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Merging the Wechsler Adult Intelligence Scale
Picture Completion Subtest with fMRI in Adult
Learners: a Pilot Study

Ann M. Peiffer, Paul J. Laurienti, Kourtland R. Koch, Lorna C. Timmer man

Abstract--With the emergence of functional
resonance imaging (fMRI), standard intelligence testan now
be studied to assess neural activity during testf@enance.
However, traditional assessments are given with papencil or
card based methods which are difficult to deliver \ehin an
MRI. Here, we validate a computerized version of théechsler
Adult Intelligence Scale (WAIS) Picture Completion stest
against the card based version in 20 adult learneispreliminary
fMRI series is included to investigate whether thiodd oxygen
level-dependent (BOLD) activity can be associated hwihe
paradigm. Using sparse sampling fMRI techniques, antrol
condition is contrasted to when participants ‘knewhat answer
they were going to provide. In 8 task-novice indivals,
significant activation was seen in right primary wial and left
temporal cortex and is interpreted as task-specifictivation
related to visual search and naming the item miggifrom the
scene. To our knowledge this is the first fMRI expaent of the
WAIS picture completion subtest. Future imaging workrc now
use alternative control conditions to explore theiffdrent
cognitive components used within the subtest.
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I. INTRODUCTION

magnetic Psychometric and physiological

paradigms were once
opponents of one another. Today, they are perceased
indispensable allies in our understanding of cagmit
competencies. Brain-based assessments of intelleatow
promoted as valid and useful methodologies. Thestation

of neuroimaging to 1Q has imperative and thought-
provoking implications. Further research in theldfiof
cognitive neuroscience is needed to more fully rdeitee
how different intelligence subtests are relatedspecific
regions of the brain. Ultimately, this will provide better
understanding of the usefulness of test instrumtenéssess
specific mental skills.

The Wechsler Adult Intelligence Scale (WAIS) is timest
popular individual intelligence test for adults ((8a, 1988).
Wechsler (1958) explained the WAIS as a clinicall tiat
can yield more than just an overall 1Q. The WAIS-R
published in 1981, consists of 11 subtests, of Wwisix are
verbal and five are performance based. Generalig, t
subtests are administered in alternating ordereobal and
performance subtests. The Full Scale IQ combinesedc
scores from the subtests to yield a measure ofaglob
intelligence. Dozens of short forms have been fegom

Over the past half century, educational and legrninliterature (for review, Kaufman, 1990). Specifigalthree

researchers have used various clinical instruments
describe characteristics related to the learniraggss that
distinguish individual learners. Historically, moslinical
and school psychologists have used intelligencés tes
differentiate people by their mental abilities wvehil
educational and learning researchers have usedtetis to
describe learning style unique to individuals. Sinihe
1950's, both groups have proposed theories to ptunize
learning style as cognitive, affective, and physiital to
indicate learners' interactions with the environmént the
theorists use few common definitions.

One such theoretical approach is the biological@ggh, or
neuroscience approach, which focuses on the brath
physical events which are a part of the nervousesysin
this approach, the study of the brain has beerstigated in
part through "brain mapping." With advanced tecbggl
this approach has become sophisticated enoughaimieg
the living brain by non-invasive techniques, fostance
fMRI, electroencephalography (EEG)
magnetoencephalography (MEG). By watching livingibs
interact with the sensory environment, the averweugh
which individuals perceive the world can be morgtband
evaluated as a medium for knowledge acquisition.
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types of short forms can be distinguished: a redumenber
of full subtests; split-half approaches, where maokthe
subtests are shortened in length; and criterioedbas
approaches that individualize the starting pointhimi
subtests for each subject. The most popular typshoft
form consists of administering two to five of theAV®-R
subtests and computing a prorated Full Scale I fitzese
scaled scores. The selection of the short formsisally
based on such criteria as acceptable reliability eadidity,
and the amount of time available for administrating test
(Sattler, 1988). There is an abundance or reseancéuch
forms pertaining to the WAIS-R (Silverstein, 1982hhe
aWAIS-IIl represents a revised and updated versibithe
WAIS-R and was published in 1997 (Wechsler, 1997).
Several groups have incorporated intelligence stbter
variations into fMRI experiments to identify neural
correlates of cognitive ability (e.g., Langenec&enl. 2004,
Phelps et al., 1997, and Sweet et al., 2005). Tymab8I

andSearch subtest was incorporated into a fMRI scaBwget

and colleagues (Sweet et al., 2005). Using a vjsatte
control task they illustrated higher activity inabr areas
associated with executive and visual processingudig
occipital, parietal, and dorsolateral prefrontal rter.
Increased bilateral activation was associated wativer
performance consistent with compensatory recruitmen
strategies as described by Cabeza and othersCaloeza et
al., 1997). However, it remains a challenge to agegper
and pencil or card based tests to the scanner thih
validity that traditional testing employs espegialivhen
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considering the limited number of trials presentriany of
these subtests. For example, the Picture Complstibrest
of the WAIS has 25 or fewer trials depending on\alS
version (Wechsler, 1981 & 1997). Further this iiigehce
task presents a unique conversion challenge simeguires
verbal responses that will require sparse-samphfigl
techniques (Nebel et al., 2005). Sparse samplitigcaliect
brain scans intermittently during the session mubtef
continuous scanning. While this allows us to cledréar
verbal responses and remove motion artifacts ige@sahat
result from jaw movement, it drastically reduces Hignal
to noise ratio making BOLD (blood oxygen level
dependent) signal even more difficult to detect.

From a psychometric perspective, the Picture Cotigple

y

computer version of WAIS-R picture completion swsbte
prior to the card-based version of WAIS-IIl Picture
Completion subtest and the other half received dhel-
based WAIS-III first and the computer based WAIS-R
second.

Each administration of the WAIS-R and WAIS-III bega
with some general statements concerning what tse te
subjects could expect during the examination pmcébey
were informed that they would be required to cormple
number of different tests, some which involved agring
guestions, while others did not involve words at al
Participants were informed that most subtests begam
easy tasks and became harder as they progressad the
testing process. The examinee was also informedtlies

subtest has several commendable components. Is takeould find some of the questions or tasks veryidiff to

relatively less time to administer and is particyl@aluable
in testing intelligence at lower levels of performa.
Ostensibly, it measures abilities involved in thisual
recognition and identification of familiar objecisd forms
(Wechsler, 1981). To be able to identify what isssiig
from any particular picture, the subject must fiosbw what
the picture represents. Also, he or she must be &bl
appreciate that the missing part is in some wagrdzg
either to the form or to the function of the objectpicture.
In a broad sense, the test measures the abilitghef
individual to differentiate essential from nonegsdn
details. To begin to analyze neural involvementinitthe
Picture Completion subtest, the paper/pencil od dzased

complete and that there would be no prompts pravide
during the administration of the subtests.
Behavioral results were compared using SPSS v17.0.

B.WAIS-IIl Card-based Picture Completion Subtest:

The WAIS-III card-based picture completion subtest
presented the subject with a stimulus booklet doirtg 25
colored pictures on a white background. Subjectsidco
view the item for up to 20 seconds. An item isddiif the
subject responds incorrectly or does not resportdinwthe
allotted time. To provide distraction and a breekneen the
two picture completion subtests, the verbal infafaraand
arithmetic subtests and the performance block desig

method for the Picture Completion subtest had to B&AIS-IIl were given between the two Picture Comjuiet

modified and validated for delivery via computetiie MRI
environment. Here, we report the methodology used
translate the Picture Completion task of the WAI® ithe

versions. This allowed an estimate of overall 1Q ke
galculated from WAIS-III performance. Based upore th
recommendations of Wechsler (1981), the testingnrems

scanner environment and a preliminary data seri¢éell lit, adequately ventilated, free from distiacs, and

evaluating the novel fMRI paradigm. To our knowledbis
is the first conversion of this particular subtesthe MRI
environment.

[Il. METHODS

For behavioral testing (experiment 1) to validatee t
computer-based version of the Picture Completidrtest,
20 subjects were recruited from Ball State Univgrsi
(Muncie, Indiana, USA) in accordance with
Institutional Review Board. All subjects were rigfand, -
eye, -ear, and —foot dominant by self-report withaaerage
age of 23 years (range 19 to 33). The sample had
education level of some college and contained 3Fsnahd
17 females. For the fMRI experiment (experiment &),
subjects were recruited from Wake Forest UniverBaptist
Medical Center (Winston-Salem, North Carolina, USA)
accordance with their Institutional Review Boardll A
subjects were right-hand, -eye, -ear, and —footidant by
self-report with an average age of 27 years (r&#gto 33).
The sample had an education level of completedegell
(n=4) or post-graduate degrees (n=4) and contednedles
and 5 females. All 8 subjects passed screeningdanter
MRI indications (i.e., foreign metallic objects) iqr to
entering the scanner.

A. Experiment 1: Behavior

The study required 1 session and took approximadély
minutes to complete. To avoid the concerns assatiaith
practice effect, the examiner employed a countariza
administration format to remove carry-over effeotdween
the two versions of the picture completion subtelstlf of
the 20 subjects were randomized to receive either t
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quiet. All test materials remained out of sight thfe
examinee until they were necessary for administnafor
each of the selected subtests.

C. Computer-based WAIS-Picture Completion Subtest:

Reproduction of the WAIS-R picture completion ssbter
this computer-version was approved by The Psyclicdbg
Corporation and all testing occurred within the rappd
temporary license agreement between 2009 and ZI0H®.

theinwAIS-R and 1l versions of the subtest were useé ¢

contractual licensing from the publisher. E-printdtware
(Psychology Software Tools, Pittsburgh, PA) wasdute
pfesent stimuli and record the time of responsesiggion.
Subjects were seated at the same level and fafze¢onith
the computer screen. The WAIS-R picture completion
subtest consisted of 20 black and white pictures avhite
background. The computer task (see Figure 1) waigaed
for use in a sparse sampling fMRI experiment andedd
fixed waits of 6 seconds following a participargignal that
they were ready to provide a verbal answer and lipase
trials to isolate task associated brain activityriefy,
participants were allowed to view each trial pietfor up to
20 seconds. When they were ready to provide threwar,
they pushed the space bar and spoke their respuanisa
was recorded by the researcher. When the spacasbar
engaged, a 6 second pause began while the picture
continued to be shown. After the 6 seconds, a gregs
would appear for a random duration between 250 5@
msec and then the next trial would begin. Shoukl 20
seconds elapse prior to the participant respondinggenta
cross would appear for 6 seconds prior to the gregs. In
addition to the 20 pictures of the test, 6 randomberted
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baseline trials occurred after th&, &", 9", 13" 15" and
19" picture. The baseline trial consisted of a greessand
participants were instructed to push the spacena@n the
green cross appeared. Following a 6 second délaygreen
cross switched to grey for the inter-trial interval

D. Experiment 2: fMRI

Following completion of the consent form, particita
completed a short demographic questionnaire andweze
taken to the MRI suite for scanning.

MRI Scans were performed on a 1.5-T General Electr
twin-speed LX scanner with a birdcage head coil (G

Medical Systems, Milwaukee, WI). Visual stimuli wer
delivered via MR-compatible display goggles (Resmea
Technology, Inc., Northridge, CA). The task was #agne
computer-based version tested in experiment 1.
MRI parameters used for the scans presented
manuscript are as follows:

3DSPGR: TE (3.4-13.0s); Prep time (450); Bandwidt

(15.63); Flip angle (29; FOV (24); Acquisition matrix
(256x256);
(1.5mm); Slice gap (Omm); NEX (0.75); Time (6:15)
Sparse-Sample fMRI
completion subtest: TR(2s); flip angle ¢J5FOV (24);
acquisition matrix (64x46); Number of slices (33lice

thickness (4mm); Slice gap (0mm), TE (32); Bandtvidt

(62.50)

DataProcessing.Verbal responses were collected by th

researcher during the 6 second delay between ipartics
button-press and the scanner turning on for adénsiThe
participant’s button press triggered the MRI scaringake
a volume of data. Since the hemodynamic response
delayed on average by 6 seconds, the image captoeed
BOLD activity of the brain at the time of the buttpress.
Images were preprocessed using SPM5. All image® wi

individual brains into a common space for analysi
Functional images were smoothed with an 8ntfvHM
Gaussian kernel. Random effects analyses were rpetb
for all imaging comparisons in SPM5 and resultsected
for multiple comparisons. Behavioral results frome t
scanned task were compared using SPSS v17.0.

Ill. RESULTS

A. Experiment 1

Participants were found to have similar results either
version of the picture completion subtest.Pearsadyct
coefficient showed a 0.61 correlation between th& S|

card-based version and the WAIS-R computer versibis
is similar to the correlation reported in the WAIS-
instructional material for the correlation betweba WAIS-
R and -lll card based versions of the picture ceitioh
subtest (Wechsler, 1997). Participants rangedteiligence

Number of Slices (128); Slice Thicknes

of the computer-based pictu

Gh

realigned and normalized to the MNI template plgcmsprovide structure for individual development plans
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cortex. These areas survived correction for
comparisons by FWE p<0.05.

mutipl

IV. DISCUSSION

Though this series is limited by a small n, a numbg
significant findings were seen and indicate that WAIS
Picture Completion subtest can be adequately adtaned
within the MRI scanner to ascertain BOLD signaliatt
using a sparse-sampling fMRI technique. Assessioietiite

AlIS-1ll showed equivalent correlation to that rejeal in
the WAIS-III manual for comparison between the eard
based versions. The fMRI study found significanskta
associated BOLD activity in right primary visualrtax and
left middle temporal gyrus (see Figure 2). One doul

lgi/nmputerized WAIS-R subtest compared to the casdda

in tﬁfgerpret these activations as the result of theuali

processing associated with the subtest and prepddn

pame the missing item, respectively; however dughto

simplicity of the control condition this is a genaes

é'nterpretation (see Shen et al., 1999). Futurenigsivill

need to explore whether more complex control commit

r%e.g. visual scene with no missing item) may resnlt

reliable fMRI signal to elucidate other componeafsthe
task including frontal cortices not evident here.

As we continue to merge the fields of neuroscienith
education, understanding the implications of t@stihgs
specific to each discipline will continue to be ionfant to

%Iace educators and neuroscientists on the sameetfval

page. Frequently intelligence tests have been thiel g
standard for cognitive ability and have been uséHimvthe
r}euroscience community as a means to assess sepecifi
cggnitive domains in research subjects. Test scares
assessed in relation to biomarkers or treatmerditions to
illustrate differences between groups. Within thessroom,

ese tests and subsequent findings on cognitiveats

improve skill deficits on an individual basis. Csoxgy from
group comparisons to individual applications présea
unique opportunity to translate knowledge about
neuroscience into educational methods to aid invkeage
acquisition in children and adult learners.

In 2009, Gottfredson and Saklofske pondered the
quintessential questions of the measure and aseatsh
intelligence. One question proposed was “[Clould

intelligence tests be better grounded in knowledfj&ow
the mind and brain work together?” They contendhed t
[Dlifferences in g are so pervasively and consistently
enmeshed in all aspects of brain function and divgni
performance thag may not be ability but a property of the
brain, such as overall processing efficiengig. clearly not
unitary at the physiological level, but likely anfttion of
many metabolic, electrical, and other elementatgsses”
(p. 193).

between 95 and 113 indicating that all subjects ewelC®2ke and Cooper (2003) observed adaptive plgsitthe

performing within one standard deviation of the mdar
intellectual functioning (i.e., 85-115).

B. Experiment 2

Scanned fMRI participants had a mean scaled pedocm
score of 10.25 (range 9-14) on the computerizedufdc
Completion sub-test and performed similarly to ijsgrants
in Experiment 1. When experimental trials were carep
to baseline trial activity, significant areas ofieation were
found in left middle temporal gyrus and right primaisual
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neurophysiological level in the brain’s ability teact to
changes in the cognitive environment. This concept
adaptive plasticity has implications for pedagobica
elements related to learning and the design ofauum.
Mason (2009) stated that “neuroscience researchldHoz
taken into account together with other relevantasref
scientific research that contribute to our undeditag of
school learning processes, products, and contgxB48)
and that educational psychologists must becoménthibl
scholars” (p.549). The pathway between neurosciemze
education will become more highly developed as
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neuroscientific findings are applied to educatiopictices associated BOLD activity in right primary visualrtex and

(Ansari, 2005). Specific learning tasks which ddobe left middle temporal gyrus. One could interpret sihe
investigated using neuroimaging techniques haven beactivations as the result of the visual processisgpciated
suggested by educational researchers (Koch, Peiffeith the subtest and preparing to name the misgam,

&Laurienti in-press). If neuroimaging is intendedprovide respectively; however due to the simplicity of tbentrol

region-specific information for localizing specifibrain  condition this is a generous interpretation (seenSét al.,

functions, and if the purpose of psychological asseent is 1999). Future testing will need to explore whetinaore

to provide information pertaining to cognitive dispancies complex control conditions (e.g. visual scene with

and capabilities, it is logical that these two areamissing item) may result in reliable fMRI signaldtucidate

complement one another when assessing the valafity other components of the task including frontal icest not

intelligence tests. In this study, the WAIS Pietur evident here.

Completion Subtest was adapted for use within tHel M In conclusion, the WAIS Picture Completion Subtestld

scanner and significant fMRI activations were agded be adapted for use within the MRI scanner and Sogmit

with performance of the WAIS-R Picture CompletionfMRI activations were associated with performanéehe

subtest in adult learners. WAIS-R Picture Completion subtest in adult learners
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Though this series is limited by a small n, a numbg
significant findings were seen and indicate that WAIS
Picture Completion subtest can be adequately adtaied
within the MRI scanner to ascertain BOLD signalivatyt
using a sparse-sampling fMRI technique. Assessioietiite
computerized WAIS-R subtest compared to the casddba
WAIS-III showed equivalent correlation to that refeal in
the WAIS-III manual for comparison between the eard
based versions. The fMRI study found significanskta
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Table I: Scaled Score Results of Experiment 1
WAIS-III \_/;/{AIS
Verbal Performance Pictur
Picture Bloc (eiomp
il(r)]I]ormat ':tri'(t:hm Complet lE)esi IQ letion
ion n (comp
9 uter)
Mea 10.8 | 104. | 10.45
n 12.30 11.20 9.7 5 70 a
Ran | 1115 | 815 5-15 914 9. | 7-18
ge 113

®No significant difference in performance was seetwken the

card-based WAIS-IIl and computer-based WAIS-R Petur

Completion subtest (paired t-test, n.s.).
Trail Timed Out

I
Trigger /

(2s de\ay)(\__tv y
.4

Experimental Trial Baseline Trial

ST
Trigger

T
Trigger /¢

N
# LA

i (6s delay) iy
A

Scanner

No Response!
in20s :

3]
++  udt

Time ->
Fig. 1Schematic of Computerized Picture Completion
Trial Conditions:
Three trial types are represented for the comphased
picture completion subtest. Participants push #mponse
key when ready to provide their answer to what issmg
in the picture. During the fMRI task a trigger willrn the
MR scanner “on” to collect a brain volume 6 secoafter
the key press. The delay, based on the time laghef
hemodynamic response, allows the participant towigeoa
verbal answer without motion interfering in the aisition
of brain activity associated with knowing the miggitem.
During baseline trials, participants respond taeeg cross
with the same key press to remove basic motor resso
from the fMRI signal. Should a participant fail tespond
during the allotted 20 seconds, a magenta crossapjiear
and trigger the scanner to collect a brain volumthout
startling the participant.

Subject @ “handlebar”

Stimulus /-

20 +
18 1 *
16 +
14 +
12 +
10 1+

8 4

WAIS-IIl Scaled Score

0 2 4 6 8 10 12 14 16

WAIS-R Computer Scaled Score

Fig. 2:Relation between computer and card versions of
the WAIS Picture Completion subtest. A significant
correlation (p<0.01) existed between the two versiof the
subtest.
between the two versions similar to the card-basgdions
of the WAIS-R and WAIS-III presented in Wechsle®99Y.
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A: Left Middle Temporal B: Right Primary Visual

Fig. 3: fMRI Results for the Computerized Picture
Completion Subtest corrected for multiple comparisons
with FWE p<0.05. Significant areas with higher BOLD
signal on experimental trials relative to baselinals were
seen in left middle temporal gyrus (number of vexel4)
and right primary visual cortex (number of voxels9¥
Baseline trials removed activity associated wité Hutton-
press leaving activity evident of visual processamg item
naming preparation.

The Pearson-product coefficient equale@l O.
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