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drug CET no.therapy Total
anxifree 3 3 B
joyzepam 3 3 7]
placebo 3 3 5]
Total 9 9 18

Figurel.l FErtoE—Ilck357EI%

B3R »P S, 2O00HRNDD S W BHASHOESBMEDIIE L TWVWS, ThROD ZOFWHEER
RTHPA Y THHIERITRL, BNV RABOZMEPELTVWS BT DET, BV
Bz L, ZOTHBPIEHTFAL VP nwS 2T, SRRV HEMLRr —2ATH 35720, 2D
ficlE, IEHUTHA VDT =X E2LDESXHMT 20 RT0EET, EFETF A BT
ZAHIAEP R D ARZDT, ZZTE—HEVWTEL Z2IZLET,

111 BRELLEWMERSRIREABRDDD ?

ZICRCE BT, —TCECE BT & RIRRIS, RHEM O I T 2 N2 E ST 27200
FETT LD T, ZOTMORFDFEBCIZED LS RSDTH 20 2AMEICT 2 Z Ok
DEZONBEHTL x5, LAL, TOZEROWTika3s 2IH72»> T, RHEM DR LKL
EDH 5 e IEFIHER T, BEEX 2 DORRIZERNIS L THEINTWS 2D, SHiEHSHE
DEEB S 5, IFRICEL D FEEERD D 23, ZhEHEID B0, SEOFHFAL Y ITBWTE

-2-



BORERDOSWEH VTN OVWTEZTAZL LD, 7, BAGHL2IZ, UMTFD X517
N—T T DFEMEBE LB DD £7 ¢



%hdrug therapy mood.gain
EDREHR tSE—-DEE [P DML
%placebo mno.therapy 0.300000

77K £IFE-GL 0.300000
%anxifree no.therapy 0.400000
ToYA4T7)— £FE—=7%L 0.400000
%joyzepam no.therapy 1.466667
JaaqENL EFE—-LL 1.466667

Yplacebo CBT 0.600000
PATA CBT 0.600000
Yanxifree CBT 1.033333
ToOFALT)— CBT 1.033333
%joyzepam CBT 1.500000
R R AAVN CBT 1.500000

O, 2O00HEKODH LW IMAEDLE (eg., 77 ERBTEIEV KL, I7LRHT
CBT 25, %) ICBF 27NV —FZLDPIEDY A MiZhoTWE T, ThsORMEICIZ
T, IO BE LOCREROFTE, LTFDOLSIC1DORTRLTEL LEMTT

+sv—7#L CBT | A&
75 kR 0.30 0.60 | 0.45
TIHFAL T — 0.40 1.03 | 0.72
TafERn 1.47 1.50 | 1.48
ast 0.72 1.04 | 0.88

TRSDFEHED FREIZ, YUREN ST Y FAMARTYT, ZA5DfEIE, FixDWFRICBEWN
TITONIFREDBRIMKFL TVET, MADHEL2VWDIX, ZhoDfEE MNET 2BEHD
RIRXR=RTT, Thbb, XHEHLBEROPIFET 2EOFETT, Zhs DRSS R
WKHRE LTS 2N TEETN, 2020IED 4, BEANRELPBHETY, T2 TIid—#
7RIS LD o T, u ZRFEORE L LTHOWE T, 2720, RPIEEA R FEIIED D % 72
B, BFEHoTInoZXT 2HENDHD £7,

RKLEIRDOBEY TS, ZORE 2 DDHERZ L > THERINTVET, BTEERKA(Z ZTIE
) ozh2ho/kKECHIEL, FINTERK B(Z ZTiEE5E—) DZNZNDOKEIHIGL 5,
R BERADITHE, C»HBERTLE, ZODHIE R x CERNOGBONERIT 2 Z L TE
EF, SITRER=3, C=2eRDET, MNFEMES>TREDTLINERLE T, LIEHoT,



e WEEH A OF r KM (e, r1TH), BHE B 0% ¢ KYE (c TH) ORF PR KL 5. BT
WROESIHT e TEET

tov¥—7%L CBT | &&f
77N 11 K12
TIFALTY — 21 22

NZE I PPN 31 W32

=1

T, BMHDOHAEDLERIZOVWTIEESTL x> 2 ? HlZIX, CBT 2%F 250 50ICBbLL
T, SEHO LI BRERICBVTY a A a2 BEINLFREDOD 5 (RENZR) BEF2EDF
BN RSO EIZOWT, EDO XS CHABTIUIRVWTL x5, ZHE” Fy b GliEck-T
RIZEDTEZT, BIFEOY aAER20HCE L TE, ROE 3THOEZFETIERD
BRZIEMNDDET, THDE, 200D (e, ps1 B ps) LT 2 20
5T TTo ZOVFELORERIIEL T e FEh, ZOEEICIE us, e RiLINET, CBT O
WEEE, ROF2FHHIOWTORFEE e MIGT 2729, uo ERiILINF T, HBFE, 1725
DM %L (A1) T2 28> THONZ FEETH B 720, u. e RKiIhEd, FF
BZoWTOREREIE, UFOLIICEL N TEET !

-4l CBT | &dt
771K H11 M1z | M1
TIFATY — Ho1 W22 | Mo,
TaAENh 31 K32 H3.
CEl b1 po | M

CORMIEICE T, WHZEEAMLTRHT 2 e PAEBICEDET, IFD 2 EHL»IC
THILEEETLEEATAELE S, 7, EOBRPIKDIMO»rOEELKIZTH? KRIT,
CBT 35D DB RIZT N ? 3bAA, ERLTE I N TE2REIE NI TIE
HYFHA, Section PNITBWVWT, IHH 3O, FFEICEERKHOFIIREINET, LAL,
INDEIMEICBI 2RO EMB 2 ODRMTH 5720, FTEID20006HEDEL &5, 7,
BAIDOEIZOWTHEZE T, b LEPMORE R R VE T2, TXRTOITEENIFELITR S

URT RS RTEORVWE 2251%, TO—BYLATRENET T, d L, ZOEBRCIDHOERMMb-72 LT, HIC
3OHDOHFEBMT 22T THEAZ T, FEMNE, FFEEERINZZ2WEROBISIE L TWL D THILRT 2 Z 23T
TETH, AETE 2 U EOBERZELOWNZRLS ZIXFL AL RVED, IRENRI3DEBZ2I213HD EHA

REARANIE, BRI 2 E— TR S D T8 A, B, L XS 2T AA ANy FOSER
IR L 72 NEEE T, LA L, $I8HFTYA 2BV TIE, IRXNTORLVOHENER EFL WD, ZH5IEFRUHEICK
DET, BRIIEHER T A VIZOWTHIAT 2B, ZOFEPIERICHBOBIIR2bDIE VWS 2205 TL &
5, TTD, SOFMIENTHOEEA,

-5-



BITTR? LEdoT, INDRERGICZD X5, —HT, EBAorOMRER>ET DL,
TR R DI Z e TREIAE T, ERICTE, s OmERGS K ORI, A
P DFMEDE ZTT 1> TEERSINTT:

VARG, Ho: AT ELW, ie., U = s = Us,
SRR, Hi: 27 e d 1 OO EEnRL 3

IS DFERFIAY, Chapter 22CTZNH D7 — X I3 L C—ILlL B 08 #T %217 - 72 D
Rt £<FALTHZ L FFEHMELET, 2o, 77RO FEENRKRTOM L%
RIKRTLELTup &, 220D NV—TVFIEP2RTRILLE LT pua & py ZHV, IR
Up = ptia =ty CRENFE LT, TITHRICKFUCOVWTHL TWEDTTH, DI LT
AR D X D MR AT B W TIE, XD TELRRLEPBERD, T 2 TIEIRERNIE
Pi = Ho =3 ERSINET, L2LAEDS, BAD XS, KFIFRILTH2H0D, 2OHD Y
N—TEBPFET 2 LI X > T, RAtOMEDEHIIMIDICER D £,

b —HDIN—AMERIGE B LT, 2 OHDIRGHED FEDHIETERLTE S Z 2 Ick
PV LT, BIEREI»RVWTL &S, 12720, SEIZEOMETII R ODHEEICEHT 57
B, IRHERFUIFEIOFEMMEICHT 2 DIk 25 !

IR, Ho:  FIEEEL W, e, w1 = o
SALARER, Hi: HIFE3RL S, ie, oy # po

1.1.2 JASP ICK B DHHDET

FElF E OFICHH U 72 IR EAREE & M AREICIX, M e REZAR D2 X582 ET, Zhsidi
AR, Chapter 7?0 —JTCHLE S AHICBWTHRE LK@ L MU TT, 207D, ZIThE D
ST TRVSN RO RED, Chapter 277 TELG L F BEL ABEMCEFALTH 2 L HAFL T
WBDTIEZRWTL & 9D FIH (SS), F¥F5 (MS), BHEE (df), 2 LU THEAEINICIE p EICZE
522D TED FHRFBESHRTZHED, ZITHIHIAZ BTV TIERWTTN?
FARXZD@EDTT, Z5VIHDITRDT, TITRHEZITLIIERSZ Y u—F 2R -0 A
VWET, AEZBEUT, ETIREOINOEML 20 v 7 (BLUDZEEOEFANILRER)
ZEBAL, ZORIZIASP IZX 2 0 TEDRHZITS 7 Fa—F2MoT&EE L, SHE, Zh
LI, £3IASP TED XS WHMEITI RN L ET, ZOMEIE, Chapter 27 TailH L 7z H
fli7e—TChCE BT e, Z OB TS 2 X D MR BT & OB Z R L 720Wh 5 TT,

AL LD LTS T —XBPEROERFTEIIHE L TW2 55, TN OEMIIES I
ZDET, CREFEBRGTH 20 %2R S 578, Chapter 22TITo 20z BT 5 2 L 560

-6 -



FL&S, SNTLE oG BEDLDIZ, TOFHTIE 1 DOENA (ie., F) ITXo THRREL (ie.,
SaomL) ZTHIL LS &L, Figure 2?20 X 5 BEERZE TV 5,
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Residual 0.924 14.000 0.066

Note. Type Il Sum of Squares

Figurel.3 JASP two way ANOVA of mood.gain by drug and therapy

Figurel.4 JASP 2L 2R DA LEZFREL, B L0EITE—2FHLERE 2 ~HRTEH

FIFE eI, TOMNBIEEIZTP DR T RoTVET, ROKAIDITIE, BOEKNICET
BRI (SS) &, M D df 2R LTWE T, FEFES (MS) & F #iitEs X O p i
SIRINTVET, A, ESE—DERIHIGT 2178, TRE (e, BENES) b 2170D
DET,

NS ORMEZZNZNARZDDHZ2HDTL LS L, ThLORIEDRGRD £/, —IohlE 571
I EAT ol E e EDboTVWERA, FHFEHIE, SS 2T 2 df THIZZick-> TEHEX
NTVRZLIRERLTLEZIN, LED->T, IREPESE—, BECOVTESALTVER



A3,
SS

df
EWVOBBRSZZTHMDIIBEET, THEMHRT 27012, FANBED LS CHAEIN I 0ER
T BRBEEH D FHA, RbDIC, JASPASS ZIELLFEL T NI Z2ELT, 2oft
DBIEOERICOVWTHEZTAEL &S, $7, BOEKICEHL T, 3.453 2 2 TElI5 &, FF
HiZ 1727 EWSEICHED 5, £5E—0ERICEL T, BHEEN 1 LIk, FERZICK
hEF :0.467(SS) % 1 TEIB L, 0.467(MS) HELNFT,

FititEr pEE A2, ZhZN 20T 0H2 L IKOZET ; 1 DEEOERKITHIEL, b
5 123 ESE—DERICHELTVET, 5508588, FRitBIZERICHIET 24 FE 5O
ARG 2 G OMETE S Z e TitESIhE T, BIOER (EE A ; SEOLEIEER)
ERIEWEG L LTHA" &, BREZRIERKGL L LT R ZAVWSHE, ERAICMLET S F
MatElE Fa TRIN, LTFO XS ICEHHINET !
~ MS,4

MSk
%72, EH B(ie., EFE—) OWTHFARDFHENTE LT, KIFERPOITHERTFL LT
HbREMHLTVEDT, BEDKILL LT R ZHVIDIZP LHTHHLWTTA, SSg % MSk
Vo XRTDA, “R'EEREZEZRTOOE LTHATZ2DT, BiLLAZVWESIBHONET, dh
, COREZROEIEHT 2, BEROVEGES 1.727 2R AEDFIEV-F5 OfE 0.066 TEI S
LT, 26.149 WS F HEIEIMGEONE T, €S E—DEKITOVWTIE, 0.467 % 0.066 THI
28T, 7.076 L\ 5 F fMetEAIFTREINE T, YARTITD, ZOHI13KIFE JASP 2378
RCWELMEEFTTT,

THAMRIIE pEDEEFNTVET, TOdFh, RCEHFILLWILEDD FEA, 2 DDHERK
DZENZUCOVT, EREHBEREBONICERIEEN W IRERFZREL 2T (ZHUS20T
BRIZEHLSHALET), 207D, HHOMETolc 2 (ALHIC) FRDOFIET, Zh
SORFBICET 2 FHErEEZFITHEHLE L, Thd% p EICEHT 211, WS (BETLTw
2 EKNDEBILN) DB ETD F Mal EDEBITMTH 2 F PR ETS, 2 OOHMBEDHE
BEEEERAZCZAZAMIGEL TWE ZEIBTFEH LTS W, BOEKIZOWTIE, HHE 2
14D FaESBT2Z 2D ET (HHERZOVWTIFRIFEFHLIHHLETD), —F4, €5
E—DHERIIZOWVWTIE, HHE 1L 140 F 5HfeS3T5Z2ckhET,

ZZT, COXDHEMLRERGFEHD D & TOHETIRIE, B —IchiE D5 DO
Bt e, ZEREDOHIETHARNSE Z LIRS TL 5, BE 21T, 3x2BHKDEZT
FLE DT ORER, EOBERME (Foy = 26.15,p < .001) BXUP LI —DHERIE
(Fi14 =7.08,p = .02) RHEINIZ T2 DET, HEWIE, XD EMNTIEMZHGELHV
22, eI E—DMPL VI 200 EMEDDH L VZET, BRFHETIE, ok “F" 2R

MS

Fa

-8-



ERERZ CIERRNRICEZETE, ZARBEEREDD £T, 2Dk, 2 o0BEKDMEIC “RAEME
" 235 2% 2 W) a[eEEE RGNS 2720, BEIEER L ZXAEASREZXE]T 2D T,

1.1.3 FAMIFEDESICHBESINE D ?

CZETOHFCE 2 20HMDS DD £ Lizs £F, ZIEETHIHTE JASP THITT % 51k
&, —TCEESHINMEIZE AR THE I ZRTIETT, —DEWE, 2 O0HOERDE
mcd, Xig, ZREETHAIMOIBAINMRESRT 52T, ZARESTHINOBERICD S
BEARN R Y v 7 e MiED, —TtBESHANMOBERCHZ2DDOLFRILTHSL I ERT I LTI,
ZORBFEZRKINZLTLZE N, $XLL, ZRESEINE, —Tthi BT IZE AT
HETHER XN TWEDTY, SHOFEMIIOVWTED FFtho 3L, ZOBREIIESVWTEET,
BTLT, ZoDHEWEEIE, KEBICHEIZOBREDOEEZ T 3RALEANEED > TV E
£9,

ZHRTE, FFICOVWTR TS ZEIRLEL & 5, RIFEDHEITIE, FMR (I TEEBLY
LI E—0D) BT 2RGIRED F BETH 2 Z L IEFHHL F L7z, SEHH (SS) DD & 512!
HEINZPERENTOERATLR, FkIC, BHHEE (df) OFMEHEDHAINTOEEAD,
Zb HIFHIEBREMTT, ERA Y ERB D2 00 FHIZEELAH 5 b IRELEL & 5. MREHE
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—TERLE BT L RS, C OB OPTRS BIKENEENE (V. — V) L0 EBaTHD,
IKEE r IZDOWTDIRAZD 2RICHEL TVET, ZOHAIMTRoTWVEDIE, ERD R IKAETAN
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K A(SSa) B X UEK B(SSg) WA T 20252 e N TEET, LD ->T, EEFLHANZ 2
DOERDWTIUCHEAX L VY OEFHTH S L ERINET, 5W0IINUL,

SSg = SST — (SSa + SSg)
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RN RE®RDP DD £ T, BAEL VI BSEE, TADEHORYOHHTHE I ERLTED,
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TROETHOSLNT WX SIZ)SSy EXRFELTHI LD —RINTHD, ZoZers, FHHOD
BANEE TN OFEHFNTERZDFEHMEMZ 2D DICFELY, EWIRBDPILIHONET, 20
HOBPLICBWT, ZAUIHZ 3 REWRELMETIZRNZ 220D £F 1 58T & Bl HT
DHNETIToTWB Z X, FEBIZ, MUAEDTT,

W E X, ZOREHWTSSg ZFHE L, JASP OHA L0 iR FEUEZIES
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1.3
Factorial ANOVA 3: unbalanced designs

Factorial ANOVA is a very handy thing to know about. It's been one of the standard tools used
to analyse experimental data for many decades, and you'll find that you can’t read more than two or
three papers in psychology without running into an ANOVA in there somewhere. However, there's
one huge difference between the ANOVAs that you'll see in a lot of real scientific articles and the
ANOVAs that I've described so far. In in real life we're rarely lucky enough to have perfectly balanced
designs. For one reason or another, it's typical to end up with more observations in some cells than

in others. Or, to put it another way, we have an unbalanced design.

Unbalanced designs need to be treated with a lot more care than balanced designs, and the
statistical theory that underpins them is a lot messier. It might be a consequence of this messiness,
or it might be a shortage of time, but my experience has been that undergraduate research methods
classes in psychology have a nasty tendency to ignore this issue completely. A lot of stats textbooks
tend to gloss over it too. The net result of this, | think, is that a lot of active researchers in the field
don’t actually know that there's several different “types” of unbalanced ANOVAs, and they produce
quite different answers. In fact, reading the psychological literature, I'm kind of amazed at the fact
that most people who report the results of an unbalanced factorial ANOVA don't actually give you
enough details to reproduce the analysis. | secretly suspect that most people don't even realise that
their statistical software package is making a whole lot of substantive data analysis decisions on their
behalf. It's actually a little terrifying when you think about it. So, if you want to avoid handing

control of your data analysis to stupid software, read on.

1.3.1 The coffee data

As usual, it will help us to work with some data. The coffee.csv file contains a hypothetical
data set that produces an unbalanced 3 x 2 ANOVA. Suppose we were interested in finding out
whether or not the tendency of people to babble when they have too much coffee is purely an effect
of the coffee itself, or whether there's some effect of the milk and sugar that people add to the
coffee. Suppose we took 18 people and gave them some coffee to drink. The amount of coffee /
caffeine was held constant, and we varied whether or not milk was added, so milk is a binary factor
with two levels, "yes" and "no". We also varied the kind of sugar involved. The coffee might contain
"real" sugar or it might contain "fake" sugar (i.e., artificial sweetener) or it might contain "none"

at all, so the sugar variable is a three level factor. Our outcome variable is a continuous variable
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that presumably refers to some psychologically sensible measure of the extent to which someone is
“babbling”. The details don't really matter for our purpose. Take a look at the data in the JASP

spreadsheet view, as in Figure 77.

Results

Descriptive Statistics

Descriptive 5tatistics

babble
no Vs
WValid 10 8
Missing 0 0
Mean 5.320 4.750
Std. Deviation 0.796 0.962
Minimum 3.900 3.500
Maximum 6.600 5.900

Descriptive Statistics

Descriptive 5tatistics

bhahble
fake none real
Walid i) 5 7
Missing 0 0 0
Mean 5.033 4.440 5.543
Std. Deviation 0.814 1.038 0.637
Minimum 3.900 3.500 4.600
Maximum 5.900 5.800 6.600

Figurel.6 Descriptives for the coffee.csv data set, separately split by milk and sugar, respectively.
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Looking at the table of means in Figure ?? we get a strong impression that there are differences
between the groups. This is especially true when we look at the standard deviations. Across groups,
this standard deviation varies quite a lot.*> Whilst this at first may seem like a straightforward
factorial ANOVA, a problem arises when we look at how many observations we have in each group.
See the different Ns for different groups shown in Figure ??. This violates one of our original
assumptions, namely that the number of people in each group is the same. We haven't really

discussed how to handle this situation.

1.3.2 “Standard ANOVA” does not exist for unbalanced designs

Unbalanced designs lead us to the somewhat unsettling discovery that there isn't really any one
thing that we might refer to as a standard ANOVA. In fact, it turns out that there are three
fundamentally different ways** in which you might want to run an ANOVA in an unbalanced design.
If you have a balanced design all three versions produce identical results, with the sums of squares,
F-values, etc., all conforming to the formulas that | gave at the start of the chapter. However,
when your design is unbalanced they don't give the same answers. Furthermore, they are not all
equally appropriate to every situation. Some methods will be more appropriate to your situation
than others. Given all this, it's important to understand what the different types of ANOVA are and

how they differ from one another.

The first kind of ANOVA is conventionally referred to as Type | sum of squares. |I'm sure you can
guess what the other two are called. The “sum of squares” part of the name was introduced by the
SAS statistical software package and has become standard nomenclature, but it's a bit misleading
in some ways. | think the logic for referring to them as different types of sum of squares is that,
when you look at the ANOVA tables that they produce, the key difference in the numbers is the
SS values. The degrees of freedom don't change, the MS values are still defined as SS divided by

df, etc. However, what the terminology gets wrong is that it hides the reason why the SS values

*3This discrepancy in standard deviations might (and should) make you wonder if we have a violation of the
homogeneity of variance assumption. I'll leave it as an exercise for the reader to double check this using the Levene
test option.

*4Actually, this is a bit of a lie. ANOVAs can vary in other ways besides the ones I've discussed in this book. For
instance, I've completely ignored the difference between fixed-effect models in which the levels of a factor are “fixed”
by the experimenter or the world, and random-effect models in which the levels are random samples from a larger
population of possible levels (this book only covers fixed-effect models). Don't make the mistake of thinking that this
book, or any other one, will tell you “everything you need to know” about statistics, any more than a single book could
possibly tell you everything you need to know about psychology, physics or philosophy. Life is too complicated for
that to ever be true. This isn't a cause for despair, though. Most researchers get by with a basic working knowledge
of ANOVA that doesn’t go any further than this book does. | just want you to keep in mind that this book is only
the beginning of a very long story, not the whole story.
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are different from one another. To that end, it's a lot more helpful to think of the three different
kinds of ANOVA as three different hypothesis testing strategies. These different strategies lead
to different SS values, to be sure, but it's the strategy that is the important thing here, not the
SS values themselves. Recall from Section ?? that any particular F-test is best thought of as a
comparison between two linear models. So, when you're looking at an ANOVA table, it helps to
remember that each of those F-tests corresponds to a pair of models that are being compared. Of
course, this leads naturally to the question of which pair of models is being compared. This is the
fundamental difference between ANOVA Types |, Il and Ill: each one corresponds to a different way

of choosing the model pairs for the tests.

1.3.3 Type | sum of squares

The Type | method is sometimes referred to as the “sequential” sum of squares, because it involves
a process of adding terms to the model one at a time. Consider the coffee data, for instance. Suppose
we want to run the full 3 x 2 factorial ANOVA, including interaction terms. The full model contains
the outcome variable babble, the predictor variables sugar and milk, and the interaction term
sugar*milk. This can be written as babble ~ sugar + milk + sugar*milk. The Type | strategy
builds this model up sequentially, starting from the simplest possible model and gradually adding

terms.

The simplest possible model for the data would be one in which neither milk nor sugar is assumed
to have any effect on babbling. The only term that would be included in such a model is the
intercept, written as babble ~ 1. This is our initial null hypothesis. The next simplest model for the
data would be one in which only one of the two main effects is included. In the coffee data, there
are two different possible choices here, because we could choose to add milk first or to add sugar
first. The order actually turns out to matter, as we'll see later, but for now let's just make a choice
arbitrarily and pick sugar. So, the second model in our sequence of models is babble ~ sugar, and

it forms the alternative hypothesis for our first test. We now have our first hypothesis test:

Null model: babble ~ 1

Alternative model: babble ~ sugar

This comparison forms our hypothesis test of the main effect of sugar. The next step in our
model building exercise is to add the other main effect term, so the next model in our sequence is

babble ~ sugar + milk. The second hypothesis test is then formed by comparing the following pair
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of models:

Null model: babble ~ sugar

Alternative model: babble ~ sugar + milk

This comparison forms our hypothesis test of the main effect of milk. In one sense, this approach
is very elegant: the alternative hypothesis from the first test forms the null hypothesis for the
second one. It is in this sense that the Type | method is strictly sequential. Every test builds
directly on the results of the last one. However, in another sense it's very inelegant, because
there's a strong asymmetry between the two tests. The test of the main effect of sugar (the first
test) completely ignores milk, whereas the test of the main effect of milk (the second test) does
take sugar into account. In any case, the fourth model in our sequence is now the full model,

babble ~ sugar + milk + sugar*milk, and the corresponding hypothesis test is:

Null model: babble ~ sugar + milk

Alternative model: babble ~ sugar + milk + sugar*milk

Type Il sum of squares is the default hypothesis testing method used by JASP ANOVA, so to run
a Type | sum of squares analysis we have to select ‘Type 1" in the ‘Sum of squares’ selection box in
the JASP ‘ANOVA' - ‘Model" options. This gives us the ANOVA table shown in Figure 77.

ANOVA

ANOWA - babble

Cases Sum of Sguares df Mean Square F p
sugar 3.558 2.000 1.779 B.749 0.011
milk 0.956 1.000 0.956 3.628 0.081
sugar % milk 5.944 2.000 2.972 11.277 0.002
Residual 3.1e62 12.000 0.264

Naote, Type | Sum of Squares

Figurel.7 ANOVA results table using Type | sum of squares in JASP

The big problem with using Type | sum of squares is the fact that it really does depend on the
order in which you enter the variables. Yet, in many situations the researcher has no reason to prefer
one ordering over another. This is presumably the case for our milk and sugar problem. Should we
add milk first or sugar first? It feels exactly as arbitrary as a data analysis question as it does as a
coffee-making question. There may in fact be some people with firm opinions about ordering, but

it's hard to imagine a principled answer to the question. Yet, look what happens when we change
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the ordering, as in Figure ?7.

ANOVA ¥

ANOVA - babble

Cases Sum of Squares df Mean Square F p
milk 1l.444 1.000 1.444 5.479 0.037
sugar 3.070 2.000 1.535 5.824 0.017
milk s sugar 5.944 2.000 2.972 11.277 0.002
Residual 3.163 12.000 0.264

Nate, Type | Sum of Squares

Figurel.8 ANOVA results table using Type | sum of squares in JASP, but with factors entered
in a different order (milk first)

The p-values for both main effect terms have changed, and fairly dramatically. Among other
things, the effect of milk has become significant (though one should avoid drawing any strong
conclusions about this, as I've mentioned previously). Which of these two ANOVAs should one

report? It's not immediately obvious.

When you look at the hypothesis tests that are used to define the “first” main effect and the
“second” one, it's clear that they're qualitatively different from one another. In our initial example,
we saw that the test for the main effect of sugar completely ignores milk, whereas the test of
the main effect of milk does take sugar into account. As such, the Type | testing strategy really
does treat the first main effect as if it had a kind of theoretical primacy over the second one. In
my experience there is very rarely if ever any theoretically primacy of this kind that would justify

treating any two main effects asymmetrically.

The consequence of all this is that Type | tests are very rarely of much interest, and so we should

move on to discuss Type |l tests and Type Il tests.

1.3.4 Type Il sum of squares

Having just finished talking about Type | tests, you might think that the natural thing to do next
would be to talk about Type Il tests. However, | think it's actually a bit more natural to discuss Type

[l tests (which are simple and the default in JASP) before talking about Type Il tests (which are
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trickier). The basic idea behind Type |1l tests is extremely simple. Regardless of which term you're
trying to evaluate, run the F-test in which the alternative hypothesis corresponds to the full ANOVA
model as specified by the user, and the null model just deletes that one term that you're testing. For
instance, in the coffee example, in which our full model was babble ~ sugar + milk + sugar*milk,
the test for a main effect of sugar would correspond to a comparison between the following two

models:

Null model: babble ~ milk + sugar*milk

Alternative model: babble ~ sugar + milk + sugar*milk

Similarly the main effect of milk is evaluated by testing the full model against a null model that

removes the milk term, like so:

Null model: babble ~ sugar + sugar*milk

Alternative model: babble ~ sugar + milk + sugar*milk

Finally, the interaction term sugar*milk is evaluated in exactly the same way. Once again, we test

the full model against a null model that removes the sugar*milk interaction term, like so:

Null model: babble ~ sugar + milk

Alternative model: babble ~ sugar + milk + sugar*milk

The basic idea generalises to higher order ANOVAs. For instance, suppose that we were trying to
run an ANOVA with three factors, A, B and C, and we wanted to consider all possible main effects
and all possible interactions, including the three way interaction A*BxC. The table below shows you

what the Type Il tests look like for this situation:

Term being tested is | Null model is outcome ~ ... Alternative model is outcome ~ ...
A B+ C + A¥B + AxC + BxC + AxBxC | A + B + C + A*B + A*C + BxC AxBx*C
B A+ C+ AxB + AxC + BxC + AxBxC | A + B + C + A*B + AxC + BxC AxBx*C
C A+ B+ A*xB + AxC + BxC + AxBxC | A + B + C + A*B + AxC + BxC A*BxC
AxB A+ B + C + AxC + B*C + AxBx*C A+ B+ C+ A*xB + A*C + BxC AxBx*C
AxC A +B + C + A*xB + B*C + AxBx*C A +B + C+ AxB + Ax*C + BxC AxBx*C
Bx*C A+ B+ C+ AxB + AxC + AxBx*C A +B+ C+ AxB + A*C + BxC A*BxC
AxB*C A+ B+ C+ A*xB + A*C + BxC A+ B+ C+ A*xB + A*C + BxC AxBx*C

As ugly as that table looks, it's pretty simple. In all cases, the alternative hypothesis corresponds
to the full model which contains three main effect terms (e.g. 4), three two-way interactions (e.g.
A*B) and one three-way interaction (i.e., A*B*C). The null model always contains 6 of these 7 terms,

and the missing one is the one whose significance we're trying to test.
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At first pass, Type Il tests seem like a nice idea. Firstly, we've removed the asymmetry that
caused us to have problems when running Type | tests. And because we're now treating all terms
the same way, the results of the hypothesis tests do not depend on the order in which we specify
them. This is definitely a good thing. However, there is a big problem when interpreting the results
of the tests, especially for main effect terms. Consider the coffee data. Suppose it turns out that
the main effect of milk is not significant according to the Type Ill tests. What this is telling us is
that babble ~ sugar + sugar*milk is a better model for the data than the full model. But what
does that even mean? If the interaction term sugar*milk was also non-significant, we'd be tempted
to conclude that the data are telling us that the only thing that matters is sugar. But suppose we
have a significant interaction term, but a non-significant main effect of milk. In this case, are we
to assume that there really is an “effect of sugar”, an “interaction between milk and sugar”, but
no “effect of milk"? That seems crazy. The right answer simply must be that it's meaningless*> to
talk about the main effect if the interaction is significant. In general, this seems to be what most
statisticians advise us to do, and | think that's the right advice. But if it really is meaningless to
talk about non-significant main effects in the presence of a significant interaction, then it's not at
all obvious why Type Ill tests should allow the null hypothesis to rely on a model that includes the
interaction but omits one of the main effects that make it up. When characterised in this fashion,

the null hypotheses really don't make much sense at all.

Later on, we'll see that Type Il tests can be redeemed in some contexts, but first let’s take a look

at the ANOVA results table using Type Ill sum of squares, see Figure 77.

ANOVA

ANOVA - babble

Cases Sumn of Squares df Mean Square F 1]
milk 1.004 1.000 1.004 3.810 0.075
sugar 2.132 Z2.000 1.066 4.045 0.045
milk = sugar 5.944 2.000 2.972 11.277 0.002
Residual 3.163 12.000 0.264

Note. Type Il Sum of Squares

Figurel.9 ANOVA results table using Type Ill sum of squares in JASP

But be aware, one of the perverse features of the Type Il testing strategy is that typically the

*50r, at the very least, rarely of interest.
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results turn out to depend on the contrasts that you use to encode your factors (see Section ?7? if

you've forgotten what the different types of contrasts are).*®

Okay, so if the p-values that typically come out of Type Ill analyses are so sensitive to the choice
of contrasts, does that mean that Type Ill tests are essentially arbitrary and not to be trusted?
To some extent that’s true, and when we turn to a discussion of Type Il tests we'll see that Type
Il analyses avoid this arbitrariness entirely, but | think that's too strong a conclusion. Firstly, it's
important to recognise that some choices of contrasts will always produce the same answers (ah, so
this is what is happening in JASP). Of particular importance is the fact that if the columns of our
contrast matrix are all constrained to sum to zero, then the Type Il analysis will always give the

Same answers.

1.3.5 Type Il sum of squares

Okay, so we've seen Type | and Ill tests now, and both are pretty straightforward. Type | tests are
performed by gradually adding terms one at a time, whereas Type |l tests are performed by taking
the full model and looking to see what happens when you remove each term. However, both can
have some limitations. Type | tests are dependent on the order in which you enter the terms, and
Type Il tests are dependent on how you code up your contrasts. Type Il tests are a little harder to

describe, but they avoid both of these problems, and as a result they are a little easier to interpret.

Type Il tests are broadly similar to Type Il tests. Start with a “full” model, and test a particular
term by deleting it from that model. However, Type Il tests are based on the marginality principle
which states that you should not omit a lower order term from your model if there are any higher
order ones that depend on it. So, for instance, if your model contains the two-way interaction A*B (a
2nd order term), then it really ought to contain the main effects A and B (1st order terms). Similarly,
if it contains a three-way interaction term A*B*C, then the model must also include the main effects
A, B and C as well as the simpler interactions A*B, AxC and B*C. Type Il tests routinely violate the
marginality principle. For instance, consider the test of the main effect of A in the context of a
three-way ANOVA that includes all possible interaction terms. According to Type Il tests, our null

and alternative models are:

Null model: outcome ~ B + C + A*B + A*C + B*C + AxBx*C

Alternative model: outcome ~ A + B + C + A*B + A*C + B*C + A*Bx*C

Notice that the null hypothesis omits A, but includes A*B, A*C and A*B*C as part of the model.

*SHowever, in JASP the results for Type Il sum of squares ANOVA are the same regardless of the contrast selected,
so JASP is obviously doing something different!
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This, according to the Type Il tests, is not a good choice of null hypothesis. What we should do
instead, if we want to test the null hypothesis that A is not relevant to our outcome, is to specify
the null hypothesis that is the most complicated model that does not rely on A in any form, even as
an interaction. The alternative hypothesis corresponds to this null model plus a main effect term of
A. This is a lot closer to what most people would intuitively think of as a “main effect of A", and it

yields the following as our Type Il test of the main effect of A:*"

Null model: outcome ~ B + C + Bx*C

Alternative model: outcome ~ A + B + C + BxC

Anyway, just to give you a sense of how the Type Il tests play out, here's the full table of tests that
would be applied in a three-way factorial ANOVA:

Term being tested is | Null model is outcome ~ ... Alternative model is outcome -~
A B + C + BxC A+ B + C + BxC
B A+ C + AxC A+ B + C + AxC
C A + B + AxB A+ B+ C+ AxB
AxB A+ B+ C+ AxC + Bx*C A+ B+ C+ AxB + A*C + BxC
AxC A+ B+ C+ AxB + Bx*C A +B + C+ AxB + Ax*C + BxC
Bx*C A+ B+ C+ A*xB + AxC A +B+ C+ AxB + A*C + BxC
A%Bx*C A+B+C+ A*B + A*C + B*C | A + B + C + A*B + A%C + B*C + AxBxC

In the context of the two way ANOVA that we've been using in the coffee data, the hypothesis tests

*"Note, of course, that this does depend on the model that the user specified. If the original ANOVA model doesn't
contain an interaction term for BxC, then obviously it won't appear in either the null or the alternative. But that’s true
for Types I, Il and Ill. They never include any terms that you didn’t include, but they make different choices about
how to construct tests for the ones that you did include.
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are even simpler. The main effect of sugar corresponds to an F-test comparing these two models:

Null model: babble ~ milk

Alternative model: babble ~ sugar + milk
The test for the main effect of milk is

Null model: babble ~ sugar

Alternative model: babble ~ sugar + milk

Finally, the test for the interaction sugar*milk is:

Null model: babble ~ sugar + milk

Alternative model: babble ~ sugar + milk + sugar*milk

Running the tests are again straightforward. Just select ‘Type 2’ in the ‘Sum of squares’ selection
box in the JASP 'ANOVA’ - ‘Model’ options, This gives us the ANOVA table shown in Figure 77.

ANOVA

ANOVA - babble

Cases sum of Squares df Mean Square F p
milk 0.956 1.000 0.956 3.628 0.081
sugar 3.070 2.000 1.535 5.824 0.017
milk = sugar 5.944 2.000 2.972 11.277 0.002
Residual 3.163 12.000 0.264

Nate, Type Il Sum of Squares

Figurel.10 ANOVA results table using Type Il sum of squares in JASP

Type Il tests have some clear advantages over Type | and Type |ll tests. They don't depend on the
order in which you specify factors (unlike Type 1), and they don’t depend on the contrasts that you
use to specify your factors (unlike Type Il1). And although opinions may differ on this last point, and
it will definitely depend on what you're trying to do with your data, | do think that the hypothesis
tests that they specify are more likely to correspond to something that you actually care about. As
a consequence, | find that it's usually easier to interpret the results of a Type Il test than the results
of a Type | or Type Ill test. For this reason my tentative advice is that, if you can’t think of any
obvious model comparisons that directly map onto your research questions but you still want to run

an ANOVA in an unbalanced design, Type Il tests are probably a better choice than Type | or Type
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1.8

1.3.6 Effect sizes (and non-additive sums of squares)

JASP also provides the effect sizes n? and partial 7> when you select these options. However,

when you've got an unbalanced design there's a bit of extra complexity involved.

If you remember back to our very early discussions of ANOVA, one of the key ideas behind the
sums of squares calculations is that if we add up all the SS terms associated with the effects in the
model, and add that to the residual SS, they're supposed to add up to the total sum of squares.
And, on top of that, the whole idea behind 7? is that, because you're dividing one of the SS terms
by the total SS value, an 1? value can be interpreted as the proportion of variance accounted for
by a particular term. But this is not so straightforward in unbalanced designs because some of the

variance goes “missing”.

This seems a bit odd at first, but here's why. When you have unbalanced designs your factors
become correlated with one another, and it becomes difficult to tell the difference between the effect
of Factor A and the effect of Factor B. In the extreme case, suppose that we'd run a 2 x 2 design

in which the number of participants in each group had been as follows:
sugar  no sugar

milk 100 0
no milk 0 100

Here we have a spectacularly unbalanced design: 100 people have milk and sugar, 100 people have
no milk and no sugar, and that's all. There are 0 people with milk and no sugar, and 0 people with
sugar but no milk. Now suppose that, when we collected the data, it turned out there is a large
(and statistically significant) difference between the “milk and sugar” group and the “no-milk and
no-sugar” group. Is this a main effect of sugar? A main effect of milk? Or an interaction? It's

impossible to tell, because the presence of sugar has a perfect association with the presence of milk.

*8] find it amusing to note that the default in R is Type | and the default in SPSS, JASP, and jamovi is Type Il
Neither of these appeals to me all that much. Relatedly, | find it depressing that almost nobody in the psychological
literature ever bothers to report which Type of tests they ran, much less the order of variables (for Type I) or the
contrasts used (for Type IIl). Often they don't report what software they used either. The only way | can ever make
any sense of what people typically report is to try to guess from auxiliary cues which software they were using, and
to assume that they never changed the default settings. Please don't do this! Now that you know about these issues
make sure you indicate what software you used, and if you're reporting ANOVA results for unbalanced data, then
specify what Type of tests you ran, specify order information if you've done Type | tests and specify contrasts if you've
done Type Il tests. Or, even better, do hypotheses tests that correspond to things you really care about and then
report those!
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Now suppose the design had been a little more balanced:

sugar no sugar
milk 100 5
no milk 5 100

This time around, it's technically possible to distinguish between the effect of milk and the effect of
sugar, because we have a few people that have one but not the other. However, it will still be pretty
difficult to do so, because the association between sugar and milk is still extremely strong, and there
are so few observations in two of the groups. Again, we're very likely to be in the situation where
we know that the predictor variables (milk and sugar) are related to the outcome (babbling), but
we don't know if the nature of that relationship is a main effect of one or the other predictor, or the

interaction.

This uncertainty is the reason for the missing variance. The “missing” variance corresponds to
variation in the outcome variable that is clearly attributable to the predictors, but we don’t know
which of the effects in the model is responsible. When you calculate Type | sum of squares, no
variance ever goes missing. The sequential nature of Type | sum of squares means that the ANOVA
automatically attributes this variance to whichever effects are entered first. However, the Type Il
and Type Il tests are more conservative. Variance that cannot be clearly attributed to a specific

effect doesn't get attributed to any of them, and it goes missing.

1.4

Summary

= Factorial ANOVA with balanced designs, without interactions (Section ??) and with interac-

tions included (Section ?7?)

= Effect size, estimated means, and confidence intervals in a factorial ANOVA (Section ?7?)

= Checking assumptions in ANOVA (Section ?7)

= Analysis of Covariance (ANCOVA) (Section ?7)

= Understanding the linear model underlying ANOVA, including different contrasts (Section ??
and 77)

» Post hoc testing using Tukey's HSD (Section ??) and a brief commentary on planned com-
parisons (Section ?7)

» Factorial ANOVA with unbalanced designs (Section ?7?)
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LD %9, BEELDIZ, EHERKEZ, 21— 72 oEplofEgEEE 2T 20 TIERL,
TN ENTAFEBEOHEEEZH NS L W0WDH T TT,

BRERZ L, I —%2TbRP o277 REICEY 2571 EOHEE T 0300 TH D,
95% {EREX 1% 0.006 75 0.594 TL 7z, K7 N —FICOWTEERKMZHELTD, FUMICIZ
REBOVEWS ZEIERLTL IV, 2, 7O E T AR 0MOE— 2 REL TWVWED
T, TN ENAEEREEOHEEZFEH T 272D TT,

1.7
RTE DFEER

—JTCELE D BT & FRRIC, ZITEREBD OBV TS, DHOSENE (FRTOROEERF
HELW) , BEOEMM, BRHOHNMED 3 ORFHELEL LD T, AiD 2 DDIREITDOWNT
&, WRT2Z e TEET, 3DHDREIOWTIE, HIEMEEIAA S 2 OREHI 72 BRI FE S
B0 5, BAOHHSTHE LTI T8A. BlZIE, REEHIZER Y T2 KEHE T,
i 1 E R 2 OBIZBUZ A A SRS TW B0, BFREAH D 5, MX T, fEfE
TAERFBHLTORVWEES (Fl2X, REFHEZERLTHS5E) K, BRI TWw2IHIZE
HTERVEWSREZBNTVWS Z IR ET, ZOREOREICONVTIE, BB NHE
BDTTHEANMEFITL, TNODPEETHIDEIDZMRTES0D, Fxv 735 idtt
BIAS T, DHOSEER L BEOEHMEICOVWTIEESTLEI»? Marbundy, Zhbd
ZF v 7T 5DRFETHEHETT, —TTHETHIN TITohF v 7OHELERALGEDD ¥
Ao

171 DEHOEEMN

Section ?2? TRz K512, B2 A7V THEREZD vy M2 HENICHEL,
Levene DMEDFERE =K T 20 I h 2R T 2DIERWT A 77 TS, Levene DRUE D H G
IZDWTIX, Section ?2? THIHLZ=DTZ ZTIdfiih A, ZOMETIX, EFADPEMET L
(e, TRTOEEEL) TH2 Z PRI NTVET, RERS, ZOMEFEICEHNOZHICHE
BRLTED, FAFIET AL OVWTHHAL TS, EEOL ZAHFE D BRIV ST, Levene
DFEX, JASP @ ‘Assumption Checks' - ‘Homogeneity tests’ + 7> a Y TIEETE, ZO/ERIE
Figure 2?2 O X512 D £3, Levene DMENEETRVE WS Z X, BERFAED vy FOHM
WX AR ODFEDRRITIUX, THOFEMEDREICIFER L TVWARWVWEEZTREWI EIZRD
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ij‘o

1.72 REDIERYE

—ICHCE U & FRRIC, FRAZDIERIM: & 271 CHUET & £7 (Section 2722 |), Lo
L, —&INCiZ, QQ 7my b2HWTERAEZHEINCHAR DBRVEEWE T, Figure 77 21
TLEEW,

1.8
4385317 (ANCOVA)

HOWANTE, PEOHOIEHE LT, MEAKICEE L TWa 2 Bbh b, BINOEGAKH H

SBGECHVWONZ W TT, ZOBMOELNE, HTEH (ANCOVA) &\ 5 #5R T8
, HEBY LTHOWMICMA S Z BN TEET,

HOBIN T, EEBOEEEEZROHENNC X > T J%” L,” #8%” OB H0FE
WZOWT, BEEDOHETHETORMEZITVWET, ZOFKE, EROBELZESDLILNTELL
D, NEREBICBI 3HOPEORISEEICOWT, &b MhR” MERZITS> e TExy, 4t
DEAMEED LS LTINEITH>DOTL YOI ? HEEZDDDIEL TIE, @F, EBIC
WBRADELD DD FRAD, HEBZMAKT 210k, ERNAMEAOHEEHEZRD S5 2
EWTEET, ZLTC, MEMHER VT2 LT, BEEREDL I TELZDTT, T
bbb, WERGEEATERVT T — (BEEMED 2 WIEE ZFEOEE) AR Dz vwens e
EEWLET,

DX RAFTH LT, OB HBOBEDEEZRIZL LTLEIEWVWI VAT 4 H
D, THUIET R TFIUIRD FHA, BRI, FlnZ L IHEHTN S 2% % 71 v + L7 Figure
M ERTALY, XREHMARLWIERRZERED 2 VIEREREOZENLLR S, 200D 3
A, DET, O E, FEEHLERY LRSS TR, FEhCH T 2 R mEET A
DN VI FERICR 20D LRLER A, TORMIEZLARSEDTL k50?7 2 DDOROFHmIIE
BoTELT, FHOHEARENS,” 77— XD WHIPICHHFX 72" (Everitt1996) Z X274 5%
7o, BZHLEYTIERVTL x I,

B DERCN U THSEO R T 2B, HECKRET T2 0ELDH 2 Z 3L TT,
SEAWE—TTRE L ZTREEBEDOE L 5D TFHFA VICHHHTE 270, ©5 505 ETHEED
WETT,
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1.8.1 JASP IC& BHDEBITDRIT

HoRBOEEED, FleHLERE LT, HENRYA 27V Y78 XU ABEELICEGZ 5
FECEALDEZFR--TWa2 e LES, ZOT7—Xt v M ancova.csv THRZ2ZENTEET, 0D
7 7 A% JASP CTHAZ, OB EIT 5 12iE, 'ANOVA' - ‘ANCOVA' ZEIRL T, HoEoHT
DY 4 Y Rz E£T (Figure 77), IEIBZEE ‘happiness’ Z#EIRL, WEZE Ky 7 RIH
AL E T, MIUEE ‘stresss & ‘commute’ % FEEBER Ky 7 AHALET, HEE ‘age’
O HER Ry 7 RWZH/ALES, RS, BMoA TS ay - E:0¥E 220y 2L, ZXAEAF
FHIH stress*commute Z 7R v 27 ZIT/AL 35,

FERY 4 ¥ BTN EST RSN E T (Figure ?77), HZR ‘age’ @ F{HIZ p=.023 T

BTHD, FhrIEEZE happiness DEERTHIRTFTH 2 Z eI E Lz, #HEZN
AV EEE RS e, SGEOKESEACEEEZRICFERIGENTWE D, (HERLRLOY
Mre bk LC) EMMTbh TR T, MRO ey + (Figure 77) &, AERMHEZHRAL T
FEIR S 2 DI L 72 J71E TS,

TR ‘stress’ D F{H (52.61) ICfIFES 2RI p < .001 TY. EMR ‘commute’ @ F f&
(42.33) IS 2HERIE p < 001 2o TVET, ZObFVIThd, MEERIERTH S
DE DM T 2B RANICHWS N ATER (p < .05) XD /X, XL RDER
B (F(1,15) = 52.61, p < .001) ¥ @HHHEOENR (F(1,15) = 42.33, p < .001) HEETH -
T oOT 2 e N TEET, £, R ML AL EHHEORCEERLAREEHAbRONET
(F(1,15) = 14.15, p = .002),

Figure 77 1%, FhiZ LR L LHSBAOINC X - THE N, AEL L FEEEE OGS
ZRLTVWET, ZO0HTIE, BELRREERMR?D D, HEETHEHEIT SR L ADEKWA
X, HCEETEA L ZADEVWAR, HIEEHTHHTDHA ML ZADE WAL D EFEENEH VLWV
IMERICHED FE L, 2, APLRADEMRIAREL, A PLRDDVHRVANIEA FLARBZ VAL
DERTHL D000 ET, MAT, BEHFEOFMRDIREV Lo, HIEHETHEET 2 A
FHEHTHEHNT ALY BFY L THEREENSVI 00D T,

1.9
WZETILE LTORESHR

TR E BRI ONTIE, ZAONEARRICRILSDTHL VWS Ze Z2HET s eh
BEICRD T, REMIIE, FARIEIZRVEEDNZ 2 LAEEA, ZRETOHITI,
SEOHTEE L LTIV —THIOEZDOWER, HIRSHTIZFE U TEKE OHEBEBEROMEE BN
CLTVWE LR, TOSHOFAIRSERCELVWEWRZE S, LAL, 7— ROTRERVTAIUE, 7
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AT & [E AT DEEARR AL AFIERE IS K@ > TV Ed, EEE, 3 TIRZDIHUI OV TR
BRSNTNE T, THOIT L BRI E S 5B M (SS) IWREMKFL, $BEHH FM
EZFHALTOET, IRDEZ o TAHS L, Chapters 7?2 BXU 77ONAEIE, EEL TWRELDR
BDOEE A,

ZOMEZ, FEGHB ARSI, E5 L FEETNAELLTY, BRaTicoVnTIE, 20D
CXIXHETY, THEREEREROBRE ERT 272DV EIFRIREHERTHD, =
WIS ICREET LT,

Yp = by + b1X1p + b2X2p +€p

FRORICENT, Y, & p BEOBHNE (e.g., p NEOBINH) 0BT 2EREROM, Xip & p &
HOBHIEI 5 3 1 DHOFHEROME, Xop 13 p BHOBREICST 2 2 0 HOFHILEKOME,
bo, by, B LU by DEEEGRE, €, 13 p BEHORERRL 5, Bt e, PR LT, MIREHE
DHOREHT L, UFOLS51mD ET !

A~

Yp = bo + lelp + b2X2p

ZIT, Y3, ERICBHIEALEY, TdRL, BIFE p konwTHREHICESWTTHlENZ
Y O £F, TN EREET L LTRBRT 22 TEET, DA A X—YLEVD
b LNERAD, FBICEIEFICHETT, £3, MdTHMAH L LT, 2 x 2 ZROSEAI %
MEETNVICEZIZTAEL & 9,

191 T—4

B LT, FAOBRTOFEDREIHERER TH2 e LEL x5, ZHUIZ0% 25 100% F
TOREREOEKTT, BLOD 2 FTUERE, PEPHERICHBE L2250 (BE £5), B
K OEEDBRIEEFATEPE S 2 (FB EB) D 20T, ZI TR, #RICHFELLGEETHE
=1, HELRDPoBEZWE = 0 L LET, A, PEIBRFELZHATOIUIFE = 1, @t
ATORINEFE =0 LET,

T, ZZETRIERATTR, TI056, W OIrEFENLRN 2T HERDHD T (TAFE
A) SEIOBITIX, Y, 237 7 A0 p BEHOFADHEERT L LET, ZHUE, AHEDHFTHE
AURGEEIZ2ERD 3, AN, FRER I(ITOER) o r FHO Zv—7 & FHRIKT
20IDEKA) D c HEHD N —F2BIF 2 i HFHOSZMEZIEL T Y, LI KL ZEoTVWEL
Too TOHRRINRELEE, SSHEORHTTEZHAT 2 DIIEE IR 572D TTH, BED
XRIZBOTREFZDOT, R z2VOBERZET, T, Y, LVIRLE Y, & BHEAITT ¥
TILTID, ZNV—TIZOVTOHEREEZTRNE VI RELD D FT, B2, Yoo =350
SR THIUR, ZHUIBBICHEE T (e, HE = 0), BREFZHE T (e, FH =0), HHLT
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LE o/ (Fil = 35) 2EDILTH2 (ZLT, ZO¥EEIAHTHZ) b FSICHHBTL &
5, LdL, Y, =35 W0IHKFHATE, pFHOFENROEIEEZINR P olct WD T L
DERA, BERHEROPADATLE->TVWEDTT, THEMRTZZ 1%, ZHUIEHLIDD
FHA, ZOEMEFIRT 27200, 2 00H LVER X1, & Xop FEATIELVDOTT, 20D
FEOELZE, Xip =0 (e, BE =0), Xop =0 (e, FE =0) THHZI ALV ET, ZD7
O, T—RIILLPDOXSTHRD £T

ZIE, p | A, Y, | R, Xy | TE, Xop
1 90 1 1
2 87 1 1
3 75 0 1
4 60 1 0
5 35 0 0
6 50 0 0
7 65 1 0
8 70 0 1

bBEAA, ZNERAIZZETEHD FRA, FXRXBRADHAFEIZT—2D 74—~ T !
F—&RT7 7 A WE rtfm.csv T,

192 ZEOERZRAVSHSTOERETILE LTORR

T, MHEOFEWRNZFL x99, TOTF—XIZZ, HEERY L2200 fEEH X1 BXUI X, &
WS 3ODEEMEETNE T, TD2x2BHDLGHIIZ, FXLHERBEFLERUETHZ I LI
STV Eznwe BnEd,

Yp = by + lelp + b2X2p +€p

FioRXiEd b LA, LFE 200 FMERDOEIKET N ZRIFFICHN DD 2L FATLATT,
ME—DEWZE, [FIFIH T Xy BEE Xo 13EGEHRET T, ZOXTEWERX ZELEH (e, 0
FRE1DEERZL 2)ICHRoTVWEIETT, 2O IOV THIERT 2 KWL 2rH D 75,
12HIZ, MEDOXIFELWI L RIHT 27200, ROEWHEAIEHYE 2175 HIETT, 27, B
FHLAEDFHEDEZIL, TAEBEWLTLZEIAD, LLARKIKL 30T RV, BnE
T ZOMRDYIC, EANREZTITOWTHALZS 2T, 758G e BRI HALT NS LS
PITHEL, EIrLRTHRILTHE VWS %, JASP ICHH - THATAILICLEL & 5,
9, ZOTF—REAVCTHRHINMEIToTAEL X 5, rtfn T — Xty bEMHHL T, JASP T
THAWT 2 AT o T AER % Figure TNTRLE T,

STETR & EEED & TERBUEE AR S &, BEICHE L2 (Fus = 21.6, p = .006),
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R BREEGRATOWESD (Fis =52.3,p<0.001), EY@EVWEEEELATWIZEATDD
¥9, ZOpfEt FHEEZXELTBEEL x5,

T, MEAROBSDLSFECAHICOVWTERITCAEL & 5, rtfn 7 — Xty MIEBWT, H
BB IOFBOERIL, HrdBERNLRTHERTH 2D L51Ca—-MeEhTtngd, S$HD
5, T MED D $/ A, RECHE LFE (e, attend = 1) 1, £33 THRVFA (ie.,
attend = 0) L HART, "IOHFEL TV LWVWIEKIZKRZDTING, LEho>T, THHZ[H
IREFTNVOFRERE LTNMAS Z L ERLLARETED D $¥ A, THEHD 2 oOREEREE
W27, PAZbDoTREVWETY, HERROIREIIKT2DDTIEHD A, AT, BRS
B D 3, HEOHIFREA 0 X b KEiFHuE, #HRCHFEL T 2L BN RV E
CEEWRLET, L0 XD/AXITIR, #REZT TV EOTDBEMEL 2D £3, FBED
ZEIZOWTHAET T,

2L, BrolRoTL AW, ZHAREZEFIELVWOTL & 55 ? Ml oz EMn=Zg
T2 hdD, BHACERTVE NS s TRERNICO 22 Zehd LAEEAN, ZhlND
NCEIHIRTE DD R A, ZOBEHEHIZ 72012, FEDFECHERAITITAEL xS, F7,
T—REy b6 FKHL THHDOFE (e, p=6BIUp=7)COVWTEZXTAEL LI, ¥
HODFEDHRIELHATORVDT, FE =02 KoTWVWET, ZDI e ZHFAMNNCKRLT S
Y, Xog=0BEU X7 =0 RDET, LAOLEDS, 7THBROFEIERCHFELTVS (e,
attend = 1, X1 7 = 1) DAL, 6 FOXEFIHE L TOWELA (e, attend = 0, X16 = 0), 4L
TE, 20 OHEZEFERO —HRICYTED I EIRI2PRTAEL &5, 6 BDEEIKCD
WX, EIESIELTO XS5 FHIL £,

Y6 = by + b1 X16 + b2 Xas
=b0+(b1 X0)+(b2><0)
— by

LMo T, ZOEARYIFIE by DMEICHHIGT 2HEZES Z e A TFHlEhE T, 7HFEDEEICO
WTRESTLEI2? HRRNCEEEZRATSE, SEEMUFOXIS TR T,

Yo = by + b1 X17 + boXo7
:b0+(b1X1)+(b2XO)
= by + b1

COFEBFECHE L T2 0T, FHlXN2RAEIGYIATE by ICHEEE by OIREE MR 7= D
WKEHELLSRDET, 2FD, by 21 KO KEFIUR, HFICH 22E MR VE XD REPR W
ETFMEINZ DI T, ¥, REIATHIUR, #HRICHPEDHTIFREIEL 22 2 e 3Tl
ENET, 2OZLIOWVWT, BIDPULED FIFTAEL x5, #RICHBHHFEL (X11=1), 54
BREDTATEL (Xo1 =1) 1 BOFAEDOBERFESRZTL L OI2? ZHs0fEZEFRIC
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RAT2E, RDXS1k) £T,
Y = by + b1 X11 + baXan
=b0+(b1 X1)+(b2><1)
= by + b1 + b

Tibbh, FHEICHET 2 BOBHENI RN (e, by > 0), BREZFHATEL 22 THRVKE
DENZ 728 (ie., by >0), 1HFDFEIZ6FR7HFDFEID DFHOEEEIS Z e A TFHlxHh
£,

I 2 ETRR, FRFEFA TV ZDHREZ IR0 072 3BOFEDHIED by + by L7125 &
W EIFET LD TFHNCONWTHRLLEDPRVTL & 9, bIOIEFZZFETHEZRES &
5K IELERA. EORDODIZ, UND X SR PHIZNLHEDR B RLLET !

read textbook?

no yes
bg bo + bo
bo+ b1 bg+ b1+ b

attended? no

yes

ZD &, YIRIE by 1F, #BRICHE L DBEREZHALD T 2R Z IS 0L & IIfF
Nd, "“R=2A54 " L LTOMMED & 5 2&EZ R LET, RIS, b EFERICHE TUIRE
b s eGSR AEDIA L%, b BERELZHD I THRONZHEDM EZRLTVWET,
IO THAMTHIUZ, by ZHFEDOEHR, b 2 FEOEHRE L THRWEWEES s Lk
BA D EBIC, BiiR 2 x 2 O0EON T, FXCIhemBRI PRI FT,

XTC, DR BRI, BEANCRICDDTHE2 I B> TEIE AT, EBI
JASP T rtfm 77— X Z VAR 21TV, RECZSROPFGLTAEL x5, BEHEDFIE
THEIFRDHT 2 FEITT % &, Figure 220 & 5 RiERIB LN T T,

WL ODBEIRGFENELR DD 5, £F, YIRIEIZ 435 THY, HRIEEHE T, ERICHHFEL
RIpolz 2 [D¥ED "IN —T" I TH 3 425 L WIHIHIZIEWZ Y IIEH L TL Z X0, R,
HEZ B O BRI by = 18.0 TH 2 Z L ICHFH LTIV, ZhUE, FFICHIE LA,
HE Lo A LD SAHED 18 MEVE WS TR RMBLTVWE T, Db, HRFEEHET
RIS U EDORRIEIE bg + by THD, 4354+ 18.0=615 22 A TFHlIEhET, &
BEZFHATOVIFEEIZOVTSD, RO EPETLTVE DR TEET,

FX, T L BRSO OEMEE LD B 72012, DIV ULBAALZ A TEE T, MRy
MOHINIBNT, HEEZBEFEERD plEERTAEL x5, TOHIE, LIFETEIE FEIT
L7z ZWZRZBDEFAUETT, BIRETLOMETENEE t 55, 7B TR F 25
HBaXNs7z0, ZoZe3PLEMNMCEDLDAZ»S LNLEREA, LaL, BWiREIX, Chapter 2212
BWT tafie F OomoBCERED 2 Z 3Bl TwE S, BHE kK O t 7micit- T
DT 2BV HZLE, Zhze " RLEBEBHHEL L kO F MRS 28D ET, ZDZ

_a0-



cid, ERET MBI BHGEHR t ITOWTHER T 2 Z e TEE T, HELHOD t {HIX 4.65 TT,
CNETR/TZHE 216 &4D, THONICBIZMICT S F#fiitEe —8L X7,

1.93 XWHZERWEIEZEDER DL

ZET, 2x2D0WAMEMEETNE LTRZ2AELCODVWTARRTEELL, DL
i, 2x2x2®\%“ﬁ% 2x2x2x2DEHAHICHRLTHEEIC—RILT 2T
¥9, CIETOFEEFEILTT, FEENCMIG L 27k ZEEK BT 57200 T3, /2
L, 2KEN FOERIIOWTEZ S L, D& LAY ET, HlRE, REDFIFETIT- %,
clinicaltrial.csv 7 — X Z W2 3 x 2 DEADHICOWTEZITAEL & 9, 3 DODKHER D
DORERZ, [AlFE 7 ICHE U BEICERT 21235 T X 0WTL x50 7

ZOMITHT2EZIE, FFe T Y INTT, 3KEDERD, 2 DOfEERIZ X - Titid
LAaBELZLRAMNEZEZIZATIIRVDOTT, BRI, F:7oP170— 0k fEERL
B2 LEL x5, BEHED"TIOFATU—LELVWEEIZ, BIT7OoF1TU— =1 RDET,
ZIOTRWEGRICBE 7oA IU— =0 RN %9, ZOHE, TOZEBITFAL 7V -l
D2ODHE ORNITHILZRELE T, bBAA, B 7oHFAI7)—DOMIIZ T TEELRICE TN
BZIRTOERERZZ2DICTHATREDD FHA, VaA¥RL T I7EREXFITE S XS KB
DXILEPRETT, THEFEBT DT, BBV aAfAERLATHIUIL, Z5TRINUI0 7D
X957, B:OaAENLEVI 2OHD MHERZEN T 22 eHATEET, Zhs 2 D00
&b, 3FEEOELERITHAINT 2 Z L ATREICZ D £ T, FLORBFZOHTFERLEZBDTT :

=S E:T7UHITIU— F:VaqE/h
"F SR 0 0
NP AT = 1 0
CEECAVN 0 1

H LEFIRGEINEEDR T T RTHIUL, 2 DOREEBITVITND 01D T, BT U
47U—@%Q,£ TIOBALTU—ZEI LIS, B:Oaq4ENRLIZ0CEDET, YafERAD
BIEZFOUTT, B:o30ENXLD 1S, B:7oH170—=1301c2b %7,

NEEERZER S 2 2 2 id, JASP O ‘FIOMFK HREZ 2, SEEH LW TREHDFE
Ao BIZIE, BEAR Yy 7 ZICRD &5 Rffil s R a— N2 ANTHER, —MEHOE: 7o¥1 7 —ZEH
PUEN T 2 Z e TEXE T ! ifelse(drug == 'anxifree', 1, 0)' [AFRIZ, LK E: SaqE/NNA
EREAERT 5121, ROa— R2fHL %79 ! ifelse(drug == 'joyzepam’, 1, 0) 5 E—: CBT £
VRS % 32— RIZRDM D TT ! ifelse(therapy == 'CBT’, 1, 0) ZHQ6DH LWEEIE, JASP @
7 —&X7 7 A/ clinicaltrial2.jasp TRAZ 2 TE%Xd, ZTETHED, "("iE5x27 )y
7352, Ra—RFHERRINET,
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TIXT, 3KEQHEKE 2 OD MHEKTHI— ML 2 5EERTE X L, EIZ, THMT
LRI, MEHERICBILCTRU X5 ICEET 2 Z e bMEEREATT, LaL, SHOGE, &
DKM RIES AL 3, ZORMBEICOVWTIERETHAL $7,

1.9.4 FEEDOBEREICEH T B 38R L [O)F 534 O FEE

CZETOUHET, RILTF =Rty MI2EEDOAN—Y a VBN TEEZ LT, BEHE 1 DD 3 kit
DERFYE LTRHL TW3 clinicaltrial.csv 77 A VDAV I FILT—&X, BLXUOIN%E 2D
DMEDNLLICERL L 72 clinicaltrial2.omv 7 7 A VDILRT — X T3, D THEH L F 323,
ZZTHALIVWDIE, FANIR L7 3 x 2 DFEGTHDS, SEHEEE AW izEFEE 7L & EiTH
2W0WHZETT, £33, T zHEFEITLTAS L, Figure 7?70 X5 BRERMGONE T,
ZHAERERII L TBEEL £ 5, ‘Model' IZHBEIL, drug*therapy DIHZ%Z ‘Model Terms' R v 7
ADOWDRE£T,

R, TOHNBEIRZDHOTREDD FHA, KBIEEDTHANTEELFALTT, Xig, FHIZE
& LT CBTtherapy %, aniPHZ#{¥ L T druganxifree, drugjoyzepam % & A L 7z A7 #7 % FAT
LTAZEL & D, MiRiE Figure 27?20 X512k D £,

A=, HiE L IEZ0 7R DE S HIRICKE o T2 EBWE T, HRDZ e TI, EEaHroH)
&, ERERAMENZENR D 21T o 7B E L FRRIZ, 3 DO FHIZB O Zh 2 DWW T4 DFER
MHIENTWE T, CBTtherapy ZH D p i, LA DT B I 2 €S E—RRDE L 2 <
FICADT, BEET N ETBANBEKD Z L Z2ToTVWEDRE LT HIENTEERT, — %
T, ZOEIFETIVIE druganxifree B K U drugjoyzepam DNtLL%E, Hzh b2 BERDOR N2 D
DEBDESITHELTVWET, bBAA, TRMEHDORWI LT, ZOAKEZ S RERDHT
\¥, drugjoyzepam ¥ druganxifree 73, FEFRITIITK A D 3 KEDRER Z a2 — LT 272DITHV
722 00RZLIZNMTHEZZEZHIZHDBBROVDTTNL, ZALHISRD TlX, drugjoyzepam B
X ¥ druganxifree 1%, drugjoyzepam 3 X U} therapyCBT &[] U K & WHHEICHEEFRROTS, Ly
L, BABFZIDZ 2 LKA TWEY, ZOBETIE, I 2 00MERZRZNERETH %0
EIxHIMTT 2 Z e ICI R ERDED D FHA, RADFID I20DIE, FEVNCT K 2 “HREWR” %)
RBEDH2PEINTT, THbH, HALZIASP ICELDIE, 250 "SEYNCBIE L 7" bz ME
DHINZIR>T—FDIC Lz, HIED "“EFNLLE ORDORETT, AR EHRVWTL xS
7?7 SEO%E, Figure 770 X 512, FHIZENC CBTtherapy & & A, FEVNCEE Lz 2 DDA
ZRRALLT: “XVET L ZAEETIUIRVO TS, ThEFETT 570121, ‘Model K& %2
Uy 7L, 2 00FYNEHE T AIEHIZOWT ‘Add to null model #F =y 7 L%3, 2L T, WET
MZDOWTAICERDZZ LT, THIEKLE LTEEETLCEDIRNENE S i ificE s 3
(Section ??% Z#) Remember, smaller is better! {EAV/NZI WA LW, WS 22 ZRWHLTK
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72EW,

1.10
*EEDIEEZIT S MDA A

HIEITlE, EREZWL OLDOXHICENL T 2 5EEZMNA L E Lz, ZOHETIE, 2 EHEBOHA
EbLbBICE-T, UTORD IS REEEZITVWELE

drug druganxifree drugjoyzepam
ISR 0 0
"FIFALT) =" 1 0
"aAtENL" 0 1

FOBITHBERDEKECITIB L, BFIHBZNZHOMIHIELTOET, Zo&IE, BHlLD
F51 0%, BHRAHEH>TWET, 20N, MEFHTT, LrL, MHAdlofss
SRR RTIED D D T F, KEITIE, HEFEEIW B L D OEER LI AT OWT, 2
LTZNB% JASP TYD 3 ICHAFT 221 0WTHIHL EF. = 0BOIER D GVEID S
WD (Section ??) 2HLrOTHIUL, AEICELHEBLTEL L 2BHHLET, €5Th
FHUE, BARELTHHOEEA, B AVEFH A LT3, HEOBREH D EBETIIRLD
5TT,

1.10.1 S0IENFLE

TR & 5 B R AT, BEROH 2 1 DDKED, HEFED "N—254 2" HhFa
U— (ie, ZEIDOHFITIE 75€R) & LTRAIZEKRZRES, ZAUIHIGL THO 2 DDKEDESR
ENET, TOXIBMEDOZ e ZRUIMILE W E T, “XI—a—FT 4 7" LBFENTVE
To TOMHTE, BEROZKEEIN-RAR2KEL HBEINE T, R—R LR 5KETYIFOMHE
T,

oM, BROFDOHZH T3V —HRERE, X—ZAF74 v 2RTDBDTHLHLAET,
K EDRD THRDPDEHINTH 2 L WO EEERKML TWE T, BREBROHITE, 2o i3
R0 TVWET, FSERFHFIPIRE ITHREL L TCORWIRIUSHEY T 5, Rl Td, i
D2ODEMX, TT7REMEEDERICE > TERINTVWE T, DB, 779 RET7VHA
7V —EBERZIGEYL, YaAERAICEERIZGATT,

FRoORE, 3 DOKERFEFOERNH T 2 MHEHATHI TS, b L 5 DOKERFFOB K DAL
SHATAI R ERIGECIE, UFOXSICHETE A TEET !
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%Level 2345
K% 2345

1 0000
2 1000
3 0100
4 0010
5 0001

ZofITIE, 1 DHOXHKYE 2 ¥ KHE 1 DX, 2 DHOXTEEATKSE 3 LKHE 1 Xtk D
BRI -oTWE T, 774NV TR, HROBRIDKENEIIRN—RS 4 HT7T) -85 T
CIRFELTLEXW (e, Thbb, ZOKER, ZhBEE LMD SN IHRIZITLE £
T, X TRTOKEZONWTO 2D £9), JASP TlX, ‘Data Variable' 7 4 ¥ RV IZRIRI N
2EHMOKEDIEFZET 22T, EOITIVHNERDOEIIDOKEICRZ 02 EET LI L
MTEET (R Yy RO—FVOERHEX TN Y v 7 LT, ‘Data Variable' ¥ 2 —%F£/R$ 34
EnHDET),

1102 ANJLY— kXt

B, BEA RS — Y TIERLE T, LiL, ZOHEPROANRZDIZ, AYOEKTR—
RAEIRBATIVBFEL, TDOHT IV EDBRIZK o THD TR TORFZFHE L 72 WHET T,
ZDEIBR=ZAFTA VAT ITIVBFELBNE S IR T, SHZMOBO L iRk 277
2, DHIZhrBEoTWwardLNLERYA, T T, JASP @ ‘ANOVA' - ‘Contrasts’ JERAK v 7 2
D ‘helmert’ 7> a > TEITEINEZANINLT—FMEZEBALEL x5, ~Nb~— bxtbbig, &%
“ZOHTD" DT 2L WS TA T T BREICH D £F, T72bb, 51 oxftid 2 2oH
Oftr 1 DHOHDZE, 2o tiE 3 oHOME 1 2HBXU 2 OHOMOFEEHEE 0, b
Wo 7BETT, 5 00KERROERDEE, MR XS R TiIcAEEnE s !

1 -1 -1 -1 -1
2 1 -1 -1 -1
3 0 2 -1 -1
4 0 0 3 -1
5 0 4

AL — bREDOFE Y LT, $XTOMEDOMA 01242 (e, TRTDHDMM01242) LW
SHEDHD T, TOMWHEIEZ, ~L~v— bREEFATIUE, 28O EERE U TR 258
2, IRTEA K w iISRIES 3, 2 WS 2 RERL T, WHEticBWTiE, YIHEZN—
2574 HTIYOEEIIELTOE Lz, ZORMEE, RISk o TRIEHKICETY, &
NECTIRELTCEREIR, PFHEVERFTF A VICBVWTRERZFNEIYEETED D THAD, KIS
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Section ??7TIEFI D EVEIFH A 2O WTEZ S, TOHMHMDPHLZRD $T, EZ2F X
X, DEOIAREZHR T TVEDIE, D EWHO BT 2 RS 282, S EEICR 25
H52DTT,

1.10.3 Sum to zero contrasts

1.10.4 EJFxILE

3OHDA T are LT, JASP T “Bfli” Mk FEEh, 29— FHO— g% R 3 2
T SISO W T BN L £ 3, BRI, 8tiEH 3 70— FeR—254 v HTa
U (SEOGERE 1 7L —T1ITHY) toEEFELZdDIckR) T !

-1 -1 -1 -1

a W N =
SO » O O
= O O O

1 0
0 1
0 0
0 0
AL — bbb AR, BHIOMM 02 Z e b T, UL, TEOHEEREESLE
LTz &, URENIREENIE T2 28 2BEHRLTVWET, ZA5 DR EERT 213
IRz, cheorttpnzhzh, Z1—71 D 42070 —FD55D 1D D—
W THZ VWS 2T, BRINCIE, W1 “27Lv—72 -271—71" oxtht, Wtk 21%
CTN—TF3 - —TF1" DRk, Lol BEATT 2

1.10.5 JASP ICHITBEDMDNTLE

JASP 121%, ficd s LEEON T EERTE 2 7Y a VBRI TWES, bl 7
B DXAL > 4 Y FoD N A7 aicdh, UROLS5KRE AL T7OMEBR VAT v S
INTVET,

P2 PLE EE v B HE OGN E T H E 5 Z e 03B D FF, AAMREIE LT, BIE=0, ZM=1 &3 31RI0ERIR
EEZET, LENEOLE, REELEE Bt PI0EDEREL 2D, YREEEoFIHEERL 3. —/5T, B
b, bbb BEME=1, =1 D&, YKITHIEDFHITHD, TMRBYUIF &N —-TFOELZD £,
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Xtk & 4 7

(ThS

V%

Helmert

DIRL

HkHE (B 73V 2R D L 2KHEDFIT OR9)
ZHEL XS,

B LT, QUL & [FRRIC K HED I %2 fa i & hufzoK
WO WL 9, 20 &S Rntig, SRS 255
WEMTT, 774V T, B&IIOHTIVBEEINTH
9, /22L, BT, YAEERICEIT 2 TXTOK
EORFHe D 75,

BKME (ROIOKEERR) OFHE, ZhLRIOKED Y
PHBLET, (fatv— M EMENZ C 85D £5)

BHDOFHKEE (REOKEZERL) OFT%, ZhABEDKIEE
DI L £ 9

Bk (RBOKEZFRS) OVE%E, ZDBROKEDFE L
L 9,

MIENRE IR L £, 1 DHOHHER®EH T
VZBLTOMEMRZEATED, 2 OHDOHBHEIZ XM
RT3, Zorttiz, ZHADO ML Y F2HET 27D LI
LIFHWO N E T,

1.11

FRRE

AT DR 2REDRE Uize X2 AW/ AN U /2t Tld iz <, S8zl o 72
BER, W OorOBEERMREPAVEINLZE LET, FBREE THEBICENRV] 20D IRER
MEMET 272FD "F LN RELDT, AETHo7LTH, EORPMMD DR E S
DOPETE DD ERA, ZOMEIZOWTIX Chapter 22Tl E L7225, ZDRICIE, IXTOD
AJRER B RTITHN LT t MEZEITL, ZHHEBDAIE (e.g., Bonferroni DJ57%, Holm DJ5ik)
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275 22T, IRTOHBIZBWTEA 71 7 —DEREZHIEIT 2 2 WS IRREZID £ L .
Chapter ?? Tl L7 /71k1E, HERELMET, HBORIMRE LTS X 5 bk 4 R B W THIH
A[RETH B L WS FIEADH D FTH, DO O XIRICB W THIRINCHEERBREZ TV WA
BOLTE, BT LDREOBRELIIEAEEA. MatFOHL (Hsul996) * A% &, ZEHEKD
FIEFEHATHD, ZOETEFHMCHL 2 221X, AZD XS BRAMIZETIEAARETL £ 95,

LW Z, 1 OFTEHIMET 2 FEND D 3, Tukey ® “Honestly Significant Difference” ##
i, B LT Tukey ® HSD Kk ¥ MEEN 2 HIET T, SENE, BEIEEIEL, EENRHHIcCED
%5, Tukey ® HSD BEDEARMLE X /51%, 71— T OMMES 3R 7 FAL O E 5N THE
THZETHDY, LdoT, XF7VLIDEELID 555121, Tukey ® HSD BUEIZARY D
BERCHEY TR 2D 23, 80213, MRTOETHEM L7 clinicaltrial.csv 7 — Xt v b &
AW d inticBnt, BEBLXFLI -0 FEMREEEL, UTD 48D O ZITWE L ©

TIHA TV =BG LN BEEREG L ANDOK T DEHDEN,

w VafERLEHRE LN BEEHRE L ANDOKRD DEHDE,

s TIUHFA TV =BG LAY af BB E L ANDK D DEHDE,
CBT 25 L7z ANe I ¥ —%EMEL B> 2 NDK T DEHDE,

IS DHBEOWTIEWTD, FLAZ (BEFD) BEFEOEDZICELEH D £5, Tukey D
HSD METIX, A6 4 2D LTITOoWT, FIHMEHXBZRD 5, 95% "R [EH#EX
MXiE, ZOWEEMEDEDIRLZHAEI, 95% OMIERICEVT, EEKMICEKY DEMA
BEND, LVWIOIEKTT, X512, ZORERKMEEZHVT, TREONEDHED D DIEIEFEA p
HErBEET2 e TEET,

JASP O TukeyHSD BIEUX, 2272 D VR T VD DI > TWE T, FHEMEZITWVIWIEHT
DEZIEET 5721 TT, HlRE, FMROFRBEII TN 0D, KAFEHDOEERREIZI TV
RWIGE, DO OEED HERE O T arEHE B BIX ES5E— 0ZEELEHO
Ry 7 ZZHBEL, EHMRERERREY R FO—E2D ‘T 2a—F— (Tukey) DF =z v 7Ky 7R
ZERTLZILITRETLEI. ZOAMIE, MIGT2HROKXL &b, Figure 221TRSI AT
£9,

HERE OBBEOH N, (EAED D) IIEFII2IRTVEDTY, HIZE, REDOL#IZT
YHA TV =TT RDAET, ORI IITZBA S NIREFE DD 27T THH e
RENTVET, ROBIEHIFZZDOIFERZTH D, ZOfENIS 95% FEXMEZHAET LM TE
¥ (EERME OF 2y 7Ry 7 REERT 2L, EBRICZD 5% BHERXEZRRT 2 LT

BRI 2K, V=T ADFERIN—T B BIUIN—7 C O HRICER D085 pRAID 20HEIE, JloF
% (e.g., Scheffe @5k, ZOTEIIAFOHMEZBEZ TVETH, KORTHILRTIETT) 2ZHVWIRLERD D £5, Lr
L, BEAEYDHE, 7 VAXORMAICEOND 2 L ANET DT, Tukey D HSD BUEIZH A TH L Lok DTS
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XFET), 51, HHEERZRTY, tEE2RTH, BRI pEERIIIVRE T, KD HEIC
B BEIERA p EIZ 21 T, —F, XOfTERZ L, Ya ¥ a7 7 ROEMEDBH X
N7=A2F1.03THD, ZOMRIIAE (p<.001) THEIeHhTrhET,

CZETERROVTL &S, ETAVRKKREMFHENEGENZHEIEXE S5 TL x5 ? XX, JASP
DFT7ANEDATTalid, eI ¥—DERMICKZANFHP D2 e 2HRT2HDTT, T
D &S REGE, BERLRITINIRLBOWHEOBDEZ b 5, milEl & [k, BoEaR I
T3 300y, £SE—DOTMEICHEET 2 1 DO EMRF T2 LERHD ET, LrL, H
BAREEHOARERZMET LW (2 LT, 2OEBRRREMEMEZX X 28ME%2 BT 720) 0
ThHIUX, RO LS RUBEZED 2 HENDHD T !

s TUYA 7Y =% L CBT TIHE LAY, BEEEE L CBT TIHELZADR T DE
HDE,
» TUFA T REUREERZI R o N, BEERERG UIBEEZI B2 oADK
7T DEGDE,
= etc
DX, HEBHMEITRELDDBHLRDZLRDET, ZODEWINET TN LT Tukey D
FRMEZFATT 5L, Figure PNTRTIED, R7 VA4 XDHEEHRL (B 19 @) f7bAaTwa Z

EDTIPDET, FLIEEEHRD KU TOETH, HROBNZ L LoT0DE I BB DWE
B TL &S,
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Crossover interaction Effect for one level of Factor A

Te] [Te}
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Descriptives ¥

Descriptives Plot

1.6 _ therapy
O CBT
® no.th
c no.therapy
©
o
ge;
o
o
£
0.2 -

[ I
anxifree joyzepam placebo

drug

Figurel.12 FRREABRT — 2120t LT M D Descriptives Ploty 4 7> a v 2 L 7zIED
JASP oH )

ANOVA - mood.gain

Cases Sum of Squares df Mean Square F p
drug 3.453 Z2.000 1727 3il.714 < 001
therapy 0.467 1.000 0.467 B.582 0.013
drug = therapy 0271 2.000 0.136 2.490 0.125
Residual 0.653 12.000 0.054

MNaote. Type IIl Sum of Squares

Figurel.13 R E{FHE drug*therapy * &, SEE2RZICABEE T VOHMN
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Marginal Means

Marginal Means - drug = therapy

95% CI

drug therapy Marginal Mean SE Lower Upper
anxifree CET 1.033 0.135 0.740 1.327
no.therapy 0.400 0.135 0.106 0.694

joyzepam CET 1.500 0.135 1.206 1.794
no.therapy 1.467 0.135 1.173 1.760

placebo CET 0.600 0.135 0.306 0.894
no.therapy 0.300 0.135 0.006 0.594

Figurel.14 fEMEFNOREEFEG%RT JASP DR 7Y —>> a v b, ie clinicaltrial
F—2ty NOXRHEHaI Y R—F >V V28D
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Assumption Checks ¥

Test for Equality of Variances (Levene's)

F dfl df2 p
0.206 5.000 12.000 0.954
Q-QPlot ¥
2

-
I

Standardized Residuals
[

-2 -1 0 1 2
Theoretical Quantiles y

Figurel.15 47HEIIHTE 7L DRGE DHERR
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Statistics anxiety

—
L]

—
=

. . . Artists
Scientists
25 30 35 40 45 50
Age

Figurel.16 2 DR Z L OFFHIN T 2 ALD 71 v b
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=

Descriptives

Regression

T-Tests

Frequencies Factor

¥ ANCOVA 900 Results
Dependent Variable ANCOVA
% happiness
Fixed Factors ANCOVA - happiness
& stress Cases Sum of Squares df Mean Square F P
& commute
stress 2751517 1.000 2751517 52614  <.001
commute 2213.928 1.000 2213.928  4233¢  <.001
age 334.351 1.000 334.351 6.393 0.023
stress % commute 740.123 1.000 740123 14152 0.002
N Covariates B Residual 784.449 15.000 52.297
\ age ‘Note. Type lll Sum of Squares
Marginal Means
Marginal Means - stress s commute
95% CI
WLS Weights
stress  commute  Marginal Mean  SE Lower  Upper
high  cycle 43580  3.837 35403 51758
» Model drive 36112 3.240  29.206  43.017
low cycle 85.819 3714 77.902 93.736
» Assumption Checks drive 51.089  3.263 44135  58.043
» Contrasts L Ll

Descriptives

Descriptives Plot

90 commute
O cycle

® drive

happiness

30 -

high low

stress

Figurel.18 R ML R Y EHEHEOMKE LTOFIFEREDO v v b
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ANOVA - grade

Cases sum of Sguares df Mean Square F 1]
attend @4 8.000 1.000 648.000 21.600 0.006
reading 1568.000 1.000 1568.000 52.267 < 001
Residual 150.000 5.000 30.000

Naote, Type Il Sum of Squares

Figurel.19 JASP @ rtfm.csv 7 — &t v M WX BERED WG E T

Coefficients
Model Unstandardized Standard Error Standardized t 1]
1 ({Intercept) 43.500 3.354 12.969 < .001
attend 18.000 3.873 0.523 4.648 0.006
reading 28.000 3.873 0.814 7.230 < .001

Figurel.20 JSAP O rtfm.csv 7 — Xt v bR HOWEREEHEE S F R OWEIFSHT

ANOVA - mood.gain

Cases sum of Sguares df Mean Square F 1]
drug 3.453 2.000 1.727 26.149 < .001
therapy 0.467 1.000 0.467 7.076 0.019
Residual 0.924 14.000 0.066

Nate, Type Il Sum of Squares

Figurel.21 JASP IZ X 2R HEAEMZE WD HOTHT O
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Coefficients

Model Unstandardized Standard Error Standardized t p
1 (Intercept) 0.289 0.121 2.385 0.032
druganxifree 0.267 0.148 0.242 1.797 0.094
drugjoyzepam 1.033 0.148 0.938 6.965 < 001
therapyCET 0.322 0.121 0.311 2.660 0.019

Figurel.22 JASP 12 X 2 ¥ LbZ# druganxifree 3 & 8 drugjoyzepam % W 7= A& 534,
with contrast variables druganxifree and drugjoyzepam

Linear Regression ¥

Model Summary ¥

Model R R? Adjusted R? RMSE
0 0.844 0.713 0.674 0.305
1 0.900 0.809 0.768 0.257

Naote. Null model includes druganxifree, drugjoyzepam

ANOWVA
Model Sum of Sguares df Mean Sguare F p

0 Regression 3.453 2 1.727 18.611 < .001
Residual 1.392 15 0.093
Total 4.845 17

1 Regression 3.921 3 1.307 19.791 < .001
Residual 0.924 14 0.066
Total 4.845 17

Naote. Null model includes druganxifree, drugjoyzepam

Coefficients
Model Unstandardized Standard Error Standardized t p
o] (Intercept) 0.450 0.124 31.619 0.003
druganxifree 0.267 0.176 0.242 1.516 0.150
drugjoyzepam 1.033 0.176 0.939 5.876 < 001
1 (Intercept) 0.289 0.121 2.385 0.032
druganxifree 0.267 0.148 0.242 1.797 0.094
drugjoyzepam 1.033 0.148 0.939 6.965 < .001
therapyCET 0.322 0.121 0.311 2.660 0.019

Figurel.23 JASP OEIFHHTICE T 2 EF AL, 01EXLETFA, 13 ETF L
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Post Hoc Tests ¥

Post Hoc Comparisons - drug ¥

Mean Difference SE t Prukey

placebo joyzepam -1.033 0.148 —-6.965 < .001
anxifree -0.267 0.148 -1.797 0.206

joyzepam anxifree 0.767 0.148 5.168 < .001

Post Hoc Comparisons - therapy

Mean Difference SE t Prukey

CET no.therapy 0.322 0.121 2.660 0.019

Figurel.24 JAPS 2 X % Tukey ® HSD #/E

Post Hoc Tests ¥

Post Hoc Comparisons - drug s therapy ¥

Mean Difference SE t Prukey

placebo,CBT joyzepam,CBT -0.900 0.191 —-4.724 0.005
anxifree,CBT -0.433 0.191 -2.275 0.275

placebo,no.therapy 0.300 0.191 1.575 0.628

joyzepam,no.therapy -0.867 0.191 —4.549 0.007

anxifree,no.therapy 0.200 0.191 1.050 0.892

joyzepam,CBT anxifree,CBT 0.467 0.191 2.449 0.214
placebo,no.therapy 1.200 0.191 6.299 < .001

joyzepam,no.therapy 0.033 0.191 0.175 1.000

anxifree,no.therapy 1.100 0.191 5.774 < .001

anxifree, CBT placebo,no.therapy 0.733 0.191 3.849 0.022
joyzepam,no.therapy -0.433 0.191 —2.275 0.275

anxifree,no.therapy 0.633 0.191 3.324 0.053

placebo,no.therapy joyzepam,no.therapy -1.167 0.191 -b6.124 < .001
anxifree,no.therapy -0.100 0.191 —-0.525 0.994

joyzepam,no.therapy anxifree,no.therapy 1.067 0.191 5.599 0.001

Figurel.25 JASP I X 2 R AAMERE%R B0 0B HICHBIT % Tukey @ HSD #E
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