nature of the datdextion
and/or the nature of the available data. We reptetnal consistency reliability as well as testest
reliability and decision consistency/stability ci@énts as estimates of the reliability of the PBD
system. While establishing the reliability of attes a process that is always ongoing, a generally
accepted minimal standard of reliability is .70 é8jr, 1992). When clinical decisions are being enad
coefficients of at least .85 are recommended (Rbsé& Rosnow, 1991).

Internal Consistency. Treating the separate subtests of the PADDS awithdil variables in a
Cronbach’s alpha analysis revealed a highly acbéptiegree ointernal Consistency reliability,

a = .86for the overall PADDS measure within a larger seengbn = 611 cases. The demographic make
up of this larger sample had a mean age of 836 1.71), 60% were male, 70% Caucasian, 25%
African American, and 5% Hispanic. This reliabiligstimate was largely substantiated with alpha
values of .86 and .80 in repeated testing of a &amjpn = 38 and .80 and .92 in another repeated
testing of a sample af = 27 — samples taken to assess test-retest réjahitwo independent samples
(reported below). These reliability estimates tbgreupport the recommended use and comparison of
the three subtests for their level of overall agrest in order to generate the maximum diagnostiityut

of the test.

Test-Retest — Stability CoefficientCriterion referenced test-retest reliability wasenned by
calculating stability coefficients and both the Igapnd Phi coefficients for the degree of diagiosti
agreement resulting from two administrations witlo separate samples of participants. Statisticians
not agree on whether the Phi or Kappa coefficieat inore appropriate measure of criterion refeknce
test-retest reliability (Reid & Roberts, 1978),they are both reported here. The clinical use ef th
Target Tests combines all three subtest resultswktermining classification of ADHD or Typical
performances. Given this use, assessing the syatiilihe diagnostic classification at two separate
intervals was computed. The first sample includeth 6nales, mean age 8.36 w@h of 1.76. The
participants ethnic make-up included 70% Cauca&a% African American, and 7% Hispanic. The 38
participants test and retest performances wereatell within 6 months. Results show that 36 of3Be
participants remained appropriately classified ltexyin astability coefficient of .94 Phi and Kappa
coefficients were also calculated for this sampité wesults of .70 and .69 respectively all ps3l.0he
second sample included 66% males with a mean ag&éfandsD of 1.90. Seventy percent of the
participants were Caucasian and 30% were Africargan. The interval of time for test and retest
was one to two years. Overall, 23 of the 27 paudicts remained appropriately classified acrossetste
retest procedures producingtability coefficient of .85and indicating a high degree of stability for
diagnostic classification over time. Phi and Kappafficients were also calculated for this sampl27
participants with results of .70 and .73 respedyiall ps< .001.

It is important to note that the psychometric rew the PADDS Target Test performances produced a
main effect for age. This effect shows that theeolal child is the better they tended to score en th
individual subtests.



This result would be expected given that the Tafgsts were designed as measures of executive
functions. Since children typically show greatee@xtive control as they age, it would stand tooras
that they would improve on the subtests as theylgietr. Additionally, effects of time, practice,can
physical maturation could also serve to increasalifierence between test and retest proceduress, Th
differences between stability and Phi and Kappdfictents would be expected. Overall, results show
that individual subtest scores may vary as a fonabf age, but classification decisions made uaiygg
specific cut scores remain highly consistent eva@nss the span of 6 months to 2 years.

Validity

Validity is defined as the degree to which a tesasures what it purports to measure. Ultimately,
validity is represented by the degree of suppartétmstruct validity; that is, does the measure
adequately “tap into” the underlying constructurports to measure? Evidence of construct valigity
generated through the presentation of convergaehteeriminant validities, primarily, and then more
superficially through demonstration of criteriorated validity. Our primary focus at this stageest
development has been the demonstration of conduo@mvergent, and discriminant validities. Future
work will continue to focus on establishing additéb evidence of criterion-related validity for the
measure as more findings emerge.

Concurrent Validity-All participants in the separate validity studiesrevdrawn from the Savannah
Child Study Center, Savannah Georgia. The firstpdammcluded 121 children age 6 to 1®1 € 8.77;

D = 2.0) who were administered the PADDS and TOWpproximately 73% were males and the
sample consisted of 61% Caucasian, 33% African Araeyand 6 % Hispanic. Results from this study
are presented in Table 5.1 and show each of tke fARADDS subtests are correlated in predicted
directions with the TOVA scale except in the cakeesponse time, for which we expected no
correlation given that the speed of response meddwy the TOVA has no theoretical basis for
exhibiting a relationship to any of the three PAD&(btests.

Table 5.1 Correlations between PADDS and TOVA Scale Scares)21)

PADDS Scale
Target Target Target
TOVA Scale
Recognition Sequencing Tracking
Omission 36 43" 437
Commission 34 307 36"
Response Tim .05 .08 .02
Variability 33" 29 307
Multiple

-.397 -.36" -27

Response
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The second sample included 38 children age 6 {®112 8.37;SD = 1.76) who were administered the
PADDS and CPT-Il. Approximately 72 % were males #melsample included primarily 54%
Caucasian, 41% African American, and 5% HispanasuRs from this study are displayed in Table 5.2
and show the predicted relationships between tHelP&and the CPT-Il. As anticipated, the PADDS
subtests were negatively correlated with a numb#reoCPT-1l subtests. These low to moderate
negative correlations occurred because the PADRISC&ET -1l are scored in opposite direction fro
severity indicating that lower scores on the PADID& associated with more performance errors on the
CPT-II, and thus a higher score. The relatively toumoderate values of the observed correlations
indicate that the CPT-Il and the PADDS are meaguninth similar as well as different components of
attention and executive function and that theyefwee could justifiably be used in conjunction with
each other as a means to better capture a halisticof the attention/concentration construct.

Table 5.2 Correlations between PADDS and CPT-II Scale Scres38)

PADDS scale

CPT-Il scale Target Recognition  Target Sequencing argdt Tracking

Omission -.38" -.34 -46°
Commission -.13 -.20 -.14

Mean Hit RT -40° -.29 -50"
Mean Hit RT (SE) -52 -.33 -.46"
D -.21 -39" .00
B -39 -37 - 47

The third sample included 59 children age 6 toM2=(8.48;SD = 1.86) who were administered the
PADDS and Brief Scale. Approximately 75% were maled the sample included primarily 56%
Caucasian, 34% African American and 10% HispaResults as shown in Table 5.3 reveal that the
PADDS and the BRIEF are largely unrelated measuPeshaps these results are best interpreted in
light of the rather distinct types of measuresRB®DS and BRIEF are — the PADDS being a measure
of executive functiomperformance whereas the BRIEF israting of an individual's executive function
abilities. These are quite different measuresaidrestruct that, in order to observe a strong catiia,
would require highly accurate ratings from indivédsiwho may not have the necessary insight into
ones’ executive functioning abilities due to thentendous possibility for bias in the ratings (esgbc
on the part of parent who does not wish to havéhéichild unfairly labeled). The quite low
correlations between the PADDS and the BRIEF pmyt further evidence for the necessity of
multiple sources of evidence for diagnosis of ADHIB,advocated by the evidence-based approach
utilized in the PADDS system, rather than (ovelipree on any single diagnostic tool and its own
particular limitations.



Table 5.3 Correlations between PADDS and BRIEF Scale Sdoress8)

PADDS Scale
BRIEF Scale Target Recognition  Target Sequencing rgéfaracking
INHIBP -23 -.19 -.18
WMP A2 -.01 .07
EMCP -23 -.09 -13
GP -.10 -.10 -.08
INHIBT -.12 -.08 -.10
WMT -.02 .02 -.04
EMCT -.30 -17 -24
GT -17 -.10 -.13

Note. INHIBP = BRIEF Inhibit Parent Form; WMP = BRIBNForking Memory Parent Form;

EMCP = BRIEF Emotional Control Parent Form; GP =IBRGlobal Executive Composite Parent
Form; INHIBT = BRIEF Inhibit Teacher Form; WMT = BRF Working Memory Teacher Form;
EMCT = BRIEF Emotional Control Teacher Form; GT RIEF Global Executive Composite Teacher
Form.

Convergent validity — Convergent validity describes the extent to whigb tneasures of the same
construct correlate. In terms of overall diagrostassification, there was low moderate diagnostic
(classification) agreement between the PADDS aadigst of Variables of Attention (TOVA,
Greenberg, 1991) group’s measure of ADH121) = .38p < .001.

In a separate sample of 38 children diagnosed AtHD that improved on medication, percent
agreement for classification of the PADDS Targett$®f Executive Functioning, the Brown Parent or
Teacher ratings (Brown, 1996) and the Connors’ fDdapus Performance Test Il (Conners, 1997) was
completed to determine percentage of diagnostityLdind percentage of agreement among the
measures. For the purpose of this analysis, st te@ of the three Target Tests of Executive
Functioning had to be found to be at or below distlaéd cut scores for classification of ADHD. Bnow
ADD scales were reported in T score format andHerpurposes of this analysis either the paretiteor
teacher rating meeting the accepted standard cftarlard deviations (or T score = 65) were
considered indicative of classification of ADHD .egarding the Connors’ Continuous Performance Test
I, also reported in T-score format, overall coefide index of 65 or greater was considered indieati

of clinical classification. This sample included®® tales, 75 % Caucasian and 25% African American
(mean age =8.70, SD=1.9. Table 5.4 presents paxison of the diagnostic utility of the PADDS
Target Tests of Executive Functioning, the BrownDAgxales, and the Connors’ Continuous
Performance Test Il. As can be seen, the Tardmésts produced the highest hit rate of the three
measures at 94% followed by the Conners’ CPT at &8é&dthe Brown ADD Scales at 66%.
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The improved hit rate produced by the Target TekExecutive Functioning was in keeping with the
overall data analysis of the larger data set {25) and likely due to the fact that there aree
independent measures used in conjunction with onthar. These measures used in conjunction and
incrementally have demonstrated outstanding alidityccurately classify ADHD subjects from their
non-clinical counterparts

Table 5.4 A comparison of diagnostic utility of PADDS TargetTests of Executive Functioning,
Brown ADD Scales, and the Connors’ Continuous Perfmance Test Il

PADDS Target Tests Brown ADD Scales CPT Il
Hit rate / N 36/38 25/38 26/38
Percentage 94% 66% 68%

Table 5.5 A comparison of agreement of diagnostic classifitan of PADDS Target Tests of
Executive Functioning, Brown ADD Scales, and the Gmors’ Continuous Performance Test II

PADDS/Brown PADDS/ CPT I
Hit rate / N 25/38 24/38
Percentage Agree 66% 63%

Discriminant validity — Discriminant validity describes the extent to whiackest is not correlated with
constructs it purportedly is unrelated to. Discnamt Validity was assessed with 137 participantsaim
age = 8.058D = 1.50) of whom 64% were male, 67% were Cauca8id¥, were African American and
3% were Hispanic. In our research, as expectedowsl that the overall diagnostic classification
using the PADDS system was unrelated to: Full SkJé/erbal I1Q, Performance 1Q as measured by
the Wechsler Abbreviated Scale of Intelligence (Wgéber, 1999). Also unrelated were visual or verbal
memory, along with indices of attention and coniidn, (as measured by the Children’s Memory
Scale (Cohen, 1997). and the Wide Range Assessrhbiemory and Learning Il, (Sheslow & Adams,
2003); allps > .05. It should be noted that neither of the wmntests indices for Attention and
Concentration correlated significantly with diagnoslassification.

Construct validity - Executive functions are defined as controls that allow one to perfoomplex
behaviors that require among other things: planrattgnding, organizing input, storing and retngyi
information, modulating emotions and sustainingeff Given that the Target Tests were designed to
more fully tap these executive areas, in a sepaeatgle of 35 participants 67% males, 75 % Caucasia
and 25% African American (mean age =8.50, SD=Wa& rated on the Brown ADD Scales (both
teacher and parent versions) and tested with tH2¥ATarget Tests of Executive Functioning to
determine the degree to which these subtests atardlhe Brown ADD Scales are a set of
commercially available behavior ratings based ewtbrk of Dr. Thomas. E. Brown and are viewed as
sensitive to the core domains of executive opamnat{@rown, 1996). Table 5.6 presents the results of
these analyses. As expected, two of three TarggsTof Executive Functioning correlated with the
Brown Teacher rating for diagnosis of primarilytieative and for combined type.




Parent and Teacher ratings did not significantlyedate with one another. Likewise, Parent ratidigls
not significantly correlate with any of the Targebtests. The lack of correlation may reflect arde®f
bias on the part of parent respondents who may éaed on the side of conservative estimate as they
completed the Parent scale. This is the most jleusxplanation for these findings given that the
children in the sampleere previously diagnosed with ADHD and had shown significant inyanment

on medication.

Table 5.6 Intercorrelation of percentile ranks of PADDS Target Tests of Executive Functioning
and Brown ADD Scales (Teacher and Parent-versions)

BP- BP- BT- BT-
TR%ile | TS%ile | TT%ile Inatt Comb Inatt comb
%ile %ile %ile %ile
TR%ile
TS%ile .68**
TT%ile A3** .63**
BP-
Inatt -.18 .00 .10
%ile
BP-
Comb -.18 .01 A2 97**
%ile
BT-
Inatt -.35* -.39*% -.25 21 .19
%ile
BT-
comb -.36* -.41* -.26 .26 22 .86**
%ile
Note. n = 35.

TR%ile = PADDS — Target Recognition percentile
TS%ile = Target Sequencing percentile

TT%ile = Target Tracking percentile

BP-Inatt%ile = Brown Parent Rating of Inattentiwgp@
BP-Comb%ile = Brown Parent Rating of Combined Type
BT-Inatt%ile = Brown Teacher Rating of Inattentiingpe
BT-comb%ile = Brown Teacher Rating of Combined Type
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Chapter 6. Receiver Operator Characteristics of thd®ADDS

ROC Analysis: The ROC curve is a visual representation of theisieity (percentage of true
positive that are correctly identified) of a testsus its specificity (percentage of cases witiAdD
correctly identified) at each potential cut poiot @iagnosis. In other words, the ROC providesraparison of
all possible cut-points for diagnostic utility atieerefore assists the test developer in selechdgrarifying the
most appropriate cut point to use to maximize sethsitivity and specificity in determining Positiaed
Negative Predictive Power (PPP & NPP). From thisrimation, the researcher can then produce likelih
ratios to further improve the diagnostic utilitytbe test. Table 6.1 shows a graphical representafithe ROC
analysis of 725 subjects for the three Target TafsExecutive Functioning.

1.00

R

a0 - Source of the Curve

o Reference Line
-
> 2 . o 77
= / -.
o =
o o0 - o 3 . o TR
0,00 25 S0 75 1.00
1 - Specificity

Table 6.1 ROC for the three Target Tests of Executive Fomatig.

Area Under the Curve

Asymptotic 95% Confidence

Test Result Variable(s) Area | Std. Error (a) | Asymptotic Sig. (b) Interval

Lower Bound Upper Bound
TR .950 .009 .000 .932 .969
TS .951 .009 .000 .934 .969
TT 921 .013 .000 .896 .946

The test result variable(s): Target Recognition, Target Sequencing, Target Tingdias at least one tie
between the positive actual state group and the negative actual state group. Statistics may be biased.

a Under the nonparametric assumption

b Null hypothesis: true area = 0.5

Using age interval specific referenced cut poitits,following decision rule was applied with all572
subjects: In order to be considered as a classditait, two of the three Target Tests of Execativ
Functioning performances must fall within the poteld direction for subjects to remain classified in
their initially known group assignment (At leastotwlinical scores for ADHD classification and aadé
two non-clinical scores for classification as ndimical).
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Determination of Sensitivity, Specificity, Positiveand Negative Predictive Power

Applying the age specific cut scores and decisita with 725 subjects demonstrat@ensitivity of .88
andSpecificity of .89andPositive Predictive Power of .91 and Negative Prettive Power of .86
indicating exceptional clinical diagnostic utilitgr screening ADHD and for excluding the over
identification of non-ADHD subjects (NPV .86).

Table 6.2 PADDS Overall Psychometric Performance

n =725 ADHD | TYP | Totals PPV =0.91
Test Positive 347 | 35| 382 NPV =0.86

Test Negative 48 |295]| 343 Sensitivity =0.88

Totals 395 |330] 725 Specificity =0.89

Table 6.3 PADDS cut scores, means, standard deviationgjatdrerrors of measurement, and 95%
confidence intervals as a function of sample arelgrgupings.

Typical Clinical

PADDS | Cut 95% ClI Cut 95% Ci
subtest | score | M SD | SEM score | M SD SEM

AGE

TR >94 | 103.12| 34.23| 1281 78-17 <94 65.72 37.31 1395 38-93
6 yrs TS >22 24.12 10.83 4.05 16 — 33 <22 16.54 9.46 3.54 10 — 23
TT >6 8.65 3.46 1.29 6—-11 <6 4.98 3.11 1.16 3-7

TR >102 | 111.75 24.92 9.3% 93 -13 <102 | 75.68 33.92| 12.6p 51-100
7yrs TS >26 30.29 5.2 195 26-34 <26 16.15 8.83 3.30 10 — 23
1T >6 10.13 3.18 1.18 8-12 <6 4.5 2.43 0.91 3-6

TR >111 | 118.41] 27.36( 10.24 98 -13 <111 | 80.91 31.74| 11.88 58-104
8 yrs TS >26 31.39 6.62 2.48 27 — 36 <26 18.21 9.14 3.42 11 - 2§
1T >8 11.6 3.53 1.32 9-14 <8 5.82 3.66 1.37 3-9

TR >113 | 130.25 14.77 553 119-1 <113 | 83.72 30.93| 11.5/ 61-106
9 yrs TS >28 32.23 6.11 2.29 28 — 31 <28 19.77 8.75 3.27 13 — 24

TT >8 11.91 3.97 1.49 9-14 <8 5.78 3.31 1.24 3-8

TR >125 | 134.32] 12.03 450 125-1 <125 | 107.63] 18.95 7.09 94-122
10 yrs TS >31 34 5.2 1.95 30 - 37 <31 26.79 6.36 2.38 22 - 3]

TT >11 13.65 3.54 1.32 1116 <11 9.13 4.50 1.68 6—-12

TR >128 | 140.49 8.49 3.1§ 134-1 <128 | 98.85 3468 | 1298 73-124

11yrs TS >32 34.87 6.52 2.44 30 — 4( <32 27.1 7.48 2.80 22 -33

TT >12 14.8 3.47 1.30 12 -17 <12 8.95 4.43 1.66 6—-12

TR >128 | 137.77| 9.77 3.66 131-1 <128 | 130.07] 14.42 540 119-141

12 yrs TS >34 36.27 2.49 0.93 34 — 3§ <34 29.79 4.08 1.53 27 — 33

TT >14 16.05 2.77 1.04 14 - 1§ <14 10.64 4.80 1.8Q 7-14

Note. Within typical sample, agen6= 25, age h = 32, age &1 =52, age :1= 64, age 1 =79, age 1h =53,
age 12n=25. Within clinical sample, agert= 72, age h = 80, age & = 95, age :1= 67, age 10 = 44, age 11
n= 22, age 12 = 15. SEM = Standard error of measurement.
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Table 6.4. Sensitivity, specificity, positive predictive powand negative predictive power by age grouping

AGE SENS SPEC PPP NPP
6 yrs .89 .84 .94 72
7 yrs .90 .88 .95 .78
8 yrs .87 .87 .92 .79
9yrs 91 .92 .92 91
10 yrs .86 91 .84 .92
11 yrs .86 .92 .83 .94
12 yrs .80 .84 75 .88

Development of Likelihood Ratios and Evidence-base@ipplication in PADDS

Despite the outstanding classification potentiahdestrated by the Target Tests of Executive
Functioning with known groups, these metrics, wapplied against an epidemiological base rate of 4%
(as with ADHD) will result in significantly lowerngdictive power than is implied from their abiliky
separate groups with 100% known assignment. Thistiates the importance and necessity of
establishing a true base rate. Each potential canedrom the Target Tests of Executive Functioning
was analyzed to determine the exact percentile farkoth the ADHD and Typical groups that
corresponded to that given raw score. This was tlodetermine the sensitivity and specificity oegy
possible score for each of the three Target Tésisse sensitivities and specificities were used to
develop likelihood ratios from every potential sedor all three subtests. These ratios could been
applied incrementally with other data, as judgexichlly appropriate, to a Fagan nomogram. These
incremental inputs develop a predictive index foagainst diagnosis in a given case. This trangpare
process forces the clinician to evaluate the nedatreight of all procedures and to consider the
combined evidence accumulated for or against andiig in conjunction with clinical judgment. Thgs i
the heart of an evidence-based approach and wiititate a highly standardized approach to ADHD
assessment that could help clinicians reduce baghand under identification of ADHD by fine tuning
their diagnostic approach over time.

Background Info for Using the Likelihood Ratios

Few, if any, diagnostiests are accurate enough to "rule in" or "rulé canditions effectively in all
cases.

The best approach is to look at test resadtaltering the probability of an existent condit{&DHD).
To do this requires the estimationagpre-test probability, (base rate), that will thenadjusted up or
down by each of the additional measures or testdtse

This process is referred to as the applicationafeBian logic, which uses an adjustnfantor called
thelikelihood ratio (LR), to convert a pre-teptobability into a post-test probability.

The upwardidjustment of the probability after a positive ftemicalledthe LR (+) and is a number > 1,
while the downward adjustmeafter a negative result is the LR (-) and is atfoarc<1.
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The LRs are used to assess how good a diagnastiis tnd to help in selecting an appropriate
diagnostic test or sequence of tests. They havaraages over sensitivity and specificity alone bsea
they are less likely to change with the prevalesfde disorder, they can be calculated for several
levels of the test result, most importantly, they e used toombinethe results omultiple

diagnostic testswhich then can be used to calculate a post-tesghility for a target disorder.

The key feature of the likelihood ratio is thaiicorporatedoth the sensitivity and specificity of a
given measure, or multiple measures, into a moe&ulform for making a clinical decision. Making an
evidence-based diagnosis, (or considering subsegeeisions for management or referral) depemds
comparing this post-test probability with threstsotdrfurther action based on factors such as severity
of impairment and thesks of possible side effects, versus the riskugher delays or no treatment at
all.

The factors used by the PADDS scoring paradigm wergeveloped using this 2X2 Matrix:
(Sometimes referred to as a “Gold Standard”)

« Groupa: # of subjectsvith ADHD, and apositive Test Score.
«  Groupb : # of subjectsvithout ADHD, and apositive Test Score.
« Groupc: # of subjectsvith ADHD, and anegative Test Score.
« Groupd: # of subjectsvithout ADHD, and anegative Test Score

Table 6.5 Gold Standard 2X2 Matrix

Condition Present Condition Absent Totals
Target (Result +)
Test Score a b at+b
Result (Result -)
c d c+d
a+c b+d at+b+c+d

Using the 2X2 matrix in Table 6.5 we calculate #inty and specificity using these formulas

Sensitivity is the proportion of patientgsith ADHD who have gositive test.
Sensitivity =a/ (a + ¢)

Specificity is the proportion of patientgsithout ADHD who have anegative test.
Specificity =d / (b + d)
Calculate the Ratios:
Likelihood ratio (LR+) = sensitivity/(1-specificity) = (a/(a+c))/(b/(b+d))
Likelihood ratio (LR-) = (1-sensitivity)/specificity = (c/(a+c))/(d/(b+d))

The reference information provided above was adigdpten the following Web resources for EBA:
(http://www.childrensmercy.org/stats/category/Diagtic Testing.asp), & (Centre for Evidence-based
Medicine (nd) Likelihood Ratios. Oxford-Centre for Evidence-based Medicine,
http://www.cebm.net/likelihood_ratios.asp
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Chapter 7. Pediatric Attention Disorders DiagnosticScreener PADDS)
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Advantage of thePADDS System

The PADDS system was developed by a pediatric pdggist with ADHD experience spanning 15
years and personal completion or supervision of 6060 individual ADHD evaluations. This
system was developed by a clinician for use byi@lns. Thus several practical issues were of
primary importance:

. The Target Tests of Executive Functioniagks are enjoyable and engaging. Most of the r@nld

polled during the normative process reported thertitm but hard.” Clinician’s frequently observe

a wide range of escape behaviors elicited by amldin response to completing commonly used
CPTs. These off-task behaviors, while of observatianportance, can be produced in a wide range
of children for various reasons unrelated to ADHBus, these negative reactions can be a critical
source of error. Additionally, since computer meastare often used as screening tools and
presented early on in the evaluation process, yrfdustrating children can lead to compromised
rapport, invalid test results and reduced effartsigdbsequent tasks.

Both ADHD and matched Control groups were noradéalving for Evidence-based Analysis
against the population base rate as well as stdrsd¢are comparison made to the typical or non-
ADHD reference group. Beyond improving diagnosticlaacy, the Evidence-based Process used
by thePADDS system allows the clinician to evaluate their approach to assessment and to
refine procedures in response to their ongoingtmec

. The Target Tests of Executive Functioning tas&ee designed from current research (Biderman et

al., 2004; Brown, 2002, 2000,1999; Barkley, 19993 Denckla, 1996) indicating the need to
assess greater aspects of children’s executiveifunireg and working memory. By tapping these
skills theTarget Tests of Executive Functioning subtests \abte to demonstrate (with 725
children age 6 to 12 split evenly between highliresl ADHD and Typical reference groups)
highly acceptable rates of classification: Sen#ytiv88, Specificity .89, Positive Predictive Povedr
.91 and Negative Predictive Power of .86.

. The Target Tests of Executive functioning carcdmpleted in approximately 30 minutes and the

entire system can be effectively administered aodesi/reported in approximately 45 minutes. This
process combines several highly effective innoeatachniques (CADI, Target Tests of Executive
Functioning, Evidence-based analysis and Repdrtpaibined with the clinician’s expertise) that
can save time and money while standardizing the Bpirfbcess and reducing the potential for both
under and over identification of ADHD.



DEVELOPMENT OF THE PADDS
The PADDS was developed in response to clinica¢oiadion in three key areas:

Researchers and authorities on ADHD pointediaitveak Negative Predictive Power (i.e., good
performance actually rules out attention disordef<}PTs and numerous neuropsychological
measures traditionally used to evaluate ADHD ihtligf the base rate (conservative estimate of
4%), (Barkely, & Grodzinksi, 1994; Ellwood, 1993 akitr-Sharma, et al., 1995). For example, a
given test with 90% sensitivity and specificity &pg to an evidence-based analysis calculating
probability for or against a diagnosis at a base 084% will produce a result with a predictive
index or post-test probability of merely 25% (DurhdNillis & Stevens, 2001; Centre for Evidence-
based Medicine (nd).) If a second measure with epsitivity and specificity were added, the
post-test probability would increase to 74%. Thikardly enough to warrant a clinical diagnosis.
Thus, the variable nature of ADHD and varying biades will require that multiple levels of
information be collected from well-developed sogreath strong psychometric evidence if a
reliable diagnosis is to be made.

ADHD is the most commonly diagnosed childhoogcpsatric disorder affecting school-age

children with estimates ranging from 3 to 12 pet¢&merican Academy of Pediatrics, 2000;
American Psychiatric Association, 1994). Conceas heen expressed for the significant number of
children this prevalence suggests coupled withntedty wide variations in clinical practice and
research approaches. These concerns point to ¢ddetoelevelop pragmatic assessment tools and
approaches for use in the major systems of seerity. Specifically of importance are assessment
approaches that can be used within primary categetschools, and clinics as well as within the
private sector.

Other comorbid conditions often occur with ADHIhese conditions may include, but are not
limited to, Mood Disorders, Anxiety Disorders, Digtive Behavior Disorders, and Learning
Disorders. Bipolar Disorder is also becoming insnegly recognized by some professionals within
adolescent populations. These facts highlighttiygortance of considering other conditions that
may mimic or exacerbate the presence of ADHD. Dlewing list of prevalence ranges for ADHD
and Comorbid conditions was adapted from the fabhovsource: Pliszka, S. R., Carlson, C. L., &
Swanson, J. M. (1999). ADHD with Comorbid DisordeZfinical assessment and management.
New York, N.Y.: The Guilford Press.

Table 7.1 Prevalence of Comorbidities

Primary Diagnosis / Secondary Diagnosis Range of Prevalence
ADHD/ODD-CD 15% to 61%
ODD-CD/ADHD 35% to 87%
ADHD/Depression 0% to 38%
Depression/ADHD 0% to 57%
ADHD/Anxiety 23% to 30%
Anxiety/ADHD 9% to 35%
ADHD/LD (Reading, Spelling, & Math) 7% to 60%
ADHD/OCD 6% to 33%

Other related conditions needing assessment/ aanagion include:
Neurological Impairment PDD/Autistic Spectrum Diders  Developmental disabilities
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The Development and Validation of Diagnostic Tool&rounded in the Basic
Sciences

During the 1998 NIH Consensus Development Confereihevas determined that development and
validation of diagnostic tools grounded in the basiiences was warranted. Consensus statements
indicated a need to develop more objective assegdow@s, rating scales and/or diagnostic intergew
that map onto basic underlying processes as wellreed to supplement behavioral assessment tools
with improved cognitive and/or neuropsychologicaasures. Many of the currently utilized
assessment measures and treatments for ADHD ammpatible with the time constraints of a primary
care setting. Clinicians have voiced concerns diggradequate preparation and training along vii¢h t
ambiguous billing/coding procedures currently apptb There is also a dearth of practical decision-
making tools for medication monitoring, differerntifagnosis, and determining type of referral segvi
most appropriate to differing levels of severityonsequently, there is a great need for the dexsedap
of practical, reliable, and valid procedures taibed in primary care settings to identify and manag
ADHD symptoms, as well as to distinguish appropriagferral needs (NIH conference, 1998).

Recent developments within the field of ADHD hamereasingly pointed to the need to evaluate the
variousexecutive operations andworking memory of children suspected of Attention Disorders.
(Biderman, et al., 2004; Brown, 2002, 2000,199%mkRey, 1997, 1998; Denckla, 1996.) Generally,
executive functions are defined as controls that allow one to perfoomplex behaviors that require
among other things: planning, attending, organiapgit, storing and retrieving information,
modulating emotions and sustaining effort.

While the identification of significantly hyperae#i children can be simple, the evaluation of cleitdr
who only display difficulty in learning or in congting activities that are more complex is where the
greatest need for improvement lies. DifficultiesheseExecutive Processefplanning, attending,
organizing input, storing and retrieving information, modulating emotions and sustaining effoit
exemplify the complaints of teachers and parents.

Situations that require an orchestration of thésltias are often most problematic for ADHD stutken
Parents will often report confusion at their chsldbility to play video games, watch television or
engage in favorite activities. However, on closepection, these activities often do not produee th
same demands as found within the classroom. Tlaeseite activities are often over learned, fastgolac
and allow the child to move freely in and out of tictivity. Changing the structure of these aadésit
(implementing learning demands) can quickly produgstration in ADHD children.

Conceptual and Technical Issues Relevant to the Delopment of the Target
Tests of Executive Functioning (TTEF)

The development of the Target Tests of Executiveckaning (TTEF) was stimulated from several
areas of interest. Recently, multiple researchave lcalled for the inclusion of the evaluation of
executive operations to improve upon standardsaahealid ADHD assessment (Biderman et al.,
2004; Brown, 2002, 2000,1999b; Barkley, 1997, 13&ckla, 1996). However, this inclusion has
been more difficult to do utilizing pencil and papasks than it is to use them for the assessnient o
domain specific areas of function (Language, Rep&iWriting skills). The complexity of the
neuroanatomical substrates and constructs of mtteahd executive control suggests that no single
measure will address all facets of attention aretetive control (Denckla, 1994; Riccio, Reynolds, &
Lowe, 2001).



Thus, the Target Tests of Executive Functioningestb include several differently designed tasks
presented via computer aimed at providing obje@ssessment of a subject’s ability to employ variou
but not all executive processeglahning, attending, organizing input, storing andretrieving

information, modulating emotions and sustaining efért). These Task demands were selected because
they have been consistently identified as areafiodulty for children known to have ADHD.
Furthermore, these areas were likewise presentidu itwo models of attention and executive control
that were given special consideration during theettment of the specific Target Subtests.

The first model considered in the development eftarget Tests of Executive Functioning is the
integrative theory of the prefrontal cortex funatias outlined by Earl Miller and Jonathan Cohen
(Miller &Cohen, 2001). In this integrative theothe authors argue that cognitive control is thenpriy
function of the Pre-Frontal Cortex (PFC). They astbat control is implemented by increasing thenga
or recruitment of sensory or motor neurons thaeagaged by task- or goal-relevant elements of the
external environment. Specifically, they suggeat the PFC serves to exert primary control in
cognition. Thus, the PFC sets the stage for momgtex mental and behavioral operations by selecting
what must be attended while recruiting wider neumablvement. Miller and Cohen consider that the
effective control of selective bias or selectedhsti is guiding the flow of neural activity along
pathways that establish the proper mappings betingerts, internal states, and outputs needed to
perform a given task. To illustrate their case &tikhknd Cohen use earlier theory of visual attention
which conceptualizes perception of a visual scarterms of competition among multiple
representations - such as colors, individuals pgeats that act to 'bias' this competition in fagbr
certain selected features or representations.

For example, if a parent loses a small child ilublig setting he or she will select specific (bidse
features of the child’s physical appearance antticlg to track within a crowd.

This bias will produce a gain or recruitment in ros responsive to these selected features inogeasi
the likelihood that this information will becomesassable to a wider range of neural activity.
According to Miller and Cohen, this selective ati@m mechanism is in fact just a special case of
cognitive control whereby the PFC exerts contra@ramputs, outputs, memory and emotions. The
implication of this view is that cognitive contrcdn be applied to any situation where selecteduition
information can be used to aid task completionthnd becomes the crucial glue required when
employing an array of processing tasks such agiegenhibitory control, in utilizing selective &ttion
or decision making and in the employment of mensilfs.

Of equal importance to the conceptual basis offtirget Tests of Executive Functioning subtests
development is the consideration of the unifyingotty of behavioral inhibition forwarded by renowned
ADHD researcher Dr. Russell Barkley (Barkley, 199h)e major premise gleaned from this theory
highlights the importance of the PFC while suggesthat the major deficit encountered by ADHD
subjects is not necessarily poor attention or mgrakbitls but rather inefficient ability to employ
inhibitory control. It is this ability to exert intbitory control that allows the expression of coeyl
activity. In this model the ability to direct thduigor action requires inhibiting unrelated or imsfgcant
material. This material can take the form of insdmoughts, emotions, or the intrusion of unrelate
factors in the external environment. To the extkase forces can be controlled/inhibited, then more
complex behavior becomes possible. Thus, ADHD issiciered as a primary problem of starting and
maintaining inhibitory control. The inefficient uséthe executive system is seen as a by-produat of
given subject’s inability to exert or maintain ibhory control. The model of behavioral inhibition
forwarded by Dr. Barkley has been reprinted herdiagram 1 with permission (Barkley R.A., 1997).
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A review of this schematic shows the overarchingannce of inhibitory control which allows the
expression of the executive system and evenuedigd to behavioral products.

It is Barkley’s model of behavioral inhibition wiie@mphazies the abilities to inhibit prepotent
responses to stop a response and to mitigate fietenee combined with Miller and Cohen’s view of
cognitive control as hinging on selective bias aadral recruitment that has served as the basthdor
selection of stimuli and task demands employecdhbyTiarget Tests of Executive Functioning subtests.
The unifying theme used from both models is théitglido select/detect important information while
inhibiting non-relevant or competing material ire thervice of the employment of the executive
processes. Each of the three Target Subtests wsigned to force these controls while placing
demands on various executive functions. It was thg®mized that such demands would tax both the
inhibitory or cognitive controls for ADHD subjedisus producing inefficient use of the executive
functions as tapped by the Target Tests of Exeelinctioning subtests. Each subtest is later
reviewed with relevant discussion regarding thehindry and executive controls required.

Final consideration was placed on practical issegarding the need to develop tasks that were
primarily not language based, that lended themselveross-cultural uses and that remained as simpl
or parsimonious as possible. In selecting stimudi task features, the following list of typical $aoom
demands were also considered.

Basic Demands of the Classroom Other Factors
Attending to instruction Time pressure
Assimilating information Distractions
Accommodating information Preparedness

Organizing, sequencing, manipulating information
Monitoring emotional activity

Formulating a plan of action

Implementing the plan



Barkley's Model of Behavioral Inhibition

/

Behavioral Inhibition

/

Inhibit Prepotent response
Stop an ongoing response
Interference control

Working Memory

Holding events in mind

Manipulating or acting on the events
Initiation of complex behavior sequences
Retrospective function (hindsight)
Prospective function (foresight)
Anticipatory set

Sense of Time

Cross-temporal organization of behavior

Self-requlation of Internalization of speech Reconstitution
affect/motwaﬂon/arousal Description and reflection Analysis and synthesis of behavior
' Rule-governed behavior (instruction) Verbal fluency / behavioral fluency
Emotional seff-control : o : ) -
o : — Problem solving / self-questioning Goal directed behavioral creativity
Objectivity / social perspective taking ) S
) . - Generation of rules and meta-rules Behavioral simulations
Self regulation of drive and motivation . )
Moral reasoning Syntax of behavior

Regulation of arousal in the service of

Goal - directed action

\

Motor control / fluency / syntax

/

Inhibiting task - irrelevant responses

Excl
Execution

Sensitivity to response feedback
Task re-engagement following disruption
Control of behavior by internally

uding goal directed responses
of novel / complex motor sequences
Goal directed persistence
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Represented information

Barkley, R.A., (2007) Unifying theory
of ADHD; Psychological bulletin,

Used with permission 1/18/2008
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Demands Basic To All Three Target Subtests
Subject is preloaded to search and detect relentomtnation
Subject must inhibit irrelevant stimuli
Subject must use a metacognitive strategy fordieguse of internal diaglogue
Subject must wait a short lag time before employask demands
Subject must inhibit while formulating a plan otiaa
Subject must formulate, reconstitute and execwesin the face of changing or novel stimuli
Subject must be sensitive and responsive to fe&dbac

Subject must be able to do the above to discoaithiere are recurrent patterns presented in stke ta
demands

Subject must employ motivational and emotional aanh the service of ongoing activity.

Subject must evaluate outcome against plans, intenand feedback to direct future efforts acculyate

Task Specific Demands

Target Recognition Target Recognition presents five large colorasbsgs with smaller squares inside
them. Below the squares are five small boxes labkldru 5. The colored squares simultaneouslykblin
on and off the screen at 1 % second intervals fotad of 153 presentations. The child is taught a
strategy to read from left to right and to courd ttumber of large squares with small squares inside
them of the same color and then to click on theesponding number in the small box below labeled 1
thru 5.

"' PADDS Target Recognition Orientation = | =[]

HEE
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Oriert Pafient | Skip Drientatian

Specific requirements for task completion include mmong others:

Attention to detail, avoiding distraction, mainteca of effort or persistance, holding information
mind through the use of metacognition, feedbac#l,@anotional regulation while developing a response
to changes in novel stimuli.



Target Sequencing Across 39 trials five large colored circles aregented. A small square moves
through them starting in the middle or at eithethaf end circles. The child is taught to attend/ ol
circles when the square matches it in color arghtothe name of the color to him or her self while
the same time disregarding the circles that hauareg with different color. Once the squares have
moved through all five circles the child clicks each of the circles that had matching colors in the
order that they stated to him/herself. First mdiic, second match second and last match last.

“* PADDS Target Sequencing Crientation ==

9000C

Skip Drientation

Specific requirements for task completion include mong others:

Attention to detail, avoiding distraction, mainteca of effort or persistance, holding information
mind through the use of metacognition, feedbacHl,emotional regulation during the initiation and
follow through of a response to complex sequendgkwemaining sensitive to changes in novel
stimuli.

Target Tracking- Through 20 trialshis subtest presents four colored shapes at thentdfpottom of

the screen. The computer creates one move at atinand three step moves that the child must
repeat/recreate in the same order seen. First firajesecond move second and last move last.

PADDS Target Tracking Orientztion =

® | % A

Qrient Patient
[ES—
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Specific requirements for task completion include mong others:

Attention to detail, maintaining divided attentidmglding information in mind, maintenance of effort
persistance and emotional regulation while compdetiomplex two and three step instructions.
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