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Chapter 13: Statistics

e 13: TifSrht

Section 1: Detailed Concepts, Statistical Measures & Formulas
Tz 1: faga staurony, wiferda |49 o g
13.1 Mean of Grouped Data (Direct, Assumed Mean & Step-Deviation) / 13.1 afiqra 3iferal o1 ATed (Wegar,
fcud Ared ge wir-fa=rer= fafdat)
[English Theory]: The mean (A1eq) of observations is the average value. For grouped frequency distributions with
class mark x; = (Upper Limit + Lower Limit) / 2 and frequency f;:
1. Direct Method (sr=aai fafa):
x = Xf;x; | f; — Recommended when numerical values of x; and f; are small.
2. Assumed Mean Method (srfAd area faf):
Choose a central class mark as assumed mean a. Deviation d; = x; - a.
X =a+ (xfd;/ =f;).
3. Step-Deviation Method (w1-fa=re= fafa):
If all d;j have a common factor (class size h), let u; = (x; - a) / h.
x=a+hx (Zfu;/ f;).
Examination Tip: All three methods yield the exact same mathematical mean.
[6& Rgia]: Tfferd IReRar dea & forg, avf Rg x; = (=7 dar + fA=7 ) / 2:
1. ueger fafd: x = Tfx; / If; (9 9 B¢ 8) |
2. srfcta area fAfY: fAa T1e7 a AR Q9 o) = x; - a: % = a + (2fid; / Xf;) |
3. wrr-fme= fafd: exf aro h @ 9w ek u; = (x; - @) / h: X = a + h x (Zfju; [ Zf;) |
D Rfdat @ 9ig U 8t g9 SR UTW 8iaT B

13.2 Mode & 13.3 Median of Grouped Data with Empirical Relation / 13.2 aigeTer Qe 13.3 Hredes auT sgufas
ey

[English Theory]: « Mode of Grouped Data (sIgeih): The value among the observations which has maximum
frequency.

Modal Class: The class interval having the highest frequency.

Mode =1 + [ (f; - fg) / (2f; - fg - f3) I x h

where | = lower limit of modal class, h = class size, f; = frequency of modal class, fy = frequency of preceding

class, f, = frequency of succeeding class.

» Median of Grouped Data (HAT1e4<R): The value of the middle observation dividing the data into two halves.
Median Class: The class interval whose cumulative frequency (cf) is just greater than or equal ton /2 (where n =
2f).

Median=1+[(n/2-cf) /f]1xh

where | = lower limit of median class, cf = cumulative frequency of class preceding the median class, f =
frequency of median class, h = class size.
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o Empirical Relationship between the Three Measures of Central Tendency:
3 Median = Mode + 2 Mean (3 #A1ed = dgeich + 2 ATeA).

[f&< Rrgial: « ageres (Mode): 3ifeiehas SRR arer der|

TgeTeh AT Yo 31feeh TRARET aTelt it SHeRred |

ageash = | + [ (f) - fg) / (2fy - fo = f3) I x hi

o A1eeR (Median): a8 A St SHaf®Ad 3ifehel ol &t SRTSR W H dfedT g1
Aregeh of: gg ot [Tt dadt sRaRar (cf) n/ 2 @ & a8t a1 SRR &1
Aregk =1+ [(n/2-cf) /f] x hi

« i1 g wgfy & AraeRt | de:
3 AT = Tgeih + 2 AT

Ex 13.1 Q1: Plants per House (Mean = 8.1 Plants) Ex 13.3 Q1: Mean=137.05, Median=137, Mode=135.76
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Fig 13.1: Frequency Distributions: Number of Plants per House (Ex 13.1 Q1) and Monthly Electricity Consumption showing
Mean=137.05, Median=137, Mode=135.76 (Ex 13.3 Q1) — TYBA Coaching Centre

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions

T 2: USIYEa® & Ot gt fohg g IqreRon (fasqga wRueg &)

Textbook Example 2: Mean Percentage of Female Teachers in 35 States / 3&1gvur 2: 35 54l # Afger fAarert
<pT Ufaerd (ATeA)

[Problem - EN]: The table gives the percentage distribution of female teachers in the primary schools of rural
areas of various states and union territories (U.T.) of India. Find the mean percentage of female teachers using all
three methods (Class intervals: 15-25, 25-35, 35-45, 45-55, 55-65, 65-75, 75-85; Frequencies: 6,11,7, 4, 4, 2, 1).
[o1 - HIJ: ¥Ra & 35 Irsgl/dheniaa uen & urfior &=t & urafAes faeneat & afger et @ ufasa dea far g1 =t
fafarat grr afgen fAerer! @1 area ufagE ara AifSg)

Step-by-Step Solution (English):

Class marks x;: 20, 30, 40, 50, 60, 70, 80.

xf; = 35. Let assumed mean a = 50, class size h = 10.

uj = (x; = 50)/10: =3, -2, -1,0,1, 2, 3.

Tfiup = 6(=3) + 11(-2) + 7(-1) + 4(0) + 4(1) + 2(2) +1(38) = -18-22-7+0+4 + 4 + 3 = -36.

Mean X = a + h(Zf,u; / Zf}) = 50 + 10(-36 / 35) = 50 - 360/35 = 50 - 10.29 = 39.71%.

wuTEg & (Fdh):
El"‘fﬁa’xii 20, 30, 40, 50, 60, 70, 801 hicdd AT a = 50, h =101

Zfi = 353aur Zfiui = -361
A1 X = 50 + 10(-36/35) = 50 - 10.29 = 39.71%|
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Textbook Example 5: Mode of Bowling Wickets in 10 Cricket Matches / 3218201 5: 10 fohehe @i & fearsil grT
forg mq fadhe & ageren
[Problem - ENI: A survey conducted on 20 households in a locality by a group of students resulted in the
following frequency table for the number of family members in a household (Family size: 1-3, 3-5, 5-7, 7-9, 9-11;
Frequency: 7, 8, 2, 2, 1). Find the mode of this data.
[or21 - HI): frenffat & gas a3 gR1 20 uRar! u fahg g adaor @ uRar & gl 6 T 6 aRarar aroft & 1€ 8139
3iferg T ageteh A1d HIfQI

Step-by-Step Solution (English):

Maximum frequency is 8, which corresponds to class interval 3-5.

Therefore, Modal class = 3-5.

Lower limit | = 3, class sizeh = 2,f; =8, fy =7,f, = 2.

Mode =1 + [ (f; - fg) / (2f; - fg - f2) I x h

=3+[(8-7)/(2(8)-7-2)1%x2=3+[1/(16-9)]1%x2=3+2/7=3+0.286 = 3.286.

WRUTaE g (B€):

JfAhdH IRARAT 8 8, it a7l 3-5 &Y &1 37a: Fgeteh aif = 3-51
ggtl=3,h=2f=8fy=71f, =2l

ggah =3+ [(8-7)/(16-9)1x2=3+2/7=3.2861

Textbook Example 7: Median Marks of 53 Students / 3&1gvur 7: 53 faenffal & urcienl =1 areaes

[Problem - EN]: A survey regarding the heights (in cm) of 51 girls of Class X of a school was conducted and the
data was obtained (Height less than 140: 4; less than 145: 11; less than 150: 29; less than 155: 40; less than 160:
46; less than 165: 51). Find the median height.

[or21 - HI]: foneht Tpet Y e X it 51 ersforal 6ir Samgat or adaror faear man (140 d &9: 4; 145 @ &4: 11; 150 | &H: 29;
155 @ H: 40; 160 A &FH: 46; 165 @ HH: 51) | ATLAS FATS A HITSQ|

Step-by-Step Solution (English):

Frequencies for classes: 135-140: 4; 140-145: 7; 145-150: 18; 150-155: 11; 155-160: 6; 160-165: 5.

Totaln = 51 = n/2 = 25.5.

The cumulative frequency just greater than 25.5 is 29, which belongs to class interval 145-150.

Therefore, Median class = 145-150 (I = 145, cf =11, f =18, h = 5).

Median=1+[(n/2-cf) /f]xh=145+[(25.5-11) /18] x5=145+ (14.5/18) x 5 =145 +72.5/18 = 145 +
4.03 =149.03 cm.

WUt g (fadh):

IRARAY: 140-145: 7; 145-150: 18; 150-155: 11... n/2 = 25.51

25.5 T 93} Tt aRaRAT 29 &, St arf 145-150 i &1 31a: H1edeh vt = 145-1501
A1 = 145 + [(25.5 - 11)/18] x 5 = 145 + 4.03 = 149.03 cm|

Section 3: Exercise 13.1, 13.2 & 13.3 Complete Step-by-Step Solutions
T3 3: weAEat 13.1, 13.2 TF 13.3 & HYuf TRUEg &

Exercise 13.1 (Mean) — Questions 1 to 9 / usira=it 13.1 (dA1e9) —Usr 19 9

[EN] Detailed solutions for all 9 problems of Exercise 13.1.
[HI] usmast 13.1 & |+ft 9 wsil & wyof g=:
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Q1 (Plants in 20 houses —Fig 131 Left): x;: 1, 3, 5,7,9,11,13;f: 1,2, 1,5, 6, 2, 3. £f, = 20, £fx; = 162 = Mean
=162/20 = 8.1 plants (Direct method used as values are small).

Q2 (Wages of 50 workers): a = 550, h = 20, £f; = 50, £fju; = =12 = Mean = 550 + 20(-12/50) = 550 - 4.80 = ¥
545.20.

Q3 (Pocket allowance mean = ¥ 18, find missing frequency f):

X+ 12,14, 16,18, 20, 22, 24;: 7,6, 9,13, 1, 5, 4. £f; = 44 + f.

Let a = 18. Then Xfid; = 7(-6) + 6(-4) + 9(-2) + 13(0) + f(2) + 5(4) + 4(6) = -42 -24 -18 + 0 + 2f + 20 + 24 =
2f - 40.

Since mean = 18, a + (Xf,d))/(Xf) =18 = 2f - 40 = 0 = f = 20.

Q4 (Heartbeats of 30 women): a = 75.5, h = 3, =f; = 30, £fju; = 4 = Mean = 75.5 + 3(4/30) = 75.5 + 0.4 =
75.9.

Q5 (Mangoes in 400 boxes): a = 57, h = 3, £f; = 400, 2f,u; = 25 = Mean = 57 + 3(25/400) = 57.19 mangoes.
Q6 (Food expenditure of 25 households): a = 225, h = 50, =f; = 25, £fu; = -7 = Mean = 225 + 50(-7/25) =
225 -14 =% 211.

Q7 (SO, concentration in 30 localities): a = 0.10, h = 0.04, xf; = 30, £f;u; = -1 = Mean = 0.10 + 0.04(-1/30) =
0.099 ppm.

Q8 (Absentee record of 40 students): Direct method (unequal class sizes): £f; = 40, £fix; = 499 = Mean =
499/40 = 12.48 days.

Q9 (Literacy rate of 35 cities): a = 70, h = 10, £f; = 35, £fju; = -2 = Mean = 70 + 10(-2/35) = 70 - 0.57 =
69.43%.

Final Answer /37%: Q1: 8.1 Q2: ¥ 545.20 * Q3: f =20 » Q4: 75.9 » Q5: 57.19 » Q6: ¥ 211 *» Q7: 0.099 ppm * Q8:
12.48 days * Q9: 69.43%

Exercise 13.2 (Mode & Mean) — Questions 1 to 6 / usiTasit 13.2 (ageieh T #71ed) — AN 18/ 6

[EN] Detailed solutions for Exercise 13.2 Q1 to Q6.
[HI] wstraet 13.2 & us1 19 6 @k & Tqof g=:

Q1 (Hospital Patients): Modal class 35-45 (1=35, f;=23, fy=21, f,=14, h=10).

Mode = 35 + [(23 - 21)/(46 - 21 - 14)] x 10 = 35 + (2/11) x 10 = 36.8 years; Mean = 2830 / 80 = 35.37 years.
Q2 (Lifetimes of 225 components): Modal class 60-80 (1=60, f;=61, fy=52, f,=38, h=20).

Mode = 60 + [(61 - 52)/(122 - 90)] x 20 = 60 + (9/32) x 20 = 65.625 hours.

Q3 (Monthly expenditure of 200 families): Modal class 1500-2000 (1=1500, f;=40, fy=24, f,=33, h=500).
Mode = 1500 + (16/23) x 500 = ¥ 1847.83; Mean = 2750 + 500(-35/200) = ¥ 2662.50.

Q4 (Student-Teacher Ratio across 35 States): Modal class 30-35 (1=30, f{=10, f3=9, f,=3, h=5).

Mode = 30 + (1/8) x 5 = 30.6; Mean = 1022.5/ 35 = 29.2.

Q5 (Runs scored by top batsmen): Modal class 4000-5000 (1=4000, f=18, fy=4, f,=9, h=1000).

Mode = 4000 + (14/23) x 1000 = 4608.7 runs.

Q6 (Cars in 100 periods): Modal class 40-50 (1=40, f;=20, fy=12, f,=11, h=10).

Mode = 40 + (8/17) x 10 = 44.7 cars.

Final Answer / 3<R: Q1: Mode=36.8 yrs, Mean=35.37 yrs * Q2: 65.625 hrs * Q3: Mode=%¥ 1847.83, Mean=%
2662.50 °» Q4: Mode=30.6, Mean=29.2 - Q5: 4608.7 runs * Q6: 44.7 cars
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Exercise 13.3 (Median) — Questions 1 to 7 / usita«t 13.3 (A1e4h) —UH 13 7

[EN] Detailed solutions for Exercise 13.3 Q1 to Q7.
[HI] werasft 13.3 & st 1@ 7 da & dquf gat:

* Q1 (Electricity consumption of 68 consumers — Fig 13.1 Right):
n/2 = 34 = Median class = 125-145 (=125, cf=22, =20, h=20).
Median = 125 + [(34 - 22)/20] x 20 = 137 units.
Mean = 137.05 units; Mode = 135.76 units. (All three measures are approximately equal).

* Q2 (Given Median = 28.5, Total n = 60, find x and y):
45 + x +y =60 = x + y =15 —(1). Median class = 20-30 (=20, cf=5+x, f=20, h=10):
285=20+[(30-5-x)/201 x10=>85=(25-x)/2=>25-x=17=>x=8,andy=15-8 =7.

» Q3 (100 policy holders): n/2 = 50 = Median class 35-40 (I=35, cf=45, f=33, h=5) = Median age = 35 +
(5/33) x 5 = 35.76 years.

e Q4 (Lengths of 40 leaves — continuous intervals 117.5-126.5...):
n/2 = 20 = Median class 144.5-153.5 (I=144.5, cf=17, =12, h=9) = Median length =144.5 + (3/12) x 9 =
146.75 mm.

* Q5 (400 neon lamps): n/2 = 200 = Median class 3000-3500 (I1=3000, cf=130, =86, h=500) = Median life =
3000 + (70/86) x 500 = 3406.98 hours.

e Q6 (Letters in 100 surnames): Median class 7-10 (I=7, cf=36, f=40, h=3) = Median = 8.05, Mean = 8.32,
Modal size = 7.88.

* Q7 (Weights of 30 students): n/2 = 15 = Median class 55-60 (=55, cf=13, f=6, h=5) = Median weight = 55 +
(2/6) x 5 =56.67 kg.

Final Answer / 3x%: Q1: Med=137, Mean=137.05, Mode=135.76 * Q2: x=8,y=7 * Q3: 35.76 yrs * Q4: 146.75 mm ¢
Q5:3406.98 hrs * Q6: Med=8.05, Mean=8.32, Mode=7.88 * Q7: 56.67 kg

Section 4: Chapter Summary & Statistical Comparison

T 4: AT RILN T AifRrhrd AT H et

Measure Core Formula When to Prefer

Mean (x) fix; [ Zf; When every single data value is equally significant.

Mode I+ [(f1-fg)/(2f1-fg-f2)] x h When finding the most popular, recurring or frequent value.
Median |+ [(n/2 = cf)/f] x h When extreme outlier values would distort the mean.
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