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Abstract

t
The purpose of this res=2arch was to analyze sneltf

space allocation at the Wright-Patterson Air Force Bas=e
Commissary. The commissary nad a product in stock goal of
99 percent, which was not oeing met for all products. The
r2szarch addr2ssed two diffarent methods of snelf space
allocation, witain 2Xx1sting constraints of product .mix and
snelf spac2 availaoi2, to limit tne out-of-stock situations.
Tne study was accomplisned by an experiment that used

an initial Jata coilaction period zo estciblisn a baseline of
sales and stockouts for three product jroups. Shelf space
was then reallocatad for 2 product groups by =2gqualizing the
individual product turnover ratios for 1 jroup, and oy
stocking to neat 39 percent of Jdemand for the other product
jroup. Afta2r a posttest Jdata collection period, comparisons
wer2 made using pairad 2%és:s to compar2 pre and posttest
sal2s and stockouts for products in all three product
jraups. A Chl sguar=e t2st was Jsad o t2st tne relationsaip
o2tween caany2s in product level stocked, sales and
stockouts.

. It was concluded taat the extra attention paid to the
two r2allocated product jroups led to a reduction in the
numoer 2f stockouts ososerved. Egualizing turnover ratios

significantly reduc=2d the number of stocxkxouts, while not

viii




appearing to affect the sales levels of individual products.
Due to confounding factors, statistical tests were not valid
for the reallocation of shelf space to meet 99 percent of
demand. ;The results showed a significant decrease in

stockouts, but a cause could not be proved. (641 w:/JI.’
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AN ANALYSIS OF SHELF SPACE ALLOCATION AT THE WRIGHT-

PATTERSON AIR FORCE BASE COMMISSARY

I. Introduction

Background

The Wright-Patterson Air Force Base Commissary provides
retail grocery service to military retirees, active Juty
military members and their dependents. The coammissary's
basic mission is to provide a hign level of customer servica
at the lowest possipble cost to the customer.

Customer service goals include providing a complete
range of commodity groups, offering a choice of pbraands and
sizes for eacn product type in a commodity group, and
providing a 39 percent in-stock rate for all products
carried. All grocery products are sold at cost, with a five
percent surcnarje added at tne checkout stand. The
surcharge covers losses wnich occur in the store, with the
remainder joing to a central Air Force Cowmmissary Service
(AFCOMS) fund tnat provides funds for new construction,
ranovation and eyguipment purcinase for all Air Force
commissaries.

The AFCOMS Headguarters provides a master product list
with approximately 14,300 authorized items. Some items must
be carried oy a commissary, while others ara added by local
management. Once an item is added, it is seldom removed.

1




Management assumes that customers expect the item to be
available, and, as noted above, AFCOMS has a nigh customer
service commitmenct. If an item is dropped from tne
inventory, regional management may require that the item be
added back .

Headguarters AFCOMS also provides a master store layout
that determines how much linear shelf space is allowed for
2ach commodity group. Local management must allocate shelf
space for all products in a commodity Jroup within these
limits, wich only limited local discretion to make changes
allowed. Shelf space is allocated to this large numper of
products by commodity groups. Space is allocated to
individual products based on consumer demand for products
and a aminimum stock level of one case. Thesa space
allocation decisions are based on extensive management
experience, management observation and sales volume. Thessa
allocations are a critical element of customer service, as
product availaoility has a ygreat impact on customer
satisfaction, return business and customer service levels
achiaved.

The WPAFB Commissary has average monthly sales of 33.9
million. This large sales volume, combined with the more
tnan 12,U00 inaividual products carried, tne brand and size
selection for each product type, and limited snelf space has

l2ad to out-of-stock conditions in excess of the one percent

out-of-stock goal. Products that are out-of-stock on the




snelf are not replenished until after store closing, as thne
commissary uses contractor and vendor stockers that work
mainly at night.

Computer product scanning at customer cieckxout was
installed at the Wrignt Patterson AFB Commissary in early
1986. The scanner reads tne unigque Universal Product Code
and queries the computer data base for the item's name and
price. The computer stores the number of times it is
gueried for each product, thus providing a record of unit
sales (19). These data are manipulated to generate reports
and to aid management in decision making on product mix,
inventory and ordering.

The Automated Commissary Operation System, which was
installed at WPAFB on 1 March 1987, uses the scanning sales
data, a starting inventory level, invoices, orders and
receipts to maintain a perpetual inventory. The system is
used mainly for product pricing, inventory control, order
generation and report generation (11)., With more
information available from computer generatad reports,
management anticipates reallocating shelf space, possioly
aropping some slow moving products to make space in the
warehouse and on the shelves to stock all items to the 99
percent availability rate. The existing sofcware does not
address shelf space allocation, but a program is under

development (13).




*Cox, in a 1964 ctast of sal2s responsiveness to changes
in shelf space allocation, concluded that increasing snelf
space was an inefficient way to attempt to increase sales.
The grocer was influenced more by the out-of-stock policies
of the store, full case stocking requirements and product
assortment policies than trying to increase salas of
products in determining snelf space allocation (5:69).

James Cairns suggested that the retailer consider himself a
seller of retail space to suppliaers, ana allocatz space
based on the contribution to gross profit of a unit of shelf
space (3:34). Tne idea of allocating by profit per unit was
followed by contribution to profit and opportunity cost
concepts of shelf space allocation. These approaches usea
marginal revenue for analysis, but did not gain popularity
due to limited data availability (4555). More recent
theories use scanning data to determine profit generated per
cubic foot of snelf spaca, or some ratio of salzs leva2ls to
snelf space allocated to value shelf space. These metnods
ar2 preferable to ona dimensional measuras sucn as unit
movement, straight dollar sales, gross profit or case
movament, as tney consider the ralationsnip of demand to tae
amount of shelf space used (23:173).

A survey in the May 1980 edicion of Supermarkat

Business indicated that managars use a ratio of space to

eitner inventory turns, sales profit or inventory investuent




as control measures. Turnover was used as a measure as it
directly tied sales to shelf space used (16:50).

A goal of marketing is product time and place utility
relevant to a consumer. A stockout situation is a failure
of the marketing system tnat has diract and indirect costs
to the seller. Direct costs are the costs of lost sales,
while indirect costs include loss of pbrand loyalty, loss of
loyalty to the store and loss of goodwill. Studies indicate
consumers faciag an out-of-stqcn condition inave a series of
choices on substitution or buying elsewhere that usually

lead to a loss of sales (27,33).

Problem Statement

Commnissary management is given a fixed amount of shelf
space for each commodity group carried in the store.
Management must allocate this space to the individual
products carried in the commodity group. The customer
service goal of providing tne widest possipole selaction of
orands and sizes in each commodity group leads to a large
number of products oeing carried. Anotner custoder service
joal requires snelf space sufficient to stoCk tne product Lo
meet demand 99 percent of the time. These conflicting goals
have led to a situation where the in stock goal is not being
met, The problam is complicatad by tne lack of data
necessary to determine what a 99 percent fill rate would be

for a product; ACOS provides sales aata only on a montnly

basis. In snort, tne proolem is tne lack of an effective
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means to allocate snelf space to meat the conflicting
customer service goals of product variety and product

availability.

Justification for Study

Shelf space allocation has been studied for many years
by commercial grocers as shelf space allocation has a great
impact on sales, customer satisfaction and profit. Various
studies have used product movement, profit motive,
merchandising goals and logistical goals to as criteria to
allocate shelf space. These theories are discussed in
greatar detail in Chapter II of this research chapter. The
studies are not conclusive on the best way to deal with the
allocation proolem,.

Local commissary managers indicated tnat they planaed
to reallocate shelf space based on product sales levels,
dropping products witn tne lowest demand in order to meet
mandated customer service levels for the remaining products.
This approach does not consider the snelf spaca allocated to
each product compared to the sales of each product. 1In
otner words, tne efficiency of snelf space use is igynorad.
This approach also assumes that the existing shelf-space
allocation is optimal and does not address reallocation of
the current space to the current product mix.

The existing data for sal2s are a monthly summary

report for total sales of all products for the month. The

raport does not track saelf space, daily sales or out-of-




stock conditions on tne ratail snelves. The informacion
needed to determine stock levels to meet the 99 percent in-

stock rate is not available. Tne managzment solution of

dropping low volume items to free up shelf space for higher
volume items does not consider the tradeoffs between service
levels and number of products carried. Dropping low volume
items assumes that reallocation of existing products can not
improve the situation, and implies tnat existing shelf space
allocations for high volume iteas are correct, ‘'or2 data
and analysis are needed to prove or disprove these
assumptions. <JCommissary management recognizes tne need for
a more scientific allocation of shelf spaée. This is
driving a BQ AFCOMS project to develop a comput2r program
to allocate shelf space. Researcn in this area could
benefit this management effort (19).

Managers that allocate shelf space based on personal
experiance and nistorical data may be doing a jreat job of
allocation, pbut the quality of decisions is unknown and will
provably pbe lass tnan optimal (6:59)., Identifying waici
items should nave more space is a difficult task. Pra2sently
tne criceria used ar2 subjective. Whila more data can oe
brought to bear on the proolem witn ACOS, the impact of
reallocation on sales and out-of-stock conditions cannot oe
measured. Research could lead to better product assortment
decisions, and pettar allocation of shelf space to

individual products (6:55).




Research Objective

Tne overall research objective was to determine a
method for allocating shelf space that will oest meet
complex and conflicting custower service objectives. The
affect that changing the current shelf space allocation for
products within a commodity group has on sal2s and stockout

levels for products in the group was also evaluated.

Research Questions

1. What is the impact on daily unit sales and stockout
levels for all products in a commodity group, when tne fixed
amount of shelf space available is reallocatad bas2d on
equalizing the product turnover ratios for the products?

2. What is the impact on daily unit sales, stockout
levels and products carried when the fixed amount of shelf
space available is reallocated based on providing a 99

percent in stock rate for all products carried?

Scope and Limitations of tne Study

This thesis explored the current allocation of
snelf space for tnree selacted cowmmodity groups to decarainae
product sales levels, out-of-stock conditions and product
turnover. Two alternative methods of allocating shelf space
were tested to determine if reallocation affects sales
levels and out-of-stock conditions in thne commodity groups.

Due to the large number of commodity groups and

products carried in each group, a represantative sample of




all 85 groups was not undertaken. Tnree coamodity Jroups
selected by local management were studied. Three groups
allowed for tests of two alternative allocation technigues
and for a control group. Selection by local management
ensured that the groups studied had problems requiring
reallocation of shelf space (19). 1t was assumed that the
nmethodology and tecnnijues tested in tnis research should oe
applicaple to any commodity group.

Iae ramaiader of the study is presented in tne
Literature Review, Analysis and Conclusions Chapters. Major
sections of tne literacure raview ar2: tne affects of saelf
space on sales, gross profit as a space allocation tool,
logistical aspects of space allocation, shelf space and
product availability, space allocation oased on product
demand, product scanning's impact on operations and
commissary operations affecting snelf space.

Chapter Taree presaents tae metnodology tnat was used to
answer the research questions. Chaptar Four provides all
r2levant data and the rasults of statistical tests and
analysis., Chaptar Five uses tihe cesults of Chapter Four
analysis to answer tne rasear2n gquestions, prasent
conclusions and recommend further researcn. The Appendices

include dara not specifically requirad to understand tae

analysis,




II. Literature Review

Background

Managers of supermarkets often find it difficult to
allocate shelf space effectively for all products carried.
The total number of products carried, tne number of new
items available, out-of-stock situations, shifts in consumer
demand, seasonality of product demand and product promotion
all complicate the issue (34:41).

Shelf space is the medium tnrough which suppliers, by
way of retailers, reach the ultimate consumer of their
products. The retailer desires to earn tine greatest profit
possible from his fixed amount of shelf space. Any product
carried must contrioute to profit to be of value to the
retailer. The supplier wants a situation where consumer
Jdemand compels stocking products 2ven at low margins of
profit for the retailer. The supplier can aid the retailer
oy decreasing packags size, by lowering the price to tne
ratailer or oy advertising to increase sales levels. These
ar2 just some of tne tradeoffs involvea in a manager's
decision making process.

The competition for shelf space comes from many
directions. Products in the same product category vie with
each other for space, as do whole product categories on a
larger scale. Suppliers introduce new products that must

displace older products to gain shelf space. Salasmaen push

10




for the best positions and displays for their products at
the expense of rivals, and seak to maximize the number of
facings allocated to preempt competitors. The manager needs
some standardized measure of sales and shelf space to
evaluate and compare allocation within and between product
categories. With a standard measure the manager can balance
the conflicting demands and determine the best use of shelf
space (3:34-36,4:55).

Tnis chapter will review methods of shelf space
allocation, impacts of shelf space on sales, the effects of
product stockout, commissary operating procedures and
statistical tests used in the methodology. This review will
establish sufficient background to determine a method for
allocating shelf space that will best meet complex and

conflicting customer service objectives.

Affects of Shelf Space on Sales

As the new products and variants of existing products
offered by manufacturars or producers increased greatly, the
selling space available in stores did not increase
proportionally. Retail and supermarkst store inanagers
manipulated tne shelf space allocated to products to try to
increase sales levels and profits. The manipulations were
maianly trial and error, with a few experiments covering only
a few products attempted. The experiments usually tested
space elasticity of demand, which is a ratio of cnange in

sales caused by a change in shelf space., The experimenters

11




hoped to use tne daca gathered to nelp maka product
assortment decisions, store space allocation decisions for
product catzgories or single products, to develop imodels to
test allocation options and to determine store size and
location (9:54-55).

The Lee Model proposed that as shelf space for a
product was increased, sales would increase at a decreasinj
rate. Shelf space would be allocated until tne mar3jiaal
returns for all products in a store were egualizeda. The
model did not test well due to the reluctance of retailers
to experiment, difficulties in data collection, variations
in price or advertisinyg levels and displays that wer2
difficult to maintain for the duration of the test (6:35).

Oestarle fezels that "there is a clear relationsnip
between movement and contribution to gross margin", but a
disparity between space allocated and gross mar3gin. It is a
mistake to decrease space for big selling products to beef
up slow moving items. Tnose slow moving items whose salzs
can not justify enough space for proper exposure snhouid oe
cut. The space frzed snould go to faster moving produccs or
high gross wmargin items, and not to try to increase sales of
slower moving items (30:580).

The idea that shelf space and sales arz related or
affect one another has both proponents and opponents. A

1980 survey conducted by Supermarket Business found manajers

using space to inventory turn ratios or space to sales

12
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racios to determine product snelf space allocations. The
survey snowed 90.1 percent used some form of computer print
out, other tnan scanning data, to allocate snelf space.
Only 18.3 percent had scanning data availaoble, and all used
it to track item movement and to weed out slower moving
products. The managers used space to inventory turn 52.1
percent of the time, space to departmental sales 47.9
percent of the time and space to departmental profit 35.2
parcant Of tne time {(some .asanagars usad .nor2 tian one
measure) (16:1+56).

Brown and Tucker determined that tinree classes of
products exist whose sales respond differently to increases
in snelf space. Unrasponsive products, staples like salt
and spices, do not show an increase in sales with increases
1n snelf space. General use products such as canned
vegetaoles or breaxfast foods have sales that increase witn
increases 1a shelf spacs, out with edarly diminishing
returns. Occasional use products or impulse purchase
products do not show an incCr2ase ia salss until the display
is larje enougnh to force ics attention on the shopp2r. Jnce
tnat 31ze is resached, sal2s increasa, out a large amount of
space may oe required. Tne research implies that the
stapies and gjeneral use products snould ra2ceive the minimum
space needed to limit stockouts and reduce stocking costs.

Occasional use or impulse purchase products should receive

larger amounts of shelf space, if availaole (1:12-13). The




researchers concluded that increasing snelf space leads to
an increase in sales. In general, however, the increases
are not proportional to the shelf space increases, and all
products do not respond in the same manner to additional
space. Tne authors fz2el in the long run space changes do
not affect sales to a great degree (1:12-13).

Cox's research of four product families of staples and
impulse items reached the same conclusion. Sales were
independent of snelf space, and only one of three impulse
items showed a significant change in sales when shelf space
was increased (6:50).

Pauli and Hoecker showed that space cnanges had a
greater effect on sales in many branded fruits and
vegetables tnan in product families with fewer brands.
Products that were faster sellers showed a greater change in
sales when snelf space was changed tnan did slower selling
products (6:56).

Frank and Massey developed a model to estimate how
snelf space policy affects sales of different brands and
different size containers. Tney felt that there was little
research in this area and that managers seldom significantly
altered the number of rows allocated to a product regardless
of the number of prands or sizes carried. The model sougint
to determine the affect on sales of changing the number of
facings, the neight of the product from the floor and the

interaction of tne two variables. They hoped to determine
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if snelf space should pe modified to try to increase sales,
or adjusted in relation to past sales. Data were collected
in different departuments and in stores witnh differing sales
volumes. EBach data set was evaluated separately. The
results showed that interaction of the change in number of
facings with the change in snelf height did not explain the
relationship of the variables to salas mor2 than the maina
affects of the two variables considered independently. The
report was based only on the main effects consider=zd
separately. The results varied as the salses volume of the
stores studied varied. Tnhe conclusion reacned oy tne
researchers was that adding facings in a high volume store,
witnin the range of 5-10 facings, added to sales. In hijn
volume stores increasing shelf facings had a jreater effecc
on sales tnan in low volume stores, regardless of container
size. Overall, varying snelf level has a very liamited
impact on sales (9:59-64).

Several studies on the impact of snelf level on sales
give conflicting results. This supports tne previous waodel
that indicates rasults vary in experimentcs oasad o2a stor2
location and store sales volume, rhe Colonial study snowed
that waist level shelves nad sales 74 percent of eye level
shelves, and that the figure for floor lavel shelves was 57

percent of eye level, Heavy products on nijn 3shelves showed

fewer sales than heavy products on low snelves.




Curran also developed a model to attempt to explain
space elasticity as a function of different product
variables. The research did not identify variations or
differences in elasticity. It did conclude that a slight
positive relationship existed between space and sales, but
not for all products. A shelf space change of 40 percent
rasulted in an 3 percent change in sales in tne same
direction. These small relationships and the difficulty in
determining elasticity limitc the effectiveness of tnis
method to increase profit by increasing sales. The autior
concluded tnat minimization of restock costs and avoidance
of stockouts were more important than merchandising in
determining shelf space allocation (7:406-412).

The overall conclusion reached by Curran in a review ot
many of these studies was that a small positive relationsaip
existed obetween shelf space and unit sales that was uneven
across product categories or stores, Generally,
manufacturers' orands were not affected as much as private
orands by cnanjes in shelf space. The finaings, taken
together, ware considered incoaclusive, and other variaoles
sucn as display, location, price and promotion nad a jr=atar

affect on sales than shelf space (6:56-57).

Gross Profit as a Space Allocation Tool

Gross mar3in or mur3inal gross profit was used by
-~

several researcners to allocat2 shelf space. Cairns, in ais

1963 article in Journal of Retailing, advocatad allocating
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snelf space to maximize gross profit. He assumed selling
space was fixed and of egual value. He felt retailers
should rank tne items carried by contribution to gross
profit, then stock items on the top of the list and drop
items on tne bottom if profit would be improved oy doin3 so.
New products were assigned an estimated profit and added to
the list., The movement of products on tne list would
continue until the marginal gross profit for all products
was egqual (2:41-52).

Cairns qualified this tneory by noting tnhat
interdependence of demand was ignored, and exceptions were
made to ensure a sufficient assortment of products was
available to attract customers. It did not consider the
proolem of lumpy adaitions. A lumpy addition occurs when
the retailer needs to add a certain number of units to
equalize marginal grofit, but must add more than desired as
the added facing holds more units than are required. The
same proolem occurs witn restocking when less than a full
case is required to fill a shelf, and restocking policy

calls only for full case restocking (2:41-52).

Logistical Aspects of Space Allocation

Shelf space i3 allocated by some managers to meet
logistical or operations needs, with sales level or profit
not considered. Some considerations tianat affect space
allocation are labor costs, assortment policies dictated by

a higjner level of authority, case pack or customer service
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level desired. Wickern discusses the ralationsihip between
labor costs and snelf space in an article published in the

Spring 1966 Journal of Retailing. He reasons that a

decrease in shelf space leads to an increased cost in labor
to restock the shelves more often. If a product has enough
shelf space to hold a weeks demand, the cost of shelf space
is nign and labor cost; are lower. Tnis requires six or
seven times the shelf space of only stocking a days supply,
but saves the cost'oE freguent restocking (35:36-46).

All stores nave different situations with sales levels,
shelf space available and labor costs. As suén, only
Jeneral rules of snelf space allocation can apply if shelf
space is allocated but not valued. The general decision
rules are (1) that some inefficient or low selling items
must be carried to draw customers, (2) an assortment of
product types i; required to provide customers a choice of
orands or sizes and (3) chat stock levels be sufficient to
oreclude restocking during busy store times (35:36-46).

Shelf space can oe valued by gross profit per linear,
syuare or cuoic foot; return on investment, profit per unit
or profit per commodity group. Using the same data and
these different valuation techniques, the allocation of
shelf space decisions differ. Management can get man§
diffarent allocations, depending on the way tne data are
defined and tne valuation metanod used. Due to tne differing

results that are possible, the author prafers general
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decision rules unless detailed studies are performed to

apply valuation technigues (35:36-46+63).

Curran, in an article ia the Journal of Marketing,
provides a synopsis of thought on shelf space allocation.
consensus exists that managers need to satisfy the minimum
operational and logistical constraints of stocking, such as
labor costs and stockout. , before considering merchandising
as an allocation measure. Profit and product movament
determine tne space allocation witnin the constraints of
space availability and logistical considerations. Unit
size, case pack, delivery frequency and the physical layout
of the shelf space determine the minimuﬁ and maximum limits
of allocation. Levels of stock need to vary for products
based on the level of consumer prand loyalty, promotion
efforts and tne availability of substitute products.
Variable in-stock service levels, which set higher service
levels for products witn strong customer brand loyalty or
lower levels for substitutable products, should be used
(3:221-222).

Curran states an Electronic Data Processing system
greatly simplifies this procedur2, if it allows user input
and changes. Allocation of shelf space snould be to
products that will have the greatest improvement in rate of
return for the store, within the operational and logistical
constraints. The improvement in return is a function of

profit margin and space elasticity for the iandividual
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products, a figure tnat is difficult to calculate. Tne
profit calculation is relatively simple using Direct Product
Profitability (DPP), which is a tecnnigue that uses a unit
measure of contribution to profit and overnead of a product
in a square foot of snelf space. It uses standard costs of
doing business to determine breakeven points and pricing
policy. Using the information, distributors can allocate
space to maximize the return on investment. This progran
has not been implemented due to problems in gjatnering data,
and the cost associated with implementing the program
(8:221-222).

COSMOs5, a computerized shelf space allocation progranm,
uses DPP as a decision tool. Profit improvements realized
by use of COSMOS were probably caused by reductions of
stockouts and relezase of excess space to new product lines.
The program assumes all products have the same space
elasticity. The program does not consider increasing space
as a way to increase sales, as tne elasticities ara equal
for all products. 1In spite of the limitations of DPP,
Curran prafers tnis type of neasure to allocate snalf space.
Tne space allocation is .nade by egualizing the profit par
squar2 foot of the display area within a product category
(8:221-222).

Another computarized snelf space allocation program,
Store Labor and Inventory Manaj2ment, was developed to

allocate shelf space to minimize the overall stocking
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expense of a retail operation. The programn allocates shelf
space to permit shelf restock upon delivery, with no product
stock held in a local warenouse. Reserve space is allocated
on the display shelves to ensure the display has a good
appearance when the restock point arrives. The last
requirement is that the restock level be at least one case.
This system was never tested due to tne amount of shnelf
space required, and reliance on timely delivery (6:58).

A test performed oy Cox in 1964, used an AWOVA
procedure to develop a model to determine the relationship
between snelf space and product sales. The test snowed tnat
variables other than shelf space affected sales. This
aatnor also concluded that incr2asing shelf space was an
inefficient way to increase sales. Retailers were iore
influenced by out of stock policies, full case stocking and
product assortment guidelines than increasiny sales in

allocating saelf space (5:99).

Snelf Space and Product Availability

Product availapoility 1s a wmajor component of customer
service tnat often does not rec2ive .nanagement attention. 1A
Dasic assumption of margeting i3 that tne product is
available at a time and place relevant to the ouyer.
Research'by Scnar2y and Christopher snows that customer
perceptiohs when faced with a product out-of-stock
situation ar2 not universal, oput tnat the r2action can

influence tne customers' perception of tne store. A
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stockout study in 19638 snowed an 11 percent decrease in
gross sales when consumers were faced with an out-of-stock
situation (27:59-69).

The immediate impacts of a stockout to a retailer are
the direct loss of revenue, possible loss of brand loyalty
or a loss of power to attract customers to the store. The
impact varies in each situation, as consumer behavior varies
based on the degree of orand loyalty, store loyalty or tne
level of desire for a specific product brand or size. The
consumer's options include suostitution, postponement of the
purchase, no purcnase Oor purcnase in another store. Even
occasional stockouts can weaken brand or store loyalty,
whila repeat stockouts could lead to substitution for the
product or exclusion of the store. Stockouts, in this
research, did not show any overall oeneficial outcomes for
the ratailer (27:59-69).

Wwalter and Grabner Jdeveloped a stockout cost model, as
few space optimization models included the cost of stockouts
as a variable. Otner variaples usually not considered
included loss of goodwill, item substitution and
Jncertainty. Tneir model starts with a consumer facing a
stockout situation. The consumer can decide not to

.substitute for tne product and either return to the same
store later, or go 2lsewhere to find the product. If the
consumer decides to substitute, it can pe for a different

gsize of tne same product or for a different pbrand. 1In
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eitner case the price or profit associated with the
substituted product can be nigher, lower or the same as the
originally desired product. The only other alternative for
the consumer is to special order the product. Each
alternative has a computable cost to the retailer. The
researchers used a questionnaire given to liquor store
patrons in Onio to determine what percent of consumers would
take which action. Given the action and cost of each action
it was determined that a stockout cost the store 31.26, or
24.2 percent of the average cost of a customer transaction.
Tne losses ware caused by loss of sales and customers
switching to less expensive products (33:56-58).

Lambert and Stock's view of stockout is directly
related to customer service levels. Customer service levels
help determine if customers remain customers, but tne
definition of an appropriate customer service level depends
on what a customer 2xpects or will accept, and tne cost the
supplier is willing to bear. A major facet of customer
service is time and place utility of a product for a
customer. The cost of lost sales due tb stockouts is
difficult to detarmine for different service levels., A
tradeoff between cost of loss sales and inventory cost to
maintain a certain customer service level is required. The
model used in the text is Walter and Grabner's model

discussed previously (31:57,86,07).

23




Tne customer service level provided by an organization
is a management decision based on variavles including
customer relations, customer Jdesires, ability to meat a
specific level of service and the cost involved. As
customer service levels approach a 100 percent capability to
meet customer demands from inventory, inventory levels
increase disproportionately to the increase in service
level. A customer service level of 84.1 percent requires
that average demand plus one standard Jeviation of demand oe
available. A level of 934.5 percent requires 1.8 standard
deviations, 98.9 percent requires 2.3 standard deviations
while 99.9 percent requires 3.0 standard deviations of
demand. The increase in inventory levels reguirad to meet
the higher customer service levels raises the costs
associated witnh carrying the inventory. These costs iaclude
increased investment in inventory, increased taxes, storage
obsolescence, damage, shrinkage and laoor (31:377).

Lambert and Stock recommend that all products not ope
treated alike, but that ABC analysis be usad to deteramine
proper customer service and in&entory levels for each
customer and product. A rule of chumb is that 20 perceant of
the products or customers account for 80 percent of the
sales and profit. ABC analysis ranks products by sales or
contribution to profit. It also ranks customers by tne same
method., The two rankings ar2 used to determine the customer

service level for each customer and tne stock level for eaca
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product. The process emphasizes taking car2 of tane 20
percent that contribute the most to the companies sales and
profits., 3ymptoms of poor inventory management that
indicate that ABC analysis could be appropriate are an
increase in the dollar value of inventory without improving
customer service or stockout levels, periodic lack of
storage space and a wide variation in inventory turnover
among major inventory items (31:415-421).

Prograssive Grocer equatas stockouts co customer

dissatisfaction. 3tockouts also cause operational probleas,
in tanat they disrupt establisned stocking patterns. The
space allotted to a product becomes uncertain, and the
uncertainty leads to problems in restocking. Other products
may take tne space, and the stocker may not be able to
determine the appropriate stock level. There is also a cost
associated with stockouts that the retailer must bear. An
actual example is a stockout of 32 ounce mayonnaise that led
to a 13 percent increase in sales of 16 ounce mayonnaise.
The overall cost was an overall decrease in dollar sales of
20 percent for wayonnaise as a product jroup. A stockout of
2 one of a kxind salad drassiag led to no offsetting
purchases, resulting in a total loss of sales to tne grocer
(34:42).

Herron writes that mucn research nas oeen done on
inventory levels to meet a specified order fill rate from

inventory, which eguates to customer service level. Less
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researcin has peen done on what 1s an approgpriate service
level. The service level decisions are made by management,
but tne decisions require complex tradeoffs that manayement
often does not nave the information to make. Most United
States retailers turn their inventories 4 to 6 times a yaar.
Supermarkets and commissaries turn their inventories much
nore rapidly, as some products are perishaole, while others
are seasonal. Cost reductions in inventory using techniques
sucn as Just in Tiwe or daterial Resource Planning save by
reducing inventory levels and reducing stockouts, given a
raguired customer service level (13:96-98).

The prooability of a stockout depends on the stock
lavel neld by tne retailer. The stock neld determines tne
cost of inventory; including tne workiang capital tied up,
detarioration, obsolescence, labor costs, storagje costs,
insurance and inventory control costs. Herron states that
tnese costs run an average of 20 percent of tne value of the
products neld (13:98-102). Lambert and Stock state tnat
inventory carrying costs should be calculated for each
product, as they vary for eacn product. The figures snould
oe updatad annually as petter data ar2 available (31:254),
Tradeoffs involved are a high customer service level at a
nigher cost, or a lower service level witn the increased
cost of stockouts (13:98-102).

Herron states tnat existing models to determine

inventory levels use single item optimization rules such as




BEconomic Order Zuantity to determine order gJuantity or stock
level. Management should be more interested in an overall
aggregate service level wnich would allow tradeoffs of costs
in transportation, purchase and storage. Aggregate
inventory management allows a lower service level for high
unit cost items or items with erratic demand, and allows a
higher service lavel for lower cost items with a more
predictable demand. The program allows an aggregate level
of demand to be met at overall minimum cost. Tne custowmer
sarvice level determined by management is met for tne
inventory as a whole, while individual items will nave a
level determined to minimize inventory costs. Moaels using
equal turnover ratios, egual service levels or constant
level ordering cost 10 to 50 percent more than the aggjregata
service level program. The author states tnat estaolisning
customer service levels based upon the relationship of costs
and profit eliminates the arbitrary selaction of customer
service levels witnout knowing the impact on customer

service levels on profit and costs (13:96-114),

Space Allocation Based on Product Demand

Another school of space .management thought proposes
space to inventory turn or space to sales ratios to identity
existing product space allocation strengtns and weaxhesse .
The advent of scanning data and other inventory managjemeat
or control methods allow mor2 scientific analysis of product

demand data. Item movement reports can provide information
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to better .manage snelf space. A 1980 article in Supermarkat

Business showed that velocity reports are used to identify
weak products, to better manage expensive products and to
identify categories of products whose sales have peaked.
Information from these reports have led managers to stock
private brands at the expense of national brands and to
provide more shelf space to non-food items at the expense of
food items. Managers indicate that shelf space adjustments,
or resets, based on customer demand l2ads to stocxking cne
items customers want to see and also increases profit. Aa
average non-food product category has its shelf space
reallocated or reset 2.8 times per year, canned goods 3.1
times per year, dry grocery products 2.7 times per year,
dairy products 3.8 times per year and frozen foods 3.5 times
per year. Dairy and frozen foods ars reset mnor2 often due
to the high numpber of new products, the refrigeration
raguirement and the high value of items stocked in tnose
product categories (16:56-60).

Raucn states that tne snelf space allocated to products
can increase unit sales, profit and ianventory turnover
ratios, He pelieves tnat all product categories should oe
merchandised, and shelf space allocated, according to tae
product's local market share. Tne allocatign by sales
should extend all the way through a product category,

including flavor, size or package type for each product.
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Tnis allocation snould reduce product stockouts and max2 tne
products easier to find on the shelves (25:74-79).

A common methodology to perfora this ra2allocation i3 to
compile historical sales data for product categories of
interest. Usiag tnese Jjata, snelf space is allocated to
meet tne expected sales . After tne reallocation, data are
again collected and analyzed. At tnat time reallocation can
again occur, followed by anotnar period of data collection.

Raucn proposes a vertiorand stockiny policy wnere
shelves are stocked vertically by brand and norizontally by
package type. The display saould nold a weeks' demand for
all products. Tais allows all orands co sell down at tane
sam2 rate, wWnicn reduces tne stockouts and allows restocking
at one timne for tne wnhole product categyory. Planograms are
used to match displays witn actual salas, tnus allowing
snelf space to oe allocated oased on demand for the product.
Tais approach must pbe Jdone on a store 2y store pasis, due to
diffarences in demand oetween locations and even stores in
tne same ir2a. An addi:ional Jen2fit is less oosolescence,
13 all products turn at tae same rata (45:78-73). In tnis
situation demana dec2armines 3aeli{ space needed. Tne need
for shelf 3pace may not match tne desired vertibrand layout
for all products. 3tocking a weexs Jdemand for all products
limits tne numoer of products tnat can oe stocked. It may
Je anor2 efficient to stock <o a Jifrferent level, depending

on tne products carrizd and store volume. Tne inain empnhasis




i3 to limic the cost of r2stocking the snelves without
considering any of the otner variapbles that come into play.
The Dillon Company performed a major shelf space
allocation study involving 59 of their stores. The study
involved planning and executing a shelf by shelf reset of
all products in all stores. The location of products and
saelf space allocated were poth changed., Managewent stated
"Our golden rule is profit determines position and volume
determiaes space." Ine study used a gross profit per item
measure to deteraine display position, and sales levels to
determina shelf space allocated for each product. Slower
selling items were deleted 1f their shelf space could be
better used by otner products, Private labels were pushed
at the expense of national brands. Good sellers were placed
at the end of each section, and otners wer2 interspersed to
attract customer attention to all products around tnem.
digh volume, low profit items received more space, but not
in tne best positions. As new products were addea the
slowest moving producc with mor2 than one size available was
2liminaced to provide snelf space for tne new product. The
study indicatad tnat tne overall sales volume per syguare
foot of shelf space increased, stockouts were reduced or
eliminated and profit increased. The study also revealed
tnat 80 percent of all products carried sold less tnan a
single case per we2k. Tnis i3 significant because it

sujgests that 20 percent of the items carried generated a
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larger percent of sales. A restock policy of a minimum of a
single case, in this situation, means 80 percent of the
items will have over a week's worth of product on the snelf
(28:53-56).

Oesterle also advocates allocating space based on
product movement and gross dollar margin returns. ie
believes in cutting the number of products carried, showing
the remaining products well and playing up the high volume
products. While "tnere is a clear relation betw2en aovement
and and contribution to gross margin," there is a disparity
between space and gross mar3in or movement. The mores a
product sells, the highner the contribﬁtion to-profit. An
example from one store shows that the top four Jdairy
products provide 85 percent of the product category sales,
82 percent of profit but have only 70.5 percent of the
available display space. The manager reduced the space for
his best sellers and gave it to the slower sellers to beef
up their sales. Oesterle believes space should be allocated
based on demand and profit, and that anigh demand item
placement can help move s3lowar selling items (30:60).

Kellogg uses a product movement program based on the
sales history of each product to provide store managers a
tailored stocking plan for all cereals carried. The stock
level on the shelf is set to avoid stockout situations.
Kellogg's Director of Marketing Researcn states tnat "sanelf

space according to sales is the best thing to come down the
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pike. wWe (Kellogg) still don't have the space we deserve"
(15:100). General Mills, General Foods and Quaker 4o not
object to the system as they feel they get their fair share
of space. A major problem with the program, noted by
consumer protection groups and producers, is tnat tne
program creates a barrier to new cereal product entry to

stores utilizing it (15:2,100).

Product Scanning's Impact on QJperations

Scanning of Universal Product Codes (UPC) at checkout
provides benefits greatet than increasing the speed and
accuracy of the cashier in totaling customer bills. The
data collected by scanning can be used by management in many
other ways. Measurable benefits include decreased labor
costs at checkout, and 2limination of marking tne price on
each item as it is placed on tne shelf., The scanning system
must be augmented with software and nardware to process tae
raw data into a usaple format. Increased control of
inventory is possible as tracxing sales as they occur allows
maintenance of an accurate perpetual inventory. A perpetual
iaventory allows pbett2r coantrol of inventory levels,
ordering and identifies product snrinkage. Additional
benefits include item by item data on product perforiuanca
that can be used in merchandising or marketing decisions.
Data available include product movement, price control,
current sales, product catagory sales and historical data on

product movement. Tnis availapbility lends itself to product
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experimentation. Many managers use tne data mainly for
product movement, for identifying slow moving products, for
stockout raports and for tracking new product performance
(24:33-40).

Many managers use exception reports that highlight
variations from the norm to determine the product assortment
carried in the store. More sophisticated applications that
handle shelf space management or special wmerchandising are
linited. Examples arz COSMO3 and SLIM, wnich were discussed
earlier. Many existing report formats use only a single
measure or diwension to provide a best or worst measure of
performance. Examples of single dimension reports are unit
movement, dolliar sales, gross profit or case movement, while
a few use one of tnese measures per cubic or sguare foot of
shelf space.

O'Neil prefers tne 3ScanLab program, which uses sales
levels and cuoic foot measures of shelf space to manage item
snelf space. It uses unit movement, Jross profit per item,
uanit snelf space, number of weexs w.nmovement availaole on the
saelf and recurn on iavestment as criteria to judge best and
worst performers. The report includas the ovest and worst
overall performer in each product category, the item with
aighest movement and all itewms with zero movement. These
multiple measur2s provide the manager with information to

maxke tradeoffs in determining product assortment and shelf

3pace allocation (23:173).




Commissary Operations Affecting Shelf Space

The Wright-Patterson Air Force Base Commissary uses
product scanning at checkout to deteramine customer payment,
and to provide sales data to the Automated Commissary
Operating System (ACOS). TIne ACOS system is provided to the
commissary by AFCOMS, and is used nainly to generate
raports. ACOS 13 a nardware and software package that uses
input from scanning, product receipt reports from the
war2house and manual adjustments to track inventory levels
and generate management reports. The xnain use of ACOS is
inventory tracxking. Jiven a starting inventory level, ACOS
maintains a perpetual inventory by supbtracting sales, adding
deliveries and supbtracting adjustments for spoilage or
returns. The inventory data are used to generate price
changes, as tne commissary sells all products at cost. Thne
system determines wnen a price chanje is necessary oased on
movemenc and cae price paid cfor items. This is necessary as
1 single product in tnhe warehouse could pbe from, for
axample, thr=e separate deliveries w#itn tnree separata
sosts., The systaem jeneratas invoicas and receipts, tracks
deliveries and order scatus and tracks vendor performance in
meeting delivary schedule and percent of order filled. This
i3 important as unfilled orders ars canceled and a new order
is generated to make up the shortfall (11,19).

I'he ACOS allows use of anand neld order input Jdevices

asing barcode read2rs to scan UPCs from eitner a shelf label
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or from a product. Tne snelf labels are printed by the
ACOS, and they contain tnhe UPC, price, product name, the
parcode for tne UPC and a space for tne number of facings of
shelf space allocated. If a product requires restocking,
the order writer scans the product or label and enters the
number of cases required to fill the shelf.

ACOS also generates a Commissary Analysis Management
Information (CAMI) report. The report is produced at the
end of eacn month. It lists all products carried oy product
category. The products are listed within product category
oy sales volume. Each product nas information on price,
Juantity sold, total value of product sold, percent of total
product category sales and avarage daily sales. Other
information provided includes total units sold in a
category, total value of all units sold in the product
category, percent of total department sales and average
price of a unit. Tne report is used to determine product
movement and to identify candidates to be dropped (19).

Commissary .management must operate within guidelines
estaolished by two higher levels of ménagement. The stor2
layout is standard for all comnissaries. The amouant of
shelf space authorized for each product category is also
directed. A master product list provides a list of
approximately 14,000 items management can choose to carry.

A certain number of these items aust be stocked, while local

management has discretion on otners. Some local products
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are allowed, along with variation allowed for seasonal items
peculiar to the area. For 2a2xample, the master list contains
27 types of peanut butter, and the commissary now carries 24
of them. The store layout allows 13 feet of snelf space for
peanut butter while tne commissary has 6 feet of shelf space
allocated (32).

The commissary customer sarvice policy calls for a 99
percent in stock rate for all products, except for 200
products wnich require a 100 percent in stock rate. 3etting
a required stock level for each product is a mathematical
problem involving tne mean and standard deviation of daily
sales and a Z or T critical value for 99 percent (10:214-
218). If snhelf space is availaole for this or for a greater
stock level, there is no problem. Selection of products to
be dropped or kept if space is not available is a management
decision oased on demand levels, number of products carried,
price, number of brands and sizes carried and store policy
on minimum selection availabilicy (5,7,35).

Commercial grocers also operate with restrictions or
guidance from higner lavels of management authority. A

survey in Progressive Grocer snowed that 35.6 percent of

stores were stocked exclusively from a product list from
higher management. 1In 45.2 percent of the stores

headquartars provided a list which loucal managers picked
from, while an additional 16.4 percent could buy locally

outside the list. Only 2.6 percent had no control from




above. In store layout 32 percent used a standard store
layout, 5 percent followed a standard layout witn minor
changaes autnorized and 3 percent had no controls imposed
(14:164-165).

Now thnat the literature review has provided a
bacxground to understand shelf allocation problems, the
stage is set to move onto tne wmethodology of this research.
Most of the studies and autnors presented in this chapter
studied commercial snelf space allocations where the maia
emphasis was to maximize profit, either by reducing costs or
stocking products pvased on demand and profit jenerated. As
stated previously, the commissary's main goal is to provide
a service to military members, not to make a profit on
sales. The commissary's empnasis on customer service
instead of profit leads cthis research to look at customer
service levels as a means to allocate shelf space. The
oackground section of Chapter III gives a description of the

experiment, and a dascription the allocation of shelf space

to meet customer service lavels.,
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III. Methodology

Experiment

The researcn will oe performed as a two phase
axperiment that will investigate the effects of changing
shelf space allocations on sales levels, stockout levels and
customer service levels, The first phase will be a data
gathering phase used to establish a baseline of daily sales
distrioutions, product stockout levels, existing space
allocation, product turnover ratios and product availability

levels for tne tinree selected commodity groups. Data on

product attributa2s, sucn as case size etc., tnat affect now
much shelf space a product uses will also be gathered.

Once 2nougn data are availaonle to determine sales
distributiohs, the shelf space allocation will be modified
pased on differing goals of customer service. One
reallocation will oe pased on stocking all products to a 99
percent availability rate. In this situation shelf space
will pe providad to products to allow stock levels egual to
tne mean of daily sal2s plus 2.326 times the standard
deviation of sales. If there is not enough shelf space
available to stock all products in tie commodity group to
tais level, management will decide which products to drop.

The otner reallocation will oe based on stocking all
products to an egual turnover or availability rate that will

oe det=2rained oy dewmana for the products and total space
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availaple. In tnis case no products will be dropped. Shelf
space will be allocated to each product until tne ratio of
daily average sales to the amount of product available on
the shelf is approximatelLy egual for all products. Case
size, product size and varying depth of shelving will cause
Avariation in the ratios. The turnover ratios inay cause the
product availapility rate to be lower than tne 99 percent
goal, but it should be nearly equal for all products in the
commodity group (20:214-213).

After reallocation, the test phase will begin. In this
second part of the expariment, data on sales and out-of-
stock conditions will again be gatnered. Comparison of tne
diffarences in sales, stockouts, turnover ratios and product
availability rates between the two periods will give an
indication of the affects of the shelf space reallocation’
(9:65).

A paired TTest, using pretest ana post-tast data, will
be used to determine if diffarences in sales and stockout
levels petween the two time periods ar2 statistically
significant., I'ne MEANS Procedure 1in SA3 is appropriate for
paired comparisons. ®EANS usas 3tudents [ valiue to test tae
null hypothesis that the mean of tne differences of the
paired data for tnhe samples is zero. Tne alternative
hypothesis is that the mean of tne differences of tne pairad
comparisons is not egual to zero. It also gives tne

probability of getting an absolute value of t Jreater tnan
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tiae value of Studencs T. The test will be performed witn an
alpna level of .05 (25:9061-5). Tne 2ffectiveness of
reallocation will pe determined basad on whather the test
shows a signifi~ant change in salz2s and stockout levels for
the commodity groups tnat can be associated witn change in

facings made during the reallocation.

Population

Tne population under scudy is defined as the daily
sales of products in the selected commodity groups. The
commodity groups picked by local comnissary management wara

liquid salad dressing, peanut butter and cake mixes (19).

Sample

Tne daily sales are assumed to be independent and
random as the arrival of customers making purchases are
ranaom and independent. Two sample time periods will bpe
used with a break between them for data analysis, experiment
formulation and product shelf space reallocation. Time
periods will be selected to limit seasonal variations sucn
as weather, vacation periods and seasonal demand for
products. The time period will be long enough to encompass
the variations in the commnissary sales caused by the twice
monthly military paydays. .

Tne number of samples for the data gathering phasa and

the test pnase will be =2qual to limit variation. Twenty-

four to thirty days will be sampled to cover the business




cycle aspact, and provide enouyn daca to detarmine a salas

distribution (22:496-98).

Data Availaoility

Sal2s data are accumulated oy tne product scanning
process at the checkout stands, and are available from
August 19d0 to tune prasant. Ihis aaca oase 1S unusable for
tnis research, nowever, as it includes data from both the
MAall SOMNL3Sary 4and cie we2d 338rva, i amali separate
commissary operation. In addition, tne data are available
only for weexly or moncaly sales pariods, dependinj on waza
reports were printed. 3Stockout levels on tne shelves, daily
3COCK Lavals on tane saelves, cnanjes in space asiocation,
special displays and promotional information ire not
availaoie (19).

All raguired data wisl oe coilacced oy tne rasearcher
and commissary staff. ©Data wiil oe gathered by utilizing
1@ scannliayg sSyscaam jenerat23 sdal2s raporis, tane daily
replenisament stocking zrintouts and oy daily physical

LAVancory.

Variaoles

Daiiy Sales. Tnese data wiil oe collected oy tae

.

Universal Product Code scanners at customer checkout. The

ACOS Keeps a running tocal of cumulative sales for all

products on a moncaly basis. The Commissary Administrative
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Office will extract the raguired information from the data
base daily, and print it in a report format.

Manual manipulation of the cumulative data will be
required to eliminate Wee Serve sales data on the limited
number of items in the commodity groups carried in both the
main store and the Wee Serve, and to determine daily sales
figures. This is necessary as the ACOS does not
differentiate between sales made in the Wee Serve or the
main commissary. The commissary staff or researcher will
monitor daily sales in the Wee Serve by taking the stock
level after store closing. Adding items stocked after
closing gives the stock level at store opening. The
replenishment stock records are assumed to be accurate, as
they are the pasis for determining payment due to the
contract stocker under a service contract. The stock level
at the close of the next business day, minus the stock level
at tne start of the day gives the daily sales for the Wee
Serve.

Daily sales in the main commissary will be calculated
oy suotracting the prior days cumulative sales from the
current days cumulative sal2s., The Wee Serve daily salszs
will then be subtracted from this total. As a back-up to
tne cumulative sales raports, the researcher will make
random inventories of product on the shelf after store
closing. Tnis, combined with tne replenisament stock

records, will provide a means of verifying scanning data or
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possibly recovering data if report jeneration fails. Daily
unit sales will be grouped by individual products and by
total unit sales in the commodity group. Tne daily sales
data will be manipulated by the SAS Means Procedure to
determine the mean and standard deviation of daily sales and
turnover ratios.

The SAS UNIVARIATE Procedure will be used to verify
that the sales data come from a normal distribution. The
assumption of normalcy is cricical for furtner parametric
statistical tests and procedures. The SAS UNIVARIATE
Procedure provides several tests for normalcy tnat must pe
considered as a whole to determine hormalcy. UNIVARIATE
provides a test statistic for the null nypothesis that the
input data are from a normal distribution. The test
statistic for sample sizes less than 51 is the Shapiro-Wilk
statistic, W. W has a value between one and zero, with
normalcy indicated by values close to one. It provides a

stem-and-leaf plot and a normal plot that will be visually

interpreted., Criteria for normalcy will oe a 4 of .80 or |
greater, with the shape of the plot and the closeness of the i
values of the mean, median and mode also considered |
(26:1183-90,32).

Daily Stockout Levels. Daily stockout levels will pe

collected by the researcher after commissary closing. A
product will either be out-of-stock on the shelf, out-of-

stock in inventory or in stock. Products out-of-stock in
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inventory will snow no data available for tnat day, if taere

was no product on the shelf at the start of business. The
axperiment assumes products are replenished nigntly when
sales have depleted the stock level by at least one case.
Including zero sales for days when the product is not
available would skew the distribution of sales, and thus the
mean and standard deviation of daily sales.

The daily stock replenishment records will show wanicn
products wera not restocked due to product nonavailability
in the warehouse inventory. Another indication of this
situation would pe two consecutive stockout conditions for
the same product with no change in cumulative sales.
Products snowing a stockout condition will pe examined to
determine the stock level at store opening. This is
necessary to determine if the stockout is caused by
inadequate shelf space allocation or inadequate stocking.
The MEANS Procedure will be used to determine if significant
differences in stockout levels occurred between the two time
periods.

Shelf Space. Shelf space is tie total linear lengta

and depth of shelf space allocated for each commodity Jroup.
The total shelf space allocated for each commodity group is
a Jiven that local manajgement cannot vary. Shelf space
allocated to individual products determines how much of each
product can be stocked, and tnis cannot change during the
first phase or arfter the reallocation is made for the test

phase.
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Product Attributes. These data include width of each

product, winich determines how much room a facing of a
product on tne snelf requires; the depth of the product, to
determine the number of items that can fit behind one
facing; and the current facing allocation. The number of
items per case will determine the minimum stock level
allowed, and thus the number of facings required for a
product. One case is the minimum restock level acceptablz
to commissary management, as it is too labor iatensive to
pull partial cases or return partial cases to the warenouse.
Changes in prices, specials or additional in-store
promotions, including additional display space, that could
affect sales levels will be monitored.

Store Information. Daily total sales data; broken into

sales for the grocery, meat and produce departaents,
are available. Tnhese figures will be used as part of the

control measures to determine if differences exist between

the two time pariods j, the experiment. The SAS Procedure

MEANS will be used to compar=2 the two time periods to

determine if significant differences exist. If significant
differences do not exist, it is an indication that
differences in sales or stockouts in the individual product
™ groups were not caused by differences in overall store

sales.




£

Reallocation Technigues

Shelf space for the individual products in the two
commodity groups will be reallocated based on satisfying
different lev?ls of customer demand. The first commodity
group will be stocked to allow all products on the shelf to
meet customer demand 99 percent of the time. The second
commodity group's snelf space will be reallocated to stock
all products to tne same product turnover ratio. This
turnover ratio will depend on customer demand for each
product and total space available. The third commodity
group, a control group, will not have its shelf space
raallocated. The matching of commodity groups with
reallocation technigues will be done randomly.

Once the distribution of daily sales is determined, the
allocation of shelf space to meet the 99 percent in stock
sarvice goal is a mathematical problem. The mean of daily
sales plus 2.326 times the standard deviation of daily sales
gives the amount of product required to meet the 99 percent
product availability goal (10:214). This figure, divided oy
the number of units of product in a single facing, 3ives tne
number of facings required to stock to this level. The
number of facings must be rounded up to an integer value, as
a facing can contain only one product type. Rounding up

could actually provide more space for a product than is

required to meet the goal.




The sacond reallocation assumes no products will be
dropped, and that tne available space will be allocatad
equally among the products based on turnover ratio.

Turnover is defined as product sold divided by product
available. 1Instead of using a set number of standard
deviations to achieve a set level of service, this procedure
allocates shelf space to each product until the ratios of

average sales to product available are approximately equal.
A statistical test to compare the average turnover

ratios for each product in a product group with all the
other products in the product group is needed. A multiple
comparison procedure is needed as more than three product
turnover ratio comparisons will pe made. The multiple
comparison procedure looks at all possible pairwise
comparisons of turnover ratios, while applying the desired
confidence coefficient to the whole family of comparisons,
and not just to a single test., Tne Tukey Method of Multiple
Comparisons is appropriate, as the factor levels for sample
sizes will be equal, and tne metnod guarantees a minimum
confidence coefficient of .05, The actual confidence
coefficient could pe smaller if not all pairwise cowmparisons

are used (22:473-6).

Data Assumptions and Limitations

It will pe assumed tnat the scanning data, remote

operations sales data, and replenishment reports are
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accurate. Tne otaer .nain assunptions are tnat tne Jdaily
sales are independent and random. The main limitation is
time to collect iaca.

The experiment will use product groups selected oy
commissary management. The commodity groups will be knowa
or suspected to have an inappropriate shelf space
allocation. Tnis increases the probability that significant
lifferences will oe found, and that reallocation will ael)
the situation. This should not be taken to mean that all

commodity 3Jrouns hava the same prooleas,

Method of Analysis

Statistical analysis will be accomplished using tae SAS
Statistical Package. The system provides tools for analysis
including data nanagement, programming capability, report
formatting, statistical analysis and file handling (13:XV).
All tests w~ill be run wita an alpha of .05 unless otnerwise

stated.

Raszaarca Juestions

2searcan guestioa 1. what i3 zae impact oa daily sales

and stockout levels for all products in a commodity Jroup,
when the fixad amount of sahelf space available is
reallocated based on equalizing the products' turnover
ratioa?

To answar tais juestion, thne product jroup's or2 aaid

post-test daily sales and average daily stockout lavels will
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oe compared. Tn2 daily grocery ad2partment sales will be
compared and used as a daseline for comparison for the
experimental proauct groups daily sales. Tnhe SAS MEANS
Procedur2 will be used to compare the data from the two time
periods, and determin2 if a difference in means of stockouts
and sales occurred. If there is no significant difference
in the control group's sales and stocxouts, and the grocery
department's sales, it is an indication that little variance
in oparations occurred betw2en the time pariods. The
control group will be compared to the reallocated groups to
determine if sales and stockout levals differed betw2en tne
groups. If differences are 2vident they will be considerad
in the analysis.

The 2xperimental commodity 3jroup will receive the {EANS
tast to determine if significant differences between the two
time periods' average daily sales of individual products aad
average daily product stockouts for the commodity group as a
whole exist. If the control group sales and stockout
situatioan and tne overall grocery department sales show no
s31gnificant chang2s in 3alas, aay chaan3j2s in product saleas
or stockout could oe related to the change in shelf space
allocation. The criteria to judge the affact of
reallocation are whether the test period showed significant
chaang2 in 3tockouts or sales levals for individual products,

or for tne cowmmodity Jroup as a whola.
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If the directions of change for the tnrea variaples
cannot be readily interpreted, a contingency table analysis
will be usad to detaraine the independence of the direction
of change for the variables. For example, if sales,
stockouts and change in number of facings all saow a
decrease, it will be hard to determine if the changes are
independent or dependent., A contingency table uses a Chi-
Square statistic to compare the actual occurrence of avents
witin the expected occurrence of eveats. The null hypotnesis
is that the occurrences are independent, and the alternative
hypothesis is that tney are dependent. Dependency implies a
cause and affect relationship (20:799).

Reallocation should egualize tne product turnover
ratios for all products. An additional Tukey Test will be
performed on the second time period data. A product by
product comparison of the number of significantly different
curnovar ratios will indicate if the reallocation acaieved
ta2 goal of equalizing turnover ratios. The MEANS Procedura2
paired TTest will coampare the number of significantly
differeat turnover ratios for 2ach product for the pr2 and
Josttest time periods to detarmine if tne number of
significant differences changed.

Research Question 2. what is the impact on daily uait

sales, stockout l-vels and product carried, when the fix=a

Aaanount of snelf gpace available is reallocated vas2d on

providing a 99 percent in stock rate for all products?




The 2xperimental commodity group that could reguire
that products be dropped to make space for stocking at a 93
percent level will be evaluated for sales and stockout
levels using the same procedures described in question one,
with only winor changes.

If products are dropped, then paired data between thne
two time periods would not be available for all products.
If products are eliminated, an additional TTest will be used
to compare the means of daily sales and stockouts in the
comnodity group as a whole to Jdeterwmine if there was a
significant change in stockouts. i

The posttset time period Tukx=2y Test for differences in
turnover ratios will not be performed on this product group,
as turnover ratios were not uéed in the reallocation. A
test will be performed to determine if the 99 percent
customer service level requirement is wmet, given the second

time periods average daily sales and product availability.

Sunmary

This chapter preseated the metnodology of the sh=2lf
space reallocation experiment and tiane statistical tests used
to evaluate the data. Chapter IV will present the data
collected, the results of the tests and the significance of
the results., Cnapter V, the final chaptaer, will use the
results to answer the research yuestions previously posed.
The chapter will also present conclusions and

recommendations for further research.
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IV. Analysis

Background

Tnis cnapter is divided into four sections
corresponding to the four areas discussed in the methodology
of Chapter II1. The firsct section describes tne initial
pretest data collection on sales and stockouts for the 3
product Jgroups rzcommended by commissary management; tne
cake mix product 3roup, the peanut butter product Jroup, and
the salad dressing product Jroup. The sales data were
tested to determine if the daily sales come from a normally
distributed population. A Z-score based 6n sales and the
amount of product available on the shelf was calculated to
determine wnat level of customer demand could e met with
the given shelf space allocation. Turnover ratios were also
calculated and compared for significant difference.

The second section covers the reallocation of shelf
space for two of the product groups. One product's shelf
space was reallocated by equalizing the turnover ratios, and
the other by allocating shelf space to ensure customer
demand could be et 99 percent of the time. The third
group's shelf space allocation was not be changed.

The tnird section presents the sales data for a time
period after the reallocation. The data were tested for
normalcy, turnover ratio and customer service level, whicn

was defined as the level of demand that can be met Jjiven the

available shelf space.




The fourtn section is a comparison of the pre and
posttest sales and out-of-stock data to determine if
reallocation changed the stockout rate. Tne analysis used
paired TTests and a Chi Square test to determine if changes
in sales, stockouts and facings were dependent or

independent of each other.

Initial Data Collection Period

The initial data collection period started on 28 uay
1987, and lasted until 1 July 1987. Data for the week of
15-21 June wera not used as the researcner did not colleact
the data, and errors in the data collected by other parties
wer2 indicated by salas figures and pull sheets for tne
warehouse restock crews. The remaining data cover 4 full
weeks of operations, and include two pay periods. The pay
periods are both end of month pay periods, and thus may not
be representative of a normal month.

The daily sales data were collected from daily
printouts of cumulative sales for eacn product. The
commissary administrative section provided these printouts
a8 a special service, as daily sal2s data wer2 not noramally
maintained or printed. The data were adjusted to eliminate
wee Serve sales data for products of interest sold in both
locations. OQut-of-stock data were collected by the
rese@archer after store cldsing and before restocking
occurred. OQut-of-stock situations were broken into two

categories; out-of-3tock on the snalf, and out-of-stock in
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inventory. Out-of-stock on the shelf indicates product was
available on the shelf at the start of tne day, but sold out
during the day. This research is directed towards lessaning
this situation. Qut-of-stock in inventory indicates product
was not available for sale at any time during the day, and
that daily sales were in fact zero. Shelf space allocation
does not affect this situation, but out-of-stock in
inventory was tracked as it counted towards the goal of one
percent total out-of-stock. If a product was out-of-stock
in inventory, the daily sales for that product were treated
as no data available. Counting it as zero sales would skew
the distribution of sales and mean sales to the left.
Counting it as no data available was valid as the rz2al daily
demand is unknown.

Peanut Butter Product Group. The peanut butter

product group consisted of 21 products. The product jroup
was authorized 12 feet linear feet of 5 tier shelving in the
master store layout, but only 6 feet were allocated (12).
‘fne 1initial Jdata period experienced hign out-of-stock rates,
which will be prasented in section four. The product group
experienced an average of 4.65 total stockouts per day.
This high rate could mask the true demand for a product that
was out-of-stock, as consumers take different actions whan
faced with a stockout, as discussed in Chapter 2.

Tne SAS UNIVARIATE Procedure results indicated that the

distribucions of the daily sales of all products were
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approximately normal. The results of the Shapiro-wWilks
Statistic are presented in Taole 20 in Appendix A. The
table also associates a product number with each product
name. The product number is used in all further analysis
and all other tables.

Table 1 lists the turnover analysis for the peanut
butter product group. The "Sales Mean" is the average daily
sales for each product, "Avail Units" is the number of units
of product that can fit in the allocated shelf space and
"Average Turnover" is mean sales divided by units available.
The last column displays the results of the Tukey Test. The
test is a multiple comparison of imeans that cowmpared tne
turnover ratio of each product with the turnover ratios of
all otner products. The number in the last column is tne
number of otner products with significantly different
turnover ratios.

In this case an F Test with the null hypothesis that
all turnover ratios were equal was rejected witn an F value
of 16.23 and a probability of a greater value of F of .000.
The alternative nypothesis, tnat at least one turnover ratio
was significantly different, was accepted. The range of
turnover ratios was .07 to .59, indicating tne products
turned in a range of 14 to 1,67 days. Tne number of
significant differences was fairly constant for most
products, with two nign and two low turnover ratios

accounting for most of the differences.
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'~ Table 1. Turnover Analysis of Peanut Butter
Product Group for Pretest Time Period

Product Sales Avail Average Sig.Diff.
Number Mean Units Turnover From
1 26.50 43 .55 12 '
2 34.88 72 .48 7
3 6.25 60 .10 1
4 10.58 72 .15 9
5 29.29 60 .49 3
6 9.25 30 .30 4
7 S.47 42 .13 9
8 17.70 48 37 2
9 18.00 43 .38 6
10 8.75 48 .18 5
11 8.67 18 .48 8
12 25.58 60 .43 6
13 16.54* 43 .34 7
14 42.46 72 <59 13
15 20.,13* 60 .44 o
16 3.35 15 22 7
17 4.42 15 29 3
18 7.41 24 <31 3
19 6.30 24 .26 4
20 6.92 54 .13 9
21 3.71 54 .07 13

* = product offered at lower than normal price




Taole 2 snows tne sarvice level analysis for "thne peanut
outter product group. The "Sales Mean" coluamn lists the
average daily sales, while the "Std. Dev. Sales"™ column
lists the standard deviation of daily sales. The "Avail.
Unit” column shows tne amount of product available for sale,
given tne shelf space allocated and assuming full stocking.
Tine Z-Scor2 was calculated by subtracting 3ales Mean from
Avail Units, and dividing the difference by tne standard
deviation of sales. The result was used to enter i normal
table to determine what percent of demand could be met gjiven
the allocated snhelf space (10:214). The last column,
"Service Level", is the level of demand that can be met
Jiven tne 3alas lavel and allocatea shelf space. Tne
commissary has a goal of 99 percent service level for all
products. Tne results 3snow tnat tne 99 percent level coula
oe met for all except 3 products. The 3 products had
3ervice levels of 95, 96 and 97 percent. Tne range of 2
scores was from 1.77 to 16. This indicated that some
products aaa mucn mor2 sa2lf space tnan wis needed to ameet
tae desirad service level, wnile otners Coi.ad not aseet tna
¥9 percent joal. Iz 13 oovious, aowevar, tnat no product
nas a serious deficlency in stock rate in this coamodity
Jrouo, since the 3 low-lavel products nave a service lavel
of 35 percent or better.

caKka Mi4 Product Jsroup. Tne cake .aix product jJroup

consisted ot 31 products, and was autnorized and allocated




Taole 2. Service Level Analysis of Peanut Butter
Product Group for Pretest Time Period

Product Sales std. Dev. Avail A Service
Number Mean Sales Units Score Level
1 26.59 9.04 48 2.38 39+
2 34.83 10.17 72 3.65 99+
3 0.25 3.43 60 15.67 99+
4 10.58 5.17 72 11.88 99+
5 29.29 11.01 50 2.79 99+
6 9.25 3.95 30 5.25 99+
7 5.47 3.31 42 11.04 99+
8 17.70 8.62 48 3.52 99+
9 18.00 16.92 443 1.77 96*
10 8.75 4.80 48 8.18 99+
11 3.67 5.51 13 1.69 gy5*
12 25,58 13.20 60 2.61 93+
13 16.54** 10.48 43 3.00 99+
14 42.46 16.02 72 1.84 97
15 26.13%% 14.48 6V 2.34 39+
16 3.35 2.40 15 4.35 99+
17 4.42 3.12 15 3.39 99+
13 7.41 5.45 24 3.04 99+
19 6.30 3.20 24 5.53 99+
20 6.92 4.45 54 10.58 99+
21 3.71 3.14 54 16.02 99+

* = fajiled to meet 99 percent in stock goal
*# a2 product offered at lower taan normal price
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24 linear feet of shelf space. Tnhe out-of-stock rate was
only .7 total stockouts per day, which should not impact thna
determination of demand. Table 21 in Appendix A Jives the
results of the normalcy tests and the product names. Based
on the results of the Shapiro-Wilks Test, analysis of the
plot of daily demand, and comparison of mean, median and
mode, 30 products were assumed to have approximately
normally distriouted daily sales (32). Only product 22,
Spice Caka, failed to show a normally distriouted saleas
pattern.

The turnover analysis for thne product group is
presented in Table 3. The F test for the equality of
turnover ratios resulted in a value of F of 20.35 witn a
probability of a value greater than F of .000. Ac least one
turnover ratio was not egual to the other turnover ratios.
The turnover ratios ranged from .11 to .7, however, ¢
products accounted for most of the significant differences
noted., The Z-scores presented in Taole 4 show that tne same
four products had associated service levels of 77.3, 77.3,
93.7 and 34.2 percent. Tne remaining products nad Z-score3
that ranged from 3.37 to 17.,6d; inaicating cnat much mor:2
product was availaole on the shelf than was necessary to
meet the Z-score of 2.320 reguired for a Y9 percent service
level,

Dressing Product Group, The drassing product Jroup

was authorized 12 linear feet of 5 tiar snelving, and was
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Table 3. Turnover Analysis of Caka Mix
Product Group for Pretest Time Period

Product Sales Avail Averayge

Number Mean Units Turnover
1 2.46 16 .15
2 8.42 32 .26
3 4.54 16 .28
4 3.71 32 .12
5 6.50 32 .20
6 3.38 32 .11
7 3. N 32 .12
8 3.75 32 .12
9 4.04 32 .13
10 4.38 32 .14
1M 4.54 32 .14
12 4.83 32 .15
13 4.96 32 .15
14 4.75 32 .15
15 6.46 32 .20
16 3.7 32 .12
17 5.92 32 .18
18 3.483 32 .12
19 15.57 28 .63
20 19.88 28 .70
21 14.88 28 .53
22 4.17 28 .14
23 0.13 23 .21
24 9.13 28 .33
25 5.46 28 19
26 7.13 23 W23
27 4.96 238 .14
238 4.75 24 .17
27 3.92 28 .14
30 9.73 2y .35
31 15.26 28 .55

* = product sales not from a normal distribution

a0

Sig.Diff.
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Table 4.

Product Sales
Number Mean
1 2.46
2 8.42
3 4.54
4 3.71
3 6.50
0 3.38
7 3. N
8 3.75
9 4.04
10 4,38
1" 4.54
12 4.83
13 4.96
14 4.75
15 0.49
16 3. N
17 5.92
18 3.83
19 15.57
29 19.83
21 14.88
22 4.17
23 0.13
24 9.13
25 5.46
20 7.13
27 4.%0
Py 4.75
29 3.92
30 1.7 3
ER 15,26

Service Laevel Analysis of Cake ilix
Product Group for the Pretest Time Period

std. Dev,
Sales

1.98
4.51
2.59
2.51
4.21
2.3
2.37
.47
4.82
2.7¢
2.93
2.91
2.6
4.29
3.74
1.00
4.57
2.82
14.00
10.87
7.82
J.12
3.13
4.08
3. 16
4.41
2.30
2.51
.13
3.33
4.09

Avail
Units

16
32
1o
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
28
29
23
24
28
24
23
29
29
28
9
Py
29

Z
Score

6.84
5.32
4.42
11.27
2.06
12.34
11.94
8.14
9.91
10.15
.37
9.34
19.136
6.35
5.95
17.04d
5.71
9.99
0.7%
0.75
1.72
"o
v.99
J.a?
7.1}
4.73
1J.02
.26
.3}
3.4
1.%7

* = failure to meet YJ) percent in stock Joal

** = 3al2s not from a normal distrioution

Service
Level

99+
99+
39+
99+
9+
99+
99+
99+
99+
99+
29+
99+
99+
99+
99+
99+
9+
99+
171.3e
77.3*
95.7¢

939+
99+
99+
93+
SR Rs
IV
49
31
yd.2*




allocated 12 linear feet (12). ihe product Jroup contained
50 products. The dressing 3Jroup nad an average of 7.6 total
3tockouts per jday. Tnis high rate could mask the true
demand for products. Some of tnese stockouts were due to
Missing labels on tne shelf. The product was availaole in
the warehouse, but was not stocked. If a product was out-
of-stock on tnhe 3n2lf and tne snelf label was missing, tne
stocker could not know wnat product to put in the empty
space,

The UNIVARIATIZ test results are pregsented in Taple 22
and Taole 2{ continued i1n Appendix A. Tne Jdistribution ot
daily salaes for all products was assumed to be approximacely
nor.asal, pased on tne taests.

Tae turnover ratios ar2 listed 1n lfable 5 and 7aole 5
continued and ranged from .95 to ,v4, indicating products
turned ovar once 1n a range of 20 to '.5 days. The Ff tast
dad a value of 20.¢7 with a probaoility of a value jreater
tnan F of ,0U0. At least one turnover ratio was not eyual
L) the otner tirnovsar ratlos, ‘he statlistical distrioution
D LU0V L (At L LS aar 2 dPr224 “arduyn tne ranye, wit) 4
114 nJumper >t s14n1217ant jiitrances evident,

ine customer service lavals ar? presented 1n sapl2 o
and Taple & continuel, and snow tnat three products J4id noc
a2e@” tie 4 _rrcent jual, Tie service [2vels a2re 34,9
Per zant, 47,7 pe2rcent and 47,7 percent. [nese valies wer-

i€ Clase %) 44 g cent yoal. Tns redatning 2-scores range




Table 5.
Sroup for the Pretest Time Period

Product
Number

WO NO UV —

Sales
Mean

11.22
6.57
11.44
8.43
18.17
17.87
5.13
10.70
17.14
25.45
g.48
9.91
6.91
19.29
29 .26
7.28
7.76
5.61
6.113
13.65
10.30
13.9
27.09
7.04

Avail
Units

50
36
40
70
490
48
56
36
56
40
30
56
36
50
60
40

56
3o
60
3
60
50
40

furnover Analysis of Dressing Product

Averagye
Turnover

.22
.18
.29
.12
.45
.37
.09
.30
.31
.04
.28
.18
.1y
.39
.49
.13
14
.10
7
.31
.35
.23
.54
)
.13

5ig.Diff,
From

9

8
20
14
3o
29
19
22
22
46
21

d

38
24
3

3
15
19

8
22
22
LR
43

3
13




Table 5 (cont).

Product
Number

26
27
24
29
30
31
32

Group for the Pretest Time Period

Turnover Analysis of Dressing Product

Average
Turnover

.07
.24
.32
.05
.16
.31
2
.17
.33
.46
.25
.09
.10
.09
.08
.33
.07
.10
.08
.28
.27
.64
.99
.05
4

Sig.Diff.
From

24
1
22
24
10
18
13

3
23
32
1
19
19
19
0
20
23
19
23
19
"
46
29
24
135

——a .




Table 6. Service Level Analysis of Dressing
Product Group for the Pretest Time Period

Product Sales 5td. Dev, avail Z Service
Number Mean Sales Units Score Level
1 11.22 4.39 50 3.83 99+
2 6.57 2.66 36 11.06 99+
3 11.44 5.738 40 4.93 99+
4 3.43 4.30 79 12.83 99+
5 18.17 5.98 40 3.65 99+
6 17.87 7.08 43 4.26 99+
7 5.13 2.30 56 18.17 99+
] 10.70 4.29 36 5.90 99+
9 17.14 9.32 56 4,08 99+
10 25.45 11.26 40 3.51 99+
11 3.48 4.15 30 5.19 99+
12 9.91 4.306 50 10.57 99+
13 6.91 4.55 36 6.39 99+
14 19.29 10.57 50 2.91 99+
15 29 .26 13.29 60 2,31 98 . 9*
16 7.28 3.54 40 9.26 99+
17 7.78 3.99 56 12.09 39+
13 5.61 2.37 56 17.56 99+
19 0.13 3.64 348 8.12 99+
20 18.05 9.19 60 4.50 99+
21 10.36 5.20 30 3.78 39+
22 13.91 5.70 60 8.09 99+
23 27.09 11.49 50 1.99 97.7*
24 7.04 4.20 40 7.70 99+
25 7.30 4.35 50 9.82 I9+

* = fajiled to meet JY percent in stock goal
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Taole 6 (cont). Service Level Analysis of Dressing
Product Group for the Pretest Time Period

Product Sales std. Dev. Avail Z Service

Number Mean Sales Units Score Level
26 4.87 3.20 70 2V0.35 39+
27 9.6 4.79 40 6.35 99+
23 18.05 10.68 56 3.55 99+
29 2.17 1.77 45 24.20 99+
30 7.15 3.00 45 12.62 99+
3 9.35 4.58 30 4.51 99+
32 5.26 2.00 45 19.87 99+
33 7.82 3.63 45 10.24 99+
34 3.81 5.50 30 3.67 99+
35 17.89 8.12 39 2.60 99+
36 9.387 5.22 39 5.58 99+
37 8.04 4.20 90 19.51 99+
38 3.33 1.99 39 17.67 99+
39 5.35 3.58 60 15.27 99+
40 3.26 1.66 39 21.53 99+
41 14.33 5.97 45 5.05 99+
42 4.43 2.97 00 18.71 99+
43 6.04 2.85 60 13.93 99+
44 5.74 2.54 75 27.217 99+
45 10.82 8.78 60 4.92 99+
4o 14.25 11.19 52 3.37 99+
47 44 .52 22.01 70 1.16 87.7*
43 4.52 2.39 52 19.87 99+
49 3.52 2.63 72 26.04 99+
39 7.43 3.79 52 11.76 99+

* = failed to meet tne 99 percent in stock goal




from 2.6 to 27.27, indicacing shelf space was not evenly
allocated. Many products had much more space than was

necessary to meet tne 99 percent in stock goal.

Shelf Space Reallocation

The methodology called for the assignment of
reallocation technigues on a random basis. This was not
done. Tne cake mix product group nad only a minor stockout
problem, therefore reallocation of shelf space could aot
have a significanc impact on the stockout situation,

Because the cake mix group did not have a stockout probdlem,
it was a logical cnoice for the control product jroup.

The peanut butter product group had little sneif space
assigned, vparaly enougn to reallocate to meet the 99 percent
service goal. The turnover ratio analysis presented
previously indicated the turnover ratios were already fairly
constant, with most significant differences caused oy €four
products. Therefore peanut butter was assijned to tne 39
percent reallocation plan or Jroup.

The dressing product group was allocated all of tae
snelf space autnorized in tne master stor2 layout. Tne I-
scores and turnover ratios indicated mucn more snelf space
available than was needed to meet tne 99 percent sarvice
goal. Limiting product availaole to only that needed to
meet the 99 percent goal would have required dropping 51 of
196 facings currently stocked. Otner product Jroups would

have had to be adjusted to fill tnis nole in the snelf

o7




space., Therzafore, dressing was assijned to tne reallocation
by equalizing turnover ratios treatment.

The purpose of this researcn was to test two differant
tecnniques to reallocate snelf space to control stockout
problems. Used as a management tool the technijues would be
used as appropriate to the situation, not randomly. To
limit impacts on commissary operations, and to test the
reallocation tecnniques in an appropriate situation, the
reallocations wera2 not random. TIne peanut outcer producc
group will be reallocated to meet tne 99 percent customer
service goal, as available snelf space and sales lavels
favored this approacn. The dressing product Jroup receivea
tne e3jualized turnover ratio ratio treatament. It was
recoynized that the lack of random selection aay limit ta2
Janeralization of results to otner product jroups.
Managewent, however, would not in real practice apply tn2
tecnnijues randomly, and tne generalization to other siamilar
situations should still oe valid. Further, using a control
Jroup witnout a stockout provlem will estaolisn a
conservative basls upon waicn to evaluate caanges.

-

Peanut guttar Product Sroup. faole 7 saows tne Jaca

used for reallocation calculations for tne product 3jroup.
Fne mean sales plus <.320 standard deviations of sales gjave
tne amount of product needed to neet damand I9 percent oOf
the time. Tais figur=z, Jdivided oy tae uni%ts per racing,

jave tne required numoer of facings to .aneet tae Y9 percent
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Sales
Mean

26.50
34.88
9.25
10.58
29.29
9.25
5.47
17.70
13.00
8.75
8.67
25.53
19.54
42.46
26.13
3.35
4.42
7.41
.30
6.92
3.7

3td. Dev.
Sales

9.04
10.17
3.43
5.17
11.01
3.95
3.31
3.62
156.92
4.80
5.51
13,20
10.44
10.02
14.438
2.40
3.12
5.45
3.20
4.45
3.14

Units Req.
99% Level

43
59
15
23
55
19
14
33
58
20
22
57
41
80
60

9
12
21
14
18
1

Units/
Facing

13
12
12
12
12

6
14
12
12
12

)
12
12
12
12

5

5
12
12
18
14

Table 7. Reallocation Analysis of Peanut Butter
Product Group by Reguired Service Level

Facings
Reg.
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service goal. Stocking policy called for a ainimum of two
facings for eacn product to allow easier restock of tne
product, Table 3 snows the current facings, the reguired
facings for 99 percent, and the facings actually allocated.
Eight products had an extra facing allocated to balance tne
display vertically by brand, and horizontally by product
type and container size. Tne last column shows tne net
change in facings from the initial allocation to tne
authorized rfacings in tne r2allocation. A store 2mploy=2=2
and the researcher performed the reallocation.

Dressing Product Group. The dressing product Jjroup

reallocation analysis is shown in Tapble 9 and Taole 9
continued., The tapbles snhow the current facings allocated,
the current turnover ratios, proposed turnover ratios and
the net change in facings. Thne proposed turnover ratios
were calculated using tne initial period demand and the
units available in tne proposed facings. The reallocation
occurred as planned, except product 47 received only 7
additional facings inst2ad of the planned 10, due to space
limitations. Product 47 was sold at a lower than normal
price during part of tne initial data collection period.
Sales declined when the product price returned to normal.
fhe lower price appeared to cause an increase in dewand for
the product. The shelf space was calculated based on this
nigher than normal demand. The lower snelf space should not
inpact stockouts, as demand was significantly lower once the

price returned to normal.
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Tavle 8. Reallocation of Peanut Butter Product
Group by Required Service Level

Product Current Facings Approved Change ia
) Number Pacings for 99% Paciangs Pacings
: 1 4 3 3 -1
2 6 5 6 v
3 ) 2 3 -2
4 6 2 3 -3
L 5 5 5 6 +1
! 6 5 4 5 J
. 7 3 2 2 -1
3 4 4 4 0
! 9 4 5 ) +1
1‘*‘1‘ 10 ‘ 2 3 -1
) 1 3 4 4 +1
e 12 5 5 6 +1
o/ 13 4 4 5 +1
T 14 6 7 3 +2
15 5 5 6 +1
. 16 3 2 3 ) !
Hi 17 3 3 3 0 i
v 18 2 2 2 J
" 19 2 2 2 0
o 20 3 2 2 -1
. 21 3 2 2 -1
:::tv: H
B
0.
¥
PO
',',‘
L




Taole 9. Reallocation of Dressing Product
Group by Equalizing Turnover Ratios

Product Current Average Proposed Proposed Facing
Number Facings Turnover Facings Turnover Change
' 1 5 .22 4 .28 -1
2 3 .18 2 . .27 -1
3 4 .29 4 .29 )
4 5 .12 3 .20 -2
. 5 ) .45 5 .36 +1
. 6 4 .37 5 .30 +1
R 7 4 .09 2 .18 -2
o 8 3 .30 3 .30 0
9 4 .31 5 .24 +1
10 4 .64 8 .32 +4
) 11 3 .28 3 .28 0 |
' 12 4 .18 3 .24 -1 }
13 3 .19 3 .19 0 J
14 5 .39 7 .28 +2
15 o .49 10 .29 +4
16 5 .18 2 .26 -3
o 17 4 .14 2 .28 -2
! 18 4 .10 2 .20 -2
g, 19 3 .17 2 .26 -1
C 20 6 .31 7 .27 +1
i 21 3 .35 4 .26 +1
22 6 .23 5 .28 -1
o 23 3 .54 9 .30 +9
ay! 24 4 .19 3 .25 -1
ﬁ: 25 5 .15 3 .24 -2
o |
C |
|
- & ‘

ST S
P

-

. b
‘e |
I3
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Table 9 (cont). Reallocation of Dressing Product
Group by Equalizing Turnover Ratios

Product Current Average Proposed Proposed Facing
Number Facings Tarnover Facings Turnover Change
26 5 .07 2 .17 -3
27 4 .24 4 .24 0
28 4 .32 5 .26 +1
29 3 .05 2 .07 -1
30 3 .lo 2 .23 -1
31 2 .31 3 .21 +1
32 3 .12 2 17 -1
33 3 .17 2 .27 -1
34 2 .33 3 .22 +1
35 3 .40 5 .28 +2
36 3 .25 3 .25 0
37 6 .09 2 W27 -4
38 3 .10 2 .15 -1
39 4 .09 2 .18 -2
40 3 .08 2 .14 -1
41 3 .33 3 .15 0
42 4 .07 2 .20 -2
43 4 .10 2 .20 -2
44 5 .08 2 .19 -3
45 5 .28 5 .28 0
46 4 .27 5 .22 +1
47 5 .64 15 .30 +10
48 4 .09 2 17 -2
49 6 .05 2 .15 -4
50 4 .14 2 .29 -2




Tne reallocation required chat some products be movad
to different shelf levels. The experiment #as not desiyned
to consider differences in sales that could be caused oy
differences in shelf height. Six products were moved to
different levels, four higher and two lower. Tnree of thne
four products moved higher did not snhow a significant cnange
1n sales, whila the fourti showed a significant decreaase.
One of the two products moved to lower shelves showed no
sijnificant cnhange in sales, while tne otner snowed a
significant decrease. These trends in sales did not ditfer
from the overall trends in sales. It was concluded basad
upon this analysis that the change in snelf height for these

products did not significantly affect their sales levels.

Posttest Data Collection Period

The second data collection period started on 14 July
1987, and ended 9 August 1987, The time period included 2
pay periods, and provided the 24 Jaily data points requirad
for paired TTests witn the first time period. The same data
collection techniques were used for ooth time periods. Tne
aumper of out-of-stock situations were much lower for tais
time period, which should have provided better data on
actual daily customer demand.

Peanut Butter Product Group. Table 23 in Appendix A

shows the results of the normalcy tests. All daily sales
data come from an approximat2ly normal distribution.

Product nine was never in stock, and sales data for product
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40 wer2 not recorded oy ACUS. ine product was listed 13
dropped, but was added vack pefore all stocks <ere depleteay,

Table 10 lLists the daily sales fijures for tne sacond
tine period, and shows tne results of tne service level
analysis. The fijures indicate that all products nad
sufficient snelf space to stock product to meet tne Y9I
percent service level. Daca for products J and U wer2 not
availabple for the reasons previously discussed. Prouucts
five and s1x were offered at i1 lower Jorice taas J0rfMNa.. . e
price was lowered from $4.10 to 32.95 for 40 ounce Cruancny
and Creamy Jiff. A special display provided a larje suppiy
of tne products, well in excess of the increased Jdaily
demand. The price was only 5 cents mor2 tihan tne 248 ounce
size of the same product. This situation made it 1mpossiola2
to determine a service level for these products. The aijner
sales could have meant lower sales in diffarent si1zes of ctna
same brand, or of competiting products. To further
complicate matters, two more products were added to tna
product group during tne last weeks of data collaction. Tae
sales of these two products could not be factored into tne
analysis, and their sales .may have affectad cne sal2s ot
competing products in the product 3jroup. These proolams ara
addressed later in this cnapter.

Cake Mix Product Group. Table 24 in Appendix A lists

the results of the normalcy tests. B8asad on tne test

results, all products daily sales, except product 22, ar2




Taple 1J. 3Service Lev:i Analysis of rPeanut But= ¢
Product Sroup for Pousttest Time Period

Produce 3alzs 3td. Dev. Avalrl 4 servyice
Numper Mean Sales Units 3corce Leval
1 21.83 4,00 >4 s.71 PR
P, 23.08 11.37 72 4.30 I
3 3.7> .30 3 T.nl LR
4 11,17 7.J0 3 3.3 RS
5 0b.42 36,71 * 19+
6 35.23 13.97 . Yo+
b J.d8 J.48 43 D.93 tse
8 9.3y 6.93 48 5.37 PR R

9 LK ]

1 7.04 3.24 Jo 3.94 19
11 4.46 3.23 24 53.90 I+
12 23.38 11.d9 74 4.34 Id+
13 6.08 3.39 44 10.73 )Jde
14 37.54 14.40 Jo 4.04 19~
15 10.46 5.74 o0 J.46 39+
16 3.04 2.10 15 5.64 99+
17 2.46 2.25 15 5.57 99+
13 7.52 4.64 24 3.55 Jy+
19 5.94 3.17 24 5.70 99+
20 LR & ]

21 2.63 2.3V 36 13.35 I+

* = gold at lower than normal price with extra stock
availaple

** =z pJut-of=-stock 2nczire period

*** = data not collected by ACO3
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AsSsulmed Lo Co@md froam AN appyrouximately noraal distrioution,
All otner Jata on salss and scockouts will oe presented 1in
the analysis section,

Oressing Product yroup. Taole 25 and Taocle 25

continued in Appendix A lists the regsults of tne daily sales
norsally tests. dJdased on the tests, all products daily
sales were assumed to come trom an approximately normal
distrioution,

Faole 11 ana laole 11 ontinued snow tue pratest and
posttest averayge turnover ratios., The number of significant
differances appearea to oe iower in the posttest time
period. The pretest turnover racios nad a range of .05 to
.64, comparz2d to a posttest range of .06 to .40. A TTest
compariny tne numoer of 3ignificantly different turnover
ratios for eacn product indicated tne posttest period nad
siynificantly fewer Jdifferences. Tne [Test snowed the time
periods nad a significant difference, with T of -5.06 and a
probability of a value greater tnan T of .0001. This
indicated tae reallocation of shelf space oy equalizing
turnover riatios Jdid, in fact, t“end to 2qualize tne turnover

ratios,

Data Analysis

Data on the daily sales for the grocery department of
the commissary are listad in lable 26 in Appendix B. The
data wer2 collected for tne pre and posttest time periods.

A paired TTest of the data indicated the sales were trending
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Taol2 11, Comparison of Pre and Posttest Turnover
Ratios for Draessiny Product Group

Pracest Posttest
Product Turnover * 3ig Turnover # Si3
Numoer Ratio OLff Ratio OLff
1 .22 9 .34 37
2 IR 3 .23 4
3 .29 20 .27 16
4 e id .15 7
) .45 36 .30 217
o .37 23 .27 15
7 L9 19 .12 12
d .30 22 .13 3
9 .31 22 21 4
19 34" 40 .22 4
il .28 21 .18 6
12 .13 3 .14 5
13 .19 3 .13 10
14 o 39" 23 .24 o
15 L4 39 .17 5
1o .1a d .24 5
17 14" 15 .19% 4
1d i RV 19 .18 6
19 .17 ] .17 5
2V J31% 22 .23* 4
21 .35 22 .18 o
Z2 .23 11 .49 45
23 .34 43 .15 7
24 .19 3 .21 3
25 .13 13 .13 10

* 2 producct 30ld at lower taan normal price

78




Taole 11 (cont).
Turnover Ratios for Dressing Product Group

Product
Number

26
217
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
43
49
50

Pratest

Turnover
Ratio

.26
.24
.32
.05
.16
.31
.12
7
.33
.45
.25
.09
.10*
.09
.03*
.33
.07
.10
.08
.23
.27
.04
.09
.05
.14

# 3ig
Diff

24
|
22
24
10
13
18

8
23
32
11
19
19
19
20
29
23
19
23
19
M
40
20
24
15
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Comparison of Pre and Posttest

pPosttest

Turnovar
Ratio

.15
.25
.10
.J0b
.14
.18
.13
.17
.19
.30
.19
.17
.15
.12
A1
.27
.13
.10
.17
.29
.26
)
.13
.09
.19
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downward in the posttest time period, but not significantly
lower. Tne TTest showed a T of -1.09 and a probability of a
value greater tnan T of .287. This trend towards lower
sales was reflected in the individual product group data,
wnich follow.

The data for the paired TTests wer2 also blocked by day
of the week. The commissary was open different hours on
different days. The pairing by days takes the differences
in operating hours into consideration, and eliminates
variation caused by these differences in operating hours.

Cake Mix Product Group. Taple 12 provides the results

of the paired TTest to detarmine if tne mean daily sales are
significantly different between the two time periods for
each product group. The TTest computes a difference for
each product by subtracting the pratest average daily sales
from tne posttest average daily sales. A negative T
indicates the sales decreasad in the posttest time period.
The results indicate tne overall trend in sales was down.
Sixty percent of the products did not aave a significant
change in sales between the two time periods, tar2e parcent
showed an increase in sales and thirty-seven percent showea
a significant decrease in sales.

Taple 13 shows the out-of-stock levels for the two time
periods on a daily basis. The "0-o-3 Shelf" column shows
out-of-stock on the shelf, which indicates product was on

the shelf at the start of tne day, and sold out during the
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Taple 12.

for the Cake Mix Product Group

Product Average
Number Diff
1 -0.54
2 -2.50
3 -0.34
3 -2.29
) -1.79
6 -1.33
7 -0.08
3 -1.54
9 0.5
10 -2.00
1 -0.83
12 -1.75
13 -2.406
14 2.083
15 0.79
16 0.33
17 -1.87
18 -1.67
19 -7.38
20 -1.54
21 -5.78
22 *
23 -0.17
24 -0.44
25 -1.04
26 -1.06
27 3.00
23 1.83
29 -2.44
30 =-3.77
31 -5.83

* = data not from a

Paired TTest of Daily Sales

std
Dev

.39
.96
.04
.32
.92
.46
.74
1.24
.07
.60
.56
.09
.71
1.12
.74
.48
1.00
.57
3.14
2.91
2.37

.20
1.38
.71
1.23
1.57
«3J5
2,98
1.29
1.70

Normal Distriobution

L]

-1.39
-2.60
-0.34
-4.44
-1.,95
-2.89
-0.11
-1.24

0.75
-3.32
-1.26
-2.54
-3.44

2.34

1.06

0.77
-1.387
-2.91
-2.35
-0.53
-2.43

-0.19
-0.32
-1.47
-0.83

1.91

1.92
-J.31
-2.92
-3.42

Prob T

.178
016
.4038
.00
.64
.008
I
.238
.462
.003
.220
.018
.002
.029
.302
.447
074
.008
.033
.601
.0256

.854
752
. 155
.420
.069
067
.405
.008
.03
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3day. Tne "0-0-3 Ianven®™ column snows no stock on the shelf
At store opening and "J-o-3 Total™ is the sum of tne first
t40 Coidmns. A pairad TTest comparing the average daily
SLOCKOJ4ts on tne snelf for tane two time periods saowed not
2nougn evidence was avallaole to reject tne null hypothesis
tnat tae daily stockout averages were egual, therefore no
Sonci4s1on could oe rz2acned on whetner stockout levels
cnanged oetween tne two tide pariods. Tne value of T was -
J.?4d 4120 A4 Dro0a0LLlTYy OC 3537 of Z1adiag a valie grz2acter
tnan . Tne mean difference is =-v.17 with a standard
deviation of J.18., Tne Jdata covered 24 days, wich 25
percent of tne products snowing a drop in stockouts, o3
pers2nt snowlay no sijnificant cnange and 12 percent witn an
1nSrease 10 StocKouts.

Jressiing Product wroud. Taole 14 and Tlaoie 14

continued provide tne results >f tne paired TTests for

differences of daily sal2s means for tane dressing producc
Jroup. Agaln, tne pratest valuzs were suotracted from cae
posttest values, tnus, a2gitive values i1adicate a drop ia
sales for tne posttest :l.ae parioa. Fort; pars2aat of the

12 av=arage daiily

(v

Products snowel a s1gnillcant aecrzas
sales, fifty-four percent snowed no cnange and 3ix parcent
saowed a significant increase 1n salaes.

Taole 15 snows tne daily stockouts for the product
group takan as 1 whole, Tae data of 1aterest ar2 tne out-

of-stock on the shelf figures for the pre and posttest
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Tapble 14. Paired TTest of Daily Sales
for the Dressing Product Group

Product Average std T Prob T Sig
Number Diffx*» Dev Diff
1 4,.74** 1.07 4.44 .000 +
2 -1.57 .81 -1.92 .068 0
3 J.78 1.45 J.53 .600 0
4 -2.438 .98 -2.52 019 -
5 -1.74 1.52 -1.15 .264 9
6 -1.83 2.00 -.091 .372 0
7 -1.83 .07 -2.74 012 -
3 -3.43 .80 -4.29 .000 -
9 -3.29 2.46 -1.45 .160 0
10 -5.91* 2.53 -2.34 .030 -
1 =2.57 1.06 -2.43 .025 -
12 -1.35 1.06 -1.28 .216 J
13 -2.13 .95 -2.24 .038 -
14 -0.24* 2.39 -0.10 .922 0
15 =10.70* 2.90 -3.69 .001 -
16 -0.70 «75 -0.93 .362 0
17 =2.61% %% .82 -3.31 .004 -
18 -0.65 .62 -1.05 .305 Q
19 -1.56 .88 -1.31 .084 J
20 =19.61% #* 18.36 -1.07 .298 0
21 -2.37 1.43 -1.45 L1717 J
22 7.87 1.95 4.04 .000 +
23 -12.26 2.53 -4.84 .000 -
24 -1.73 1.56 -1.11 .293 0]
25 -2.83 .87 -3.25 .004 -

* = gale and extra shelf space pretest period
** = sale and extra snelf space posttest period
*** = average difference = posttest - pratest
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Table 14 (cont). Paired TTest of Daily Salz=s
for the Dressing Product Group

Product Average std T Probo Sig
Number Diff Dev Diff
26 -1.00 .97 -1.03 .318 0
27 0.35 1.41 0.60 .535 0
23 -6.24 2.35 -2.65 .017 -
29 -0.43 .47 -1.01 .320 4]
30 -2.30 .36 -4.12 .30u -
31 -1.14 .99 -1.15 .271 0
32 -1.39 .49 -2.82 210 -
33 -2.91 .75 -3.90 .000 -
34 -1.57 1.45 -1.09 .290 0
35 1.72 2.23 0.77 .451 0
35 -0.25 3.30 -0.06 .953 0
37 -3.09 .29 -3.1 .005 -
33 0.00* .56 0.900 1.000 0
39 -2.00 .74 -2.70 .014 -
40 -1.08* .09 -1.57 . 145 0
41 -3.30 1.45 -2.27 .049 -
42 -0.48 .79 -0.961 .550 0
43 -1.26 .72 -1.74 .095 0
44 -0.74 .63 -1.13 .251 0
45 0.72 2.63 0.27 .787 0
48 5.04 2.28 2.22 037 +
47 ~18.50* 4.35 -3.73 .001 -
43 -1.48 .01 -2.43 .024 -
49 -1.26 .67 -1.88 .074 0
50 -2.70 1.19 -2.26 .035 -

* = sale and extra shelf space pretest period




Table 15. QJut-of-Stock Data by Day
for cthe Dressing Product Group

Pretest Posttest
0-0-S 0~o-S 0-0-S 0-0-~S 0-0-S 0~-0-3

Day Shelf Invan* Total Snelf Inven Total
1 10 3 13 1 4 5
2 12 4 15 1 1 2
3 7 1 8 3 1 4
4 4 3 7 2 2 4
5 3 6 9 0 2 2
) 5 4 9 0 2 2
7 5 3 8 0 1 1
8 3 2 7 0 1 1
9 1 2 3 1 1 2
19 4 2 b J 1 1
11 2 4 6 0 1 1
12 4 4 3 1 1 2
13 2 5 7 0 2 2
14 2 5 7 1 2 3
15 1 7 8 2 3 5
16 1 4 5 0 4 4
17 4 3 7 0 2 2
18 3 3 5 0 2 2
19 1 3 4 0 2 2
20 ) 2 3 0 2 2
21 1 5 6 0 1 1
22 3 5 3 0 1 1
23 4 4 8 0 2 2

* = tiree products out-of-stock Jue to missing snelf lavels
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periods. A paired TTest on the differences of the means
indicated a significant decrzase in stockouts for the
posttest time period. The value of T was -5.93, witn a
probability of a value greater than T of .0001. The null
hypothesis tnat thera was no difference in the means was
rejected, and the alternative hypothesis was accepted. The
mean difference, calculated oy subtracting the pretest data
from the posttest data, was -3.39 stockouts, with a standarad
deviation of 0.57. Overall stockouts Jdecreasad
significantly for the product group. ©Data from Tapble 16,
which lists stockouts by individual products, shows thnat 40
percent of the products nad no change in stockout levels, 52
percent showed a decrzas2 in stockouts and 3 percent snowed
an increase.

Taple 16 and Table 16 continued snow the stockout
situation for individual products, with the change in
facings from the pra to posttest period included. Data wera
now availaple for sales, facing changes and direction of
change in stockouts for individual products. A contingency
taple was appropriate to compare these changes to determine
if thney were independent of 2ach other. This was necessary
to determine if the change in sales was related to the
change in stockouts or the change in facings. A dependency
between two of the factors would nave implied a causal
relationship. The aull nypothesis for the contingency table

was that the factors were independent. A Chi Sgquare test
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Oout-of-Stock Data for Individual Products
in the Dressing Product Group

Table 16.

Out-of-Stock on Out-of-Stock in

the Shelf Inventory
Product Pre Post Change in Pra Post
Number Test Test Facings Test Test

1 0 0 ~1 0 9
2 ! 0 -1 0] Jd
3 2 2 0 5 0
4 2 0 -2 0 )
5 4 2 1 0 0
6 2 1 1 0 J
7 0 0 -2 0 J
3 0 0 0 0 0
J 7 9 1 2 0
10 o 0 4 1 0
1" 2 1 J 2 J
12 2 0 -1 0 J
13 1 0 ) 0 0
14 9 0 2 6 0
15 3 0 4 0 J
16 0 0 -3 0 0
17 0 0 -2 0 J
18 0 0 -2 0 0
19 0 J -1 J 0
20 0 0 1 0 0
21 1 0 1 9 ]
22 0 0 -1 0 0
23 1 0 ) 0 J
24 3 1 -1 3 3
25 3 0 -2 0 v




Product
Number

26
27
23
29
39
31
32
33
34
35
30
37
38
39
40
41
42
43
44
45
40
47
43
49
59

Table 16 (cont).

Qut-of-Stock
the Shelf

Pre
Test
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Out-of-Stock Data for Individual
Products in tne Dressing Product Group
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Post
Test

39

Change in
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J
1
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Jut-of-Stock in
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Test Test
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statistic for an alpha of .U5 and 1 degree of freedom was
3.34. A value less than that from the contingency taole
does not provide enougn evidence to disprove the null
hypothesis. A value jreater than 3,84 caused rejection of
the null hypothesis, and acceptance of tne alternative
hypothesis of dependency (20:799).

Table 27 and Table 27 continued are found in Appendix
B. These data were used to construct the contingency tables
at Figures 1, 2 and 3. Tne daca snow the direction of
change for sales, stockouts and facings for all 50 products,
The contingency tapbles were developed using no change and
increase as one factor and a decrease as the second factor.
This was done to ensure five values per cell were available,
since the number of increases were too small to use as a
separat2 factor and still nave 5 values per cell. 1In
addition, the two categories served to make the Chi Square
test mor2 conservative; more decreases will be reguired due
to the facing cnange than would nave been required before in
order to snow statistical significance.

Figure 1 details the test of whether tne relationshi)
petween the cnange in sales and cnange in facings were
independent. The value in the pottom of each cell is the
expected value, assuming independence. The value near the
center of the cell is the value actually found from the
collectea data., Figure 1 snows a Chi S3uare value of .013.

This is less than the test statistic of 3.84. There is not
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enough evidence to reject the null nypotnesis of

independence oetween changes in facings and changes in sales
for salad aressing. Thus changing the number of facings did
not appear to cause a decrease in sales.

Figure 2 tests the relationship between the direction
of change in sales and the direction of change in stockouts.
The Chi Square value was .121, which was less cthan the test
statistic of 3.84. There was not enough evidence to reject
tne null nypothesis of independence ovetween tne direction of
change for sales and stockouts. That is, although sales
declined slightly in total, declines in sales for products
did not cause a decline in stockouts for those same items.

Figure 3 tests the relationship between stockouts and
cnanges in facings made during the reallocation. The Cai
Sguare value for the table was 12.0, whicn was Jjreater tnan
the test statistic of 3.84, and which nas a propbability of
the result being due to chance of .000. The aull hypothesis
was rejected and the alternative hypothesis of dependency
was accepted. The change in facings did decrease tne numbder
of stockout situations in the second time pariod.

Further analysis of the contingency taoie in Figure 3
indicated that no change in or increasing tine number of
facings led to a decr2asa in stockouts for 19 products.

Four other products showed no change in stockouts, waile one

showed an increase in stockouts. Decreasing the facings

availapole led to no change in stockouts for 15 products, an
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incr=2ase in stockouts for 3 products and a decrease in

stockouts for 8 products. Only 4 of the 50 products showed

:?ﬁ a statistically significant increase in stockouts during the
A

R ° . . : :

bJ! posttest time period. Although sales did decline for some
AL

3 }y'

products, the evidence indicatad that declining salass was

et not a likely cause of the decline in stockouts.
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- Figure 3. Contingency Taole Testing tne Relationsnip
i of Change in Facings and Change in Stockouts for
tne Dressing Product Group
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Peanut Butter Proauct Group. <‘Table 17 presents the

results of the paired TTest for difference of means of daily
sales for tne peanut putter product group. Only 19 products
were tested due to lack of data on the 2 products as
previously discussed. Tne trend in sales was down overall.
Seven products showed a significant decrease in sales, ten
products showed no significant cnange and two products
showad a significant increase in sales. Tne two with a
s3ignificant increase in sales wer2 sold at a lower thnan
normal price for most of the posttest period.

The out of stock data by day for tne product group as a
wnole are provided at Table 1d4. The paired TTest comparing
tne ore and posttast stockout levels showed a significant
decrease in stockouts for the posttest time period. The
valae of T was -3.12 with a provability of a value greater
tnan T of .005. The .nean difference was -1,17 with a
standard deviation of 0.37, tnus fewer stockouts occurred
witn tne snelf space reallocation.

Taole 19 lists tne stockout data for tne individual
products in tne peanut putter group. Jf tne 19 products, 53
percent sanowed a decrease in stockouts, lo percent snowed no
cnange and 26 percent showed an increase in stockouts. Boti
products whicn sold at a lower tnan normal price had
incr2ases in stockouts.

Contingency table analysis was not appropriate for this

product group. Tnere w2re not enouygh data points availaole

t.¢ 5
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Table 17. Paired TTest of Daily Sales
for the Peanut Butter Product Group

Product Average 5td T Proo T 5ig
Number Diff Dev Diff
1 -4.71 2.909 -2.26 .034 -
2 -8.74 3.12 -2.72 015 -
3 =J.50 1.02 -J.49 .527 )
4 0.58 1.03 0.57 .377 v
5 37.,13%%* 0.69 3.53 .00V +
6 26.00** 3.89 6.63 .009 +
7 -2.05 .83 -2.47 .J24 -
8 -5.20 3.79 -1.37 .204 9

9 Y %k

10 -3.13 1.638 -1.86 .100 J
11 -4.21 1.34 -3.14 .005 -
12 -5.21 2.72 -1.92 .63 9
13 =10.40* 2.10 -4.98 .000 -
14 4.88 3.78 -1.29 219 0
15 -15.57* 3.14 -4.96 .000 -
1o -0.20 .65 -0.40 .694 J
17 -1.96 .88 -2.24 .035 -
18 0.00 1.55 V.00 1.090 J
19 0.15 1.10 0.14 .390 0
20 * % d

21 -0.08 .60 - .14 .391 J

* = gale and extra shelf space pratest perioa
** = sale and extra snelf space posttast period
*** = data nobt availaoles for botn periods




Out-of-Stock Data by Day

for Peanut Butter Product Group

Table 13.

Posttest

Pretest

0-0o-8 0-0-5
Inven Total

0-0-S
Shelf

0-0-S 0-0-S
Inven Total

0-0-S
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Day
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Table 19. OQut-of-Stock Data for Individual Products
- in the Peanut Butter Product Group

Qur-of~-Stock on Out-of-Stock in
the shelf Inventory
Product Pre Post Change in Pre Post
Number Test Test Facings Test Test
1 2 1 -1 J 0
2 4 0 4] 3 0
3 3 J -2 0 )
4 0 1 -3 0 0
Skkw 2 3 1 ) i
oxk* 0 1 0 0 0
7 3 J -1 5 0
8 3 ] 0 14 0
J 3 * 1 5 <4
10 4 0 -1 16 0
11 0 0 1 0 0
12 0 1 1 0 0
13 1 0 i 0 V)
14 ) 1 2 0 0
15 3 J 1 1 0
1o 2 3 0 1 0
17 0 v 9 0 0
13 4 3 0 3 1
19 3 1 0 4 7
20 0 *® -1 0 0
21 ) V) -1 0 0

* 3 product out~-of-stock entire pariod
** = product dropped and added oack
*#** 2 product priced lower than normal
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to provide 5 values per cell (20:793). Other factors, suca
as reduced prices and new products ware coanfounding
variables that could not be accounted for in the analysis.
Thus no conclusions can be drawn from the reconfiguration of
facings to a 99 percent demand level for peanut butter from
looking at changes within the product category.

further analysis is provided ia Figures 4 and 5. The
results of tine TTests for diff2rences in daily sales showed
1 fairly =2ven percantage of d2creasing salas, no caange ia
sales and increasing sales for the three product categories,
Figure 5 provides siwmilar information for for cnanges in
stockouts for all taree product Jroups. The cake aix
product group aid not show a significant change in stockouts
between tina two time periods. The dressing product Jroup
snowed a significant decrease in stockouts, with a T of -
5.93. The peanut butter product group showed a significant
decreas2 ia scockouts, with a T of ~3.12., Table 5 rafiects
thnese findings, witi the cake mix product indicating little
change basa2d on tne frequency count. The ctwo product groups
witn significant decreases in stockouts had similar
fraguency counts for cnanges in stockouts for individual
products, Taken together, the tavles indicate the change in
sal2s for products 1a each product jroup wera constant for
all three product 3jroups, while the decrease in stockouts
w2r=2 limited to tne product jroups taat nad tneir shelf

space reallocated. The salad dressing group shows decreases
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Product Group

Cake Mix Peanut Dressing
Butter
Decreasing 37 40 36
S
a
L No Cnange ol 54 53
e
3
Increasiag 3 0 11
Figure 4. Percent Change 1n sales Lavels Becwe=2n
the Pre and Posttest Time Periods
Product Group
Cake Mix Peanut Dressing
Butter
)
t Decreasiny 1o LY 52
o
c
K ~NO Cnange o8 1o 4y
o
d
t increasing 1o <5 9
s

Figura 5. Parcent Cnanje 1in 3tocxouts for ladividual
Products Between the Pre and Posttest Time Periods
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in stockouts cowparable to cnosz2 of tne peanut butter
product jroup. The two Jroups show a different pattern wita
regards to incr=ases in stockouts, however. That differance
is likely to be attributed to the confounding factors
associatad with peanut butter: new products, lost data and
special prices for some products. The next chapter will
apply the rasults of this analysis and tae statistical tests

to answer the research questions and make recommendations.




V. Conclusions and Recowmmnendations

Introduction

Commissary management is given direction on how much
shelf space is authorized for each product group, what
products may be carried in 2acn product group, wnat products
must be carried in each product group and wnat product
availapility or stockout rate is acceptaole., Management
aust determine wnica products to carry to provide a wide
3election to customers, and amust allocate tine snelf space to
stock all products carried to ensure a 39 percent
availapility rate. TIhe goals of wide product selaction and
hign availapbility are sometimes conflicting, as snelf space
is not availapble, or is not properly allocaced, to stock all
products to neet the 99 percent in stock goal. 1In several
product Jroups, the stockout rate is nigher tnan the one
percent goal.

The objective of tnis researcn was to deceraine a
letnod for allocating snelf space that would meet the
rajJuirea cuscomer service levels. Tne atfect of varyiag tae
snelf space allocation on salas and stockouts was of primary
interast., The rasearch objective was met by answering the
two research guestions pelow.

The remainder of this cnapter addresses the res2arcin
guestions and the answers provided oy the research.

Recommendacions are offerad for a means of providing
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improved service lavels to commnissary customers. The last

section suggests future research in the area.

Research guestion One

What is tne impact on daily sales and stockout levels
for all products in a commodity group, when tne fixed amount
of snelf space available is r2allocated basz2d on equalizing
the products' turnover ratios?

The rasearch indicacad tnat changes ia facings for
products did not appear to affect sales of the products.
Tha cnanges in facings did, aowavar, result in a reduction
in tne number of stockout situations observed. An overall
slignt decrease 1a sal2s levels wmay nave oeen considerad a
factor in tae reduction in stockouts, but statistical
analysis rul2d tne reduced level of sales out as a likely
explanation for tne improved service level available to
customers.

The dre2ssiag product Jroup's shelf space was
reaallocated by equalizing the turnover ratio for all
produccts., The overall commissary sales were lower, but not
significantly lower for the posttest time period. The [Test
for daily sal2s for the dra2ssing product group showed 40
percent of the products had a significant decrease in daily
sales in the posttest tiime period, 54 percent had no cnange
and 6 percent had an increase., The TTest that compared
stockouts indicated a significant decrease in stockouts for

the posttest time period, witn a T value of ~5.93. Further
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tests were reguired to evaluat2 tne relationsnip of the
differences in facings, sales and stockouts. The
contingency table analysis used in the previous chapter
provided the test of dependency.

The contingency table analysis of the relationship
between the change in facings and change in sales indicated
there was not enough evidence to reject tne null aypotnesis
of independence of the two variables. Figure 4 showed that
tne reduction in sal2s levels was approxianataly 29ual for
all three product 3roups. This implied that the reduced
level of sales of dr2ssing was part of an overall reduced
sales level, and not caused by a factor such as facings,
that was different for each product group.

The contingency table analysis of the relationsnip
between the cnange in facings and change in stockouts showed
the two variaples were dependent. Further analysis, and tne
results of the TTests indicated the changes in facings mada
during the reallocation reduced the stockout levels for mosc

products significancly.

Research Question Two

What is tne impact on daily unit sales, stockout lavals
and products carried when the fixed amount of shelf space
available is reallocated pasa2d on providing a 399 percent in
stock rate for all products?

The peanut butter product Jroup snelf spac2 was

reallocated to provide enough units on the shelf to meet
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demand 99 percent of tne time. Due to changes in tne
product mix, to products being sold at lower than normal
prices and to lack of sales data Eor all 21 proaucts, tne
analysis was complicated, and conclusions were limited. The
paired TTest for daily sales showed 7 products with a
significant decrease, 10 products with no change and 2
products with an increase in sales. The paired TTest for
stockouts showed a significant decrease in stockouts for tne
posttest time period. The Jdecrease in sales ana Jdecr=zasa ia
stockouts, coupled with the changes in product mix and sales
price, made ic difficult to prove a cause and affact
relationsnhip for the cnanges. The availapility of only 19
data points precluded usa2 of a contingency taole.

A frequency count of tne changes in sales and stocKouts
was presented in Figures 4 and 5 in the previous cnapter.
The changes in sales appeared to be approximately equal for
all chree product jroups. Tne control group snowed no
significant change in stockouts, while the two reallocated
product groups nad significant decreases. The freguency
count data can be interpreted to indicate tnat the
reallocation of snelf space had some affect on the reduction
in stockout levels. Thus, while the reallocation of shelf
space to meet the 99 percent level reguired very little
change in the number of facings for any given product, the
attention given to tne commodity yroup appears to have

helped reduce the stockout situations observed.

104

3 DA
A'ﬁ»"l.'!:‘ﬁf'é"t’ S




Tae relationsaip of changes in facings to changes in
sales can not be proved or disproved. Figure 4 indicated
tnat the cnanges in sales wera approximately equal for all
product groups. This implied that the cnanges in sales were
the result of an overall downward trend in sales, and not
caused by a variable such as facings with different values
for each product group.

The r2allocation did not have an affact on the number
oL products carried. &£nough snelf space was availaole in
the product gJroup to stock all products to tne 39 percent
availapility level. Consegqguently, this methoda did not
include tne expected consejuence of aropping products.

Both product groups that had their shelf space
r2allocatad had reduced stockout levels. The equalizing
turnover ratio method clearly reduced stockouts. The
allocation of snelf space to meet demand Y9 percent of tne
time could not be proven to reduce stockouts due to price
changes and new products added. Botn groups had improved
stockout l2vels compared to the control 3roup. This
3uggests tnat, altnougn it cannot be proven, that manajemant
attention to tne individual products can improve the sarvice

provided to the customer.

Recommendations for Further 3Study

Basaed on tne conclusions re2acned in answering the
r2search gquestions, management snould implameat a program to

r2allocate snhelf spacz vased on dewand for tae individual
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products. It appears taat 2acn product group has enougn
room allocated to meet 99 percent of demand, thus
r2allocating snelf space by egualizing turnover ratios would
oe the best approacn. A simple spreadsheet using daily
averages of sales from tne CAMI report would eliminate much
of tne manual labor reguired to generate the data used in
this research project, and would facilitate tne changes in
facings necessary to implement this reallocation plan.

An additional topic for researca could oe an
investigation of stocking for 100 percent of daily demand
and 95 percent of 2 Jdays demand. This would allow full
consideration of stocking costs as well as inventory costs.
If more than one day's demana could be stocked, stockouts

and labor costs might oe decreased.




W W W o -

Appendik A: Product Category Lists and
Normalcy Test Results

Ny .
o e

Table 20. Peanut Butter Product List and Normalcy
Tests for Pretest Time Period

P

o
g Gk W o

Product Product Shapiro
Number Name Wilkes

K} 1 Creamy Jiff 18 oz. .37
N 2 Creamy Jiff 28 oz. .94
iy 3 Cruncny Jiff 13 oz. .32
W 4 Cruncay Jiff 28 oz. .96
2 5 Creamy Jiff 40 oz. .94

b Crunchy Jiff 40 oz. .35
y 7 Peter Pan 18 oz. .90
N 3 Cr2amy Petar Pan 23 oz. .95
% 9 Crunchy Peter Pan 28 oz. .34
R 10 Creamy Peter Pan 40 oz. .88
Y 11 Crunchy Peter Pan 40 oz. .33
i - 12 Ccaunky Skippy 28 oz. .89
* 13 Chunky Skippy 40 oz. .33
N 14 Creamy sSkippy 28 oz. .98
5 15 Creamy Skippy 40 oz. .32
> 16 Creamy SKkippy éd oz. .93
B 17 Cnunky Skippy 80 oz. .92

18 Creamy Smuckers 1o oz. 91
g 19 Crunchy 3muckers 16 oz. .90
< 20 Creamy Smuckers 12 oz. .92
v 21 Cruncny Smuckers 12 oz. .92
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Table 21.

Product
Number

WO-NAUIED WN =

Cake
Tests

Betty
Betty
detty
Betty
detty
Betty
Betty
Betty
setcty
Betcty
Betty
Betty
Betty
Betty

Mix Product List and Normalcy

for Pre

Produ
Name

Crocker
Crockar
Crocker
Crocker
Crocker
Crocker
Crocker
Crocker
Crocker
Crocker
crocKker
Crocker
Crocker
Crocker

test Time Period

ct

Chocolate
Yellow
Devils Food

Choc. Choc. Chip
German Chocolate

Chocolate Chip
Cherry Chip
Carrot

Chocolate Almond

Chocolate Fudge

Carrot Two Layer

Lemon
Yellow Butter
Angel Food

Pillsbury Yellow

Pillsbury German Chocolate
Pillsoury Devils Food
Pillsoury Butter

Duncan
Duncan
puncaa
Duncan
Duncan
Duncan
Duncan
Duncan
Duncan
Duncan
Duncan
Duncan
duncan

Hines
dines
Hines
Hines
Hines
Hines
dines
dines
Hines
Hines
Hines
dines
dines

white

Yellow

Devils Food
Spice

Fudge Marble
Lemon

Deep Chocolate
Swiss Chocolate
Butter Solden
Butter Fudge
Chocolate Chip
Golden vanilla
Angel Food
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Shapiro
Wwilkes

.39
.33
.92
.94
.92
.30
.95
.90
.30
.93
.90
.31
.95
.90
.96
.94
.33
.92
.33
.33
.93
.17
.91
.93
.95
.33
.33
.94
.74
.95
.98




Table 22.
Product
Number
1 Kraft
2 {ractec
3 Aract
4 Kraft
5 Kraft
° Kraft
7 Xraft
8 fraft
9 Krafe
10 Kraft
11 Kraft
12 Kraft
13 Kraft
14 Kraft
15 Kraft
16 Kraft
17 Kraft
18 Kraft
19 Kraft
20 Lract
21 Kraft
22 Kraft
23 Arafc
24 Xraft
23 frafe

Product
Name

—

French

Lo Cal Russian
duccarmilk

Ranchers Choice
Ranchers Choice

Lo Cal Ranchers Choice
1000 Island and Bacon
Lo Cal Creamy Italian
Zesty Italian

Zesty ltalian

Creamy Italian

Golden Ceaser

Lo Cal Creamy Bacon
Lo Cal Italian

Lo Cal Catalina
Catalina

1000 Island

Roka 3lue Cheese

-

— —a —t

— b
G A WOV WO, 0.0 00O WO O Gy & O

Lo Cal Franch

Catalina 1
Roka Blue Cheese 16
1000 Island 16
Lo Cal 1000 Island 19
Bacon and Touwato 1o

Creamy Cucumper 16

oz.
oZ.
Qoz.
oz,
oz.
oz.
ozZ.
oz.
oz,
0ozZ.
oz.
O%Z.
QZ.
ocz.
oz.
0Z.
ozZ.
oz.
oz.
oz.
oz,
oz.
oz.
oz,
oz,

Salad Dressing Product List and Normalcy
Tests for Pretest Time Period

Shapiro
Wilkes

.93
.24
.87
.93
.93
.93
.91
.95
.95
.90
.88
.93
.84
.94
.95
.93
.97
.94
.92
.97
.90
.95
.96
.90
.97




Table 22 (cont). Salad Dressing Product List and
Normalcy Test for Pretest Time Period

Product Product Shapiro
Number Name Wilkes
26 Kraft Russian 8 oz. .91
27 Kraft Lo Cal Cucumber 16 oz, .90
28 Kraft Q0il Free Italian 8 oz. .93
29 Wishbone Creamy Dijon 8 oz, .9
30 Wishbone Vinagrette 8 oz, .97
31 Wishbone Lite Vinagrette 8 oz. .94
32 Wishbone Lite Creamy Dijon 8 oz. .95
33 Wishbone Chunky Blue Cheese 8 oz. .91
34 Wisnbone Lite Blue Cheese 3 oz, .96
35 Wishbone Italian 16 oz. .92
36 wisnbone Robusto Italian 16 oz. .96
37 Wishbone Russian 3 oz. .93
38 Wishbone French 16 oz. .97
39 Wishbone French ‘ 8 oz. .92
40 Wwisnhbone Lite Fraench 16 oz. .97
41 Wishbone Lte Italian 8 oz. .97
42 Wishbone Lite Frenchn 8 oz, .91
43 Wishoone Lite Russian 3 oz. .96
44 Wwisnbone 1000 Island 3 oz, .87
45 Marzetti Slaw Dressing .91
46 Hidden Valley Creamy 8 oz, .89
47 Hidden valley Creamy 16 oz. .93
43 didden vValley Herb 8 oz. .93
49 didden valley 1000 Island 8 oz. .94
50 Hidden Valley Creamy Bacon 8 oz. .95




Taole 23. Peanut Butter Product List and Normalcy
Tests for Posttest Time Period

. Product Product Shapiro
Number Name Wilkes
1 Creamy Jiff 18 oz. .88
2 Creamy Jiff 28 oz. .94
3 Crunchy Jiff 18 oz. .92
4 Crunchy Jiff 28 oz. .34
5 Creamy Jiff 49 oz. .93
o Crunchy Jiff 40 oz. .95
7 Peter Pan 13 oz. .87
3 Creamy Peter Pan 28 oz. 91
9 Crunchy Petar Pan 28 oz. *
10 Creamy Peter Pan 40 oz. .94
1 Crunchy Peter Pan 40 oz. .95
12 Chunky Skippy 28 oz. .90
13 Chunky Skippy 40 oz. .91
14 Creamy Skippy 28 oz, .90
15 Creamy Skippy 40 oz. .92
16 Creamy Sxippy 80 oz. .96
17 Chunky Skippy 80 oz. .89
18 Creamy Smuckers 16 oz. .96
19 Crunchy Smuckers 16 oz. .95
20 Creamy Smuckers 12 oz. k%
21 Crunchy Smuckers 12 oz. .93

* = product out-of-stock entire period
** = galaes data not accumuilat2d by ACOS
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Table 24. Cake Mix Product List and Normalcy
Tests for Posttest Time Period

Product Product Shapiro
Number Name Wilkes
1 Betty Crockar Cnocolatez .32
2 Betty Crockar Yellow .97
3 Betty Crockar Devils Food .92
4 Betty Crocker Cnoc. Choc. Chip .75
5 Betty Crockar German Chocolate .91
6 Betty Crocker Chocolate Chip .90
7 8etty Crocker Cnerry Chip : .92
8 Betty Crocker Carrot .33
9 Betty Crocker Cnocolats Almond 34
10 Betty Crocker Chocolate Fudge .94
1" Bectty Crocker Carrot T[wo Layer .93
12 Betty Crockar Lemon .35
13 Betty Crockar Yellow Butter .87
14 Betty Crocker Angel Food +325
15 Pillsbury Yellow .95
16 Pillsbury German Chocolate .93
17 Pillsbury Devils Food .39
18 Pillsbury Butter .39
19 Duncan dines Whice .93
20 Duncan Hines Yellow .93
21 Duncan Hin2s 9davils Food .92
22 Duncan Hines Spice .73
23 Duncan Hines Fudge Marble .34
24 Duncan Hines Lamon .93
25 duncan Hines Da2p Chocolate .33
26 Duncan Hines Swiss Chocolate 37
27 vuncan Hines Butta2r Golden .34
28 Duncan Hines Butter Fudge .30
23 Duncan dines Chocolata Chip .80
30 Duncan Hines Golden Vanilla .92
31 Duncan Hines Angel FTood .94
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Taple 25,

Product
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Salad Dra2ssing Product List and Normalcy

Tests for Posttest Time Period

Xraft
Kraft
Kraft
Kratt
Kraft
Kraft
Kraft
Kraft
Rraft
Kraft
Kraft
Kraft
Kraft
Kraft
Kraft
Kraft
Kraft
Kraft
Kraft

Kraft

Kraft
Kraft
Kraft
Kraft
Kraft

Lo Cal Russian
Buttermilk

Rancners Choice
Ranchers Choice

Lo Cal Ranchers Choice
1000 Island and Bacon
Lo Cal Creamy Italian
Zesty Italian

Zesty Italian

Creamy Italian

Golden Ceaser

Lo Cal Creamy Bacon
Lo Cal Italian

Lo Cal Catalina
Catalina

1000 Island

Roka Blue Cheese

Lo Cal Frencn
Catalina

Roka Blue Cheese

1000 Island

Lo Cal 1000 Island
Bacon and Tomato
Creamy Cucumber

10

1o

oz.
oz.
oz.
oz.
oz.
oz.
Qz.
oz.
oz.
oz.
0z.
oz.
Qz.
oz.
oz.
oz.
Qz.
Qz.
oz.
Qz.
oz.
oz.
ozZ.
oz.
oz.




Table 25 (cont). Salad Dressing Product List and
Normalcy Test for Posttest Time Period

Product Product Shapiro
Number Name Wilkes
26 Kraft Russian 8 oz. .90
27 Kraft Lo Cal Cucumber 16 oz. .96
28 Kraft Oil Fra2e Italian 8 oz. .91
29 Wishbone Creamy Dijon 38 oz. .87
30 Wwishbone Vinagratte 8 oz. .95
31 Aishbone Lite Vinagrette 8 oz. .98
32 Wisnbone Lite Creamy Dijon 38 oz. .98
33 Wishbone Chunky Blue Cheese 8 oz. .96
34 Wwishbone Lite Blue Cheese 8 oz. .98
35 Wwishbone Italian 16 oz. .96
36 wishbone Roobusto Italian 16 oz. .92
37 Wishbone Russian 8 oz. .91
38 Wishbone French 18 oz. .94
39 Wishbone French 3 oz. 91
40 Wishbone Lite French 18 oz. .83
41 Wisnbone Lte Italian 8 oz. .93
42 Wishbone Lite French 8 oz. .96
43 Wisnbone Lite Russian 8 oz. .92
44 ‘ Wishbone 1000 Island 8 oz. .96
45 Marzetti 3law Dressing .95
46 didden valley Creamy 8 oz. .95
47 didden Valley Creamy 16 oz. .94
43 didden Valley Herbd 8 oz. .95
49 didden vValley 1000 Island 8 oz. .85
50 Hidden Valley Creamy Bacon 8 oz, .92




Appendix B: Additional Data Comparisons for Pre
and Posttest Time Periods

Table 26. Daily Sales Data for Commissary Grocery
Department for Pre and Posttest Periods

Day Pratest Posttest
(s$) ()
1 143,6990.32 122,235.75
2 142,002.07 116,593.34
3 143,310.438 143,334.92
4 125,717,139 111,072.39
5 139,101.32 121,281.87
6 81,640,35 65,060.92
7 127,530.55 109,477.34
8 117,053.70 98,255.85
9 145,591.53 122,748.11
10 114,714.27 39,378.41
L 114,705.106 98,453.52
12 57,517.11 57,110.26
13 107,170.25 106,984.66
14 102,254.31 95,982.42
15 134,540.29 153,216,138
16 108,905.20 121,712.93
17 127,228.77 124,553.04
18 69,188.05 74,583.39
19 97,164.24 129,068.71
20 92,518,138 117,050.32
21 115,288.46 139,599.33
22 99,237.12 102,251.35
23 108,330.04 108,578.75
24 65,445.36 53,992.24
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Table 27, Differences in Sales, Out-of-Stock and Facinys
Between Time Periods for the Dressing Product Group

Product Diff*. in Diff. in Diff. in
Number Sales 0-0-3 Facings
1 + 0 -
2 0 - -
3 J J J
4 - - -
5 0 - +
6 0 - +
7 - 0 -
8 - 0 J
9 - +
10 - - +
1 - - )
12 0 - -
13 - - 4]
14 0 - +
15 - - +
16 0 0 -
17 - 0 -
18 0 9 -
19 V] 0 -
20 0 2 +
21 J - +
22 + 0 -
23 - - +
24 0 - -
25 - - -

* = difference is posttest =~ pretast
- indicates a decrease in salas, stockouts or faciags
in the posttest time period
0 indicates no differance betwen periods
+ indicates an incr2ase in the posttest time period




Table 27 (cont). Diffarences in Sales, Out-of-Stock
and Facings Between Time Periods for the
Dressing Product Group

Product Diff*. in Diff. in Diff. in
Numoer Sales 0-0-5 Facings

26
27
23
29
30
31
32
33
34
35
36
37
38
33
40
41
42
43
44
45
45
47
43
43
30
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