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Ly uaSttAISyle AyuaSttaZl
R cognitive battery

A General introduction and workshop logistics
ALYGStfA3aISYyOS 0SauAy3a Ay U0UKS dacd
A.NAST 20SNIASS 2F Yl dzZFYl yQa a7
A Foundational empirical knowledged N2 YI yOAYy 3 (KS

A The WJ IV/ICHC Periodic Table of Cognitive Test Elements
A WJ IV variation and comparison procedurbsief
A Test/clusterscore differencg% base rate) rulesf-thumb
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_AGENDA_ -
B cognitive battery

Will be ‘A WJ IV publishe& new supplemental/clinical test groupings

covered | R \WJ IV assessment trees
concurrently _J

ith aid of o - v A A oz
theesuay | A Within/ 1/ R2YEAY FaasaaySyd

A Academic domain referrdbcused assessment trees

A Miscellaneous topics and tidbits

A Conclusions and Q/A

© Institute for Applied Psychometrics, Dr. Kevin S. McGreviZ8P5



Waves Of Intelligence Test Interpretation
(Kamphaus et al., 1997)

wWave 1- Quantification of a General Leve) (
wWave 2- ClinicalProfile Analysis
wWave 3- Psychometric Profil&nalysis

wWave 4- Applying Theory to Intelligence Test Interpretation




Wave 3:
Psychometrid’rofile
Analyses

Cohen, J. (1959). The factorial structure | o)
of the WISC at ages6] 106, and 136, TESTING 1"
Journal of Consulting Psychology, 23
285-299.

Kaufman, A. S. (1979ntelligent
testing with the WISR. New York: -
Wiley-Interscience




Picture Completion
Empirical Analysis
Reliability:
Split-half 77
Test-retest 8l
g loading .60 (Fair)
Subtest specificity 39% vs. 23%
VS. error variance (Ample)
Most related to:
Block Design by
Object Assembly 49
Least related to:
Coding A8
Digit Span 25

Proportion of Variance Attributed to:
Factor 1. Verbal Comprehension
Factor 2. Perceptual Organization
Factor 3. Freedom from Distractibility
Factor 4. Processing Speed
Abilities other than the 4 factors
Error

Proportion of Variance When 2 Factors Are Rotated:
Factor 1. General Verbal Ability
Factor 2. General Nonverbal Ability

INPUT

Visual perception of meaningful stimuli (people—things)

14%
28%
1%
1%
33%
23%

15%
25%

Abilities Shared with Other Subtests (Unique abilities are asterisked)

INTEGRATION/STORAGE
Perceptual Organization (Factor Analysis: 4-Factor and 2-Factor)
Gv—Broad Visual Intelligence (Horn)
Holistic (right-brain) processing
Cognition and Evaluation of figural stimuli (Guilford)
Spatial (Bannatyne)
Simultaneous processing
Distinguishing essential from nonessential details
Visual organization without essential motor activity
*Visual recognition and identification (long-term memory)

OUTPUT
Simple motor (pointing) or vocal

Subject to Influence of:
Ability to respond when uncertain
Alertness to the environment
Cognitive style (field dependence—field independence)
Concentration
Negativism (“Nothing’s missing”)
Working under time pressure




Wave 4.
ApplyingTheory to Test Interpretation

(and research & development)

CH@, KABQ|

Sim/Su®, KABC/KABQ /
GfEGcA KAIT

PASS CAS/CAS Il

CHCGEGQA WIR/IIV — CHCGEGYA SB5



The
INTELLIGENCE
_ TEST DESK
- REFERENCE ™

(ITDR)

Gf-Ge

KEVIN S. McGREW
DAWN P. FLANAGAN

Foreword by JOHN B. CARROLL

General
(stratum III)

Broad
(stratum II)

Lexical
Knowledge
(VL)

Listening

General
Information
(K0O)

Flexibility
of Closure

(CF)

Spatial Visual
Ability
LS

Development

Relations Visualization Memory
(LD)

(SR) (Vz) MV)

Narrow
(stratum I)

Other variables that influence test performance
-incidence of basic concepts
-degree of cultural loading inherent in the test Gv | T
-background/environmental variables (i.e., (CF) __‘:::'- Primary ability
contextual variables such as environmental o ) Abilities shared in
stimulation, intellectual curiosity} Reliable variance g v, COMMonN Wlth. Ott‘ler
s - ; Gf-Gc factor indicators
(reliability) ™~ Mi | i
Ge | T ) (communality)
= Secondary ability
Error variance KO |
-individual/situational variables (e.g., distractibility) - Re—_— Unique abilities not shared in common
-item Variablcs (C.g., item Samplmg and item gmdients; ..-._" errar e with other G‘f-GC factor indicators (speciﬁcity)
test floor and ceiling)
-examiner variables (e.g., rapport, scoring and
administration errors)
-testing environment variables (e.g., noise, comfort) WISC-III
Picture Completion
Subtest

FIGURE 4.1 A Conceptual Model of the Variables Considered in Test Interpretation (WISC-I11 Picture Completion Example)

Note: There are additional narrow abilities in the domains of Ge¢ and Gv that are not included in this figure; the rectangle represents the total score variance of the

WISC-III Picture Completion test; the italicized terms represent the test characteristic information that is presented for the Wechsler Scales in Table 4.2 and in the
Wechsler Scale summary pages.



Sample ITDR summary page friaGrew & Flanagan (1997)

CHAPTER 4 / Characteristics of the Wechsler Intelligence Scales 141

Battery: WISC-III Test: Block Design Age Range: 6 to 16 years

Description of test: The examinee is required to replicate a set of modeled or printed two-dimensional geometric patterns using
two-color cubes. This is a timed test.

BASIC PSYCHOMETRIC CHARACTERISTICS Low Poor (Item

Medium Fair A
High gradients only)

20 25 3035 40 4550 55 6065 70 75 80
3435 ; 12 1314 15 16 1718 19 24 29 3439 44 4954 59 6469 74 79 84 85+

g loading
g loading *

Specificity
Specificity *

Test floor Test ceiling

Inadequate Ages 6:0 10 6:3
at ages:




Sample ITDRummary page

Gf-Ge CLASSIFICATIONS (Brogd:étrﬁlum I1 / Narrow:stratum I)

Visual Processing (Gv): The ability to generate, perceive, analyze, synthesize, manipulate, transform, and think with visual
patterns and stimuli (Empirical: strong).
®  Spatial Relations (SR): Ability to rapidly perceive and manipulate visual patterns or to maintain orientation with
respect to objects in space (probable).
e  Visualization (Vz): Ability to mentally manipulate objects or visual patterns and to "see" how they would appear
under altered conditions (possible).

OTHER VARIABLES THAT MAY INFLUENCE TEST PERFORMANCE

Degree of

Background and Environmental Individual and Situational Linguistic Demand
L M H

Planning
Ability to perform under time pressure

»  Reflectivity/impulsivity L
« Field dependence/independence Degree of -
»  Flexibility/inflexibility Cultural

° Loading H




The intent of thantelligenttesting model
gl a I yR NBngtdether (2 d
empirical data, psychometrics, clinical

INTELLIGENT acumen, psychological theory, and careful
TESTING

reasoningo build an assessment of an
iIndividual leading to the derivation of an
iIntervention to improve the life
OANDdzyaidll yoSa 2F 0UKS &
2007, p. 1133 in FletcherJanzen (2009)




Intelligent Testing: Bridging the Gap between Classical and
Romantic Science in Assessment (Elaine Flitolaen, 2009)

-Thegold standardor clinicatpsychometridest interpretation

-Incorporates both quantitative and qualitative analysis

INTELLIGENT
TESTING

-The first system of test interpretation th&tllowed scientific
principlesand at the same tame overtly sought to reduce
Inappropriate use of obtained test scores

-Demands a verligh standard of clinical expertise

-The central point of intelligent testing is that tkf A Yy A OA | Yy
judgementregarding the patient is the central point



G ¢Sada R2 y20 GKAY]l F2N Of
communicate with patients. Like a stethoscope, a blood
pressure gauge, or an MRI scamps&choloqgical test is a
dumb tool and the worth of the tootannot be
separated from the sophistication of the clinicrao
draws inferences from it and then communicates with
LI GASYda YR LINRFSaaA

Meyer et al. (2001). Psychological testing and psychological
assessmentAmericanPsychologist




If you give a monkey a Stradivarius
A2t AY YR &2dz 3S0 ol

2dz R2y Qi oflYS (KS

>



We are the instrument !!!!




t A3Syié AyuSttaasy
i dzA MdWingtky instruments

1StEAIASYléE ONRYRPDE
whiich Basie(di#fabeit and multiple facets

External criterion relations Error variance (reliability)
_ _ Unigueness (specificity)
Neuropsychinterpretation _
g-loading
CHC ability factor classifications /‘ Degree of cognitive

complexity

Level/type of cognitive _
processing (Type 1 v Type 2 — Degree of cultural loading

— Degree of linguistic demand

Cognitive operations \

Info. Proc. stimulus & response
characteristics (e.g., BIS ExecFunctions/Attentionakontrol

Ability domain cohesion


http://www.remotecentral.com/dvd/romance1.jpg
http://www.remotecentral.com/dvd/romance1.jpg

he importance ofaxonomies and
classificationn science

...most disciplines have a common set of terms

and definitions (i.e., atandard nomenclature

that facilitates communication among professionals
and guards against misinterpretations. In chemistry,
this standard nomenclature is reflected in thable

of Periodic ElementsCarroll (1993a) has provided
ananalogous table for intelligene® ®

(Flanagan & McGrew, 1998)

© Institute for Applied Psychometrics (IAP) Dr. Kevin McGretul-#



A Good Taxonomy

The Periodic Table how warks.com

& Atomic Number
H Symbol
Name
#— Standard Atomic Weight

P Metals B Transition Metals Metalloids

Non-metals [l Lanthanoids Halogens
B Alkali Metals B Actinoids Noble Gases
B Alkali Earth Metals

2 6 7 8 9 10 1 12
20 21 22 = 24 25 26 27 28 29 =5 30

31
Ca Sc T| Cr Mn Fe Co N| Cu‘ Zn Ga

8 | 89103 104 105 106 107 108

Ra lAc-Lr Rf Db Sg Bh Hs

T ia fce [P 'INd fPm'fsm [Eu 'JGd
::MNMﬁj@ﬁ’dﬁﬂ%M“‘W

lanthanoids

jocp ol L gL g g f f Es fFm fMdfNo f Lr |
S b | SR | et " | P | | G | A ol -l |

actinoids




(Consensu€attellHorn-Carroll Hierarchical Thre&tratumModel)

TheCattellHorn-Carroll (CHGRodel is the
contemporary consensus taxonomy of human
cognitive abilities



The verdict is unanimous re: theY LJ2 NI | v OS 2 F [/ |

Richard Snow (1993):
GW2KY [/ FNNRff KIFa R2yS | Y| 3yai
NEFylfeal SR 0KS ¢g2NIX RQa f A0 SNI { d:
FoAfAGASaAXYy2 2y S X8 tetinSs tHataxdabrRy ofK | €
cognitive differential psychology for many years to came.

JohnHorn (1998).
| todrdeforced dzY' Yl NB | YR A Y 0 SoBfMEiva A 2 y €
foundation for current theorg (p. 58).1 2 N/ 02 Y LI NBR /
summary tola SY RS fflestSp@sﬁéatatlon of aperlodlc table of
St SYSyita AWSMKSYA AT NE: € e —

© Institute for Applied Psychometrics (IAP) Dr. Kevin McGretl-¥




Acquired Knowledge

SensoryMotor Domain

Domainrindependent Capacities*

Systems*

Specific Abilities*

Gf | RG || RQ The CatteHHorn-Carroll (CHC) Periodic Table of Human Abiliti¢
awm H WM MS AC Ideas WQI’dS Figures
Glr MA || MM M6 Fl FA FE SP FO NA FW LA FF FX

Gs P N R9

Gt R1 R2 R4 R7 IT . . .

Broad ability Glr-Learning efficiency
Gps R3 PT MT |:| Narrow ability GlrRetrieval fluency
* Three major domain categories based o

Ge LD VL KO LS CM MY Schneider & McGrew (2012)

Gkn KL K1 K2 A5 MK KF LP BC

Grw V RD RC RS || WA SG EU WS

Gq KM A3

Gv Vz SR || MV CS SS CF IM Pl LE IL PN

Ul
Ga PC usS (| UM U8 UR U9 UP UL
Sensory Motor
Gh (No well supported Gk
cognitiveGh& Gknarrow
Go || OM abilities have been Gp Pl || P2 || P3| P4 || P6 | P7 || P8 || Al
identified)




COG CHC clusters agibadings

The WJ IV CatteHorn-Carroll (CHC) periodic table of COG/OL test elements: Ages 6 tp 19’

78
Gf

71

Gc

.66

Gv

76

Ga

¢
.93.63H.80 || .93.65M .66{ .92.62M .62 COG
NumSer ConFrm AnlSyn
H R #| H o NJ|H RGN il
63.73.64 || .44 47 35| .25.43 .34 |
. 1 L 1 |
86 .66H.76| .86 .62M .36 .89.70 M.74] | .82.63M 5§ |
VrbAtn NumRev ObNmSq MemWrd
HWM/AC)Of|H WM/AC) #] H WM) N/ H (MS) O 50
42 42 50 41 .44 42 .32 .42 .35 .27 .28 .32 /7\
93.59 M 54 .96.52 L .4 ! |
1
StrRec VsAdlLg | i
H (MM) Ol H (MA) N 1 :
.31.39 .42 .30.29.30 ' !
= . . 1
91.56 M .77]| .89.49 L .60]|.85.53 M .8 ! :
LtPMat Paircn || NmPMat ! |
H ® sllHPAOSIIH P § | ',
46 55 481 .30.44 28| .53.57 .61 ! ,:’
- J 1 Il .
89.75 H.86)|.84 .59 M .74 \ | Yo
OrlVoc Genlnf \ : !
M (LD/VL) - H (Ko) - \ .29 1, .26 :
56 .51 .49]| .35.38 .24 \ A !
\
| \ 1 I |
.83.60M.74|.71.47L .50 Y L !
Visual PicRec 18 : : :
H (V2 N{lH MV)N : ro! \
.38.49 .38 | .36.25.36 b !
. 1 : 1
83.73 H.59]|.90 58 M .18] Lo !
PhnPro NonWRp v :
H (PC) O ||HPC.UMIMSQ .15 .
52 .51 53 | 342141 e !
‘ﬁ_'
GIA cluster CHC COG a0
4
tests cluster tests .@,‘
‘e " &
v - ™
The MindHub

Additional resources available at
www.themindhub.com(MindHub™)

————=3 >| .32 | Grw
1
! ACH
itk >| 29 | Gq
1
1
! .83.60 M .44| .86.66M .64
] SenRep UndDir
! H(MSLS)O| H (WM) O
| 433541 45 .43 .39
T, |
1
:,/' 8057 M .42 85 51L .2
y RetFlu RpdPNm
) H (Fn) § ||H (NA) §
R 35.37.35|| .34.22.22
S S
, : \4 \I/
: | .18| | .30I
1
1
! .82 .69M .76|| 81 .65M .82
1 OralCmp PicVoc
' L (LS) - L (VL) -
! 52 .42 48| .40 .32 33
:
1
! OL
:
1
71.68H 521! .93.60 M .74| 88 53 L .62
SndAwr Segmnt SndBld
L (PC) O H (PC) Ol H (PC) O
56 .48 55|| .49 .42 44ll 27 31 .28

Institute for Applied Psychometrics

© Institute for Applied Psychometrics (IAP)
Dr. Kevin McGrew 021-16

Reliability*
Test name\
abbreviation
]

Specificity*—y(RQ) #
.6

O~—x

Relative degree of
cognitive complexity
HighMedium
(M/M) Low

CHC broad
factor
loading

g-loading*

.93.63H.80
— NumSer

3.73 .64
CHC_~ BIS content or
narrow stimulus
ability code characteristic

Median correlation with WJ IV
Rdg Math & WrLngclusters

[* high, med,low ¢ as per Kaufman
(1979) & McGrew & Flanagan (1998)]

--->

(Secondary CHC fac

Information
based on analysis
of the WJ IV 49

year old norm
sample

.29

=]

loading)

T I

Reliability: The degree to which a
test score is free from errors of
measurement. Test score precision
Specificity: ¢ KS L2 NI A2y
score variance that is reliable and
unique to the test.
gloading:! (S8adQa 21|
first unrotated factor or component
in factor or principal component
analysis.
Cognitive complexity:The relative
degree of cognitive information
processing load (e.g., resource
demands on working memory,
attentional control, executive
functions) demanded by a test.
CHC narrow ability code(see back)
BIS content characteristic
Verbal 4 Quant-numeric
O Auditory N Figuralvisual

§ Speedfluency

RAY 3

Woodcock
Johnson!1v

Technical Manual
Erica M. LaForte + Fredrick A. Schrank

Kevin S. McGrew +

iKS

2y


http://www.themindhub.com/

All information based on analysis of WJ IV sitm
norm data from ages$ thru 19

Reliability*

Specificity*

g-loading*

© Institute for
Applied —
hometrics (1AP)
1 rew @

Relativedegree of cognitive complexity:

A HighMedium (/M) Low

93 .63 H .80

NmSeries —

(RQ)\

.~ CHC broad factor loading

- Test name abbreviation

—— BlScontent/stimulus characteristic

-~ CHC narrow ability code(s)

.63 .73 .64

"~ Median correlations with R, M, W cluste

[* high, med,low ¢ as per Kaufman (1979) & McGrew & Flanagan (1998)]



COG CHC clusters agibadings

The WJ IV CatteHorn-Carroll (CHC) periodic table of COG/OL test elements: Ages 6 tp 19

78
Gf

¢
.93.63H.80 || .93.65M .66 .92.62M .62 COG
NumSer ConFrm AnlSyn
H R #|H ¢ NI|HRGN -
63.73 .64 .44 .47 35| .25.43.34 |
- J L J 1
86.66 H76] .86 .62V .36 8970 M.74] | .82 .63M 5§ |
VrbAtn NumRev ObNmSg MemWrd
H(WM/AC)Of | HWM/AC)#J H (WM) N || H (MS) O
42 42 50| 41.44 42| 32.42.35| 27.28.32
.93.59 M 54| .96.52 L .4 X
StrRec VsAdLg |
H (MM) Ol H (MA) N |
.31.39 .42| .30.29.30 '
- ‘ ‘ !
91.56 M .77]| -89.49 L .60{|.85 .53 M .8 |
LtPMat PairCn NmPMat '
H ® sllHPAOSIIH P s i
46 55 .48 .30.44 28| .53.57 .61 :
N \ 1 //
1
:89.75 H .86||.84 50 M .74 \ | 54
OrlVoc Genlnf \ :
M(LDVL) - {IM/H (ko) - \ 29 1, 26
56.51.49)| .35.38 .24 \ A
\ 1
| \ 1
.83.60M .70 | .71 .47L .50 Y Lo
Visual PicRec e L
H (V2) N{|H (MV)N : .
.38.49 38| .36.25.36 Lo
T \ 1
83.73 H 59|90 58 M .18 Lo
PhnPro NonWRp v
L/H (PC) O ||HPC.uMMSQ .15
5251 53| 342141 ke
_'_J
GIA cluster CHC COG
tests cluster tests
v s
The MindHub

~
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Additional resources available at
www.themindhub.com(MindHub™)

WISCV related measures
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1
! ACH
CTTT T T2 >| 29 | Gq
1
|
! .83 .60 M .44 | .86.66M .64
1 SenRep UndDir
! ,HMSLS)O|| H WM) O
! ,/| 43.35.41]| 45 .43 .39
, |
1
! 8057 M 42 .85 51L .2
Y RetFlu RpdPNm
S H (Fn § ||H (NA) §
S 35.37.35| .34.22.22
S .
’ : \" \I/
: | .18I | .30I
! ] | I |
:
1
! .82 .69M .76}| .81 .65M .82
1 OralCmp PicVoc
: L (LS) - L (L) -
! 52 .42 48| .40.32 .33
|
1
! OL
1
|
71.68 H.521| .93.60M .74l| 88 53 L .61
SndAwr Segmnt SndBld
L (PC) Ooffl H(®PC) Ol H (PC) O
56 .48 55{| .49 .42 44)| 27 31 .28

Institute for Applied Psychometrics
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Matrix Reasoning (1)
Figure Weights (RQ)
Picture Concepts (1)
Arithmetic (RQ; Gq)

Digit Span (MS,WM)
Lette-Number Seq. (WM)
Picture Span (WM/MS5+MV?)
Arithmetic (GwWmWM)

Naming Speed Literacy (NA)

Naming Speed Quantity (NA)
Immediate Symbol Translation (MA)
Delayed Symbol Translation (MA)
Recognition Symbol Translation (MA)

Coding (R9/MA?)
Symbol Search (P/RG+SS?)
Cancellation (P/R9)

Similarities (VL/LD)
Vocabulary (VL)
Information (KO)
Comprehension (LD/KO0)

Block Designv?
Visual Puzzle¥¢SR?)

No Gatests

WISC-V tests & tentative CHC
classifications (based on
multiple sources)

Italic font designates Canivez,
Watkins& Do mb r o wW20k5) 6 s
conclusion that Gf and Gv are not
separate factors-instead combine
as perceptual reasoning


http://www.themindhub.com/

//Lu'g IS an

Exploratory MDS
of WJ IV norm
subjects ages-@9

© Institute for Applied
Psychometrics; Kevin
McGrewl12-14-15
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WJ IV test 2D MDS
(Ages 6t019; n=
4,082)

Woo@

Johnson!1v

Technical Manual

Kevin S. McGrow + Erica M. LaForte + Fredrick A. Schrank

www.iapsych.com/mimap.pdf
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All information based on analysis of WJ IV sitm
norm data from ages$ thru 19

Reliability*

Specificity*

g-loading*

© Institute for
Applied —
hometrics (1AP)
1 rew @

Relativedegree of cognitive complexity:

A HighMedium (/M) Low

93 .63 H .80

NmSeries —

(RQ)\

.~ CHC broad factor loading

- Test name abbreviation

—— BlScontent/stimulus characteristic

-~ CHC narrow ability code(s)

.63 .73 .64

"~ Median correlations with R, M, W cluste

[* high, med,low ¢ as per Kaufman (1979) & McGrew & Flanagan (1998)]



Reliability

High

Medium

Low

The degree to which a test score is fr
from errors of measurement. Test
score precision.

Coefficientsof .90 or above.

Coefficients from .80 to .89 inclusive.

Coefficients below .80.

Importantfor making accurate education:
and/or diagnostic decisions.

Test scores are sufficiently reliable and ¢
be used to make diagnostic decisions.

Test scores are moderately reliable and
be used to makacreeninglecisions or cal
be combined with other tests to form a

O2YLI2aAilS GAGK aKA

Test scores are not sufficiently reliable at
cannot be used to make important
screening or diagnostic decisions. Need
be combined with other tests to form a
O2YLIZAaAUGS GAUK aYS
reliability.




Specificity

High

Medium

Low

¢CKS LIR2NIAZ2Y
variance that is reliable ant
unique to the test.

! 0SadQa dzy Al
variance is equal to or above
25% of the total test variance
and it exceeds error variance
(1-reliability).

Whena test meets only one ¢
the criteria for High.

Whena test does not meet
either of the criteria for High.

Atest with high specificity may be interpreted
as measuring an ability distingtithin a battery
of tests.

Atest with medium specificity should be
Interpreted cautiously as measuring an ability,
distinctwithin a battery of tests).

Atest with low specificity should not be
Interpreted as representing a unique ability by
may prove useful in interpretation when it is
considered as part of a composite or cluster
other similar tests.




Reliability

Specificity

v
.93 .63 H .80

NmSeries

(RQ) #
.63 .73 .64

- H

General
(stratum I1I)

Broad
(stratum II)

Lexical
Knowledge
(VL)

Language
Development
(LD)

Listening

Ability
(LS}

Narrow
(stratum I)

Other variables that influence test performance
-incidence of basic concepts

-degree of cultural loading inherent in the test
-background/environmental variables (i.e.,

General
Information

Error variance
-individual/situational variables (e.g., distractibility)
-item variables (e.g., item sampling and item gradients;

a Gv
| (CP)

Flexibility
of Closure
(CF)

Visual
Memory
(MV)

Spatial
Relations
(SR) (Vz)

Visualization

e, Abilities shared in
", common with other
Gf-Ge factor indicators

Gc
(K0)

A

test floor and ceiling)

-examiner variables (e.g., rapport, scoring and
administration errors)

-testing environment variables (e.g., noise, comfort)

WISC-III
Picture Completion
Subtest

Specificityg
reliable unique
variance




Reliablility
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g-loading

High

Medium

Low

9F OK 0SauQa f
unrotatedfactor or
component in principal factor
or component analysis with a
other tests from a specific
intelligence battery.

Generalfactor or g loading of

.70 or higher.

Aloading of .51 to .69.

Aloading of .50 or lower.

Important indicator of the degree to which a test of
individual battery measures general intelligence. A
In determining the extent to which a test score can
expected to vary from other scores within a profile.

Testswith high g loadings are not expected to vary
greatly from the mean of the profile and are
considered good indicators of general intelligence.

Testswith medium g loadings may vary from the me
of the profile as tests with this classification are
considered fair indicators of general intelligence.

Testswith low g loadings can be expected to vary
from the mean of the profile as tests with this

classification are considered poor indicators of geny
intelliocence




|Q test battery subtest
g-loadingsor saturation

General intelligenceg) —

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

(1a) Spearmanédés gener al Factor

© Institute for Applied Psychometrics; Kevin
McGrew1-18-15

HEOEOEEDO® @

Highg

mo d e |

Subtests

Intelligence test battery
test g (general intelligence
loadings (weights)

Derived from factor analysis

Think of ageneral intelligence polthat
IS saturated withmore g-ness(like
magnetism) at the top antkssg-nessat
the bottom

Factor analysis orders the tests on the
pole based on theisaturation ofg-ness



First (unrotated)

o Oq81 : 622 principal component

rithmetic : :

Phonological Processing 0.81 0.66 for WI IV COG & WISC

Vocabulary 0.80 0.64 IV testgn=173)

Oral Vocabulary 0.80 0.64

Information 0.79 0.62

Concept Formation 0.78 0.61 0 h2
_ _ VisuatAuditory Learning  0.62 0.38

Matrix Reasoning 0.75 056 1| Nonword Repetition 0.62 0.38

Similarities | 0.74 0.55 Symbol Search 062 0.38

Verbal Attention 0.73 0.5 || ApalysisSynthesis 0.61 0.37

Block Design 0.71 0.50 Number-Pattern Matching 0.59 0.35

General Information 0.71 0.50 Story Recall 058 0.34

_ Pair Cancellation 0.58 0.34

Number Series 0.70 0.49 Visualization 0.55 0.30

Numbers Reversed 0.69 0.48

Comprehension 0.69 0.48 Picture Recognition 0.49 0.24

Letter-Number Sequencing 0.68 0.46 Letter-Pattern Matching ~ 0.48 0.23

Digit Span 0.65 0.42 Coding 047 0.22

ObjectNumber Sequencin¢ 0.64 0.41

Picture Concepts 0.63 0.40 Cancellation 042 0.18




g-loading
|

'
.93 .63 H .80

NmSeries
H (RQ) #

63 .73 .64

|Q test battery subtest
g-loadings or saturation

General intelligence (g) —

|

TL| T2 | T3 || T4 |T5||Te || T7 (| T8 ||T9||TLO||TL1||T12

(la) Spearman’s general Factor model
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.93 .63 H .80

NmSeries
H (RQ)~“#

.63 .73 .64

CHC narrow factor
classification

Woodcock
Johnson!1v

Technical Manual
Kevin'S. McGraw + Erica M. LaForts + Fredrick A. Schrank

Domain-Independent

Acquired Knowledge

Sensory-Motor Domain-

Capacities

Systems

Specific Abilities

L]

Gkn

Ideas Words Figures

] I l

D Broad ability . Gl-Learning efficiency

I:I Narrow ability . Gr-Retrieval fluency

MY The CHC Periodic
Table of Human
KL K1 K2 A5 MK KF LP BC gy
Abilities
B — = = e = - e Adapted from Schneider & McGrew (2012)
and McGrew, LaForte and Schrank (2014)
KM A3

oM

Sensory

© Institute for Applied Psychometrics (1AP)
Dr. Kevin McGrew 4-17-14
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93 .63 H .80+— CHC broad factor loading (average)

NmSeries
H (RQ) # VRBANL
63 .73 .64 ANLSYN

CONFRM

NUMSER

NUMMAT

Ages 913 in technical manual




What is(relational)cognitivecomplexity?

S

S
[I[I[I[I[I[I.




Tournal of Educational Psychology Copyright 1883 by the
983, Vol. 75 No, 4, 603-618 American Psychological Association, Ine.

Cognitive Variables in Series Completion

Thomas G. Holzman James W. Pellegrino
Georgia State University University of California, Santa Barbara

Robert Glaser
University of Pittsburgh

The cognitive determinants of number series completion performance were
studied by presenting a systematic set of problems to college adults and to av-
erage- and high-1Q elementary-school children. In each group a combination
of process and content-knowledge variables accounted for more than 70% of
the variance in solution difficulty. Solution difficulty was most affected by
the amount of information to be coordinated in working memory while assem-
bling and applying the pattern description rule for the sequence. Adults
could effectively coordinate more information than children, but IQ levels did
not differ on this component ability. Skill in dealing with unusual, hierarchi-
cal relations and arithmetic computation also affected performance and dis-
criminated between age and IQ levels. Comparisons with results from other
types of rule-induction tasks suggested some general abilities of importance
to rule induction.

PSYCHOLOGICAL SCIENCE

Resecarch Article

How Many Variables Can
Humans Process?

Graeme $. Halford,! Rosemary Baker,! Julie E. McCredden,! and John D. Bain®

Wniversity of Queensland, Brisbane, Australia, and *Criffith University, Brishane, Austrakic

EEHAVIORAL AND BERAIN SCIENCES {1965) 21, 803538
Frrted in the Lnied Steies of Anosnics

Processing capacity detined
by relational complexity: Implications
for comparative, developmental,

and cognitive psychology

Graeme 5. Halford

Deparimant of Papcholegy; Lindcersity of Quecndand, Bishane,
Luesnsland $OF2, Austirala

gehi@psy.ug oz au.

wewew P yg eduauipecple Departrrent sgshuirdes Rl

William H. Wilson

Deparimant of Cormputer Toones £ BEngneorng, Leivarsity of New Touth
W&les, Tpdrey New Touth Welos, Ausialia
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Steven Phillips

Informnation Soiance Division, Bectretechnical Laborgtory
Taukubz 205, Japan
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Two major classesf cognitive complexity
theories Bertling 2012)

,;'S 3 “‘pmpeni‘té \Q\e}\K !\\\‘\
~ Ok g
%,
>,

AEmpirical: Posthoc purelydata-driventheories
(e.g.,Marshalek Lohman & Snow, 1983)
Ag-loadings
AProximity to center of MDS spatial maps

A Cognitive theoriesWorking memory theories and
the constraintsplaced on reasoning (e.ds]).
Increasing processing demands results in an
Increase (demand/load) on cognitive resources



Twotypes ofcognitive theoriesegarding

oy

cognitive complexity

Loadplaced onworking memonyby a task

A Focus is on theheer numbef elements or element relations
IN a task

RelationalComplexity theory (RC)he relational complexity
of a task (e.g., Birney et al., 2006glford 1993;Halfordet al.,
1988; Just & Carpenter, 1992

A Focusds onthe complexity othe interrelated element{pieces
of information)that need to beprocessed imparallel



m\“ # Example of task withigh relational cognitive complexitiRC)

Another example is provided by Sweller (19935), who an-
alysed the following problem: Suppose five days after the
day before yesterday is Friday. What day of the week is to-
morrow? Despite our expertise in reasoning about days of
the week, this problem is frustratingly ditficult. The reason
is that, especially in the first sentence, numerous elements
are related to each other and cannot be considered mean-
ingfully in isolation. These relations have to be at least par-
tially processed in order to segment the statement into sub-
problems that can be processed serially. The processing
load is felt most keenlv when we trv to plan this procedure.




<= /| More onrelational cognitive complexit§RC) theory

Theprocessing loaddemand on resources) imposed by
Interacting components of a task can be captured with th
concept orrelational complexityBertling 2012; Birney et
al., 2006Halfordet al., 1998)

A The key is theumber of interacting variablg®lements; arguments)
that must be represented iparallelto implement the process

A Conceptually RC is similar to the number of factors in an experimen
design



<= /| More onrelational cognitive complexit§RC) theory

Processing complexity

AMay depend orexecutive functions

AThe strategy used by a person may differ across people or within

the same person at different times

ATheoptimal strategy may not be the one that is best theoretically o
as generated by an artificial intelligence (Al) algorithm

AlIndividuals operate in ways that are different from theoretically
optimal algorithms




WJ IMcognitive complexity design approach
based on work of Lohman & Larkin (2011)

A Increase the informatioprocessing demandsf the tests
within a specific narrow CHi{omain.
A Design tests that placgreaterdemands on:

A Cognitiveinformation processingcognitiveload)

A Greater allocatiorof key cognitive resources/orking
memory or attentionakontrol)

A The involvement ofmore cognitive control or executive
functions

© Institute for Applied Psychometrics;
Kevin McGrew 1-18-15
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WJ IV test 2D MDS (Ages 6 to 19;

| . n = 4,082)
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- SENREP

MEMWBDO—

VRBATN.&

-

UNDDIR

Cognitive complexity
Interpretation aid

Gwm tests

e H=High
o M =Moderate
o M = Low Mod.
o L= Low

© Institute for Applied Psychometrics; Kevin McGrew 01-06-16



Achievement tests removed for G)gnrtlve COmp|6XIty

readability

by CHC domain
Interpretation aid

SNDBLN,/
o
SEGI\;INT O/ VRBAT e H= ngh
M%MV_VR??::_ ______________ o M =Moderate
o M = Low Mod.
0 L= Low

VAL

PICREC
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High

Distances between  Hypothesized

tests intended to degreeof
reflect relative linguistic or
hypothesized languagedomain

differences (not demand

guantified) along two
axis

Linguistic/language
dimension
classifications based
on inspection of
correlations with
other WJ IV tests of
GcandGaand
Flanagan & Ortiz
(2015) linguistic
demand
classifications

Low LOW <————

Sentence
Repetition

Verbal/linguistic working

Nonword
Repetition

Memory for
Words

Gwm A- tasks that make
greater use of the
articulatory rehearsal
maintenance mechanism

(Camos, 2015)

Verbal
Attention

memory

Understandin
Directions

Sequencing

ObjectNumber] Gwm B- tasks that make

greater use the of

Numbers
Reversed

attentional refreshing
maintenance mechanism
(Camos, 2015)

Attentionial control
working memory

Hypothesized degreef centralexecutive control network

(cog load; attentional controldegree of relational — High
cognitive complexity



Cognitive

I |

readability

com p I eX|ty Achievement tests removed for Cognitive complexity

by CHC domain

|
v

interpretation aid

93 .63 H .80 ey |

SEGHNT IVRBATN ¢ e H =High
) 0 M-Ef"‘-"*f@??‘-?-*-r- o M = Moderate
NmSerIeS o M = Low Mod.
0 L= Low

H (RQ) # _1

63 .73 .64 | e

© Institute for Applied Psychometrics; Kevin McGrew 01-06-16
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WJ IV and WISV 2D
MDS solutions (n=173)

H= High

M =Moderate|  p

M = Low Mod. PAIRCN
L ~ LOW NUMP;)T

CAN

COD
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Correlation = .93but correspondence—m%ﬁ‘&—c, o
' ' ' aneBATIGwM
diverges as test become higher in g and Jg)é ORLVOG
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cognitive complexity
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.63 .73 .64 F
M

oy,

S
I
I

l

Median test correlations
with R, M, & W 0 | | |

0 50 100 150 200

clusters for ages-&9 Number Series

(not reported in technical For example, correlation of Number Series with
manua|) Broad Reading cluster




External criterion
relations validity | weicor

Johnson!1v
93 .63 H .80
Lot lons
NmSeries | |
EE—— Median correlation
H (RQ) # with WJ IV reading,
math, and written
63 .73 .64+ language

achievement clusters
(ages 619)
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European Journal of Psychological Assessment, Vol. 18, Issue 2, pp. 97—-112

Fluid and Crystallized
Intelligence and the Berlin

Model of Intelligence
Structure (BIS)

André Beauducel' and Martin Kersting?

I NTELLIGENCE

ELSEVIER Intelligence 30 (2002) 261-288

Working-memory capacity explains reasoning ability—and
a little bit more

Heinz-Martin Sii3*, Klaus Oberauer, Werner W. Wittmann,
Oliver Wilhelm, Ralf Schulze




Cognitiveoperationsand contentdimensions

General Intelligence

&
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Fig. 1. The BIS. Four functional abilities are cross-classified with three content abilities. General intelligence
represents the integral of all operational and content-related abilities, respectively.




[Learning and Individual Differences 40 (2015) 27-40

Contents lists available at ScienceDiract

Learning and Individual Differences

journal homepage: www.elsevier.com/locate/lindif

Auditory intelligence: Theoretical considerations and empirical findings @Cmsm

Kristin Conzelmann *>*, Heinz-Martin Sii

2 Department of Psychology [, Psychological Methods, Assessment, and Evaluation Research, Otin-von-Guericke University of Magdeburg, Magdeburg, Germany
b Department of Aviation and Space Psychology, DLR German Aerospace Center, Hamburg Germany

ARTICLE INFO ABSTRACT
Article history: In the last few years, auditory intellectual abilities have received mcreased attention in different fields of research.
Received 3 May 2014 However, most intelligence models have yet to include an auditory factor. This paper aimed to replicate the general

Received in revised form 15 January 2015
Accepted 28 March 2015
Available online 3ot

atuditory factor and examined whether and how the hierarchical and faceted Berlin Intelligence Structure model
(BIS; Jager, 1982) should be extended by adding an auditory dimension. Two studies included 126 students
(Study 1) and a heterogeneous group of 175 adults (Study 2). Participants took a broad auditory intelligence test
and the BIS test and provided a self-repoit of musical training. Confirmatory factor analyses revealed two separate

ﬁmﬁsintelli‘gence auditory content factors: nonverbal and speech. Auditory nonverbal ability was clearly distinct from academic intel-
Academic intellipence ligence, whereas auditory speech ability could be completely subsumed under verbal reasoning. We suggest that
Wusical craining atuditory ability - as represented by auditory nonverhal tests - needs to be added to the BIS as an additional content
BIS model dimension.

© 2015 Elsevier Inc. All rights reserved.




There has beean explosion of research on auditory abilities
aAYOS /I NNRffQa omMdhboly a&SYAY
A wideranging collection oGacharacteristics have been related
to disorders of reading, speech, and language. For exai@ple,
abilities are now recognized as playing a pivotal scaffolding rol
In the development of language and general cognitive abllities
(ConwayPisonj & Kronenberger2009).
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Another
perspective:
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content
dimension
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WJ IV test 2D MDS
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How to evaluate theinusualness (base ratej WJ IV
cluster or test score differences

Kevin McGrew, PhD.
Educational/School Psychologist
Director
Institute for Applied Psychometrics (IAP)
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SelectWJ IV COG cluster/test score significance values (ab@s*6

GGEXxt

GFExt

Gwm
Ext
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* Rounded
values
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