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3. ABSTRACT

Recent evidence suggests the existence of multiple cognitive mechanisms that support the general
cognitive ability factor (g). Working memory and processing speed are the two best established
candidate mechanisms. Relatively little attention has been given to the possibility that associative
learning is an additional mechanism contributing to g. The present study tested the hypothesis that
associative learning ability, as assessed by psychometrically sound associative learning tasks, would
predict variance in g above and beyond the variance predicted by working memory capacity and
processing speed. This hypothesis was confirmed in a sample of 169 adolescents, using structural
equation modeling. Associative learning, working memory, and processing speed all contributed
significant unique variance to g, indicating not only that multiple elementary cognitive processes
underlie intelligence, but also the novel finding that associative learning is one such process.

4. AccormaTuBHOE HAyYCHHE NPECKA3bIBACT MHTEIUICKT IIOMUMO paboydeill MaMaTH U CKOPOCTH
AJIEMEHTAPHBIX YMCTBEHHBIX MTPOIECCOB.

Astopsl: CkotT bappu Kaydman, Konun I'. Ie-FOnr, xepemu P. I'peit, [xxamu bpayn, Hukonac
MaxkuHTOomI.

5. Ha ceropHsHmii A€HB MPEIoNaraeTcs HaTMuue KOMIUIEKCa KOTHUTHBHBIX MEXaHU3MOB,
JIeKAIIUX B OCHOBE reHepabHOTO (hakTopa criocodHocTel g. Pabodast mamate u processing speed —
JIBa OCHOBHBIX "KaHauaaTa" 3TUX MexaHn3MoB. CpaBHUTEIILHO HEOOJBIIIOE BHUMAHUE YACTISIIOCHh
BO3MOYKHOCTH PaCCMOTPEHHS aCCOIMATUBHOTO HAyUEHHsI KaK JIOTIOJIHUTEIILHOTO MEXaHU3Ma,
omnpenenstonero gaxkrop g. Hacrosiee uccienoBanue mocBsImEeHoO MPOBEPKE TUITOTE3bI, YTO
aCCOIMAaTUBHOE HAy4YCHHE, MOXKET BHOCUTH CBOH BKJIAJ B IUCIIEPCHIO g TOMUMO pabodeil maMsaTu u
processing speed. JlaHHas THIoTe3a MOATBEPKACHA B XOJI€ UCCIETOBAHUS 169 UCIIBITYeMBIX C
UCTIOJIb30BAHUEM CTPYKTPYPHO-THHEHHOTO MOJICIIMPOBaHUsI. ACCOIMATUBHOE HAyYCHHE, paboyast
namsTh U processing speed BHOCAT 1uddepeHIIMpOBaHHBINA BKIIAA B AUCIIEPCUIO g, TIOKA3bIBasi, YTO B
OCHOBE MHTEJUICKTA JIEXKAT HE TOJIBKO 3JIeMEHTapHbIe KOTHUTHBHBIE MTPOIECCHI, HO TAaKXKe U
aCCOIIMAaTUBHOE HayYCHHE.

6. 'mnore3a vcciaenoBaHus: ACCONMATHBHOE HAYyYeHHe, MOKeT BHOCHTH CBOIl BKJIa/ B
AUCTIEPCUIO g TOMUMO padoyeil MaMsSITH U CKOPOCTH NMPOTEKAHUS MPOCTHIX YMCTBEHHBIX

MPOIECCOB.


mailto:scott.kaufman@yale.edu

Lenb: OnpeneauTh BHOCUT JIM ACCONHATHBHOE HAYYeHHE BKJIA/I B THCIEPCHIO g TIOMHMO
paboyeii IaMsATH U CKOPOCTH MPOTEKAHUS MPOCTHIX YMCTBEHHBIX MPOIECCOB.

3amaun: [IpoBecTn n3MepeHue K CIOCOOHOCTH acCOIMATUBHOTO HAYYCHHUs, H3MEPEHHE padoUeit
MaMSITH, U3MEPEHHE CKOPOCTHU DJIEMEHTAPHBIX KOTHUTHBHBIX TPOIIECCOB, U3MEPEHUE
MICUXOMETPHYECKOTO UHTEJIIEKTa, BepOaIbHBIX ClIOCOOHOCTEH. Ha OCHOBaHMH NW3MEPEHHOTO, Iy TEM
CTPYKTYPHO-THHEHHOTO MOJICIIMPOBAHUSL, TPOBEPUTH TUIIOTE3Y UCCIIEOBAHUS.

Ucneityemsie: 169 uenosek (54 myx u 116 xen) B Bozpacte 16-18 net. Ctynentst KemOpumxka.

[Iponienypa: TecTupoBaHue MPOBOAMIOCH B TPYIIax (IMOJIyTOpavdacoBbie ceccun). McnbiTyembie
MIPOXO/IMJIM TECTHI B OJIMHAKOBOM JIJISl BCEX MOCIICAOBATEIILHOCTH. YYacTHE OTUIaYUBajIoch 1mo 20
(YHTOB CTEPIMHIOB.

Hcnonb3yeMbl METOAUKH:

ASSOCIATIVE LEARNING TASKS

1. Three-term contingency learning (Williams & Pearlberg, 2006)

The Three-Term Contingency Learning (3-Term) task consists of four learning blocks, each
followed immediately by a test block. In each learning block, participants were presented with 10
unique words. Each word was associated with three different words, contingent on a key press. The
participants' task was to learn the word associated with each stimulus-response pair. For instance, on
one trial the word “LAB” might show on the screen with the letters “A”, “B”, and “C” listed
underneath. When participants selected “A”, they saw one association (e.g., PUN), when they selected
“B”, they saw a second association (e.g., TRY'), and when they selected “C” they saw a third
association (e.g., EGG). The duration of exposure to each association was self-paced (max 2.5 s) with
changeover intervals set at 0.2 s. After the single presentation of all ten stimulus words with the 30
outcome words, subjects were immediately presented with a test block.

The test blocks were identical to the learning blocks with one exception: instead of typing the
letters “A”, “B”, or “C” to produce the outcome words on the screen, a stimulus word appeared on the
screen along with one of “A”, “B”, or “C”, and participants were required to type in the outcome word
corresponding to that stimulus-response pair. Together with feedback on their answer, the correct
association was shown to the participants until they pressed “ENTER”, when the next stimulus word
was presented. Once the test block was completed, participants immediately moved to a second
learning block in which the same stimulus words were presented in a different order. Across the four
test blocks, possible overall scores ranged from 0 to 120.

2. Paired—associates (PA) learning (Williams & Pearlberg, 2006)

In this task, participants were presented with 30 pairs of words. A cue word was presented until the
participant pressed ENTER, or until 2.5 s elapsed, after which the cue's pair appeared on the screen.
They then remained together on screen, again until the participant pressed ENTER, or until 2.5 s
elapsed, after which both disappeared and the next cue word was displayed. The test phase was

identical to training, except instead of pressing “ENTER” to view the second word of each pair,



subjects were required to type that word. Together with feedback on their answer, the correct associa-
tion was shown to the participant until they pressed “ENTER”, when the next word cue was presented.
Once the test phase was completed, participants immediately moved to a second learning block in
which the same stimulus words were presented in a different order. In total, there were four learning
and four test blocks, with possible overall scores ranging from 0 to 120.

GENERAL COGNITIVE ABILITY TESTS

To create a good latent g factor we used one verbal test, one perceptual reasoning test, and one
mental rotation test. Using one of the largest batteries of cognitive tests ever collected, Johnson and
Bouchard (2005) demonstrated that, below the g factor, there are three separable second-stratum
domains of cognitive ability: verbal, perceptual, and mental rotation. Use of one test from each domain
should produce a well balanced g.

1. Raven's advanced progressive matrices test, set Il (RAPM)

The RAPM (Raven, Raven, & Court, 1998) is a measure of abstract perceptual reasoning. Each
item consists of a 3x3 matrix of geometric patterns with the bottom right pattern missing. The
participants' task is to select the option that correctly completes the matrix. There are eight alternative
answers for each item. The test is presented in increasing order of difficulty. After two practice items
with feedback, participants were then given 45 min to complete 36 items.

2. DAT verbal reasoning test

The verbal reasoning section of the Differential Aptitudes Test (DAT-V, The Psychological
Corporation, 1995) was administered to each participant. Each problem consisted of a sentence with
two words missing, and participants chose a pair of words from the answer options that were related to
the words in the sentence in some way. After two practice items, participants had 15 min to complete
40 problems.

3. Mental rotations test, set A (MRT-A)

The MRT-A (Vandenberg & Kruse, 1978) contains 24 problems and measures mental rotation
ability, which appears to be a distinct component of intelligence at the same level as verbal ability and
perceptual ability (Johnson & Bouchard, 2005). Each problem in the MRT-A shows a three-
dimensional target figure paired with four choice figures, two of which are rotated versions of the
target figure. To score a point, both rotated versions must be identified. After two practice items with
feedback and an explanation, the first 12 problems were attempted in 4 min with a 2 min break before
attempting the second 12 in another 4 min. The maximum score is 24.

Mean scores on the three cognitive ability measures (RAPM, DAT-V, and MRT-A) suggested a
mean IQ for the entire sample in the range of 100 to 110.

PROCESSING SPEED TESTS

1. Verbal speed test (Speed-V)

An English adaptation of a sub-test from the Berlin model of Intelligence Structure (BIS; Jaeger,
1982, 1984). The task was to fill in the missing letter from a 7-letter word; 60 s were given to



complete the 57 items. The score is the number completed correctly in 60 s.

2. Numerical speed test (Speed-N)

The Speed of Information Processing sub-test from the British Ability Scales (Elliot, 1996). The
task was to cross out the highest number in each row of five numbers; 60 s were given to complete 48
items. The score is the number completed correctly in 60 s.

3. Figural speed test (Speed-F)

Digit-Symbol, Coding, a sub-test of the WAIS-R that loads on the “processing speed” factor
(Deary, 2001). The test was to enter the appropriate symbol (given by a key at the top of the form)
beneath a random series of digits; 90 s were given to complete 93 items. The score is the number
completed correctly in 90 s.

WORKING MEMORY

1. Operation span task (Turner &Engle, 1989)

The Operation Span (Ospan) task requires participants to store a series of unrelated words in
memory while simultaneously solving a series of simple math operations, such as “Is (9/3) — 1=1?"".
After participants selected the answer, they were presented with a word (e.g., DOG) to recall. Then
participants moved on to the next operation-word string. This procedure was repeated until the end of
a set, which varied from two to six items in length. Participants were then prompted to recall all the
words from the past set in the same order in which they were presented by typing each word into a
box, and using the up and down arrow keys on the keyboard to cycle through the boxes.

Before the main task, participants encountered three practice problems with set size two, where
they received feedback about their performance. During these practice trials, we calculated for each
participant how long it took them to solve the math operations. Consistent with the methodology of the
Automated Ospan task (Unsworth, Heitz, Schrock, & Engle, 2005), we did this to control for
individual differences in the time required to solve the math operations. Their mean performance time
to solve the equations, plus 2.5 SD was used as the time limit for the presentation of the math
equations during the main task.

The Ospan score is the sum of all correctly recalled words in their correct positions. The number of
operation word-pairs in a set was varied between two, three, four, five, and six with three sets of each.
Overall score could range from 0 to 60. Prior research has demonstrated significant correlations
between Operation Span and g (e.g., Unsworth & Engle, 2005a) and a high loading of Operation Span
on a general working memory factor (Kane et al., 2004).

B pesynbrare mpoBeIeHHOTO SKCIIEPUMEHTa OBIJIO BBISBICHO, YTO PE3YJIBTATHI TIEPBOTO
IPOXOXK/ICHHE 00OMX TECTOB Ha accolMaTuBHOE HayueHne (AL) 3HAYMMO XyXKe, YeM IO CIICTYIOIIM
TpeMm (Tabin.1). B aToii cBsA3M, yunThiBast "poBHBIE" MOKA3aTENH 110 2, 3 U YeTBEPTOMY MPOXOXKICHUIO
TecToB Ha AL, B IMHEWHO-CTPYKTYPHOE MOJICTHMPOBAHHE HEOBUIN BKIIFOUCHBI JJAHHBIE 110 IIEPBOMY
IIPOXO0KICHHIO TeCTOB Ha AL.

J1714 BBISIBJICHHS] HE3aBUCUMBIX MPEAUKTOPOB (PaKTOpa g UCIOIB30BaJIOCh CTPYKTYPHO-JIMHEHHOE



MO/JICIMPOBAaHME C UCIOJIb30BaHUEM ITporpaMmbl Amos7.0. CTpyKTypHas MoJiesib IpeCTaBIeHa Ha
Fig.1. KoBapuarnmonHas MaTpuiia MOJenu npejactasieHa B Appendix A.

Kak BugHO U3 nipecraBieHHbIX Ha Fig.1 pe3ynpTaTtoB, accolmaTHBHOE HaydeHHE, pabovast maMsTh
¥ CKOPOCTbH BBITIOJIHECHHUS TIPOCTHIX YMCTBEHHBIX OIEpaIMii BHOCST HE3aBUCUMBIHN BKIa B hakTop g. B
LIEJIOM, MOJIeNIb 00BsICHAET 0KoJ10 40% o011eil qucnepcuu GakTopa g.

ABTOpPBI YKa3bIBAIOT, YTO OCHOBHOH LIEJIBbIO UX PAaOOTHI SIBIISIIOCH ONPEACIUTh (PAKTOp, BHOCAIINN
BKJ1a1 B G MOMUMO paboyveil mamMsiTi ¥ CKOPOCTH BBITIOJIHEHHSI POCTHIX YMCTBEHHBIX omepariuii. B
I1eJIOM, MOKHO TOBOPUTH O TOM, YTO BBIIBUHYTAas THIIOTE3a O HE3aBUCHMOM BKJIAJIe ACCOIIMATHBHOTO

Hay4yeHUs B (aKTOp g MOATBEPANIACE.

7. MPUJIOKEHUA

Table 1
Descriptive statistics for leaming trials on 3-Term and P& (N =169,

Mean 5D Mlin Ml ax Cormrelation with g

3-Term tral 1 3.28 3.50 0 21 14

3-Term trial 2 927 b.61 0 30 34t

3-Term trial 3 14.62 191 0 30 33

3-Term trial 4 18.82 8.17 0 30 33

P4 trial 1 1185 6.65 1 28 19

PA trial 2 20.54 1.36 2 30 29t

PA trial 3 2408 6.73 2 30 .

PA trial 4 2579 5.85 5 30 2or

05 Yo 01,
Table 2
Correlations, means, and standard deviations of observed variables (N=169).
Measure 1 2 3 4 gl ] 7 8 9
1. RAPM (/36)
2. DAT-V (/40) 53
3. MRT-A (/24) S5Ot A3
4. Ospan (/24) 30 A 240
5. Speed-V [/57) 17 240 14 b
6. Speed-F (/90) 24 15* 17 15 24
7. Speed-M (/48) 25 10 21 A0 14 S
8. 3-Term (/90) g2 35 21 21 ik} J6* 02
9. PA(/O90) 31 23 14 14 1w 17 —105 B4
Mean 2172 2452 1321 44.53 41.36 6470 30.90 4270 J042
5.0. 553 5.86 5.34 761 .05 10,50 419 2137 19.15
Reliability 81 g8 85 g3 B0 60 .60 a3 .95

Motes: All reliability analyses are alpha coefficients, except for the three processing speed tests, in which the Spearman-Brown split-half coefficient was calculated
across all three tests, The parenthetical next to each test refers to the total score for each test.
*p=.05, " p=.0L

Table 3

Correlation matnx of latent variables in structural model (N = 1659).
Measure 1 2 3 4
l.g

2. Working memory (W) Ag*

3. Processing speed (Gs) R 24*

4., Associative leaming (AL) A5 2 17

P05, Vel



Fig. 1. Associative leaming, working memory capacity (WM, and processing speed (Gs) independently predict g. See Table 3 for correlations among latent
predictors. N= 168, * = 175.21, df= 111, p<.001, CH = 96, TLI= 95, RMSEA= 059, P{pse) = 189 #p<.05, ** p< 01,

Appendix A. Full covariance matrix uvsed to fit SEM model (N= 169).

Measure 1 2 3 4 3 ] 7 g a 10 11 12 13 14 15 16 17 18 19
RAPM -

DATV 53 -

META .59 43 -

SPEEDV A7 24 14 -

SPEEDF 24 A5 A7 24 -

SPEEDMN 25 10 21 14 51 -

Ospan 12 e 1 20 1 08 -

Ospan3 24 21 18 19 0na .03 33 -

Ospand L 41 23 19 A2 13 35 38 -

Ospan5 B 34 21 22 16 A1 27 37 56 -

Ospant 21 30 16 A0 08 03 25 26 55 .60 -

ThreeTerm1 A7 A8 A2 86 23 05 o7 10 08 16 17 -

ThreeTerm2 32 30 21 B4 A5 —.m 07 q1 04 16 13 A2 -

ThreeTerm3 30 35 20 10 14 .m 12 10 o7 16 20 A7 84 -

ThreeTerm4 30 34 A7 .07 16 .05 15 14 11 20 20 A6 74 .80 -

PAL 20 20 o7 14 A8 —.04 05 0B 05 08 19 A48 58 &7 59 -

PAZ 30 ] A2 16 19 —.02 05 09 03 A2 17 33 52 65 £S5 B4 -

PA3 28 20 14 16 A5 —.05 03 10 01 ] 12 24 45 .58 b4 69 89 -

PAd 30 22 A5 16 14 —.08 na A1 0z 18 10 21 44 .55 b1 60 82 84 -
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