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È¶Ä¶ÈÅ
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DelerminingÊRelalireÊImporlance
If¶8;o¶e<plana8o6=¶:a6iable7¶a6e¶mea796ed¶in¶e<ac8l=¶8he¶7ame¶9ni87Á¶;e¶can¶½kind¶of¾¶a77e7
8hei6¶6ela8i:e¶impo68ance¶in¶8hei6¶effec8¶on¶ ¶59i8e¶7impl=

The¶la6ge6¶8he¶coefficien8Á¶8he¶786onge6¶8he¶effec8
Thi7¶doe7¶no8Á¶ho;e:e6Á¶8ake¶in8o¶acco9n8¶8he¶:a6iable¼7¶:a6ianceÃ

A¶be88e6¶69le¶;o9ld¶beÏ

Fo6¶:a6iable7¶mea796ed¶in¶8he¶7ame¶9ni87¶;i8h¶6o9ghl=¶8he¶7ame¶:a6ianceÁ¶bigge6
coefficien87¶mean¶la6ge6¶effec87Ã

Con7ide6¶8he¶e<ample¶belo;Ã

Ê¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

Ë¶Ä¶ÈÅ

Same¾mnilÊcomparijonj
set.seed(519£
dat î- tibble(
  x1 í runif(250, .4,.6£¬100, 
  x2 í runif(250, .1, .9£¬100, 
  yhat í -50 é x1 é x2, 
  y í yhat é rnorm(250, 0, sd(yhat££
£
mod î- lm(y ò x1 é x2, dataídat£
summary(mod£

³³ 
³³ Call:
³³ lm(formula í y ò x1 é x2, data í dat£
³³ 
³³ Residuals:
³³     Min      1Q  Median      3Q     Max 
³³ -60.886 -15.191  -2.236  15.011  67.736 
³³ 
³³ Coefficients:
³³              Estimate Std. Error t value Pr(ï©t©£    
³³ (Intercept£ -56.37585   12.50197  -4.509 1.01e-05 ¬¬¬
³³ x1            1.19258    0.23687   5.035 9.23e-07 ¬¬¬
³³ x2            0.93575    0.06178  15.147  î 2e-16 ¬¬¬
³³ ---
³³ Signif. codes:  0 '¬¬¬' 0.001 '¬¬' 0.01 '¬' 0.05 '.' 0.1 ' ' 1
³³ 
³³ Residual standard error: 22.86 on 247 degrees of freedom
³³ Multiple R-squared:  0.4997,    Adjusted R-squared:  0.4956 
³³ F-statistic: 123.3 on 2 and 247 DF,  p-value: î 2.2e-16

Ì¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

Í¶Ä¶ÈÅ



OlherÊMelhodjÊofÊComparijon
If¶e<plana8o6=¶:a6iable7¶a6e¶no8¶all¶mea796ed¶in¶8he¶7ame¶9ni87Á¶i8¶i7¶diffic9l8¶8o¶a77e77
6ela8i:e¶impo68ance

Thi7¶p6oblem¶can¶be¶o:e6come¶fo6¶59an8i8a8i:e¶:a6iable7¶b=¶97ing¶78anda6di>ed
:a6iable7Ã
Fo6¶o8he6¶8=pe7¶of¶:a6iable7Á¶;e¶need¶a¶diffe6en8¶me8hodÃ

Î¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÆÅ¶Ä¶ÈÅ

SlandardixedÊRegrejjionÊCoefficienlj
S8anda6di>ed¶coefficien87¶enable¶97¶8o¶compa6e¶8he¶6ela8i:e¶effec87¶of¶8;o¶o6¶mo6e
e<plana8o6=¶:a6iable7¶8ha8¶ha:e¶diffe6en8¶9ni87¶of¶mea796emen8

If¶8hi7¶i7¶8he¶9nÂ78anda6di>ed¶model

The¶78anda6di>ed¶coefficien87¶a6eÏ

F9ll=¶78anda6di>edÏ¶

Fo6¶e:e6=¶oneÂ78anda6dÂde:ia8ion¶change¶in¶ Á¶;e¶e<pec8¶a¶ ¶standard deYiation
change¶in¶ ¶holding¶all¶o8he6¶model¶co:a6ia8e7¶con78an8Ã
Â78anda6di>edÏ¶
Fo6¶e:e6=¶oneÂ78anda6dÂde:ia8ion¶change¶in¶ Á¶;e¶e<pec8¶a¶ ¶Xnit¶change¶in¶
holding¶con78an8¶all¶o8he6¶model¶co:a6ia8e7Ã ÆÆ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÆÇ¶Ä¶ÈÅ



HosÊManuÊSlandardÊDerialionj­
Gelman¶½ÇÅÅÍÁ¶Statistics in Medicine¾¶79gge787¶di:iding¶59an8i8a8i:e¶p6edic8o67¶b=¶8;o¶6a8he6
8han¶one¶78anda6d¶de:ia8ion7Ã

Bina6=¶:a6iable7¶ha:e¶a¶78anda6d¶de:ia8ion¶of¶ Ã
Fo6¶7=mme86ic¶bina6=¶:a6iable7Á¶8hi7¶i7Ï¶
In¶;hich¶ca7e¶a¶change¶f6om¶ ¶;o9ld¶be¶8;o¶78anda6d¶de:ia8ion7Ã

If¶;e¶di:ide¶b=¶Æ¶SDÁ¶59an8i8a8i:e¶:a6iable7¶;ill¶ha:e¶a¶78anda6d¶de:ia8ion¶of¶ÆÁ¶8;ice¶8he
7i>e¶of¶8ha8¶of¶bina6=¶:a6iable7Ã
Di:iding¶b=¶8;o¶78anda6d¶de:ia8ion7¶gi:e7¶8he¶6e79l8ing¶59an8i8a8i:e¶:a6iable¶a
78anda6d¶de:ia8ion¶of¶ÅÃÊÁ¶8he¶7ame¶a7¶a¶7=mme86ic¶bina6=¶:a6iableÃ

ÆÈ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÆÉ¶Ä¶ÈÅ

SlandardixedÊVariablejÊinÊR
Unlike¶7ome¶78a8i78ical¶package7Á¶R¶doe7¶no8¶a98oma8icall=¶6e896n¶78anda6di>ed
coefficien87
A¶7epa6a8e¶model¶m978¶be¶fi88ed¶8o¶a¶da8a7e8¶fo6¶;hich¶all¶59an8i8a8i:e¶:a6iable7¶ha:e
been¶78anda6di>edÃ

Al8e6na8i:el=Á¶all¶8he¶59an8i8a8i:e¶:a6iable7¶can¶be¶78anda6di>ed¶a8¶8he¶7ame¶8ime¶b=
c6ea8ing¶a¶ne;¶7caled¶da8a7e8¶½f6om¶8he¶¦DAMisc§¶package¾Ï

mod î- lm(scale(prestige£ ò scale(income£ é scale(education£ é 
            type, dataíDuncan£

scaled.data î- scaleDataFrame(Duncan, 
                              numsd í 2£
mod î- lm(prestige ò income é education é type, 
          data í scaled.data£

ÆÊ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÆË¶Ä¶ÈÅ



SlandardixedÊVariablej¦ÊCamlionj
I8¶make7¶li88le¶7en7e¶8o¶78anda6di>ed¶d9mm=¶:a6iable7Ï

I8¶canno8¶be¶inc6ea7ed¶b=¶a¶78anda6d¶de:ia8ion¶7o¶8he¶6eg9la6¶in8e6p6e8a8ion¶fo6
78anda6di>ed¶coefficien87¶doe7¶no8¶appl=
Mo6eo:e6Á¶8he¶78anda6d¶in8e6p6e8a8ion¶of¶8he¶d9mm=¶:a6iable¶7ho;ing¶diffe6ence7¶in
le:el¶be8;een¶8;o¶ca8ego6ie7¶i7¶lo78

We¶canno8¶78anda6di>e¶m9l8iÂ8e6m¶:a6iable7Ï¶in8e6ac8ion¶effec87¶o6¶pol=nomial7

In8e6ac8ion7¶a6e¶dependen8¶on¶8he¶main¶effec87
We¶canÁ¶ho;e:e6Á¶78anda6di>e¶59an8i8a8i:e¶:a6iable7¶befo6ehand¶and¶con7869c8¶highe6Â
o6de6¶8e6m7¶af8e6;a6d7Ã
Rega6dle77¶of¶8hi7Á¶;e¶canno8¶de8e6mine¶impo68ance¶of¶m9l8iÂ8e6m¶:a6iable7¶b=¶looking
a8¶an=¶7ingle¶coefficien8Ã

ÆÌ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÆÍ¶Ä¶ÈÅ

RelalireÊImporlanceÊofÊaÊSelÊofÊPrediclorjÊº}»
In¶8he¶78anda6di>ed¶:a6iable7¶ca7eÁ¶;e¶can¶ea7il=¶de8e6mine¶6ela8i:e¶impo68ance¶b=¶8he¶6a8io
of¶8he¶8;o¶78anda6di>ed¶coefficien87

In¶o8he6¶;o6d7Á¶;e¶a77e77¶8he¶6a8io¶of¶8he¶78anda6d¶de:ia8ion7¶of¶8he¶8;o¶con86ib98ion7
8o¶8he¶linea6¶p6edic8o6

Imagine¶no;¶8ha8¶;e¶a6e¶in8e6e78ed¶in¶8he¶6ela8i:e¶effec87¶of¶8;o¶7e87¶of¶:a6iable7¶½eÃgÃÁ¶a¶7e8
of¶d9mm=¶6eg6e77o67¶fo6¶a¶7ingle¶:a6iable7¶:e6797¶8he¶effec87¶of¶ano8he6¶:a6iable¾

In78ead¶of¶indi:id9al¶78anda6di>e¶:a6iable7Á¶;e¶e<plo6e¶8he¶6ela8i:e¶con86ib98ion7¶8ha8¶8he
7e8¶of¶:a6iable7¶make¶8o¶8he¶di7pe67ion¶of¶8he¶fi88ed¶:al9e7

ÆÎ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÇÅ¶Ä¶ÈÅ



RelalireÊImporlanceÊofÊaÊSelÊofÊPrediclorjÊº~»
Follo;ing¶f6om¶Silbe6¶e8¶alÃ¶½ÆÎÎÊ¾¶8he¶6a8io¶of¶:a6iance7¶of¶8he¶con86ib98ion7¶of¶8;o¶7e87
of¶:a6iable7Á¶ Á¶can¶be¶de8e6mined¶b=Ï

Whe6e¶ ¶i7¶8he¶coefficien8¶:ec8o6¶and¶ ¶i7¶8he¶model¶ma86i<¶fo6¶8he¶set1 predictorsÐ¶ ¶i7
8he¶coefficien8¶:ec8o6¶and¶ ¶i7¶8he¶model¶ma86i<¶fo6¶8he¶set2 predictors
If¶ Á¶8hen¶bo8h¶7e87¶of¶p6edic8o67¶con86ib98e¶8he¶7ame¶amo9n8¶of¶:a6ia8ion¶in¶8he
o98come¶:a6iable
MLE¶al7o¶p6o:ide7¶an¶app6o<ima8e¶8e78¶of¶ ¶;hich¶6efe67¶8o¶8he¶78anda6d
no6mal¶di786ib98ionÁ¶=ielding¶8he¶78anda6d¶confidence¶in8e6:al7Á¶8h97¶making¶8he¶8e78
gene6ali>able¶8o¶GLM7

ÇÆ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÇÇ¶Ä¶ÈÅ

TheÊrelimpÊPackageÊinÊR
The¶relimp¶package¶fo6¶R¶implemen87¶8he¶ ¶mea796e¶of¶6ela8i:e¶impo68ance¶of¶Silbe6¶e8¶alÃ

The¶:a6iable7¶of¶in8e6e78¶can¶be¶7pecified¶in¶a¶command¶lineÁ¶;i8h¶each¶effec8¶gi:en¶8he
n9mbe6¶co66e7ponding¶8o¶i87¶col9mn½7¾¶in¶8he¶model¶ma86i<¶½o6¶6o;¶in¶8he¶6eg6e77ion
o98p98¾Ã¶Fo6¶e<ampleÏ

librar4(relimp£
relimp(model, set1í1:3, set2í4:5£

ÇÈ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÇÉ¶Ä¶ÈÅ



RelalireÊImporlance¦ÊAnÊEtampleÊº}»
mod1î-lm(interlocks ò log(assets£ é sector é nation, dataíOrnstei
summary(mod1£Ýcoefficients

³³                Estimate Std. Error    t value     Pr(ï©t©£
³³ (Intercept£ -28.4429670  4.9271875 -5.7726578 2.465024e-08
³³ log(assets£   5.9907825  0.6813797  8.7921354 3.235865e-16
³³ sectorBNK    17.3227304  5.1846800  3.3411378 9.710771e-04
³³ sectorCON    -2.7126874  5.4241073 -0.5001168 6.174628e-01
³³ sectorFIN    -1.2744881  3.4121039 -0.3735197 7.090998e-01
³³ sectorHLD    -2.2916036  4.6132359 -0.4967454 6.198350e-01
³³ sectorMAN     1.2440168  2.3665722  0.5256619 5.996209e-01
³³ sectorMER    -0.8801086  3.0346472 -0.2900201 7.720577e-01
³³ sectorMIN     1.7566138  2.4447619  0.7185214 4.731527e-01
³³ sectorTRN     1.8888418  3.3023169  0.5719747 5.678882e-01
³³ sectorWOD     5.1056070  3.0990366  1.6474820 1.008012e-01
³³ nationOTH    -3.0533129  3.0872167 -0.9890180 3.236759e-01
³³ nationUK     -5.3294006  3.0714272 -1.7351544 8.403005e-02
³³ nationUS     -8.4912938  1.7174063 -4.9442544 1.458432e-06

librar4(relimp£
relimp(mod1, set1í3:11, set2í12:14£

³³ 
³³ Relative importance summary for model
³³     lm(formula í interlocks ò log(assets£ é sector é nation, data í Orn
³³ 
³³        Numerator effects ("set1"£      Denominator effects ("set2"£ 
³³ 1                       sectorBNK                         nationOTH 
³³ 2                       sectorCON                          nationUK 
³³ 3                       sectorFIN                          nationUS 
³³ 4                       sectorHLD                                   
³³ 5                       sectorMAN                                   
³³ 6                       sectorMER                                   
³³ 7                       sectorMIN                                   
³³ 8                       sectorTRN                                   
³³ 9                       sectorWOD                                   
³³ 
³³ Ratio of effect standard deviations: 0.858
³³ Log(sd ratio£:                 -0.153   (se 0.314£
³³ 
³³ Approximate 95å confidence interval for log(sd ratio£: (-0.768,0.461£
³³ Approximate 95å confidence interval for sd ratio:      (0.464,1.586£

ÇÊ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÇË¶Ä¶ÈÅ

PlollingÊ¯Imporlance¯
U7ing¶Silbe6¶e8Ã¶alÃ¼7¶defini8ion¶of¶impo68anceÁ¶;e¶co9ld¶make¶a¶plo8¶of¶no8¶8he¶6ela8i:e
impo68anceÁ¶b98¶8he¶ab7ol98e¶impo68ance¶of¶:a6iable7Ã

librar4(psre£
s î- srr_imp(mod1, dataíOrnstein, Rí1500, pctíTR
ggplot(s, aes(yíreorder(var, importance, mean£, 
              xíimportance, 
              xminílwr, xmaxíupr££ é 
  geom_pointrange(£ é 
  theme_classic(£ é 
  mytheme(£ é 
  labs(xí"Importance", yí""£

ÇÌ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÇÍ¶Ä¶ÈÅ



ImporlanceÊofÊInleraclionj
We¶can¶al7o¶97e¶8he¶f9nc8ion¶abo:e¶;i8h¶in8e6ac8ion7Ï

data(Prestige, packageí"carData"£
mod î- lm(prestige ò income¬education é women é type, 
          dataíPrestige£
srr_imp(mod, Prestige, pctíTRUE, 
        combine_terms í list("Interaction" í c("income", 
                                               "education", 
                                               "income:education"£££

³³           var importance         lwr       upr
³³ 1       women 0.06654899 0.005393675 0.1361451
³³ 2        type 0.18670933 0.111036343 0.3254353
³³ 3 Interaction 0.74674168 0.596982745 0.8498367

ÇÎ¶Ä¶ÈÅ

Nolej
T=pe¶no8e7¶he6eÃÃÃ

ÈÅ¶Ä¶ÈÅ


