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e How to calculate Fratios for two-factor between-participants designs
* How to calculate simple main effects, if the interaction is significant
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2 x 2 Factorial
e The simplest two-factor between-participants design is a 2 x 2 factorial [
design:
* there are two factors, each with two levels, yielding a total of four cells or
conditions

® each participant contributes a single score to one condition only

* We can ask whether either of the main effects is significant
* We can also ask whether the interaction is significant

® an interaction is interpreted in terms of the simple main effects

A Typical Between-Participants 2 x 2 Design Satots o Group
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m.hurlstone@
lancaster.ac.uk

Ay A

Py P, Py P1g P11 P12
B1 P4 P5Pg P13P14 P45 [ MeanBy
Pz Pg Py P1g P17 P1g

P19 P2o P21 || PogPag P3o
Bz P22 P23 Pas || P3q Py P33 | MeanB,
P25 Pog P27 || P3q P35 Pag

A typical between-participants 2x2
Mean A, Mean A, design. Each participant only
performs one of the four possible
combinations of conditions




Main Effects

Aq Ay

Py Py Py P1o P11 P12
P4 P5Pg P13 P14 P15 By
P7PgPy  PigP17Pig

P1gPaoPa1  PagPag Py
P22 P23 Pas Py P3aPss B,
P25 PasPa7  P3sP3sPag

P1Py Py P1o P11 P12
P4 P5 Pg P13 P14 P1s
P7PgPg P16 P17 P1g
P19 P2 P2y P2g P2g P3o
P22 Pag Py P31 P3z Pag
P2s Pag P27 Pas P35 P3g
Mean A1 Mean A2

Main effect of A: Is the difference
between means of A; and A,
significant (ignoring factor B)?

Main effect of B: Is the difference
between means of B4 and B,

significant (ignoring factor A)?

Simple Main Effects of Factor A

Simple main effect of A at By:
Is the difference between means of Aq
and A, significant at B4 of factor B?

Simple main effect of A at B:
Is the difference between means of A;
and A, significant at B, of factor B?

B P1 PPy P10 P11 P12
1 P4P5Pg P13P14 P15
P7 Pg Py P15 P17 P1g
MeanA, Mean Ay
(atBy) (at By)
B P19 P20 P P2g P29 P30
2 P22 P23 Pas P31 Pgy Pag
P25 Pag Par P34 P35 P3g
Mean A1 Mean A2
(atBy) (atBy)

Simple Main Effects of Factor B

B1 P4 PsPg

P19 P2o P21

B P22 P23 Pog
2

Pas P Po7

Mean By
(atAq)

Mean B,
(atAq)

Simple main effect of B at Aq: Is
the difference between means of B4
and Bj, significant at A, of factor A?

Ay

P1oP1q P12
P13P14Pys
PigPy7 Prg | (@A)

Mean B4

P28 P29 P30 | Mean B,
P31 P32 Pag (at A )Z
P34 P35 P3g 2

Simple main effect of B at A,: Is
the difference between means of B4
and B, significant at A, of factor A?

Simple Main Effects

e There are two ways a pair of simple main effects may differ in their

trends:

@ one of a pair has a significant difference but not the other. For example,
the mean of A, differs from the mean of A; at level B, but not at level B4

@ both simple main effects are significant, but in the opposite direction. For
example, the mean of A, is greater than the mean of A; at level B4, but

the pattern is reversed at level B,

PSYC214:
Statistics for Group
[

m.hurlstone@
lancaster.ac.uk

Main Efcts

PSYC214:
Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk

Simplo Main Efects

PSYC214:
Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk

Simplo Main Efects

PSYC214:
Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk

Simplo Main Efects

Notes

Notes




Simple Main Effects
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Significant effect
of Aat By

Simplo Main Efects

Significant effect

of Aat By of AatB,
Level (B,) Level (B;) Level (B;) Level (B,)
Factor B
Factor A
- Level (A))
-* Level (A;)
Analysis a 2 x 2 Between-Participants Factorial Design ettt Group

* The first stage of analysis seeks to uncover which of the two main
effects and interactions are significant

e |f the interaction is significant, then in a second stage we perform a
simple main effects analysis

¢ Although a second factor has been added, the F ratio remains the

same:

F

_ treatment effects + experimental error
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Analysis a 2 x
2 Design

® As this is a between-participants design:

Analysis a 2 x 2 Between-Participants Factorial Design St o G

¢ The main difference is that there are now three F ratios, one for each of

the three effects

Hypothetical Data For COVID-19 Study Sttt G Hlotas

experimental error

between-group variance
within-group variance
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Factor A: Fear

Level Ay Level A

10 fear appeal  fear appeal
Factor B: Level By no efficacy message Py 5 P 6
Efficacy P4 P 4

P 6 Pis 4

P 4 P 5

Ps 5 Pi7 8

Ps 6 P 3

Level B, efficacy message Py

o
p
S

Py 6 P 9
Py 5 Py 6
Pio 3 P 9
P 8 Py 8
Pz 3 Py 7




Hypothetical Data For COVID-19 Study
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Factor A: Fear

Level A

no fear appeal fear appeal Overall

Level Ay

Factor B: Level B no efficacy message 5.00 5.00 5.00
Efficacy  Level B; efficacy message 5.17 8.17 6.67
Overall 5.08 6.58 5.83
. . DNotes
Notation ettt Group

SSgeTweEN =

AP+ AP (ZYP
Ny N
SSwirn =) Y - w

2
SSrom. =) Y2 - 7(ENY)

Notation
_(ZAP+(ZA)R (EYP
SSgeTweEN = N N
Ia
2 2
SSum =3 v - (AP (2AF
_ (X Y7
SSrom = Y? - =N
Notation

SSgeTweEN =

AP+ (AR SV
N

Na

_ AP+ (A
SSwirn =y Y2 - NiAZ

Y)2
SSrom. =) Y - 7(21\, )
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Notation
SSeerweey = = P+ (3 Az)?
SSwiman =3 Y2 - AP+ (A
I %
Notation
Y2

N the number of scores that make up the grand total

(T A2+ (Z A)? is (level total of A;)? + (level total of Ap)?

Na

Z v2i (scorey)? + (scorep)? + (scorez)?(and so on)

the number of scores that make up each level

1 (only one number makes up each individual score)

Basic Ratios

[T] : basic ratio of the grand total,

[A] : basic ratio of the level totals,

[Y] : basic ratio of the individual scores, Z y?

Basic Ratios

¢ To compute the components of a factorial between-participants ANOVA,
two additional ratios are required

e [B] is the basic ratio of the level totals of factor B. If there are two levels

in factor B, then [B] =

(level total of By)? + (level total of B;)?

(A +(EA)
N,

the number of scores that make up each level

(B + (3 B)?
N,
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Basic Ratios

® [AB] is the basic ratio of the cell totals, where a cell total is the total of
all the scores in any one of the cells. For a 2 x 2 design, [AB] =

(ceu woutof Ay By )2 =+ (ccll total of Aq Bz)2 + (ull woul of Ao By )2 + (c:u total ofAzsz)z

the number of scores in cach cell

=QCABP+ O ABP+ (D AB ) + (D AB)?

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B; Total A,B; Total A,By Total B, = 18] = 602 + 802
N no efficacy message - = = 12
Efficacy 30 30 30 +30 = 60 3600 4 6400
Lovel B, Total A,B, Total A,B, Total B, 12
efficacy message =31 =49 31 +49 =80 =833.3383
Total A, = Total A, =
1 2 M= 910
30 +31 =61 30 +49=79
[A] = 612 + 79° = 3721 + 6241
s - [m=140 _ 19600 _ g1 6667
a062 24 24
= 5 =830.1667
2, 302 4 312 4 402
(ag = 30°+30 ;31 +492 _ 900+900 ;961 +2401 51662 8603333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A,B; Total A,B; Total B; = [B] = 602 + 802
y no efficacy message - _ - 12
Efficacy 30 30 30 +30 = 60 ~ 3600 + 5400
Level B, Total A,B, Total A,8, Total B, = 12
efficacy message =31 =49 31 +49=80 =833.3333
Total A, = Total A, =
! 2 =910
30 +31 =61 30 +49=79
[A1=612 721 + 6241
1z 1z =140 _ 19600 _g46 6667
2062 2 24
= p =830.1667
2 2 2 2
1ag = 307 +30 ;31 +49? _ 900+900;951 +2401  _ 51662 _ 860.3333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear

(4] = 612 + 792 = 3721 + 6241
—z T 1z

9962
=22 = 830.1667
2 830.166'

[AB]

_ 30%+302+3124492 _ 900+ 900 + 961 + 2401
6 6

Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A,B, Total A,8, Total B, = 18] = 602 + 802
N no efficacy message - - - 12
Efficacy 30 30 30 +30 =60 — 3600 + 6400
Level B, Total A,B, Total A,8, Total B, = 12
efficacy message =31 =49 31 +49 = 80 =833.3333
Total A; = Total Ay =
! 2 =910
30 +31 =61 30 +49 =79

=140 _ 19600 _ g6 6667
2

# = 860.3333
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Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A;B; Total AzBy Total By = [B] = 602 + 802
X no efficacy message _ - - 12
Efficacy 30 30 30 +30 = 60 3600 + 6400
Level B, Total A,B, Total A,8, Total B, = 12
efficacy message =31 —a9 31 +49 =80 =833.3333
Total A, = Total Ay=
! 2 =910
30+31 =61 30 +49=79
[A] =612 + 79% = 3721 + 6241
Tz T 1z [m=140 _ 19600 _ g1 6667
24 24
9962
= =830.1667
12
302 + 302 + 312 + 492 900 + 900 + 961 + 2401 5162
A8 = . = < = 5 =860.333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A;B; Total A,B; Total B, = 18] = 602 + 80
N no efficacy message - = = 12
Efficacy 30 30 30 +30 = 60 3600 4 6400
Level B, Total A,B, Total A,B, Total B, 12
efficacy message =31 =49 31+49 =80 =833.3383
Total A, = Total A, =
1 2 =910
30 +31 =61 30 +49=79
[A] = 612 + 79° = 3721 + 6241
s - [m=140 _ 19600 _ g1 6667
a062 24 24
= 5 =830.1667
2, 302 4 312 4 402
(ag = 30°+30 ;31 +49% 900+900;961 +2401 51662 _ 860.3333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A,B; Total AzB; Total B; = [B] = 602 + 802
y no efficacy message - - - 12
Efficacy 30 30 30 +30 =60 3600+ 6400
Lovel B, Total A,B, Total A,B, Total B, = 12
efficacy message =31 - a9 31449 =80 =833.3333
Total A, = Total A, =
! 2 =910
30 +31 =61 30+49=79
[A1=612 721 + 6241
1z 1z =140 _ 19600 _g46 6667
9062 24 24
= 9% - 301667
2 2 2 2
1ag = 302+30 ;31 +492 _ 900+9oo;951 +2401 _ 51662 - 860.3333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear

Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A,B; Total A,B; Total B, = 18] = 602 + 802
N no efficacy message - - - 12
Efficacy 30 30 30 +30 =60 — 3600 + 6400
Level B, Total A,B, Total AzB, Total B, = 12
efficacy message =31 =49 31 +49 = 80 =833.3333
Total A, = Total Ay =
! 2 M=s10
30 +31 =61 30 +49=79

(4] = 612 + 792 = 3721 + 6241
—1z - iz [1=140 - 19600 _g16 6667
24 24

9962
=22 = 830.1667
2 830.166'

[A8] = 860.3333

_ 30%+302+3124492 _  900+900+961+2401 _ 5162
6 6 6
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Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B |Level B, Total A;B; Total ABy Total By = [B] = 602 + 802
) no efficacy message _ - - N
Efficacy 30 30 30 +30 = 60 ~ 3600+ 6400
Level B, Total A;B, Total A8, Total B, = 12
efficacy message =31 =49 31+49=80 =833.3333
Total A = Total Ay = M= 10
30 +31 =61 30+49=79
2, 52
[A] = 61° + 79° = 3721 + 6241
2 2 [n:% B % =816.6667
_ 9962 _
= 222 - 830.1667
302 + 302 + 312 + 492 900 + 900 + 961 + 2401 5162
[48]= 5 = 5 = 2 -860.3333

Calculating Basic Ratios For The Hypothetical Data

Factor A: Fear

Level A, Level A,
no fear appeal fear appeal
Factor B | Level B; Total A,B; Total A,B; Total B, = 18] = 602 + 80
§ no efficacy message _ - - 12
Eficacy 30 30 30 +30 = 60 ~ 3600 4 5400
Lovel B, Total A,B, Total A,B, Total B, = 12
efficacy message =31 - a9 31449 =80 =833.3333
Total A, = Total A, =
! 2 M= 910
30+31 =61 30+49=79

[A] = 612 + 79° = 3721 + 6241
—1z - iz m:% - % = 816.6667

9962
= 2992 _ g30.1667
12
30% + 302 + 312 + 492 900 + 900 + 961 + 2401 5162
1AB] = = = 222 -860.3333
6 6 6

Calculating The Sum of Squares For The Error Term

* Within-group variance is a measure of the extent to which people within
each of the groups behave differently, despite being treated alike

® For a2 x 2 between-participants design, people have been treated
exactly alike only within each of the four cells

* To calculate the error term, we compute and combine the Sums of
Squares and degrees of freedom using the smallest unit of identically
treated participants—the four cells

* This gives a single measure of experimental error that can be used for
calculating the Fs for all the effects

Calculating The Sum of Squares For The Error Term

e We calculate the error term, SSyruv, as follows:

SSwithin = [Y] — [AB]  SSwitrivwill be designated SSs/a8
* This produces the error term that will be used to calculate all the Fs

e This is the overall measure of the extent to which participants behaved
differently despite being treated alike

Notes
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Between-Group Sum of Squares

* We also need to calculate the total between-group Sum of Squares for

the four cells

e This is a measure of the variability due to the various experimental

treatments

® |tis a measure of how distant each of the four cell means is from the

grand mean

e |t tells us the overall extent to which the treatments caused scores to

differ

® The between-group Sum of Squares is calculated as:

SSgerween = [AB] — [T]  SSgerweenwill be designated SSag

Total Sum of Squares

* We also need to calculate the total Sum of Squares

e This is a measure of total variability for the entire data set irrespective of
experimental treatments

e |tis calculated as:

Calculating The Sums of Squares For The Two Main Effects

e Two between-group sums of squares are required, one for each of the

main effects

e Each main effect is treated as being completely independent from the

other

® e.g., when calculating the main effect of factor A, the fact participants
were treated in different ways at factor B is ignored

* The Sums of Squares for the two main effects are calculated as:

for the between-group sums of squares for factor A, SSp = [A] — [T]
for the between-group sums of squares for factor B, SSg = [B] — [T]

Calculating The Sums of Squares For The Two Main Effects

¢ To test the significance of the interaction, a final Sums of Squares is

required

e This is calculated as:

SSiteracTion, SSaxs = [AB] — [A] - [B] + [T]

e This is the variability in thee group means not accounted for by the main

effects

e |t is the variability caused by the interaction between factor A and factor

B

SSroraL = [Y] - [T]
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Calculating The Sums of Squares Discussed So Far
Within-group Sum of Squares: SSs;ap = [Y] — [AB]

=910 — 860.3333 = 49.67

Total between-group Sum of Squares: SSpg = [AB| — [T]

= 860.3333 — 816.6667 = 43.67

Total Sum of Squares: SSrora. = [Y] — [T]

=910 — 816.6667 = 93.33

Calculating The Sums of Squares Discussed So Far
Between-group Sum of Squares for factor A: SSy = [A] — [T]
= 830.1667 — 816.667 = 13.50

Between-group Sum of Squares for factor B: SSg = [B] — [T]

= 833.3333 - 816.6667 = 16.67

Sum of Squares for interaction: SSaxpg = [AB] — [A] — [B] + [T]

= 860.3333 — 830.1667 — 833.3333 + 816.6667 = 13.50

Degrees of Freedom
e For the main effects:

dfs = (number of levels in factor A— 1) = (a— 1)
(ais the number of levels in factor A)

dfg = (number of levels in factor B — 1) = (b — 1)
(bis the number of levels in factor B)

e For the interaction:

dfaxs = dfa x dfs = (a— 1)(b— 1)

Degrees of Freedom

© For the within-group variance (the error term):

dfs/ap = [(number of cells) x (number of scores in cell — 1)]
=ab(s—1)
(sis the number of scores in a cell)

* For the total degrees of freedom:

dfromac = (total number of scores — 1) = (abs) — 1
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Degrees of Freedom

* The various degrees of freedom should add up so that:

dfrorar = dfa + dfg + dfaxg + de/AB

Calculating The Degrees of Freedom Discussed So Far

dfs = (@a—1) =2 — 1 = 1(factor Ahas two levels)

dfg = (b—1) = 2 — 1 = 1(factor Bhas two levels)

disgxg=(a—1)b—-1)=1x1=1

dfs/pg = ab(s — 1) = 2 x 2(6 — 1) = 20 (six participants per cell)

dfTOTAL:(abs)—1:(2><2><6)—1:23

Summary ANOVA Table By Components

Source  Sum of Degrees of ~ Mean Square F p
Squares freedom
[A] — [T] Mean Square,
A [A1-[T] (a—1) @ Mean Squaresns tables
[B] — [T] Mean Squareg
£ B-moe-h b-n Mean Squaregss 201
[AB] — [A] — [B] + [T] Mean Square,.s
AXB [i\B[]B] +[ﬁ : (a— )b — 1) G~ 5~ P Ssticns ables
SIAB Y] [AB] ab(s — I) (8
ab(s — 1)
TOTAL [Y]—[T]  (abs) — |
ANOVA Table For Hypothetical Data
Source Sum of Squares Degrees of Freedom Mean Square F P
A 13.50 1
B 16.67 1
Ax B 13.50 1
S/AB 49.67 20

TOTAL 93.33 23

Notes
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ANOVA Table For Hypothetical Data

Notes
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Source Sum of Squares Degrees of Freedom Mean Square F P
A 13.50 1 13.50
B 16.67 1 16.67
AxB 1350 1 13.50
S/AB 49.67 20 2.48 ANOVA Tato
TOTAL 93.33 23 4.06
ANOVA Table For Hypothetical Data Statioio bt Grovp Dlites
Comparisons
o
Source Sum of Squares Degrees of Freedom Mean Square F P
A 13.50 1 13.50 5.44
B 16.67 1 16.67 6.72
AxB 1350 1 13.50 5.44
S/AB 49.67 20 2.48 ANOVA Tate
TOTAL 93.33 23 4.06
ANOVA Table For Hypothetical Data Staties b Group Hotes
Comparisons
it
Source Sum of Squares Degrees of Freedom Mean Square F P
A 13.50 1 13.50 544 <.05
B 16.67 1 16.67 6.72 <.05
AxB 1350 1 13.50 544 <.05
SAB 4967 20 248
TOTAL 93.33 23 4.06
ANOVA Table For Hypothetical Data s‘é"n:tﬁz‘ép Hotes
o
Source Sum of Squares Degrees of Freedom Mean Square F P
A 13.50 1 13.50 5.44 <.05
B 16.67 1 16.67 6.72 <.05
Ax B 1350 1 13.50 544 <.05
S/AB 4967 20 248
TOTAL 93.33 23 4.06
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If the interaction is significant, then we interpret it by analysing the
simple main effects

In a2 x 2 design, these are simply pairwise comparisons, analogous to
using four t-tests

This involves calculating the between-group variance for each simple
main effect, before dividing each variance by the error term (S/AB) from
the original ANOVA

Thus, the significance of the simple main effects is evaluated using the 2222{2 Mein
same error term used to test the significance of the main effects and
interaction
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P1P2Ps P1oP11Pr2
P4PsPg P13P14P1s
F,7 P8 P9 P16P17P1S
Main effect of A: To find out whether the
main effect of A is significant, calculate Pig P2o Pay Pog Pag P
the between-group variance of the Py Pa3 Py Pyq PayPas
means of A; and A, in relation to the Pos Pog Py P34 P35 P3g
grand mean (ignoring factor B). The
bigger thee variance, the bigger the Mean A, Mean A, Simple Main
difference between thee means and the Effects
more likely that the difference is
significant.
Grand mean
S' | M H Eff t PSYC214: w
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A1 Az Simple main effect of A at B,: To
find out whether this simple main
B Py PPy Pig P11 Prg effect is significant, calculate the
1 P4 PsPg P13P14P1s | between-group variance for means
P7Pg Py PigP17P1g | A andA, in relation to the overall
Mean A, Mean A, mean of all the B, scores. The
(atB) (at B)) bigger the variance, the bigger the

difference between the means and
the more likely that the difference
Mean of all of is significant.
the B, scores

P19 P2 Pyy Pag Pag P3g ) Simple Main
Bz Pyy Po3 Poy Py; Pay Pag lgnore B, when testing the Effects
Pos Pog Py7 P34 P35 P36 significance of the simple main
effectof AatB.
Mean A, Mean A, 1

(at B) (at B,)




Calculating Between-Group Sum of Squares

e The formula for calculating a between-group Sum of Squares is the
basic ratio of the group totals of interest, minus the basic ratio of the
total of these totals [T]

* For example, the formula for calculating the between-group variance for
the main effect of factor A is [A] - [T]

* The basic ratios used to calculate the between-group variances for the
simple main effects are analogous to these

Calculating Between-Group Sum of Squares

* For example:

® [Ag,] is the basic ratio of factor A, but only for the B; scores: square the total
for As By, square the total for A2B;, add the squares together and divide by the
number of scores that make up each cell.

® [Tg,] is the basic ratio of the total of the scores at level B, of factor B: take the
total of all the scores in level B; and square the total, divide the square by the
number of scores making up this total.

e FEight basic ratios are required to test the four simple main effects ...

Calculating Between-Group Sum of Squares

Sum of Squares between groups of factor Aat level B; (SSpatg,)
[45] - [T5,]

Sum of Squares between groups of factor Aat level Bo(SSaats,)
[As,] - [T

Sum of Squares between groups of factor Bat level A1(SSgata,) :
[Ba] —[Tal

Sum of Squares between groups of factor Bat level A>(SSgata,) :
[Ba,] — [Ta

Calculating Between-Group Degrees Of Freedom

e All degrees of freedom are equal to the number of ([number of levels in
each simple main effect]) - 1

* For the two simple main effects of A, the degrees of freedom are given
by (a- 1), where ais the number of levels in factor A

* For the two simple main effects of B, the degrees of freedom are given
by (b- 1), where b is the number of levels in factor B

PSYC214: Nm

Statistics for Group
[

m.hurlstone@
lancaster.ac.uk

PSYC214: Nm

Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk

Batwoon Group S & OF

PSYC214: w

Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk

PSYC214: w

Statistics for Group
Comparisons

m.hurlstone@
lancaster.ac.uk



Calculating Between-Group Sum of Squares

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B Level B, Total A;B, Total AB; Total By =
no efficacy message
Efficacy y g =30 =30 30+30=60
Level B, Total A;B, Total A,B, Total B, =
efficacy message =31 =49 31+49=80
Total A, = Total A, =
30 +31=61 30+49=79

Calculating Between-Group Sum of Squares

® Fear (no fear appeal vs. fear appeal) for no efficacy message (A at By)

2 2 2
a1 = 223 — 300 751 = %) =300 145 ] - 171 =0

® Fear (no fear appeal vs. fear appeal) for efficacy message (A at Bz)

12 4! 2 2
[As,] = % =560.33 [Ta,] = % =533.33 [As,] - [Ta] = 27

Calculating Between-Group Sum of Squares

® Fear (no fear appeal vs. fear appeal) for no efficacy message (A at By)
302 4 302 60°
[As] = % =300 [Ta] = 52 =300 [Ag] ~ [Ta] =0
® Fear (no fear appeal vs. fear appeal) for efficacy message (A at Bz)
2 2 802
[Ag] = =5~ =560.33 [Ts,] = 7, =533.33 [Ag] ~ [Ta,] = 27

Calculating Between-Group Sum of Squares

Factor A: Fear
Level A; Level A,
no fear appeal fear appeal
Factor B Level By Total A;B, Total A,B, Total B, =
no efficacy message - - =
Efficacy Yy g =30 =30 30 +30 =60
Level B, Total A,B, Total A,B, Total B, =
efficacy message =31 =49 31+49=80
Total A; = Total A, =
30 +31=61 30+49=79
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® Fear (no fear appeal vs. fear appeal) for no efficacy message (A at By)
2 2 2
(s = 3£ — 300 7] = 5 =300 [Aa] - [Ta] =0
® Fear (no fear appeal vs. fear appeal) for efficacy message (A at Bo)

312 4492 02
[As,] = %9 =560.33 [Te,] = 53 = 53333 [Ag,] ~ [Ta)] =27

Batwoon-Group S5 & OF
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® Fear (no fear appeal vs. fear appeal) for no efficacy message (A at By)

2 2 2
(s = 3520 =300 Ta) = 57 =300 [Aa] - [Ta] =0
® Fear (no fear appeal vs. fear appeal) for efficacy message (A at Bo)

12 4! 2 2
[Ag,] = % =560.33 [Tg,] = % —=533.33 [Ag,] — [Ts,] = 27

Batwoon Group S & OF
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Factor A: Fear
Level A; Level A,
no fear appeal fear appeal
Factor B Level By Total A,B, Total A,B; Total B, =
Efficacy no efficacy message =30 =30 30 + 30 = 60
Level B, Total A,B, Total A B, Total B, =
efficacy message =31 =49 31+49 =80
Total A; = Total A, = Setmeen-Croup 53 .0F
30 +31=61 30+49=79
Calculating Between-Group Sum of Squares s‘é"n:;?‘ép
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® Fear (no fear appeal vs. fear appeal) for no efficacy message (A at B;)
02 02 2
e = 223 — 300 7] = 5% =300 (45 ] - [Ta] =0

® Fear (no fear appeal vs. fear appeal) for efficacy message (A at Bz)

2
= 560.33 [Te,] = 53 = 53333 [Ag,] - [Ta] = 27

31% 4 492
[Ae] = >
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* Efficacy (no efficacy message vs. efficacy message) for no fear appeal (B at Ay)
2 12 12
[Ba] = % =310.17 [Ta] = 61—2 =310.08 [Ba,] — [Ta,] = .09
* Efficacy (no efficacy message vs. efficacy message) for fear appeal (B at Az)

2 2 2
[B,] = w = 55017 [Ta,] = % = 520.08 [B4,] — [T4,] = 30.09

Batwoon-Group S5 & OF
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® Efficacy (no efficacy message vs. efficacy message) for no fear appeal (B at Ay)

302 + 312 12
(a1 = 20220 = 310,17 (741 = 8 = 31008 [B4] - [7a] = 09
* Efficacy (no efficacy message vs. efficacy message) for fear appeal (B at Az)

2 2 2
(B = w = 550,17 [Ta,] = 7 = 52008 [B] ~ [Ts,] = 30.09
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Factor A: Fear
Level A; Level A,
no fear appeal fear appeal
Factor B Level By Total A,B, Total A,B; Total B, =
Efficacy no efficacy message - 30 -30 30 + 30 = 60
Level B, Total A,B, Total A,B, Total B, =
efficacy message =31 =49 31+49 =80
Total A; = Total A, = Setmeen-Croup 53 .0F
30 +31 =61 30+49=79
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* Efficacy (no efficacy message vs. efficacy message) for no fear appeal (B at As)

2 12 12
(8] = 20520 = 31047 (7] = 5 = 31008 [B4] - [7a] = 09

® Efficacy (no efficacy message vs. efficacy message) for fear appeal (B at Az)

2
=550.17 [Ty] = 7 = 52008 [By,] — [Ts,] = 30.09

302 + 49°
(Bl =

Betwoen-Group 55 & DF




Calculating Between-Group Sum of Squares
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Calculating Between-Group Sum of Squares

* Efficacy (no efficacy message vs. efficacy message) for no fear appeal (B at Ay)

[Bai]

_ 30%+31?
6

2
= 31017 [Ta] = % =310.08 [Ba,] - [Ta,] = .09

® Efficacy (no efficacy message vs. efficacy message) for fear appeal (B at Az)

30% + 49*
(8 = 54

2
= 55017 [Tp,] = % = 520.08 [Bs,] — [T4,] = 30.09

Summary Simple Main Effects Table By Components

Factor A: Fear
Level A, Level A,
no fear appeal fear appeal
Factor B Level B, Total A;B, Total A,B, Total By =
no efficacy message
Efficacy y g =30 =30 30+30=60
Level B, Total A;B, Total A,B, Total B, =
efficacy message =31 =49 31+49=80
Total A; = Total A, = Betwaen-Group S8 8 DF
30 +31=61 30+49=79
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SOURCE Sum of Degrees of Mean F p
Squares freedom Square

[As] — [Ta] Mean Squaresacs,

AatB, [Ag] = [Te] (@a—1) a1 e tables
[As,] — [Ts] Mean Squareaacs,

AatB; [Ag] — [Ts] (a 1) — Mean Squaresna tables
[Ba] — [Ta] Mean Squaregaca

BatA Ba 1 — [T, b— 1 S - ) bl

atA; [Ba] = [Ta] ( ) G- Mean Squaresas tables

[Ba] — [Ta] Mean Squaresaca,

BatA, [Ba]—[Ta] (b—1) e—1n Mean Squaresns tables

~ M-

SAB[Y] - [AB]  ab(s— 1) D]

Simple Main Effects Table For Hypothetical Data Satots o Group
Comparisons
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Source Sum of Squares Degrees of Freedom Mean Square F P
Aat By 0.00 1 0.00 0.00 1.000
AatB, 27.00 1 27.00 10.89 <.01
Bat Ay 0.09 1 0.09 0.04 .856
Bat Ay 30.09 1 30.09 1213 <.01
S/AB (error) 49.67 20 248

Simple Main Efcts Ttle:
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AatB,p<.01
°
H
£ | BatA;p= 856 BatAyp<.01
3
<
2
s \ /
£
8
8 AatBy p=1.000
No Fear Appeal (A;) Fear Appeal (A;) Simpl Man Efcts Ttle
Fear

Efficacy

- No Efficacy Message (B;)

-«  Efficacy Message (B,)
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e The R code for all plots generated in this lecture (minus annotations)
has been uploaded with these slides to the Week 6 lecture folder (R
Plots For Lecture 7.R)

In Next Week’s Lab ... peE Hotes
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e Runninga 2 x 2 (and 2 x 3) between-participants ANOVA in R
e Calculating and interpreting simple main effects
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