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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.

2. Attempt all question, all questions are compulsory..

3.  All questions carry equal marks.

4. Answers may be written either in English or Hindi; but the same medium should be
used throughout the paper.

5.  Use of simple calculator allowed.
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Qi. , u

A university is conducting a study to examine.the factors affecting students’ final examination
scores. The researcher believes that study hours, attendance percentage, and internet usage for
academic purposes influence student performance.

The following multiple regression model is estimated:

Y = B0+ P1X1+ Xz + B3X3+u

Variable Coefficient Standard Error | t-Statistic p-value
Intercept 28.40 6.10 4.66 0.000 =
Study Hours (X1) 5.20 1.10 . 4.73 0.000 d
Attendance (X2) 0.45 | 0.18 2.50 0.019 ;
Internet Usage (X3) 0.90 0.50 1.80 0.082 ]\’

POSIRN ST
ApGies

Where: _
e Y= TFinal Exam Score (out of 100) 3
e X,= Average Study Hours per Day
e X,= Attendance Percentage

e X,= Intemet Usage for Academic Work (hours per week)

Additional Information:

s

e R?=081
o Adjusted R? = 0.78 - )
o F-statistic=27.45 .
o Prob(F-statistic) = 0.0000
e Number of observations = 40 -

Questions

a) Write the estimated regression equation from the above output.

b) Interpret the coefficient of Study Hours and Attendance Percentage.. 2

¢) est whether Aftendance Percentage significantly affects exam scores at 5% level of
significance.

d) Explain the meaning of R?and Adjusted R?in the context of this model.
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What does the F-statistic indicate about the overall significance of the regression
model?
Is Internet Usage statistically significant at 5% level? Explain with reasons.

- 18y
(OR)

Answer the following questions related to Multiple Regression Analysis and its assumptions:

a)

b)

c)

d

ud1

Explain the concept of Multiple Regression Analysis. How is it different from Simple
Linear Regression? Discuss its applications in economics, management, and business
research.
Discuss the assumptions of the Classical Linear Regression Model (CLRM) in detail.
Why are these assumptions important for obtaining reliable regression results?
Explain the problem of Autocorrelation in regression analysis. Discuss its causes,
consequences, and methods of detection.
What is the difference between Homoskedasticity and Heteroskedasticity? Explain the
impact of heteroskedasticity on Ordinary Least Squares (OLS) estimates.
Explain the significance of the following in regression analysis:
a) F-test
c) p-value i
What is the Variance Inflation EFac.tor (VIF)? How does it help in detecting
multicollinearity in a regression model?

: (18)

i
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FGfIR&d Multiple Regression Model &7 H TRTET T4 &:

Y =PBo+ p1Xs + BoXz + BaXs+u

Variable / T} Coefficient Standard Error | t-Statistic p-value
Intercept 28.40 6.10 ( 4.66 - 0.000
Study Hours (X1) 5.20 1.10 4.73 0.000
Attendance (X2) 0.45 ' 0.18 2.50 0.019
Internet Usage (X3) 0.90 0.50 1.80 0.082
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olel:

Y= 3ifem TRt 3ig (100 T )

X,=TfafeT 3hd Sieqa €c

X,= Suifa ufaera

X~ RNeifOrep B &g $exe STANT (Ifd TLag He)

. R? =081

R. Adjusted R? = 0.78

3. F-statistic = 27.45

¥. Prob(F-statistic) = 0.0000

4. Number of observations =40

Uy

9. SRl Output q Wﬁ'ﬁ ‘Regression Equation fafgul

R. Study Hours X[ Attendance Percentage % coefficients T SIS HITOT |

3. 5% significance level UX St PITE foh Attendance Percentage TRI&T 3{ah] B

significantly THIfdd Bl % q7 '_'I_Eapfl

¥. 39 model % &Y & R?TAYUT Adjusted RZHT 3 THIZT|

L. F-statistic regression model P overall significance % IR H 7 gITa1 |2
&. T Internet Usage, 5% significance level UX statistically significant %‘? PRUGRT
HHARTI

(18)

@
Ud1

Multiple Regression Analysis d¥l IS AT (Assumptions) Y Tefdg Fefifea usi &
IR qIfeTg:

(%) Multiple Regression Analysis DI SFYURIN Bl THSY] T8 Simple Linear Regression q
59 yepR T B2 orluRd, TetE T aRe SEYH & $9d SR W Tl
piforg]
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(®) Classical Linear Regression Model (CLRM) @] H=arsfi (Assumptions) CARGESINE:]
THARY| fA%-TT Regression Results U B & oG A AR 301 Ageaqul 82

(TT) Regression Analysis § Autocorrelation @1 JHRIT Y A3 | P HRUL, RO T4
-3 1 Al R ==l siforg

() Homoskedasticity dUT Heteroskedasticity T A& SR %‘? Ordinary Least Squares (OLS)
Estimates UX Heteroskedasticity & YUIG Bl JHSILU ]

(8) Regression Analysis T giaiad & gga & REEIELE

(R) F-test

(®) p-value
(d) Variance Inflation Factor (VIF) 9T %‘? g Regression Model | Multicollinearity Col| d
B B b ¥ UHR T BT 82 (18)
Q2.

A hospital wants to study the factors affecting whether a patient is diagnosed with diabetes or
not. The doctors believe that age, body mass index (BMI), and daily physical activity
influence the probability of diabetes.

The following binary logistic regression model is estimated:

p
log (1 — p) = Bo + BiX1 + BaX; + BaXs

Where: |
e p=Probability that a patient has diabetes
e X;= Age (years)
¢ X,=Body Mass Index (BMI)
e X3=Daily Physical Activity (hours)

The regression output obtained from statistical software is given below:

Variable Coefficient (B) || Standard Error |Wald Statistic| p-value
Constant -5.40 1.80 9.00 0.003
Age (X1) 0.055 0.018 9.34 0.002
BMI (X2) 0.120 0.040 9.00 0.003.
Physical Activity
(X3) -0.75 0.28 7.17 0.007
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Model Summary:
e -2Log Likelihood =38.60
e Cox & Snell R? = 045
e Nagelkerke RZ = 0.61
e Classification Accuracy = 85%

a) Write the estimated binary logistic regression equation using the above output.

b) Interpret the coefficients of Age and BML

c) Explain the meaning of the negative coefficient of Physical Activity.

d) Test whether BMI significantly affects the probability of diabetes at 5% level of
significance.

¢) Interpret the Classification Accuracy of 85% for this model.

f) Explain why Binary Logistic Regression is preferred over Multiple Linear
Regression when the dependent variable is categorical. B

(18)
(OR)

Q2. Attempt the following question:

1. What is Binary Logistic Regression? Explain the situations in which Binary Logistic
Regression is preferred over Multiple Linear Regression. Discuss its advantages in
predictive analysis.

.  Explain the following terms used in Binary Logistic Regression:
a) Logistic Function
b) Odds Ratio
0L  Discuss the major assumptions of Binary Logistic Regression. Explain the
consequences of violating these assumptions.
IV.  Explain the significance of the following measures in evaluating a Binary Logistic
Regression model:
a) -2 Log Likelihood
b) Cox & Snell R?
V. Differentiate between Classification and Prediction
VI.  Explain any one real-life application of Binary Logistic Regression in the fields of
healthcare, banking, marketing, or education.

(18)
qy2

T 3Rl Tg ST HRAT IR § 19 DI-8 DR feb el AR1ol H diabetes Bl AT B
FI THIIT B 8| SlacR] BT A efF age, body mass index (BMI) 3R daily physical
activity diabetes &1 THIGT B! FHTAT Hd ol

9fIRId Binary Logistic Regression Model 1 3IJH THIE1 T i

p
log (1 — p) = Bo + B1X1 + B2 Xz + B3Xs
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A4

vigl:

p= RIS P diabetes B I GHIGT

X1=Age/ 319 (atﬁ ﬁ)

X,=Body Mass Index (BMI)

X3= Daily Physical Activity / e TR nfafafy (‘EIT‘_PT ﬁ)
Statistical Software & WTGl Regression OQutput Frafafea %:

Variable Coefficient (B) | Standard Error | Wald Statistic| p-value
RRi® -5.40 1.80 9.00 | 0.003
S (X1) 0.055 0.018 9.34 0.002
BMI (X2) 0.120 0.040 : ' 9.00 0.003
RIS TAfafe (X3) -0.75 0.28 717 | 0.007
HIed HRIA:

{. —2Log Likelihood = 38.60
R. Cox & Snell R? = 0.45
3. Nagelkerke R? = 0.61
¥. Classification Accuracy = 85%
ay
2. SR Output WE'C@"T I gq¢ &Iﬂ,ﬂ'lﬁﬁ Binary Logistic Regression Equation fafau|
R. Age 3R BMI & coefficients &1 SRS WI
3. Physical Activity & negative coefficient ®T 31 of REEIEY
¥. 5% significance level UX S PIOTE {5 BMI diabetes 1 GUIGHT Pl signif;lcantly gyIad
SIS TR
4. 59 model & T8 85% Classification Accuracy P RS BT
&. U9 dependent variable categorical _E?f, dd Multiple Linear Regression Co| GIGEL T Binary
Logistic Regression B ) TP & St %‘Z
(18)




8 7951

g2
Frafafed vy o1 9w difve: e
(%) Binary Logistic Regression &Il 72 I Ui & gugmse ™FH Multiple Linear
Regression P AUET Binary Logistic Regression B WUAFar ) St 81 Predictive
Analysis 7 395 TH TR T4 Sifod |
() Binary Logistic Regression T Yo o g & HHIARU:
| ‘() Logistic Function

() Odds Ratio
(1) Binary Logistic Regression G| uqy Arrsi (Assumptions) UX EEll CAS IS
ATeN & ST & URUTH] P GHIET
(%) Binary Logistic Regression Model & HeAip 5| ﬁgﬁ"l@ﬁ AUl & Aed Bl TEE:

(%) —2Log Likelihood

(R) Cox & Snell R? _
(&) Classification Yl Prediction 7 3R WP HIfoE|
() Healthcare, Banking, Marketing 31}dl Education Faay Binary Logistic Regression G
Pt U aRalas Sita SIIuAT $l SHeist|

(18)

Q3.

A university wants to examine whether the average examination scores of students differ
across three teaching methods: Traditional Classroom Teaching, Online Teaching, and
Blended Learning.

The following One-Way ANOVA test is conducted using statistical software.

-Group Statistics

I Teaching Method “ Sample Size (n) || Mean Exam Score || Standard Deviation |
I Traditional Classroom “ 12 || 68.4 ” 56 A |
| Online Teaching | 12 I 74.2 | 6.1 il
| Blended Leamning | 12 | 815 | 5.3 |
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ANOVA Table

Source of || Sum of Squares | Degrees of ||Mean Square ,F I I '

Variation (SS) || Freedom(@p. | (MS) “value | p-value
| Between Groups || 1089.6 || 2 | 5448 | 1672 [ 0.0000]
| Within Groups | 10749 | 33 I 3257 | | |
| Total I 21645 | = 35 | | I |
Assumption Testing .
| Test | Result |
I . Levene’s Test p-value . - || 0.36 |
T Shapiro-Wilk Testp-value =~ -~ T Toar J
Questions

a) State the null hypothesis and alternative hypothesis for the One-Way ANOVA test.

b) Interpret the mean examination scores for the three teaching methods.

¢) Explain how the F-statistic is calculated in One-Way ANOVA and interpret the F-
value obtained above.

d) At 5% level of significance, test whether there is a significant difference in average
examination scores among the teaching methods. J

e) Explain the meaning of Between Groups variation and Within Groups variation in the
context of this problem.

f) Interpret the result of Levene’s Test and comment on whether the assumption of equal
variances is satisfied.

(18)

(OR)
Q3. Answer the following questions:

a) What is One-Way ANOVA? Explain the situations in which One-Way ANOVA is
preferred over multiple t-tests. Discuss its advantages in statistical analysis.

b) Discuss the assumptions of One-Way ANOVA. Explain the consequences of violating
the assumptions of normality and homogeneity of variance.

c) Explain the following concepts related to One-Way ANOVA:
a) Sum of Squares Between (SSB)
b) Sum of Squares Within (SSW)
c) Degrees of Freedom

d) Explain the role and interpretation of the F-statistic in One-Way ANOVA. How is the
decision regarding hypothesis testing taken using the p-value?

e) Differentiate between One-Way ANOVA and Two-Way ANOVA

) Explain any two real-life applications of One-Way ANOVA in marketing, education,
healthcare, or industrial research. '

(13)
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U43

Wﬁ%ﬁ@ma—g Wi Pl dlgdl %%m:rﬁr&mﬁfﬂﬁr Traditional Classroom
Teachlng, Online Teaching 3R Blended Learning — & I BE & ARd Talr Sid! |
SR & AT

?ﬁ% ﬁ'ﬂ! Statistical Software BTSN TP FHgiafdd One-Way ANOVA Test fear
B

g gitsTst
Rreorfafer TR | Siwaudfianed | AFS faueE
URUR® Pl R0l 12 68.4 5.6
i fRgor 12 74.2 | 6.1
Tofsra fRugror 12 815 53
ANOVA Tt
Source of || Sum of Squares Degrees of || Mean Square | Fvalue al
Variation || (SS) Freedom (df) (MS). ' p-value
TEiead || 10896 2 5448 || 1672 | 0.0000
gl P Hi® 1074.9 33 32.57
Pd 2164.5 35
=T 9 &1
Tdeor - giRomm
| Levene’s Test p-value | 0.36 ]
| Shapiro-Wilk Test p-value | 0.21 |
0y

(P) One-Way ANOVA Test & fore Null Hypothesis, 3R Alternative Hypothesis fafgur

€C)) GGl teaching methods % mean examination scores @1 GRS BT

(1) One-Way ANOVA T F-statistic BT 0T P D1 Sl §2 SHUR UK F-value B IRl
IRy

(®) W% significance level UX S BT fdb teaching methods il average examination
scores A significant difference % BIEI|
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(S) 9 9HHm & A o Between Groups variation 3R Within Groups variation T 3{ of
SEEIEY
(d) Levene’s Test & YNNI &1 SRa CHISIY 3R CGIEYED equa‘l variances P1 assumption
SRR ST
(18)

qd 3

fraf@a usf ¥ I difere: ‘

() One-Way ANOVA &7 52 31 IR PI THITST ST 3R t-tests BT gorl §
One-Way ANOVA P! TTIfieser ‘q"r ST 81 Statistical Analysis & $9P ¢4l TR
EEIEIE1Y

(E) Onie-Way ANOVA &I EIEGIEN) (Assumptions) UR el Hifog| Normality dUT
Homogeneity of Variance & AT & 3ead & URUMH] &) THEST

@T) One-Way ANOVA ¥ sfdq HafiRaa siaeromaf &) 9usise:

(%) Sum of Squares Between (SSB)
(R) Sum of Squares Within (SSW)
(3) Degrees of Freedom

(¥) One-Way ANOVA T F-statistic 1 'v‘;]ﬁlﬁ T YD RS DifoIT] p-value DI ST
PR hypothesis testing # fufg 9 o wirar 82

(&) One-Way ANOVA TUT Two-Way ANOVA ¥ 3idk TF Hifvu]

(@) Marketing, Education, Healthcare 3/4dl Industrial Research H One-Way ANOVA &
bl & aRafde Siia SIgvanT &) eS|

(13)
Q4.

A human resource researcher conducted a longitudinal study to examine the effect of training
hours, employee motivation, and work-life balance on employee performance over a period of
6 years.

The same group of employees was observed repeatedly each year.

The following output was generated from the longitudinal regression analysis.
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Model Summary , . -
|Statistic - ~ |value |
E\Iumber of Employees . |W |
[Total Observations - ‘ 540 |
R o2 |
|Adjusted R? 0.70 |
|F-value [36.48 |
[Significance (p-value) l0.000 |
Coefficients Table .
rVariable ”Coefﬁcient B) ||Standard Error |E/alue |B—value | -
[Constant - ll48.20 [5.40 [8.93  lo.000 | ;)
[Training Hours [3.40 lo.62 I5.48  0.000 | ‘
[Employee Motivation Score___|2.15 Tloss [B7t  Jo.001r | j
[Work-Life Balance Score |1.85 l0.70 Jo.64  Jo.010 |
|Absenteeism Days |-2.25 .75 -3.00 0.003 |
|Year Number 12.80 l0.52 I5.38  o.000 | :
Average Employee Performance Scores Over Time
h?ear “Average Performance Score |
[Year 1 60 |
[Year 2 l66 |
[Year 3 It |
[Year 4 76 |
Year 5 |82 | ;
[Year 6 |87 | i ;
Correlation Between Repeated Measurements z |
Year Pair Correlation /
Year 1 & Year2 0.67 )
Year 2 & Year 3 0.72 |
Year 3 & Year 4 ' 0.77
Year 4 & Year 5 10.82
Year 5 & Year 6 - 0.86
Questions

(a) What is meant by a longitudinal study? Explain why the given research is longitudinal
in nature.
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(b) Interpret the following values from the model summary:
1. R? value
2. F-value and significance level
(c) Interpret the coefficients of:
1. Training Hours
2. Employee Motivation Score
3. Work-Life Balance Score
4. Absenteeism Days
5. Year Number

(d) Which variables are statistically significant at the 5% level? Justify using p-values.

(e) Analyze the trend in employee performance scores over the six years. What conclusion
can be drawn?

(f) Interpret the increasing correlation between repeated yearly observations .in the study.

(18)
(OR) |
Q4.
What is a Longitudinal Research Design? Explain the process of conducting a longitudinal
study. Discuss the major challenges faced by researchers in longitudinal studies and suggest

methods to overcome them. Illustrate your answer with suitable business or social research
examples. d

(18)
Uy 4
TP TG SG1e Meehdl 3 & I8 P @iy 3 g gel, SHaRt IR quT SR-sieT
Uge B HUAR] UG- TR WHIG ST & TTE U Longitudinal Study 1o &1
R AN HHAMNE] & 34! JHE BT IR-9R 3fqalep a1 4|
Longitudinal Regression Analysis ¥ fHGRIRIT Output U1 gol:

Hled AR _

IStatistic _|[value B
HUANG! I TS 90

EREERIEE! _ . 540

R? 072 |
|Adjusted R Jlo.70 |
IF-Value |B6.48 ' |
|Significance (p-value) 0.000 |
Ul diferepT

IVariable |@efﬁcient B) ||Standard Error ||t-value—||p-value |
RRi% 48.20 5.40 8.93  [0.000
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IVariable ||Coefﬁcient ®) Jﬁandard Error ||t-value ”;value |
OTRT&0T e 3.40 0.62 548  [0.000
HHIRT DRUT TR 0.15 0.58 371 0.001
Pr-oha Iged @R [[1.85 0.70 264  |0.010
3R & & -2.25 ‘ 0.75 -3.00  {[0.003
oy S 2.80 0.52 538 |l0.000
TG & 1Y 3d PHUR! HEH PR
ﬁ(ear ||Average Performance Score | %
qus 1 60 ’ .
Y 2 66 D
qy 3 71 ;
ay 4 76 | ]
qy s 82 ?
s 6 87 ’
T e & e ey |
CL g Correlation / HgHAY
qy 1 & TH2 0.67 | |
a2 & av 3 0.72 L
Ty 3 & W 4 ~o.77
qY 4 & Y 5 0.82
gy 5 & T 6 0.86
Ty ) -
(%) Longitudinal Study 1 U™ %? TUSU {7 {01 74T research longitudinal nature ) 3
GG : |
(M) Model Summary 3 Fufefaa aFi o1 e s
. R?value

R. F-value YT significance level
dn FEfRAd coefficients 1 SRS HITSIT:
%. Training Hours
R. Employee Motivation Score
3. Work-Life Balance Score
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¥. Absenteeism Days
4. Year Number
() W% significance level TR DI-3 variables statistically significant %‘7 p-values &7 SUANT
Hd §U SHId HRUT EIoE|
S) & aui g employee performance scores & trend BT ICEGRUEIIEIERRED NEa

fYBTelT ST Tepar g7

* (@) study | repeated yearly observations G El?é?f 8U correlation P AT HifoT|

(18)
3
Y 4
L;)ngitudinal Research Design 1 S[GYRUN P! YHLIRT| Longitudinal Study Iiferd 3
&1 Uichdl BT UM BIST | Longitudinal Studies T Rerafeil gRT GBI ST arell @
AN TR T BoTE T S X R & SURI IR 307 IR D) IUGH HaHID
SFaT T ST & Saexull uiad Wy $IRmE|

(18)
Q5.

Do any three questions carrying 6 marks each
a. Explain the concept, assui:nptions, advantages, and applications of Multiple Regression
Analysis in research.
b. Discuss the meaning, types, interpretation, and applications of Logistic Regression.

c. Explain the concept of ANOVA, its assumptions, types, and importance in hypothesis
testing.

d. Explain the meaning, characteristics, types, advantages, and limitations of
Longitudinal Studies.

e. Discuss the concept, elements, types, and importance of Experimental Design in
research methodology.

(18)
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ug5
R ¥ = i usdl & SR EiRE| T U4 & 36 B e:
() Research | Multiple Regression Analysis &I STYRUT, IS (Assumptions),
Y- TUT SN Bl qHEsl
(@) Logistic Regression & Y, TR, RS 7T SITURAI UR <l eplforg|
(@) ANOVA F SGURUT, SHeb! TIRICI3, YR T Hypothesis Testing H 3HP
ERGEAR R E I
(9) Longitudinal Studies % 31%f, faRiarefl, Ty, aml aur Jiwrail &l Twssy|
() Research Methodology T Experimental Design &I ATYR, ?Ia\f, UHRI 9T Hed
R = Pifon|

(18)

(2000)
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