


4 Interactions in Multiple
Regression: Models for Moderation




Chapter overview

7KLV FKDSWHU EXLOGY RQ VKH PXON.SCH UHJUHWLRQ PRGHOV SUHVHOMG
LQ HDUCLHU FKDSWHWV B\ LONRGFLQ) LQMUDFW.RQ WHUPV ZKLFK DUH

XVHG VR DAWHW K\ SRIKHVHY DERXW PRGHUDW.RQ LQ ZKLFK \WH H | HFW

R RQH SUHA.PWRU YDULHV DFFRUG.Q) WR DCRHU SUHALFWRU  7KH PDLQ
WRSLFV R WKLV FKDSWHU LQFOXGH

6SHFLI\ LQ) D UHJUHWLRQ PREHO | RU WIDW\W.FDO PRGHUDALRQ
3URELQ) DQ LQMUDPW.RQ ZLVWK D G FKRARPRXV PRGHUDVWRU

6SHFLI\ LQ) D UHJUHWLRQ PRGHO | RU D PXON.FDWIR)  PRGHUDARU
3URELQ) DQ LQMUDFW.RQ ZLVWK D PXONFDWHIRU  PRGHUDARU
3URELQ) DQ LQMUDFWRQ ZLVWK D FRQALQXRXV PRGHUDARU

$GYLFH | RU LQMUSUHW.Q) LQAMHUDPW.RQY XVLQJ PXON.SCH
UHJUHWLRQ

Table 4.0 CGreek letter notation used in this chapter

Greek letter English name Represents
i Lowercase 'beta’ Regression model parameter

(intercept or slope, depending an subscript)
L Lowercase ‘'omega’ Simple intercept or simple slope parameter

{depending on subscript)
o Lowercase ‘alpha’ Probability of Type | error




What is statistical moderation?

7KXV IDU ZH KDYH IRFXVHG RQ PRGHOV LC
YDULDEOHY KDYH DGGLWLYH HIIHFWV RQ C
2IWHQ KRZHYHU WZR RU PRUH YDULDEO
PXOWLSOLFDWLYH IDVKLRQ WR SUHGLFW C
WKLV VLWXDWLRQ iWkrkdidn LFZHDMZ HHQ SUHC
PHDQLQJ WKDW WKH HIITHFW RI RQH SUHGL
GHSHQGV RQ WKH YDOXH RI DQRWKHU SUH
WKH UHODWLRQ EHWZHHQ WKH ILUVW SUH!
GLIIHUHQW DFURVV GLIIHUHQW YDOXHV RI
WKH EHKDYLRXUDO DQG VRFLDO VFLHQFHYV
moderator WR UHIHU WR D YDULDEOH WKDW LC
EHWZHft@lDpredictor DQG DQ RXWFRPH WKH |
LV WKHQ D SUHGLFWRU YDULDEOH RI FHQV
PRGHO ,Q JHQHUDO WiboHe@ativaKIHV WHNQRQ\P |
ZLWK LQWHUDFWLRQ $V ZH ZLOO VHH ODW
WZR LQWHUDFWLQJ YDULDEOHV LV D PRGH
SUHGLFWRU LV HQWLUHO\ D PDWWHU RI KF
D JLYHQ PRGHO PDWKHPDWLFDOO\ WKH G



Interactions with a categorical
moderator



Research example for interaction with a
categorical moderator

, W PD\ EH HDVLHVW WR EHJLQ XQGHUVWDC(C
LOQWHUSUHW LOQWHUDFWLRQV LQ PXOWLSO
PRGHUDWRU LV D GLFKRWRPRXV YDULDEO
KRR DQG &KDVVLQ ZHUH LQWHUHVWI
ZKHWKHU SDUHQWDO DOFRKROLVP PRGHUL
DGROHVFHQWYY OHYHO RI HHIWHUQDOL]JLQJ
KHDY\ DOFRKRO XVH 3DUHQWDO DOFRKRO
D GLFKRWRPRXYVY YDULDEOH ZKLFK ZDV GXF
children of alcoholics &2%V DGROHVFHQWYV ZKR
RQH SDUHQW ZLWK D OLIHWLPH GLDJQRVL"
GHSHQGHQFH bPo@teo/s I BPRGROHVFHQWYV ZLWK
SDUHQW UHDFKLQJ DQ DOFRKRO GLVRUGHI
FRQVLGHU DQ RSHUDWLRQDOL]DWLRQ RI S
SURGXFHY D WKUHH FDWHJRU\ RUGLQDOO\
UHIOHFWLQJ D SDUWLFLSDQWYV QXPEHU R
([ WHUQDOL]JLQJ EHKDYLRXU ZDV RSHUDWLF
%HKDYLRU &KHFNOLVW $FKHQEDFK DQG ((
WKH GHSHQGHQW RXWFRPH KHDY\ DOFRKF
D FRPSRVLWH RI IRXU VHOIl UHSRUW DOFRF
HW DO IRU GHWDLOV 7KH UHJUHVVL
ODWHU XVH D VXEVHW RI FDVHV IURP D OD
GDWDVHW WKHVH GDWD FRERAOMRPHQWYV Z
HIWHUQDOL]JLQJ zDV REVHUYHG DW DJH |

REVHUYHG DW2DOIMWKHVH SDUWLFLSbQWYV
ZHUH &2%V

__)ORUD HW DO UHSRUWHG D PRUH F|
DQDO\VHV H[DPLQLQJ KRZ SDUHQWDO DOFI
ORQJLWXGLQDO UHODWLRQV EHWZHHQ WU
DQG DOFRKRO XVH 6HH )ORUD HW DO IRU
WKH UHFUXLWPHQW RI SDUWLFLSDQWYV DQ
ORQJLWXGLQDO VWXG\ IURP ZKLFK WKH FX
GUDZQ



3

7KLV ODWDVHW LV DYDLCDECH RQ WWH VH W vV ZHESDIH

KWEV WG VDIHSXE FRP | CRID DORQ ZLWK DQARADWHG LQBXW
DQG RAMEXW | URP VHYHUDO SRSXCDU WIDW.WW.FDO VR WDIUH
SDFNDIHV VKRZLQ) KRZ WR UHSURGXFH WH DO VHY - SURVHONAG LQ
VKLV FKDSWAHU

,Q WKLV UHVHDUFK H[DPSOH ZH ZRXOG OL
UHODWLRQ EHWZHHQ WKH IRFDO SUHGLFW
EHKDYLRXU DQG WKH RXWFRPH KHDY\ DO
E\ WKH ELQDU\ SDUHQWDO DOFRKROLVP YI
K\SRWKHVL]H WKDW WKH UHODWLRQ EHWZ
DQG DOFRKRO XVH YDULHV DFFRUGLQJ WR
3HUKDSV H[WHUQDOL]LQJ LV PRUH VWURQ.
DPRQJ DGROHVFHQWY ZKR KDYH DQ DOFRK
WKRVH ZKR DUH QRW FKLOGUHQ RI DOFRKF
HVWLPDWLQJ DQG LQWHUSUHWLQJ D UHJUI
K\SRWKHVLY LW LV SUXGHQW WR H[DPLQH

ZDEOH JLYHV WKH FRUUHODWLRQV PHDQV
GHYLDWLROQV IRU WKH WKUHH YDULDEOHV
D VPDOO WR PRGHUDWH SRVLWLYH FRUUH(
H[WHUQDOL]LQJ DQG KHDY\ DOFRKRO XVH
DOFRKROLVP YDULDEOH LV SRVLWLYHO\ FF
HIWHUQDOL]LQJ DQG DOFRKRO XVH %XW V
FRUUHODWLRQV GR QRW FRQYH\ DQ\ LQIRL
RXU PRGHUDWLRQ K\SRWKHVLV ,W LV PRU
GDWD DQG VSHFLILFDOO\ WR SORW WKH |
IRFDO SUHGLFWRU H[WHUQDOL]JLQJ DQG \
DOFRKRO XVH VHSDUDWHO\ IRU WKH WZR
PRGHUDWRU SDUHQWDO DOFREKRIXUMP 1R¥X
ZH FDQ VHH WKDW DPRQJ WKH FRQWURO S
QRW DSSHDU WR EH DQ\ QRWDEOH DVVRFL
DQG H[WHUQDOL]JLQJ SULPDULO\ EHFDXVH
SDUWLFLSDQWY KDYH YDOXHV DW RU QHDL
DOFRKRO XVH RXWFRPH $PRQJ &2%V WKR;
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EH D VOLIKW SRVLWLYH UHODWLRQ EHWZH
DOFRKRO XVH 7KXV |URP D GHVFULSWLYH
VDPSOH GDWD DUH FRQVLVWHQW ZLWK WK
EHWZHHQ H[WHUQDOL]LQJ DQG DOFRKRO X
SDUHQWDO DOFRKROLVP %XW RXU XOWLP
EXLOG DQG WHVW D SRSXODWLRQ PRGHO \
PRGHUDWLRQ HIIHFW

Table 4.1 Correlations, means, and standard deviations for adolescent alcohol-use
gxample

Variable 1. 2. 3.
1. Parental alcoholism (0 = control, 1= COA) 1.00 . -
2. Externalizing behaviour 0.21 1.00 =
3. Heavy alcohol use 0.29 0.34 1.00
M 055 0.56 0.36
5D 0.50 0.44 0.a7

Nate. N = 165, M = mean, S0 = standard deviation,

Note. N Mo PHDQ SO WDQEDUG CHYLDWRQ

Figure 41 6 FDWWHUSORWY RI KHDY\ DOFRKRC(
OHYHOV RI SDUHQWDO DOFRKROLVP
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Model specification and interpretation with a
dichotomous moderator

$ PXOWLSOH UHJUHVVLRQ PRGHO LQFRUSR
DQG DQG DQ LQWHUDFWLRQ EHWZHHQ WKI
ZULWWHQ DV

Y; = By + By Xy + By X5, + B3 X5,

ZKHWHLYV PBross—product YDULDE OpdodiRt)term WKD
LV IRUPHG E\ PXOWDRQUBO\WRIHWKHU WK DMW
h ¥ 7KHUHIRUH WKLY PRGHO LV HTXLYDO

¥ = Bt Bk + Byt BulXy % K) - (4.1)

*LYHQ WKLV PRGHO LW LV DUELWUDU\ DbV
DV WKH IRFDO SUHGDAAWRKHDBREGHUDWRU R

WKH FRQFHSWXDO GLIITHUHQFH EHWZHHQ WV
PRGHUDWRU PDLQO\ FRPHVY LQWR SOD\ ZK}
LOWHUDFWLRQ DV ZH ZLOO VHH VKRUWO\
WKLV SRLQW OHWW MDWWKDWFDO SUHGLI

LV WKH PRGHUDWRU 7KH VL]H RI WKH SDU
FRHIILFLHQUUMSUHVHQWY WKH HIWHQW WR .

LQWHUDFWLR® DWW ZHMHHGLEFWY WKH RXVDFFE
WKH HIWHQW WP QEBLKKYH D PXOWLSOLFDW
WKH H{WHQW WRREHEOWHY WKH UHODD/QR

Y $V ZLWK DOO PXOWLSOH UHJUHVVLRQ PF
WKLY PRGHO LV PRVW RIWHQ HVWLPDWHG
VIXDUHV 2/6 PHWKR G&RKOE W HMHG KB UPRL
LV VWUDLJKWIRUZDUG WR H[SDQG WKH PR
LQFOXGH DGGLWLRQDO SUHGLFWRUV RU F
PHWKRGV SUHWHOWWEDLQEG RU HYHQ WR DG
DGGLWLRQDO LQWHUDFWLRQV %\ QR PHDC
HVWLPDWH DQG LQWHUSUHW WKH LQWHUD
LQ LVRODWLRQ IURP RWKHU LPSRUWDQW S
DQG WKH H[DPSOHV JLYHQ LQ WKLV FKDSW
RQO\ WZR SUHGLFWRUV DQG WKHLU LQWH




VDNH Rl FRQYHQLHQW VLPSOLFLW\ ,Q SUD
UHVXOWV FDQ EH REWDLQHG LI LPSRUWDQ
DUH RPLWWHG IURP D JLYHQ PRGHO

W LV FRQYHQLHQW WR UHIHU WR WKH (TX
B DQB DVYirst-order R Uower order HIITHFWV DQC
WKH LQWHUDFWERQWhighérWrder HITHFWW LV
FUXFLDO WR UHFRJQL]H WKDW WKH UHODW
SUHGLFWRU DQG WKH RXWFRPH YDULDEOH
RUGHU HIIHFW DQG WKH KLIJKHHWFROGHQ JHW
RULJLQDO LQWHUSUHWDWLRQV RI SDUWLD
IURP WKH HDUOLHU FKDSWHUV LW LV FOH
D RQH XQLW LQFUHDHAVUWLNQDQ LQIOXWMIQEW R
GHWHUPLQHGSFEDRBWRIWHQ UHVHDUFKHU"'
WR LOWHUSUHW ILUVW RUGHU HIIHFWV DV
LVRODWLRQ IURP WKHLU LQWHUSUHWDWLF
VR FDQ EH SHULORXV ,QVWHDG WKH ILUV
IRFDO SUHGLFWRU WKHAH FBHSIULAVHQW YV WK
OLQHDU UHJUHVVLRQ HIIHFW mRdn \BEK RWNe Y H
the moderator equals zero 1H[W WKH KLIJKHU RUGH
LOQOWHUDFWLRQ FRHIUHRWHMHQOQWY WKH DPR
VORSH IRU WKH IRFDO SUHGLFWRU FKDQJF
LQ WKH PRGHUDWRU 7KXV BQUHASDWYRQW
SDUWLDO UHJUHVVLRQ UH D)W RR)® E B WO F
ZKRVH YDAXHTRIDOV /KLY UHODWLRQ LV

DOJHEUDLFDOOY ;6 HWWIX®DWLRQ UHGXFF

_ 3RO\QRPLDO WHUPWVSWHNMXFK DV D TXDGU
XY YXYXxX¥ DUH DOVR KLJKHU RUGHU UHJUHYV

__ 2FFDVLRQDOO\ UHVHDUFKHUYV DUH WHPS
WKDW LQFOXGHYV D KLJKHU RUGHU SURGXF
RQH RU ERWK RI WKH ORZHU RUGHU SUHGL
SURGXFW YDULDEOH VXFK DV

}’;' = ,Bn + ﬁlxlf + Bz(le XXEE)‘



6XFK D PRGHO YL RODMWH Vr WeKgknality DQG LV
W\SLFDOO\ XQUHDOLVWLFDOO\ UHVWULFWI

,Q JHQHUDO PRGHOV LQFOXGLQJ LQWH
DOZD\V LQFOXGH ERWK WKH KLJKHU RUGH!
WKH ILUVW RUGHU HIIHFWV Rl WKH YDULDE
LQWHUDFWLRQ

Y, =By + Bi Xy + B, x 0+ B3(X; x 0)

= By + B Xy
ILNHZLYHUHSUHVHQWY WKH UHODDMGIPREE
FDVHVY ZKRVH YDHOTXADRN W PD\ EH WKD\

JHUR IRU WKH PRGHUDWRU UHSUHVHQWYV D
SDUWLFLSDQW IRU D SDUWLFXODU UHVHDL
PD\ QRW EH DQ\ FDVHV LQ WKH SRS X® DWLI
VLWXDWLRQ D GLUHFW L QAW RUKIUM \V DARLLRA
QRQVHQVH $ SURPLQHQW DSSURDFK WR L
LOQWHUDFWLRQV WKHQ LV WR VFDOH WKH
IDFW D SDUWLFXODUO\ PHDQLQJIXO DQG L
GHPRQVWUDWHG ODWHU

SHWXUQLQJ WR WKH DGROHVFHQW KHDY\ C
DSSO\ WKH PRGHO LQ (TXDWHBQHVYHQWEKQ.

HIWHUQDOL]LQJ EHKDDM. RMKIH BBQGEKRWRPRX

DOFRKROLVP YDULDEOH 7R HVWLPDWH WK
WHUP h ¥ LV UHSUHVHQWHG DV DXQHZKDDW

IRUPHG E\ PXOWLGCQGLWRIHWKKHQ WKH DO
XVH YDULDEOH LV UHJUHDQKBGXRDQJ 2/6

HVWLPDWLRQ WKH UHVXOWLQJ SDUDPHWH
LQZIDEOH )LUVW DQG IRUHPRVW ZH VKRXO
LOQWHUDFWLRQ HIITHFW LIJQRULQJ WKH RW
IRU WKH WLPH EHLQJ +HUH WKH HVWLPDYV

FRHIILFLHQW IRU WKH LQ\;ﬁ;&-IUDFWIVHH(BIR/\X/HU
VXEVWDQWLDO JLYHQ WKH VWDRGWHE GBY¥
XVH RXWHRPH DQG WKDW WKH LQWHUDF\
VWDWLVWLFDOO\ VLIQLILFDQW 7KHUHIRU



FRQFOXGH WKDW WKH GLFKRWRPRXYV SDUH
VLIQLILFDQWO\ PRGHUDWHYV WKH UHODWLF
EHKDYLRXU DQG DOFRKRO XVH %XW KRZ

SDUHQWDO DOFRKROLVP DIIHFW WKH UHOL
DQG DOFRKRO Xyrdbe WKFHD QQWHUDFWLRQ W
TXHVWLRQ ZKHUHE\ ZH ZLOO DUULYH DW I
LOQWHUSUHWDWLRQ RI WKH HIITHFW RI H[WH
DFURVV WKH WZR FDWHJRULHYV RI SDUHQW

__ 6RPH VRIWZDUH UHJUHVVLRQ SURFHGXU
WR HQWHU pYDU YDU §¥ DV DQ LQGHSHQGH
VXEVWLWXWLQJ WKH DFWXDO YDULDEOH (
bYDU y DQG pYDU §y LQVWHDG RI ILUVW FU
YDULDEOH HTXDOLQJ WKH SURGXFW RI pYL
WKH VRIWZDUH H[DPSOHV RQ WKH ERRNYVV

Table 4.2 Results for OLS regression of heavy alcohol use on externalizing behaviour,
parental alcoholism, and their interaction

Variable 4 SE(P) t p 95% CI
Intercept 0104 Q07 - = -

X : Externalizing Q102 0173 0.58 56 (—0.240, 0.443)

X, COA 0.002 0155 0.0 29 (-0.305, 0.308)

X,: Externalizing = COA Q.567 0.224 2.53 )] (0124, 1.010)
MNote, N = 165. B* = 194, F(3161) = 1294, p < 001, 5E = standard error.

Note. N R F D SE
VWDQEDUG HULRU

%HIRUH PRYLQJ RQ WKRXJK , RIITHU D ZRL
LOQWHUDFWLRQ HIIHFW LV QRQVLJQLILFDOQ\
TXDQWLWDWLYHO\ WULYLDO LW LV KHOSI»
IURP WKH PRGHO WR REWDLQ PRUH HDVLO
HVWLPDWHV IRU WKH RULJLQDO ILUVW RU
LQVWHDG RI LOWHUSUHWLQJ HVWLPDWHYV
PRGHO RI (TXDWLRQ LOQWHUSUHW HVWL
(TXDWLRQ ZKLFK LV HTXLYBOHQW WR

FOWKRXIK LW LV WUXH WKDW LI WKH LQWF
DQG ZHDN WKH HVWLPDWHV RI WKH ILU)BIW



DQﬁz IURP HVWLPDWLQJ (TXDWLRQ VKR’
vLPLODU WR WKH HVWLPDWHY REWDLQHG .

LOFOXGHG LQ W el e®P HYWLPDWLQJ (
LQ P\ H[SHULHQFH WKDW LV QRW DOZ

HVSHFLD(ﬁD\RlﬁE LY DOVR VPDOO DQG LQI
FRQFOXVLRQV UHJDUGLQJ WKHVH ILUVW R
EDVHG RQ ZKHWKHU D WULYLDO LQWHUDFV
PRUH JHQHUDO SULQFLSOH LV WKDW ZKHQ
ZHDN WULYLDOO\ LPSRUWDQW HIIHFWV D
WKRVH HITHFWV LQFOXGHG PD\ EH LQWHUS
VDNH RI SDUVLPRQ\

6HFW.RQ UHDS




Specifying a regression model for
statistical moderation

6VWW. WY FDOmoderation RFFXW ZKHQ WH DWRFLDW.RQ ERWHHQ
D | RFDO SUHALFPWRU DQG DQ RXWFRPH YDULDECH ALl | HWV DFURW WKH
CHYHOY R DQRXKHU SUHALFWRU  WHmoderator

ORCHUIDW.RQ FDQ EH DWHWHG XVLQ] PXONLSCH UHTUHWLRQ B\
WWNLQ] WKHinteraction EHRWHHQ WH | RFDO SUHALFWRU X

DQG VKH PRGHDARU ¥, QMUDPW.RQY DUH LFOXGHG LQ D

PXON.SCH UHJUMWLRQ PRGHO B\ LFRUSRUDALQ) Dproduct term
¥ h X LQWH UJUHAWLRQ HTXDW.RQ

¥ = B+ B Bk, £ BulX, %K)

tHH £ DQG A DH WHfirst-order RJU CRZHU RUGHU
HIHFW R ¥ DGXY  UHVSHAWYHO  ZKHUHDV WH LOAHUDFW.RQ
HIHW B8 LV Dhigher order HIHFW 7KHW]HR #

TXDQAI LHV VWKH H VOV R VWKH LQMHUDFWRQ RU PRGHUDWRQ
H | HFW

, WLV LPSROMDQN QRWWR LOMHUSUHW A RU £ DV D VR FDOOHG
b PDLQHIHW ,QWDG £ UHSUIHVHON VWH H THFWR X
only | RU D FDVH ZKLFK KDV X CLNZLWVH 6 UHSURVHONW
WHHIHWR X on/y RUD FDVH ZKLFK KDV X




Probing an interaction with simple—slope
analysis

2FFDVLRQDOO\ XSRQ ILQGLQJ D VLJQLILFEL
UHVHDUFKHUY ZLOO pVSOLWY WKHLU GDWI
PRGHUDWRU IRUPLQJ RQH GDWDVHW FRQV
ZLWK RQH YDOXH RI WKH PRGHUDWRU RU
RI YDOXHV IRU WKH PRGHUDWRU DQG D Vt
SDUWLFLSDQWY DW WKH RWKHU YDOXH R
PRGHUDWRU 7KH QH[W VWHS LV WR HVWLF
WKH IRFDO SUHGLFWRU DQG WKH RXWFRPE
WKHVH WZR GDWDVHWY FRPSDULQJ UHVX(
RI WKH LQWHUDFWLRQ )RU LQVWDQFH ZL'
FRXOG FUHDWH RQH GDWDVHW FRQWDLQLC
SDUWLFLSDQWY DQG XVH WKLY GDWDVHW
EHWZHHQ DOFRKRO XVH DQG H[WHUQDOL]L
ZH FRXOG FUHDWH D VHFRQG GDWDVHW FFk
WKLV VHFRQG GDWDVHW WR JHW WKH UHO
DQG H[WHUQDOL]JLQJ DPRQJ &2%V DQG WK|
ZLWK WKH VHSDUDWH UHVXOWY REWDLQHC
DSSURDFK WR SURELQJ DQ LQWHUDFWLRQ
SURGXFHYVY LOFRUUHFW HVWLPDWHYV RI WK
UHJUHVVLRQ VORSHV UHODWLQJ WKH IRFD
RXWFRPH ZKLFK LQ WXUQ OHDGV WR LQFR
DQG FRQILGHQFH LQWHUYDOV IRU WKH UH:
SUHGLFWRU DQG WKH RXWFRPH DFURVV W
,QVWHDG WKH QDWXUH RI DQ LQWHUDFWL
XVLQJ WKH FRPSOHWH GDWDVHW ZLWK FD
WKH HVWLPDWHG SDUDPHWHUYV RI (TXDWLF
GRLQJ VR LV WR SUREH DQ LQimdldi3Fo¥éL RQ
analysis

'LWK VRPH EDVLF DOJHEUD RQH FDQ VHH
HTXLYDOHQW WR

Y, = (B, + B, X,;) + (B, + B X,,)X;;. (4.2)



7KH ILUVW WHUP LQ SDUHQWKHVHYV RI (TXIL
FDOOHGiMWkKHntercept IRW DQG WKH VHFRQG

SDUHQWKHVHYV sipYeHMoW KHRHIILFLH QW TRD W
LYV LI ZH GHILQH WKH VLPSOH D@WHUFHSW

@y =By + B, Xz:) (4.3)
DQG GHILQH WKH VLPSOBWORSH IRU

0, = (ﬁl A ﬁ3X2;): (4-4)
WKHQ (TXDWLRQ FDQ EH ZULWWHQ DV

Y =+ 0, X - (4.5)
(TXDWLRQ LV OLNH D VLPSOH UHJUHVVL
LQWURGXBKOIWHU (TXDWLRQ 1LQ \WKKD
VLPSOH LOWHUFHSWHR WKH SUHGLFW & H(
X DQG WKH VLPSOH V.ORSBIH HRUWKH SUF

FKDQJH DVRFLDWHG ZLWK D RQH/ X @LXW FLk
LV FOHDU IURP (TXDWLRQV « DQ® G H\BKOD
Y WKXV WKHVH WHUPV UHIOHFW WKDW W/
DQGLY PRGHUDWHGVEPHQWLRQHG PDWKHF
LV DUELWUDU\ DV WR ZKILRKYYDWLDEOHUJUH:

WKH PRGHUDWRU &RQVHTXHQWO\ MXVW LC
VORSHANRMKDW LV D IXQFWERQ@ERQ DOVR GF

VLPSOH VORSWHKRW LV D IXQFWS$RIMLQ |

VXEVWDQWLYH FRQWH[W VKRXOG GHWHUP|
Rl SULPDU\ LPSRUWDQFH

, Q WKH FXUUHQW H[DPSOH H[DPLQLQJ WKH
HIWHUQDOL]LQJ EHKDYLRXUJIRBRG SWKHHGEE
DOFRKROLVP PRGHWIPOAVREGHUDWRU LV GLF

RU &2% TKHUKM I BQYB HDFK KDYH RQO
SRVVLEOH YDOXHV WKDW LV WKHUH DUH
UHJUHVVLRQ HTXDWLRQV IRU WKH UHODWL
DQG KHDY\ DOFRKRO XVH RQH IRU HDFK Y
FROQOWURO SDUWLFLSDQWY ZLWKRXW DQ DC



X DQG VR XVLQJ (TXDWLRQYV DQG
LOWHUFHSW DQG VLPSOH VORSH IRU WKHV

Wox,=0 = Bo+ B, x 0=,

DQG
Wy x,-0 = B+ B3 x0=p,

UHVSHFWLYHO\ 7KXV WKH VLPSOH LQWHU
WKH HIIHFW Rl H{IWHUQDOL]LQJ RQ DOFRKF
SDUWLFLSDQWY HTXDO AVKH Q® WRHRDFH SWH (

VORSH IURP WKH RULJLQDO UHJUHVVLRQ

(TXDWLRQ /KLY REVHUYDWLRQ LV FRQ
SUHYLRXV VWDWHPHQW WKDSN UQ SUMNDMWQW

SDUWLDO UHJUHVVLRQ UH QEDR® GEH WZWiH
ZKRVH YDaxXHTKIDOV joEPH Bo=0.104 5o

ﬁl=0.102 fKHUHIRUH WKH HVWLPDWHG VL
HTXDWLRQ RI DOFRKRO XVH RQ HIWHUQDO
SDUWLFLSDQWYV LV

¥, =0.104 + 0.102(X, ). (4.6)

1H[W IRU WKH FKLOGUHQ RI DOFRKROLFQC

VR WKH VLPSOH LQWHUFHSW DQG VLPSOH
SDUWLFLSDQWY DUH

Woix,<1 = Po + B x1= Py + S,

DQG
Oyx,-1 = Py + B3 x1= B + By

UHVSHEWLXHO\ $IJDLQ XVLQJ WHKHE BINWLPI
oyt = Bo + B, =0.104 +0.002 = 0.106

DQG ) R
Gy = B+ By =0.102 + 0.567 = 0.669-



fKHUHIRUH WKH HVWLPDWHG VLPSOH UHJ
DOFRKRO XVH RQ H[WHUQDOL]JLQJ IRU FKL(

Y =0.106 + 0.669(X, ). (4.7)

&RPSDULQJ (TXDWLRQ ZLWK (TXDWLRQ

WKH HIIHFW RI HIWHUQDOL]JLQJ L H WKH

HIWHUQDOL]LQJ LV PXFK VWURQJHU DPRQ
WKDQ DPRQJ FRQWWHRONYHYVY D SORW RI WK
HVWLPDWHG VLPSOH UHJUHVVLRQ HTXDWL
LOOXVWUDWLQJ WKDW WKH VORSH RI H[WF
RQ WKH SDUHQWDO DOFRKROLVP PRGHUDMW

YHFDXVH WKH FRHIILFLHQW IRU WKH LQWF

ﬁ5=0567 LV VWDWLVWLFDOO\ VLIJQLILFDQ
HVWLPDWH RI WKH &2% JURXS L H WKH Jl
VLIQLILFDQWO\ GLITHUHQW IURP WKDW RI

$GGLWLRQDOO\ D UHVHDUFKHU PLJKW |
WKH VLPSOH VORSHVY WKHPVHOYHY DUH VL
VLIQLILFDQWO\ GLITHUHQW IURP JHUR RU
FRQILGHQFH LQWHUYDOV IRU WKH LQGLYL!
JHQHUDO: WHWW RI WKH HVWLPDWHG ILUVYV

RI WKH IRFDO SLBIIGH_‘FWVFKLHVHVW Rl WKH VLI
among participants whose value of the moderator equals zero

Dyx,=0 7KLV FRUUHVSRQGHQFH VKRXOG EH

VKRZQ HD @ix,-0 = P1 JUNHZLVH WKH FRQILG
LQWHUYDO RI WKH ILUVW RUGHU VORSH H\
SUHGLFWRU FRUUHVSRQGYV WR WKH FRQILC
VLPSOH VORSH DPRQJ SDUWLFLSDQWYV ZKR
HTXDOV JHUR 7KHUHIRUH LQ WKH RFXWHWE
WKH VORSH HVWLPDWH IRU HIWWEWK DQG LLFT
WKDW WKH H[WHUQDOL]LQJ VLPSOH VORSH
SDUWLFLSDQWYV LV QRW VLJQLOIGF VNGB W W Kk

DW D WLPHRQILGHQFH LQWHUYDO &, IRU
LV " 7KHUHIRUH RQH QHHGV RQ!
VXPPDU\ Rl WKH UHVXOWV IURP WKH RULJL



LOQWHUDFWLRQ WHUP LQFOXGHG WR ILQG \
LH ¢ WHVW DQG FRQILGHQFH LQWHUYDO
RI WKH IRFDO SUHGLFWRU DPRQJ SDUWLFL
PRGHUDWRU HTXDOV JHUR *HWWLQJ WKH
FRQILGHQFH LQWHUYDO RI VLPSOH VORSH!'
PRGHUDWRU LV VOLJKWO\ PRUH FRPSOH]

_ 7TKH PHDQLQJ RI pRQH DW D WLPHY LV HJ[
WKLV FKDSWHU

Figure 4.2 6 FDWWHUSORW RI KHDY\ DOFRKRO
HIWHUQDOL]LQJ ZLWK ILWWHG UHJUHVVLRI
DOFRKROLVP VROLG OLQH DQG VROLG GD)
DOFRKROLFV >&2%$V@ GDVKHG OLQH DQG F
FERQWURO SDUWLFLSDQWYV

4_ 4]

L)
1

Alcohol use

Externalizing

$V VKRZzQ HDUOLHU WKH VLPSOH VORSH R
DPRQJ SDUWLFLSDQWYV ZKRVH YDOXH RI W|

Ox,-1 =B+ Py 7K LEK LQ WKH FXUUHQW H[DP
VORSH RI WKH &2%$ JURXS %HFDXVH WKH V

VLPSOH V@”-“fle GHSHQGV RQ WZR UHJUHVYV

HVWLPE)BIIHED‘Q)Q?, LWV VWDQGDUG HUURU LV
GLVFHUQLEOH IURP WKH XVXDO GHIDXOW \
RXWSXW ZKLFK PHDOQNVNHNKDWOWKARQILGHQ
RI WKLV VLPSOH VORSH DUH DOVR QRW LP



vwbDQGDUG HUURU RI WKLV VLPSOH VORSH
IRUPXODYV SURYLGHG E\ %DXHU DQG &XUUL
UHVRXUFHYVY EXW GRLQJ VR UHTXLUHV FDO
asymptotic covariance matrix Rl WKH UHJUHVVLRQ FI

HVWLPDWGIWKRXJK VWDQGDUG VRIWZDUH F
YDOXHV QHHGHG IRU WKLY FDOFXODWLRQ
LV HTXDOO\ HIITHFWLYH IRU WHVWLQJ VLPS
FROQVWUXFWLQJ WKHLU FRQILGHQFH LQWH
HDVLO\ XQGHUVWRRG

_— %ULHIO\ WKH DV\PSWRWLF FRYDULDQFH
UHJUHVVLRQ FRHIILFLHQW HVWLPDWHYV FR
WKH VDPSOLQJ GLVWULEXWLRQ RI WKH VO
VTXDUH URRWY DUH WKH VWDQGDUG HUUR
VORSHY DV ZHOO DV WKH FRYDULDQFHV D
IURP D K\SRWKHWLFDOO\ LQILQLWH QXPEH

7KLV DOWHUQDWLYH SURFHGXUH WDNHV D
WKH ILUVW RUGHU UHJUHVVLRQ FRHIILFLH
SUHGLFWRU UHSUHVHQWY WKH VLPSOH VO
RI WRHRGHUDWRU HTXDOV  7KH WULFN LV
WUDQVIRUP WKH PRGHUDWRU WR FKDQJH
RI RQ WKH PRGHUDWRU DQG WKHQ UHHVV
D GLIIHUHQW HVWLPDWH RI WKH ILUVW RU:
FRHIILFLHQW IRU WKH IRFDQ S/UHYGWL PWRU
FRQILGHQFH LQWHUYDO RI WKLV QHZ HVWI
UHJUHVVLRQ FRHIILFLHQW WKHQ SHUWDLQ
WKH QHZ YDOXH RI WKH PRGHUDWRU 7R D
WKH FXUUHQW H[DPSOH ZH FDQ VLPSO\ U}t
YDULDEOH WR FUHDWH D QHZ GXPP\ YDULEL
VXFK WKDW Q&2$%$ IRU WKH FKLOGUHQ RI
IRU WKH FRQWURO SDUWLFLSDQWYV :H WI
RI (TXDWLRQ X DUWKQ UHSUHVHQWLQJ H[V

EHKDYLRXQRZ UHSUHVHQWLQJ WKH QHZ Q&

LOQWHUDFWLRQ WHUP QRZ EHLQJ WKH SURC
YDULDEOH DQG Q&2$



7KH UHVXOWYV IURP WKLV PRGHOODBOWH PDW

JLUVW QRWH DMX® WW YV FRUUHAWSHRQ/EG IDQH

LGHQWLFDO WR WKRVH REWDLQHG HDUOLF
FXUUHQW PRGHO XVLQJ WKH UHFRGHG &2$%
HTXLYDOHQW WR WKH SUHYLRXV PRGHO X\
YDULDEOH 1H[W WKH FRHIILFLHQWYV IRU V
LQVWHDG RI &2$ DQG WKH LQWHUDFWLRQ
HDUOLHUZIFEOH H[FHSW WKH\ DUH QRZ QH
Q&2$ LV VLPSO\ D UHYHUVH FRGLQJ RI WK#
OLNHZLVH WKH VWDQGDUG HUURU RI WKH

XQFKDOQJHG@DOO\ WKH SULPDU\ UHDVRQ IR
PRGHO XVLQJ Q&2%$ LV WR REWDLQ D QHZ I
IRU WKH IRFDO SUHGLFWRU H[WHUQDOL]L
LWV VWDQGDUGNVHYWRW QG FRQILGHQFH LQ

ILUVW RUGHU FRHIILFLHQW 1881 =0.669,5p0
HTXDOV WKH VLPSOH VORSH HVWLPDWH FC
HITHFW Rl H{WHUQDOL]LQJ DPRQJ FKLOGUH
DIJDLQ ZH VHH WKDW WKH ILUVW RUGHU UH
WKH IREDO SUHGLFWRU UHSUHVHQWY WKH
ZKRVH YDOXH RI WKH PRGHUDWRU HTXDOV
HVWLPDWHG WKH PRGHO XVLQJ WKH Q&28%
ZKLEK LV FRGHG VXFK WKDW 0&2$  IRU V
DO DOFRKROLF SDUHQW %XW QRZ ZH DOV
HUURU RI WKLV VLPSOH VORSH HVWLPDWH
{ WHVW DOG D FRQILGHOFH LOWHUYDO HV\
VLPSOH VORSH 7KH7DHEDXOMKWHUG IRUH LOG
WKDW WKH H[WHUQDOL]LQJ VLPSOH VORSH
DOFRKROLFV LV VIPJOLILFDQ® WKH RQH DW

FRQILGHQFH LOQWHUYDO IRU WKLV VLPS

—_ $GGLWLRQPOO\ WKH LQWHUFHSW KDV F

LW QRZ UHSYHWRHWQIDWWLFLSDQWY ZKR KDY
RQ H[WHUQDOL]LQJ DQG JHUR IRU Q&2% ZK

WKH RULJLQDO PRGH O DA DMI RIDVY 1@RAUV



SDUWLFLSDQWYVY ZKR KDYH D YDOXH RI JHU|
JHUR IRU WKH RULJLQDO &2%$ YDULDEOH

Table 4.3 Results for OLS regression of heavy alcohol use on externalizing behaviour,
reverse-coded parental alcoholism, and their interaction

Variable B SE(fi) t p 953 Cj

Intercept Q106 Q.3 i o =

X: Externalizing 0.669 0143 4.69 <001 (0.387, 0.951)
X, nCOA 0.002 0155 0.01 560 (~0.308, 0.305)
X, Externalizing = nCOA 0.567 0.224 2.53 010 (1010, -0.124)

Note. N =165, R* = 194, F(3, 161) = 12.94, p < 001

Note. N R F )

,Q VXPPDU\ WKLV VHW RI DQDO\VHV KDV F
WKDW SDUHQWDO DOFRKROLVP PRGHUDWH
HWHUQDOL]LQJ EHKDYLRXU DQG VXEVHTX
DPRQJ DGROHVFHQWY YLD WKH VLJQLILFD(
HWHUQDOL]LQJ YDULDEOH DQG WKH GLFK|
DOFRKROLVP YDULDEOH HLWKHU &2$%$ RU Q
LOQWHUDFWLRQ ZDV SUREHG E\ ILQGLQJ VL
VSHFLILFDOO\ WKH UHODWLRQ EHWZHHQ t

XVH zDV Vo=0.102 DQG QRQVLJIQLILFDQW
SDUWLFLSDQWY EXW DPRQJ FKLOGUHQ RI
ZDV D VWURQJHU VLJQLILFDQW SUHGLFWHF

®=0.669 7KLV LOWHUDFWLRQ HIIHFW)L\VX
__ ZKLFK VKRZV WKH VHSDUDWH VLPSOH L
FRQWURO DQG &2% JURXSV

2QH SRLQW RI FRQFHUQ IRU VLJQLILFDQFH
LV WKDW WKH FRPSDULVRQ Rp WEE XHW BAME
QRPLQDO DOSKD OHYHO W\SLFDOO\ LV
VLQJOH WHVW %DXHU DQG &XUUDQ 7
WKDQ VLPSOH VORSH IRU VLJQLILFDQFH L\
PXOWLSOH FRPSDULVRQVpySURBGHP | R U WWzZH
VORSHV DUH ERWK FRPSDUHG ZLWK D QRP
WKHQ WKH SUREDELOLW)\ RI D 7A8H W HWWR |
LH WKH IDPLO\ ZLVH 7\SH , HUURU SURE
WKDQ 7KLV SUREOHP FRPSRXQGV DV PF



WZR OHYHOV DQG FRQVHTXHQWO\ VLJQLILI
LOQWHUHVW IRU PRUH WKDQ WZR VLPSOH V
NQRZQ DQG HDVLO\ LPSOHPHQWHG DSSURTI
SUREOHP LV WR FRQWURO WKH IDPLO\ ZLV
SUREDELOLW \BotRekr@Qnli—-Borrected DOSKD OHYHO
6SHFLILFDOO\ WKH %RQIHUURQL FRUUHFW
REWDLQHG E\ GLYLGLQJ WKH QRPLQDO DO.
H J E\ WKH QXPEHU RI VLIJQLILFDQFH
RXW HJ WKH QXPEHU RI VLPSOH VORSHYV
DOFRKRO XVH H[DPSOH WKHUH DUH WZR V
EH WHVWHG DQG VR WKH %RQIHUURQL FR
HDFK ZRXOG EH ¢ 7KH VLPSO
&2% SDUWLFLSDQWYV LV VWLOO VLJQLILFDQ
DOSKD OHYHO EHFDOMHWRYH WKH ILUVW RI
RI WKH HIWHUQDOL]LQJ SUH®IERMHRL JANYQ
WKDAQ 7KLV PXOWLSOH FRPSDULVRQ LV
FDOFXODWLRQ RI FRQILGHQFH LQWHUYDO\
LYV WKH UHDVRQ WKDW WKH FRQILGHQFH L
DUH UHIHUUHG WR DV pRQH DW D WLPHY FI
WKHVH FRQILGHQFH LQWHUYDOV SURYLGH
LI WKH\ DUH LQWHUSUHWHG IRU D VLQJOH
<HW DJDLQ WKRXJK ZH FDQ HDVLO\ DSSO
FRUUHFWLRQ \WikRilRamaMDB Icépfidence intervals IR U
PRUH WKDQ RQH VLPSOH VORSH HVWLPDW!
WKH FRQILGHQFH LQWHUYDO FRYHUDJH WEF
WKHQ WR FRQVWUXFW FRQILGHQFI
VLPSOH VORSHV ZLWK VLPXOWDQHRXYV F
EH EDVHG RQ " RU ,Q WKH
DOFRKRO XVH H[DPSOH WKH %RQIHUURQL
FRQILGHQFH LQWHUYDO LV " I
HIWHUQDOL]JLQJ VLPSOH VORSH DPRQJ QRC
%YRQIHUURQL FRUUHFWHG VLPXOWDQHRXYV
l1RWLFH WKDW WKHVH VLPXOWD
LOQWHUYDOV DUH ZLGHU WKDQ WKH FRUUH"
FRQILGHQFH LQWHUYDOV UHSRUWHG HDUO

7KH LQIHUHQWLDO FRQFOXVLRQV JLYHQ IR
FRQVLGHUHG WHQWDWLYH KRZHYHU EHFI



UHJUHVVLRQ DVVXPSWLRQV 7KH SULQFLS(
UHJUHVVLRQ GLDJQRVW LEKDSWHBSHSON HEG W
WR PRGHOV LOQFRUSRUDWLQJ LQWHUDFWLF
H[DPSOH ZH FDQ GHULYH WKH UHVLGXDOV
IURP WKH HVWLPDWHG PRGHO UHJUHVVLQ.
HWHUQDOL]LQJ EHKDYLRXU SDUHQWDO D
LOWHUDFWLRQ MXVW DV ZLWK DQ\ PXOWLS
+HUH WKH UHVLGXDOV FOHDUO\ GHYLDWH
GLVWULEXWLRQ DQG WKHUH LV D VOLJKW
KHWHURVFHGDVWLF SDWWHUQ LQ WKH SOF
YDOXHV)VHHIH 7KHVH SDWWHUQV RFFXU
EHFDXVH WKH KHDY\ DOFRKRO XVH RXWFR
IUHTXHQF\ RI REVHUXDWLA®DYHUR PDQ\ SD
GLG QRW HQJDJH LQ DQ\ DOFRKRO XVH <}
GLVWULEXWLRQ RI WKLV YDULDEOH LV SR\
WUDQVIRUPDWLRQ WR UHGXFH WKH VNHZQ
IDFW WKDW PDQ\ SDUWLFLSDQWY KDYH WK
RXWFRPH YDULDEOH DIWHU WUDQVIRUPDYV
SDUWLFLSDQWY KDYLQJ D VFRUH HTXDO W
SDUWLFLSDQWY ZLOO KDYH D VFRUH HTXD

__ $Q0 DOWHUQDWLYH DSSURDFK WR DQDO\\
YDULDEOH LV WR WUHDW LW DV WZR VHSD
GLFKRWRPRXV YDULDEOH UHSUHVHQWLQJ
UHSRUWHG DQ\ DOFRKRO XVH ZKLFK ZRXO
XVLQJ D FDWHJRULFDO YDULDEOH PHWKRG
UHJUHVVLRQ DQG D FRQWLQXRXV YDULDE
DPRXQW RI DOFRKRO XVH UHSRUWHG E\ SC
QRQJHUR XVH ZKLFK ZRXOG KDYH QRQUDOQ
SDUWLFLSDQWY UHSRUWLQJ JHUR XVH RQ '

Figure 4.3 +LVWRJUDP RI 6WXGHQWL]HG UHVL
DQG VFDWWHUSORW RI 6WXGHQWL]HG UHV
YDOXHV ULJKW SDQHO IURP UHJUHVVLRQ
HIWHUQDOL]LQJ SDUHQWDO DOFRKROLVP
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Probing an interaction with simple—slope
analysis

$Q LPSRMDQN HJ  WODWWUFDOO. VLIQLI LFDQNV  LQAWHUDRWRQ
H I H-WFDQ EHprobed XVLQ) Dsimple-slope DQDO WYV LQ
ZKLFK QLI | HHON HWEPDWG  UHIUAWLRQ HTXDW.RQY | RU WKH

UHCDW.RQ EHVWZHHQ WKH | RFDO SUHALFWRU DQG VWKH RXWFRPH DUH
REWOLQHG | RU ALl | HHQW YDOXHVY R WKH PRGHUDWRU  YDULDECH

) RUPDOO. WKH VLPSCH VCRSH PRGHO FDQ EH H SUHWHG DV

Yi=0w,+0kX;,

ki@ = (By + BoX5) Ly weet vescr LOMUFHSW LO VKH

WHUWWLROR ¥ ROY b™i — (By + BaXs) v v vLpscH
VORSH LQ VKH LHILMVLRQ R ¥ RQY

L KHQ X VKH PREHO UHOFHV WR
Yi=(B, + B, x 0) + (B, + B, x 0)X,,
B, + B X, :
RLILED UOLMALRD PREDT L H . (DORRD  HXDOY W

VLPSCH LOMUFHSW DQG VLPSCH VCRSH | RU XY among cases with X

SRQHTXHOND.  VWKH FRQ LGHQFH LQMHUYDO DQG ¢ v ru
JLYH VKH LQ HUHQALDO UHVXOA | RU VWH VLPSCH VIORSH DPRQJ
FOVHV ZLVK .Y

, I WKH PRGHDWRU Y LV D ALFKRWRPRXV GXPP\ YDULDECH VWHVH

DUH LQ HUHQALDO URVXOWN/ | RU WKH | RFDO SUHALFWRU LQ VWKH JURXS
FRGHG

7KH FRQ LGHFH LQMUYDO DQG ¢ WAWW I RU VWKH VLPSCH VIORSH
DPRQJ FDVHV ZLVK ¥ FDQ WHQ EH REWDLQHG B\ UHYHUWH

FRAQ GPP\ YDULDECHX VR WKDWWH RXHU JURXS LV FRGHG

DQG B UHHVWPDNV.Q) VKH PRGHO ZLWK VWKH Q2 UHYHUWH FREHG
G{PP\ YDULDECH DQG VWH FRUMHVSRQALQ) QHZ LQAHUDPW.RQ WALP




Model specification and interpretation with a
multicategory moderator

7KH VSHFLILFDWLRQ RI D PRGHO IRU D GLF
SUHVHQWHG HDUOLHU HDVLO\ JHQHUDOL]F
FDWHJRULFDO PRGHUDWRUYV ZLWK PRUH W
WKH DSSURDFKHV BXIW/OW GAHRGGIHPRQVWUD W
FRQWLQXH ZLWK WKH UHVHDUFK H[DPSOH
DOFRKROLVP LV K\SRWKHVL]JHG WR PRGHUI
HIWHUQDOL]LQJ EHKDYLRXU DQG VXEVHTX
DPRQJ DGROHVFHQWY )RU WKH SUHYLRXYV
DOFRKROLVP ZDV RSHUDWLRQDOL]HG DV D
LOGLFDWLQJ ZKHWKHU HDFK SDUWLFLSDQ)
DOFRKROLF SDUHQW RU ZDV D FRQWURO S
SRVVLEOH WR RSHUDWLRQDOL]H SDUHQWD
WKH QXPEHU Rl DOFRKROLF SDUHQWV RI H
7KLV RSHUDWLRQDOL]DWLRQ SURGXFHV D
YDULDEOH LQ ZKLFK HDFK SDUWLFLSDQW k
SDUHQWY RQH DOFRKROLF SDUHQW RU EI
7KHQ ZH FDQ XVH D VHW RI GXPP\ FRGH YD
WKLY RSHUDWLRQDOL]DWLRQ RI SDUHQW L
UHODWLRQ EHWZHHQ H[WHUQDOL]LQJ DQG
EHJLQQLQJ E\ GHVLJQDWLQJ WKH FRQWUR!
WKRVH ZLWK JHUR DOFRKROLF SDUHQWV [
VKRZQZDEOH $OWHUQDWLYHO\ RI FRXUVF
FRQWUDVW FRGH YDULDEOHV DPRQJ RWKH}
UHSUHVHQW WKLV WKUHH FDWHJRU\ PRGH

Table 4.4 Assignment of dummy-code values to parental alcoholism moderator

Dummy-code variable values

Number of alcoholic parents D,

(']

4] 0
1 1
2 0

- o o |9




7R UHSUHVHQW WKH LQWHUDFWLRQ EHWZF
PRGHUDWRU DQG D IRFDO SUHGLFWRU FRP
QHFHVVDU\ WR FUHDWH VHSDUDWH WHUPYV
WKH IRFDO SUHGLFWRU BREKRI/RPRXV LQC
YDULDEOH HJ GXPP\ FRGH YDULDEOHV R
YDULDEOHV XVHG WR UHABWHVRQWPWEKEHUD
LQWHUDFWLRQ EHWZHHQ WKH IRFIFO\8H RSl
PRGHUDWRU LV WKHQ UHSUHVHQWHMG E\ LC
SURGXFW WHUPV LQ D UHJUHVVLRQ PRGHO
FXUUHQW H[DPSOH WKHUH DYMUWEZROGIX/P P
WDNHQ WRJHWKHU UHSUHVHQW WKH WKUF
DOFRKROLVP PRGHUDWRU 6SHFLIZDEDO\

D) UHSUHVHQWV D FRPSDULVRQ RI WKH FRC
SDUWLFLSDQWY ZLWK RQH D QF RKSUHV B8O\
FRPSDULVRQ Rl WKH FRQWURO JURXS ZLW|
DOFRKROLF SDUHQWY 7KXV WR PRGHO Wl
WKUHH FDWHJRU\ PRGHUDWRU DQG WKH H|
IRFDO SUHGLFWRU LW LV QHFHVVDU\ WR F
ERWK Rl WKHVH GXPP\ FRGH YDULDEOHV ¢
DJDLQ UHSUHVHQWLQJ H[WHUQDOL]LQJ EH
YDULDEOHV WKH ILUVW RI ZKIL FKJL VDITEX D/

VHFRQGILW/? DQG LQFOXGH WKHP LQ D UH
DORQJ ZLWK WKH ILUVW RUGHU HIIHFWV R
WKH PRGHUDWRU

Y, = By + Bi Xy + BoDy; + B3Dy; + By(X,; x Dyy) + Bs(Xy; x Dy;)- (4.8)

*HQHUDOL]LQJ EH\RQFDWHKHRULHY VLWXDW
PXOWLSOH UHJUHVVLRQ PRGHQA ERWHK YDUL
DQG WKH LQWHUDFWLRQV EHWZHHQ WKHVI
IRFDO SUHGLFWRU FDQ EH H[SUHVVHG DV

. : Fad
F,= B+ B, (S B0+ 58X xDy)

ZKHUHQGH[HV/WKBURGXFW WHUPV IRUPHG
HDFK GXPP\ YDULDEOH E\ WKH IRFDO SUHG



7R WHVW WKH JHQHUDO K\SRWKHVLV WKDYV
PRGHUDWHY WKH UHODWLRQ EHWZHHQ H[W
LW PLIKW EH DGYDQWDJHRXV WR IROORZ I
VWUDWHI\ LQ ZKLFK WKHISURGXFQGEGWIHUPV

DUH FRQVLGHUHG WRJHWKHU DV D VHW RI
MRLQW VLIQLILFDQFH RI WKH HVWLPDWHYV

FRHIILFLHOQW\WGE ,Q RWKHU ZRIEARULWKH |

LQ (TXDWLRQ LV VLIQLILFDQW OR U WH P R/
UHVWULFWHG PRGHO WKDW GRHV QRW LQF
WHUPV L H D PRGHO® IDRBKERKVK HTXDO ]

YVKDW LV
Y, =By + B Xy + B,Dy; + B3 Dy, (4.9)

WKHQ ZH FDQ FRQFOXGH WKDW WKH WKUH
DOFRKROLVP YDULDEOH PRGHUDWHY WKH
HIWHUQDOL |IDQG WKH DOFRKRO XVH RXWEF

PDLQ UHDVRQ IRU IROORZLQJ WKLV KLHUD
LW LV SRVVLEOH IRU WKH WZR LQWHUDFWI
MRLQWO\ VLIJQLILFDQW DV D VHW ZKHQ QH
VLIQLILFDQW RQ LWV RZQ ,Q RWKHU ZRUG

REWDLQ D VLIQWHNDDQMRU WK H' RFYKHDUDIGIOD F
WKH PRGHOV LQ (TXDWLRQV DQG HY I

vHSDuDwivwWYV IFB: waPs LOWHUDFWLRO FR
HVWLPDWHV LV VLIJQLILFDQW ,I WKLV UHV
VWLOO VD\ WKDW WKH FDWHJRULFDO YDUL
PRGHUDWHY WKH UHODWLRQ EHWZHHQ WK

RXWFRPH $GGLWLRQ@DOO\ LI WKH LQGB4(L1

RBs LV VLIQLILFDQW RQH FDQ FRQFOXGH
VLIQLILFDQW PRGHUDWLRQ ,Q JHQHUDO |
QHFHVVDU\ IRU DOO UHJUHVVLRQ FRHIILFL
WHUPV LQYRONDRWHIRU\ PRGHUDWRU WR EI
RQH WR EH DEOH WR FRQFOXGH WKDW WK}
PRGHUDWLRDQ



SHWXUQLQJ WR WKH DOFRKRO XVH H[DPSO

ZLWKRXW LQWHUDFWLRQ WHUPV ATXDWLR
ZKHUHDV HVWLPDWLRQ RI WKH PRGHO ZLW

IRU WKH LQWHUDFWLRQ (TXDMWLRQ $OVWRIKER

WKLV LQFUKXDNVW YRPHZKDW VPDOO LW AN

F D VXSSRUWLIO\ER\WKH
WKDW WKH WKUHH FDWHJRU\ SDUHQWDO D
PRGHUDWHY WKH DVVRFLDWLRQ EHWZHHQ
DOFRKRO XVH )XUWKHU UHVXOWYV IURP WE
PRGHUDWLRQ PREHEIDBUHKHQHVWLPDWHG F
IRU WKH SURGXFW WHUP RI WKH ILUVW GX

By=0.574 | v VLIQLILFDQWD) WHISIMMAHQ WV |

FRPSDULVRQ RI WKH FRQWURO JURXS ZLW|
DOFRKROLF SDUHQW WKLV UHVXOW LQGLF
HWHUQDOL]LQJ LV VLJQLILFDQWO\ JUHDW
ZLWK RQH DOFRKROLF SDUHQW WKDQ DPRC(
SDUHQWY L H WKH VLPSOH VORSH RI H[W
VLIJQLILFDQWO\ JUHDWHU IRU WKRVH ZLWK
FRPSDUHG ZLWK WKH VLPSOH VORSH RI Wk
SDUHQWYV 1H[W WKH HVWLPDWHG FRHIILF

WHUP RI WKH VHFRQG GBi=0812) Incorw

VLIQLILFDQW ZKLFK LQGLFDWHY WKDW Wk
DPRQJ SDUWLFLSDQWYV ZLWK WZR DOFRKR
VLIQLILFDQWO\ GLIIHU IURP WKH H[WHUQD
FROWURO SDUWLFLSDQWY ,W PD\ EH VXUS
FRHIILFLHOW IRU WKLV VHFRQG SURGXFW
HYHQ WKRXJK LW KDV D JUHDWHU PDJQLW;
FRHIILFLHQW IRU WKH ILUVW SURGXFW WH
7KLV UHVXOW RFFXUV EHFDXVH WKHUH DU
LQ WKH VDPSOH ZKR KDYH WZR DOFRKROLI
KLJK VWDQGDUG HUURU WHUPV IRU WKH IL
HVWLPDWHG FRHIILF H @ VWL IORAO W RWEHDHH



Table 4.5 Results for OLS regression of heavy alcohol use on externalizing behaviour,
parental alcoholism (number of alcoholic parents), and their interaction

Variable B SE(f) t P 95% Cl
Intercept 0104 - - - -

X Externalizing 0302 omn 0.59 554 (=0.237, 0.440)
Dy Controls vs. one alcoholic parent -0.,048 0158 0.20 - (-0.360, 0.265)
D,: Controls vs. two alcoholic parents 0.273 0380 Q.72 AT (-0.478,1.024)
X,xD, 0574 0.226 254 012 (0.J28, 1.019)
X,xD, 0.812 0.580 1.34 164 (-0.334,1957)
Note. N =185, R® = 217, F(5,159) = B.83, p < 00

Note. N Vie F D

()
9




Specifying a regression model for a
multicategory moderator

$ FDWIRULFDO PRGHIDWRU ZLWK 4 FDWHIRULHV VKRXGG EH
LGFRUSRUDWHG LQ D UHTUHWLRQ PRGHO XVLQJ D VHWWR A "

GXPP\ FRGH YDULDECHV RU DQ HIXLYDCHQN UHSURVHONDW.RQ VXFK
DV FROADWV FRGH YDULDEGHV

IHW WR UHSUHVHOW VKH LQAHUDPW.RQ EHVZHHQ VWKH | RFDO
SUHALFWRU DQG VWH FDWHIRULFDO PRGHUDWRU FRPSUHKHQLYHO, ./
SURGKFW WHLPV VKRXQG EH | RIPHG B\ PXONSO LQ) HDFK A GXPP\
FRGH YDULDECH B\ WKH | RFDO SSHALFWRU ¥ 7KHQ WHVHJ &
SURGFW DUH LGFOXGHG DV SUHALPWRWY LQ VWH UHJUHWLRQ PRGHO
DORQ) ZLWK | LUMW RUGHU WHUPV | RU WKH | RFDO SUHA_.FWRU DQG VKH
G{PP\.  YDULDECHV

1

(K- ' i
- Bo+ BeX, +| 2 B.D|+| T B,(X, XD)|

k=1 \ J=1 J

7

+LHUDUFKLFDO UHTUHWLRQ FDQ EH XVHG WR G-VWHUPL(H ZKHWHU VWKH
set R J K SURGFWWARPV VLIQI LFDQAD LQFUHDVHV PXONLSCH

R LI VR RQH FRFOXGV WWDWVKH # FDWHWIRU.  YDULDECH
VLIQLI LFDQAD. PRGHUDMV VWKH H | HFWR  VKH | RFDO SUHGLFWRU




Probing an interaction with a multicategory
moderator

 QWHUDFWLRQV LQYROYLQJ D PXOWLFDWH
SUREHG LQ WKH VDPH PDQQHU WKDW ZDV
GLFKRWRPRXV PRGHUBWWHJRIUW KR RGHUDW |
VORSH DQDO\VLV FDQ EHAXVHRS /IR RE R/DH. (
IRU WKH HIIHFW RI WKH IRFDO SUHGLFWRU
WKH PRGHUDWRU ,Q JHQHUDO DOWKRXJK
PRGHUDWRUV FDQ EH HTXLYDOHQWO\ VSHEF
YDULDEOHV DPRQJ RWKHU FRGLQJ V\VWHF
LV PXFK HDVLHU LI WKH PRGHUDWRU LV U¥F
FRGH YDULDEOHV

SHWXUQLQJ WR WKH H[DPSOH DQDO\VLV J
FDWHJRU\ SDUHQWDO DOFRKROLVP YDULDI
WKH UHODWLRQ EHWZHHQ H[WHUQDOL]LQJ
SURFHHG WR SUREH WKH LOQWHUDFWLRQ X
DQEQDO\VLYV )LUVW EHFDXVH WKH GXPP\ FR:
VSHFLILHG VR WKDW WKH FRQWURO JURXS
DOFRKROLF SDUHQWY KDV D YDOXXH®EB | WKL

ILUVW RUGHU FRHIILFLHQW IRU WKH H[WHL
LV WKH VLPSOH VORSH IRU WKH SDUWLFLS
SDUHQWY WKLV LQWHUSUHWDWLRQ LV HD
YDOXH RI IRD PRWK Q (TXDWLRQ _7DEIRP

ZH EDQ VHH WKDW wkLv viLps B =0.102 4 by
QRW VLJQLILFDQWO\ GLIIHUHQW IURP JHUR
$SSURSULDWHO\ WKLV UHVXOW LV FRQVL\
VORSH UHVXOWV IRU WKH FRQWURO JURXS
WKH ELQDU\ SDUHQWDO DOFRKROLVP PRG}

1H[W WKH HVWLPDWHG FRHIIhFLHANHN PRILY

WKH DPRXQW WKDW WKH H[WHUQDOL]LQJ \
XQLW LQFUADWHKH@HIRUH WKH HVWLPDWFE

IRU SDUWLFLSDQWY ZLWK RQH DOFRKROLF



(B, +B,)=(0.102 +0.574) = 0.676 _ _ REWDLO C

FRQILGHQFH LQWHUYDO DQG GHWHUPLQH ;
HVWLPDWH LV VLIJQLILFDQW ZH FDQ H[SDC
RXWOLQHG HDUOLHU IRU WKH GLFKRWRPR:
YDULDEOH 6SHFLILFDOO\ ZH FUHDWH QHZ
ZLWWKKH RQH DOFRKROLF SDUHQW JURXS D
WKDW LV VR WKDW SDUWLFLSDQWV ZLWK
UDWKHU WKDQ WKRVH ZLWK QR DOFRKROL
YDOXH RI J[HUR RQ ERWK RI WKHVH WZR QH
WKH PRGHO LV UHHVWLPDWHG XVLQJ WKH\
QHZ SURGXFW WHUPV FURVVLQJ WKH QHZ |
HIWHUQDOL]LQJ IRFDO SUHGLFWRU WKH Q
FRHIILFLHQW Rl WKH H[WHUQDOL]JLQJ IRFD
VLPSOH VORSH HVWLPDWH IRU SDUWLFLSD
SDUHQW DQG WKH VWDQGDUG VWDWLVWLI
WKH VWDQGDUG HUUR Uz D\HEV WXE § B TRKRIQIWC
LOQWHUYDO IRU WKLV VLPEXEDMORS H RPISIO |
UHVXOWV IRU WKLV PRGHO :LWK WKH FXL
VORSH HVWLPDWH RI WKH RQH DOFRKROLF

vLJQLILEIB =0.675 » _
7KHUHIRUH DPRQJ SDUWLFLSDQWV ZLWK F
HIWHUQDOL]LQJ EHKDYLRXU VLJQLILFDQW:/
ROH DW D WLPH FRQILGHQFH LQWHUYDC
)LQDOO\ UHF DKDBYRWKDW G LI
GXPP\ FRGLQJ VIVWHPV IRU D PXOWLFDWH
HTXLYDOHQW UHJUHVVLRQ PRGHOV KHUH

PXOWIKSORG WKH FRUUHAWISRMNG UDYHLD EDW K
DUH LGHQWLFDO WR WKRVH IRU WKH RULJI
/(DEOH )XUWKHUPRUH WKH HVWLPDWHG FI
FRUUHVSRQGLQJ VWDQGDUG HQAWDEWH RY W

VDPH DV WEKDWOIHQ ZLWK WKH VLJQ UHYHUYV
ERWK UHSUHVHQW WKH LOQWHUDFWLRQ EH\
FRPSDULVRQ RI WKH FRQWURO JURXS ZLW|
DOFRKROLF SDUHQW



__ (YHQ XVLQJ D %RQIHUURQL FRUUHFWHG

7KLV QHZ VLPSOH VORSH HVWLPDWH LV
WKDW JLYHQ HDUOLHU EHFDXVH RI D PLQR

Table 4.6 Results for OLS regression of heavy alcohol use on externalizing behaviour,
parental alcoholism (number of alcoholic parents), and their interaction, with one-alcoholic
parent as reference category

Variable B SE(f) t P 95% Cl
Intercept 0.057 = = = -

X : Externalizing Q675 0046 4.60 <00 (0.385, 0.965)
D: One alcoholic parent vs. controls 0.047 0158 0.30 T6d (-0.265, 0.360)
D,: One vs. two alcoholic parents 0.321 0.384 0.84 A05 (-0.437,1.079)
X =D, 0.574 0.226 2.54 01z (-1.019, -0.28)
X, =0, 0.238 0573 D42 BT (-0.894, 1.370)

Note. N = 165, R? = 217, F{5, 159) = 8.83, p < .001.
Note. N K F D

6LPLODUO\ UHIHUULQJ EDFN WR BOKH WRR/ >
WKH RULJLQDO GXPP\ FRGLQJ V\VWHP WK
IRU h 0 JLYHV WKH DPRXQW WKDW WKH HJ[

LQFUHDVHV IRU D RQH X QLWWKMHUH BVH LW
HVWLPDWHG VLPSOH VORSH IRU SDUWLFLS

SDUHQ\/(ﬁl +f;)=(0.102 + 0.812) = 0.914 roFH

DJDLQ ZH FDQ REWDLQ D FRQILGHQFH LQV
WHVW IRU WKLV VLPSOH VORSH E\ UHHVWL
QHZ VHW RI GXPP\ FRGH YDULDEOHV WKLV
WKH UHIHUHQFH JURXS LV WKH WZR DOFRK
7DEOH IRU FRPSOHWH UHVXOWV :LWK WKI
XVLQJ WKLV ILQDO VHW RI GXPP\ YDULDEO
WHUPV XVLQJ WKHVH GXPP\ YDULDEOHV \
IRU WKH H[WHUQDOL]LQJ IRFDO SUHGLFWR
VORSH IRU WKH WZR DOFRKROLF SDUHQW .

rewiB=0913 , » 7KHUHIRUH
SDUWLFLSDQWY ZLWK WZR DOFRKROLF SDU
EHKDYLRXU GRHV QRW VLJQLILFDQWO\ SUF



WKH IDFW WKDW WKH HVWLPDWHG VLPSOH
DOFRKROLF SDUHQW JURXS LV ODUJHU WK
VORSH HVWLPDWH RI WKH RQH DOFRKROLF
SRWHQWLDOO\ FRQIXVLQJ UHVXOW LV H[SC
WKHUH DUH RQO\ QLQH SDUWLFLSDQWYV ZL
LQ WKH FXUUHQW VDPSOH

Table 4.7 Results for OLS regression of heavy alcohol use on externalizing behaviour,
parental alcoholism (number of alcohelic parents), and their interaction, with two-alcoholic
parents as reference category

Variable B SE(f) t p 95% Cl
Intercept 0.377 - = - -

X Externalizing 0.913 0.554 .85 A (-0181, 2.007)
D: Two alcoholic parents vs. controls 0273 0.380 072 A74 (-1.024, 0.478)
D,: One vs. two alcoholic parents 0.321 0.384 0.84 A05 (-1.079, 0.437)
X =D 0.812 0.580 140 d64 (~1.957, 0.334)
X, =D, 0.238 0.573 0.42 BF9 (-1.370, 0.894)
Note. N = 165, R? = 21T, F(5, 159) = B.83, p < .00

Note. N R F D

,Q VXP WKH FXUUHQW DQDO\VHV XVLQJ Wi
SDUHQWDO DOFRKROLVP PRGHUDWRU EDV}
DOFRKROLF SDUHQWYV RIIHUV OLWWOH VXE
WKH SUHYLRXV DQDO\VHV XVLQJ WKH VLPS
DOFRKROLVP YDULDEOH SULPDULO\ EHFDX
SDUWLFLSDQWY ZLWK WZR DOFRKROLF SDL
RI WKLV DQDO\VLV ZDV WR VKRZ WKDW WK
VWUDWHJILHV IRU VSHFLI\LQJ DQG LQWHUS
PRGHUDWLRQ K\SRWKHVHV WKDW ZHUH LQ
PRGHUDWRU HDVLO\ JHQHUDOL]H WR VLWX
K\SRWKHVL]HG PRGHUDWRU KDV PRUH WKL
SDUWLFXODU WKH PRGHO LQFRUSRUDWHYV
DUH WKH SURGXFW RI WKH IRFDO SUHGLFW
YDULDEOHV L H GXPP\ FRGH YDULDEOHV
PRGHUDWRU 1H[W VXEVWDQWLDO HJ V
VLIQLILFDQW LQWHUDFWLRQV FDQ EH SUF
DQDO\VLV 7KH FULWLFDO SRLQW KHUH LV
UHJUHVVLRQ FRHIILFLHQW IRU WKH IRFDO
VLPSOH VORSH IRU WKH OHYHO RI WKH PR«



JHUR RQ DOO GXPP\ YDULDEOHV &RQVHTX|
VHW Rl GXPP\ YDULDEOHV ZKLFK WRJHWKH
WR FKDQJH WKH UHIHUHQFH JURXS IRU WK
UHHVWLPDWHY WKH PRGHO DIWHU DOVR F
WHUPV ZLWK WKH QHZ VHW RI GXPP\ YDULI
WKH VLPSOH VORSH DQG FRUUHVSRQGLQJ
FRQILGHQFH LOQWHWHN® DRG WKH QHZ JUR
SDUWLFLSDQWY UHSUHVHQWLQJ WKH UHIH

6HPW.RQ UHFDS




Probing an interaction with a
multicategory moderator

' LWK DA FDWHIRWM PRCGHUDWRU  VLPSCH VAGRSH DQDO WLV FDQ EH
XVHG WR REWDLQ A VLPSCH VORSH HWLPDWAY | RU WKH H T HFW R
VWH | RFDO SUHALFWRU DFURW HDFK FDMHIRU R VWH PRGHUDWRU

SOMRXIK PRGHOV ZLVWK PXONFDWIRU  PRCHUDVWRW FDQ EH
HTXLYDCHOAND  VSHALI LHG XVLQ) FROQAUDWV FRCH YDULDECHY DPRQJ
RMHU FRAAQQ WWWPV  VLPSCH VCRSH DDA WLV LV PXFK HDVLHU

LI VWH FDWHIRULFDO PRGHUIDWRU LV UHSUAVHOMG XVLQI GXPP\  FRCH
YDULDECHV

7KH HWLPDWAHG | LUW RUGHU VIORSH FRH | LFLHQW | RU VKH | RFDO
SUHALFWRU UHSURVHOA VWKH VLPSCH VORSH HWW.PDVWAH | RU VKH
UH HUHQFH FDWORU LQ WKH GPP\ FRLQ) WP 7R REWDLQ VKH
VLPSCH VORSH HWEPDWH  DQG DWRFLDWAG WIDQEDUG HUURU

FRQ LGHQFH LQMUYDO DQG VLIQLI LFDGFH WAW | RU DQRVWKHU
FDMIRU.  FKDQIH WKH GXPP\ FRA.QJ A WWP VR VWDW VKH RWKHU
FDMIRU. EHFRPHV VWKH UH HUHCFH FDWWIRU. DQG UHHWA.PDWH VKH
PRGHO XVLQJ \WWH QHZ GXPP\ FRGH YDULDECHV DV ZHOD DV VWKH
FRUUHVSRQALQ) QHZ SURGKFW WALPV




Interactions with a continuous
moderator



Research example for interaction with a
continuous moderator

/R GHPRQVWUDWH WKH LQWHUSUHWDWLRC(
IURP D FRQWLQXRXVY PRGHUDWRU OHWYVYYV |
HIDPSOH ,Q WKLV H[DPSOH ZH DUH LQWHI
K\SRWKHVLY WKDW SHUFHLYHG VRFLDO VX
PRGHUDWHYVY WKH UHODWLRQ EHWZHHQ GLC
VWUHVVRUV DQG VXEVHTXHQW SV\FKRORJ
LV ZH K\SRWKHVL]H WKDW D SRVLWLYH DV
KDVVOHV DQG VI\PSWRPV VKRXOG EH ZHDN
KLIKHU OHYHOV RI VRFLDO VXSSRUW FRPS
ORZHU VRFLDO VXSSRUW 7KLV HPSLULFDC

GLUHFWO\ I[URP +RZHOO ZKR DGDSWH
'DJQHU 60DYLQ DQG 9DQQDWWD DQC
DQG +RZHOO 6SHFLILFDO®\ D VDPSO

XQLYHUVLW\ VWXGHQWY FRPSOHWHG WKH
6FDOH &RPSDV 'DYLV )RUV\WKH DQG :DJ
RSHUDWLRQDOL]DWLRQ RI GDLO\ KDVVOHYV
AXHVWLRQQDLUH 6DUDVRQ /HYLQH %DVK
SURYLGH VRFLDO VXSSRUW VFRUHV DQG \
&KHFNOLVW 'HURJDWLV /LSPDQ S5LFNHOV
WR SURYLGH RXWFRPH YDULDEOH VFR!
SV\FKRORJLFDO V\PSWRPDWRORJ\

7KLV CDADVHW LV DOVR DYDLCDECH RQ VWH W{ WV ZHESDUH

KW&/ WG VDIHSXE FRP | CRUD DORQ) ZLVWK DQCRADWHG LCBXW
DQG RABEXW | URP VHYHUDO SRSXCDU WDN\VW.FDO VR WZDULH
SDFNDIHV VKRZLQ) KRZ WR UHSURGXFH VWKH DCDO. VRV SUHVHONG
KHUHLQ

N

(DEOHJLYHVY GHVFULSWLYH VWDWLVWLFV
ZKHURDMXUH JLYHVY D VFDWWHUSORW PDWL



https://study.sagepub.com/flora

RSHUDWLRQDO YDULDEOHYV RI KDVVOHV V|
VIPSWRPV PLRYHH[SHFW WKHUH LV D VX
SRVLWLYH OLQHDU DVVRFLDWLRQ EHWZHH
%XW VRFLDO VXSSRUW LV RQO\ ZHDNO\
KDVVQOHV" DQG V\PSWRPYV ,PSRUWDQW
KRZHYHU WKLV SDWWHUQ RI FRUUHODWLE
WKH SRVVLELOLW\ RI DQ LQWHUDFWLRQ Et
VXSSRUW LQ WKH SUHGLFWLRQ RI VI\PSWRI
SURFHHG ZLWK HVWLPDWLQJ D UHJUHVVLR
SRWHQWLDO LQWHUDFWLRQ $W WKLV SRL
WKH VDPSOH GLVWULEXWLRQV RI KDVVOHYV
SRVLWLYHO\ VNHZHG DQG VHHP WR KDYH \
LVVXHV PD\ EHFRPH UHOHYDQW ZKHQ ZH D
GLDJQRVWLFV IRU DQ\ PRGHO ILWWHG WR
VWDQGDUG GHYLDWLRQ RI WKH KDVVOHYV ¢
ZLOO EH KHOSIXO WR NHHS LQ PLQG ZKHQ
FRHIILFLHQWY IRU WKLY YDULDEOH

Table 4.8 Correlations, means, and standard deviations for hassles example

1. 2. 3.

1. Hassles 1.00 = =
2. Social support A&7 1.00 =
3. sympltaoms -Tr) 133 1.00

¥ 170.20 28.96 90.43
S0 124.34 gle 21.0

Nate. N = 56.

Note. N

Figure 44 6 FDWWHUSORW PDWUL[ IRU KDVVO|
DQG SV\FKRORJLFDO V\PSWRPV GLDJRQDC
KLVWRJUDP RI HDFK YDULDEOH
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Model specification and interpretation with a
continuous moderator

2QFH DJDLQ UHSHDWLQJ (TXDWLRQ D F
PRGHO LQFRUSRUDWLQJ IV DRIS UBGE AR U V

EQWHUDFWLRQ EHWZHHQ WKHVH SUHGLFW
Y, = By + B Xy + B Xy + By( Xy x X)) s

ZKHWHLY WKH IRFDO SUHGUIAWWKHDBKBGHUD

WKH PRGHUDWRU LV FRQWLQXRXV UDWKHL
VWUDLJKWIRUZDUG WR HVWLPDWH WKLV P
PRVW FRPPRQ HVWLPDWLRQ PHWKRG EXW
LOQWHUDFWLRQ LQ SDUWLFXODU FRQGXFW
DQDO\VLVY LV VRPHZKDW PRUH FKD@OHWQKE

ILUVW RUGHU FRHIILFLHQW IRU WKH IRFDO
UHSUHVHQWY WKH VLPSOH OLQHDU UHJUH"
IRFDO SUHGLFWRU WR WKH RXWFRPH ZKHC
PRGHUDWRU HT$ODGVYWHBRDOWKH FRHIILFLI

WKH LQWHUDFWLRQ WHUP DJDLQ UHSUHV}
VORSH IRU WKH IRFDO SUHGLFWRU FKDQJF
LQ WKH PRGHUDWRU %XW ZLWK D FRQWLQ
XQLW LQFUHDVHY PD\ QRW EH DV HDV\ WR
FDWHJRULFDO PRGHUDWRU ZKHUH D pRQH
PHDQV EHORQJLQJ WR WKH QH[W FDWHJRU
VLPSOH VORSH DQDO\VLV FDQ VWLOO HIIH]
LQIOXHQFH RI D FRQWLQXRXV PRGHUDWRU

$SSO\LQJ WKH UHVHDUFK H[DPSOH WR WH
WKH UHJUHVVLRQ RI VIPSWRPV RQ KDVVOH
VXSSRUW ZH HVWLPDWH WKH PRGHO LQ (T
DM WKH IRFDO SUHGLFWRU DQG AV RWIKBO

PRGHUDWRU 2QFH DJDLQ WKH LQWHUDFW
SUHGLFWRU DQG WKH PRGHUDWRU LV UHSI
WHUP WKDW LV FUHDWHG DX R LISQWHU

FUHDWH D QHZ YDUUDIEQH ZKLFK LV LQFOX



WKH UHJUHVVLRQ PRGHO 7KH UHVXOWYV R/
WKH GDWD DUH VXPBEOH|HGUMYW DQG IRUH

LOWHUDFWLRQ LV VLioLILFDOQwW D
ZKLFK VXSSRUWV WKH K\SRWKHVLV WK
PRGHUDWHY WKH UHODWLRQ EHWZHHQ KD\
)XUWKHUPRUH EHFDXVH WKH HVWLPDWHG
LOQWHUDFWLRQ LV QHIJDWLYH ZH FDQ FRQTF
RI VRFLDO VXSSRUW DUH DVVRFLDWHG ZLV
EHWZHHQ KDVVOHV DQG V\PSWRPV %XW W
WKLV LQWHUDFWLRQ PRUH FRPSOHWHO\ Z
VLPSOH VORSH DQDO\VLV ZKLFK LV SUHVH

Table 49 Results for OLS regression of psychological symptoms on daily hassles, social
support, and their interaction

Variable p SE(3) t p 95% C|
Intercept 45751 - - - -

X Hassles 0.233 0.066 351 <001 (0100, 0.366)
X.: Social support 1.008 0.589 1.7 093 (—0173, 2.190)
X, Hassles » social support 0.005 0.002 214 034 {(-0.010, -0.000)

Note. B = 389, F(3, 52) = .01, p < .00

Note. K F D



Probing an interaction with a continuous
moderator

$V zDV WKH FDVH IRU D GLFKRWRPRXV PRC
HVWLPDWHG FRHIILFLHQW IRU WKH IRFDO
VLPSOH VORSH RI WKH IRFDO SUHGLFWRU
PRGHUDWRU HTXDOV JHUR ,Q WKH FXUUHC
/DEOHLQGLFDWH WKDW IRU D K\SRWKHWLI
VRFLDO VXSSRUW VFRUH HTXDOV JHUR WK
UHJUHVVLRQ VORSH RI KDVVOHV LV VWURC

VRFLDO VXSSRUW DQG KDVVOHV DQG V\)BD

t p % XW LW LV FULWLEFD
UHFRJQL]H WKDW WKH VRFLDO VXSSRUW V
WKHUHIRUH WKLV VLPSOH VORSH UHSUHYV
RQ V\IPSWRPV IRU D K\SRWKHWLFDO SDUWL
VXSSRUW VFRUH LV RXWVLGH WKH REVHUY
VXSSRUW VFDOH ,QGHHG WKLV H[DPSOH (
LPSRUWD @MW LQWHUSUHW ILUVW RUGHU VC
pPDLQ HIITHFWVYy ,QVWHDG LW LV PXFK PR
REWDLQ VLPSOH VORSH HVWLPDWHYV DW Ol
ZKLFK DUH UHSUHVHQWDWLYH RI SDUWLFL
VFRUHV VXFK DV SDUWLFLSDQWYV ZLWK D
PRGHUDWRU

JRU H[DPSOH LW LV OLNHO\ RI LQWHUHVW
UHODWLRQ EHWZHHQ KDVVOHYV DQG V\PSW

D PHDQ OHYHO RI VRF—LB)@X\JXIS(SﬁMMX/N’VLPDV‘
IURPDEOH LQWR (TXDWLRQV DQG WK
VLPSOH LOQWHUFHSW DQG VLPSOH VORSH |
KDVVOHV DQG V\PSWRPV DUH

_— %YHFDXVH VRFLDO VXSSRUW LV DQ DSSU
YDULDEOH WKHUH PLJKW QRW EH DQ\ SDU
ZKRVH VRFLDO VXSSRUW VFRUH LV HIDFWC
DQ\ RWKHU pSURWRW\SLFDOY VFRUH IRU W



IHYHUWKHOHVYVY |IRU WKH SXUSRVHV RI XQ
LOQWHUSUHWLQJ D PRGHO IRU WKH PRGHUL
VXSSRUW LW LV LQIRUPDWLYH WR FRQVLC
LQGLYLGXDO ZKR KDV DQ DYHUDJH OHYHO

&, = 45.751+1.008X,

DQG
@, = 0.235-=0.005A,;

UHVSHFWLYHO\ 1H[W XVLQJ WKH VDPSOH
DV WKH YDOXBHRREV @ = 74958 pgc

o, =0.086 7KHUHIRUH DGDSWLQJ (TXDWLR
HVWLPDWHG VLPSOH OLQHDU UHJUHVVLRQ
DPRQJ SDUWLFLSDQWYV ZKR KDYH D PHDQ ¢
LV

V. -2s06s = 74.958 + 0.086X,,

i

KXV WKHUH LV D SRVLWLYH DVVRFLDWLR
VIPSWRPV IRU SDUWLFLSDQWYV ZLWK DQ DY
VXSSRUW

8VXDOO\ UHVHDUFKHUYV ZLVK WR SURFHHG
ZKHWKHU D JLYHQ VLPSOH VORSH UHODWL
VLIQLILFDQW RU WR FRQVWUXFW D FRQILC
VLPSOH VORSH 7R GR VR ZH FDQ DGDSW
HDUOLHU IRU D FDWHJRULFDO PRGHUDWRL
DSSOLFDWLRQ ZLWK D FRQWLQXRXV PRGHI
ILUVW UHFRGH WKH RULJLQDO PRGHUDWRL
RQ WKH UHFRGHG PRGHUDWRU UHSUHVHQV
RU SURWRW\SLFDO OHYHO RI WKDW YDULD
OHYHO 1H[W ZH UHHVWLPDWH WKH PRGHC(
PRGHUDWRU DQG LWV SURGXFW ZLWK WKH
WKH HVWLPDWHG ILUVW RUGHU FRHIILFLH(
ZLOO EH WKH VLPSOH VORSH HVWLPDWH IF

WKDW SDUWLFXODU SURWRW\SLFDO-YDOXF
&ULWLFDOO\ ZKHQ WKH PRGHO LV UHHVWI



PRGHUDWRU FRPSXWHU VRIWZDUH RXWSX
LQFOXGH WKH VWDQGDWIBVAW LRRWU WKILG/ LU’
VORSH FRHIILFLHQW WKHUHE\ LQGLFDWLQ
VLIQLILFDQFH RI WKH VLPSOH VORSH WKH
FRQILGHQFH LQWHUYDO LV DOVR HDVLO\ R
GHPRQVWUDWHG QH[W XVLQJ WKH KDVVOH
LOQWHUDFWLRQ H[DPSOH

___ /LNHZLVH WKH LQWHUFHSW ZLOO VKLIW
LOWHUFHSW UHSUHVHQWY WKH IRU SDUWL
JHUR RQ DOO SUHGLFWRUV FHQWHULQJ W|
VFDOH FKDQJLQJ WKH PHDQLQJ RI WKH YC
FRUUHVSRQGY WR D VKLIW RI WKH LQWHUF
FRUUHVSRQGY WR WKH FDOFXODWLRQ RI C
(TXDWLRQ

7\SLFDOO\ UHVHDUFKHUV REWDLQ VLPSOH
WKHLU VLJQLILFDQFH RU FRQILGHQFH LQW
RI WKH PRGHUDWRU D PHGLXP OHYHO RI V
OHYROWKH PRGHUDWRU 2IWHQ DQG ZLWK
PORZYy LV WDNHQ DV VWDQGDUG GHYLDWL
RI WKH PRGHUDWRU pPHGLXPYVy LV WKH PH|
DQG VWDQGDUG GHYLDWLRQ DERYH WKH
OHYHO RI WKH PRGHUDWRU <HW IRU PDQ'
WKRVH ZLWK DV\PPHWULF GLVWULEXWLRQ'
DERYH DQG EHORZ WKH PHDQ PD\ QRW EH
RU UHSUHVHQWDWLYH RI YDOXHV DQG RQ
WKH REVHUYHG UDQJH Rl WKH GDWD )RU |
VNHZHG PRGHUDWRU GRHVY QRW KDYH DQ\
JHUR VXEWUDFWLQJ VWDQGDUG GHYLDW
OHDG WR D PHDQLQJOHVV QHJDWLYH YDOX
VORSH DW VXFK D OHYHO Rl WKH PRGHUDV
VXEVWDQWLYHO\ LQIRUPDWLYH 5HIHUULQ
ZH FDQ VHHIJXQH WKDW WKH GLVWULEXWLE
VXSSRUW LV VRPHZKDW V\PPHWULF VXJJH
EH XQUHDVRQDEOH WR HVWLPDWH VLPSOH
KDVVOHV DW VWDQGDUG GHYLDWLRQ DEF
VRFLDO VXSSRUW %XW VWDQGDUG GHYL



VRFLDO VXSSRUW L H /[DEOHVHVWY
DSSUR[LPDWHO\ WKH WK SHUFHQWLOH RI
WKDQ RI WKH VDPSOH KDV D YDOXH RI V
WKLV OHYHO VWDQGDUG GHYLDWLRQ EH
DSSUR[LPDWHO\ WKH VW SHUFHQWLOH RI
KXV LW PLIKW EH SUHIHUDEOH WR REWD
DW YDOXHV RI WKH PRGHUDWRU ZKLFK DU
SURWRW\SLFDO OHYHOV RI VRFLDO VXSSR!
FRUUHVSRQGLQJ WR WKH WK DQG WK St
VXSSRUW VDPSOH GLVWULEXWLRQ )RU FR
OHYHO RI WKH PRGHUDWRU FRXOG DOVR E
SHUFHQWLOH WKDW LV WKH PHGLDQ UDYV

/KHUHIRUH WR SURFHHG ZLWK WKH FXUUF
R denter WKH RULJLQDO VRFLDO VXSSRUW Y
REWDLQ WKUHH YHUVLRQV RI WKLV PRGHU
RI [ HUR UHSUHVHQWY HLWKHU WKH WK St
VXSSRUW WKH PHGLDQ RI VRFLDO VXSSRU
RI VRFLDO VXSSRUW ‘H WKHQ UHHVWLPDW
IRU PRGHUDWLRQ XVLQJ HDFK RI WKHVH W
VRFLDO VXSSRUW PRGHUDWRU WR REWDLC
RUGHU VORSH HVWLPDWHY IRU WKH KDVVC
DUH WKH VLPSOH VORSH HVWLPDWHYV IRU \
RQ KDVVOHV DW ORZ PHGLXP DQG KLJK O
/KH FRPSXWHU RXWSXW IURP HDFK PRGHO
DXWRPDWLFDOO\ SURYLGH WKH WWBQGRUC
FRUUHVSRQGLQJ VLPSOH VORSH HVWLPDW
DGYDQWDJH WR XVLQJ WKLV PHWKRG IRU ¢
LOQWHUDFWLRQ RU PRGHUDWLRQ HIIHFW

/R EHIJILQ WKH WK SHUFHQWLOH RI WKH
WKH VRFLDO VXSSRUW YDULDEOH HTXDOV
PRGHUDWRU YDULDBEQ@HDWHG E\ FHQWHU L(

VRFLDO VXSSRUW YDULDEOH VXFK WKDW

X/ X n



ZKHWHLY WKH RULJLQDO VRFLDO VXSSRUW
WUDQVIRUPDWGERBVROQRW FKDQJH WKH VKD:
WKH GLVWULEXWLRQ RI WKH RRFUUKHDQ W& L | W
FHQWHU VR WKDW WKH WK SHUFHQWLQH
HTXDOV |JHUR ORUHRYHU WKH FRULNGI® D WL

HTXDOV 1H[W DGDSWLQJ (TXDWLRQ
PRGHO WR EH HVWLPDWHG LV QRZ

Y, = By + B Xy + B Xoy + Ba( Xy X Xyp4),
BU HTXLYDOHQWO\
Y; = By + B Xy + B, Xo + B3 X5,

QRWLQJAWKWWWJIDLQ WKH KDVVOHYVY SUHGLF
LPSRUWDQWO\ WKH IS WK GXFXV WWKHU B UR ®XR
X, UDWKHU WKDQ WKH DOYRECGWKW RULJLEBIC

UHVXOWYV IURP ILWWLQJ WKLV PRGHDEWR V
&RPSOODHOH ZLWKDEOH )LUVW QRWLF|

WKH PRRGHO DQG LWV FRUUHAWSHRW/G IDQMH LC
WR WKDW REWDLQHG ZKHQ WKH PRGHO ZD
RULJLQDO XQFHQWHUHG VRFLDO VXSSRUYV
WKH FXUUHQW PRGHO LV HTXLYDOHQW WR
IRU WKHVH GDWD $GGLWLRQDOO\ WKH HV

FRHIILELBow DV ZHOO DV LWV VWD®GI
WHVW DQG FRQILGHQFH LQWHUYDO DUH L
REWDLQHG HDUOLHU XVLQJ WKH RULJLQDC
VXSSRUW YDULDEOH

Table 410 Results for OLS regression of psychological symptoms on daily hassles, social
support (centered at 25th percentile), and their interaction

Variable (4 SE() t p 95% CI
Intercept 70960 - - - -

X, Hassles 0106 Q.09 2,55 <001 (0,068, 0.144)
X, Centered social support 1.008 0.589 1.7 093 (=073, 2190)
X, Hassles x centered social support 0.005 0.002 214 034 {(-0.010, -0.000)

Note. R = 389, Fi3, 52) = .01, p< .00

Note. K F D



2] SULPDU\ LQWHUHVW IURP WKHVH UHVXO
HVWLPDWHG ILUVW RUGHU FRHIILFLHQW IR
KDVVOHV $V DOzZD\V WKH ILUVW RUGHU F
SUHGLFWRU LV WKH VLPSOH VORSH IRU WK
SDUWLFLSDQWY ZKRVH YDOXH RI WKH PRG
{KHUHIRUH KHUH EHFDXVH WKH VRFLDO \
FHQWHUHG DW LWV WK SHUFHQWLOH WK

IR U KDV\nB)HV JLYHV WKH VLPSOH VORSH
EHWZHHQ KDVVOHYV DQG VI\PSWRPV IRU SDI
RI VRFLDO VXSSRUW L H WKH WK SHUFF
t WHVW IRU WKH KDVVOHYV ILUVW RUGHU FF
WKLV VLPSOH VORSH HVWLPDWH LV VLJQLI
JHUR D <HW DJDLQ ZH VKRXO
WKHYDOXH IRU D VLPSOH VORSH WR D %RC(C
OHYHO +HUH ZH DUH WHVWLQJ WKUHH VL
KLJK DYHUDJH DQG ORZ VRFLDO VXSSRUYV
¢ OHYHO LV

1H[W WR ILQG WKH HVWLPDWHG VLPSOH V
KDVVOHV DQG V\PSWRPV IRU SDUWLFLSDQ'
RI VRFLDO VXSSRUW ZH FDQ DJDLQ FHQWI
VXSSRUW YDULDEOH WKLV WLPH E\ VXEWL
IURP HDFK REVHUYDWLRQ WR FUHDWH WKF

Yo X —

1RZ WKH PRGHO WR EH HVWLPDWHG LV
Y; = By + BiXy + BoXowi + P Xais

ZKHWHLY QRZ WKH SUR®XQY RKH UHVXOWYV
HVWLPDWLQJ WKLV QHZ YHUVLRQZBE®@MHKH P
2QFH DJDLQ ZH REWERLDQGKWKMHDRBPH LQW
HVWLPDWH %XW WKH ILUVW RUGHU FRHIIL
IRFDO SUHGLFWRU KDV FKDQJHG DJDLQ W
VLPSOH VORSH HIIHFW IRU SDUWLFLSDQW\



RQ WKHYQNWDULDEOH ZKLFK LV WKH PHGLD
VXSSRUW 6SHFLILFDOO\ WKH HVWLPDWHC

p LV QRZ WKH VLPSOH VORSH UHOD'
DQG VIPSWRPV IRU SDUWLFLSDQWV ZLWK [
VXSSRUW $OWKRXJK WKLV VLPSOH VORSH
VLIJQLILFDQW XVLQJ WKH %RQIHUUR®L FRL

D LW LV VPDOOHU WKDQ WKH VLP.
HDUOLHU IRU SDUWLFLSDQWYVY ZLWK D ORZ

LH B vyvB

Table 4.11 Results for OLS regression of psychological symptoms on daily hassles, social
support (centered at median), and their interaction

Variable p SE() t p 95% CI
Intercept Tron - = -

X : Hassles 0.076 0.021 .81 =00 (0.034, 0.18)
X, Centered social support 1.008 0.589 .71 093 (=073, 2190)
X.: Hassles = centered social support 0.005 0.002 214 034 (—0.010, -0.000)
Mate. R? = 389, F(3, 52) = 1.0, p < 001

Note. K F D

yLQboo\ WR JHW WKH HVWLPDWHG VLPSOl}
KDVVOHV DQG V\PSWRPV IRU SDUWLFLSDQ'
Rl VRFLDO VXSSRUW ZH FDQ FHQWHU WKH
YDULDEOH E\ VXEWUDFWLQJ WKH WK SHU
REVHUYDWLRQ WR FUHDWH WKH QHZ YDULI

Y, x

7KH Obvw PRGHO WR EH HVWLPDWHG LV
Yf = ﬁu £ ﬁlXU T )Bzsz;‘ * ﬁaXan

ZKHWUWHLY WKH SURGXPQLGRI7KH UHVXOWYV |U
ODVW YHUVLRQ RI WKH PRGHO/B¥WHPDIWRIZF

WKH ILUVW RUGHU FRHIILFLHQW RI WKH hBE



JLYHV WKH VLPSOH VORSH HIIHFW Ik
KDYH D YDOXH RY JHURLRKQ LY WKH WK SHL

VRFLDO VXSSRUW 6SHFLILFDOO\ DPRQJ S
OHYHO RI VRFLDO VXSSRUW DOWKRXJK Wk
DVVRFLDWLRQ EHWZHHQ KDVVOHYV DQG V\F
VLIQLILFDQW XVLQJ WKH %YRQIHUURQ®@L FRL

D ,PSRUWDQWO\ ZH DJDLQ VHH W
VXSSRUW LQFUHDVHVY WKH DVVRFLDWLRQ
VI\PSWRPV GHFUHDVHYV

'Q VXPPDU\ WKLV VLPSOH VORSH DQDO\VL
IRFXVHG PHWKRG WR SURELQJ DQG LQWHU
LOQWHUDFWLRQ EHWZHHQ KDVVOHV DQG VR
SUHGLFWLRQ RI SVI\FKRORJLFDO V\PSWRPV
WKDW WKH LQWHUDFWLRQ LV VWDWLVWLFI
VDPSOH EDVHG HYLGHQFH WKDW VRFLDO V
UHODWLRQ EHWZHHQ KDVVOHV DQG V\PSW
RXW DGGLWLRQDO DQDO\WHV WR XQGHUVW
LOQWHUDFWLRQ ZKLFK LV WKH SXUSRVH RI
DQDO\VLV 7KH VLPSOH VORSH UHVXOWV S
WKDW WKHUH LV D VLIJQLILFDQW SRVLWLY
KDVVOHY DQG V\PSWRPV DW ORZ DQG PHG
VXSSRUW EXW WKH UHODWLRQ LV QRW VLJ
KLJK VRFLDO VXSSRUW 21 FRXUVH ZH PXV
HITHFW VL]H DQG QRW MXVW RQ VWDWLVW]
UHVXOWV HDUOLHU LW LV FOHDU WKDW W
KDVVOHV DQG V\PSWRPV EHFRPHV QRWDEC

LQFUHDVHY VSHFLILFDOO\ WKH HVWLPDIBJ
DW WKH WK SHUFHQWLOH RIBVRFL@

PHGLDQ VRFLDO V./BSSRUV‘DV\DW(KH WK SHU
VRFLDO VXSSRUW 7KHUHIRUH WKHVH GDV
K\SRWKHVLVY WKDW VRFLDO VXSSRUW LV SI
HITHFW RI KDVVOHYVY RQ SV\FKRORJLFDO V\F
GLVFXVVLRQ RQ UHJUHVVLRQ GLDJQRVWLF
XQGHUVWDQG D PRGHUDWLRQ HIITHFW PRUI



FRQVWUXFWHG JUDSKLFDO GLVSOD\ RI WK
WKDW JLY)HQXWH IRU WKH FXUUHQW H[DPS«

Table 4.11 Results for OLS regression of psychological symptoms on daily hassles, social
support {centered at median), and their interaction

Variable p SE([3) t p 95% CI
Intercept Tron - - -

X: Hassles 0.076 0.021 3.6 <001 (0.024, 018)
X,: Centered social support 1.008 0.589 L 093 (=073, 2.190)
X, Hassles = centered social support 0.005 0.002 214 034 (=000, —0.000)

Note. R* = 389, F(3, 52) = 1.0, p < .00

Note. K F D

Figure 45 6FDWWHUSORW RI SV\FKRORJLFDO
KDVVOHV VKRZLQJ HVWLPDWHG UHJUHVVLEF
ZLWK ORZ WK SHUFHQWLOH PHGLXP PF
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, W LV LPSRUWDQW WR UHFRJQL]H WKDW ZL
PRGHUDWRU WHFKQLFDOO\ WKHUH LV DQ
VORSH UHODWLRQV EHWZHHQ WKH IRFDO ¢
YDULDEOH RQH IRU HDFK RI WKH K\SRWKH
RI SRVVLEOH YDOXHV RI WKH PRGHUDWRU
RI D WUXO\ FRQWLQXRXV PRGHUDWRU ZLO"
JLYHQ GDWOWVWHRWWUDVW ZKHQ D PRGHUDW
LW LV SRVVLEOH DQG DGYLVDEOH WR HV)



IRU DOO REVHUYHG YDOXHV RI WKH PRGHU
DQG QRQ &2$V LQ WKH H[DPSOH JLYHQ HDL!
,Q WKH KDVVOHV H[DPSOH KRZHYHU ZH F|
LOQWHUSUHW VLPSOH VORSHVY DW RQO\ WK
RI WKH VRFLDO VXSSRUW YDULDEOH WKH\
FKRVHQ EHFDXVH WKH\ UHSUHVHQW SURWI
VXSSRUW LQ WKH DFWXDO HPSLULFDO GDV
HDVLHU WR LQWHUSUHW ZKHQ WKH VLPSOH
WKH IRFDO SUHGLFWRU DQG WKH RXWFRPF
JLYHQ OHYHO RI WKH PRGHUDWRU DQG QR
OHYHO %XW LQ VRPH VLWXDWLRQV LW FD
HVWLPDWHG VLPSOH VORSHYV DUH VLJQLILI
RU VLIJQLILFDQWO\ OHVV WKDQ JHUR ,Q F
PD\ EH WKDW QRQH RI WKH HVWLPDWHG VL
GLIIHUV IURP JHUR EXW SHUKDSV RQH RI \
SRVLWLYH ZKHUHDV DQRWKHU LV QHJDWLY
JUHDW LQWHUSUHWDWLRQDO LPSRUWDOQFF
WR SD\ DWWHQWLRQ WR WKH HIIHFW VL]H
GLUHFWLRQ DQG PDJQLWXGH RI WKH VLPS
)XUWKHUPRUH D JUDSKLFDO GLVSOD\ XVX
VL]H Rl DQ LQWHUDFWLRQ HIIHFW

6HPW.RQ UHFDS




Probing an interaction with a continuous
moderator

7KH LQMHUDPW.RQ EHVZHHQ D | RFDO SUHALFWRU DQG D FRONLQXRXV
PRGHUDARU FDQ EH SUREHG XVLQ) D VLPSCH VORSH DQDO. WLV

,QVR GRLQ] RH PXW FKRRVH SDUNFXCDU YDOXHV R VKH
PRGHUDVWRU DW ZKLFK WR REWDLQ VLPSCH VORSH HWLPDWAV | RU VWKH
HIHWR WKH | RFDO SSBHALFWRU 3UH HUDEO.  VKHVH YDOXHV R
VWH PRGHUDARU UHSUAVHQA CHYHOV ZKLFK DUH HVSHFLDOO,
VWHRUHW.FDOO,  LPSRUMDQN RU UHSUHVHQW D SURWRW SLFDO
LQAYLGDO ZLWKLQ D JLYHQ UDQJH R VWH PRGHUDWRY) V
AWLLEXWRQ HJ CORZ PHAXP DQG KLIK CHYHOV R VKH
PRGHUDVRU

2CH VKRXOG CRW DXWRPDW.FDOO. DWXPH WKDWVKH  \WDQEDUG
GHYLDWRQ EHCRZ WWH PHDQ WKH PHDQ DQG  WDQEDUG GHYLDW.RG
DERYH VWKH PHDQ DUH JRRG FKRLFHV |RU CRZ PHALXP DQG KLIK
CHYHOV R WH PRGHDWRU 7KH W WK L H PHIDQ DG
VK SHUFHQALCHV DUH R WHQ SUH HUDECH

7KH | LUWWRUGU FRH | LFLHOW R WKH | RFDO SUHALFWRU LV WH
VLPSCH VCRSH | RU D K\ SRMKHW.FDO FDVH ZLWK D YDOXH R ] HR
I RU WH PRGHIDWRU  7KHUH RUH RQH FDQ REWDLQ VWKH VLPSCH
VCRSH | RU DQ JLYHQ YDOXH R WKH RULILQPO PRCHUIDWRU B\
centering VWH PRCHIDWRU DW VWDW CHYHO DQG UHHWALPDW.QJ VWH
UWHUWHWLRQ PRGHO  7KH | LUWRUGHU FRH | LFLHOW R WH | RFDO
SUHALAWRU WHQ FRUUHVSRQGY WR WH VLPSCH VORSH H I HFW I RU D
K\ SRIKHW.FDO SDULFLSDQWV ZLVWK VKDW SDUNLFXCDU YDOXH R WKH
PRGHIDWRU

2QFH DIDLQ VKH SULGFLSCHV R UHJUAWLRQ @ DICQRWLFV
DEAHWHG LQ &KDSWHU ~ DSSO. VR UHJUHWLRQ PRGHOV ZLWK

LQMUDFWRQ H I HAW ) RU VWKH FXUUHQA H DPSCH H DPLQLQJ VKH
PREHUDW.Q] H | HFWR VRFLDO VXSSRUW RQ VWH UHCDW.RQ EHVWZHHQ
KDWOHV DQG W\ PSWRPV  \WKHUH ZDV QR HYLGHQFH WWDWDQ R VKH
DWXPSWRQV | RU 2/ 6 HWEPD.RQ R UHJUHWLRQ PRGHOV ZDV

YLRIDWG  GHVSLWH VKDW VKH VDPSCH ALVWLEXWRQY R VKH

KDWCHY DQG W\ PSWRPV YDULDECHV ZHUH ERAK QRADEO.  SRVLW.YHO,
WNHZHG  1THYHOWKHCHW  VWKHUH ZDV RQH FDVH LQ VWKH CDWDVHW ZLVK
D ALVSURSRUNRIDMO CDUIH LQ OXHQFH RQ VWKH HWALPDWAG PRGHO
ZLWK &RR\Y VD 7KH CDWH LQ OXHFH R WKLV FDVH FDQ
EH WDFHG EDFN WR VKH | DFW VKDW VKLV SDUW.FLSDQW DOVR KDV DQ
RAMD LQ) YDOXH RQ WKH SV FKRCRILFDO WA PSWRPV RXWFRPH

YDULDECH HTXDO WR \WH PO LPXP YDOXH R \A PSWRPV DPRQJ
VWH RWHU FDVHV LV : KHQ VKLV FDVH LV FRPSCHWHO. UHPRYHG




| URP VKH CDADVHW DQG VKH PRGHO LV UHHWPDWG  VKH
LQAUDPW.RQ EHVZHHQ VRFLDO VXSSRUW DQG KDWOHY LV (R CRIHU

VLIQI |_FDQ/\/18 " D , WLV QRWJRRG VFLHQFH
| RU WH SULPDU  UHVXON | URP D PRGHO WR KLQIH RQ VKH
LFOOMLRQ R D VLQICH FDVH EXWDOR WHUH LV QR UHDVRQ WR
EHOLHYH WKDW VWKLV SDUNLFLSDQA LV QRW D CHILW.PDVWA
UHSUHVHOMDWLYH R VWKH SRSXCDW.RQ ZKR VKRXOG EH LFOXGHG LQ
VKH CDWDVHW  7KXV DV DQ DOMUQDW.YH WR GHOHW.QJ VKH
LQ OXHQALDO FDVH | LRP VWKH CDWDVHW FRPSCHWHO.  RQH PLIKW VHW
VKH R LQ) YDOXH R VKH RXWFRPH YDULDECH HTXDO VR VKH
PD] LPXP YDOXH REVHUYHG DPRQ) VWKH RAKHU FDVHV  KHUH  VWKDW
PHDQV FKDQILQJ) VKH WA PSWRP VFRUH | RU VKLV FDVH | URP VR
$I WU GRLQ) VR VKH UHHVWLPDVWAG PRGHO DIDLQ REWDLQV D

QRO/LIQLI LFDQW LQMUDFW.RQ EHWZHHQ VRFLDO VXSSRUW DQG

vy B t » 7KHH RH  ZH
DUH | RUFHG WR FRQFOXGH VWKDW VKH FXUUHQW VDPSCH CDWD QR no ¢
DGHTXDWHO.  VXSSRUW VKH K\ SRAKHVLY VKDW VRELDO VXSSRUW
PREHIDW VKH UHCDW.RQ EHWZHHQ KDWCHV DQG W PSWRPV LQ VKH
SRSXCDALRQ




Is centering continuous predictors always
necessary for testing an interaction?

7KH DQVZHU WR WKLV TXHVWLRQ LV D GHII
PDQ\ UHVHDUFKHUY DUH XQGHU WKH RSSR
SUHGLFWRUV LQYROYHG LQ DQ LQWHUDFW
LOQOWHUSUHWDWLRQ RI WKDW LQWHUDFWLR
EXW RWKHUZLVH LWV LPSRUWDQFH IRU HV
LQIHUHQWLDO FRQFOXVLRQV IURP PRGHOV
KDV EHHQ JUHDWO\ HIDJJHUDWHG LQ WKH
VHH (GZDUGYV .URPUH\ DQG )RVWHU -|
UHVHDUFKHUY DGYRFDWH F H@QMsEHEQJ WR
multicollinearity DPRQJ WKH ILUVW RUGHU SUH
SURGXFW WHUP HJ &RKHQ HW DO

WKH ILUVW RUGHU SUHGLFWRUYV DUH QHFH
ZLWK WKH SURGXFW WHUP ,QGHHG PXOW
SUREOHPDWLF DV &QUKWIFXWWHEPONLY KLV LVYVX
OLWWOH LI DQ\ FRQFHUQ IRU WKH SURGX
LOQWHUDFWLRQ HIIHFWYV $ PRGHO ZLWK LQ
FHQWHUHG SUHGLFWRUV LV IXOO\ HTXLYD
ZLWK SUHGLFWRUV LQ WKHLU RULJLQDO C(
FHQWHULQJ GRHYV QRYV FKDQJH WKH ILW RI

£ LV QRW DIIHFWHG (YRYJDBDU(HHWKI)—IXUWKHUF
KDYH VHHQ WKH HVWLPDWHG FRHIILFLHQV
LWV VWDQGDUG HUURU DUH QRW DIIHFWHC

LOYROYHG LQ WKH LQWHUDFWHERQVDIT X HQW
FHQWHULQJ KDV QR LPSDFW RQ FRQFOXVL
VLIJQLILFDQFH RI WKH LQWHUDFWLRQ HIIHF
UHJDUGOHVYV RI DQ\ PXOWLFROOLQHDULW\
VHQVLEOH WR FHQWHU GXPP\ FRGH YDULD
FDWHJRULFDO PRGHUDWRU EHFDXVH GRLQ
LOQWHUSUHWDWLRQDO DGYDQWDJH JDLQHG
ILUVW SODFH DV GRWOWBWHQAQQ WKH HD
VHFWLRQV RI WKLV FKDSWHU



. ,Q WKH HIDPSOH DQDO\VLV SURYLGHG H
FROQOWLQXRXVY PRGHUDWRU ZDV FHQWHUHG
PHGLXP DQG KLJK YDOXHV WR SUREH WKl
WKH IRFDO SUHGLFWRU ZDV OHIW XQFHQW
ZKHWKHU RQH FHQWHUYV ERWK WKH IRFDO
PRGHUDWRU RU RQO\ WKH PRGHUDWRU GF
HVWLPDWHG LOQWHUDFWLRQ FRHIILFLHQW |

KDW FHQWHULQJ WKH PRGHUDWRU GRHV I
WKH ILUVW RUGHU FRHIILFLHQW RI WKH IR

LWV VWDQGDUG KWWRKILY FKDQJH LV PHUH
DOJHEUDLF PDQLSXODWLRQ RI WKH PRGHO
LOQWHUSUHWDWLRQ LW GRHV QRW DIIHFW
VWDWLVWLFDO SURSHUWLHYV RI WKH PRGH
HDUOLHU WKH ILUVW RUGHU FRHIILFLHQW
UHSUHVHQWYVY WKH OLQHDU VORSH L H W
UHODWLRQ EHWZHHQ WKH IRFDO SUHGLFW
FDVHV ZLWK D YDOXH RI |JHUR RQ WKH PRG
PRGHUDWRU VLPSO\ VKLIWV WKH FHQWHU
ZLWKRXW RWKHUZLVH DITHFWLQJ WKH GLV
ILUVW RUGHU FRHIILFLHQW IRU WKH IRFDO
DORQJ ZLWK WKH LQWHUFHSW WR REWDL
SDUWLFXODU LQWHUSUHWDWLRQDO XVHIX!
HJ VLPSOH VORSH DW WKH PHGLDQ RI W
GHPRQVWUDWHG HDUOLHU LQ WKH FKDSWt
HVWLPDWH FDQ DOVR EH REWDLQHG DOJHE
WR XVLQJ UHVXOWYV REWDLQHG IURP
ZLWKRXW FHQWHULQJ DQ\ RI LWV SUHGLFYV
FHOQOWHULQJ WKHUHIRUH LV WR REWDLQ W
VWDWLVWLFDO VRIWZDUH WKDW LQGLFDWt
HVWLPDWH RI WKH IRFDO SUHGLFWRU L H
VWDWLVWLFDOO\ VLIQLILFDQW DOWKRXJK
JLYHQ VLPSOH VORSH FDQ DOVR EH REWDL
FHQWHULQJ VHH %DXHU DQG &XUUDAQ

_— &HQWHULQJ WKH IRFDO SUHGLFWRU ZLC
RUGHU FRHIILFLHQW RI WKH PRGHUDWRU
SUHGLFWRU LV XQQHFHVVDU\ IRU LQWHUS



LQWHUDFWLRQ DQG VR LQ WKH H[DPSOH F
SUHGLFWRU ZDV QRW FHQWHUHG

'Q VXPPDU\ ZKHQ D PXOWLSOH UHJUHVVLF
LOQWHUDFWLRQ WKH UHODWLRQV RI WKH S
LOWHUDFWLRQ ZLWK WKH RXWFRPH YDULD
ZLWKLQ WKH FRQWH[W Rl WKH LQWHUDFWL
QRW RXWULJKW LQFRUUHFW WR DWWHPSW
HITHFWy RI D SUHGLFWRU RYHU DQG DERY}
LOWHUDFWLRQ &HQWHULQJ SUHGLFWRUV
HITHFWy HVWLPDWHY LQVWHDG FHQWHUL
HVWLPDWHV WKDW DUH LOWHUSUHWHG DV
ZKR KDYH D YDOXH RI JHUR RQ WKH FHQWH
SUDFWLFH UHVHDUFKHUV ZLWK K\SRWKHYV
IRFXV ILUVW DQG IRUHPRVW RQ WKH PDJQ|
VLIJQLILFDQFH Rl WKH LQWHUDFWLRQ HIIHF
FRHIILFLHQW IRU WKH SURGXFW WHUP LQ
FHQWHULQJ LV QRW DW DOO QHFHVVDU\ IR
GHWHUPLQLQJ WKDW WKHUH LV DQ LPSRUYV\
VLPSOH VORSH DQDO\VLV LQYROYLQJ FHOQ\
RQH XVHIXO DSSURDFK WR LQWHUSUHWLOQ.
LOWHUDFWLRQ DOWKRXJK WKHUH DUH RW
DQ LQWHUDFWLRQ ZKLFK PD\ QRW H[SOLFL
VXFK DV JUDSKLFDO PHWKRGV H J )R]

/KH SULQFLSOHYV RI PRGHO VSHFLILFDWLR
DUH FRYHWBWH® IWBOVR DSSO\ WR PRGHOV |
LOQWHUDFWLRQ WHUPV ,Q SDUWLFXODU LI
K\SRWKHVHV LQYROYHV PRGHUDWLRQ WKt
EH HVWLPDWHG VKRXOG LQFOXGH WKH LQ\
UHOHYDQW WR WKDW K\SRWKHVLV I WKH

HITHFW LV WRR VPDOO WR VXSSRUW WKH P
L H LW LV QRW SUDFWLFDOO\ RU VWDWL"
WKH PRGHO WKDW FRQWDLQV WKH LQWHUTL
PDWFKHG WR WKH WKHRU\ WKDW LQVSLUH:!
DV D PRGHO VKRXOG LQFOXGH DOO WKHRU
SUHGLFWRUV LW VKRXOG DOVR LQFOXGH

LPSRUWDQW LQWHUDFWLRQ WHUPV UHJDL



HVWLPDWHG PDJQLWXGH IURP D JLYHQ VDI
VLWXDWLRQ D UHVHDUFKHU VKRXOG VWLC
FRQILUP WKDW WKHUH LV QR VXEVWDQWLY
VLPSOH VORSH HVWLPDWHYV IRU WKH IRFDC(
OHYHOV RI WKH PRGHUDWRU %XW EHFDX"
PXOWLFROOLQHDULW\ RI WKH SURGXFW Wt
SUHGLFWRUV WR LQWHUSUHW WKH RYHUD
HITHFWVY RI WKHVH SUHGLFWRUV ZLWKRX
LOQWHUDFWLRQ HYHQ WKRXJK LW LV ZHDN
VKRXOG UHVSHFLI\ WKH PRGHO E\ GURSSL(
HVSHFLDOO\ LI WKH WKHRU\ PRWLYDWLQJ
K\SRWKHVLYVY ZDV ZHDN LQ WKH ILUVW SODI
HDUOLHU LQ WKLV FKDSWHU

6HFW.RQ UHDS




Advice for interpreting interactions
using multiple regression

7KH SXUSRMH R FHOMULQ) D FROA.QXRXV SUHALFWRU LV WR
| DFLOLVWDWH SURELQ) DQ LOAHUDPW.RQ XVLQ) VLPSCH VIORSH
DQDO VLV QRWWR UHPRYH PXON.FROCLQHDULW

7TKH HRWALPDWHG FRH | LFLHQW DQG WIDQEDUG HUURU R VWKH
LONMUDFW.RQ WAP LV WH VDPH UHIDUACHW R ZKHWHU
SUHALAWRW DUH FHQNHUHG

.1 D PREHO LFOXGHV DQ LOMUDFWRQ HYHQ LI LWLV ZHDN \WKHQ
WH HIHAW R LW FROMKHQN SUHALFWRWY VKRXQOG EH
LQMUSUHWG LQ VWKH FROM WR WKH LQMUDFWRQ L H B
SURELQ) VWWH LQMUDRWRQ  QRWDV b PDLQ H | HAWA

.1 RCH ZDOAV WR LQMHUSUHWVKH RYHUDCD b PDLQHIHRW R D
| LW RUGHU SUHALAWRU LIQRULQ) DQ LQMHUDPWRY  VKHQ VKH
LQMUDPW.RQ WHUP V. VKRXOG EH RPLWWG | LRP VWH PREHO




Chapter summary

/KLY FKDSWHU EXLOW RQ WKH PXOWLSOH
SUHVHQWHG LQ HDUOLHU FKDSWHUV E\ LQ
WHUPV ZKLFK DUH XVHG WR DVVHVV K\SRW
ZKLFK WKH HITHFW RI RQH SUHGLFWRU YDL
SUHGLFWRU 6Wibdrati W LRFEPFRX UV ZKHQ WKH
EHWZHHQ D IRFDO SUHGLFWRU DQG DQ RX!'
DFURVV WKH OHYHOV RI DQRWKddtdt&UHGLF

, QWHUDFWLRQV DUH LQFOXGHG LQ D PX
E\ LQFRUSRUDRMWUcOQfe® X h ¥ LQ WKH

&JHJUHVVLRQ HTXDWLRQ
Y: = Bo + Bi Xy + BaXyi + By(Xy; X Xzf),

ZKHWHDQB® DUH Wikdt-order RU ORZHU RU
HITHFWW FOQG UHVSHFWLYHO\ ZKHUHD\
LQWHUDFWLR@ HLW Migher order HIITHFW 7K
VL]H Bl TXDQWLILHV WKH H[WHQW RI WEk
PRGHUDWLRQ HIIHFW

W LV LPSRUWDQW QRW WRUA QIWH D SARH AV
PPDLQ HIIHFWY , Q3 WHIB&®HVHQWY WKH |
only IRU D FDVH ZKELFK KDUNHZLAHIHSUH\
WKH HITHEWorRd IRU D FDVH ZKEFK KDV

$Q LPSRUWDQW HJ VWDWLVWLFDOO\
LOQWHUDFWLRQ HIptbbed/ XL Bilple—slope
DQRDO\VLYVY LQ ZKLFK GLIITHUHQW HVWLPI
HTXDWLRQV IRU WKH UHODWLRQ EHWZH
DQG WKH RXWFRPH DUH REWDLQHG IRU
PRGHUDWRU YDULDEOH

KHO WKH PRGHO

Y, = By + BiXyi + B Xy + B3 (X, x X5i) UHGXFHV



}}f = By + B X4,

DQG WKXV WKH LQWHUFHSW DQG ILUVW

HT XD O VswKeHintercept D Q&Gmple slope IRU WKH
IRFDO SUHGLFWRU DPRQJ FDVHV ZLWK

e .| WKH PRGHUDWBUWLLFKRWRPRXYV GX;BIP\

LV WKH VLPSOH VORSH HVWLPDWH IRU \
e /R UHSUHVHQW WKH LQWHUDFWLRQ EHYV
DQG D PXOWLFDWHJRU\ PRGHUDWRWURFRX
WHUPV VKRXOG EH IRUPH Gad&\4PCGOORPL FFOR
YDULDEOH E\ WKH |IRFDO 7KUHHG LV RVHRYUH
SURGXFWY DUH LQFOXGHG DV SUHGLFW
PRGHO DORQJ ZLWK ILUVW RUGHU WHUP
SUHGLFWRU DQG WKH GXPP\ YDULDEOH\

f}f = By + By X; + (fgll ﬁka;) i Eé B;(Xy; X Dﬁ)] )

e +LHUDUFKLFDO UHJUHVVLRQ FDQ EH XV|
WKH VHW RISURGXFW WHUPV VLIJQLILFD(

PXOWIPSOH VR RQH FRQFOXGH ¥ DVKHDIR ¥
YDULDEOH VLIJQLILFDQWO\ PRGHUDWHYV
SUHGLFWRU

« ,Q DVLPSOH VORSH DQDO\VLV IRU SURE
EHWZHHQ D IRFDO SUHGLFWRU DQG D FI
PXVW FKRRVH SDUWLFXODU YDOXHV RI '
WR REWDLQ VLPSOH VORSH HVWLPDWHYV
IRFDO SUHGLFWRU 3UHIHUDEO\ WKHVH
PRGHUDWRU UHSUHVHQW OHYHOV ZKLF}
WKHRUHWLFDOO\ LPSRUWDQW RU UHSU}
LOQGLYLGXDO ZLWKLQ D JLYHQ UDQJH RI
GLVWULEXWLRQ HJ ORZ PHGLXP DQ
PRGHUDWRU



Recommended reading

%DXHU ' - &XUUDQ 3 - SURELQJ L
IL[HG DQG PXOWLOHYHO UHJUHVVLRQ ,QIF
WHFKQLTXAHMriate Behavioral Kesearch, 40, "

e 7KLV SDSHU FOHDUO\ H[SODLQV WKH VW
SURELQJ LQWHUDFWLRQV XVLQJ VLPSOF
GHPRQVWUDWHYV WKH PHWKRG ZLWK DQ
WLWOH LQGLFDWHY WKH SDSHU DOVR F
IURP PXOWLOHYHO PRGHOV FDQ EH SUR
LYV WKH WR&KD RWHU

.URPUH\ - JRVWHU -RKQVRQ / Ol
PRGHUDWHG PXOWLSOH UHJUHVVLRQ OXF¥
Educational and Psychological Measurement, 58, "

e /KLY SDSHU SURYLGHY DQ HPSLULFDO C
WKH FRPPRQ EHOLHI WKDW LW LV DOZD)\
SUHGLFWRUV WR REWDLQ YDOLG HVWLP
HITHFWYVY &RQVHTXHQWO\ WKH SRWHQW
LV FODULILHG



