


Winning Tool for CPG

The Shapley Value game theory method
brings advantages to marketing managers
evaluating product line flavor decisions.

By Michael Conklin and Stan Lipovetsky

onsider the ice cream shop owner
who must decide which flavors to
sell. The choice can be bewilder-
ing. but the storage space is limit-
ed. This problem is no less diffi-
cult for the ice cream manufacturer who must
decide which flavors should be produced, given
limited plant resources. [deally. the product man-
ager would choose the flavors that maximize total
sales or profit across the entire product line. The
difficulty in solving the problem is that the incre-
mental value of a particular product flavor
depends on which other flavors are already in the
line. Having 31 flavors may be a great marketing
ploy. unless all 31 are variations of strawberry.
This type of problem is one that many market-
ing managers in the consumer packaged goods
industry face on a daily basis. While adding more
flavors to product lines such as ice cream, cook-
ies, juices, and carbonated solt drinks will be
potentially more appealing to consumers because
of the new flavors, such a move creates signifi-
cant costs. Packaging. advertising. and inventory
management costs all rise. as the number of fla-

Executive Summary

The authors introduce the Shapley Value analysis, a method for eval-
uating product line flavor decisions that has many advantages over
the widely used “TURF" approach. The technique can be used in any
industry where customers choose to buy one of N offerings. The con-
text of this article refers to consumer foad products, but the technigue

has been used for financial services and consumer durables as well

ohapley Value provides a measure of the overall strength of sach pos-
sible flavor when considered within all potential ' ines. As
such. it takes into account scenarios such as out-of-stock situations
and competitive favdrs. The aporoach also balancss a flavor's ability
[0 appeal [0 a unique group of consumers with its overal] appsa! in the
popuiation. limiting the appearancs of “strange™ flavars in the final
-scommeanrded solut

vors increases. As a result, marketing managers
often ask marketing researchers to find an optimal
set of flavors that provides the best combination
of flavors for a fixed number of products in the
line. Typically, total unduplicated reach and fre-
quency (TURF) analysis is used as a tool to rec-
ommend solutions to the marketer’s dilemma.
While TURF answers the specific question that
the marketing manager has asked, it doesn’t pro-
vide information that can help with the strategic
decisions that marketing managers must make for
their product line. Another alternative, Shapley
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Value, serves as a solid solution because it assigns
a value for each flavor calculated over all possible
combinations of flavors.

TURF ANALYSIS

TUREF, a brute-force combinatorial technique,
was developed for media-mix models to find the
best combination of magazines to place ads to
achieve the maximum audience reach and frequen-
cy of exposure. When applied to product line deci-
sions, the procedure measures the total number of
purchasers (or purchases) for every possible com-
bination of N products taken R at a time. (N is the
total number of flavors being considered and R is
the number desired in the final product line.) The
TUREF algorithm simply cycles through each pos-
sible combination of R flavors and counts how
many consumers would buy at least one of them.

TURF can be conceptualized using Venn dia-
grams. Exhibit 1 features purchase interest in
three flavors (labeled A, B, and C). The area of
each circle in the diagram represents the number
of people who would purchase the product. If the
marketing manager can afford to market only two
flavors, then choosing flavors A and C are the
best choice. This is because A and C appeal to
different sets of consumers. Because A and B
overlap substantially, the incremental gain from
adding C to A is much greater than any other
combination of two products.

The results from a TURF analysis are not
always as clear as in this example. In marketing
applications, a substantial overlap tends to occur
in the appeal of different flavors. This makes
sense, because most of the product’s appeal
results from the base product itself, not the specif-

Exhibit 1

Hypothetical interest in 3 products

A /B

ic flavor. Considering ice cream again: If I want
to buy an ice cream cone, and the ice cream shop
has only one flavor, [ probably still will buy it
because [ want ice cream. This common overlap
in flavor appeal can make TURF analysis very
difficult to interpret. Many potential product line
combinations can have very similar TURF scores.
Exhibit 2 features the results of a TURF analysis
from an actual study. The table shows the total
reach of all 10 possible three flavor product lines
among five flavors that were considered. Three
potential product lines are indistinguishable, even
if we don’t take into account the possibility of
sampling error. This type of behavior limits the
usefulness of TURF as a decision tool.

By examining the TURF analysis results,
you’ll see that certain flavors tend to be in the top
combinations, while other flavors tend to be at
the bottom. This suggests a method for summa-
rizing TURF results. Simply add the number of
times a flavor shows up in the set of best combi-
nations. Exhibit 2 shows all possible combina-
tions of five flavors taken three at a time. In more
complicated problems, it’s not practical to list all
of the possible product lines. For example,
38,760 possible six flavor product lines are
drawn from 20 possible flavors. With a large
number of possible product lines, it becomes dif-
ficult to decide how many combinations to look
at to generate a summary measure.

SHAPLEY VALUE

We turn to the field of cooperative game theo-
ry for a decision tool that provides clearer results
in these situations. We can think of the product
line flavor decision as a way of building coali-
tions among players (flavors, in our case) in a
game to maximize the total value of the coalition.
In the field of cooperative games, a well-known
analysis and decision tool for this problem is
Shapley Value (SV).

The SV tool was developed to provide an
ordering of the worth of players in a multiplayer
cooperative game. The key to understanding its
utility is that it represents the worth of each player
over all possible combinations of players.
Extending this to the product line flavor problem,
SV assigns a value for each flavor calculated over
all possible combinations of flavors.

Conceptually, SV is very simple. To evaluate
the strength of any particular flavor, we compare
the average strength of all possible product lines
that include the flavor to all possible product lines
that don’t have it. We can evaluate the strength of
a product line the same way we do in TURF; that
is, we look at how many consumers would find at



least one product in our line to be desirable. (For
more detail on the specifics of calculating Shapley
Values, see our reference in the Additional
Reading, page 27.)

The SV solution to the problem is closer to the
actual marketing situation. In most real-world sit-
uations, marketers don’t have complete control of
all the variables. While a marketer may introduce
a product line of a specific size, there’s no guar-
antee that all of the flavors will be available when
a consumer makes his or her choice. A specific
retail outlet may choose to carry fewer flavors as
a result of shelf space limitations, or varying
product flavors may be available as a result of
out-of-stock situations. SV includes this possibili-
ty in its solution set.

The SV solution also is better because it
includes comparisons with all flavors, even if
they’re not in the final product line. This is an
advantage of SV. By comparing across all possi-
ble combinations of flavors, we include the pOssi-
bility of competitive action in our analysis. The
marketer wants products in his or her product line
that provide the maximum incremental value,
even when considering competitive offerings. By
calculating the SV across all possible combina-
tions of potential product flavors, we assure that
we're positioned in the best possible position,
even if competitors introduce some of the flavors
that we have declined to produce.

TURF analysis provides a way to choose a
product line over all possible product lines of a
specific size. In contrast to TURF, the Shapley
Value analysis provides an ordering of the prod-
uct flavors that is a “best” solution over all possi-
ble combinations and sizes of product lines.
Because of this averaging over all possible
combinations, Shapley Value provides a
theoretically more consistent decision rule.

Theoretical advantages are always nice,
but they’re even better if they lead to practical
improvements. While TURF analysis is a widely
used tool for analyzing product flavor decisions,
it does not always lead to clear results.
Interpretation of the example presented in Exhibit
2 is difficult because the TURF analysis yields no
single best choice, and all the solutions are very
close to each other.

This can be further demonstrated by bootstrap-
ping the TURF data and determining the frequen-
cy with which specific “best” solutions appear.
(Bootstrapping is a statistical technique in which
repeated samples are drawn with replacement
from the data to see how likely we could get sim-
ilar results with a different sample of consumers.)
Exhibit 3 features the results of 500 bootstrap
samples of the same real data set. The TURF

Exhibit 2

TURF results
Product line i # Reached % Reached

ACD 119 - 1238
BCD 119 428
BOE ! 119 28
ABD i 118 42.4
ADE | 18 42.4
BCE 17 42.1
ACE 115 414
ABC 14 410
ABE ; 113 406
CDE | m 399

Exhibit 3

Bootstrap evaluation of TURF

Praduct % of bootstrap iterations where
line line is rated best by TURF
8CD 26.8
ACD 25.8
BOE 25.8
ABD 15.2
ADE 14.2
BCE 12.4
ACE 3.4
ABC 1.8
ABE 1.0
COE 0.6

analysis only actually effectively differentiates
the worst possible combinations. Six of the 10
possible combinations are rated best more than
10% of the time. Only the four worst combina-
tions are effectively ruled out. The maximum
time that any single combination was judged best
was 26.8%, and there were numerous ties within
the bootstrap simulations.

Calculating the Shapley Values for each of the
flavors provides an ordering of D> A>B>C >
E. From this, we conclude that a three-flavor
product line should include flavors D, A, and B.
In Exhibit 2, this particular combination of flavors
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Exhibit 4

was not one of the three “best” solutions from the
TURF analysis, and it also wasn't a leader in the
bootstrap TURF analysis summarized in Exhibit
3. This is because TURF only maximizes over a
three product line while the SV is calculated over
all possible product line sizes.

Furthermore, the ordering of the flavors by
Shapley Value is more consistent than the TURF
analysis. Again, we demonstrate this by bootstrap-
ping 500 iterations of the SV calculations. All
paired comparisons of order are significantly dif-
ferent (p<.01). (Results of this bootstrap analysis
are summarized in Exhibit 4.)

Shapley Value can be thought of as a weighted
sum of terms for each potential size of product
line, from | to N products. We have discussed
why these weighted sums across all possible prod-
uct line sizes are preferable to TURF results
because we cannot guarantee a specific product
line size as a result of out-of-stock situations or
competitive product introductions. However, it's
also unlikely that all potential flavors would be
present as a result of shelf space limitations or
that only one flavor would be available from man-
ufacturing inefficiencies. To address this potential
difficulty, we added some constraints to the
Shapley Value calculations.

Our proposed Constrained Shapley Value
(CSV) allows the product manager to specify
probabilities for specific line sizes. Suppose a
marketer is considering introducing a product line
with six flavors out of 20 potential flavors. It
seems unlikely that stores would carry only one
flavor, and perhaps equally unlikely that 20 fla-
vors would be available. On the other hand, the
likelihood of exactly six flavors being available in
every store is also small. The CSV allows a prod-
uct manager to gauge the strength of the specific
flavors considering only likely product line sizes.
The marketer could specify a 30% probability that
only five flavors would be available, a 40% prob-
ability of six flavors, and a 30% probability of
seven flavors. We can then perform the Shapley
Value calculations by weighting the results for
each line size by the probability. In fact. it we

Bootstrap evaluation of SV

Order comparison

D>A
Aot
B:C
C

m <2 02

Mean difference t-value
0.554 TR
0.530 8.23
0.317 419
0.184 2.8
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assume a [00% probability of a product line of
six flavors, the Shapley Value becomes an excel-
lent summary of a TURF analysis.

The summarization of overall strength of each
flavor that is provided by Shapley Value has fur-
ther advantages over the TURF approach of tind-
ing the “best” possible product lines. Because
TUREF finds the flavor that provides the greatest
additional reach from a given base, it tends to add
products to the line that have unique appeal to a
small group of customers. In essence, TURF tends
to add unique and different tlavors to your prod-
uct line. Shapley Value evaluates the overall
strength of the flavor across all possible line sizes.
This means that strange flavors that appeal to a
very small group of consumers still will appear
relatively weak in an SV analysis, while they may
appear in the best TURF combination. However,
as the size of the group that likes the “strange”
flavor increases. the Shapley Value of the flavor
will increase dramatically. Essentially, the
Shapley Value balances between the uniqueness
of the flavor’s appeal and the overall breadth of
appeal. Flavors that uniquely appeal to specific
market segments will rise to the top of the
Shapley Value analysis only if the size of the seg-
ment is big enough.

SV’s IMPLICATIONS

The Shapley Value analysis provides a pre-
ferred ordering of the product line flavors, which
has further implications for business strategy that
aren’t evident from a TURF analysis. Recall that
the product flavor with the highest Shapley Value
provides the greatest gain over all possible prod-
uct combinations. This implies that it's preferable
to have that flavor always in the available choice
set when consumers are purchasing. The strategy
implications of this statement are that the mar-
keter should spend more effort to ensure that the
product flavor with the highest Shapley Value has
the minimum possible out-of-stock probability.
This implies management of inventory in such a
way as to give preference to the highest Shapley
Value flavor. Following this strategy ensures that
no matter which combination of product tlavors
and competitive flavors are on the shelf at any
time, our flavors have the highest Shapley Values.
and therefore are the best situation.

These strategy implications also apply directly
to our Constrained Shapley Value. The only dif-
ference is that the evaluation takes place over all
possible product combinations within all likely
product line sizes. With large numbers of poten-
tial product flavors. this modification is especially
important.



Finally, Shapley Value will identify flavors
that have unique appeal to specific market seg-
ments only when those segments are large enough
to matter. When TURF will usually provide a
“best™ solution that has some strange low appeal
flavor, the Shapley Value approach only will
value such a flavor if the overall appeal is large
enough to matter, ®
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