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2017年度 心理・教育測定基礎編 A・B
心理・教育測定演習 A・B

心理・教育測定法（基礎編） A・B
木曜日 7-8限：W607 担当 前川

人間行動システム統計演習A・B 担当 前川
木曜日 9-10限 W607 栗山

4月 6日 オリエンテーション 前川 1 オリエンテーション

4月13日 統計量の計算・相関と回帰 2 データフレームの操作

4月20日 統計的推測の基礎 3 ヒストグラム、クロス集計

4月27日 一つの母平均に関する推測 4 相関と回帰

5月11日 二つの母平均に関する推測 5 平均値に関する推測

5月18日 複数の母平均に関する推測 6 分散分析１

5月25日
6月 1日

分散分析法と回帰分析
まとめ

7
8

分散分析２
まとめ

6月15日 イントロ

栗山

1 イントロ

栗山

栗山

6月22日 多次元尺度法による個体の分類 2 多次元尺度法

6月29日 クラスター分析による個体の分類 3 クラスター分析

7月 6 回帰分析 4 回帰分析

7月13日 因子分析 5 因子分析

7月21日 共分散分析と構造方程式モデル 6 共分散分析と構造方程式モデル

7月27日
8月 4日

その他の方法
まとめ

7
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その他の方法
まとめ



p-値を使った仮説検定
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p-値 4



p-値の例 5



回帰分析 6



回帰係数の推定 7



単回帰分析の例 8



R の lm での計算 9

reslm=lm(height~weight)
summary(reslm)

Call:
lm(formula = height ~ weight)

Residuals:
Min       1Q   Median       3Q      Max 

-14.6311  -3.3614  -0.3601   3.5114  14.4364 

Coefficients:
Estimate Std. Error t value Pr(>|t|)    

(Intercept) 132.42862    1.09250  121.22   <2e-16 ***
weight        0.62146    0.01803   34.47   <2e-16 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 5.026 on 462 degrees of freedom
Multiple R-squared:   0.72, Adjusted R-squared:  0.7194 
F-statistic:  1188 on 1 and 462 DF,  p-value: < 2.2e-16 



R の lmでの計算 10

reslm=lm(height~weight+gender)
summary(reslm)

Call:
lm(formula = height ~ weight + gender)

Residuals:
Min       1Q   Median       3Q      Max 

-13.9961  -3.2455  -0.1968   3.2379  12.6228 

Coefficients:
Estimate Std. Error t value         Pr(>|t|)    

(Intercept) 137.96419    1.29328 106.677          < 2e-16 ***
weight        0.52363    0.02189  23.917          < 2e-16 ***
gender1      -2.04695    0.28557  -7.168 0.00000000000304 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 
1

Residual standard error: 4.772 on 461 degrees of freedom
Multiple R-squared:  0.7481, Adjusted R-squared:  0.747 
F-statistic: 684.6 on 2 and 461 DF,  p-value: < 2.2e-16



回帰モデルの行列表記 11



回帰分析

�モデルの当てはまりの悪さの指標
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回帰係数の検定 13



回帰係数の検定 14



全ての回帰係数が 0  (r = q ) 15



一つの回帰係数が 0 (r = 1) 16



R の lm の出力 17

*** Summary of lm with  height~weight+gender
Coefficients:

Estimate Std. Error t value         Pr(>|t|)    
(Intercept) 137.96419    1.29328 106.677          < 2e-16 ***
weight        0.52363    0.02189  23.917          < 2e-16 ***
gender1      -2.04695    0.28557  -7.168 0.00000000000304 ***
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 4.772 on 461 degrees of freedom
Multiple R-squared:  0.7481, Adjusted R-squared:  0.747 
F-statistic: 684.6 on 2 and 461 DF,  p-value: < 2.2e-16

Anova Table (Type III tests)        summary(Anova(reslm1,type=“III”))
Response: height

Sum Sq Df F value            Pr(>F)    
(Intercept) 259164   1 11380.07         < 2.2e-16 ***
weight       13027   1   572.02         < 2.2e-16 ***
gender        1170   1    51.38 0.000000000003043 ***
Residuals    10499 461 



RSS の差による検定 gender 18

Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 2
height~weight+gender

RSS1 = 10498.57     error df = 461 

model0 under H0 (constrained model):   # of params = 1
height~weight

RSS0 = 11668.67     error df = 462 

RSS0-RSS1 = 1170.103    dfm1-dfm0 = 1 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 51.38012 

df1 = dfm1-dfm0 = 1       df2 = dfe1 = 461 
p-value = 0.000000000003042658 
critical value of F = 2.71645      3.861709 

t = sqrt(F) = 7.167993 
df1 = dfe1 = 461 
p-value = 0.000000000001521329 
critical value of t = 1.648166      1.965123 



RSS の差による検定 weight 19

Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 2
height~weight+gender

RSS1 = 10498.57     error df = 461 

model0 under H0 (constrained model):   # of params = 1
height~gender

RSS0 = 23525.49     error df = 462 

RSS0-RSS1 = 13026.93    dfm1-dfm0 = 1 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 572.0223 

df1 = dfm1-dfm0 = 1       df2 = dfe1 = 461 
p-value = 8.476723e-83 
critical value of F = 2.71645      3.861709 

t = sqrt(F) = 23.91699 
df1 = dfe1 = 461 
p-value = 4.238362e-83 
critical value of t = 1.648166      1.965123 



分散分析

�一元配置の ANOVA

20



水準の効果パラメタ 21



母平均と効果パラメタ 22



制約付きのデザイン行列 23



R の lm での計算 24

*** Summary of lm with  height~genre
Coefficients:

Estimate Std. Error t value Pr(>|t|)    
(Intercept) 169.2012     0.4650 363.837  < 2e-16 ***
genre1       -0.7845     0.5835  -1.344  0.17945    
genre2       -1.9194     0.7272  -2.640  0.00858 ** 
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 9.337 on 461 degrees of freedom
Multiple R-squared:  0.0357, Adjusted R-squared:  0.03152 
F-statistic: 8.535 on 2 and 461 DF,  p-value: 0.0002293

Anova Table (Type III tests)
Response: height

Sum Sq Df F value    Pr(>F)    
(Intercept) 11541141   1 132377.0658 < 2.2e-16 ***
genre           1488   2      8.5345 0.0002293 ***
Residuals      40192 461                          
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1



RSS の差による検定 genre 25

Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 2
height~genre

RSS1 = 40191.75     error df = 461 

model0 under H0 (constrained model):   # of params = 0
height~1 

RSS0 = 41679.9     error df = 463 

RSS0-RSS1 = 1488.149    dfm1-dfm0 = 2 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 8.534546 

df1 = dfm1-dfm0 = 2       df2 = dfe1 = 461 
p-value = 0.000229332 
critical value of F = 2.314124      3.015284 



ANOVA table 26



二元配置 27



制約付きデザイン行列 28



交互作用 29



交互作用の意味 30
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交互作用の図示 32

interaction.plot( gender, genre, height, main="height ~ genger + genre")



交互作用の図示 33

interaction.plot( genre, gender, height, main="height ~ genrer + gender")



R の lm での計算 34

*** Summary of lm with  height~gender+genre+gender*genre 
Coefficients:

Estimate Std. Error t value Pr(>|t|)    
(Intercept)    168.5074     0.3379 498.688  < 2e-16 ***
gender1         -6.8595     0.3379 -20.300  < 2e-16 ***
genre1          -1.1088     0.4258  -2.604 0.009520 ** 
genre2          -2.0442     0.5280  -3.872 0.000124 ***
gender1:genre1   1.4452     0.4258   3.394 0.000750 ***
gender1:genre2  -1.5989     0.5280  -3.028 0.002597 ** 
---
Residual standard error: 6.744 on 458 degrees of freedom
Multiple R-squared:  0.5002, Adjusted R-squared:  0.4948 
F-statistic: 91.68 on 5 and 458 DF,  p-value: < 2.2e-16

***Anova of lm
Anova Table (Type III tests)
Response: height

Sum Sq Df F value          Pr(>F)    
(Intercept)  11310897   1 248689.8276       < 2.2e-16 ***
gender          18743   1    412.1063       < 2.2e-16 ***
genre            2023   2     22.2346 0.0000000006083 ***
gender:genre 622   2      6.8407        0.001182 ** 
Residuals       20831 458 



RSS の差による検定 gender*genre
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Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 5  (+ 1 for intercept) 
height~gender+genre+gender*genre 

RSS1 = 20830.73     error df = 458 

model0 under H0 (constrained model):   # of params = 3  (+ 1 for intercept) 
height~gender+genre

RSS0 = 21452.99     error df = 460 

RSS0-RSS1 = 622.2573    dfm1-dfm0 = 2 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 6.840707 

df1 = dfm1-dfm0 = 2       df2 = dfe1 = 458 
p-value = 0.001182028 
critical value of F = 2.3142      3.015413 



RSS の差による検定 genre 36

Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 5  (+ 1 for intercept) 
height~gender1+genre1+genre2+gender1.genre1+gender1.genre2 

RSS1 = 20830.73     error df = 458 

model0 under H0 (constrained model):   # of params = 3  (+ 1 for intercept) 
height~gender1+gender1.genre1+gender1.genre2 

RSS0 = 22853.27     error df = 460 

RSS0-RSS1 = 2022.543    dfm1-dfm0 = 2 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 22.23457 

df1 = dfm1-dfm0 = 2       df2 = dfe1 = 458 
p-value = 0.0000000006083355 
critical value of F = 2.3142      3.015413 



RSS の差による検定 gender 37

Testing Hypothesis using the Reduction of RSS
number of observations = 464 

model1 under H1 (full model):   # of params = 5  (+ 1 for intercept) 
height~gender1+genre1+genre2+gender1.genre1+gender1.genre2 

RSS1 = 20830.73     error df = 458 

model0 under H0 (constrained model):   # of params = 4  (+ 1 for intercept) 
height~genre1+genre2+gender1.genre1+gender1.genre2 

RSS0 = 39574.13     error df = 459 

RSS0-RSS1 = 18743.4    dfm1-dfm0 = 1 
F = ( (RSS0-RSS1)/(dfm1-dfm0) )/( RSS1/dfe1 ) = 412.1063 

df1 = dfm1-dfm0 = 1       df2 = dfe1 = 458 
p-value = 8.102864e-66 
critical value of F = 2.716522      3.861842 

t = sqrt(F) = 20.3004 
df1 = dfe1 = 458 
p-value = 4.051432e-66 
critical value of t = 1.648187      1.965157 



ANOVA table 38


