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Modular Store Design and Firm Performance

Dae—-Yong Ahn*

Modern stores are becoming increasingly modular in design, One example of the modular
store design is a Wal-Mart Supercenter, which is a discount store—supermarket combination
unit, The success of store chains can hinge on finding a “right” combination of store modules:
While Wal-Mart has been able to expand its store base using Supercenters, K—Mart's new
format “Big K—Mart” has not fared well, Despite the growing importance of modular store
design and its effect on firm performance, the extant literature does not provide any guidance
to store managers on which store modules to adopt in order to improve store revenue, In this
paper | study the effects of different store modules on firm performance, Specially, | estimate
the effects of banks, ATMs, pharmacies and gas stations on weekly sales volume of grocery
stores of the two largest supermarket chains in the state of Georgia., The results show that
store characteristics account for the majority of variation in weekly sales volume of stores,
whereas local business conditions? notably demographics and competition measures?do not
possess much explanatory power, One thousand square feet of store size is equivalent to
about five thousand dollars in weekly sales volume, about forty percent of store revenue on
average, Adding a pharmacy leads to an increase of one hundred twenty thousand dollars in
weekly store sales, a gas station eighty four thousand dollars and a bank sixty eight thousand
dollars, The results illustrate the importance of choosing right modules in store design on firm
performance,

Keywords: Store Modules; Store Revenue; Store Design; Retail Strategy

. Introduction

Many modern retail stores can be seen as a
collection of modules, each of which
contains a retail department within; for
example, a Wal-Mart Supercenter can be seen

as a combination of a general merchandise

store and a full grocery store., Choosing a
“right” combination can prove to be very
profitable; Wal-Mart has been able to expand
its store base nationwide by opening nearly
one hundred Supercenters every year since
1990, while its one-time rival K-Mart has seen

its fortunes decline to the point of entering
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Chapter 11 bankruptcy in 2002 when its new
store format Big K-Mart — which added
home fashions and children’s apparel to
general merchandise — did not fare as well,
Why is a certain combination more
profitable than others? In this paper, I
estimate the effects of different modules,
such as pharmacies, banks and other
specialty departments(i.e., beer or wine
section), on the revenues of grocery stores in
United States. This problem is highly relevant
to store managers, because they incur high
costs of adding new modules and also face
difficulties in downsizing existing store
modules(for example, due to the contractual
agreement between the store and a bank),
While some modules contribute substantially to
the store revenues, others do so only
minimally. So identifying the modules with
high revenue potential is of utmost importance,
In estimating the effects of store modules,
it is necessary to incorporate other factors
that affect firm performance, Based on the
findings of earlier papers, the regression
includes the variables that affect store sales
on a local level, including location and
demographic characteristics, the measures of
competition(both the same chain’s and
competing chain’s stores), store characteristics
(such as store size), and any geographic
pattern that affects retail sales,(Section 3.2
discusses the relevant literature,) The control

variables also include if the store is an early

entrant or not, The model is a variation of
spatial interaction models that are still
widely used in practice.

The research questions pertinent to this
paper are, for example: How much of
weekly sales volume of a store its size is
responsible for? Which modules contained
in the grocery stores in the data namely,
banks, ATMs, pharmacies and gas stations —
have the biggest impact on store revenues?
Is it better to host a pharmacy or a bank in
the store(or a gas station)? Which one
boosts the sales of the store most? The
answers to these questions allow a store
manager to design his(or her) store to
maximize its profit potential.

The rest of this paper is organized as follows:
The next section reviews the literature on
store sales forecasting methods, followed by
data description, the formulation of the
regression equation, and the discussion of

the main results, Then the paper concludes.

2. Literature review

The extant literature on sales forecasting of
stores can be classified into three categories:
subjective approaches, normative approaches,
and statistical models. Subjective approaches
rely upon the subjective judgment of an
analyst to forecast the sales of stores, The

analog procedure is representative of
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subjective  approaches(Applebaum  1966).
This procedure uses a survey technique,
called customer spotting, to identify the
travel patterns of customers. Store patrons
are plotted on a map at their origins to
demarcate the trade area of a store. The sales
of a store are then estimated based on the
travel patterns of its customers and the size of
population residing in its trade area. This
procedure creates a set of analogs that an
analyst can select from to infer the market
penetration level of a new store at a different
site, Other subjective approaches incorporate
managerial judgments to forecast the sales of
stores(Rogers and Green 1978; Durvasula et
al. 1992). Subjective approaches suffer from
the over-reliance on the ability of an individual

identify  the

mechanism that determines the sales of stores,

to  accurately underlying

Normative approaches impose a priori
assumptions in sales forecasting of stores. For
example, gravity models assume that the
patronage of a store is inversely proportional
to distance and proportional to store size(Huff
1964). A breaking point of patronage between
two stores is calculated from a mathematical
formula based on these normative assumptions,
By connecting the breaking points around a
store, the trade area of the store is
delineated and its sales are estimated. Many

authors extended gravity models by adding

more normative assumptions, such as a
retailer image factor(Stanley and Sewall
1976). Normative approaches possess a
major flaw in that the estimates they provide
for the sales of a store are with unknown
accuracy, In addition, these approaches are
more popular in Europe than in North
America due to the higher level of car
ownership in America that diminishes the
importance of distance in store choice
(Rogers 1984).

Spatial interaction models and multivariate
regression models provide empirical bases
for statistical inference of sales forecasting of
stores, Spatial interaction models are the
generalization of gravity models with statistical
assumptions(Nakanishi and Cooper 1974;
Weisbrod et al, 1984).1 These models still
rely upon distance as a major determinant of
the sales of a store, but also use more
constructs from consumer behavior than
gravity models do. Multivariate regression
models, on the other hand, allow the full
considerations of customer, store, and
competitor characteristics in a single
framework, Liu(1970) uses stepwise regression
to identify both micro-level (customer, store
characteristics) and macro-level(government
policies) variables that affect the sales of
stores in large metropolitan areas. Ingene

(1984) also uses a multivariate regression

1) Spatial interaction models are also called multiplicative competitive interaction models,
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analysis to determine structural factors that
influence market potential for firms.

The model used in this paper is a version
of spatial interaction model adapted to
incorporate the modular nature of modern
store designs. 1 detail the data and the
variables used in estimation in the next

section,

3. Data

3.1. Data sources

The data come from two sources: The
revenues and locations of grocery stores are
obtained from the commercial vendor, Trade
Dimensions, Inc., a subsidiary of ACNielsen,
This data set provides the average weekly
sales of grocery stores of two major
supermarket chains in the state of Georgia in
the fiscal year of 2006.2) Together the two
chains hold the majority of grocery sales in
the state, There are a total of one hundred
ninety four stores in the data. Store locations
are recorded in the form of geographic
coordinates(i.e,, latitudes and longitudes) as
well as Federal Information Processing Standard
(FIPS). The data set provides information on

the size of stores(in square feet) and the

modules in each store, such as banks,
Automatic Teller Machines(ATMs), pharmacies,
and gas stations, and it also records the
opening date for each store. The data for
demographics surrounding the locations are
collected from the U.S, Census Bureau’s web
site. The unit of locations is a census tract,
which is a small and relatively homogenous

area with respect to demographics,3)

3.2. Variable Selection

In this section, I specify the set of
variables that are used to explain the
variation in store performance(i.e., store
revenue), The selection of variables included
in the analysis is based on the findings of
the previous literature,

First, T include demographics in the area
surrounding a store to account for the
variation in store revenue, Waldfogel(2010)
found that demographics such as age,
education, race and income influence which
types of retail establishments enter the
neighborhood. so I wuse the log of
population(LOGPOP), population  density
(POPDEN), the proportions of whites, blacks
and Hispanics(WHITE, BLACK, HISPANIC),
the proportion of male population(MALE),

the average household size(AVGHHSZ), and

2) One of the two supermarket chains has national presence in the United States, and the other has substantial

market share in the Southern states,

3) https://www . census, gov/geo/reference/gtc/gtc_ct, html
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median age of the population(MEDAGE) to
control for demographics of the sample
locations, Furthermore, 1 include the
vacancy rate of local housing(VACANT) to
proxy for the economic situation of each
location, which can include the poverty and
income levels of the neighborhood.

Second, I include the characteristics of the
store to account for the variation in store
revenue, Store characteristics also affect
store revenues, Store size(SQFTTOT) is
expected to have a positive relationship with
store revenue, I also include the number of
years the store has operated INCUMBENCY)
to represent any early mover advantages”
that might be present. Carpenter and
Nakamoto(1989) shows that the pioneering
advantage is present even in a situation
where switching costs are minimal. A similar
scenario may apply to the context of store
choice, if the first-mover in the market
position itself to satisfy the needs of local
consumers,

Third, I include the indicators for the
presence(or absence) of store modules to
account for the variation in store revenue,
Store modules(their presence), such as a
bank(BANK), an Automatic Teller Machine
(ATM), a pharmacy(PHARM), and a gas
station(GAS), are included in the regression,

Fourth, as in other spatial interaction

models, I incorporate the measures for local
competition in the regression, Following
Clifton et al.(2013) who found that retail
establishments within three to five radius
from each other are likely to compete
directly — and noting that the data include
stores from two major chains in the sample
locations — I include the following four
variables as competition measures:4 the
number of stores of the same chain within
three miles of radius from a store
(SCOMPOWN3), the number of stores of the
same chain between three to five miles of
radii from a store(SCOMPOWNS5), the
number of stores of the competing chain
within three miles of radius from a store
(SCOMPOTHER3), and the number of stores
of the competing chain between three to five
miles of radii from a store(SCOMPOTHER5).

Finally, as a part of local business
conditions, I also include two other variables:
the latitude of the store location(SLAT) and
the longitude of the store location(SLONG),
These variables are include to reflect any
pattern  of unobserved factors in the
geography of the chosen area(i.e., the state
of Georgia). For example, there can be
some geographic trend as we move from the
Southern part of Georgia to the Northern
part. By including SLAT and SLONG, we are

essentially account for a spatially non-

4) See a similar treatment of competition effects in Watson(2009).
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stationary data-generating process, Note also
that including the geographic coordinates
(i.e., the latitude and longitude of locations)
in a spatial analysis is akin to including the
“period” variable in a time-series analysis,
and it is widely used. This is a commonly
used technique in geography and called
detrending. Readers are referred to Chun
and Griftith(2013) for more details on this

technique,

3.3. Descriptive statistics

Table 1 shows the summary statistics for
the sample of stores. The average weekly
sales volume is about a half million dollars,
and the stores are about forty five thousand
feet wide on average. Some stores were just
built and others have stayed in the market
for close to forty years, About eighty two

percent of stores have ATMs and fifty eight

percent of them banks. Only about twenty
one percent of the stores have attached gas
stations, but the majority of them have
pharmacies within,5(Here these pharmacies
are owned by the store,) But there still is a
significant degree of variation in store
characteristics across stores, as seen in the
relatively large standard deviations, Since
there are a total of one hundred and ninety
four stores in the data, the number of ATMs,
banks, gas stations, and pharmacies are 159,
113, 40, and 184, respectively.

Table 2 shows the summary statistics for
demographic variables in the sample of
locations, Overall, the sample locations are
quite heterogeneous in their characteristics:
some locations are almost entirely racially
homogenous(either close to 100% white or
black), while others have a racially mixed

composition, The vacancy rate ranges from

(Table 1) Summary statistics for the sample of stores

Variable Definition Mean [Std. Dev.| Min, Max.
WKTOTVOL | Weekly store sales in 1000’s of dollars 40175 | 177,90 100 1050
SQFTTOT | Store size in 1000’s of square feet 4503 8.36 12 68
INCUMBENCY | The number of years since the store opened 13.64 7.97 1 37
ATM \Nhethgr the store has an ATM(=1 if yes, 0 0.82 0.39 0 1
otherwise)
BANK \Nhethgr the store has a bank(=1 if yes, 0O 0.58 0.49 0 1
otherwise)
GAS \Nhethgr the store has a gas station(=1 if yes, 0 0.21 0.41 0 1
otherwise)
PLARM Whethgr the store has a pharmacy(=1 if yes, 0 0.95 0.22 0 ’
otherwise)

5) Since about 95% of stores have a pharmacy, it is possible that there may be some systematic differences between

the stores with pharmacies and those without,
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(Table 2) Summary statistics for demographic variables in the sample of locations

Variable Definition Mean |Std. Dev.| Min, Max.
LOGPOP Log of population in 1000’s of persons 1.93 0.51 0.20 3.30
POPDEN 1000’s of persons in 100’s of square miles 1.81 172 0.03 12.26

WHITE Proportion of white population 0.68 0.26 0.01 0.98
BLACK Proportion of black population 0.25 0.26 0.00 098
HISPANIC Proportion of Hispanic population 0.05 0.06 0.00 0.42

MALE Proportion of male population 0.49 0.038 0.41 0.61
MEDAGE Median age of the population(in ten years) 3.40 0.39 217 473
AVGHHSZ Average household size 2.62 0.37 1.53 3.42
VACANT Vacancy rate 0.06 0.04 0.01 0.38

(Table 3) Summary statistics for competition measures in the sample of locations

Variable Mean Std. Dev, Min, Max.
SCOMPOWNS3 0.69 0.96 0 4
SCOMPOWNS 2,26 210 0 8

SCOMPOTHER3 0.10 0.10 0 1
SCOMPOTHERS 0.02 0.18 0 2
one percent to thirty eight percent, indicating stores in one region of the market

that there are some well-to-do locations and
some very run-down neighborhoods, Median
age of the population also rages from twenty
two years old to forty seven years old,
Perhaps the most importance indicator of
market size, LOGPOP, also has a quite large
range. The variation in these variables helps
us identify which factors are crucial in
determining the revenues of stores.

Table 3 shows the summary statistics for
the competition measures used in the
sample of locations, On average there are
more stores of the same chain within five
miles of a store(about three stores) than
those of the competing chain(less than one).

This can be explained as follows:

Supermarket chains tend to cluster their

preemptively rather than placing them next
to the stores of the competing chain, This
type of store-location strategies result in
dividing up the market by competing chains
such that they avoid direct competition and

instead enjoy a sort of spatial monopoly.

4. Estimation results

4.1 The Functional Relationship between

Dependent and Independent Variables

The purpose of this paper is to understand
the relationship between the modules within
a store and its revenue, thereby shedding

light on thus far neglected issue of which
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modules to include in the store to enhance
firm performance,

As a proxy for the performance of a store, I
use the weekly sales volume of the store
denoted by WKTOTVOL., This is the
dependent variable of the regression. As
independent variables, I include a set of store
characteristics — including the presence or
absence of modules — as well as local
business represented by the set of local
demographics,

The functional relationship between the
dependent and independent variables takes

a simple linear form where

WKTOTVOL = f(Store characteristics, Local
business conditions,

Competition measures),©)

Here store characteristics include SQFTTOT,
INCUMBENCY, ATM, BANK, GAS and
PHARM; local business conditions include
LOGPOP, POPDEN, WHITE, BLACK,
HISPANIC, MALE, MEDAGE, AVGHHSZ and
VACANT; and competition measures include
SCOMPOWN3, SCOMPOWNS, SCOMPOTHER3,
and SCOMPOTHERS5.

I end up excluding BLACK and HISPANIC
from the regression, because including them
with WHITE makes those variables collinear;

instead I include WHITE and WHITE2,

where the latter is the squared term of the
former. Together these two variables indicate
the degree of racial homogeneity in the area

near a store,

4.2 Main results of this paper

Table 4 shows the results of the regression
above. The adjusted R-squared is 0.38, so the
independent variables as a group explain
about thirty eight percent of the variation in
the dependent variable, WKTOTVOL, For
empirical analysis, this number is on a
relatively high side. Below I discuss the results
for the three groups of independent variables
in turn: store characteristics, local business

conditions, and competition measures,

4.2.1. Store characteristics

(including modules)

Store size has a positive and significant
effect on store revenue. An increase in one
thousand square feet in store size leads to an
increase of about five thousand dollars in
weekly sales, On average, store size is
accountable for about forty percent of store
revenue, The estimated coefficient of
INCUMBENCY is not statistically significant,
and its sign is even negative: The longer the

store stayed in the area, the less profitable it

6) Taking log transformation of WKTOTVOL does not change the results qualitatively. To ease the interpretation of

the estimated coefficients, WKTOTVOL is used instead.
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(Table 4) Effects of store characteristics,
local business conditions and competition
measures on store revenue

Variable Coefficient SHECETE p—value
error
(a) Store characteristics

SQFTTOT 4,769 1,557 0.008
INCUMBENCY —1749 1.664 0.295
ATM 36,120 33,866 0.288
BANK 68,421 25528 0.008
GAS 83,953 28875 0.004

PHARM 118,453 54222 0.030

(b) Local business conditions

LOGPOP 11,445 26.483 0.666
POPDEN —5,001 9.699 0.607
WHITE —388.223 | 204,282 0.059
WHITE2 236,545 188,781 0.212
MALE 381,505 504,482 0.451
MEDAGE 4,601 34,991 0.895
AVGHHSZ —135,911 42 836 0.002
VACANT —65.156 325.01 0.841
SLAT 85,699 19,165 0.000
SLONG 26,588 13,756 0.0585

(c) Competition measures

SCOMPOWNS3 —12.715 14,013 0.366
SCOMPOWNS —6,570 6.866 0.340
SCOMPOTHER3 | —21974 105,731 0.836
SCOMPOTHERS | —0.682 59,516 0.991

is, Hence the first-mover advantages are
clearly not present in this case.

The main interest of this paper lies in the
effects of store modules(i.e,, banks, ATMs,
pharmacies and gas stations) on store
revenue, All but one of these variables have
statistically significant and positive coefficients:
Having a pharmacy seems to be most crucial

— which translates into about one hundred

and eighteen thousand dollars more in
weekly sales — followed by having a gas
station — which results in additional eighty
three thousand dollars in weekly sales —
and finally having a bank in the store with
roughly sixty eight thousand dollars worth of
weekly sales,

Note that WKTOTVOL includes the sales
from the pharmacy. But the additional
revenue from the pharmacy is probably due
to the combination of prescription and
over-the-counter drug sales as well as an
increase in grocery sales due to higher
customer traffic(who came to the store
specifically for drugs but also bought some
groceries on the way), Gas purchases are
likely to be non-planned in advance; they
are convenience-oriented purchases. The
extra weekly sales from having a bank are
smallest but purely indirect demand. It
shows that even if the store is not directly
involved in banking, it still benefits from
having the bank in its premise due to
increase in customer traffic. The pharmacy
has the biggest effect and the bank the
smallest; this indicates that having additional
products might lead to a larger increase in
sales than having an extra service does. Note
also that the pharmacy has the larger effect
on sales than the gas station; this is probably
due to the fact that the pharmacy — which is
located within the store and is more of a

shopping good — is more complementary
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than the gas station — which is located outside
the store and is more of a convenience good.,
Overall, the results indicate that store
managers should consider different combinations
of store modules — both their benefits and costs
— in order to maximize store revenues and
profits, Some combinations might have more
synergistic effects, as demonstrated in the

success story of Wal-Mart's Supercenters,

4.2.2. Local business conditions

Few of the demographic variables turn out
to be statistically significant: WHITE and
AVGHHSZ. Both of these variables have
negative effects on store revenue, The
negative sign on the coefficient of WHITE
can be interpreted that racially homogeneous
areas(with white population being the
majority) are not profitable for grocery
stores, Or it could mean that rural areas —
which tend to have overly white population
— do not produce as much grocery sales as
urban areas,

Both SLAT and SLONG are statistically
significant. This finding is important: It
suggests that the data-generating process is
spatially non-stationary, In other words,
there might be some unobserved demand
factors for groceries present across the
sample locations, For example, there can be
geographic features that make travel difficult

for certain parts of Georgia or there might be

some demographic variables relevant for
grocery sales that are missing in the data,
SLAT and SLONG successfully capture these
unobserved factors. Note that this result does
not suggest that one can move a store to the
upper left part of the map to increase the
sales, Rather it merely reflects the fact that
the city of Atlanta is located in the Northwest
part of Georgia and that the explanatory
variables included in the regression are not

sufficient to account for this fact,

4.2 3. Competition measures

Overall, the competition measures are not
statistically significant, It seems surprising
that the competition measures are not
statistically significant, But there might be
intuitive reasoning behind this result, When
stores are competing for their locations(i.e.,
entry) competition plays an important role:
The entry of competing stores at a particular
location works as deterrent for a store to
enter that particular location; however, once
the store is in the market, the presence of
competing stores nearby does not necessarily
affect its revenue to a significant degree. This
can be seen in the magnitudes of coefficients
of competition measures: another store of
the competing chain within three miles only
drops the revenue of the store by about
twenty two thousand dollars on average(less

than five percent of the total sales volume).
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4.2.4, Comparison with the regression
results without store modules as

explanatory variables

Table 5 shows the results of the regression

without store modules as independent

variables. The adjusted R-squared is 0.31, so
the independent variables as a group explain

about thirty one percent of the variation in the

(Table 5) Effects of store characteristics,
local business conditions and competition
measures on store revenue when store
modules are excluded from the set of
independent variables

Standard
error

Variable Coefficient p—value

(a) Store characteristics

SQFTTOT 7.495 1473 0.000

INCUMBENCY | —0, 958 1559 0,539

(b) Local business conditions

LOGPOP 23,837 27.286 0.384
POPDEN —1.345 10,111 0.894
WHITE —336.201 | 212,453 0,115
WHITE2 186.470 196.122 0.343
MALE 449,063 | 526209 0.395
MEDAGE 2.254 36,245 0.950
AVGHHSZ —13.789 | 44.420 0.011
VACANT —145133 | 340.804 0.671
SLAT 14,549 17.779 0.000
SLONG 34.893 13.904 0.013

(c) Competition measures
SCOMPOWN3 | —19.236 | 14573 0,152
SCOMPOWNS | — 10,205 | 7.090 0.340

SCOMPOTHER3 | — 97.690 | 109,780 0.375

SCOMPOTHERS | 18,993 62.334 0,761

dependent variable, WKTOTVOL, Comparing
this number with the earlier one, we can see
that store modules account for about extra
eighteen percent of the variation in WKTOTVOL
(=0.07/0.38). So the store modules as a group
improves the model fit quite a bit,

Note that even without store modules, the
other results for store characteristics, local
business conditions, and competition measures
remain relatively stable, Hence the results
are robust to model specifications, and we
can see that the estimated effects of store

modules are not artificial results but real,

5. Conclusion

In the modern retailing landscape, more
and more firms are re-designing their stores
by adding modules to boost store revenues.
The process seems somewhat ad hoc, as
evidenced by some store designs succeeding
(e.g., Wal-Mart Supercenters) and others
failing(Big K-Marts). In this paper I have
studied the effects of different modules on
firm performance. Using data on store
characteristics and revenues of grocery
stores in Georgia, I estimated the effects of
banks, ATMs, pharmacies and gas stations
on weekly sales volume of grocery stores of
the two largest supermarket chains. The
results show that it is store characteristics —

store size and store modules — that mostly
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drive firm performance, But local business
conditions, such as demographics of shoppers,
do not play a major role in determining store
revenues nor do competition measures
between stores of the same and competing
chains, For example, having a pharmacy in
the store boosts the weekly sales of the store
by one hundred and twenty thousand
dollars; having a gas station or a bank on its
premise increases the weekly sales of the
store by eighty four or sixty eight thousand
dollars, These findings suggest that choosing
right store modules have a profound effect
on store revenues, This paper takes a step
towards formulating a profitable, modular
store designs,

This paper, like other studies, suffers from a
few limitations: First, it would be difficult to
generalize the findings to retail stores other
than grocery stores, Further investigation is
warranted as to which combinations of store
modules would be profitable across a wide
range of retail formats, Since the data come
from the state of Georgia, so it might be
difficult to extrapolate the results to other
parts of U.S. or the world. Second, and
perhaps more importantly, the analysis was
done using aggregate data (over consumers
who generate store sales,) More detailed
analysis would be desirable in order to
decipher why consumers visit stores of
different designs and/or how they shop

across different modules of the same store,

For example, does adding a pharmacy to a
store affect consumer purchases at other
departments(if so, how)? These questions
answered

will  only be using more

disaggregate data. The pursuit of their

answers is left for future research,
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