[image: image7.png]4.—Columbia Business School

B8899 Applied Regression Professor Juran





Silvio Palumbo  - spalumbo10@gsb.columbia.edu
Shoko Yanagisawa- syanagisawa09@gsb.columbia.edu
Robert Gibson - rgibson09@gsb.columbia.edu
Marcel Benjamin - mbenjamin10@gsb.columbia.edu
Conor Mc Kenna - cmckenna09@gsb.columbia.edu
Patrick  Ondoa Fouda – pondoafouda10@gsb.columbia.edu
DIAMONDS
 (Statistical analysis)

Data gathering
Many students at CBS have gone through the daunting process of choosing an engagement ring; it can be an arduous task and quite costly (both in terms of time and money). The website http://www.bluenile.com/ is a very popular source of information, and many young men have depleted their bank accounts purchasing rings from Blue Nile.
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[image: image7.png]While the website offers precious information and a very detailed dataset, it doesn’t allow direct downloading of any form. So we took the following steps to compile and extract:

1. Selected search criteria, including all shapes of diamonds and the famous “Four Cs”;
2. Focused on a price range;
3. Painstakingly copied many multiple pages of data from the web browser;
4. Collated the information on a spreadsheet and repeated the process until there was data for almost 1400 different diamonds.
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Data parsing

Once we copied all the data, we had to parse the information in order for it to be manageable for a statistical analysis. The steps were as follows:
1. Use Excel’s “Text to Columns” function with delimited width. The results are in the “diamonds_raw data.xls”, and here’s a screen shot:
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1 [Cushion | 3.01 Very Good Fvs2 EX VG 103 GIA 612 3None None  S18620ic $56.047 viewissect
2 [Radiant 301 Very Good E V2 VG G st G 734 73None None S18629ic $56,073 viewisslect
3 [Round 305 Very Good H VS VG VG staGsL|  e26 S8None Pointed $18402/c 556,126 viewlsclect
4 [Round | 4.13 ieal g si e e 101 GA | 616 S6None Nome S13,596ict | 56,150 |viewlselect
5 [Cushion | 3.03 Good G wsieX VG 106 GA | 626 65MNone None S18,588ict | $56323 |viewlselect
6 |Asscher |3 Good D wsaEx & 101 GA | 723 65 Strong |None _S18.781/ct | $56,343 |viewiselect
7 [Round | 302 eal Folsn e e o | s SéNone Nome S1862ict  $56360 viewlselect
8 |Emerad | 301 Good F_vst v & 11 lea s 68None |Smal S18763ict S56.478 viewlselect
S foval | 3.2 Good b v v e 14 oA s S2Stong  Bue  Very |Smal _S18105ict | $6487 viewisclect
10{Round | 3.24 ideal A v B VG 101 GA | 603 S8None |None S17.444ict | SS5S17 viewlselect
Round | 308 ideal Folsn e e 1 o | s ST Famt None S18.320ict SS5616 viewlselect
Round | 27 ideal Flvs2 v e 101 GA | s S5 Famt None S20,384ict SS6658 viewlselect
Princess | 3.17 Very Good £ vs2 VG G 108 GIA 73 74 Fant  None S178%20c $56719 viewissect
Round | 3.32 Very Good B vs2 G ve st G 826 6 Medum Very Smal SI7084ict SS6719 viewselect
Round | 3.06 Very Good | vs2 X |EX st G 601 None None s18S37ic $56,722 viewisclect
[Round | 3.08 ideal W vs2 EX EX 101 _GA | 605 7 None  MNone  $18,434ict SSAT77 viewlselect





2. Write VBA scripting code to parse the data and obtain the proper alignment (some columns shifted in the conversion when two-word variables were cut).
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Sub TextToColumn ()
Range ("E1") .Select

Wnile ActiveCell.Formula <>
If ActiveCell.Formla = "Good” Then
ActiveCell.Offset (0, 1).Range("AL:F1").Select
Selection.Cut
ActiveCell.Offset(0, -1).Range ("A1").Select
Activesheet.Paste
Ena Iz
ActiveCell.Offsec(1, 0).Select
Wend
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3. Further code in VBA to transform dummy variables in “n-1” columns of 1 and 0. (The code is embedded in the “diamonds_raw data.xls” spreadsheet.)
4. Create a clean spreadsheet to use exclusively in MiniTab (“Diamonds_MT.xls”).
Statistical analysis

1. Considering the large number of variables, we focused the analysis on the primary factors:

SHAPE

· Round

· Princess

· Emerald

· Asscher

· Marquise

· Oval

· Radiant

· Pear

· Heart

· Cushion


CUT

· Good

· Very good

· Ideal

· Signature Ideal

COLOR

· D

· E

· F

· G

· H

· I

· J

CLARITY

· FL

· IF

· VVS1

· VVS2

· VS1

· VS2

· SI1

· SI2
CARAT
2. We imported the data in MiniTab and started running a classic mutiple regression: TOTAL PRICE vs all other variables (see “Classic Regression” tab on “Diamonds_Results_A.xls”). As was predictable given the number of variables involved, we had an ostensibly good Adjusted-R2 but high p-values and VIF figures. 
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The objective had been to obtain a set of variables that could maximize the Adjusted-R2 but minimize any form of collinearity in the data. Our spreadsheet contains a detailed analysis of the variables and our trial and error analysis. We ran many regressions, attempting to verify the impact of whole set of variables (the four Cs) against the Total prices: interesting findings are in the given spreadsheet
4. In order to fine tune our analysis, we ran a “Best subsets” of TOTAL PRICE against all the other variables. The results are reported in the “Diamonds_Results_A.xls” spreasheet, “Subset_TOTAL” tab. Row 49 is highlighted and represents the best subset with the best Adjusted-R2
5. In order to better predict the most significant variables, we also ran a “Stepwise regression” (see tab “stepwise” for the results). The pecking order is as follows:

1. Carat

2. D

3. Ideal

4. IF

5. E

6. F

7. G

8. SI1

9. Round
10. VVS1

11. H

12. VVS2

13. VS1

14. VS2

15. FL

16. I
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Since both methods were consistent in choosing the most significant variables, we used them to run a number of regressions. Here are screenshots of what can be found in the spreadsheet :
7. Mediating among the trade-offs of reducing the number of variables and having significant results, we came to the conclusion that the best subset represents a good choice. Other relevant findings:
a. Among the Shape, only “Round” seems to be statistically significant, meaning that a round diamond tends to be significantly more expensive compared to all the other shapes.
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Regression Analysis: TOTAL versus Round, Princess.

(The regression equation is

TOTAL = 126217 - 16161 Round - 54850 Princess + 3262 Emerald - 22561 Asscher

+ 165238 Marquise - 2559 Oval - 48059 Radiant + 33680 Pear + 69622 Heart

+ 35584 Good + 40910 Very Good + 108305 Ideal
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0.002
0931
0.032
0251
0.073
0463
0388,
0.023

RSq=51% R-Sqfad)=42%

VIF

5122
1743
2675,

175
1136
1498
2402
151
1242

16.625
2417

18.817




Among the Cut, only “Ideal” has a significant positive impact on Total price, meaning that an Ideal cut is more generally indicative of a high price, all the rest being equal.
c. Among the Clarity, the weights are very different: VVS1 seem to affect the Total Price significantly, while SI1 seem to have a relatively low effect.
8. We also ran the opposite regression, TOTAL PRICE vs ONLY cut and model/shape. As could be expected, the level of significance is extremely low. Round and Ideal seem to be the only significant variables in their respective category.
9. Regression of Total price vs other macro-groups of variable are also in the spreadsheet.

Digging deeper

The Minitab charts (see 19 of the presentation) showed that our model underestimated high-priced diamonds. Given the wide range in prices, we delved deeper in the analysis.
Running a regression on the subset of diamonds with prices > $400k, it appears that more shapes and more colors are good predictors than in our previous analysis and the results are more statistically significant than with the whole dataset. Since more variable are good (positive) predictors (D color, excellent cuts, all carachteristic of costly diamonds), we proved that the model had to be changed for this range of prices.
Running a stepwise regression, the “good” and “SI1” variables resulted too correlated and had to be taken away. Furthermore, it can be concluded that the best diamonds are still Round and Ideal, but the difference in price is even greater than for low priced diamonds: coefficients for Princess, Emerald and Marquise are negative. The “best” colors (for blunile’s revenues) are D and F, with huge coefficients compared to our previous findings that more than offset the minus sign of Princess, Emerald and Marquise models.
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[image: image6.emf]The regression equation is

TOTAL = - 1851066 + 200080 Round - 181949 Princess - 79584 Emerald

        - 106385 Marquise + 138297 Heart + 143076 CARAT + 65822 Ideal

        + 1048370 D + 997450 E + 928428 F + 707532 G + 494074 H + 149413 I

        + 458113 FL + 363631 IF + 355395 VVS1 + 291026 VVS2 + 172586 VS1

        + 215930 L/W ratio


For prices between $50k and $100k, the previous analysis still holds.
Applied Regression Analysis
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Applied Regression Analysis
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The regression equation is

ITOTAL = - 640686 + 105979 CARAT + 257042 D + 30449 Ideal + 257568 IF + 208168 £

+ 193858 F + 141000 G + 61369 SI1 + 67195 Round + 226840 VVS1 + 88733 H

+ 194423 VVS2 + 167667 VS1 + 136972 V52 + 288984 FL + 41737 |

Predictor Coef 'SE Coef T P VIF

Constant 640686 18797  -34.09  0.000

CARAT | 105979 1578 6745 0000 1216

[) 267042 10246 2509 0.000  3.03
Ideal 30449 7533 404 0000 2105
F 267668 15298 1684 0.000 532
E 208168 10172 2047 0000 2834
F 193858 10088 19.27  0.000 2963
G 141000 10050 1403 0000 2701
sit 61369 15631 393 0000 4025
Round 67195 6750 995  0.000 2132
ws1 226840 16358 1387 0.000 3408
H 88733 1039 854 0.000 2412
wvs2 194423 16228 1277 0.000 5128
Vst 167667 14531 1154 0.000 8126
vs2 136972 14483 946 0.000  7.964
FL 288984 35203 821 0000 1207

0 41737 1341 368 0000 1912
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The regression equation is
ITOTAL = - 621606 + 64817 Round - 250 Princess - 7588 Emerald - 3104 Asscher
+ 66638 Marquise + 16536 Oval - 8797 Radiant + 31269 Pear + 33315 Heart
+ 105955 CARAT - 28233 Good - 8689 Very Good + 19484 Ideal + 246798 D
+ 203360 E + 189457 F + 136971 G + 84971 H + 37402 | + 294359 FL
+ 258473 IF + 231589 VVS1 + 199082 VVS2 + 172099 VS1 + 138608 V52
+ 61458 SI1 - 3262 LW rati

Predictor
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Asscher
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Coef
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64817
250
7588,
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66688
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8797
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Very Good 8689
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D
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SECoef T

41599
10912
12550
11302
12577
33024
15896
10641
18315
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22391
22501
10645

14.94
594
0.02
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0.25
202
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17
181
6714
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039
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2318

0.000
0.000
0984,
0502
0.805
0.044,
0298
0.409
0.088.
0.070
0.000
0219
0.698
0387
0.000

VIF

5.661
1.805
333
1871
2298
1.995

246
2691
1271
1.236

15.912

24.568

19.082
3402




