PGDM 2014-16
Research Methodology (DM 206)
Trimester 11, End-Term Examination: December 2014
Time allowed: 2 hrs 30 min Max Marks: 50

[RollNo. ___ |

Instruction: Students are required to write their Roll No on every page of the question

paper; writing anything except the Roll No will be treated as resorting to Unfair Means.

For rough work, please use your answer booklet.

All workings / derivations should be clearly shown in your answers.
Required Tables provided with this Question booklet (Page 7)

Section A
Attempt ANY 3 from the 5 questions in this section. (3 x5)
Each question carries 5 marks.
Al. Briefly describe the inter-related steps related to conducting research. (5]
A2. In astudy of automobile traffic and air pollution, air samples taken at four different

A3.

A4.

times and five different locations were analyzed to obtain the amount of particulate
matter present in the air. The sample variances of particulate matter were 19.86
and 22.07 respectively for time and location. The overall sample standard deviation
of particulate matter, however was found to be only 13.71.

Is there any significant difference in true average amount of particulate matter
present in the air due to either different sampling times or to different locations?

Use a = .05. (5]
Write short notes on :

(a) validity and reliability (3]

(b) random error and bias (2]

Explain the essential characteristics of the scientific method. (5]

. Write and describe the linear model depicted in the diagram below. (5]

10

L Gradients of the above two lines = 2

0.0 0.5 1.0 1.5 2.0
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B1.

B2.

Section B

Attempt ANY 2 from the 3 questions in this section. (2 x 10)
Each question carries 10 marks.

An aluminum master alloy manufacturer produces grain refiners in ingot form. The
company produces the product in four furnaces. Each furnace is known to have its
own unique operating characteristics, so any experiment run in the foundry that
involves more than one furnace will consider furnaces as a nuisance variable. The
process engineers suspect that stirring rate affects the grain size of the product.
Each furnace can be run at four different stirring rates. An experimental design is
run for a particular refiner, and the resulting grain size data is as follows.

Furnace
Stirring rate (rpm) 1 2 3 4
5 4 5 6
10 14 5 6 9
15 14 .6 9 2
20 17 9 3 6

Table 1: Experimental Data for Question B1.

(a). What is the treatment in this experiment and what are the levels?
(b). What type of experimental design is being used here?
(¢). What is the null hypothesis in this experiment?
(d).

Is there strong enough evidence at a significance of 0.05 that the stirring rate
affects grain size?

A factor analysis was done on 1428 feedback ratings by students for faculty on 12
feedback questions - variables (attributes) — viz. item13, item14, - - - - item24.

Referring to the outputs from the SPSS factor analysis run with reference to the
above study, write explanatory notes on any three of the following aspects.

dimensionality reduction, communalities and extracted factors

(a)
(b) extraction and rotated sum of squared loadings
(c)

)

(d) suitability of data for Factor Analysis - overall suitability as well as suitability
of individual variables

factor analysis as distinct from principal component analysis

KMG and Bartlett's Test

Waiser-Meyer-Glkin Messure of Sampling

Adeguacy 2 434

Bartlet's Testof Approx Chi-Sguare 8676712

Sphesicity b df 66
Sig 300
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B3. An industrial engineer is investigating the effect of four methods of assembly (re-
ferred to as M1, M2, M3 and M4) on the assembly time for a color television
component. Four operators, Ramlal, Shyamlal, Jadukrishna and Madhu are se-
lected for the study. The engineer knows that each assembly method produces
such fatigue that the time required for the last assembly may be greater than the
time required for the first, regardless of the method. To account for this source of
variability, the engineer uses randomization as shown in the design below.

Order of Operator

Assembly Ramlal Shyamlal Jadukrishna Madhu
L M3=10 M4=14 M1=7 M2=8
grd M2=7 M3=18 M4=11 M1=8
gnd Mi=5 M2=10 M3=11 M4=9
i*h M4=10 M1=10 M2=12 M3=14

Table 2: Experimental Data for Question B3.
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(a) What sort of experimental design is being used here?
(b) What is the objective of the study? What is the null hypothesis? (Hint:
treatment)

(¢) What would have been the drawback, if any, of using a two-factor RCD model?
Ignoring the order of assembly, what would have been the research conclusion
with this experimental data?

(d) Analyze the data from this experiment (o =0.05) and draw appropriate con-
clusions.

Section C

This is a compulsory question carrying 15 marks. (1 x 15)

C1. This uses 1995 economic data where 101 countries of the world were surveyed.
This question uses 7 data items from this set tabulated herein. We attempt to
create a regression model for per capita GDP of a country (using a logarithmic
transformation), using the 6 other variables as predictors.

Sl.LNo. Data Name Type Value Levels

1. DENSITY metric population density
2. URBAN metric urban population percentage
3. LIFEEXPF  metric female life expectancy
4. REGION factor  Pacific / Asia
Latn America
OECD used as base in dummy variable model

Middle East
East Europe
Africa

5. CLIMATE factor arid / desert
arid
tropical
mediterranean
maritime
temperate
arctic / temp
desert used as base in dummy variable model

6. DEATH_RT metric death rate per 1000 population

7. LOG_GDP metric log of per capita Gross Domestic Prod-
uct dependent

Table 3: World 95 data for 101 countries

The correlation of the metric variables is shown here.

DENSITY URBAN LIFEEXPF LOG_GDP DEATH_RT

DENSITY 1.00 0.22 0.12 0.16 =0.12
URBAN 0.22 1.00 0.74 0.75 -0.50
LIFEEXPF 0.12 0.74 1.00 0.83 -0.71
LOG_GDP 016, 0.75 0.83 1.00 -0.41
DEATH_RT -0.12 -0.50 =0. 71 -0.41 1.00
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The first 5 rows of the data set are displayed here.

COUNTRY DENSITY URBAN LIFEEXPF

1 Afghanistan 25.0
2 Argentina 12.0
4 Australia 2.3
5 Austria 94.0
6 Azerbaijan 86.0

18
86
85
58
54

44 Pacific/Asia
75 Latn America
80 OECD
79 DECD
75 Middle East

REGION LOG_GDP

2.312 arid
3.532 temperate
4.227 arid
4.265 temperate
3.477 arid

The ANOVA table and the Regression table of Coefficients follows.

Analysis of Variance Tab

Response: LOG_GDP

Df Sum Sq Mean

DENSITY 1 1.00 1
URBAN 1. -2t 4T 515
LIFEEXPF 1 6.39 6
REGION 5 4 .65 0
CLIMATE 7 0.74 0
DEATH_RT 1 0.38 0
Residuals 84 4.94 0
Signif. codes: 0 “*x*x’
Call;
Im(formula = LOG_GDP ~
Residuals:

Min 1Q Median

le

Sq F value
.00 16.93

47 365.16
.39+ 108.62
.93 15.81
o+ 1 1.79
38 6.52
.06

0.001 “*x%?
., data = v2

3Q

-0.5435 -0.1017 -0.0042 0.1145 O.

Estimate Std.

Coefficients:

(Intercept) 2
DENSITY 6.
URBAN 6
LIFEEXPF 4
REGIONEast Europe =3.
REGIONPacific/Asia  -3.
REGIONAfrica =1
REGIONMiddle East —2.
REGIONLatn America 4.

CLIMATEarid / desert -4
CLIMATEarid =3k
CLIMATEtropical -4
CLIMATEmediterranean -3.
CLIMATEmaritime =3
CLIMATEtemperate -4.
CLIMATEarctic / temp -3.

DEATH_RT 3.

99e-02
32e-05
69e-03

.76e-02

16e-01
44e-01

.T4e-01

43e-01
T4e-01

.68e-01

40e-01

.12e-01

86e-01
54e-01
81e-01
91e-01
85e-02

e e e e e i e i e = Vo B o B Y S N

Pr(>F)
9e-05 *xx*
<2e-16 *x*x*
<2e-16 **x*
6e—11 **x
0.099 .
0.012 *
0,01 %> Q.05 “.
)
Max
6412
Erxvor .t
.25e-01 -0.04
.45e-05 1.42
.67e-03 4.00
.18e-03 5:81
.25e-02 -3.42
.47e-01 -2.34
.58e-01 =140
.47e-01 -1.66
.22e-01 ~3.88
.45e-01 =3 .22
.51e-01 =2.25
.36e-01 -3.02
.40e-01 -2.76
.92e-01 -1.84
.41e-01 -3.40
.90e-01 =2:706
.51e-02 2.85

)

C O OO0 OO0 O0CODOO0 OO0 » OO0

0.1 <1

value Pr(>|tl)
0.
.15867
.00013
.1le-07
.00097
.02172
.27415
.10106
.00020
.00183
.02680 *
.00333
.00716
.06893 .
.00102
.04267 *
.01245 *

96726
*ok K

*ok >k
* ok x

kK %k
* %

*k
%k

* X
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Signif. codes: 0 “**x’ 0.001 ‘*x’ 0.01 ‘x> 0.05 ‘.7 0.1 ¢ ’ 1

Residual standard error: 0.242 on 84 degrees of freedom
Multiple R-squared: 0.875, Adjusted R-squared: 0.851
F-statistic: 36.8 on 16 and 84 DF, p-value: <2e-16

Questions for this case study (Question C1.)

(a)

Comment on the model fitment. What is the null hypothesis for the overall
regression model and how do you conclude from the output whether Hy is
rejected or not?

Write down the linear regression model (using dummy variables). How many
separate linear equations do we have in the model?

List down the Regions in descending order of the countries’ average per capita
GDP. Which Region has the highest per capita GDP; which has the lowest?

List down the Climates in descending order of the countries’ average per
capita GDP.

Which are the independent variables that are significant at alpha = .017

The independent variable URBAN is significant in the ANOVA model but is
insignificant as per the Coefficients table (p-value=0.15867). How would the
model be affected if this variable were dropped. How would the new model
R? and the model significance change?

n

1=1

Memory refreshers; hints

-4.68e-01 = —4.68 x 107! = -0.468
Pr(> [t|) = the observed significance (p-value) of the corresponding 2-tailed ¢ statistic
Pr(> F') = the observed significance (p-value) of the corresponding F' statistic

D =9’ =) yl-ni® = SSrow =Y (%~ )’ =(n—1)s

Multiple R squared (Regression) =

Multiple R squared (Regression) also = Correlation(Y.}Af)2

F value (Regression) =

G e Factors Factors
ANOVA (overall) model significance = —*=2° Lt

n n

1=1 i=1
SSR(:gression
SSToml

SSRegression/d‘f-Reg'r'ession b A’]Slfegression
SSszsidual/d-f-Residua/ A[SR(:gv-cs.s-ion,

> 8spY df

SSETr(rr/de'l'rm-
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F Table {Percentage point of F-Distribution («=0.05)
Numerator Degrees of Freedom (Numerator DF §

Denominator
Degrees of
Freedom 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 4 60 120 inf
1 16T 45 195.50] 215.71] 524 58] 230.76] 235.00] 236 77] 230 50| D40 54] 241.80] 243.01] 245.05] 246.01] 248.05] 250 10] 251.14] 252 20] 253.25] 254.25
2 16.51] 19.00] 10.16] 19.25] 1030 19.33] 1935 19.37| 10.38] 19.40| 1041 1943 1045 1945 19.46] 19.47] 1948/ 1944 19.50
3 10.13] 953 028 o412 o901 804 680 885 661 879 674 870 666 864 662 859 857 855 853
4 771] 694 659 639 626 616 600 604 600 506 501 586 580 577 575 572 560 566 563
5 661 570 541 518 505 405 488 482 477 474 468 462 456 453 450 4.46] 443 440 437
6 500 514) 476| 453 439 428 421 415 410 406 400 394 387 384 381 377 374 370 367
7 550] 474] 435 412 397 387 379 373 368 264 357] 351 344 341 338 334 330 327 32
8 532 446] 407| 384 369 358 350 344 339 335 328 322 315 312 308 304 301 297 203
B 5.12] 426 386 363 348 337 320 323 318 314] 307 301 284 290 28 283 279 275 271
10 406 410| 3.71] 348 333 322 314 307 302 208 261 285 277 274 270 268 262 258 25
1 484 308 359 336 320 309 301 295 200 285 279 272 269 261 257 253 249 243 241
12 475 3Ba|  348] 328] 311 300 201 285 280 275 269 262 254 251 247 243 238 234 230
13 467 381 341 318 303 202 283 277 271 267 260 253 246 242 238 234 230 225 221
14 460 374 334 311 206 285 276 270 265 260 253 246 239 239 231 227 222 218 213
15 454 368 320 306 200 279 271] 264 260 254 248 240 233 229 225 220 216 211 2067
16 2449 363 324 301 285 274 266 259 254 249 242 235 228 224 219 215 211 208 201
17 445 358 320 208 281 270 261 255 249 245 238 231 223 219 215 210 208 201 19%
18 241 355 316 2093 277] 266 258 251 246 241 234 227 219 215 211 2.08 202 187 192
13 %38 352 313 200 274 263 254 248 242 238 231 223 216 211 207 203 196 193] 188
20 435 340 310 287 271] 260 251 245 239 235 228 220 212 208 204 199 105 196 185
21 432 347 307 284 268 2657 249 242 237] 232 225 218 210 205 201 196 192 187 182
22 230 344] 305 282 286 255 246 240 234 230 223 215 207 203 198 194 189 184 179
23 428 342 303 280 284 253 244 237 232 227 220 213 205 201 196 191 18 181 176
24 426| 340 301 278 262 251 242 236 230 225 218 211 203 1.98 194 189 184 179 174
25 424 330 209 276 260 249 240 234 228 224 216 209 201 196 192 187 182 177 17
26 2.23] 337 208 274 259 247 238 232 227 222 215 207 1. 195 190, 185 180 175 169
27 421 333 208 273 257 246 237] 231 225 220 213] 206 107 1903 188 184 179 173 168
28 4020|334 205 271 256 245 236 229 224 219 212 204 196 191 187 182 177 171 166
29 218] 333 293 270| 255 243 235 228 222 218 210 203 1894] 190 185 181 175 170 164
30 217|332 292 289 253 242 233 227 221 216 200 201 193] 189 184 179 174 168 163
40 208 323 284 261 245 234 225 218 212 208 200 192 184 179 174 169 164 158 151
60 400 315 276 253 237 225 217 210, 204 1099 10G2| 184 175 170 165 159 153 147 139
120 392 307 2688 245 228 218 209 202 1968 181 183 175 166 161 155 150 143 135 126
int. 384 3.00| 261 237] 222 210| 201] 1.e4 1.88 1.83 179 167 157 152 146 140 132] 122 105
Figure 1: F,—g 5 Table
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