2xQ Models: Using Regression for Linear Models Including Interactions

The purpose of this study was to examine the relationship of practice and exam performance. Two aspects of practice
were selected for study, the difficulty of the practice and the number of practices completed. Practice difficulty was a 2-
condition variable - practice problems were either about the same difficulty as the exam problems (=1) or they were
easier than the exam problems (=2). Different sections of the course were randomly assigned to receive the two difficulty
levels. Students were permitted to complete as many practice problems as they liked, receiving very complete feedback
after each problem. The dependent variable was performance on an examination.

Report

Here are the group means for number of practices and

exam performance. practgrp nurmpract | testper
same Mean A.E250 G7.5000
There is a practice difficulty group difference for number ] 16 16

of practices — those in the easier condition completed

. Std. Deviation 260448 | 1290994
fewer practices.

easier  Mean 5.2500 a7v.5000
There is also a practice difficulty group difference for test M 16 16
performance. Std. Deviation | 262043 | 8.56349
Notice the confounding — the group with the higher Total — Mean 58375 | 62.3000
average number of practices is also the group with the M 32 32
higher average performance — confounding our Std. Deviation 266222 | 11.91267

comparison of the same and easier conditions.

Data Preparation

Here's the SPSS syntax code to dummy code the binary grouping variable, to center the quantitative variable (using mean
overall mean for that variables from above) and to compute the interaction term.

= Dummy coding follows the GLM convention — the group with the highest original code as the control group
= Centering of quantitative variables simplifies interpretation of the regression weights
= Interactions are “non-additive combinations” -- meaning products of the related main effects

* pract_dcl compares same=1=>1 with easier = 2=>0. IF statements to dummy-code the group variable: same
if (practgrp = 1) pract_dc = 1. is coded “1” as the target group and easier is coded “0”
if (practgrp = 2) pract_dc = 0. as the comparison group

compute numpract_cen = numpract - 5.938. Centering the covariate requires subtracting the mean

from each person’s number of practices score
compute grp_pract_int = pract_dc * numpract_cen.

The product of the dummy coded group variable and the
exe. centered quantitative is the interaction term



Main effects model or ANCOVA assuming regression slope homogeneity (no interaction)

regression dep testperf
/ enter numpract_cen pract_dc

< identifies the criterion variable
< identifies the predictors

Model Summary ANOVAP
Adjusted R Std. Errar of Surm of
model R R Sguare Square tha Estimata Madel Squares df Mean Square F Sig.
! Au3 243 A9 10.7622 1 Regression 1069.718 F 534860 4658 | 0187
a. Predictors: (Constant), numpract_cen, pract_dc Residual 3330.281 29 114.837
Total 4400.000 k|
a. Predictors: (Constant), numpract_cen, pract_dc
h. Dependent Yariable: testperf
Coefficients® L
: The model “works” significantly better
Standardized
Unstandardized Coefiicients | Coefiicients than chance.
model B Std. Errar Beta t Sig.
1 tConstant) 55,290 7728 71,366 oo This mOdel a.CCOUntS for about 24% of
oract_de 8.477 2,976 e 2145 140 the variance in the performance
nurnpract_cen 1148 749 957 1533 136 scores.

a. Dependent Wariable: testperf

Interpreting the regression weights

constant

numpract_cen .

pract_dc

The expected value of testperf when the value of all predictors = 0
The expected value of testperf for those in the easier condition and who have 5.938 practices
Those in easier condition who had 5.938 practices scored 58.29% on the exam

The direction and extent of the expected change in testperf for a 1-unit increase in this predictor,
holding the value of the other predictor constant at 0

The expected change in testperf for each additional practice, for those in the easier condition
For each additional practice, those in the easier condition are expected to increase 1.148 % on
testperf — this effect is not significant

Note: because there is no interaction term in the model, and, so, the slopes of the two group’s
lines must be the same, this is also the slope of the relationship between practice and
performance for the same condition

The direction and extent of the group difference, holding the other predictor constant at 0.

The group difference controlling the number of practices at 0 (the mean after centering)

Those in the same group outperformed those in the easier condition by 8.422, when holding for
the number of practices at 5.938 — this effect is significant.

So, the corrected mean for the easier condition when practice is controlled at is 58.29%
(constant) and corrected mean difference between the groups is 8.422% (group regression
weight), so the corrected mean for the same condition is 66.712%

Notice that this corrected group difference is smaller than the 10-point uncorrected group
difference between the groups (67.5 vs. 57.5).



Obtaining & Interpreting the Plot of the Model

Using the “2xQ Linear” tab of the Excel file...

height z=0 constant 58.29 Label the groups -- be sure you label correctly!
slope z=0 b(x) 1.148 Practice

height dif z=1 b{z) 8.422 Easier Fill in the values from the analyses.

slope dif z=1 b(xz) 0 Same

Put “0” in for the interaction regression weight.
x(mean) 5.938

¥(std) 2.663

The weights for the simple regression line for each
group are automatically calculated.

Notice the slope of the simple regression line for

(slope *X )+ height each group is the same — with no interaction term
Easier 1.148 *X + 58.70 in the model we are forcing a hoogeneity of
. regression slope assumption onto the model.

Same 1.148 * X + 66.712
The only difference between the two simple
regression lines is their height, which is given by
the regression weight for the grouping variable.

x std range -2 -1.5 -1 -0.5 1] 0.5 1 15 2

x-centered -5.33  -3.99  -2.66 -133 0.0 133  2.66  3.99  5.33 The plotting points for the graph are automatically

L ozwt xraw| 061 184 328 a6l s34 727 se0 93z 126 | computed. Both the raw and the centered x-axis
0 y'=| 5218 5370 5523 s6.76 | 5829 59.82 6L35 6288 6440 | yglues are shown.
Ao y'=| 60.60 6213  63.65 6518 6671 68.24 69.77 7L30  72.83
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60.00 - %
o ‘_’rr**’-
2
S 5000
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—®—Same
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0Oe1 194 228 461 594 7.27 860 993 11.26

Practice

Because there is no interaction term, the main effects are “safe”. So...

The significant group difference when controlling at 0 (the mean number of practices after mean centering) generalizes
into a group difference at all amounts of practice

The null relationship between practice and performance for the group coded 0 (Same difficulty) generalizes to both
groups.



Full model - including the interaction

regression dep testperf < identifies the criterion variable

/ enter numpract_cen pract_dc grp_pract_int < identifies the predictors

Model Summary ANOVAE
Adjusted R Std. Error of

Model R R Sguare Square the Estirmate Surm of )

1 Er4a 455 ELT: 375813 Madel Squares of Mean Square F Sig.
a. Predictors: (Constant), gra_pract_int, pract_dc, 1 Regression 2000.036 3 GEE.67Y [ on1#
numpract_cen .

Residual 2399.964 28 85.713
Total 4400.000 31

a. Predictors: (Constant), arp_pract_int, pract_de, numpract_cen
h. Dependent Variable: testperf

Coefficients?
Evp—— The model “works” significantly better
Unstandardized Coefiicients Coefficients than chance.

Model 5] Std. Error Eeta t Sig.

1 tConstant 66.832 2308 23.699 ] This model accounts for about 46% of
pract_dc 8406 2387 258 2478 020 the variance in the performance
numpract_cen -.a71 a1z -7 -1.064 295 Sscores.
arp_pract_int 4,263 1.294 660 3.285 i)

a. Dependent Variahle: testperf
Interpreting the regression weights
constant e The expected value of testperf when the value of all predictors (practice difficulty, number of

practices and interaction) = 0
e The expected value of testperf for those in the easier condition and who have 5.938 practices
e Those in easier condition who had 5.938 practices scored about 58.83% on the exam

numpract_cen e The direction and extent of the expected change in testperf for a 1-unit increase in this predictor,

holding the value of the other predictors (practice & interaction) constant at O

e The expected change in testperf as the number of practice changes for those in easier condition

e For each additional practice, those in the easier condition are expected to decrease .971 % on
testperf — this effect is not significant

e Note: because there is an interaction term in the model, the slopes of the two group’s lines may
be different — check the interaction to evaluate this.

pract_dc e The direction and extent of the testperf group difference, holding the other predictors (hnumber of

practices and the interaction constant at 0.

e Group difference controlling the number of practices andinteraction at O (mean after centering)

e Those in the same group outperformed those in the easier condition by 8.406, when holding for
the number of practices at 5.938 — this effect is significant.

e So, the corrected mean for the easier condition when practice is controlled at is 56.832%
(constant) and corrected mean difference between the groups is 8.406% (group regression
weight), so the corrected mean for the same condition is 65.238%

e Notice that this corrected group difference the mean # practices is smaller than the 10-point
uncorrected group difference between the groups (67.5 vs. 57.5) — the effect is smaller after
correcting for the confounding # practices.

grp_pract_int e The direction and extent of the difference in the testperf-numpract slope for the two groups.

e The direction and extent of change in the practice difficulty group difference for each 1-unit
increase in number of practices

o How the practice group difficulty effect changes as the number of practices changes

e For each additional practice, the difference between the similar difficulty practice group and the
easier practice group increases by 4.264% — this effect is significant.

e So, for those in the easier practice group performance decreases by .971% for each practice,
whereas for those in similar difficulty group, performance increases by 3.292% (-.971 + 4.263).



Obtaining & Interpreting the Plot of the Model

Using the “2xQ Linear” tab of the Excel file...

height z=0 constant 56.832

slope z=0 b(x) -0.971 Practice zwt Label the groups -- be sure you label correctly!
height dif z=1 b(z) 8.406 Easier 0

slope dif z=1 b{xz) 4.263 Same 1 Fill in the values from the analyses

x(mean) 5.938

x(std) 2.663 3

The weights for the simple regression line for
each group are automatically calculated.

(slope *X)+ height Notice the slope of the simple regression lines
Easier -0.971 *X¥ + 56.832 for the two groups are different — by the about
Same 3.292 *X + 65.738 of the interaction regression weight!
x std range -2 -1.5 -1 -0.5 o 0.5 1 1.5 2

x-centered -5.33  -3.99 -2.66 -133 000 133 286 339 533 - 1he plotting points for the graph are

zwt xraw 061 194 328 461 594 727 860 993 1126 - automatically computed. Both the raw and the
0 y'= 6200 60.71 59.42 5812 56.83 55.54 54.25 5295 5166 - centered x-axis values are shown.
1 y'= 4770 5209 5647 60.85 6524 69.62 74.00 78.39 8277 |
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We can see the pattern of the data
For those in the Easier condition (coded 0) practice is not related to performance (-.971, p=.296).

The significant positive interaction term tells us that the slope is significantly more positive (4.263 more, p = .003) for
the Same group (coded 1), than for the Easier group — but we do not have a significance test of the slope for the Same

group.
So, it is likely that the main effect of practice is misleading.

At the average number of practices (0 after mean-centering) the Same Difficulty group scores significantly higher
(8.406. p = .020) than Easier Practice group. We do not have group comparison tests for any other values of practice.
However, we can see that the group effect varies from one direction to the other, rendering the main effect for group
misleading.



