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1 Recap
• statistical vocabulary

– variation: the outcome of a sample varies randomly
– uncertainty: lack of knowledge of about a true value
– trial: the realization of an experiment
– population: all possible events or items
– population parameter: the true value

• calculating probabilities, probability tree
• experiments with 2 outcomes: binomial distribution

�ìí°õ õè÷ýýëýýð ñàíàìñàðã³é áàéäëûí õî¼ð òàë áîëîõ òîäîðõîéã³é áàéäàë/uncertainty/ áîëîí
âàðèàö/variation/-ûí òàëààð àâ÷ ³çñýí á°ã°°ä çîîñ øèäýõ æèøýýã àøèãëàí òîäîðõîéã³é áàéäëûí
òàëààð, ñàâíààñ á°ìá°ë°ãèéã ãàðãàæ àâàõ æèøýýã àøèãëàí âàðèàöûí òàëààð òóñ òóñ ÿðèëöñàí áàéãàà.
Ýäãýýð æèøýýí äýýð áèä çîîñûã òîãòñîí òîîãîîð îëîí óäàà äàâòàí õàÿõ, æèøýýíü 100 óäàà õàÿõûã íýã
trial ãýæ íýðëýæ áîëîõ á°ã°°ä ýíý íü òóðøèëòûí íýã óäààãèéí õýðýãæèëò ãýñýí óòãàòàé ³ã þì ãýäýã òà-
ëààð áàñ ÿðüñàí áàéãàà. Òóðøèëòûí trial-óóäûã õèéñíýýð áèä íýã óäààãèéí òóðøèëòûí trial áîëîí ³éë
ÿâäëûí áîëîìæèò á³õ ³ð ä³íã áàãòààñàí ñòàòèñòèê ýõ îëîíëîãèéã èëýðõèéëñýí °ã°ãäëèéã öóãëóóëäàã.
Ñòàòèñòèê ä³í øèíæèëãýý õèéõäýý öóãëóóëñàí °ã°ãäë°°ñ°° ýõ îëîíëîãèéí ïàðàìåòðèéí òàëààð îëæ
ìýäýõ íü áèäíèé çîðèëãî þì. Äàí ãàíö ³éë ÿâäëóóäûí ìàãàäëàëûã ³ð ä³íãèéí õîñëîëòîé/³ðæ³³ëýõ/
õýðõýí íýãòãýõ òàëààð áîëîí æèøýý íü 5 çîîñûã äàðààëàí õàÿõàä äîð õàÿæ 3 óäàà ñ³ëäýýð áóóõ ãýñýí
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ñîíèðõîëòîé õýä õýäýí ³éë ÿâäëûí ìàãàäëàëûã õýðõýí ÿàæ íýãòãýõ òàëààð ñóð÷ ìýäñýí. Áèíîìèéí
òàðõàëòûã ç°âõ°í 2 ³ð ä³íòýé òóðøèëòûí ñòàòèñòèê çàãâàð÷ëàëä àøèãëàæ áîëîõûã áèä õàðñàí.

2 Handedness Inventory
• Please fill in the questionnaire during this lesson

• Return questionnaire at the end

• We will use this data for the next lessons

Èðýõ äîëîî õîíîãèéí õè÷ýýë äýýð àøèãëàõ ýíýõ³³ àñóóëãûí õóóäñûã á°ãë°æ °ãí° ³³. Áè ýíý àñóóëãûí
õóóäñûã àëü õýäèéí òà á³õýíä òàðààñàí áàéãàà á°ã°°ä õýðýâ òà õàðààõàí àâààã³é áàéãàà áîë íààøàà
èðýýä àâíà óó. �í°°äðèéí õè÷ýýëèéí ò°ãñã°ëä á°ãë°°ä áóöààæ °ãí° ³³. Àñóóëãûí õóóäñûí òàëààð òàíä
ÿìàð íýãýí àñóóæ òîäðóóëàõ ç³éë áàéíà óó? Áèä ýíý °ã°ãäëèéã õ³ì³³ñ àëü ãàðàà ò³ëõ³³ àøèãëàäàã ýñýõ
åð°íõèé õàíäëàãûí òàëààð ä³í øèíæèëãýý õèéõýä áîëîí ì°í R-ä °ã°ãäëèéí ä³í øèíæèëãýý õèéõýä
àøèãëàõ áîëíî.

3 Age Guessing
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Please indicate which hand you use for each of the following activities by putting 

a + in the appropriate column, or ++ if you use would never use the other hand 

for that activity. If in any case you are really indifferent, put + in both columns. 

Some of the activities require both hands. In these cases the part of the task, or 

object, for which hand preference is wanted is indicated in parentheses. 

 

Даалгавар (Task) Зүүн (Left) Зөв (Right) 

Бичих 

Writing 

  

Зурах 

Drawing 

  

Шидэх 

Throwing 

  

Хайч 

Scissors 

  

Шүдний сойз  

Toothbrush 

  

Сэрээгүй хутга 

Knife, without fork 

  

Халбага 

Spoon 

  

Дэрс, дээд гар 

Broom, upper hand 

  

Хачирхалтай тэмцээн, тэмцээнийг барьж буй гар 

Striking match (hand that hold the match) 

  

Нээлтийн хайрцаг (тагийг нь барьдаг гар) 

Opening box (hand that holds the lid) 

  

нийт дүн 

Total 

  

 

Right – Left = Right + Left = Right - Left 

=   Right + Left 

 

Create a Left and a Right score by counting the total number of + signs in 

each column. Your handedness score is (Right − Left)/(Right + Left): thus, a 

pure right-hander will have a score of score (20 − 0)/(20 + 0) = 1, and a pure 

left-hander will score (0 − 20)/(0 + 20) = −1. 
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3.1 Data Collection

Guessing ages. For each card your group is given, estimate the age of the 
person on the card and write your guess in the table below in the row 
corresponding to that numbered card. Later, you will be told the true ages 
and you can compute your errors. The error is defined as estimated minus 
actual age.

Team-ID:

No. team members:

Card Estimated 
Age

Actual 
Age

Error

1

2

3

4

5

6

7

8

9

10
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Òîéì ñòàòèñòèê áà ãðàôèêèéí òàëààðõè °í°°äðèéí õè÷ýýëèéã áè òà á³õýí õ³ì³³ñèéí íàñûã õýð ñàéí
òààæ ÷àääàã áîëîõûã õàðàõ áÿöõàí òóðøèëòààð ýõë³³ëýõèéã õ³ñ÷ áàéíà. Ýõëýýä òà á³õýí 10 áàãò
õóâààãäàíà óó.Äàðàà íü áàã òóñ á³ð áàãèéí ãèø³³äèéí òîîãîî áè÷íý ³³. Îäîî áè áàã òóñ á³ðò íýã íýã
õ³íèé çóðãèéã òàðààæ °ã°õ áîëíî. Áàã á³ð çóðàã äýýðõ õ³íèé íàñûã ÿðèëöàæ, òààíà óó. Áàã á³ð íýã
çóðàã äýýð íýã ë òààìàãëàë äýâø³³ëýõ ¼ñòîé. Ãýðýë çóðàã á³ð äóãààðòàé áàéãàà. Çóðãèéí äóãààðòàé
òààð÷ áóé ì°ð°íä òóõàéí çóðãèéí òàëààðõè òààìàãëàñàí íàñàà áè÷íý ³³. " Estimated Age " ãýñýí
áàãàíàä òààìàãëàñàí íàñàà áè÷íý. Äàðàà íü �À� áàã ãýðýë çóðãàà �Á� áàãò, �Á� áàã �Ñ� áàãò äàìæóóëàõ
ãýõ ìýòýýð çóðãàà áàãóóä õîîðîíäîî äàìæóóëíà. �J� áàã ãýðýë çóðãàà �A� áàãò äàìæóóëíà. Äàðàà íü
äàðààãèéí çóðãèéíõàà íàñûã òààæ, çóðãèéí äóãààðûã øàëãààä, òààìàãëàñàí íàñàà õ³ñíýãòýíä òîõèðîõ
ãàçàð íü îðóóëæ áè÷íý ³³. Áàã òóñ á³ð 10 çóðãèéã á³ãäèéã íü õàðæ äóóñàõ õ³ðòëýý ³³íèéã äàâòàí
õèéíý. 20 ìèíóòûí äàðàà äóóñãàíà óó.

Áè ³ð ä³íã³³äèéã õóðààíãóéëàõ õ³ñíýãòèéã ñàìáàð äýýð çóðñàí áàéãàà. Áè îäîî ãýðýë çóðãóóä äýýðõ
õ³ì³³ñèéí æèíõýíý íàñûã õýëæ °ãüå. Æèíõýíý íàñûã °ã°ãäëèéí õóóäñàíäàà õóóëæ áè÷ýýä, òóñ á³ðèéí
àëäààã òîîöîîëíî óó. Àëäààã òîîöîîëæ äóóñààä àëäààíûõàà äóíäæèéã òîîöîîëíî óó. �³íèé äàðàà
ãàð÷ èðýýä ñàìáàð äýýð áàéãàà õóðààíãóéëàõ õ³ñíýãòýíä ³ð ä³íãýý õóóëæ áè÷íý ³³. Îäîî õàðæ áàéãàà
³ð ä³íã³³äèéíõýý òàëààð ÿðèëöàíà óó. Áèäýíä ÿëàã÷ áàéíà óó? Õ³ñíýãòèéí ³ð ä³íã³³ä íü òàíû
õ³ëýýæ áàéñàí ³ð ä³íòýé íèéöýæ áàéíà óó? Ìýäýýëëèéí òàëààð òàíû àæèãëàñàí °°ð ç³éë áàéíà óó?
�ã°ãä°ëèéã öóãëóóëñàí àðãà íü ³ð ä³íä í°ë°°ëæ áîëîõ óó? �ã°ãäëèéã ñàíàìñàðã³é ò³³âðèéí õýëáýðýýð
öóãëóóëñàí óó?

4 Stem-Leaf Plot
Consider the following data points:

20, 14, 16, 18, 22, 38, 61, 52, 52, 55, 76, 84, 79, 81, 82

##
## The decimal point is 1 digit(s) to the right of the |
##
## 1 | 468
## 2 | 02
## 3 | 8
## 4 |
## 5 | 225
## 6 | 1
## 7 | 69
## 8 | 124

• Create a steam-leaf plot of the averaged errors
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Guessing ages. For each card your group is given, estimate the age of the 
person on the card and write your guess in the table below in the row 
corresponding to that numbered card. Later, you will be told the true ages 
and you can compute your errors. The error is defined as estimated minus 
actual age.

Team-ID:

No. team members:

Card Estimated 
Age

Actual 
Age

Error

1

2

3

4

5

6

7

8

9

10

Îäîî áè òà á³õýíä °ã°ãäëèéí áàãöûã õýðõýí ãðàôèêààð íýãòãýí ä³ãíýõ çàðèì áîëîìæóóäûí òàëààð
òàíèëöóóëüÿ. Ä³í øèíæèëãýý õèéõèéã õ³ñ÷ áóé àëèâàà °ã°ãäëèéí áàãöûãàà âèçóàë÷ëàõ ÿâäàë íü ³ð-
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ãýëæ ìàø ÷óõàë áàéäàã. �ã°ãäëèéã âèçóàë÷ëàõ íü òàíû °ã°ãäëèéí áàãöûã îéëãîõ, °ã°ãäëèéí öàð õ³ðýý,
°ã°ãäëèéí õýëáýðèéã õóðäàí õàðàõ, °ã°ãä°ë öóãëóóëàõàä ÿìàð íýã àëäàà ãàðñàí ýñýõèéã ìýäýõýä òóñàë-
äàã. Òîîí °ã°ãäëèéã âèçóàë÷ëàõ ìàø ýíãèéí àðãà áîë "èø-íàâ÷íû ãðàôèê" þì. Èø-íàâ÷íû ãðàôèê íü
1-ðò òîîíóóäûã á³ëýãò àíãèëàõ áà 2-ðò á³ëýã òóñ á³ðò õàìààðàõ °ã°ãäëèéí öýã³³äèéí òîîã òîîöîæ ãàð-
ãàäàã ãðàôèê þì. Á³ëýã á³ðèéã òóõàéí òîîíû ýõíèé öèôð/òîîíû îðîí/-ýýð òîäîðõîéëíî. �ã°ãäëèéí
öýã ýñâýë òîî íü èæèëõýí á³ëýãëýõ äóãààðààð ýõýëñýí áîë òîäîðõîé íýã á³ëýãò õàìààðíà.Åð°íõèéä°°
á³ëýãëýõ äóãààðûã ýõíèé íýã öèôð/îðîí ýñâýë ýõíèé õî¼ð, ãóðâàí öèôð/îðîí áàéõààð ñîíãîæ áîëäîã.
Ýíý òîõèîëäîëä ýõíèé öèôð/îðîí-èéã ñîíãîñîí á°ã°°ä ýõíèé ì°ð íü áèä 14, 16, 18 ãýñýí °ã°ãäëèéí
öýã³³äòýé áàéãààã õýëæ °ã÷ áàéíà.

Àñóóõ ç³éë áàéíà óó? Îäîî õóðààíãóéëñàí õ³ñíýãòýí äýõ àëäààíû äóíäàæ óòãóóäûí èø-íàâ÷íû ãðà-
ôèêèéã ³³ñãýíý ³³. Ýíýõ³³ °ã°ãäëèéí õóðààíãóéã áèä õýðõýí òàéëáàðëàæ áîëîõ âý?

5 Histogram
5.1 Introduction

• stem-leaf plot only works for numbers, not for categories
• stem-leaf plots are always based on digits
• count data in terms of intervals/ bins (e.g. width=5): (0,5], (5,10], (10,15] ... (80,85], (85,90], (90,95],

(95,100]

Example: 20, 14, 16, 18, 22, 38, 61, 52, 52, 55, 76, 84, 79, 81, 82

20 (15,20] 38 (35,40] 76 (75,80]
14 (10,15] 61 (60,65] 84 (80,85]
16 (15,20] 52 (50,55] 79 (75,80]
18 (15,20] 52 (50,55] 81 (80,85]
22 (20,25] 55 (50,55] 82 (80,85]

interval (10,15] (15,20] (20,25] (35,40] (50,55] (60,65] (75,80] (80,85]

count 1 3 1 1 3 1 2 3

Ìýäýýëëèéí áàãöûã âèçóàë÷ëàõ áàñ íýã èë³³ óÿí õàòàí áîëîìæ áîë ãèñòîãðàì çóðàõ ÿâäàë þì. Ãèñ-
òîãðàì íü ñòàòèñòèê øèíæèëãýýíèé ñóïåð ÷óõàë õýðýãñýë á°ã°°ä ³³íèéã ñàéí îéëãîæ àâàõ øààðäëà-
ãàòàé. Ãýõäýý ýíý íü áàñ °ã°ãäëèéã á³ëýãëýæ, äàðàà íü á³ëýã òóñ á³ðèéí °ã°ãäëèéí öýã³³äèéí òîîã
òîîöîîëæ ãàðãàäàã ó÷ðààñ èø-íàâ÷íû ãðàôèêòàé ò°ñòýé þì. Ãèñòîãðàì äàõü á³ëã³³äèéã �bins� ãýæ
íýðëýäýã. �bin� íü ìàòåìàòèêèéí õóâüä õàãàñ õààëòòàé õàãàñ íýýëòòýé èíòåðâàëûã õýëíý. �bins� áóþó
èíòåðâàëóóä íü òîîí °ã°ãäëèéí àëü öýãèéã á³ëýãëýõèéã òîäîðõîéëäîã. �bins�/èíòåðâàëóóä-ûí õýìæýýã
�bin�/èíòåðâàë-ûí °ðã°í ãýæ íýðëýäýã. Ãèñòîãðàì çóðàõààñ °ìí° �bin�/èíòåðâàë-ûíõàà °ðã°íèéã øèé-
äýõ õýðýãòýé. �ìí°õòýé èæèë òîîíû äàðààëëûã äàõèí àâ÷ ³çüå.

Ýíä õàðàãäàæ áàéãàà õ³ñíýãòýíä àëü òîî àëü èíòåðâàëä õàìààðàõûã õàðóóëàâ. Ãèñòîãðàì ³³ñãýõèéí
òóëä èíòåðâàë á³ðò õàìààðàõ °ã°ãäëèéí öýã³³äèéí òîîã òîîöîîëíî. Îðîëöîã÷äîîñ àñóóõ àñóóëò: Áè-
äýíä 50-55 õ³ðòýëõ èíòåðâàëä õýäýí °ã°ãäëèéí öýã áàéíà âý?

Õî¼ð äàõü õ³ñíýãòýýñ áèä ³ð ä³íã õàðæ áîëíî. Æèøýýëáýë 15-ààñ 20 õ³ðòýëõ èíòåðâàëä 14, 16, 18
ãýñýí 3 °ã°ãäëèéí öýã áàéíà.

Îäîî áèä ýíý ñ³³ë÷èéí õ³ñíýãòýýñ ãèñòîãðàì ³³ñãýæ áîëíî. Ãèñòîãðàì íü òýãø °íö°ãòèéí ãðàôèê
þì. Òýãø °íö°ãòèéí °ðã°í íü bins/èíòåðâàëóóäûí õýìæýý áóþó °ðã°íòýé èæèë óòãàòàé áàéíà. Õ
òýíõëýã äýýðõ òýãø °íö°ãòèéí áàéðëàë íü òîäîðõîé èíòåðâàëòàé òîõèð÷ áàéíà. Òýãø °íö°ãòèéí °íä°ð
íü òóõàéí èíòåðâàëä òîîöñîí °ã°ãäëèéí öýã³³äèéí òîîòîé òîõèð÷ áàéíà. Õýðýâ ãèñòîãðàìûã òîîöñîí
áîäèò òîîãîîð çóðñàí áîë ³³íèéã àáñîëþò äàâòàìæèéí ãðàôèê ãýæ íýðëýäýã. Èõýâ÷ëýí àáñîëþò òîî íü
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òèéì ÷ ñîíèðõîëòîé áàéäàãã³é. Áèä èõýâ÷ëýí òîäîðõîé bin/èíòåðâàë-ä áàéõ °ã°ãäëèéí ýçëýõ õóâèéã
èë³³ ñîíèðõäîã.

Ýíý çîðèëãîîð áîäèò òîîíû îðîíä °ã°ãäëèéí öýã³³äèéí õóâèéã òîäîðõîé èíòåðâàëä áàéõ íèéò °ã°ãä-
ëèéí öýã³³äèéí òîîíîîñ õÿëáàðõàí òîîöîîëîõ áîëîìæòîé. Òýãø °íö°ãòèéí °íä°ð íü °ã°ãäëèéí öýã³³-
äèéí áóòàðõàé òîîòîé/ °÷³³õýí õýñýãòýé òîõèð÷ áàéãàà ãèñòîãðàìûã õàðüöàíãóé äàâòàìæèéí ãðàôèê
ãýæ áàñ íýðëýäýã. Òýãø °íö°ãò á³ðèéí °íäðèéã òîãòìîë òîîãîîð òîäîðõîéëñîí ó÷ðààñ òýãø °íö°ãòèéí
õàðüöàíãóé °íä°ð °°ð÷ë°ãä°°ã³é òóë ãèñòîãðàììûí áîäèò õýëáýð °°ð÷ë°ãä°°ã³é áîëîõûã àíõààðíà óó.

5.2 Exercise
Create your own histogram

1. Plot the error values as a histogram
2. Choose a bin width/ size
3. Draw the histogram on the blank plotting sheet
4. Present your histogram

Try to answer and discuss the following questions:

1. How does the histogram change with different bin widths?
2. How accurate is age guessing?
3. Does guessing accuarry vary across age?
4. What is the variance/ spread of the error?

Îäîî òàíû ýýëæ áîëëîî. Ãðàôèê çóðàõ õîîñîí öààñ àâààä ãèñòîãðàìàà çóðààðàé. Ñàìáàð äýýð áàéãàà
áîäèò àëäààíû óòãóóäûí °ã°ãäëèéã âèçóàë÷ëàíà óó. Äóíäàæ óòãûã áèø õàðèí áîäèò àëäààíû óòãóóäûã
àøèãëààðàé!

Ãèñòîãðàìàà áóñàä îðîëöîã÷äîä òàíèëöóóëàõàä áýëäýíý ³³. Íàñ òààëò íü õýð îíîâ÷òîé, õýð èõ ÿëãààòàé
áàéíà ãýñýí àñóóëòàíä õàðèóëàõûã õè÷ýýãýýðýé. bin/èíòåðâàë-ûíõàà õýìæýýã ÿàãààä ñîíãîõîîð áîëñíîî
òàéëáàðëàíà óó.

6 Multiple Variables
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6.1 Scatter plot
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Èø-íàâ÷íû ãðàôèêóóä áà ãèñòîãðàìóóä íü íýã õóâüñàã÷èéí °ã°ãäëèéã õàðóóëàõ áîëîìæóóä þì. Õýðýâ
áèä 2 õóâüñàã÷èéã âèçóàë÷ëàõûã õ³ñâýë íèéòëýã ãðàôèêèéí ò°ð°ë íü scatter plot / òàðõàëòûí ãðàôèê
þì. Çîîñ øèäýõ òóðøèëòûí òàëààð ÿðèëöñàí 1-ð õè÷ýýë äýýð áèä àëü õýäèéí òàðõàëòûí ãðàôèêèéã
³çñýí. Òóõàéí õ³íèé ãýðýë çóðãèéí íýã òîîöîîëñîí íàñíû óòãàä õàìààðàõ öýã á³ðèéã õàðóóëñàí ýíý
òàðõàëòûí ãðàôèê äýýð òà öýã³³äèéã õàðæ áàéíà. Ýíýõ³³ ãðàôèê äýýðõ îäîîãèéí °ã°ãäëèéã çîõèîìëîîð
³³ñãýñýí áîëíî. Öýã òóñ á³ðèéí õóâüä x òýíõëýã äýýðõ áàéðëàë íü çóðàã àâàõóóëñàí õ³íèé æèíõýíý
íàñòàé òîõèð÷ áàéíà. y òýíõëýã äýýðõ áàéðøèë íü òîîöîîëñîí íàñòàé òîõèð÷ áàéíà. Òàíû õàðæ
áàéãàà÷ëàí æèíõýíý íàñíû óòãà á³ðò ³ðãýëæ îëîí òîîíû òîîöîîëñîí óòãà áàéíà. Õýðýâ òîîöîîëñîí
óòãà íü ò°ãñ á°ã°°ä æèíõýíý óòãóóäòàé òýíö³³ áàéñàí áîë á³õ öýã³³ä òàðõàëòûí ãðàôèêò ³ç³³ëñýí øèã
íàëóó 1-òýé øóëóóí øóãàì äýýð áàéðëàõ áàéñàí.

Øóãàìûí äîîãóóð ýñâýë äýýã³³ð áàéãàà öýã³³äèéí òàéëáàð þó áàéæ áîëîõ âý? Õýðýâ öýã³³ä øó-
ãàìûí äîîãóóð ýñâýë äýýã³³ð íü ñèñòåìòýéãýýð áàéðëàæ áàéãàà áîë ñòàòèñòèêèéí õýëëýãýýð ³³íèéã
bias/õýâèéõ áàéäàë ãýíý. Ýíý òîõèîëäîëä 60 íàñ õ³ðñýí õ³ì³³ñ íàñíààñàà çàëóó õàðàãäàõ õàíäëàãàòàé
ãýñýí ³ã þì.

7 Summary
• Always visualize your data set before analysing it!
• data collection & experiment: randomization, random sample
• descriptive statistics: mean, error, standard deviation, variance, bias
• statistical graphics: stem-leaf plot, histogram, scatter plot
• bins:

– too narrow: loss of shape
– too wide: missing the details
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