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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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A manufacturing company conducted a study to examine the effect of Machine Maintenance

Cost, Employee Experience, and Production Time on Monthly Production Output.' ]?ata were

collected from 75 manufacturing units and analyzed using Multiple Regression Analysis. The

following output was obtained..

Study the following regression ou’—ci)ut carefully and answer the questions given below:

Model Summary

Statistic Value

R 0.816

R Square 0.666

Adjusted R Square ' 0.652 )

Standard Error 5 .12': , ’

ANOVA Table s = .

Source Sum of Squares df |Mean Square F Sig.
Regression 3180.75 3 |1060.25 40.48  |(0.000
Residual 1859.25 71 |[26.18 |

Total 5040.00 74

Coefficients Table - o
Variables Unstandaﬂrdize()i Coefficient (B) ||Std. Error |t-value Sig.
Constant 18.240 ' 4.120 4.43 6.000
Machine Maintenance Cost |0.745 = o138 535 [0.000
Employee Experience 1.120 0310 |3:61 O.OOIA
Production Time i IF0.582 , by 0.205 |-2.84  10.006
Questions

(a) What is Multiple Regression Analysis? Explain itsimportance in busing$s research.

(b) Write the estimated regression equation from the above output.
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(¢) Interpret the following values:
1. R Square
2. Adjusted R Square
(d) Interpret the coefficients of: .
1. Machine Maintenance Cost |
2. Production Time
(e) Using the ANOVA table, state whether the regression model is statistically significant.
(f) Which independent variable has the strongest effect on Monthly Production Output?

Justify your answer using the regression coefficients.

BN €2)
(OR)

Q1 ' ,

(2) Explain the concept of multicollinearity. Discuss the importance of Variance Inflation
Factor (VIF) in regression analysis. E))
(b) Explain the meaning and significance of R-square and Adjusted R-square in regression
analysis. ®

U1

e fafmfor ot (Manufacturing Company) = Hllrz-'k?b 3dlGT 33eye (Monthly
Production Output) U TR IWR@IG AN (Machine Maintenance Cost), HHART SIJHd
(Employee Experience) TUT SATGT Y (Production Time) & U BT I o]
75 fafmor SHISl ¥ ST UHHd [har T qur I ey Multiple Regression
Analysis 1 GgRIdT ¥ a1 7| Fafifdd srseye urd gl

B Regression Output T W{éﬁ?‘ S Rpn) a"rﬁrq GO %Q q ENG Gﬂ?zﬂﬁﬂq

Model Summary

HifST@T (Statistic) U (Value)
R — 0.816

R Square 0.666
Adjusted R Square 0.652
Standard Error 5.12
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ANOVA Table
did (Source) Sum of Squares df |[Mean Square F Sig.
Regression 3180.75 3 11060.25 40.48 0.000
Residual 1859.25 71 (126.18
Total 5040.00 74
Coefficients Table
TR (Variables) Unstandardized Coefficient (B) |Std. Error |[t-value |Sig.
| Constant 18.240 4.120 4.43  110.000
Machine Maintenance Cost [{0.745 0.138 5.39 ||0.000
Employee Experience 1.120 0310 ~  |[3.61 [0.001
Production Time -0.582 0.205 — -2_;84 0.006
LE ]
(%) Multiple Regression Analysis I %‘? CIERIRED 31@ YT (Business Research) T ST®]
Hed qaRT|
o) SWRIF Output & YR W GEETE‘H Regression Equation fafgul
@ FafeRad Al 1 sare i
%. R Square

R. Adjusted R Square

) ﬁ"ﬂﬁ‘l@ﬁ ‘IUITCbDf (Coefficients) P SHRSHT PHIGIT:

2. Machine Maintenance Cost

R. Production Time

(&) ANOVA Table & MY TR Fa1sY fob R Regression Model TP U Y W

(Statistically Significant) B

PR T
S S
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& DI Independent Variable ¥ Idre 3{I3cYC (Monthly Production Output) UX

ey 3w THE STadT 82 30 SR B Regression Coefficients P YR R A

ORYREl (18)
@n

UY 1 (P)IgIeHEGdl (Multicollinearity) BT SGHRUN P TS T faewor
(Regression Analysis) ﬁ%ﬁ@?@mm (Variance Inflation Factor - VIF) %ﬂ%c_q'tﬁiﬁlf
Pl : 9)

@)ﬂﬁ"l'q:[ fozauu § SR-RR (R-square) ol THRNSIT 3R-TWHER (Adjusted R-square)
& o1 ©d Hg@ P! Wy i

&)

Q2.

A hospital conducted a study to identify factors affecting whether a patient is likely to suffer
from a lifestyle disease or not. The dependent variable was coded as:
o 1=Disease Present
e 0 =Disease Absent
The independent variables considered were:
o Daily Exercise Hours
o Body Mass Index (BMI)
 Smoking Habit Score
The following Logistic Regression output was obtained from the analysis of 150 patients.

Study the following Logistic Regression output carefully and answer the questions given

below:

Mode; Summary

Statistic Value
-2 Log Likelihood 118.62
Cox & Snell R Square 0.438
Nagelkerke R Square 0.587 |
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Classification Table

Predicted Disease Predicted Disease Percentage
Actual Qutcome

Absent Present Correct
Disease Absent  ||58 12 82.9%
Disease Present ||15 65 81.3%
Overall

82.0%

Percentage
Variables in the Equation
Variables B S.E. Wald Sig. Exp(B)
Daily Exercise Hours -0.865 0.250 11.97 0.001 0.421
BMI 0.142 0.045 9.96 0.002 1.153
Smoking Habit Score 0.615 0.180 11.68 0.001 1.850
Constant -3.540 1.280 7.65 0.006 0.029
Questions

(a) What is Logistic Regression? Explain its importance in research.

(b) Interpret the dependent variable coding used in this study.

(c) Interpret the Nagelkerke R Square value obtained in the study.

(d) Interpret the effect of:
1. Daily Exercise Hours

2. Smoking Habit Score

on the probability of disease occurrence.

(€) Which variables are statistically significant predictors of lifestyle disease? Justify using

the significance values.

(f) Interpret the overall classification accuracy of the model.

Q.2

(OR)

(18)

(a) Define Two-way ANOVA. Explain its assumptions and applications in business research. (9)

(b) Explain Repeated Measures ANOVA and discuss its assumptions and post hoc tests.

©)
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qAqR
T SRTATA Y T8 ST [ o5 BB Y HRS I8 THITId B © 1 Pis oAfed
Sitg-Rel Gee T (Lifestyle Disease) | tﬂﬁ“’:ﬁ aﬂT BIEGI
3T TR (Dependent Variable) B! ¥ TR oIS fobar TT:
o =T IURT (Disease Present)
e o= ﬂq@ﬁ (Disease Absent)
31 § Y WdH TR (Independent Variables) R
. FRFHEmEmEe (Daily Exercise Hours)
. SIS AN ST (BMI)
o YUY 3llad TR (Smoking Habit Score)
150 AR} & fozayor § fHafafaa Logistic Regression Qutput HItd g3l

g Logistic Regression Output Il W SR Hifoe qur feu 7w T4l P IR SiToTg:

Model Summary

AifSIPT (Statistic) . HH (Value)

-2 Log Likelihood 118.62

Cox & Snell R Square 0.438

Nagelkerke R Square 0.587
Classification Table
Actual Predicted Disease Predicted Disease GEHEIGEG Percentage
Outcome Absent Present Correct
Disease Absent (|58 12 ' 82.9%
Disease Present (|15 65 81.3%
Overall

82.0%

Percentage




ST TRUIH|[Predicted Disease Absent|Predicted Disease Present SEEIERE]
Disease Absent  ||58 ) 12 82.9%
Disease Present |15 65 81.3%
Overall Percentage 82.0%

Variables in the Equation

Variables B SE.  |Wald [Sig. Exp(B)
Daily Exercise Hours -0.865 0250 |11.97  |0.001  [0-421
BMI | 0142 |0.045 [9.96 0.002  |1.153
Smoking Habit Score " 0.615 0.180  [11.68 o.ooi 1.850
Constant 3540 {1280  [7.65 0.006 (0029
uy

(P) Logistic Regression T §2 3JHY (Research) H §TT A THZT|

Q) 29 g i Ugdd Dependent Variable Coding B RSN aﬁﬁﬁql

() 31T T UK Nagelkerke R Square & HIF P} SRS H1fod |

®) T BN B HHIGT (Probability of Disease Occurrence) UX fRoferiRad &1 uua
HHLARY:

%. Daily Exercise Hours

R. Smoking Habit Score

&) PIH-BI ¥ Variables SaRIel Gaeft A (Lifestyle Disease) & TiRIPII =g

TI'EEE[Uf (Statistically Significant) Wﬁﬁf %? Significance Values & YR IR
If<d PR I
D TI&d B Overall Classification Accuracy P RS BITod |

(18)
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@n
Uy 2 -
@) GOrT TRRUI JRAWU (Two-way ANOVA) &1 URUING @ivwl 9% AFgasi
(Assumptions) ¥d TGRS 3 g H m CIRSERIEY! 9
(@) -RIG HIU YRRUT fA=e90T (Repeated Measure ANOVA) &1 THSSUE Tl $YH ARSI
Td URE gl TRIgul (Post Hoc Tests) UX Tl PIoTg] 9
| o
A pharmaceutical company conducted a study to examine whether the average recovery time
; of patients differs based on the type of treatment provided. Three different treatment methods
were used:

o Treatment A — Medication Only
e Treatment B — Medication with Physiotherapy
o Treatment C — Advanced Combined Therapy
The recovery time (in days) of patients was analyzed using One-Way ANOVA. The following

output was obtained.

Study the following ANOVA output carefully and answer the questions given below:

Group Statistics
Treatment Method ||[Number of Patients |[Mean Recovery Time (Days) Stali&ard Deviation
Treatment A 25 184 3.5
Treatment B 25 14.8 3.1
w
Treatment C 25 10.6 2.9
ANOVA Table
Source of Variation | Sum of Squares df |Mean §quare F Sig.
Between Groups | 812.40 2 [406.20 | 31.58 |[0-000
Within Groups 926.40 72 ([12.87
Total 1738.80 74
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Post Hoc Test (Tukey HSD)

Comparison Mean Difference Sig.
Treatment A vs Treatment B 3.6 0.004
Treatment A vs Treatment C 7.8 0.000
Treatment B vs Treatment C 4.2 0.002
Questions

(a) What is One-Way ANOVA? Explain its importance in research.

(b) Formulate the Null Hypothesis and Alternative Hypothesis for the above study.

(¢) Interpret the F-value and significance value obtained from the ANOVA table.

(d) What conclusion can be drawn regarding the effectiveness of the three treatment methods?

(e) Interpret the results of the Post Hoc Test. Which treatment method was the most effective

(f) State any two assumptions of One-Way ANOVA. (18)
oR)

Q3

(a) What are longitudinal studies? Explain their characteristics and importance in research. (9)

(b) A multiple regression analysis shows that the tolerance value of a predictor variable is 0.10.
Calculate the Variance Inflation Factor (VIF) and examine whether multicollinearity is present in the

model. 9
YA 3 Ud 3wy o So (Pharmaceutical Company) I8 3regg T o RURR]
o1 3N e g9 (Average Recovery Time) 3UdR & UPR & YR R T grar
gl

« Treatment A — $dd Gdl SULR (Medication Only)

e Treatment B — &dl & A1y fhforaRd (Medication with Physiotherapy)

« Treatment C — 39d Ygdd SUAR (Advanced Combined Therapy)
AR F Reapas gy (Rl ) BT fIT0 One-Way ANOVA $1 HgRIdl ¥ fohar T
fofeRaa siscye i ganl '

3% ANOVA Output T SHFTdS 37T BTG ol & T8 Ul & IR dIivT:
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SUOR Ugia [RIR/ & 9=

e Repadt worg RATH)

AF® [

Treatment A |25

1834

3.5

Treatment B [I25

14.8

3.1

Treatment C  |[25

10.6

2.9

ANOVA Table

qiad o1 Hid (Source of Variation)

Sum of Squares

df

Mean Square

Sig.

Between Groups

812.40

2 11406.20

31.58|(0-000

Within Groups

926.40

12.87

Total

1738.30

Post Hoc Test (Tukey HSD)

T (Comparison)

Mean Difference

Sig.

Treatment A vs Treatment B

3.6

0.004 "

Treatment A vs Treatment C

7.8

0.000

Treatment B vs Treatment C

4.2

0.002

uy

(P) One-Way ANOVA &I 82 TIUM (Research) T 3D A IS

Q) SIRIG T & [T Null Hypothesis A4l Alternative Hypothesis fafeul

(T) ANOVA Table T Ut F-value T Significance Value &1 AT Do |
(@) T STER Ugiad! &) gHa=iadl (Effectiveness) & Ja¢ T o1 by FRiapra <1

Tl 32

(&) Post Hoc Test & URUITHI I SIRSAT & 11018 | - STIR UGl Ja 3iferes Jurdt

E?

(&) One-Way ANOVA P| P13 &l AN (Assumptions) [T

(18)
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Uy 3

(@) FIGH ST (Longitudinal Studies) TT §2 SFYYF # Ib! faRwansil wd Aga

CaRiERIE

(F) TP Sg-UiaTH faersur  fft qafgam® =R Predictor Variable) $T €TeRd HH 0.10 §1

N T B (Variance Inflation Factor - VIF) 1 U BT 9T Sitd Hifore i Aied

7 SgeHeSdl (Multicollinearity) SURIA & T T |
Q4.

A marketing researcher conducted a longitudinal study to examine the impact of digital

advertising, customer satisfaction, and product quality on customer retention over a period of

4 years. The same group of 100 customers was observed every year.

The following output was obtained from the longitudinal data analysis.

Study the following output carefully and answer the questions given below:

Study Information
Particulars Details
Number of Customers 100
Study Duration 4 Years
Total Observations 400
Research Design Longifudinal Study
Model Summary
Statistic Value
R Square 0.712
Adjusted R Square 0.698
F-value 48.65
Significance (p-value) 0.000
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b) Explain mediation and moderation analysis with suitable examples.

©)
Uq 4 ’
T fauuE MeyHdl (Marketing Researcher) 4 qUT 1 Ay T UTeH TiaRuT
(Customer Retention) UX fsforea fagmu= (Digital Advertising), ATe P ﬂﬁf@' (Customer
Satisfaction) ¥ 3<UIq IUIATIT (Product Quality) P THIG BT ST B %ﬂ U
Longitudinal Study EEINGED] \
gAY 100 TEHT S U G BT STelid a1 T
Longitudinal Data Analysis ¥ FRERIRIT Output Ut g3

9 Output BT TFYI® SR PIoTT quT f3T T g9l & IR eIT:

Study Information

|feraRT (Particulars) I (Details)

UTeh| 1 Y& (Number of Customers) 100

SR 3{aY (Study Duration) 4 Years

EZS] 3qaidpT (Total Observations) . 400

Y™ [SWIE (Research Design) Longitudinal Study

Model Summary

FITSTPT (Statistic) ‘ HI (Value)

R Square 0.712

,

||Adjusted R Square 0.698

F-value 148.65

Significance (p-value) 0.000

» Y
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Coefficients Table
Variables Coefficient (B) Std. Error t-value Sig.
Constant 10.540 2.420 4.35 0.000
Digital Advertising 0.685 0.135 5.07 0.000
Customer Satisfaction 1.420 0.310 4.58 0.000
Product Quality 0.935 0.270 3.46 0.001

Customer Retention Over Time

Year Average Customer Retention Score
Year 1 58
Year 2 64
Year 3 71
Year 4 79‘
Questions

(a) What is a Longitudinal Study? Explain its importance in research.
(b) Why is a longitudinal research design appropriate for this study?

(c) Interpret the R Square value obtained in the study.

(d) Interpret the impact of:
1. Digital Advertising

2. Customer Satisfaction

on customer retention.

(e) What conclusion can be drawn from the customer retention scores observed over the 4-

year period?

(f) Mention any two challenges commonly faced in longitudinal studies.

Q4.

(OR)

(18)

a) Explain the concept of manipulation in experimental research. Discuss manipulation
check with suitable examples.

©
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Coefficients Table
'Variables Coefficient (B) Std. Error t-value Sig.
Constant 10.540 2.420 4.35 0.000
Digital Advertising 0.685 0.135 5.07 0.000
Customer Satisfaction 1.420 0.310 4.58 0.000
[Product Quality 0.935 0.270 3.46 0.001

Customer Retention Over Time

G (Year) 3Nad PIEED LI R (Average Customer Retention Score)
Vear1  |°8 h ,
Year 2 64
Year 3 71 R I=
t Year 4 79 - T, e .
‘ ~
'L .
() Longitudinal Study & §? SFIHYT (Research) H $HPT Hed HHARY |~ g
. () 2 &G @ foTU Longitudinal Research Design 3Ugadd Fil 77

@) 1T & U R Square T &1 SIS BHITTT |
() IEP YAURTT (Customer Retention) TR Frafeiad &1 uyE 9Hssy:
?. Digital Advertising

. Customer Satisfaction

$)4 Y P! A § UIE Customer Retention Scores & YR R AT ey T o
Tl 57
() Longitudinal Studies T QI 31 aret ﬁ‘sﬁ al ﬁﬁfﬁl (Challenges) fafam

- (18)
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U4 4

(P) YRR SFFEM & 3R (Manipulation) FT TR B =TI SUGH IEIERUI Ifed
TP S (Manipulation Check) TR T2 Sl
I 9)
(9) AT fagayoy (Mediation Analysis) T S99 fazayor (Moderation Analysis) DI SUYdd
IeTeRUIl AT THgRy|
9)
Q.5 Write short notes on any three (6 x 3 =18 Marks)

a) Stepwise Regression.
b) Durbin-Watson Statistic
¢) Binary Logistic Regression. - s

-

d) Experimental design.
€) Log-linear Models

w9 5 el § @ 5 & w it Ruh e (6 x 3 =18 3()
() RUAISSl URRTH (Stepwise Regression)

(@) Sie-a1cHT FiBIPT (Durbin-Watson Statistic)

@) TEr3mer TSRS WioRTH (Binary Logistic Regression)

() WIAIRYe SFYHET (Experimental Design)

() QNG HISd (Log-linear Models)

(200)




