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Rך㍑䅯⮆冪ע׀כ׾׌؅

嘅嶖סlm()כד

┘㏯┉⮆丆מ㵚䑴ךסַם׀ך
estimatr::lm_robust()؅✳ֹֽ

׌ױ׊鎇؅ַֹכ



lm()כ㍑䅯➟丗ס嘅嶖鏰䄐



׾״עי؅ֵٜظյ稗䎬㍑䅯ٓי׊㵚מذ٭ظ٤٘ب٭ِٖٝبםֹ׻ס┖♓

ַׂי׊䧸Ⳃ؅澬鏀ס()յlmמכ׵؅ذ٭ظ٤٘ب٭ِٖٝب

𝑌 = 𝑋 + 𝑈
𝑋 ∼ Uniform −2, 2
𝑈 ∼ 𝒩(0, 1)

N <- 50
df <- tibble(

x = runif(N, -2, 2),
u = rnorm(N, 0, 1),
y = x + e
)

㍑䅯泡稗כذ٭ظ٤٘ب٭ِٖٝب

鏰䄐ꯁ𝑈ס⮆丆ֿ𝑋מ❣㰆ַם׊㏯┉⮆丆



ٜظⶡ㍑䅯ٓמذ٭ظ٤٘ب٭ِٖٝب
𝑌! = 𝛼 + 𝛽𝑋! + 𝜖!

׾־嘅嶖鏰䄐ֿ؂׷׈׀㛻ס㍑䅯➟丗׼־ⱱ磵冽⭳ס()նlm׾״עי؅ֵ
⟓갔⵱ꝴ׷p⡁ס׆ע嘅嶖鏰䄐יז✳؅銶畀׾׿׈

ַׂי׊䧸Ⳃ؅澬鏀ס()յlmמכ׵؅ذ٭ظ٤٘ب٭ِٖٝب

> df %>%
+   lm(y ~ x, data = .) %>%
+   tidy()

# A tibble: 2 × 5
term        estimate std.error statistic  p.value
<chr>          <dbl>     <dbl>     <dbl>    <dbl>
1 (Intercept)  -0.0542     0.146    -0.371 7.12e- 1
2 x             0.990      0.115 8.58  2.93e-11

㍑䅯➟丗 "𝛽ס嘅嶖鏰䄐



• 鈝峮ךױֵׂעذ٭ظג׿׈夳꥗㍚׼־䥩⭳ךٜو٤ئג׿׈յ㍑䅯⮆冪׼־׆אעך夳꥗㍚ס
׾ַי׊؅䫟峮ذ٭ْٚق

• ٭ظ׾׿׈յ榟䡗כ㍑䅯泡稗؅䌕ׂ׊؅榟䡗ذ٭ظ׵䈱⛰ך٤錃㲊٘ب٭ِٖٝب׋⺱յךסם
׾׿־鷿ֹ㍑䅯泡稗ֿ䌕ח׍׊㵼י׋䑴מ׀ח׼ףסذ

• 嘅嶖鏰䄐ס㍑䅯➟丗ֿס׾ַי׊嘅嶖⢎䄐؅䫟㲊׀ח׼ףס㍑䅯泡稗ס׆

㍑䅯➟丗ס嘅嶖鏰䄐מםיז

㍑䅯泡稗סכ٤ׇ٘ب٭ِٖٝب



㲔꤀מ⛰䈱؅ذ٭ظ׵榟䡗י׊㍑䅯⮆冪ס磵冽؅澬鏀ַׂי׊

N <- 50
M <- 5000

df <- tibble(
m = rep(seq_len(M), each = N),
x = runif(N * M, -2, 2),
u = rnorm(N * M, 0, 1),
y = x + u
)

df_result <- df %>%
nest(data = c(x, u, y)) %>%
mutate(result = map(data, ~ tidy(lm(y ~ x, data = .)))) %>%
select(m, result) %>%
unnest(c(m, result)) %>%
filter(term == "x")

𝑌!
" , 𝑋!

"
!#$

%
ךⶡ㍑䅯׼־

$𝛼("), "𝛽(") ؅䫟㲊

𝑌 = 𝑋 + 𝑈
𝑋 ∼ Uniform −2, 2
𝑈 ∼ 𝒩(0, 1)

׀⥝ "𝛽(")מ嫰泘



䫟㲊⡁ס㍑䅯➟丗מכ٤ׇ٘ب٭ِٖٝب 6𝛽(")ס⮆䄭؅澬鏀

• ㍑䅯➟丗٤٘ب٭ِٖٝبע夵מ㵼׊樟׾ם⡁ךס׾םמյ磵冽ס⮆䄭؅澬鏀
• 嘅嶖⢎䄐SDס䄭⮆ס׆ &𝛽 ! , … , &𝛽(#) ֿ㍑䅯➟丗ס杼鑜氳׀ח׼ףם׾׻מ٤٘ب٭ِٖٝبס鲣⛍
• ㍑䅯➟丗ס嘅嶖鏰䄐*SE &𝛽 % ׾ַי׊؅䫟㲊׀ח׼ףם杼鑜氳ע㍑䅯➟丗ע

㍑䅯➟丗ס䫟㲊⡁ &𝛽(%)ס⮆䄭



lm()ס嘅嶖鏰䄐ע㍑䅯➟丗ׂױ؅ֹ׀ח׼ףס䫟㲊׾ַי׀ך

• ㍑䅯➟丗ס嘅嶖鏰䄐٤٘ب٭ِٖٝبע夵מ㵼׊樟׾ם⡁ךס׾םמյ磵冽ס⮆䄭؅澬鏀
• 嘅嶖鏰䄐ע杼鑜氳ם㍑䅯➟丗؅׀ח׼ףס╈䑏מ⮆䄭׽ֽי׊յ؅׀ח׼ף哭ׂױֹנ䫟㲊׀ך

׾ַעי׊䫟㲊מ״׈㵸כז׺הס؆׮׾־؂ֿכ׆׾ַי

㍑䅯➟丗ס嘅嶖鏰䄐*SE &𝛽 % 䄭⮆ס

←杼鑜氳ם㍑䅯➟丗׀ח׼ףס



┘㏯┉⮆丆כ
lm()ס嘅嶖鏰䄐



鏰䄐ꯁ𝑈ס⮆丆ֿ𝑋מ❣㰆׾ַי׊⮆丆ֿ┉㲊ַםך㕙⺬؅縒ֻ׾

𝑌 = 𝑋 + 𝑈
𝑋 ∼ Uniform −2, 2
𝑈 ∼ 𝒩(0, 𝑋,)

N <- 50
df_heterogeneous <- tibble(

x = runif(N, -2, 2),
u = rnorm(N, 0, abs(x)),
y = x + u
)

㍑䅯泡稗כذ٭ظ٤٘ب٭ِٖٝب

鏰䄐ꯁ𝑈ס⮆丆ֿ𝑋מ❣㰆┘㏯┉⮆丆

𝑋ס祀㵚⡁ֿ㛻ֿ׀ח׼ףכַ׀㛻ַ׀
┸珷ע㛻ׂ׀յ洠؆╈ע㵸ַ׈



㲔꤀מ⛰䈱؅ذ٭ظ׵榟䡗י׊㍑䅯⮆冪ס磵冽؅澬鏀

N <- 50
M <- 5000

df_simulation_heterogeneous <- tibble(
m = rep(seq_len(M), each = N),
x = runif(N * M, -2, 2),
u = rnorm(N * M, 0, abs(x)),
y = x + u
)

df_result_heterogeneous <- df_simulation_heterogeneous %>%
nest(data = c(x, u, y)) %>%
mutate(result = map(data, ~ tidy(lm(y ~ x, data = .)))) %>%
select(m, result) %>%
unnest(c(m, result)) %>%
filter(term == "x")



lm()ס嘅嶖鏰䄐ע㍑䅯➟丗؅׀ח׼ףס鷨㵸鍐❫׾ַיזױ׊י׊

• ㍑䅯➟丗ס嘅嶖鏰䄐٤٘ب٭ِٖٝبע夵מ㵼׊樟׾ם⡁ךס׾םמյ磵冽ס⮆䄭؅澬鏀
• 嘅嶖鏰䄐ע杼鑜氳ם㍑䅯➟丗؅׀ח׼ףס鷨㵸鍐❫׾ַיזױ׊י׊

㍑䅯➟丗ס嘅嶖鏰䄐*SE &𝛽 % 䄭⮆ס

←杼鑜氳ם㍑䅯➟丗׀ח׼ףס



־סֹױ׊י׊❪؅鷨㵸鍐׀ח׼ףס㍑䅯➟丗ע嘅嶖鏰䄐ס()lm׏ם

lm()ך銶畀׾׿׈嘅嶖鏰䄐ע

㏯┉⮆丆؅♞㲊׼־׾ַי׊



lm()ס嘅嶖鏰䄐ע
־ס׾ַי׿׈銶畀יז׷ֹל



־ס׾ַי׿׈銶畀יז׷ֹלע嘅嶖鏰䄐ס()lm׵א׵א

㍑䅯➟丗ס嘅嶖鏰䄐؅縒ֻ״ג׾յ稗䎬㍑䅯ٜٓظ
𝑌 = 𝑿;𝜷 + 𝑈

؅縒ֻ׾
յך׆׆ 𝑿כ𝜷מ⪧ע𝐾×1ס车⮛

𝑿 = 𝑋<, … , 𝑋=, … , 𝑋> ;

𝜷 = (𝛽<, … , 𝛽=, … , 𝛽>)′
׾׌כ
⪯㑔氳ם♞㲊י׊כ𝔼 𝑈 ∣ 𝑿 = 0؅糋ׂն׀כס׆յ鏰䄐ꯁס兢♭♀׀⮆丆𝜎?(𝑿)ע

𝜎? 𝑿 = Var 𝑈 ∣ 𝑿 = 𝔼 𝑈? ∣ 𝑿
׾םכ
ⱶֻ׵┖♓י♞㲊ֽׂי׊

𝔼 𝑌? < ∞,𝔼 𝑿 < ∞,𝔼 𝑿𝑿′ > 0



僃㵸◅╾嫎׾׻מ㍑䅯➟丗ס䫟㲊

ذ٭ظג׿׈ء٤ٛو٤ئّر٤ٚ 𝑌!, 𝑿! , … , 𝑌&, 𝑿& , … , 𝑌', 𝑿' ㍑䅯➟丗؅䫟ך僃㵸◅╾嫎׼־
㲊׾׌

/𝜷 = argmin
𝒃

8
&)!

'

𝑌& − 𝑿&*𝒃 + = 8
&)!

'

𝑿&𝑿&*
,!

8
&)!

'

𝑿&𝑌&

ַג׽갔䓪嘅嶖鏰䄐؅湳⟓ס僃㵸◅╾䫟㲊ꄈ/𝜷ס׆
䏲չ➘⮵ךסםյ /𝜷מֹ׻ס┖♓؅㚺䎬؅כ׆׾׀ך澬鏀ֽׂי׊

@𝜷 = B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑌!

= B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑋! 𝑿!%𝜷 + 𝑈!

= 𝜷 + B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑈!



⹆縒㍑䅯➟丗ס兢♭♀׀僿䏨⡁

僃㵸◅╾嫎䫟㲊ꄈס⟓갔䓪嘅嶖鏰䄐؅釤מ⯥׾յע׍ױ兢♭♀׀僿䏨⡁؅澬鏀
ֽׂי׊
兢♭♀׀僿䏨⡁ע

𝔼 /𝜷 ∣ 𝑿𝟏, … , 𝑿𝑵 = 𝔼 𝛽 + 8
&)!

'

𝑿&𝑿&*
,!

8
&)!

'

𝑿&𝑈& ∣ 𝑿𝟏, … , 𝑿𝑵

= 𝜷 + 8
&)!

'

𝑿&𝑿&*
,!

8
&)!

'

𝑿&𝔼 𝑈& ∣ 𝑿&

= 𝜷

׾־؂ֿכ׆׌ג┘⢎䓪؅嵹׀♀♭兢עյ僃㵸◅╾嫎䫟㲊ꄈ׽םכ



㍑䅯➟丗ס兢♭♀׀⮆丆

㍑䅯➟丗ס嘅嶖鏰䄐עյ㍑䅯➟丗ס兢♭♀׀⮆丆ס䇖亠劮ךסםס׵גזכ؅յ׍ֵֻ׽כ兢♭♀
׾丆؅縒ֻ⮆׀

Var @𝜷 ∣ 𝑿#, … , 𝑿$ = Var 𝜷 + B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑈! ∣ 𝑿#, … , 𝑿$

= B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑿!%Var 𝑈! ∣ 𝑿! B
!"#

$

𝑿!𝑿!%
&#

= B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑿!%𝔼 𝑈!' ∣ 𝑿! B
!"#

$

𝑿!𝑿!%
&#

= B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑿!%𝜎!' B
!"#

$

𝑿!𝑿!%
&#

յך׆׆ 𝜎&+ = 𝜎+ 𝑿& = 𝔼 𝑈&+ ∣ 𝑿& ׾ַי׊כ

𝑖 ≠ 𝑗ס㕙⺬ע
Cov 𝑈! , 𝑈" ∣ 𝑿#, … , 𝑿$
= 𝔼 𝑈!𝑈" ∣ 𝑿#, … , 𝑿$
= 𝔼 𝑈! ∣ 𝑿! 𝔼 𝑈" ∣ 𝑿"
= 0



㍑䅯➟丗ס⮆丆ס䫟㲊㏯┉⮆丆؅♞㲊׾׌㕙⺬

𝑁⠕ס𝜎&+؅䫟㲊עס׾׌㛻㚺ךסםֹא㏯┉⮆丆𝜎&+ = 𝜎+؅♞㲊כ׾׌鎇ֿⶡ硾׾םמ

Var @𝜷 ∣ 𝑿#, … , 𝑿$ = B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑿!%𝜎!' B
!"#

$

𝑿!𝑿!%
&#

≈ B
!"#

$

𝑿!𝑿!%
&#

B
!"#

$

𝑿!𝑿!%𝜎' B
!"#

$

𝑿!𝑿!%
&#

= 𝜎' B
!"#

$

𝑿!𝑿!%
&#

⮆丆𝜎+؅

𝑠' =
1

𝑁 − 𝐾B
!"#

$

@𝑈!' =
1

𝑁 − 𝐾B
!"#

$

𝑌! − 𝑿!%@𝜷
'

׾׀ך丆ֿ䫟㲊⮆ס㍑䅯➟丗סךכ׵ס㲊♞סյ㏯┉⮆丆כ׾䬵ֻ׀糋י׊䫟㲊ך

NVar @𝜷 ∣ 𝑿#, … , 𝑿$ = 𝑠' B
!"#

$

𝑿!𝑿!%
&#

ն׾םמ嘅嶖鏰䄐ף׿䇖亠劮؅⹦עכֵ lm()י׊ֹ׆עך嘅嶖鏰䄐؅銶畀׾ַי׊

㏯┉⮆丆ס♞㲊׾׻מ鲣⛍
䡗׽玮ַםג㕙⺬ע䫟㲊
ַם־ַׂױֹֿ



┘㏯┉⮆丆׏םכד嘅嶖鏰䄐ׂױ؅ֹ䫟㲊־סַם׀ך

鎇מ״ג׾׌ׂ׌׷׽־؅؂յⶡ㍑䅯ٜٓظ
𝑌 = 𝛼 + 𝛽𝑋 + 𝑈

؅縒ֻ׾նⶡ㍑䅯ٓסٜظ僃㵸◅╾䫟㲊ꄈע
C𝛼 = D𝑌 − &𝛽𝑋

&𝛽 =
∑&)!' 𝑋& − D𝑋 𝑌& − D𝑌

∑&)!' 𝑋& − D𝑋 +

׀⥝յךסם &𝛽ס⮆丆׾םמ┖♓עն

Var &𝛽 ∣ 𝑋!, … , 𝑋' =
∑&)!' 𝑋& − D𝑋 +𝜎&+

∑&)!' 𝑋& − D𝑋 + + =
1

∑&)!' 𝑋& − D𝑋 +
∑&)!' 𝑋& − D𝑋 +𝜎&+

∑&)!' 𝑋& − D𝑋 +

┉亠յ㏯┉⮆丆סך鲣⛍ע

Var &𝛽 ∣ 𝑋!, … , 𝑋' ≈
1

∑&)!' 𝑋& − D𝑋 + 𝜎+

ն׾ַי׊⛍鲣ך+𝜎٭ف٤ػ؀؅٠٤׆כ׀׬׾׌؅ⱶꄆ䇖㏯+&𝜎ךꦕ╻ס׼־յ䇖㏯ךסם
㲔꤀מ㏯┉⮆丆ֿ䡗׽玮׼םחゖ갭ַֿםյ┘㏯┉⮆丆ס㕙⾒ע╻ꦕֿ榟ֹױ׊י׿ױն

⮆丆؅ 𝑋! − 1𝑋 ח؅ײꄆך%
ך鉮ꃿכ׾ַי׊䇖㏯יׄ
ַי׊ꦕ╻׼־䇖㏯׾׀
׾׌ꄆׂל׮׾



┘㏯┉⮆丆ֿ嘅嶖鏰䄐׾ֻ┙מ䏅ꮶך٤٘ب٭ِٖٝب؅澬鏀

㏯┉⮆丆յ䇖㏯話׾ַיַח׼ףֿ׽┘㏯┉⮆丆Ζյ䇖㏯׼־ꦕג׿鼧⮆ֿ׾ַיַח׼ף┘㏯┉
⮆丆Η3ס牊걉؅縒ֻ׾ն⪒⛮׋⺱ע׀ח׼ףסי׊כն

𝑌 = 𝑋 + 𝑈
𝑋 ∼ Uniform {1, 2, 3}
𝑈 ∼ 𝒩 0, 𝜎? 𝑋

𝜎& 𝑋 = &
16& if 𝑋 = 1
16& if 𝑋 = 2
16& if 𝑋 = 3

𝜎& 𝑋 = &
1& if 𝑋 = 1
31& if 𝑋 = 2
16& if 𝑋 = 3

𝜎& 𝑋 = &
31& if 𝑋 = 1
1& if 𝑋 = 2
16& if 𝑋 = 3

鏰䄐ꯁ𝑈ס⮆丆ֿ𝑋מ❣㰆



㏯┉⮆丆כ┘㏯┉⮆丆ך㍑䅯泡稗؅׀ח׼ףס奂鬳

㏯┉⮆丆כ奂鬳י׊յ┘㏯┉⮆丆Ζ䇖㏯話ס׽⮆丆㛻յ䄅珷ס⮆丆㵸ס㕙⾒ע㍑䅯泡稗׼ףס
ַ׀㛻ֿ׀ח׼ףע⾒㕙ס丆㵸⮆ס׽丆㛻յ䇖㏯話⮆סյ┘㏯┉⮆丆Η䄅珷ׂ׈㵸ֿ׀ח

㍑䅯泡稗סכ٤ׇ٘ب٭ِٖٝب



㏯┉⮆丆؅♞㲊ג׊嘅嶖鏰䄐ע杼鑜氳כ׀ח׼ףם╻ꦕ׾׌

׼ףם杼鑜氳ס㍑䅯➟丗ע⾒㕙׾յ┘㏯┉⮆丆ֵֿ׵ך丆⮆ס爊䈱⺱עי׊כ⛮⪑
׾ׂיז㚺؂ע׀ח
lm()ס䫟㲊עך㏯┉⮆丆؅♞㲊ךס׾ַי׊յ⪒⛮ס⮆丆ֿ⺱爊䈱׋⺱׼ם嘅嶖鏰
䄐؅鲭ֹױ׊י׊

⮆丆وؕذ ㍑䅯➟丗ס
杼鑜氳׀ח׼ףם

lm()ך䫟㲊ג׿׈
嘅嶖鏰䄐ס䇖㏯

㏯┉⮆丆 0.70 0.70

┘㏯┉⮆丆Ζ 0.52 0.70

┘㏯┉⮆丆Η 0.84 0.69

⮆丆סכׇوؕذlm()ס⭳ⱱ



Robust Standard Errorsך
┘㏯┉⮆丆מ㵚⭚׾׌



┘㏯┉⮆丆؅縒䜡ג׊嘅嶖鏰䄐ס䫟㲊؅縒ֻ׾

㍑䅯➟丗ס⮆丆
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RךRobust SE؅銶畀עמ׾׌

estimatr::lm_robust()؅

׾׀ך銶畀ףֻ✳



⫋䫴┘㏯┉⮆丆ذ٭ظ٤٘ب٭ِٖٝبס

𝑌 = 𝑋 + 𝑈
𝑋 ∼ Uniform −2, 2
𝑈 ∼ 𝒩(0, 𝑋,)

N <- 50
df_heterogeneous <- tibble(

x = runif(N, -2, 2),
u = rnorm(N, 0, abs(x)),
y = x + u
)

㍑䅯泡稗כذ٭ظ٤٘ب٭ِٖٝب

鏰䄐ꯁ𝑈ס⮆丆ֿ𝑋מ❣㰆┘㏯┉⮆丆

𝑋ס祀㵚⡁ֿ㛻ֿ׀ח׼ףכַ׀㛻ַ׀
┸珷ע㛻ׂ׀յ洠؆╈ע㵸ַ׈



estimatr::lm_robust()ךse_type؅䧗㲊ךכ׆׾׌Robust SE؅銶畀׾׀ך
嘅嶖鏰䄐؅澬鏀כ׾׌յRobust SEע鏰䄐؅㛻מ״׀釤犉׾ַיז׵

estimatr::lm_robust()ס䧸Ⳃ؅澬鏀

> df_heterogeneous %>%
+   estimatr::lm_robust(y ~ x, data = ., se_type = "classical") %>%
+   tidy()

term  estimate std.error statistic      p.value conf.low conf.high df outcome
1 (Intercept) 0.3456885 0.1594783  2.167621 3.517795e-02 0.02503593  0.666341 48       y
2           x 0.8999665 0.1531487 5.876423 3.869962e-07 0.59204038  1.207893 48       y

> df_heterogeneous %>%
+   estimatr::lm_robust(y ~ x, data = ., se_type = "HC0") %>%
+   tidy()

term  estimate std.error statistic     p.value conf.low conf.high df outcome
1 (Intercept) 0.3456885 0.1563591  2.210862 0.031843538 0.03130734 0.6600696 48       y
2           x 0.8999665 0.2389852 3.765784 0.000453233 0.41945455 1.3804784 48       y

㏯┉⮆丆؅♞㲊ג׊嘅嶖鏰䄐
lm()ס⭳ⱱ׋⺱כ

┘㏯┉⮆丆㵚י׊Robustם嘅嶖鏰䄐



Robust SEךכ׆ֹ✳؅嘅嶖鏰䄐ס鷨㵸鍐❫؅鬭峎׾׀ך

• ㏯┉⮆丆؅♞㲊ג׊嘅嶖鏰䄐classicalכ奂י׬յRobust SEHC0ע嘅嶖鏰䄐؅㛻ׂ׀釤
犉׾ַיז׵

• Robust SEע杼鑜氳ם㍑䅯➟丗׵׽׻׀ח׼ףס㵼׊㵸ַ׈⥝⺸նכ50ֿثؕئٜو٤ئע׿׆
㵸׾׻מכ׆ַ׈

㍑䅯➟丗ס嘅嶖鏰䄐*SE &𝛽 % 䄭⮆ס

←杼鑜氳ם㍑䅯➟丗׀ח׼ףס



㍑䅯➟丗ס嘅嶖鏰䄐ׂױֹמ׼׈؅䫟㲊׾׌

• HC0؅䷉荁ג׊䫟㲊ꄈַֿׂ־ח䬠勅׾ַי׿׈
• - HC0ף׿ׄ׀㛻מ⮆ⶇֿثؕئٜو٤ئ HC3םֹ׻ג⛍׵׿לע⡁ֿ׾כ؅յ㵸ַ׈㕙⾒ע

HC2׷HC3ֿ٭ذيնHC0 < HC2 < HC3ךסםյHC3ֿ׵כז׵⟊㱤氳
• estimatr::lm_robust()עعؚٜنظסHC2מײםהStataעعؚٜنظסHC1
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Robust SEס奂鬳

• HC0-HC3؅⺸⥝םֹ׻ג⛍ע炐׌
• HC1-HC3עHC0׷׷׵׽׻嘅嶖鏰䄐؅㛻מ״׀釤犉׾׵նעך❆ذ٭ظס׆յ׽׻⟊㱤氳ם嘅嶖

鏰䄐׌⭳؅HC3ֿ׷׷⨣ⳙ־

㍑䅯➟丗ס嘅嶖鏰䄐*SE &𝛽 % 䄭⮆ס

←杼鑜氳ם㍑䅯➟丗׀ח׼ףס



״כױ



״כױ

• Rע稗䎬㍑䅯⮆冪ֿ׾׀ך꞊丗lm()ֿ׾ַיֻ⤓ךعؚٜنظ؅յlm()ך銶畀
סյ┘㏯┉⮆丆יז׻ն׾ַי׊㲊♞㏯┉⮆丆؅ע嘅嶖鏰䄐ס㍑䅯➟丗׾׿׈
敯媲┖עך嘅嶖鏰䄐ס䫟㲊ֿتؓؕفמ榟ֹױ׊י׋

• ┘㏯┉⮆丆؅縒䜡ג׊嘅嶖鏰䄐י׊כRobust SEֵֿ׾ն㲔꤀؀׆כס㏯┉⮆
丆ס♞㲊ֿ䡗׽玮כַם׽ױֵעכ׆ח縒ֻךס׾׿׼յ׍ֵֻ׽כRobust 
SEֿכ׆ֽׂיז✳؅䫟㝢׾ַי׿׈

• Rעךյestimatrסة٭آشقlm_robust()ףֻ✳؅Robust SE؅銶畀׾׀ךն
sandwichסة٭آشقvcovHC()׵ך銶畀ֿ׾׀ךյ lm_robust()׼םlm()؅
糋׀䬵ֻךׄד׾岷ךס׳➘⮵

• Robust SEעמHC0, HC1, HC2, HC3׾ֵֿوؕذ־חַׂמֹ׻סնٜو٤ئ
ַ׈㵸ֿثؕئٜو٤ئյֿ׾םמ⡁׋⺱ל؆כ׮ף׿ׄ׀㛻מ⮆ⶇֿثؕئ
㕙⾒עHC2׷HC3ֿכ٭ذي銧׾ַי׿؂
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