GE 461 Introduction to Data Science Spring 2022
S. Dayanik Week 2 Tuesday, March 15

Traditional Conjoint (or Trade-off) Analysis and Market Simulation

Hande is a student in GE 461 class and wants to buy a new laptop in order to use it in GE 461 (and later)
to learn better how to apply data science to business problems. She goes online and glimpse at the alternative

laptops in Table 1 offered for sale at http://www.hepsiburada.com.

Alternative Brand Processor Speed Memory HardDisk Screen Price RANK
1 Toshiba 1Intel Core i7 2.4 GHz 8 GB 750 GB 17.3 in 3500 USD 6
2 Toshiba Intel Core i5 2.6 GHz 4 GB 750 GB 15.6 in 2000 USD 2
3 Casper Intel Core i7 2.2 GHz 8 GB 750 GB 15.6 in 1700 USD 1
4 Casper 1Intel Core i5 2.4 GHz 4 GB 500 GB 15.6 in 1500 USD 3
5 Sony Intel Core i5 1.8 GHz 4 GB 500 GB 15.6 in 1700 USD 5
6 HP Intel Core i5 1.8 GHz 4 GB 500 GB 15.6 in 1500 USD 4

Table 1: Hande’s rankings for the laptops listed in hepsiburada.com

The last column (RANK) in Table 1 shows how attractive she finds each laptop relative to the others in the
same list (1 = most attractive, 6 = least attractive).

In the meantime, Casper is interested in increasing its laptop market share. The company wants to introduce
to the market a new laptop that will hopefully increase its sales. To help with the design of the new laptop, the
company would like firstly to explore the importance of each laptop feature (brand, processor, speed, memory
size, hard disk capacity, screen size, and price) to the Turkish customers. The company also wants to know how
a potential customer trades off between various features of a laptop.

The company decides to run a market survey to understand the customer behavior. It restricts its survey to

the following features of a laptop and their values:

Brand Processor Speed  Memory HardDisk Screen Price

Casper Intel Core i5 1.8 GHz 4 GB 500 GB  15.6in 1500 USD
HP Intel Core i7 2.2 GHz 8 GB 750 GB  17.3in 1700 USD
Sony 2.4 GHz 2000 USD

Toshiba 2.6 GHz 3500 USD

To assess how the customers solve the trade-offs between superior and inferior levels of different features, the
company carefully designs the experiment in Table 2, in which each potential customer is asked to rank 16 laptop
configurations from the most preferred (rank 1) to the least preferred (rank 16). Hande happens to be one of
the participants in the survey, and the last column (named RANK) shows her preferences.

It is quite natural to think that —RANK; reflects the utility that a survey taker expects to receive from the ith

alternative. We may even assume that for the survey taker
e total utility U; derived from the ith alternative is proportional to —RANK;,

e total utility U; is the sum of the partial utilities UBrand;, UProcessor;,...,UPrice; derived from Brand,
Processor, ..., Price features of the ith alternative plus utility €; derived from other unobserved features of

the same alternative; namely,

—RANK; < U; = UBrand; + UProcessor; + ...+ UPrice; + ¢;. (1)

Let BCasper, BHP, Bsmy, En,shiba be the utilities that this survey taker receives from brand names Casper, HP, Sony,
and Toshiba, respectively. If Brand; shows the brand of the ¢th alternative, then

UBrand; = ﬁCasperl{Brandi:Casper} =+ 6HP1{Brandi:HP} + /BSonyl{Brandi:Sony} + BToshibal{Brandi:Toshiba} (2)


http://www.hepsiburada.com

Alternative Brand Processor Speed Memory HardDisk  Screen Price RANK
1 HP Intel Core i5 1.8 GHz 4 GB 500 GB 15.6 in 1500 USD 8
2 Sony Intel Core i5 2.4 GHz 8 GB 750 GB 17.3 in 1500 USD 1
3 Casper Intel Core i5 2.6 GHz 4 GB 500 GB 17.3 in 1700 USD 6
4 Sony Intel Core i7 2.6 GHz 8 GB 500 GB 15.6 in 3500 USD 13
5 Sony Intel Core i5 2.2 GHz 4 GB 500 GB 17.3 in 2000 USD 10
6 Sony Intel Core i7 1.8 GHz 4 GB 750 GB 15.6 in 1700 USD 11
7 Casper Intel Core i7 2.4 GHz 4 GB 750 GB 15.6 in 2000 USD 12
8 HP Intel Core i5 2.6 GHz 8 GB 750 GB 15.6 in 2000 USD 3
9 HP Intel Core i7 2.2 GHz 4 GB 750 GB 17.3 in 3500 USD 14
10 Toshiba Intel Core i7 2.6 GHz 4 GB 750 GB 17.3 in 1500 USD 9
11 Casper Intel Core i5 1.8 GHz 8 GB 750 GB 17.3 in 3500 USD 16
12 Toshiba Intel Core i5 2.2 GHz 8 GB 750 GB 15.6 in 1700 USD 2
13 Toshiba Intel Core i7 1.8 GHz 8 GB 500 GB 17.3 in 2000 USD
14 Casper Intel Core i7 2.2 GHz 8 GB 500 GB 15.6 in 1500 USD 5
15 Toshiba Intel Core i5 2.4 GHz 4 GB 500 GB 15.6 in 3500 USD 15
16 HP Intel Core i7 2.4 GHz 8 GB 500 GB 17.3 in 1700 USD 4

Table 2: Experimental design and Hande’s rankings

is how we calculate the utility UBrand; derived from Brand for the same survey taker. Because all alternatives
on our survey belongs to one of those four brands, the sum of four indicators always equals one. For example, if
we know that the ith alternative is none of HP, Sony, or Toshiba, then its brand should definitely be Casper. In

other words,

1{Brandi:Casper} =1- 1{Brand7¢:HP} - ]-{Brand,;:Sony} - ]-{Bra_nd,;:Toshiba}~

If we substitute this into (2), then we get

UBrand; = BCasper (1 - 1{Bra_ndi:HP} - 1{Brandi:Sony} - 1{Brandi:Toshiba})+
5HP1{Brandi:HP} + 6Sony1{Brandi =Sony} + ﬂToshiba1{Brand,i:Toshiba}
= BCasper + (BHP - ﬁCasper)l{Brandi =HP} + (BSony - BCasper)l{Brandi:Sony} + (6Toshiba - BCasper)l{Brandi:Toshiba}
= 5Casper + BHPl{Brandi:HP} + BSonyl{Brandi:Sony} + BToshiba1{Brand7~,:Toshiba}7
where BHP, Bs(my, BToshiba are now the excess utilities derived, respectively, from HP, Sony, and Toshiba over the
the utility of Casper. Because they are differences of the brand utilities (effects, in general), they are also called
contrasts between the brand utilities or effects. Here, Casper became the baseline or reference Brand level. In

statistics, the indicator functions 1(prana;—gp}, 1 {Brand;=Sony}s | {Brand;=Tosniba} are often called the dummy variables;
and typically expressed/defined as

1, if Brand; = HP, 1, if Brand; = Sony,
BrandHP; := , BrandSony, := ,
0, otherwise, 0, otherwise,

1, if Brand; = Toshiba,
BrandToshiba; := R

0, otherwise,

and the utility derived from brand of ith alternative becomes
UBrand; = BCasper + Eﬂp X BrandHP; + BSODY x BrandSony, + EToshiba X BrandToshiba;. (3)

Note that one of the brands (here, Casper) was chosen as the baseline (reference), and then we define one 0-1
dummy variable for each of the remaining three brands. This is known as treatment-contrast representation. One

undesirable property of this representation is that contrasts are measured relative to Casper Brand, but this



choice of baseline or reference level was totally arbitrary. For example, other analysts may choose to work with
different baseline brands and miscommunication may take place.

That shortcoming of treatment-contrast motivates an alternative representation, so-called sum-contrast rep-
resentation of the same utility. Let us not take the utility of any specific brand, but the average of utilities of all

brands,

brand ,__ EHP + EHP + §Sony + gToshiba

average 4

brand

average’ (2) becomes

as reference/baseline. After adding to and subtraction from (2) the average

__ pQbrand a brand a brand
UBrand; = average + (ﬂCasper - average)l{Brandy',:CaSPer} + (BHP - average)l{Brandi=HP}+
P brand P brand
(ﬂSony - average)l{Brandi:Sony} + (/BToshiba - average)l{Brandi =Toshiba}
__ Qbrand
= ﬂaverage + BCasperl{Brandi:Casper} + BHPI{Brandi:HP} + BSonyl{Brandi:Sony} + BToshibal{Brandi:Toshiba}7 (4)

where Bcasper, Bup, Bsony, Brosniva are the excess utilities of all brands over average wutility of all brands. The

brand

average> alld we also observe that

reference /baseline is, indeed, the average utility

BCasper + 5HP + ﬁSony + ﬁToshiba =0,

which implies, for example,

ﬁToshiba = _ﬁCasper - ﬂHP - 6Sony~ (5)

Namely, Seasper, Bups Ssony can change freely, but once we find their values, Brosniva is uniquely determined by (5).

Therefore, we should eliminate Srosniva from (4) by substituting into it the equality in (5). We get

UBrand; = z\fxgge + 5Casper1{Brand,~,:Casper} + BHP]-{Brandi:HP} + BSonyl{Brandi:Sony}
+ (*BCasper - 6HP - BSony)l{Brandi=Toshiba}
= B:\f:-:gge + BCasper(l{Brandi:Casper} - 1{Brandi:Toshiba}) + 5HP(1{Brandi:HP} - 1{B:ra.ndi:Toshiba})

+ 630ny ( 1 {Brand; =Sony} — 1 {Brand;=Toshiba} ) .

If we define +1-dummy variables

1, dth alt. is a Casper 0, ith alt. is a Casper
0, <th alt. is a HP 1, 4th alt. is a HP
Brandl; = , Brand2; =
0, ith alt. is a Sony 0, ith alt. is a Sony
—1, th alt. is a Toshiba —1, th alt. is a Toshiba

0, th alt. is a Casper

0, ith alt. is a HP
Brand3; = ,
1, th alt. is a Sony

—1, 4th alt. is a Toshiba

and rename ﬂCasperz BHPv BSOny; BToshiba as BBrandla ﬁBrandZa ﬂBrand37 BBrandéla respeCtiVGIY7 then the sum-contrast rep-
resentation of the utility received from brand feature of the ithe alternative becomes

UBrand; = 8°°®¢ 4+ Bpranqi X Brandl; + Beranas X Brand2; + Bpranas X Brand3;, (6)

average

where, let us recall, gggggge is the average of utilities from all brands, and Bprang1, Orand2, Osranaz are the excess

utilities received from brands Casper (=Brand1), HP (=Brand2), Sony (=Brand3) over the average of utilities,

brand
average’

is later found from (5). In conjoint analysis, we prefer the sum-contrast representation of (6) rather than the

brand

received from all brands. Finally, the excess utility from Toshiba (=Brand4) over the average [Syiorage

treatment-contrast representation of (3).



Likewise, we introduce only one +1 dummy variable for Processor (because there are only two kinds of

processors)

1, 4th alt. has Inter Core i5
Processorl; = ,

—1, th alt. has Intel Core i7

three £1 dummy variables (Speed1,, Speed2,, Speed3,) for Speed (because there are four different levels of speed),

etc., and express utilities from processor, speed, etc. of the ith alternative in the sum-contrast format

processor
average

USpeed, = ﬁ:ﬁjﬁgge + Bspeear X Speedl; + Bspeeaz X Speed2; + fspeeas X Speed3;,

UProcessor; = 4 Bprocessort X Processori;,

and so on. Finally, the total utility in (1) derived by the survey taker from the ith alternative becomes the
multiple regression model
—RANK; = o + Bgranar X Brandl; + Bpranaz X Brand2; + Spranaz X Brand3;

+ Brrocessort X Processori;

+ Bspeedr X Speedl; 4 Bspeedz X Speed2; + Bspeeas X Speed3;

+ Btenory1 X Memoryl,; (7)

+ Puarapiskt X HardDiskl;

+ Bscreent X Screeni;

+ Bpricer X Pricel; + Bericez X Price2; 4 Bprices X Price3; + ¢,

where 8y = BRrensee + Baverage  + .-+ BPrasage, and we have
Prrandsa = —Ppranat — Perand2 — Pprands,
Brrocessor2 = —Pprocessorts
Bspeeas = —Pspeedt — Pspeedz — Pspeeds;
Puenory2 = —Puemory1
Prarapiskz = —Prarapiski,
Bscreen2 = —Pscreent
Brricesa = —Ppricer — Pprice2 — Dprices-

Part-worths: The regression coefficients represent conjoint measures of utility called part-worths. Part-

worths reflect the strength of individual consumer preferences for each level of each laptop feature. For example,

Bgrandt;  Pprand2; Opranas, and  Bpranas

are the part worths for the brands Casper, HP, Sony, and Toshiba, respectively, and each quantifies how much
the corresponding brand adds to the total utility of the laptop produced by that brand.

Part importance: Using the part worths, we can quantify the importance of each laptop feature in Hande’s
laptop preferences. Each feature’s importance is thought to be proportional to the range of its part worths. If
a feature has a wide range of part worths, then the total utility of each alternative can start from a very low or
very high value depending on the level of that feature for that alternative. If, however, a feature has a narrow
range of part worths, then the contribution of that feature to the total utilities of the alternatives will be in
similar amounts and play an unimportant role in the preference rankings of the alternatives. For example, the
importance of the laptop brand in Hande’s preferences is proportional to the range of the brand part worths

Berand1s Berand2, Beranas, and Bpranaa and is calculated by

Rangep . 4 := Max {BBrandla Berandz, Berands, /BBra_ndll} — min {5Brand1, Berand2, BBrands, ﬁBrand4} .

The part-worth ranges Rangep, ocessors RANEE g 0eqs RANE Y nory » RANEE Y, ap1 sk RANGES  gen and Rangep, ;.. are cal-

culated similarly. The part importance of every laptop feature is then defined as the part worth range of that



feature normalized by the sum of the part worth ranges of all laptop features. For example, the part importance
of Brand is defined as

R‘angeBrand

R'angeBrand + RangeProcessor + R‘angeSpeed + R‘angeMemory + Range]-{ardDisk + RangeScreen + RangePr:lce

IBrana :=

The part importances of the features are between zero and one and add up to one. The closer is the part
importance of a feature to one, the higher is the impact of that feature to the preference rankings of that
individual.

The conjoint analysis of Hande’s preference rankings in R yields the following results:

> response = read.table(”laptops—hande.csv”, head=TRUE, sep=",")
> head (response)
Alternative Brand Processor Speed Memory HardDisk Screen Price RANK

1 1 HP Intel Core i5 1.8 GHz 4 GB 500 GB 15.6 in 1500 USD 8
2 2 Sony Intel Core i5 2.4 GHz 8 GB 750 GB 17.3 in 1500 USD
3 3 Casper Intel Core i5 2.6 GHz 4 GB 500 GB 17.3 in 1700 USD 6
4 4 Sony Intel Core i7 2.6 GHz 8 GB 500 GB 15.6 in 3500 USD 13
5 5 Sony Intel Core i5 2.2 GHz 4 GB 500 GB 17.3 in 2000 USD 10
6 6 Sony Intel Core i7 1.8 GHz 4 GB 750 GB 15.6 in 1700 USD 11
> response = response[,—1] ## Remove Alternative column
> response$RANK = — response$RANK ## more natural for more attractive alternative to have
positive part worths
> options(contrasts=c(’contr.sum’,’contr.poly’)) ## switch to sum contrast
> (res = Im(RANK ~ ., response)) ## calculate the part worths
Call:
Im. default (formula = RANK ~ ., data = response)
Coefficients:
(Intercept) Brandl Brand2 Brand3 Processorl Speedl
—8.500e+00 —1.250e+00 1.250e+00 —2.500e—01 8.750e—01 —2.000e+00
Speed?2 Speed3 Memory1 HardDisk1 Screenl Pricel
7.500e—01 5.000e—01 —2.125e+00 —8.327e—17 —1.250e—-01 2.750e400
Price2 Price3
2.750e+400 5.000e—-01

Figure 1 displays the part importance and part worths for Hande. Price is the most important laptop feature
accounting for 43% of her utility range. The second most important feature is Memory (21%) and then Speed
(14%), Brand(12%), Processor (9%), Screen (1%) follow. HardDisk is the least important laptop feature. Bear,
however, in mind that the part importance and part worth of feature depend on the range of feature values in
the data set. If the levels of a feature cover a very narrow range of the feature values, then the utility derived
from that feature will not change drastically with changing feature level.

It will be interesting to check how good the part worths obtained by the conjoint analysis will predict Hande’s
preference ratings for the laptops on sale in Table 1. First of all, we predict the utility of each alternative by
summing up the part worths for each feature level. For example, we predict that Hande obtains from Alternative
1 in Table 1 a total utility of

6Bra_nd4 + BProcessor2 + 6Speed3 + ﬂMemoryQ + ﬂHardDist + BScreenQ + ﬂPrice4~

In R, we can calculate the predicted utilities and sort them to predict the preference rankings as follows:

> dd = read.table(”laptops—hepsiburada—hande.csv”, header=TRUE, sep=",")
> (RANK.pred = —predict(res, newdata=dd[,—c(1,9)])) ## estimate scores
1 2 3 4 5 6
12.375 8.375 5.125 7.875 9.375 7.875
> RANK. pred [order (RANK. pred)] = seq-along (RANK. pred) ## rank the scores
> (RANKS = data.frame( Alternative=dd$Alternative , RANK. obs = dd$RANK, RANK. pred = RANK. pred))
Alternative RANK.obs RANK. pred

1 1 6 6
2 2 2 4
3 3 1 1




Product features

Price -

Memory =

Speed -

Brand -

Processor =

Screen =

8GB-
4GB~

2.6 GHz~-
2.4 GHz-
2.2 GHz-
1.8 GHz -

Toshiba -
Sony -
HP-
Casper -

Intel Core i7 -
Intel Core i5-

17.3in-
15.6in-

750 GB-
500 GB-

3500 TL -
2000 TL -
1700 TL -
1500 TL -

HardDisk =

01 02 03 04
Part importance

o
o

Figure 1: Part importance (left), and part worths (right) for Hande
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Figure 2: Observed versus predicted preference rankings of the laptops in Table 1
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The plot of RANK. obs versus RANK. pred in Figure 2 shows that they are in quite good agreement. If the conjoint

analysis can be applied to 600-800 customers, then using their part worths one can calculate the market share for

a new product, the cannibalization effect, and market shares of the competitors that the new product attracts,

and so on.

1. To begin, rank the laptops listed in Tables 2 and 1.

(a) Run a conjoint analysis on your survey data. Determine the part importance and part worths. Plot

them and print in a single pdf file.

See Part importance for each participant in the survey.

(b) Predict your preference ratings for the laptops in Table 1 using the part worths calculated in (1a).

Plot observed ranks against predicted ranks. Print the plots into a single pdf file. Are they in good

agreement? Comment.



(c) Casper considers upgrading its Alternative 4 laptop. The company wants to run some what-if analysis

for this purpose.

i.

ii.

iii.

iv.

What is Casper’s market share? What are the market shares of each Casper laptop in Table 17
See Figures 3 and 4.

What is Casper’s substitution rate for each of the other laptop brands in Table 17 (If, for example,
Sony is unavailable, what is the percentage of customers who choose Casper laptop?)

See Figure 5.

How much does Casper Alternative 4 laptop’s overall market share increase if Casper upgrades a
feature one level while keeping other features unchanged? Answer this question for each feature
of the laptop.

See Figure 6. On the left hand side, the largest increase in the new product’s market share is
0.16 — 0.03 = 0.12 if the existing product’s processor is upgraded from Intel Core i5 to Intel
Core i7. This, however, cannibalizes Casper’s other product’s market share in part; see the figure
on the right-hand side. Even though Casper 3’s market share drops by 7%, the total market share
of Casper products increases by 6%.

The upgrade will most likely come along with an increase in the price of the new Casper product.
The simulation has to be run one more time with possible price increases, and the profits should
be calculated and compared. An interesting observation on the left-hand picture in Figure 6 is
that, even though the market share of Casper 4 is wiped out when its price increases to 1700 or
2000 USDs, the market share is restored when it is increased even more to 3500 USD. This can
be spurious, or it may indicate some irrational shopping habit.

What percentage of demand for Casper Alternative 3 model will be cannibalized by each of new

models in 1(c)iii?
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Figure 3: Market shares
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Figure 6: On the left: market rates of new Casper 4 products. For each of ten possible new configurations, each
vertical bar shows the simulated new market share, the new product feature, and the old feature in parenthesis.

On the right: simulated the new market shares of all products after Casper 4 is upgraded.
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