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Q. What is data analytics and statistics? :
Data Analytics

Data analYﬂcs is the process of examining and analyzing data to find useful
information, patterns or trends that can help in decision-making.

Statistics Ey @@YX@
d

Statistics is d branch of mathemat erstand, analyze ond
interpret data. Statistics is impo

simple way that makes it it w useful conclusions and make decisions.._ It is
widely used in vari &h as education, business, healthcare and economics

ete.

Q. What are measures of central tendency? Briefly describe the three main
measures of central tendency with examples.

Measures of Central Tendency

Measures of central tendency are statistical tools used to find ’rhe central or
typical value in a dataset. The three main measures are mean, median and mode.

1. Mean (Average) _
Mean is the average of all the values in a dataset. It is calculated by adding all

the data values and then dividing by the number of values. : 7 m
e

Exa'mple
: 0, 25 and 9. The mean
V|d|ng by 5.

Suppose the scores of five students
score is calculated by adding all

Data set: 41 12 30 ﬂw
Mean: (41§¢gﬁﬁéﬁﬁg+9)/s =23.4
2. Mode

“Mode is the value that appears most frequehﬂy'in a dataset. It helps to identify
the most common or repeated value in a dataset. There can be more than one mode
if multipte values appear with the same highest frequency.

Example 1: Single Mode

Suppose the scores of five students are 50, 60, 70, 70 and 90. The number 70
Gppeors twice whereas all other numbers appear only once. Therefore the mode is 70
as it is the most frequent vclue



Variance

Example 2: Multiple Modes

Suppose the scores of six sTudents w d 90 Both 60 cmd 70
appear twice which is the hlgk@ set erefore this dofcsef has
two modes 60 and 70.

3. Median

Median is the middle value when the numbers are arranged in order. The median
is the exact middle value if there is an odd number of values. The median is the
average of the two middle values if there is an even number of values. s

Example 1

Suppose the scores of five students are 50, 60 70, 80 and 90. These scores are
already in ascending order. The number of scores is odd wﬁh the middle value 70.
Therefore, the median score is 70.

Example 2

Suppose the scores of four studenfs are 50, 60, 70 and 80. These scores are '
already in ascending order. The number of scores is even. Therefore, the median score

is the average of two mlddle values of 60 and 70 as (40 + 70) /6@@)@

Q. What are measures of g)l ers k f nly used measures'of
dispersion. Kﬁﬁ :

Measures of D:W - -
‘ ~ Measures of dispersion describe how spread out or scattered the data values are

in a dataset. They help to understand the degree of variation or inconsistency among
the data points. These measures are important for identifying how much individual
values differ from the mean (average). '

Two commonly used measures of dispersion are as follows:

« * Variance
o Standard deviation

Q. What is variance. Explain how variance is calculated and interpreted

Variance is a statistical measure that shows how
differ from the mean (average) A hlgher vo

Variance(o?) —

Where

o?is the symbol for variance

Xi indicates each individual value in the dataset

u is the mean (average) of the dataset

Y is the sum of all squared differences

N indicates the total number of values in the dataset



Example

The following example calculates @n @@ﬂ@oﬁ%nce for two sets of test
scores from Class A and %?g ﬁ g how spread out the scores are in

each class.

Step 1: Variance cm :
Class A 1 50, 52, 55, 57, 60

Step 1.1: Compute the Mean (u)

50 + 52 + 65 + 67 + 60 274

_ o= . = & =548
Step 1.2: Compute Each Squared Deviation (xi-p)?
- Xi-p The difference between each data value (xi) and the mean (u) is called
the deviation. It shows how far a value is from the average.
(Xi-p)2 This is the squared deviation. Squaring the deviation converts negative

numbers into positive so that all deviations contribute equally. It also
gives more weight to larger differences that helps to highlight the values
that are far from the mean.

Seore o oo i (OO

50 50744 7 48\[123.04
2\ o~ %2 SBaT8 [ 7.84
B8 \\ \\\\JW85=548=02 | 0,02
oS5 57-548=22 | 484

40 60-548=52 | 27.04

Step 1.3: Compﬁfe Variance
52 23.04+784+0.04 +484+27.04 628

| = = = 1256
Step 2: Variance for Class B
Class B Scores: 30, 45, 55, 75, 90
Step 2.1: Compute the Mean (W)
30+45+55+75+90 295
= - 5 < = g = 59
Step 2.2: Compute Each Squared Deviation (xi-p)?
Score (xi xi= Xi—-y)? '
30 = go —p539 =2 é@?ﬁl @@m
45 457 53 52 =

55 \ 15850 =\ e
IS0 O\ 7559 16 | 256

: , \SD\W\ 9059 =31 | 961
Step 2.3: compwﬁm | . .

»_ 841+ 196 + 16 + 256 + 961 _ 2270
& 5 S g

= 454
Conclusion : .
~ Variance of Class A = 12.56

Class A hqs a low variance of 12.56 that means the scores in Class A are close to
the average (mean) of 54.8.



This suggests that: @ @
e Most students in Class A performe Si @W
o There is less variation in p orm %@@
e The class shows more ¢ %rﬁg@ scores.
: Class

Variance of

Class B has G%Mce of 454 that means the scores are widely spread out
from the mean of 59. This indicates that:

e Studentsin Class B performed very differently from ecch other.

* There s o large gap between the lowest (30) and highest (90) scores.

e The data s less consistent and some students scored much higher or lower than
others.

Q. What is standard devlatlon? Explaln how standard deviatlon is calculated
and interpteted :
Standard Deviation ; 3
Standard deviation is a statistical measure ’rho’r indicates alues in
- % re root of the
re close fo the mean,
eans that values are spread far

a dataset deviate from the mean (cveroge)
from the mean. indicating hi o L

- Standard devigi s a more practical and meaningful result because it
is *expressed in the € units as the original data. In contrast, variance is often

variance. A sma' standard deviation me
indicating low variability. A larges
considered less oractical for real-ife interpretation since its units are squared such as
- ft%, kg® or m*. These are different from the original units of measurement.
- Standara ceviation is calculated using the following formula:

Zt-!(xt 1)?

Siandard Dematwn(a) = N
Where, : _
e ©ois the symbol for standard deviation. :
* Xiindicates each individual value in the dataset
* uis the meon (average) of all the data values.
e Nis the fofal number of values in the do’rose’r @}@
e (xi-p)?indicates the squared dlfferen Qﬁ ﬁ@@ ’rhe mean
e 3 is the sum of all squored dlffere
Example
The following exa s and compares the standard deviation of test
scores from two diff ses such as Class A and Class B.
Siep 1: Calculate mean : :
Class A Scores: 50, 52, 55, 57, 60 Class B Score: 30, 45,55,75,90
'Mean(uA) .. 50+52455457+60 Méan(}t ) = 304+45455+75+90
i SLPREEREENI 60 S RTa N

5 . : g
Mean(u,) = ?? =548 ; Mean(ug) = % =59 .



1/0

- Step 2: Compute the squared deviations of th scorﬁW@%@@K S )
Cl B
e el N70(0 o

Score (xI) | (d=p) 0|\ () (ks Score (xi) | (xi-p) (xi-p)?
50 50 RGALB & 18| 23.04 30 30 - 59 = -29 | 841
52  WN| SR 54.8=-2.8 | 7.84 45 T | 45-59=-14 1196
55 ~ | 55-548=0.2 | 0.04 55 55-59=-4 |16
57 | 57-548=22 | 484 78 75-59=16 | 256
40 40-548=52 | 27.04 90 90 - 59 =31 | 961

| Total : 62.8 Total | 2270

Step 3: Use the information from Step 2 and apply the formula below fo compute
variance for each class ;

- Class A , | : Class B

N ) 2 5 ; N... = 3
Variance(a) = &ﬂ(—"%ﬁlﬁf? = 12.56 Variance(of) = ):l,,(x;, k) - 22570 = 454

Calculating Standard Deviation:
Class A: Variance = 12.56

‘Class A has a standard deviation of 3.55. It is low and indicates that most of the
scores are close to the average. The students in this class performed at a similar level
. and there is less variation among their scores. :

: Class B has a standard deviation of 21.26. It is much higher and indicates that the
scores are widely spread out. Some students scored much lower or higher than the
average. |t means that there-is greater variation in performance within Class B.

Q. Describe probability with an example. '

Probability
Probability is the study of how likely an event is to occur. It helps to predict the
outcomes based on the available information and known PO ibifidtes. Probability is

used fo estimate the chances of vcrioué;)‘ou ‘ -‘ ‘ i ollows: s
o Weatherforecasting: It can be .‘ u“| s the chance of rain or sunshine.
e Business: It canb slo : sks fo make informed decisions.

e Sports: It ca A\ ko \dredict match outcomes and player performance.
Q . ;
Mathe “the probability of an event A happening is given by:

Number of favorable outcomes to Event A :
Total rumber of possible outcomes

This formula is used when all possible outcomes are equally likely. Equally likely
outcomes are those that have the same chance of occuring. For example, the two
possible outcomes are head and tail when flipping a fair coin. Both outcomes have an -
equal probability of occurring that shown as follows: '

=1

P(A) =

P(Head) - P(Tail) == ,1, — 0.5 = 50%



Data Collection

Q. What is data collection" Dlsouss dlff@ XW‘S ethods.

Data collection is ’rhe nng relevant information for a particular -

purpose. Data collecti re the technlques used to gather reliable data for
cnolysis or rese

Data Collection Methods

Different methods can be used for data collection depending on fhe nature of
research. These methods include surveys, observations and experiments. Each method
has its own sfrengths and suitability. The selection of the right method depends on the
research objective and the type of data required.

1. Surveys

Surveys are commonly used method for collecting large amounts of data in a
structured way. They involve asking a predefined set of questions to a selected group
of people known as a sample. Surveys can be conducted using various means such
~as online forms, felephone c:clls or face-to-face interviews.

Example @ @@KY@

Suppose a smalllocal grocery stere Ia | ‘o know which products
the customers want to see m | Urvey can be created to ask the -
required guestions from the i can be distributed to 50 customers over the
weekend. The coll s are then analyzed to stock products according to
customer dem helps to improve customer satisfaction and enhance business
' operafions. : '

Customer Preference Survey
A sample Customer Preference Survey is as follows:
1. Which product categories do you buy most often?
= O Fruits O Vegetables £ .Dairy - B Shacks .  [:Other:
2. Are there any products you would like to see more oftene :
3. How offen do you shop at this grocery store?
O Daily O Weekly O Monthly O Occasionally
4. Wnat influences your purchasing decisions the most?
O Price O Quality . 0O Availability O Brand O Promotions
5. Any cddifional comments or suggestions?

2. Observations sza @@ it
~ Observation involves co vifoNe - @ onitoring a situation in the

natural environment. This me ‘a A researchers want to gather data on’
behaviors or events wit 5 e.ltis very effechve because it does not directly
depend on oth r‘ﬁs.

Example

Suppose arestaurant needs o know which tables are most frequently chosen by
customers during lunchtime. A staff member observes the seating choices over a
period of one week. The restaurant can rearrange seating to improve the comfort and
-flow of customers based on the observation. It helps in improving customer satisfaction
and service efficiency. ’



3. Experiments

a @@E@
defermine their effect

fic and engineering fields
or occurote and reliable measurement.

Experiments involve montpulo’nng , eaop
on another variable. This meth
where controlled enwronmenisﬂ%
E)_(ample

A school teacher wants to know whether the student performance improves in
the exam if printed notes are provided. The teacher conducts an experiment with two
groups of students. One group receives printed notes and other group only rely on

lectures. Both groups take a test after one month. The teacher compares the results to
see if printed notes had a positive impact on performance.

Q. What is data preparation? Explain with an example.

Data Preparation

It is important to prepare the data for analysis after it has been collected. Dcfc
preparation includes the following:

e Cleaning the data to remove errors or inconsistencies

e Organizing the data in a meaningful way @ @@“@
= ;

e Converting datainto a formot thati |§§Ut 'o‘o
hnl ues such as interpolation

If datais missing or mcorr
erpolaﬂon involves estimating missing

or statistical’ odjustmen’rs to en

values based on the y known values. Statistical adjustments involve
using mathematic h hcol methods to correct errors or fill in gops
Example

Suppose the survey responses contain incomplete information. The mlssmg values
can be estimated based on the available data. For example, a student did not report
his favorite subject in a survey. It can be estimated by looking at his performance in
different subjects and assuming that the subject with the highest marks is his favorite.
Proper data preparation ensures that the analysis leads to reliable and valid results.

Q. Define data cleaning and fransformation. Why are they important steps '
in preparing data for analysis.

Data Cleaning and Transformation
Data cleaning and transformation are |mpor’rcnt steps fo pr data for
analysis. Raw data often has errors, mlssmg vQ es o) thh can
affect the accuracy of the resul’rs IT is | - s ’ro ensure that the
datais reliable and ready for
Data Cleaning : :
Data cleaniwﬂw&ess of idenﬁfying and correcﬁng any problems in the
data. These problems can include incorrect entries, missing values or duplicate data.
The results of the analysis will be inaccurateé or mislecdi_ng if these errors are not fixed.
Example

_ Suppose a college is collechng data on student scores. Some students may hcve

entered their names incorrectly or some scores may be missing from the records. In this
case, data cleaning would involve correcting any wrong names and flndlng the
missing scores to complete the dataset.



The following table shows data cleaning proiessf I 8@@‘ a college.

It shows common issues such as incorrect m%, Ol | duplicate entries.
; <3
| Name | Score Class - | Section '&)}dme Score | Class | Section |

Ali 91 NN R R Ali 91 11 B
Ahmed 85 INNNIVY™ B Ahmed e B B
Fahim | ¥ - B Fahim 92 11 B

- Figure: Original data with errors Figure: Data after data cleaning
Data Transformation i

Data transformation is the process of converting data into a format that is easy
fo work with. It is done after cleaning the data. This may include converting data into
different formats, creating new columns or organizing data in a different way. These

~ changes make the data more suitable for analysis. ;

Example

: Suppose a college has a dataset with students' marks in three subjects: Math,
English and Science. A new column "Total Score" can be created by addin marks
- from all three subjects. Additionally, date formats can be st ra ensure

- consistency. These transformations make the Qotargasi $or performance
frends or comparisons. @

E e A

. Q. How is missing data uss different techniqués to handle the
_ missing data.

Handling Missing Data

- Handling missing data is the process of dealing with incomplete or unavailable
values in a dataset to ensure accurate and reliable analysis. Different techniques can
be used to handle this problem. If only a small number of rows are affected, removing
them may be a simple and effective solution. Alternatively, missing values can be filled
in using methods such as calculating the average or using similar entries. The choice

. depends on the fype of data and amount of missing information.

' Ex#mple

Su'ppc')se the dataset of student grades is missing the information about Ali. It
creates a problem in assessing his performance. Different techniques to handle missing
data are as follows: @©

1. Imputation m@o
Imputation is the process of replaci @ itH estimated values to

make a dataset complete an lysis. For example, the college can
calculate the average scor s in Ali's class. The average score may be
assigned to Ali fem proach allows the college to maintain a complete
dataset while making\ateasonable assumption about Ali's performance.

2. Flagging_

Flagging is the process of marking specific data entries that meet certain
conditions or need special attention. It is like adding a note to highlight important,
unusual or problematic data. The college can keep frack of Ali's missing score by
adding a note in the dataset. This method indicates that Ali's score is not available. It
ensures transparency while allowing the analysis to proceed without filling in the gap.



analysis. The college may ghoose from specific analysis. This
approach is useful if it doges act the overall understanding of
student performa

3.Removal - @ @@m :
Removal is the process of deleh @%gr “or incomplete for the
eXClt AlL co

Q. What is statistical md’déling? Describe the steps involved in building a
basic statistical model.

‘ Statistical Modeling

statistical modeling is a method of using data to understand patterns in the real
world and make predictions about future events. It helps to make informed decisions
based on past observations. Statistical models are widely used in areas like business,
heailthcare, economics and science to analyze data and support decision-making.

Example _

Statistical modeling can be used to estimate how much money will be spent on
groceries next month. It can be calculated from the past c ses. The past
data can be analyzed to build a stafisticalimodghrINEiNg uture spending
more accurately. It helps individuals ' { a fheirbudgets more effectively.
Model Development Pr : o

' Building @ { ITnvolves several key steps designed to convert raw
data into me insights and reliable predictions. These steps are as follows:

~ Step 1: Define the Problem

~ The first and most critical step is to clearly understand and define the problem to
be solved. Suppose the objective is to predict monthly grocery expenses. It needs to
identify the factors that influence those expenses such as family size, location, income
and consumption habits etc.

Step 2: Collect Relevant Data ]

The next step is to gather the necessary data affer the problem is defined. In the
grocery expense example, it involves collecting the data on past spending, family size,
‘income levels and other relevant factors that may affect grocery costs. =t

Step 3: Se‘lect an Appropriate Algorithm

A suitable algorithm needs to be selected to Ui e@mlgorﬁhms are
mathematical methods that detec pc@e@m Kieeim data. .
i ssioh a

Some common exaf S nd logistic regression. The

\‘
:“ ( arical outcomes such as scores or prices
» r\N-u sused fo classify outcomes into categories such as yes/no
or pcss/fciLT Yalgorithm fo use depends on the type of problem and the data.

Step 4: Train the Model

This step is used to apply the selected algorithm to the training data. 1t allows the
model o learn the underlying patterns and relationships. The model can understand
how the input variables relate to the target outcome. For example, how the income
or family size affect the grocery expenses. 4

ols




Step 5: Evaluate the Model's Performa O@© S B
: Finally, the model is 1es’red usin 10 evaluate its accuracy
and reliability. Different ev predlc’non error and accuracy rate

etc. They help to deter model performs. This step ensures that ’rhe
model makes VM | :

Q. What is regression model? Give a detailed example where the regression
model can be applied for making predictio_n. :

- Regression Model

~ Llinear regression is common statistical model that is used to understand the
relationship between two variables. It predicts the volue of one variable bosed onthe -
known value of another variable.

e Independent variable (x) I’r is the vonoble used for predlchon
e Dependent variable (y): It is the variable ‘ro be predlcted based on value of
variable x.

Example

Suppose the user runs a small fruit stall in
earnings based on the number of cus

- o The number of custo en’f vcmoble (X). Itis also called cause.
¢ The daily earnin ent variable (Y). Itis also called effect.

The linear an be applied to predict the earning as follows:
. Step 1: Collecting Data '

The first step is to collect relevant data. Suppose the usef collected the number
of customers and daily earnings for five consecutive days as follows: :

e t » c s ~> prednc’r the dolly
scenario:

1 .Day | Number of Customers (X) | Daily Earnings(Y)
] 3 . 300 -
= 10 ) S S00
3 15 0
4 20 %00
& 25 1100
Step 2: Linear Regression Formula
The formula for a simple linear regressmn model is as fol ows m

T e o@@@ﬂ

Y is the dependent ents the daily earnings to be predicted.

- Xis the indepe t\vauri at represents the number of customers.
Bo is thed af shows the earnings when there are zero customers.
B, is the slope that shows increase in earnings with each additional customer.

¢ is error term that shows difference between actual and predicted earnings.
step 3: Bulldlng the Linear Regresslon Model

The slope and intercept must be calculated to bund the model
Calculating the Slope B;: |

The data shows that every increase of 5 cus’romers results in an increase of Rs 200
in ecrnings :




By =AY /-AX =200/5=40 : W@O@(@m
Where Sk Q @@@
e . AY = Change in the def&n( ‘ |

e A X=Change in thed variable (X)
e AY/AX=R ge of Y withrespectto X
The value of slope is 40 in the given scenario. It shows that every new cusiomer

will add Rs 40 to the earning.
Colculqtlng the Intercept B,

Using a data point where 10 customers lead to Rs 500 earnings. The customers
can be represented by variable X and earning can be represented by variable Y.

Y =Bo + By X
500 = B, + (40 x 10)
Bo = 500 - 400 = 100 :
The intercept represents expected 'edmings even with zero customers. This
amount may reflect fixed income sources such as standing orders.
- Regression Equation

Earnings = B, + B1 x Customers “@@X@W@ @

Earnings = 100 + 40 x Cu m
This equation indic ount of Rs 100 earned each day even if no
customers visit. Adgjhio %40 is earned for every new cus’romer

Step 4: Using the Model for Pr,edlchon

The model can be used to make the predictions about future earnings based on
the expected number of customers. Suppose the number of expected customers for
tomorrow is 22. The predicted earnings is as follows:

Earnings = 100 + 40 x 22 = 980
It shows that the expected earning with 22 customers is Rs 80 cpproximofely.
Step 5: Testing the Model

The new data is used fo test the accuracy of the model. Suppose 28 customers
visited on day é and the actual earning was Rs 1250.

The pradicted earnings usmg the regression model from 28 cus’romers will be:

Predicted Frnings = 100 + 40 x 28 = 100 + 1120 =Rs 12 @ @
The difference between the predicted@arnings 7 o} eornlng is known

as the prediction error. It is col%ﬁ

~ Error = Pfedicted Eaming: mk\ =1
The predictio it
often has some vargdion from predicted outcome.

is close but it is not perfect. It shows that real-world

Q. What is logistic regression? Explain with example.
Logistic Regression

Logistic regression is o powerful stoﬂs’nco[ tool predict ou’rcomes that fall into two
categories such as yes/no or pass/fail. It provides a probability value between 0 and
1. A value close to 1 means the event is more likely fo happen. A value close to O
me&ons The event is less likely to happen.




"

% : ! :
Logistic regression is different from linear.rearessi _ @cggses not predict
exact numerical values like scores or gric @
Example ve m : :
Logistic regressioi g@ ‘ to predict whether a student will pass or fail an

exam based o 8r of study hours. The logistic regression helps to find the
probability of p g instead of giving a specific score. For example, if the model gives
a probabllity of 0.85, it means the student has 85% chance of passing the exam.

Q. What are clustering t’echnlques in data analysis? xpltain the K-means

clustering with an example.
Clustering

Clustering is a technique of grouping similar items together based on their -
characteristics or features. For example, a teacher can use clustering to divide the
students into groups based on Math and English scores. It helps the teacher to identify
students with similar strengths or weaknesses. The teacher can desi academic

support accordingly to each group's needs. @ @@
y o]
K-means Clustering _ e QX@@
K-means clustering is qrj§ % nly used fechniques to group data
5]

into clusters based on simila ess begins with deciding on the number of
clusters (K) to form. I roups data points into these clusters by calculating

the distance be em. A smaller distance indicates greater similarity. The letter K
in K-means represents the number of clusters to be created.
Example

Suppose a teacher has the Mdfh and English scores of following five students.

- Student - Math Score Engiish Score
Basim ‘ 85 70
Umer 90 65
Annie 50 ! 80
Tallat 48 e 85
Maliha : 60 : 60

performance in two subjects. The teacher divides the s ers:

f'. _

The K-means algori g%p s students based on their performance. It calculates
the distance bewm scores, identfifies patterns and assigns them to the most
suitable cluster. Foréxample, the students Basim and Umer performed well in math and
they are placed in one cluster. The students Annie and Tallat are good in English and

they are placed in another cluster. This method helps the teachers to understand the
pattern of student performance and offer targeted learning support to various groups.

The teacher wants to use clustering technique to grcup-stude&é d on their
¥ Clust

e Cluster 1 for students sfrong in
* Cluster 2 for students g i




100

Q. What is.meant by-model 'evaluatign?‘ escri @@ormance
metrics used for model evaluati%ﬂ
Model Evaluation v

Q
Model evalw p% &ss of checking the performance of a model after it
S

has been built. It o understand the accuracy and usefulness of the predictions
made by the model. It is also important to measure its performance and make required
improvements if needed. It ensures that the model is working correctly and reliably.

1. Performance Metrics

. Performance metrics are used to measure the.'performclnce of a model. They
help to understand whether the model’s predictions are correct or close to. the actual
results. Two common types of metrics are as follows:

i. Error Metrics .

Error metrics measure the difference between the model's prediction and the
actual resuit. Smaller errors mean model is more accurate. Suppose a model predicts
a grocery bill of Rs 8,000 but the actual billis Rs 10,000. The difference’is ¢ the error.

ii. Accuracy Metrics @ @O@©
f

~ Accuracy metrics are used to k orrect predictions of the
model. They are useful in cl { e pass/fail or yes/no predictions.
- Suppose a model predicts wh ent will pass or fail. The accuracy shows how
~ offen the predicWr‘é : |
2. Inte_rpreting, utputs

Interpreting outputs means understanding the actual meaning of model's results.
It involves analyzing the output to draw conclusions, identify patterns or extract useful
insights. This step helps in making informed decisions based on what the model reveals.

Example
“ Suppose a linear regression model shows that more hours studied lead fo higher

exam scores. The conclusion can be drawn that increasing study time helps students
improve the scores of the students. -

3. Ethical Considerations

Ethical considerations ensure the model is fair and respects privacy. The model
should not harm people or freat them unfairly.

i. Fairess and Bias ‘ . ﬂ@o@@ﬁ@

& :

A model should be fair and f i@. sure that all individuals or
groups are treated equally. u’-‘- secome unfair when a model favors one
group over another wi A sons. For example, a model is biased if it approves
loans for one people while unfairly rejecting others. Such models are
considered unethical and must be corrected.

ii. Data Privacy

Data privacy means protecting personal information used in a model. It includes

keeping data secure and not sharing it without permission. Respecting privacy builds

user trust. For example, a company is using customer data to build models. It must
ensure the data is secure and not shared without permission.
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Q. What is data visualization? Discuss the pe @g@mn and
their uses. o : 2 @@ﬂ _ ‘

Data Visualization | @@%ﬂ , e |
Data visuaiizdw&s of representing data in a visual format such as

graphs or charts. it aasier to see and understand trends and patterns in the
data. It is especially useful when analyzing large amount of data and make decisions
in businesses and research etc. For example, a business can use data visualization to .
_identify the products that are selling fast. It can help them fo take decisions such as
buying more stock of that product. ' :

Types of Visualizations @@

~ Data visualizati owerful method for understanding complex information.
Different types of visualizations serve different purposes. They make it easier o interpret,
“compare and analyze data more effectively. : - :

: ‘1. Bar chart

A bar chart is used to compare different categories or groups. It displays
rectangular bars that represent the values of different categories. The length or height
of each bar indicates the value. : ' :

Example

A bar chart can be used to combore the sales of different prodUc‘rs in a store.
This helps in understanding product performance. : ‘ -
: Sales by Month and Product

ﬂ@ﬁ]@o@@m ‘

5
s Pants
EEe Shoes -

Feb
Marith ‘
- Figure: A bar chart showing sales of different products

2. Line Chart

A line graph is used to show trends or changes over fime. It plots data points and
connects them with lines to show how values increase or decrease. Each data point
represents a specific value at a particular time or category.






5. Boxplot ‘ W@O@©m ’
A boxplot or box-and-whisker p %@n hat shows the distribution

- and spread of data. It helps i i dian, quartiles and outliers. Median is

the middie value of the da ivide the data into four equal parts and the
box represents TWO 6 of the data. Outliers are the unusual values that are
much higher or | r'than most of the data. It is shown as small circles or dots.

Example

A boxplot can be used to compare exam scores of different classes. It helps to

see which class has higher or more consistent scores. It also shows if there were any
unusual high or low scores, :
e 80X Plot of Exam Scores for Three Classs

a9 ﬂnﬂﬁﬂ@°@ |

= e e Vi @A\u‘j\)hﬁ
Figure : A Boxplot, s@@g@is performance of three classes

£} » - O 5 a
Q. What are di tools for data visualization? Give an example.

Tools for Data Visualization

Data visualization tools are used to convert raw data into visual formats such as
charts and graphs. It helps the users to understand and analyze data easily. There are
many tools available for data visualization such as Microsoft Excel, Google Sheets,
Python (Matplotlib) and Tableau. These tools support the creation of different types of
charts and graphs such as bar charts, pie charts and line graphs. :

Example

: Suppose a small business wants to frack the number of products sold each
month. The monthly sales data can be entered in Excel or Google Sheets. A bar chart
-scan be created with a few steps easily. It can show which ‘'month had the most sales.
- It helps to make better decisions based on data. a;©@ﬁ
Q. How can you create and interpret-dat: v W\J using tools like
Excel or Google Sheetsc‘)! %ﬂ u
Creating and Interpretin s : ‘
: A simple QUW@ visualization in Excel or Google Sheets is as follows:
1. Enter Data: Yhe first step is to enter data into the spreadsheet. For example, one
column can have months and another column can-have sales numbers.

Sl et e e T
1 §'Mo~nth 1Sales (Rs)l ‘
2 fanuary 5000
3 February 6000
4 March 7500
5 April 7000

| ;
6 May 8500






7. A primary goal of K-Means clustering:

a) To classify data into predefined categori @o
b) To group data into clusters based ofi @@&

8. The meaning of "K} iea :

- a) Numb $in fhe dataset
b) Number'of clusters to be formed

c) Number of iterations required for convergence
d) Number of data points in the dataset

ATy Answers
e = 3. d [ b 1 50 g B

Short Questions

Q.1. What is the importance of building statistical models in real-world applications?

Building statistical models is important in real-world applications because they help to
analyze data, identify patterns and make accurate predictions. These model ort informed
decision-making in fields such as business, healthcare and educatie @ to measure
risk, improve efficiency and allocate resources 6f , Y 0

Q.2. Name one basic statistical model used Q , armes and explain its purpose. -
One basic statistical mo prediching outcomes is linear regression. It helps-to

understand the relationship bet driables called the independent variable and the
dependent variable bis-Used to predict the value of the dependent variable based

on the value of th ndent variable. For example, it can be used to predict sales based -
on the amount spent on advertising.
@.3. List two types of data visualizations and describe when you would use each.

Two types of data visudlizations include bar chart and line chart. A bar chart is used to
compare “different categories or groups. It can be used to compare the sales of different
products in a store. This helps in understanding product performance. A line graph is used to
show trends or changes over time. It can be used to show temperature changes over a week.
Q.4. How does visualizing data help in understanding descriptive statistics?

Visualizing data helps in understanding descriptive statistics by making patterns, trends
and distributions easier to understand. The charts such as histograms, boxplots and bar graphs
help users fo guickly identify measures such as mean, median and range. Visudls simplify
complex data and highlight outliers or unusual patterns.

| Long Questions @ @@SS
Q.1. Explain the role and import m solving real-world problems.

- Statistical models are p solvmg real-world problems. They play important
role in understandin al-world problems by analyzing data, identifying patterns
and making ac redictiorfs. These models help |nd|wdua|s organizations and

“governments to make better decisions in various fields.

[ Understqnding Relationships in Data
Statistical models help to identify and understand the relcmonshlps between different

‘variables, For example, they can show how study time affects student performance or how

prices affect customer demand. These relationships are essential for drow:ng meaningful
conclusions from data. -
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2. Making Accurate Predictions : - @@YS@ .
A major advantage of statistical moge i | u 'nm re ic? future outcomes. They
verthe St pUI i

‘use historical data to forecast S on g‘;owth or disease spread.
These predictions are critical fo >asting and resource management. -

3. supporting Evi Declsions

Statistical els provide a foundation for making decisions based on data rather than
assumptions. Businesses, healthcare systems and governments Use these models to create
strategies, allocate resources and solve problems efficiently.

4, Measurlhg Risk and Uncertainty

- Many real-world situations involve Uhcer‘rcinty.' Statistical models help fo measure this
uncertainty and assess risk. For example, the models in finance can estimate the possibility of
market fluctuations or loan defaults that help in better risk management. :

5. Improving Operational Efficiency

Statistical models also improve efficiency in daily operations. In agriculture, they can
recommend the best time fo plant crops. In manufacturing, they can help to detect defects
early and improve production quality.

. Q.2. Describe the steps involved in bulldlng a basic statistical model (e.g., lin regression).
J Include details on data collection, model fraining, and ey ter)

Q.3. Discuss the types of data visualizati
Q.4. Explain data collection
Q.5. Discuss the concept of

SHORT QUESTIONS

Q.1. What s statistics and why is it important?
Statistics is a branch of mathematics that is used to understand. analyze and interpret
" data. Statistics is important because it can summarize large sefs of data in a simple way that
makes it easier to draw useful conclusions and make decisions. it is widely used in various fields
such as education, business, healthcare and economics efc.
' Q.2. What are measures of central tendency?
 Measures of centrdl tendency are statistical tools used to find the central or typical value
in a dataset. The three main measures are mean, median and mode.
Q.3. Why are measures of central tendency important? ,
The measures of central tendency are important as they help to summarize a large
 dataset into a single representative value. This makes it ecsi to unders m overall pattern

or trend in the data. These measures are wi
Q.4. How do the three measures of centr

|y ned B a.uq{o
o o
- Mean is the average | ih\a dataset. Median is the middie value when the
numbers are arranged in s the value that occurs most frequently in the dataset.
Q.5. Whatis w'is it calculated?

Mean is t verage of all the values in a data set. It is calculated by adding all the data
values and then dividing by the number of values. :
Q.6. What is the median and how is it calculated? 5

Median is the middle value when the numbers are arranged in order. The median is fhe
exact middle value if there is an odd number of values. The median is the average of the two
middle values if there is an even number of values. ‘ Sk
Q.7. Can a data set have more than one median?

No, a data set has only one median. Even if the number of values is even, the median is
the average of the two middle numbers. :
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Q.8. What is the mode in statistics? : @©m
~ Mode is the value that appears most fr% e ps to identify the most

common or repeated value in a d et Han ohe mode if mulhple volues
appear with the same highest freq
Q.9. Give an example of f mq dataset.
: Suppose the sc 5 udents are 50, 60, 70, 70 and 20. The number 70 cppeors 1W|ce
but all other numbers a peor only once. The mode is 70 as it is the most frequent volue
Q.10. Can a dataset have multiple modes?
Yes, there can be more than one mode if multiple values appear with the same hlghes'r
frequency.
Q.11. Why are measures of dispersion important in statistics? :
~ Measures of dispersion are important in statistics because they describe how spread out
or scattered the data values are in a dataset. They help in understanding the degree of variation
or inconsistency among the data points, They indicate how much individual values differ from
the average. These measures are essential for comparing datasets and assessing their reliability.
~Q.12. What Is variance?
Variance is a statistical measure that shows how much the values in a dataset differ from
the mean. It is calculated by finding the average of the squared differences between each

value and the mean. A higher variance indicates that the data points 0@@ ut while
a lower variance shows that they are closer to the @V #7’

Q.13. What does a high variance indicate?

A high variance indicates th@
means the values are less consist ore vcncbnll’ry
Q.14. What does a |0W

A low variance\fdicates that mos'r data values are close to the mean. It suggests that
the data is consistent and shows little variability.

Q.15. How is variance calculated?

The variance is calculated by subtracting the mean from each value, squaring the result
‘and taking the average of these squared differences. The formula is: ]

- Et (X —u)?
N
Q.16. What is standard devluilon in statistics?

Standard deviation is a statistical measure that indicates how much the values in a
dataset deviate from the mean (average). It is calculated as the square root of the variance. A
small standard deviation means that most values are close to the mean, indicating low
variability. A large standard deviation means that volues are spreod far from the mean,
indicating high variability.

Iy sprecd out from the mean. This

* Variance(o?) =

Q.17. How do you calculate standard deviation? &f\/ﬁ
Standard deviation is calculated as squcre rOOt the v g@ Is as follows:
Standard Deviation = v/Variance

Q.18. Why is standard deviation prej erpretcﬂon" : »
Standard deviation is prefe e because it is expressed in the same units as

the original data, ch rpre‘r In contrast, variance is in squared units, which can

be harder to underst :

Q.19. What is probability?

Probability is the study of how likely an event is to occur. It helps to predict the outcomes -
based on the available information and known possibilities. Probability is used to estimate the
chances of various outcomes in everyday life such as weather forecasting and business etc.
Q.20. How is probability calculated?

Probability is calculated using the following formula:
2 Number of favorable outcomes
Probability =

Total liumber of outcomes







Q.34. How does linear regression work?

Linear regression works by finding the best@\ hatax ‘ ﬁ@@pbetweeﬂ two
variables. The equation for simple linear regression| s u 3, % +/g, where Y is the dependent
2t B, is the slope, and ¢ is the error term.

variable, X is the independent m{! = sﬁ
- Q.35. Whatis the purpose of t ~ ‘-E‘- rlinear regression?.

The intercep fhe starting value of the dependent variable when the
independent variab zero. It provides a baseline value for the dependent variable.
Q.36. How do you interpret the slope in linear regression? S
The slope (B,) shows how much the dependent variable changes with each unit increase
“in the independent variable. It represents the rate of change between the two variables.
Q.37. What is logistic regression? T : '
 Logistic. regression is a powerful statistical tool predict outcomes that fall into two
categories such as yes/no. It provides a probability value between 0 and 1. A value close to 1
means event is more likely to happen. A value close to 0 means event is less likely to happen.
Q.38. How is logistic regression different from linear regression?

Linear regression is used to predict continuous numerical values such as temperature or
sales figures. Logistic regression predicts the probability of a categorical outcome such as
whether an event will occur or not,
Q.39. What is clustering? Give an example. '

Clustering is a technique of grouping similar items togein o@@ racteristics
-or features. For example, a teacher can us s into groups based
on Math and English scores. It help mitar-strengths or weaknesses.

clusteri i
s-fo ide Wi
Q.40. What is K-means clusterin 9\\m : :

K-means th g“ Ihe ‘most commonly used techniques to group data into
clusters based on sitfilarities. eoprocess begins with deciding on the number of clusters (K) to
form. It then then groups data points into these clusters by calculating the distance between
them. A smaller distance indicates greater similarity. ‘

'Q.41. What are performance metrics in model evaluation? _

Performance metrics measure how well a model works. Common metrics include error
metrics and accuracy metrics. They help determine if the model gives reliable predictions.
Q.42. What are accuracy metrics in modeling? :

Accuracy metrics are used to know the number of correct predictions of the model. They
are useful in classification problems like pass/fail or yes/no predictions. Suppose a model predicts
whether a student will pass or fail. The accuracy shows how often the prediction was correct.

'Q.43. How the outcomes of a model can be unfair? Give an example.

 The outcomes of a model can be unfair if it favors one group over another. For example,
a model is biased if it approves loans for one group of people while rejecting others unfairly.
Such models are considered unethical and must be corrected. : :

Q.44. What is data visualization? @ii@
Data visualization is the process of represe \‘n‘; such as graphs or
charts. It makes it easier to see and understapy anhdl pattéms in the data. It is especially

usefulwhen analyzing large am ofdata G decisions in businesses and research etc.
Q.45. What is bar chart? ‘ : : '
A bar chart fAbare different categories or groups. It displays rectangular bars

that represent valu f'different categories. The length or height of each bar indicates a value.
- Q.44. Give an example of when to use a bar chart. i

A bar chart can be used to compare the sales of different products in a store. This helps
in understanding product performance. :
Q.47. What is a line graph? e :

A line graph is used to show trends or changes over time. I plots data points and connects
them with lines to show how values increase or decrease. Each data point represents a specific
value at a particular time or category. : :
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- a. Measure of cenfrol tendency

- €. Normal distribution d. Skewed distribution .

c. Measure of kurtosis
Which of the following is 0“
a. Mean

- Which measure d ncy is calculated by adding all numbers and dividing
by the tota ‘
a. Mean b, Medlcn -c. Mode - d.Range -
What is the mean of the numbers 50, 60, 70, 80 and 90? _
a. 65 b. 70 i C. 78 d. 85
If the total of five numbers is 250, what is their mean? '
Q. 45 B : & 85, d. 60
The value that appequ most often In a dataset is called: ' ‘
a. Mean , b. Median ‘¢. Mode d. Range
The mede of 2, 3, 4, 3, 5 3, 6is:
Q.2 w8 : C. 4 (o B
What Is !he mode of the data set: 50, 60, 70, 70, 60 and 90? :
a. 50 . b.é0and 70 S e 7Rona 90 - d.50and &0
The middle value when data Is arranged In order Is called: :
a. Mean b. Mode . C.Median chge
The median of 50, 40, 70, 80 and 90 is:

- 130 b. 50 w d 90

mber of vu!ues, how s the

When a data set is arranged in or
median calculated? O
b. Largest value

a. Smallest value '
c. Most frequ (©) d. Average of two middle vclues
What is the ian of the numbers: 50, 60, 70, 807

a. 60 b. 70 C. 65 : .75
Which of the followlng measures requires the data to be arranged in order?
a. Mean b. Median : c. Mode d. Range
Which of the lollowlng is a measure of dispersion?
a. Mean e b. Median . ©.Mode d. Variance
‘Which measure of dispersion shows how much individual data points differ from mean?
a. Variance - b. Median : c. Mode d. Range
What is the formula for calculating variance? : :
Q.0?= (I[xi-u)?) /N b.o?= (I(xi+p)?) /N
c.o?= (I(xi-p)) /N ' d.o?= (I(xi+y)) /N
What does it indicate when the data points are spread out from the mean?

_ a. Low variance b. High variance

A lower variance in a dataset indicates that the data

a. Spread far apart . ». 2 .
- ¢. Closer to the mean : Osing re
. What is the first mathem : when calculoﬂng varlance’
 a. Square each value d@m%b Find the median :

c. ComputW o) - d.Sort the values '

Which of th 1g Is NOT required for calculating variance?

a.Mean : b. Total number of values

c. Mode d. Squared deviations

Which of the followlng Is calculated as the square root of variance?

a.Mean b. Median

¢. Standard deviation ; d. Range

What is the mathematical study of how likely an event is to happen called? :
a.Statistics b, Probability ¢. Calculus ‘ d Algebrc






45.

47.

In linear regression, the independent variable is also kng a @@m
a. Dependent variable . Plegictal v \
c. Outcome variable d % aridble
In linear regression, the v sed-for prediction is called the: -
a. Dependent variabl b. Independent variable :
c. Intervening o d. Response variable
In linear on, the variable that is being predicted is called the:
~ a. Depencent variable b. Independent variable
c. Intervening variable d. Predictor variable
Which equohon correctly represents a simple linear regression model?
o Y=p0+pIX+c - 3 b.Y=pB0-RIX+¢
C.Y=pO+BIX-¢ ‘ dY=p0-RIX-¢
In the simple linear regression equation Y = B, + By X + ¢, what does Y represent?
a. Independent variable b. Dependent variable
c. bror term d. Slope
In the simple linear regression equation Y = B, + B;X + ¢, what does X represent?
a. Indep=endent variable : b. Dependent variable
c. bBror fem d. Slope ;
What is the term for the difference between actual value and the predlcted value in a

49.

50.

51.

3

4

55.

56
57.

58.
59.

40.

predictions fo the actual outcomes. -

regression model? _
a. Slope (B,) b. |
c. Bror ferm (¢)

erce a :
rieble (X) ,
o + P:1X + £ determines the

Which component of th ea
direction and rate of cha cfto X?
.S jope '61) b. Intercept (Bo)
. Bro d. Independent variable (X)

wrnch stc:hs al method is specifically designed for predicting binary categorical
ouicomes such as yes/no?

Q. Linear regression b. Decision trees

c. Logistic regression : d. Polynomial regression

What is the range of possible output values in logistic regression?

a.0to 100 s billo c.-1tol d. - {0 +=
is a technique that groups similar data points based on their characteristics.

a. Clustering : b. Regression

c. Classification d. Outlier detection

Which of the following is a clustering technique?

a. Linear Regression b. Logistic Regression

c.K-means - d. Classification

is the process of checking how well a model performs by comparing its

b. Model W@ @@
é t such as graphs or charts.

a. Model Training
c. Model Deployment

2 is the process o rese afa
- a. Data visudlization n@ . Graphic design
c. Infographics d Data mining
Which of W T a type of data visualization?
a. Line gra b. Bar chart
c. Scatter plot d. Spreadsheet ‘
What type of visualization is ideal for comparing different categories?
a. Line graph b. Bar chart c. Scatter plot d. Pie'chart
What type of visualization is used to show trends over time? »
a. Line graph b. Histfogram c. Scatter plot d. Bar chart
What type of visualization is used to show the distribution of a dataset?
a. Line graph b. Bar chart

c. Scatter plot  * : d. Histogram






