(5 After cump[euﬁg this lesson
f , you will
";‘1 be able to:

(PSP SE S e 2

¢ relate therole and importance of model building with their real-world applications
© understand and explain experimental design in data science.

© analyze pre-existing datasets to create summary stat;sr\csxaqd ij Ev‘&ua{s" (such as bar
charts, pie charts, line graphs, etc] O 4 [ (E0




UNIT INT RODUCTION o

Data analysis is a proceg qrre data 1’5 cleaned explored, and summarized, providing insights
and informations hhélggﬁstructlon of statistical models to make predictions or draw inferences
about real-world phenomena The procedure helps to reduce the risks inherent in decision-
making by providing useful insights and statistics. It is often presented in the form of charts,
images, tables, and graphs.

Asimple example of data analysis is whenever we decide in our daily lives by evaluating what has
happened in the past or what will happen in the future if we make the decision in the same way?

Basically, this is the proccss of analyzing the past or future and making a decision based on that
analysis.

4.1 Statistical Modeling

Statistical modeling is the use of mathematical —
models and statistical assumptions to generate |
sample data and make predictions about the real
world. A statistical model is a collection of
probability distributions on a set of all pq”yb%@

outcomes of an experiment. Data \‘IP} amodel \h‘é\ski\_
relationship between two or mar\é W&ab les\For

example, in a s mé ‘you collect
some data abou&ﬁﬁﬁ&ght and weight of some
specific group of students. You represent the
students’ weight by variable x and students’ '

height be variable y. After plotting the values, . Stl{dents weight ‘
you find the relationship y = 5x + 2. It shows that e o o O }’f;ﬁm Modellng e
variable y is a dependent variable because it is = e

dependent on variable x. Figure 4.1 shows this

relationship graphically.

Statistical modeling is described as the mathematical relationship between random and non-
random variables

4.1.1 Use cases for statistical modeling

A use case is a methodology used in system analysis to identify, clarify, and organga\system A
data science use case is a concrete real-world task to be solved. u.r{i’ng the a((allable data. A use
case is a description of how the users who use the syﬁtem wiu ﬁel*qurh (tsks or achieve the goal.

In the framework of a partn:ulaf comparly. many vaﬁgbles are analyzed using data science
techniques in the context of tﬁe corﬁpanys %p}/dﬁf: industry. Data science use cases can be a
problem to be resctlveq §Npothems \to be checked, or a question to be answered. Essentially,

doing data scien(.q ﬁm\eﬁml. solving real-world use cases.
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to always keep in mmd‘

@ Data smeuce l[l dfasep ﬁ‘mng is outhmng a clear goal and expected outcomes, understanding
the s\qqﬂé f\amrk assessing available resources, providing required data, evaluating risks, and
defining KP | (key perfarmance indicator s)as a measure of success.

e The most common approaches to solve data science use cases are forecasting, classification,
pattern and anomaly detection, recommendations, and image recognition.

© Some data science use cases represent typical tasks across different fields, and you can rely on
similar approaches to solve thein, such as customer churn rate prediction, customer
segmentation, fraud detection, recommendation systems, and price optimization.

4.1.2 How to Solve a Data Science Case Study?

The answer to this question varies from case to case. It depends on the company's business

strategy, and on the core of the case study itself. However, the following points can be helpful to

outline a general roadmap to follow with any data science use case: s

1. Formulating the right question: This first step is reviewis 4g¢ﬁllab@ @ﬁéw&

2. Data collection: At thisstep, we condptyt a data inw:m:&p\ h g’athenng process.

3. Data wrangling: Thg data is /ﬂ,clga ,\ vgpméessed transfurmed manipulated, and mapped
from its raw furm mtp a Mofé SLlltxabTe rmat

4. Data analy; ‘ing The cleaned data is analyzed from the standpoint of its current
statl& gﬂh"it intoa selected predictive statistical model.

5. Result communication: It _includes sharing the most important findings and ultimate
conclusions with management, shareholders, and any other involved parties. -

Some examples from the real life as a case study are as follows:

@ Record of Production Goods and Services: Production analysis may help in improving the
quality. _

© Stock Market Dati Analysis': Investors and consumers can get help from predictive analysis of
existing data of stock market.

@ Weather Forecasting: It could be helpful for aviation, agriculture, mountaineering, and
businesses.

@ Medical Records: Data obtained and analyzed at healthcare organizations could be helpful for
medical research and timely diagnosis of diseases.

© Sales Tracking: A good data analysls hllpl ta plan next;trdtegy mpdeftd prevent loss and get
profit. \

e Population Record: The anaiyms g Oputémcfn data is helpful for government and other
organizations for bjett‘ planni ngand distribution of resources.
NINN

\ \\J | \J l\\
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€ Educatiore! Dara: It helps in better planning of educat:qnal resour“/ s ) for ‘tudents and

teachers.

€ Natural Disaster Predigction: It- helps th people to take preventive measures against
earthquakes, floods, landsudes," nowfaﬂ}yclones, and other natural disasters.

€ Pandemic hnalg{s th helps in cnntrolhng the pandemic and taking preventive measures
timely, \H

Asample case study about weather forecasting:

Weather conditions play significant role in our daily life, from dressing to travelling, planning
activities and events etc. Unfavourable weather conditions can cause damage to life and
properties. T following are steps that how predictive analysis about weather forecast can be
perfonned andwould be helpful in our real life.

»pp | 1. Formulating the right question: The existing data about the comparable
weather situations will be analyzed and reviewed. You can observe from your past

-l "“;& experiences that which weather conditions are llkely to occur before a rainy day, a
[
- sunny day or otherwise.
2. Data collection: In this step you can collect data about temperature, amount/ﬂ““—_, ]
of rainfall, wind speed and direction, and barometric pressure. Ypu\car}cnueck;f AN & v
this data by yourself for learning purposes, by usmg the th iC h{lﬂtﬁ‘f, r*arrtghuge 'L

compass, and barometer. For accurate dzité cgllectmn an 'e I|$tmg data from \— =% _|

| 3. Dataw niung At thas stage the collected data will be rearranged, processed,
\Jéd for the next stage. The data will be cleaned by removmg duplicate

WM

es impute missing values etc.

4, Data analysis and modeling: The cleaned data will be fitted to some statistical |
model for analysis.

N 5. Result communication: The accuracy of our results obtained

ot ﬁ { from the statistical model will determine its reliability. Such models are trained

u E ;}i i | on sample data and can be used to predict the weather condition. For example,
-——+—— when we give some new data about temperature, amount of rainfall, wind speed

and direction, atmospheric pressure to this model, it will give us the prediction that how likely be

the weather considering this new data.

4.1.3 Statistical modeling techniques

Data gathering is the foundation of statistical modeling. The data may come from the cloud,
spreadsheets, datahases, or other sources. There are two categnnes uf»-stat?lstical modeling
methods used in data analysis: Supewlsed learnmg and unsupennsed learmng‘ o
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__Fig 4.2 - Supervised and Unsupervised machine learning
Supervised learning

In the supervised learning model, the algorithm uses a labeled dataset for learning, with an
answer key the algorithm uses to determine accuracy as it trains on the data. For example, if you
give a dataset of fruit and vegetables with labels “Fruit” and “Not Fruit”. The model will learn
from the input data and labels that how does a fruit or vegetable should loukbigg Then if you give

it some fruit or vegetable without label, it will reccg nd é i@f) h*. the correct label.
Supervised learning techniques in statlspuf'al rﬁbdel;fng mcl gres%mn model and classification
model. \ V7V \( r: \\\\/_ AU .)

Regressmn model:If {%e \'éiﬂlﬂl@\g&l rﬁoutcome‘uf a model is continuous value then it will be
called regressa% \‘ﬂ%ﬁ 0! tt:amrnon regression model is a linear model. Alinear regression mode'
isa ma uation that allows us to predict a response for a given predictor value. The
vanable wmch is used for prediction is known as independent variable(x) and the variable to be
predicted based on the value of variable x is known as dependent variable(y). In simple linear
regression the equation of the line is y =mx + b, where mis the slope and b is the y intercept. If the
values of independent variable is plotted along the x-axis.and the values of dependent variable
are plotted along the y-axis and a line is drawn then the intercept and slope will be as follows:

Intercept: Itis the point where the graph line meets the y-axis. It is also called y-intercept.

Slope: It is calculated by the term,rise/run where rise is the distance from the x-axis to the y-
intercept, and the run is the distance from y-axis to the y-intercept.

y-axis

y-intercept~, ‘ /

'\ |

\H\\J i N




Classification modei: If/Lhe result; labe i r,,dutcome of a modet is a discrete value then it will
be called classification. For exarrﬁile, lf 'we pi redict that will a certain em ploy get raise in salary or
not then it will be :;H s;ﬁﬁ;:ahnn example But if we make a prediction that how much salary raise
an empluye@«wﬂlﬁé based on some statistical data, it will be regression model.
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@ ’_ : ¢ ‘-.::{\
v [0
W

-

Fig 4.4 - Supervised learning
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Unsupervised learning

In the unsupervised learning model, the algorithm is given u eleﬁ@}é\@nd attempts to
extract features and determine patterns }Bdeqandea\ti% % ering \a i\gd\”thms and association
rules are examples of unsuper\ﬂsed tgérmrrgf K*rmehjn glbﬁte J‘ig algorithms and reinforcement
learning algorithms are uéﬁd \w@?ﬁb&r@s@d leafmng The term clustering means the group of
data items with maxim m s\nmlau iesFor example, to reduce the churn rate of customer a
telecom cq\ \f&ﬁgﬁ “the customers' usage and divide them into three clusters, the
customers with L. ng call duration, the customers with heavy internet usage, and theé customers
with short calls and average internet usage. Now the company will give economical call rates to
the cluster of having long calls, and attractive internet packages to the customer with heavy
internet usage. The term association means how likely is to do second action if first action is done.
For example, in a supermarket customer 1 buys bread, milk, tea and tissues. Customer 2 buys
bread, milk, coffee, and eggs. Now if the customer 3 buys bread, then there are more chances
that he will also buy milk. In this example an association between bread and milk has been found.
K-means clustering: ' A

The algorithm combines a
specified number of data points
into specific groupings based on
similarities. An example based on
the image could be a machine
learning algorithm that instead of
classifying by known labels
separates data into gmuﬁswher,e
members_are similar af passible e

as shown lﬂ\Flg}ﬂ‘\ﬁ\ #Lﬁj NJ

Qutput
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You can build statistical models to-|
perform predlctwe analy:us Several

MS-Excel, Weka, R ﬁtuchq and Python
Many datasel;sla&él available on the e ey
internet. www. lauol. Pl
https:/ /g}thuh.r.nmx are the most
popular platform to download various
datasets. However, to create your
experimental statistical model you d

don't need to download any dataset. Fig 4.6 - Build a statistical model using Python

You can create your own dataset by -
generating some random numbers by using python code. We will plot these numbers on a linear
graph by using correlation coefficients y= mx + ¢ (y =3x +4, where x will also be generated
randomly) using slope and intercept. You could write python code in your favorite IDE if you
already had installed any, else you can open browser on the computer and type the URL
https://colab.gooule/ and press enter key. The online compiler for Pythaprm open click on
“Open Colab” button on the top right corner of the brow;—;er mnc{pw [See Rgum 4.6)
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Fig 4.7 - Google Colab Motebook to execute Python code online
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Type the fnllowing code in the browser window:

« #lmport necessary libraries
. import nUmpy as np AR\ N
ineamegressmn

N

1

2

3. from sklearn.linear mcﬁg}xmpo

i

4, mportmatplo@kbyﬁlﬂtasplt ,‘ L
5.

6

7

fGeneate o small dotasel 9:
. np.random.seed(42) o
. X=2"*np.random.rand(100, 1)
8. y=4+3*X+np.random.randn(100, 1)

9, i Create and fit the Linear regression model

10. model = LinearRegression()

11. model.fit(X, y)

12, 5 Kalae predichions on new data points
13, X_new =np.array{[[0], [2]])

| 14.y_pred = model.predict(X_new) ) _

15. & Plot the anginal data and the linear regression bine - Ir";‘(/d\\ /C@\'Y?S\\)
16. plt.scatter(X, y, label="Original data’) A O V\ R ?\‘\HO\\ | /‘ o~

17. plt.plot(X_new, y_pred, 'r-', la%e%"\l.flp;gﬂebwﬁ Dm{!@? )\1 vl = U

18. plt.xlabel(X) T\ \\‘\f\ LA

19, plt.ylabel{'y') \J’
| 20.plt.legend() NNA
21. plt.show()

Q\

AN I\

Click the Run button or press Ctr+E keys, the linear regression graph will be fitted on newly
generated data set. See Figure 4.8.

Dutput 11| = Original data b
Linear regression 1 "
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Experimental design is ut pre::rse plannmg and demgn to ensure that you have the appropriate
dataand dESlg{] ur\z@uh J‘.alsrsw or studies so that erroneous conclusions can be prevented.

4.2.1 Expenmentatmn in data science as a tool

Experimental design is a tool or technique used to organize, conduct, and clarify the results of an
experiment efficiently. It leads to the important factors that must be investigated. An experiment
will produce precise and trustworthy results if you select the right sample size and plan it

carefully. Experimental design is used in many disciplines like engineering, psychology,
agriculture, and medicine.

Experimental Design Flow

In data science, the experimental design flow often adheres to a standardized procedure to
guarantee careful preparation, execution, and evaluation of experiments. Here is a general
description of the data science experimental design flow. It will indicate what the research
question is. Clearly define the research topic or problem statement that /g{}u& a@nment will

Sttempt to solve. This will serve as the design's compass throug\% ? A\ 9\\3 )\
ses

» Develop Hypotheses: The first step isde qp}qﬁ ygn“\g Twill clarify the differences
€ and correlations between W“mgg»v@&a} %\ v inthe experiment.

Find the varmbh_ 5t 1 tﬁl§ u'must decide which variables will be fixed and which will be
‘ @bl 5 wﬂl be called independent variables. The values that will change
ed variable will be called dependent variables. For example, if the salary of the
person will be higher for the employees with more work experience, then years of experience
will be independent variable and salary will be dependent variable. You should also consider
other potential confounding factors that might need to be taken into consideration in this case
the skill type of an employee can also affect the salary. For example, employees having C++
programming skills might be paid higher than employees having Java programming skills.

Determine the Exparin Choose an appropriate experimental design according
to the nature of research and available resources. Factorial designs, randomized block
designs, totally randomized designs, and more are examples of common designs. Each design

has its own benefits and factors to consider. (The details of these experimental designs is
beyond the scope of this book. )

Calculating the Meeded Sample Size: Calculate the necessary sample siz _to generate

appropriate statistical results aﬂdldentify their significant PffPCts— \ 20

- Random Assignment and >aicction TQ produce- rntire\ a\tp(afg I'ES'.’.IltS choose random
samples. It ensures that groupsare fdenr.acal!f n—therejs ma btas, [t will ensure that any change in
dependent variable is piU}rE\ybgs/ed Dn ;‘.bgtharlge inindependent variable.

. Carwnutthevxpalﬂm-x
the data. While cd
“\\NR

\ a\iftél‘ takmg careful sample size follow the instructions and gather
cting data about the samples, you should strictly follow the defined
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V | 1
’E—\R/asndﬂm AN N Data ! | Discuss and

‘Puhqnmhﬂ | Analysis | Report |

) l\.'iiI:‘JtLtiun l i |

Develop Determine 1he (FD \
‘ Fagieibmant )l Tf‘

| : —
| Find the ! [ Caltulaling | Carryout | Inerpeting |
variables | b theneeted ! the il thawing |
samplz sire | e-wncnme-m Iwiente
I ==
.L- A Fig4.9 - Experimmn

€ Data Analysis: Use the collected data for appropriate statistical analysis to evaluate the
hypotheses and develop conclusions. Depending on the experimental design and research
issue, this may require different procedures including hypothesis testing, regression analysis,
ANOVA, and other statistical methods. ANOVA (analysis of variance) is a statistical test for
detecting differences in the group means, when there is one dependent variable and one or
more independent variable. VA/}

lysis 3\( r%{l@}{)ntlusu}n

@m: mtﬁht affect the results.

€ Discuss and Report: Give a clean % on of the desagn of the experiment,
methodology, findings, and coﬁ\ iﬁénable reproducibility and transparency, the
experiment should b {I]m( au cumented In this way if the same experiment is repeated
by different grou smentists, it will produce more or less the same results.

Principles of Experimental Design

The fundamentals of this design determine whether an experiment is successful. These principles
of experimental design consist of ;

€ Interpreting and Drawing Conclusions: After data ai
Observe the results carefully and consider ar\y\;:}r/

Principle of Randomization: According to this principle you divide the people into various
treatment groups randomly. The randomization technique ensures that there is no bias or
preplanned grouping for example some groups might have people with one capability and others
might have some other strengths or weaknesses, such grouping cannot provide accurate results.
Therefore, groups should be decided randomly. For example, if we conduct an experiment about
the effectiveness of a new medicine for asthma. There are 100 patients. The principle of
randomization means we must randomly make the two groups of patients. 50 patients will be in
each group. Some people in the first group might have seyer asthmatic problem while, thenther

/—‘\/ \\

might have less chronic conditiun. A~ NIA C(OUUY
Principle of local Control: Acontrol groupisa gr@up tha ;; has rmt ret;m bhyfreatment hence a
control group is used to compare th& treatguent ar up‘s ﬁndmgs to 1ts GUtcomes. This approach
guarantees that the treatment is the reann that an\j ther factors are to blame for the outcomes.
In our example we will add El\q @ew‘ medicine to one group and the other group will be treated
with their regular WN&%L The group which will not be given the new medicine is called

B e ey
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control group. A @

Principle of Blocking: Grouping participants- acct;-rdmg tn fa p&(hcuté:r tralt that could have an
impact on the results is known as blocking* 'EhlE prmemle makes sure that the results aren't
affected by group d]fferencés Fur exa?nple\\mé\pertlents belongs to two different genders, male
and female. So we canma&( two"bmcks one for women and other for men. Suppose there are 56
women and 44 ﬂ({ﬁh\ Mfle\&rll fnake two groups of women 28 each and two groups of men 22 each.
One group of 28women and 22 men will be treated with new medicine while the other group of 28
women and 22 men will be treated with their regular medicines.

Principle of Replication: If you repeat the experiment again and again, it is called replication.
The replication ensures that results are reliable. This principle ensures that experimental
outcomes are not coincident, erroneous or a result of some randomness. In above example if we
get the results that new medicine is more effective than the previously used medicines, then
different data scientists should repeat this test for new medicine, before finally declaring it
effective. Because there might be some coincidence, or patients taking the new medicine might
have some psychological impact of taking new medicine. Therefore, for principle of replication
ensures that these experiments should be repeated with different group of patients, may be from
some other demographic background. If the medicine gives the same results repeatedly then we

can declare that the new medicine is more effective. ~ ~A) \\T)
l,‘ \\ ‘ l U

B
4.2.2 Correlationand causation o) N\ \\ \ (\ﬁ\\ [ (8o

Correlation describes an ia mpetﬂeeh diﬁ&reﬂt V

types of variables. It is a stahstut;al(heﬁkmr%}the degree T ———

to which changes tq@ e of lone’ Variable predicts the

change in th Wﬂﬁ\é\alf er variable. It is a statistical / \
indicator of the relationship between variables. These S— i causation

variables change together which means they co-vary. But
this covariation is not necessarily due to a direct or indirect
causal link.

Correlation
Causation means that changes in one variable brings about e
changes in the other. There is a cause-and-cffect‘ '
relationship between variables. The two variables are T e

Correlation and causation |
% '-’.M\.-Mn'-u’ -eﬂ.&m

correlated with each other and there is also a causal link
between them. A correlation does not imply causation, but
causation always implies correlatign.

For example , a smart phone user complains, “dfhensver | try to send text message, my phone
lags..” Aquick look at the smartphone confirmed that thare were five game maﬂn at the same
time plus Facebook and YouTube. The act of tryinl to send a: tg*umesny\wm‘( causing the
lagging, the lack of RAM was causing the phone to legg But t.h. lll]' lmme”dlately connected it with
the last action she was dmng befnre thelags &e w;: tIhplyiﬂg a causation where there was only a
correlation. (
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4.2.3 Population and Random.Sam p

D

Population and random sample are, the ‘terms used in |
statistics. Populag&gmﬁ@@é\ﬁ? éte collection or set of
similar items or ev\ehﬁzs, ‘which are of interest or under
consideration regarding some problem or experiment. |
Therefore, a population is a complete set of people
with a specialized set of characteristics.

Whereas, a random sample is a subset of population.
each member of the population has an equal chance of Population -

being selected as a sample. A population and random [/Fig4.11 - Population and Random Sample
sample is shown in Figure 4,11. — o

4.2.4 Parameter and Statistic

Parameter is a number or quantity in statistical population, that describes an aspect of entire
population. While a statistic is a number or quantity that describes ch amgtfristic;g_gm\s.pect of
a sample. Parameters are the key things we want to learn abot ,\tﬁz;:g@}@lw unknown.
Sample's statistics give us estimates for parameters. érg*\viﬂ\f\a@ﬁ b {ome uncertainty about
how accurate estimates are. Mor e&rtiir\\/tygjﬁ /qé\w@}e\“qﬁéfm\kkﬁawlédge. For every parameter

we want to learn about we can g ’:i\.a.(‘?‘(“\‘ﬂ.é\i@ alculate a sample statistic, which gives us an

estimate of the parameter..Sarie Important Examples are: o
/\Jf\l"’%g&\/”%ﬁ‘}eo - d PR i — e e g - .72

\J\ - Table 4.1 - Parameter and Statistic ; i

ey

Average income for Pakistan. Average income for government
employees in Pakistan.

Mean weight of Persian cats. Mean weight of 100 Persian cats.

Proportion orf all people who prefer soft | Proportion of random sample of 500

drinks. | persons who prefer soft drinks.

Standard deviation of all the Standard deviation of a random sample

transaction times in the state bank. of 1000 transaction times in the state
bank. .

7™ ‘

| O N

A parameter is a fixed, unknown fumerical value, while the statistic is a known number and a
variable which deprgls Qﬂ*{j"ﬁlmmﬂ“ of the population.

NN ]
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Figure 4.12 shows the difference between
parameters and statistics. (

Mean, median and mode are d;fferenttypﬂs
of averages used to re;ﬁ'eifﬁ:nt“ typicaﬂ
values in a populat n\ \‘QTI]'nerefure you can |
say that th f a population is
parameter v.n\[e the mean value of a
sample is statistics. Some examples of
parameters and statistics are as follows:

e s A e FIg 4.12- Parameters and Statistics
The typical profits of acompany Al !

The typical range of an electric car

4.2.5 Data collection methods

Data collection is the process of collecting, measuring and analyzing different types of
information using a set of standard validated techniques. The main objective of data collection is
to gather information-rich and reliable data, and analyze them t-::- make critical business

decisions. Once the data is collected, it goes through a rigorous pr é@ning and data
processing to make this data truly useful I'or bu§me g@ WO \n methods of data
collection in research based on the informati /\& imely:

© Primary Data Collection O“ wf\ L\
C Secondarynatac lw \

Primary Da ection Methods

Primary data refers to data collected from firsthand experience directly from the main source. It
refers to data that has never been used in the past. Here are some of the most common primary
data collection methods:

Interviews

Interviews are a direct method of data collection. It is simply a process in vvhich
the interviewer asks questions, and the interviewee responds to them. It |
provides a high degree of flexibility because questions can be adjusted and J_‘
changed anytime according to the situation.

Observations

findings. It can be used to evaluate the behavior of differ ent peupte ?n controlled
, i (everyone knows they are being observed) mciu\u,‘nﬁ;@rm@mﬁnne knows they
are being observed) s1tuatﬁ:|hs, Thls l‘nﬁthqd i highly effective because it is
stramghtforgard anq/nqn drr{tty dfp-eﬂdent on other participants. For example,

I © ' In this method, researchers observe a situation around them and record the
i llln
I

~ [l
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a person looks at random people ;{33& wallymgirﬁs un }b\usy”street and then uses this data to
decide whether or not to open a pef ﬁupp stor‘ea tarea.

Surveys and QUE{R?WiM' o

Surveys and quesM aires provide a broad perspective from large groups of
people. They can be conducted face-to-face, mailed, or even posted on the |
Internet to get respondents from anywhere in the world. The answers can be yes
or no, true or false, multiple choice, and even open-ended questions.

Focus Groups

Afocus group is similar to an interview, but it is conducted with a group of people
who all have something in common. The data collected is similar to in-person
interviews, but they offer a better understanding of why a certain group of
people thinks in a particular way. However, some drawbacks of this method are lack of privacy and
domination of the interview by one or two participants. Focus groups can also be time-consuming
and challenging, but they help reveal some of the best information for complex sxtuanons

2\ ot

Oral Histories

Oral histories also involve asking questions lj

@ m/ f)# o7
However, it is defined more precise kedtoa smgle

phenomenon. It involves collect A persunal experiences of t 1
people in a particular even { (t) 18 re involved in. For example, it can help
in studying the eff product in a particular community.

Secondary Data Collection Methods

Secondary data refers to data that has already been collected by someone else. It is much more
inexpensive and easier to collect than primary data. While primary data collection provides more
authentic and original data, there are numerous instances where secondary data collection
provides great value to organizations.

Here are some of the most common secondary data collection methods:

Internet

The use of the Internet has become one of the most popular secondary data
collection methods in recent times. There is a large pool of free and paid
research resources that can be easily accessed on the Internet. While this |
method is a fast and easy way of data collection, you should only source from et

/ﬂ 7~ {\
authentic sites while collecting information. A e \| ] /O \ & \U)\
() A\ \ s»’\ \ \\ ‘. -

27—\ \
\,rﬂ\ .)

(\ \\

GovernmentArchives

‘. A )
There is lots of data mﬁme {{/E\m govertiment archives that you can make use
of. The mos qu‘ta‘nt ajivantage is that the data in government archives are

%& | Gerifiable. The challenge, however, is that data is not always
ﬁlly available due to several factors. For example, criminal records can come
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anyone te'have access to them.

under classified information and are'difficu(t

Libraries ‘ % NN

Most reﬁitﬁhﬂfﬁ\f onate several copies of their academic research to libraries. [ JNINURD
You Cim\\\i@dﬂ@ct“important and authentic information based on different 'I"I»,“I‘“"*H*' !
research contexts. Libraries also serve as a storehouse for business directories, M\ ol

annual reports and other similar documents that help bustnesses in their LELLLUIN
research.

4.2.6 Real world experimentation examples

Facebook A/B testing: A/B testing, also known as split testing, is a metfed used by companies like
Facebook to compare two versions of something to figure out which one pérforms better. In the
context of Facebook or other online platforms, this often involves testing different versions of a
webpage, app feature, or advertisement to see which one leads to better results.

AirBnB uses data science to help renters set their prices: Airbnb uses statistical
experimentation, such as A/B testing, to enhance its platform and user experience. For instance,
when testing a new feature like a redesigned booking flow or a different ;e\@ggh@lgoﬁthm, Airbnb
would create two versions (A and B) and randomly assjgsf\t-{?rqﬁ/;w\q{gﬁﬁéﬁ[ﬁﬁ!ﬁ."ﬁy collecting and

o Y \O— : .
analyzing data on user interactions, conversion|rates, \ot other-felevant metrics, Airbnb can
determine which versionperf\o/rm\sgﬁgtféﬁi\ SR\CA\ TR

A

This data-driven apﬁfoatﬁ?alﬁwah}anﬁ to make informed decisions about implementing
changes thgﬁg@iﬁgtﬁ,""xiﬁﬁﬁaft ‘user satisfaction, booking rates, or other key performance
indica@ﬁi\’(ﬁ 45 ﬁ’un_going experimentation, Airbnb continuously refines its platform, ensuring
that updates are based on empirical evidence rather than assumptions, ultimately contributing
to a more effective and user-friendly service.

YouTube and statistical experimentations: YouTube utilizes statistical experimentation to
improve user engagement, content discovery, and overall user experiefe. A/B testing is one of
the key methodologies they use. For example, when introducing a new réecommendation
algorithm or modifying the layout of the platform, YouTube may treate tw& vérsions (Aand B) and
randomly assign users to each group. YouTube collects data on user interactions, such as click-
through rates, watch time, and user feedback, to evaluate the performance of each version. By
comparing metrics between the control group (A) and the experimental group (B), YouTube can
make data-driven decisions about the effectiveness of the changes. This iterative process allows
them to fine-tune algorithms, recommend more relevant content to users, and optimize features
to enhance overall satisfaction.

4.3 Analyze pre-existing datasets to cre;ate\wn;ma@st stics and data

visuals. (bar charts, pie chart§; line graphs, 'et¢.)

/

To analyze a dataset @ series of gs\\ﬁéjn\}‘étééaféy following all thuse steps, you can extract
meaningful i nsightﬂwd\ iformation from the data. These steps include:

~\

NN NN ot

O\ “\
VAN
\J
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¢ Da' rexploration
e C leaning

You elimi Q;FJ ilihv)anted data to get more
meaningtul lﬁéight Summary statistics are calculated
to understand the tendency(how closely similar is data)

and dispersion(how scatter is the data). After

computing, mean, median, mode you will calculate
count and frequently etc. After all these steps of data
exploration, data cleaning, calculation of summary
statistics, data will be ready for visualization. Various
diagrams/tools are used for data visualization like
charts, graphs, boxplots etc. various graphs are shown
inFigure 4.13.

Fig 4.13 - Bar charts, Pie charts,
Line graphs

4.3.1 Data products (charts, graphs, statistics)

Adata product is a tool that uses data to help businesses to lmproye/thew/aﬁcﬁsums \and business
processes. Data products, in turn, leverage the r@ults afﬁa hhatﬁm bb‘:i\u(omate processes,
provide real-time recommendations, or qlélw \ éta*d m\xeﬁ serv es to users or organizations.

)
In simple words, data analysiﬁ 154:!1@?@’0?;»35&%}‘ ﬂériwng ms1ghts and knowledge from data, while

data products are the ag!ahtatmbs or 'tools that use those insights to deliver value to users.
Together, the %aj}‘ E\ék\.) e-of data sciency, enabling organizations to harness the power of data
making a

for decision- nd innovation.

e "1
- e ]
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Data visualization is the gra h ;;al \ré presentatmn of

elements like chéﬂ't\s \@f‘dﬁﬂll)*
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Fig 4.14. Various charts ang-grap}l:\ \ | k"'o \oz

information and data. By using visual

"and maps, data visualization tools provide an accessible way to see

ey



and understand trends, outllers, and pattems in data

Additionally, it Prowﬁes anfex&e\llent\way for employees or & )
business owners. Ea Present data to non-technical audiences : : E
mthﬂwt\l;@n\fumun

In the world of Big Data, data visualization tools and
technologies are essential to analyze massive amounts of
information and make data-driven decisions.

4.3.3 Data analysis through Python

In today's world, a lot of data is being generated daily. And sometimes T
to analyze this data for certain trends, patterns may become difficult Python

if the data is in its raw format. To overcome this data visualization E5n

comes into play. Data visualization provides a good, organized ’
pictorial representation of the data which makes it easier to
understand, observe, and analyze data. Python provides various | -~
libraries that come with different features for visualizing data. All |, Fig4.16 - Dat
these can support various types of graphs. ',/_\. C

A
.. \\\,ﬂ/\‘/

Fig 4.15 - Charts, Graphs, Maps

Dataset of Tipsina restaurant{T ipéd:w)

Tips database is the reoardnﬂ‘he tip\éwen bﬁkthe customers in a restaurant for
two and a half months m the ear].y 1990s. It contains 6 columns such as total bill,
tip, malem% aker day, time, size.

You ca \download the tips database from the Internet (htlps://www.mongodb.com or
https: / fwww.kagale.com/datasets/jsphys/tipping) To analyze dataset or database in Python
you need to install certain libraries. Pandas is the most important library to install for data
analysis. Ton install pandas library the following is the command:

pip install pandas

To run the Python code you can use google colab as mention earlier in this unit. However, this time
you need to upload the dataset “tips.csv” to your google drive, so that Python code in colab
notebook can access it directly. You can see the dataset in the left pane of the browser in Figure
4.17.

Example Python Code is as following:

import pandas as pd

# reading the database

data = pd.read_csv("tips.csv")
# printing the top 10 rpws\
display(data.headn _El}‘*

UM N o
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at is built on
c. Matplotlib

atter() method in the matplotlib library is used

represent the relationship :
ndow click on + Code button to type new piece of code

to draw a scatter pl

given belows, ||| {\N

1. import pandas as pd
2. import matplotlib.pyplot as plt
3. #reading the database
4. data = pd.read_csv("tips.csv”)
5. #Scatter plot with day against tip
6. plt.scatter(data['day’], data[tip])
7. #AddingTitle to the Plot
8. plt.title("Scatter Plot")
9. #Setting the X and Y labels
10. plt.xlabel('Day)
11. plt.ylabel(Tip')
| 12. plt.show(} ’ 0

Scatter Plot




Line Chart: Line Chart is used to represent a relation;\l;gigI.bé@@geﬁf@&f ata X and Y on a
different axis. It is plotted using the plot() function- Ydu?:’ahu\Sﬁ- the following code to make line
chart. ) \\ A0\ VALY D

~\ B - \ U\ \ AN

, {

import pandas

i as pd ] VDY Line Chart _
2. import m@&m\\gﬁpf&&ofas plt Output 4
3. # reading the'database ,

4, data = pd.read_csv("tips.csv") 8-
5. # Scatter plot with day against tip

6. plt.plot{data[tip])

7. plt.plot{data[size?) a o
8. # Adding Title to the Plot =

‘9. plt.title("Scatter Plot") 47
10. # Setting the X and Y labels

11. plt.xlabel('Day’) 2

12. plt.ylabel{Tip')
13. plt.show()

—
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Bar Chart: Abar plot or bar chart is a graph that rf-preseng.\ e fc g?né@(@;ai@ith rectangular
bars with lengths and heights that is propa@icphl\gq gh\\? \i‘?\ g fiick they represent. It can be
\ \ \ W)
B

N ‘ Wie \
created using the bar() me%\ig\:\ fﬁ\\\\ \\/ \\f \\ \\\9\&\/
1. import pandasﬁfrg%{] O\‘l\\b ) Output B B
2. import mm&t ib.pyplot as plt Bar Chart
3. #reading the database 10+ _-11
| 4. data=pd.read_csv("tips.csv") | |
5. #Bar chart with day against tip 87
6. plt.bar(data['day’], data['tip)
7. plt.title("Bar Chart") o #1
8. #Setting the Xand Y labels "
9. plt.xlabel('Day’)
10.plt.ylabel(Tip') 24
| 11.# Adding the legends
12.plt.show() 0 ' o T
i 7 . ;{;\? 0 /@ayﬂiui¢ )
e e A

. ,\I o \/;-_:\\. ",‘ V /

Histogram: A histogram is basmal lvyﬁ‘i;;s'é,._igtd'\r%’Fés‘éﬁt data in the form of some gre cps. Itis a type
hg]ﬁé)lisiﬂrébi‘éééﬁts the bin ranges while the Y-axis gives information about

of bar plot whe(e,t\
frequency. Thé}\h“\iﬁt\\munttion is used to compute and create a histogram. In histogram, if we pass



YA\
categorical data then it will automatically cumpute the frequeney’ Qf thag@ta e
each value occurred. e o=~

. how often

1. import pandas as pd \ {\ \705-

2. impart matpleURy Pyplotaspe( |

3. #readmﬂ% database

4. data = pd.read_csv("tips.csv") 9

5. # histogram of total_bills 40

6. plt.hist(data[total_bill']) 30-

7. plt.title{"Histogram”) 20-

8. # Adding the legends 10

9. plt.show(})

0
10 20 30 40 50
. Fig 4.21 - Histogram P 7??}3}‘

Boxplot: A boxplot, also known as a box-and-whisker plot, is used to represen ribution of a
dataset. It provides a summary of key statistical measures, al u g@ the central
tendency, spread, and identify potential ou@em@r\mﬂ@aﬁ %% ?ot( ) function is used to

* compute aboxplot

I OV\ rff’}u '\XX\

1. import Dand W \\/\\ ’\\Jm Boxpolt o |

2. 1mp-mt a&lji\ b.pyplot as plf =i ©
3. #reading the database 40,
4, data = pd.read_csv{"tips.csv")
5. # boxplot of total_bills s [ ]
6. plt.boxplot(data['total_bill]) - | |
7. plt.title("Boxplot™) ,
8. # Adding the legehds 4 ' 0] _l_
9. plt.show() ‘

AR el v e AR RROXPAOE. | Fa . T e AN

Pie Chart: A pie chart is a circular statistical chart, which is divided into sectors to {llustrate
numerical proportion. Given a set of categories or groups with their cgrresPopdmg values you can
make use of the pie function from matplotlib to create a plgct\ar\; /P)rthqn ,By/default, the area
of the slices will be calculated as each valuéﬂwéded b}‘ th& sumaf values. With pyplot, you can




e |

. import pandas as pd

. import matplotlib. Egphn }s\plt\
. #reading the database \\ (\ \ \ \\

. data N@@ *d» csv ]

om.h.whi-a

/\

of tips on various days

.plt.ple(data[day 1.value_counts(),

autopct="%.1f%%", radius=1,
labels=['Sat’, "Sun’, Thur', 'Fri'])

. #Adding the legends
. plt.title("Pie Chart”)
. plt.show()

Note: you can display more than on@gra

need of data representation
simplicity and bette

udents

~ 0N
INBVA
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f,"' quu“nmanf A\ )
© Data analysis: is the @ﬁmarg,?s(te}}, wherédfa”ca is cleaned explored, and summarized,
providing msights \d, infqrmatleh for the construction of statistical models to make
' predlcnoeﬁ@rkirew ferences about real-world phenomena.
L Stansnc& ‘modeling: is the use of mathematical models and statistical assumptions to
generate sample data and make predictions about the real world.

€@ Statistical model: is a collection of probability distributions on a set of all possible
outcomes of an experiment.,

© Use case: is a methodology used in system analysis to identify, clarify, and organize a
system. A use case is a description of how the users will perform tasks or achieve the
goal.

© Supervised learning model: uses a labeled dataset for learning, with an answer key to
determine accuracy as it trains on the data.

€ Regression model: is predictive model designed to analyze the relatmnship between
independent and dependent variables.

€@ Linear regression model: is a mathemati lg@@uto predict a |
VAN

response for a given predictor val

© Classification model: @/ﬁ § C §5} rge and complex set of data points.
. Common models incl % rees, Naive Bayes, the nearest neighbor, random
forests, an ﬁ@}&méu lng models.

] Unsupfmh learmng is given unlabeled data and attempts to extract features and
determine patterns independently.

€ K-means clustering: combines a specified number of data points into specific groupings
based on similarities. .|

€ Reinforcement learning: involves training the algorithm to iterate over many attempts
using deep learning.

@ Experimental design: is about precise planning and design to ensure that you have the
appropriate data and desugn for your analysis or studies so that erroneous conclusions
can be prevented e

. T S
© Randomization: is the technique of dividing people into various treatment groups at

random. This approach guarantees that prejudice or innate variations between the
groups did not affect the outcomes. e S o\ ‘

e Control group: is a group that has not receiyed any Lveakm\éni/chen&e}ibntml group is
used to compare the treatmenc\gréups ﬁhdangs to |h'omcomes This approach
guarantees that the tre,atment/i‘e the/ r{amnﬁm ariy other factors are to blame for the
outcomes. L\
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Blocking: is groupln the.partimpants accardmg to a particular trait that could have an
impact on elhq rﬂsdt{ This pnnt:lple makes sure that the results aren’t affected by grou p
diffe renﬂ

Correlation: describes an association between types of variables.
Causation means that changes in one variable bring about changes in the other variable.

Population is a complete set of people with a specialized set of characteristics.

Sample: is a subset of the population.

Parameter: is number that describes something (usually mean) about the whole
population )

Statistics: are number that describes something (usually mean) about the sample or
describe properties of sample.

© Mean, MEDIAN AND Mode are different types of averages used to represent typical

f"\f‘\\

values in a population. RPN
© Data collection: is the process of collec{tlng,vmea'{urn';g %@ an( mfalﬁerent types of
information using a set of standard: \}atu;l eﬁtec\t\mques

© Primary data: refers tﬁhatsr/“ﬂeqteﬂ*tu firsthand experience directly from the main
source. It refers to ta thét has'never been used in the past. Here are some of the most

commao. P(]'[mqw collection methods:
© Intervie s are a direct method of data collection.

Observations: is the method, in which researchers observe a situation around them and
record the findings.

© Surveysand Questionnaires: provide a broad perspective from large groups of people.

© Focus Groups: is similar to an interview, but it is conducted with a group of people who
all have something in common.

@ Oral Histories: involve asking questions like interviews and focus groups. However, it is
defined more precisely, and the data collected is linked to a single phenomenon.

© Secondary data: refers to data that has already been collected by someone else. It is
much more inexpensive and easier to collect than primary data.: |L

¢ Internet: is one of the most popular secondary data collection methods jnreceﬁt times.

¢ GovernmentArchives: contains a lot of authentic andvenﬁable d;ta,\ =
\f { N\

¢ Libraries: are important and authenttéﬁau .::es ef mfohnatlon based on different

research contexts. O \

e Data visualization:-is the graph:ca’l representatmn of information and data. By using
visual elen]eh@sl liﬂide char‘ts. graphs, and maps, data visualization tools provide ar
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rends, outliers, and patterns in data.

Tips databa.se_:n_‘is\t\m\jiﬁgjtdbf ‘the tip given by the customers in a restaurant for two and

a half moﬁgr@ inﬂhé early 1990s. It contains 6 columns such as total bill, tip, sex, smoker,

day, time, size.

accessible way to see andﬂﬂd&?sihﬁd

Matplotlib: is an easy-to-use, low-level data visualization library that is built on NumPy
arrays. It consists of various plots like scatter plot, line plot, histogram, etc. Matplotlib
provides a lot of flexibility.

Scatter Plot: Scatter plots.are used to observe relationships between variables and uses
dots to represent the relationship between them.

Line Chart: is used to represent a relationship between two data X and Y on a different
axis.

Bar Chart is a graph that represents the category of data with rectangular bars with
lengths and heights that is proportional to the values which they represent.

Histogram: is used to represent data in the form of groups. It is a type P{ ngﬁ;l@;where
the X-axis represents the binary ranges while tlge;,ﬂ)ﬁ-a@\(ﬁfé; \information about
= \ \‘I \ AN A

O A\
frequency. 0O\ A WU\

Boxplo: s used to represght disEibution of 3 datase

\ ’l
\ >

. 6f\é’n€\l§téset It provides a summary of key
statistical measures, a ‘o'w\i..ir\lg‘y‘qigj;dﬂshﬁiize the central tendency, spread, and identify

\

tential outliersjnthe data.
potentia Q\LNI'WD\
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ﬂ Select the best an, wer fm‘lthe fallovnng Multiple-Choice Questions (MCQs).

1. Superv‘wrgd }éarHing is one of the main categary of
a) Statistical modeling b) Datawaggling
c) Data collection d) Evaluation modeling
2. For accurate data collection, an existing data from _ isacquired.
28) sampling department B) Modeling technigues
c) Meteorological department d) Educational departmen}
3. Natural disaster prediction helps the people to take preventive measurgs against ____
a) Pandemic b) Cyclones
c) Dataanalysis d) Temperature
4. Alinear regression model is a mathematical equation that allows u§ 9 pndict a response
for given .
a) Predictorvalue b) Variable A

c) Intercepts N4 Modal\\ \I ' (o \oo
5. A point where graph lme meet ' they a;u{‘ ' called

.\'
\

”b} Y-mtercept

a) Y-axis
c} Y-coordi t@N | V2 d) Y-dimensions
6. t@rﬁH}\Q rithms are examples of
a) Classical learning b) Professional learning
c) Unsupervised learning d) Cognitive learning
7. We can create our own database by generating some random number by using -
a) Python code b) Datacode
c) System code d) Pseudocode
B. During summer people of hot regions consume more cold items. This information is called
a) Parameter b) Population
c) Statistics d) Randomsample ..
2. If there are some flaws in data collection method, after analyzmg such data the result
would be more . \\
a) Accurate

) Noresult canbe drawn | \E)
10.  Experimental demgr‘Hs \ mm uketi ol - the result effectively.
a) Add J AR\B\She ' b) Evaluate
c) g,«gﬂhug “ d) Test
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‘m* Give short answers to the fOHQW‘In[gﬁh rt\REspo
1.  List out the parameters ané? atfﬁiics ﬁ%ﬁfﬁiﬁéﬁ%ﬁai{éhents:

a) Average len\gt!‘uqijl‘,?lghtafavgiraffe

b) Averag@%ﬁiéﬁy of watermelon.

c) There are 430 doctors in a hospital. .

d) Average age of students of 6th class in a school is 12 years.

e) The number of a basketball team players having height above 6 feet.

2. If you want to make a report regarding the products exported from Pakistan in last five
years, how libraries can help you to collect data? Write steps.

3. Make a pie chart of vegetable prices in the market. Consider five to ten vegetables.

4. Enlist steps to represent the monthly temperatures of a Pakistani city in 2023 from
January till December using a line graph.
2

*

1,
é Give long answers to the following Extended Response Questions (ERQs).

‘-/\/(‘\\‘
1. Simulate on paper, an experimental design for awareness of fnqq sgqpr};ym[;@ﬂve

. . (<o (CAY)V
Visualization). A o o\ N |70 \oo~=
TaiBiNeR [ NooA

2. Sketch primary data collection methoqr?\ir};ﬁ éxt\‘gf}dl!ieas& utbreak, like seasonal flu.
s LRl LA L Ve, o
3. Argue about the use of sta@;\ical/ﬁ\{qu g /,hrfm}ues. Highlight all techniques discussed
in this unit. \ \ W\
4,

Compare linm@@%&@w’aﬁd classification. Emphasize on their respective roles in

statistical mo \h 2

5. Defend either of supervised learning and unsupervised learning. Give reasons for your
preference to the other.

6. Write a Python code to generate a dataset with two variables where y = x? +2x. Fit scatter
plot and box plot on this data.

7. Relate some real world examples (other than Airbnb, Facebook and YouTube) where data
science was used to improve marketing strategies and enhance the business.

Q# Activity 1 )

Practice all the Python code given in this Unit.
Objective: To help students develop the skill of data analysis by using Python. )
Outcome: This activity will help students understand the basic syntax of Python furj)q;ggq’gﬁa:l\gsis.

T ) \J )
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G’é Activity 2)

"'T)ata callectiun hy 1nte(yie method '

Objective: T ituﬁénts understand the process of data collection through
survey and | e tiannaires

€ Divide the students into small groups(not more than 3 students in each group).

© Ask the students to collect data by interviewing their fellow students, about
their academic performance, study schedule, outdoor games etc.

© Ask them to organize data and plot them by using their favorite tool.

'@ Supervise them to draw conclusions about correlation among various factors
and academic performance. ,

© Various groups will compare their results/conclusions and find the similarities
and differences.

| Outcome: This activity will help students understand positive or negative
correlation among academic and not academic activities. They will also develop
the skill of conduction interview as an interviewee as well as interviewer.

CJ? Activity 3)

(Build more statistical modt;ls uﬁ nqw data

Objective: To h Wﬁltg de\relﬁp the skill of data analysis by using Python and
other tools\[

‘e Ask the\r.\n%ents to search and download some dataset of their choice from the
internet.
@ Perform the steps of data cleaning and feature selection.

© Visualize the data and create various graphs according to the nature of dataset.
Students can use other tools like MS-Excel, Weka, Pytorch, R studio etc.

@ Supervise and help them finding easy and simple tutorials on internet, students
can later share small video tutorial through Whatsapp.

Outcome; This activity will help students learn new tools at their own. y

.
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