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As we move beyond the exploratory research stage of service manage-
ment, leading scholars have emphasized that an integration of concepts
and perspectives from both operations and marketing is essential for design
and management of high-performing services. According to Lovelock
(1992), the challenge for service managers is to search for compatibility
among four basic forces in a service and to answer the following questions:

W What does management want?

W What do employees and suppliers want?

W What do customers want?

W What is the organization actually capable of doing?

Many researchers have helped to direct the development of methodolo-
gies 10 answer these questions by recommending that marketing, operations
management, and organizational behavior constructs be used in combination
(Bowen & Cummings, 1990). Heskett’s (1987) “strategic service vision,” for
example, identifies a target market segment, develops a service concept to
address targeted customers’ needs, codifies an operating strategy to support
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the service concept, and designs a service delivery system to support the op-
erating strategy.

We can see that service design requires interdisciplinary attention,
From the marketing perspective, a customer’s expectation of the service not
only is a component of the function that measures satisfaction or service qual-
ity but also is information that helps to generate expected utility for the ser-
vice, a concept that we explore in this chapter. The customer’s expectation of
a service might be based on past experience; consider, for example, a repeat
customer calling a service representative at a catalog operation or a financial
services company, Many times, however, service operations have visible sig-
nals that influence cusiomers’ expectations before customers decide to pa-
tronize service organizations. A customer, for example, might observe a long
waiting line at a restaurant and decide to go elsewhere because his or her
expected utility for the service is low; that is, the customer does not value the
service encugh to wait a long time to be served.

Operations managers usually focus their attention and resources on
process variables such as service rates and number of servers that influence
capacity costs and customer waiting. A number of sophisticated techniques
for scheduling labor, for example, have been published in the management
science and operations management literature. Significant progress also has
been made in waiting line analysis (Maister, 1985). Recent operations man-
agement publications have linked customer waiting times to satisfaction and
subsequent costs to the organization (Davis, 1991).

The purpose of this chapter is to present a model that integrates cus-
tomer preferences and service design. In response to the need for interdisci-
plinary service management research, we present a framework that specifies
the key elements of an integrated market utility-based model (MUM) and a
method for determining optimal service designs based on customer needs and
preferences. We also explore the relationships among revenue, capacity costs,
and those service design attributes that have significant operational conse-
quences. Our model builds on the topics we have described and integrates
customer utility models that are commonly used in market research with ca-
pacity variables and their corresponding costs that are typical operations
management issues. The proposed method is general and can be adapted for
different types of service operations.

Note that demand in service environments is sensitive to wait times.
When customets face a long wait for service, they might forge the service or
go to a competifor. This is one factor that distinguishes a service operation
from a manufacturing operation, and it has important implications for the
service design model. Designing the service model to minimize or eliminate
customer waiting, however, is not straightforward. A supply-side resolution
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increases the number of servers, which decreases wait time, increases the
value of service to the customer (i.e., increases the customer utility), and
wltimately increases market share. At first glance, this seems to be a happy
resolution; customers are happy, and market share goes up. There is a down-
side, however, because increasing the number of servers increases the cost of
delivering the service and has a negative impact on profit.

The discussion of our model is divided into four sections. First, we
review the related research in customer preferences, service design, and wait-
ing lines. Second, we propose a framework and the procedure for determining
optimal designs. Third, we illustrate the usefulness of the model for an exist-
ing service. We conclude with a discussion of the academic and managerial
implications of the present work and suggest directions for future research.

A REVIEW OF RELATED RESEARCH

The relationships between customer preferences and service capacity are
complex and, therefore, are difficult to integrate into operations decisions.
The abstract relationship of customer waiting time, service design attributes
(including service capacity), and organizational performance is generally rid-
dled with confounding effects that require starting with fundamental, robust,
economic frameworks.

Customer Preferences

During recent years, several approaches for modeling costomer pref-
erences have evolved. The return on guality approach developed by Rust
and his coresearchers provides a framework for linking customer satisfaction
to a firm’s financial performance (Andersen, Fornell, & Rust, 1997; Rust,
Zahorik, & Keiningham, 1995).

Another appreach involves modeling customer preferences in response
to experimentally designed profiles of products and services. This approach,
commonly known as probabilistic discrete choice analysis (DCA), has been
used to model choice processes of decision makers in a variety of academic
disciplines including marketing, operations management, iransportation, ur-
ban planning, hospitality, and natural resource economics.

Statistical models developed from a DCA study link service attributes
1o customer preferences. Typical service atiributes are measurable items
(e.g., waiting time, price} or other items (e.g., facility cleanliness, employee
empathy) that are more challenging to guantify. By describing a service in
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terms of appropriate attributes, DCA can be used to predict market share and
profit from any hypothetical service design. For these reasons, we used the
DCA approach in our study. Verma, Thompson, and Louviers (1999) review
the DCA literature and provide a guideline for designing and conducting
DCA studies, so we only briefly describe DCA-related research here for the
sake of clarification.

Information integration theory in psychology and random utility theory
(RUT) in econometrics provide the theoretical basis for use of DCA in mod-
eling customer preferences. This research suggests that, after acquiring infor-
mation and learning about possible alternatives, decision makers define a set
of determinant or key attributes to use to compare and evaluate alternatives.,
When looking for a new dentist, for example, a customer might consider
friends’ recommendations, insurance caverage and cost issues, and state-of-
the-art dental techniques as key attributes. After comparing available alterna-
tives with respect to each attribute, decision makers eliminate some alter-
natives and identify a final choice set. They then form impressions of each
alternative’s position on the determinant attributes, establish values for the
attribute positions {i.e., make trade-offs), and combine the attribute informa-
tion to form overall impressions of each alternative. In the dentist example,
the customer might have to trade off a highly recomumnended, expensive den-
tist for a relatively unknown dentist who has better insurance coverage but
less sophisticated dental equipment or techniques. After determining how im-
portant each of these attributes is, the customer forms a general impression
of each dentist.

In many applications of DCA, certain assumptions about the distribu-
tions of errors in the valuation process lead to the conclusion that changing
the number of alternatives in choice sets does not change the relative prob-
abilities of choice among the alternatives. This property is known as inde-
pendence from irrelevant alternatives {[IA), and it results from assuming that
the errors in the valuation process are Gumbel-distributed random variates
{(Ben-Akiva & Lerman, 1991; Louviere, 1988).

The IIA property is valuable in DCA applications because it allows one
to predict alternatives not presently in choice sets or to use choice sets of
various sizes. Choice models that possess the IIA property, in turn, can be
estimated from certain types of choice experiments that permit researchers
to predict the probability that alternatives with given attribute levels will be
chosen by consumers (Louviere & Woodworth, 1983). That is, the relative
probability of choosing any alternative depends on the attributes of all alter-
natives; hence, these probabilities can be modeled, predicted, and used to
estimate market shares of products or services. Under the preceding assump-
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tions, the conditional probability of choosing an alternative j from a given
choice set ¢, can be expressed as a multinomial logit (MNL) model:
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where v; Tepresents the systematic component of utility (7)) of alternative j.
Utility is a measure of an individual’s preference for a particular sexvice,
represented by a set of attributes. Again using the dentist example, the choice
set has two dentists, and the customer would have a different utility for each
dentist, depending on each dentist’s attributes and, therefore, different prob-
abilities of choosing each one given that choice set,

MNL is a member of the family of randem utility models, which
assume that the utilities (U;) of real interest are latent and unobservable
constructs. These latent uviilities can be represented by a systematic (i.e., ex-
plainable) component (v;), which can be estimated, and a randem (i.e., un-
explainable) component (g), which in the case of MNL is independent and
identically distributed according to a Gumbel distribution with a scale
parameter . We can decompose any product or service into a bundle of attri-
butes, and if we assume that utility is additive in the part-worth tility of each
atiribute, then we can represent an alternative’s systematic utility as follows:

Y= Z B, Xaf [6.2]

ae A

where [3, is the relative utility (i.e., part-worth utility) associated with attri-
bute ¢ and x,; is the level or setting of service j’s different attributes A. Each
customer has his or her own part-worth utility for each atiribute such as cost,
employee empathy, or waiting time. Once these P’s are estimated, we can
estimate the individual’s utility for a service with certain attribute levels (e.g.,
$30 price, very.friendly employees, no more than 5 minutes of waiting time).
In practice, the B, parameters are estimated by means of the methed of the
maximum likelihood (Ben-Akiva & Lerman, 1991).

RUT not only provides DCA with sound, well-tested, and often applied
behavioral theory, it also provides a framework for comparing preference
data from a wide range of elicitation procedures and data sources. The theory
serves as the basis of a model for choices, volumes, and interpurchase times
that are conditional on other choices, delays, and nonpurchases. RUT, more
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important, provides a theoretical link between behavior observed in experi-
ments, surveys, or other forms of stated preferences and behavior observed in
real markets.

We confine our discussion to DCA. applications involving discrete
choice, stated preference experiments. Such experiments involve the design
of profiles and choice sets in which two or more alternatives are offered to
decision makers, who are asked to evaluate the options and choose ane or
none. Each respondent in a DCA experiment receives several choice sets to
evaluate (e.g., 8-32 sets) with two or more hypothetical services to choose
from in each set. The design of the experiment is under the control of the
researcher and, consequently, the decision makers’ choices (i.e., the depen-
dent variable) must be a function of the attributes of each alternative, personal
characteristics of the respondents, and unobserved effects captured by the
random component (e.g., unobserved heterogeneity, omitted factors).

DCA applications based on choice experiments usually involve the fol-
lowing steps (Verma et al., 1999):

Identification of attributes

Specification of attribute levels
Experimental design

Presentation of alternatives to respondents
Estimation of choice model

Several past studies have shown that, in general, the market share pre-
dictions generated frem MNL models based on DCA are relatively accurate
{Ben-Akiva & Lerman, 1991; Green & Krieger, 1996; Louviéve & Timmer-
mans, 1990). Although design of choice experiments and estimation of MNL
maodels require sophisticated training and skills, implementing the estimated
models in spreadsheet-based decision support systems is easy.

In this study, we illustrate the use of DCA in service design and dem-
onstrate how customer preferences models developed from a DCA study can
be incorporated into waiting lines, labor scheduling, and other operations
management techniques for effective service management decisions.

Service Design

One of the most useful aspects of the utility measurement is its ap-
plication to the evaluation of different service designs. In the general service
design problem, sales are estimated by multiplying choice probability by the
number of people in the sample segment or population. We can estimate
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market share, doHlar voluine, or contribution to profit using the following
formula: "

5
N N (P-V)-F [63]
5=1
where
N; = number of customers in market segment s
§ = number of market segments, s € S
Ty = probability that a person in market segiment s will choose
profile X; from among the members of competitive set J as
determined by Equation 6.1, j& J
P; = price for profile X;
¥; = variable cost associated with profile X;

F; = fixed cost associated with profile X;

Search over all possible attribute combinations, X, to find the service profile
that maximizes the chosen objective. By setting F;=0, V; = 0, P;= 1, and
N =1 sequentially and cumulatively, the problem becomes one of maximiz-
ing contribution, revenue, unit sales, and market share, respectively.

Green, Carroll, and Goldberg (1981) indicate that the biggest limitation
of most marketing research is the failure to extend the atiribute-level deci-
sions to cost and profits. Green and Krieger (1989, 1992) include linear cost
functions in SIMOPT, a product-positioning model that has more extensive
features than do other models. Kohli and Krishnamurti (1987) proposes a
method thai first selects a small sei of attractive designs using maximum mar-
ket share criteria. The set is then evaluated more thoroughly for technological
feasibility, manufacturing and marketing costs, and compatibility with the
firm’s strategies and resources. Dobson and Kalish {1988, 1993) apply a simi-
lar approach to the optimal product line problem. Both of these methods,
however, might not identify the profit-maximizing design combination in
many situations,

s Hanson and Martin (1996) present a path-following heuristic that uses
a simplistic cost structure to optimize product and service design profits. The
method assumes that afl incremental costs are continuous and differentiable
over the range of possible attribute levels. This method is difficult to apply to
many services because, as Easton and Rossin (1996) indicate, incremental
Iabor costs vary in a steplike fashion in response to changing service attribute
levels such as speed of service; that is, they have a distinctly discontinnons
nonlinear relationship.
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Marketing researchers and practitioners have focused on market share-
maximizing product and product line design issues or on profit-maxitmizing
designs that have simplistic cost structures. These methods are extremely nar-
row for most realistic service design applications, particularly when demand
is sensitive to delays.

Customer Waifing Time

Uncertain customer arrivals, joint production beiween buyer and sup-
plier, and the inability to inventory create special problems in service design.
Excess demand leads to waiting time and congestion. Excess capacity creates
additional costs of labor and capacity investment. Service design models,
therefore, must match demand to supply, and this requires that the models
address a more complex function covering both service product and process
attributes. Marketing decisions such as variations in price, product, and pro-
motion interact with operational decisions such as facilities configuration,
capacity changes, scheduling, and process improvements. All of these factors
affect both customer waiting time and cost of service delivery.

The factors that affect waiting time can be divided into two categories:
customer-related factors and firm-related factors. The manager and staff have
little control over the customer-related factors such as customer aititudes,
time constraints, and some perceptions. Managers and staff, however, usually
have direct control over firm-related factors such as service time, physical
surroundings, and courtesy of the server.

The firm-related factor of customer waiting time must be considered in
the context of customer expectations. These expectations are based on past
experience and observation of any existing queue. Customer fose Ortega, for
example, might not be “put off” by a long line at First Interstate Bank (FIB)
because his past experience has shown that the line always moves rapidly.
John Wu, however, has had no past experience at First Interstate Bank, so he
may either leave immediately in search of a bank without a line of customers
ar jein the line and see how it progresses before he decides to stay or leave.
Operations management researchers have identified waiting time in queues
as a key attribute and an important component of the customer’s utility func-
tion. Davis (1991), for example, shows a logarithmic relationship between
waiting time and the satisfaction level of customers.

Advancements by researchers in examining customer waiting are par-
afleled by researchers looking at supply-side, process-based economic pet-
spectives such as quening theory, capacity planning, and crganizational
performance. Kalai, Kamien, and Rubinovitch (1992) studied the impact of
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customers who choose faster service speeds on the market share generated
by two competing servers. They assumed that customers cbserve the opera-
tion before they make 4 degision to use the service, One of the cases mirrored
the general problem of scheduling services in a typical low-customization
environument, where capacity exceeds customer arrivals. Kalai et al. dem-
onstrate that market share decreased as waiting time increased. Li and Lee
(1994) expanded the set of service atiributes and examined customer prefer-
ences over price, quality, and speed of delivery, They found that the firm with
the higher processing rate enjoyed a larger market share. Given that custom-
ers have different waiting costs (i.e., different tolerances for delays), sched-
uling policies offer firms a way in which to compete on both service effi-
ciency and price.

Tiig's (1994) model provides a practical accounting for waiting time
that sheds light on the misconceptions of favoring high Iabor use and lean
staffing to minimize operating costs. In a supermarket example of his service
capacity model, he demonstrates that decreasing labor use from 97% to 78%
increased contribution by 18%.

In the more recent service operations literature, researchers have pro-
posed system design models that attempt to integrate waiting and service time
with customer arrivals using economics and marketing concepts. Stidham’s
(1992) model links service time to capacity and price in a single-server queun-
ing system that has design variables of arrival rate as a function of price and
service rate, Xarmarker and Pithladdo (1995) present two models. One is a
Joint-production model for a mongpolistic service supplier, and the other is a
model of perfect competition among suppliers when buyer and supplier costs
are functions of time expended by the customer and the provider. These two
works incorporate the impact of waiting and service time using arrivals and
costs, respectively. Operationalizing these concepts, however, is important
and difficult,

Other researchers have developed more extensive service design and
improvement models. Rust et al, (1993) present the return-on-quality mana-
gerial framework to assess the financial consequences of service quality im-
provement decisions. Pullman and Moore {(in press) present an interdiscipli-
nary optimal service design mode] that uses an MUM to address a
competitive environment with multiple segments, waiting tirne management .
strategies, and service attributes. Both of these models capture the competi-
tive environment; however, the Rust et al. (1995) method does not address
optimal service design, and Pullinan and Moore’s (in press) mode] is limited
to capital investrments with relatively long-term time horizons.

In the next section, we propose a model that extends customer prefer-
ence, service attribute design, and customer waiting models by linking well-
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established marketing tools to the service operations function. The model
also integrates customer preferences into service design attributes, service
capacity, service structure variables, and the organization's conribution mar-
gin. The model, therefore, must capture the dynamic relationships among
service design aitributes, market share, and service structure (i.e., waiting
line analysis). It also must account for the economic impact of changing ser-
vice design atiributes.

THE MARKET UTILITY-BASED MODEL -

Qur proposed MUM for a service process is a robust mode] that captures the
dynamism of the market for a single firm. In particular, changing customer
preferences create complex relationships among elements of the service sys-
tem. To formulate the MUM objective, we assume that service design attri-
butes of competitors do not change. If service design attributes of competitors
were to change, however, we could capture the changes by reexamining cus-
tomer preferences. The MUM objective is to maximize the profit function:

(PLY Ny} = (Fy+ %, 0) (6.4]
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The MUM objective is to maximize profit that is the difference of
(2) the marginal income derived from service design j (excluding direct serv-
er costs) and (b) costs of providing service j made up of direct server cosis at
C per server and fixed costs F of service operation. The MUM’s objective
function is subject to constraints that specify the firm's market share as a
function of customer preferences for service attributes such as customer wait-
ing time. Additional constraints must specify waiting time as a function of the
firm’s arrivals and server deployment.
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Figure 6.1 presents the MUM graphically. The mode] has three compo-
nents. The supply component includes managerial decision areas concerned
with parameters of the service firm’s operations. The demand component re-
flects how much customers use the service as measured by the amount of
market share that is based on the firm’s service attributes and marketing. The
economic consequence component integrates the revenue-generating de-
mand component and the cost-generating supply component.

The MUM’s explicit focus is on service capacity (i.e., the supply com-
ponent) and arrjvals (i.€., the demand component) because they are closely
linked to the attribute of customer waiting time. Many other service design
attributes can be identified and included in the MUM because the model cap-
tures the impact of changes in a firm’s service design attributes on market
share (i.e., arrivals). The change in amivals may alter the firm’s ability to
provide its desired service design attributes such as customer waiting time.
Customers, for example, might prefer a friendly phone agent or server, An
increase in the friendliness or empathy attribute, however, might decrease an
employee’s service rate. The MUM accounts for these types of interactions
between attributes and queuing analysis.

Supply Companent

The supply component of the MUM consists of the two elements shown
in Figure 6.1. Customers consider service design attributes to be value-added
items, and these translate into increased customer utility for the service.
These attributes include factors such as employee friendliness, facility clean-
liness, and menu variety. Service design attributes are specific to market
needs, but they also must be compatible with service operations structure.
Most service design attributes are set and can be changed only by managerial
specification (e.g., menn variety), but service design atiributes that address
waiting line issues (e.g., target peak waiting time) are affected by customer
behavior (e.g., changes in arrivals) as well.

The second element of the supply component involves the service ap-
exation structure. These structural elements are fondamental process deci-
sions that dictate what level of an attribute will be delivered, Service structure
decisions include operations issues such as capacity scheduling, layout, work
design, ratio of front-to-back workers, and service rates. Fast-food service
might dictate an assembly line system, for example, and a 10-minute oil
change promotion requires a specific service rate.

Use of backroom workers is another service structure decision that di-
rectly affects service design attributes. Backroom restaurant workers can pre-
pare food ahead of time and create a make-to-stock environment for immedi-
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ate servicing of customers {i.e., value-added service for fast-foed restau-
rants). If employees can be cross-trained to prepare food and execute trans-
actions, then managers will have added flexibility in their service capacity,
How these employses are used (e.g., how many are frontline servers and how
many are backroom workers) is a function of the firm’s physical and organi-
zational structure; for example, Taco Bell’s operational structure might be
different from TCBY’s. Employee use also depends on how managers can
best satisfy customers in the market segment. Note that fast service is a ser-
vice design attribute, and the process that includes backroom workers is part
of the service operation structure.

Demand Componemt

The demand component of Figure 6.1 addresses customer market share
generation. In forecasting arrivals for the service operation, we must identify
the size of market segments to achieve accuracy and effectiveness in specify-
ing the operation structure. Market research also is required to determine the
important service design attributes.

Economic Consequence

The economic consequence component of the MUM establishes the
context for defining the terms for Equation 6.4. On the revenue-generating
side, arrivals multiplied by the unit marginal income yield part of the contri-
bution margin. Unit marginal income is defined as sales price minus all of the
nonwage variable expenses per unit. Price is generally considered a service
design attribute, Variable expenses are costs that fluctuate proportionally with
volume or activity and usnally are incurred per unit (e.g., charges for tele-
phone calls, third-party transactions made by the firm, materials, food).

Server cost is a direct labor cost in service firms. The number of cus-
tomer service representatives scheduled to answer telephone calls at a call
center, for example, will depend on expected customer arrivals to the seTvice
system. When more calls are expected, more customer seTvice representatives
are scheduled. The number of servers scheduled traditionally has been gen-
erated by procedures ranging from manager intuition to complex labor sched-
uling programs. Capacity costs usually have a nonlinear relationship with
demand, When server costs are subtracted from the rest of marginal income,
the difference is the fitm’s contribution margin.

Fixed costs in service operations include rant for facilities and equip-
ment, energy, taxes, insurance, and managerial salaries. The contribution
margin net of fixed costs yields the firm’s profit. We look at an illustration to
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show how the MUM can be used to maximize profit or contribution margin
in a service firm.

ILLUSTRATION OF THE MUM

To illustrate the MUM, we use an existing service setfing in a fixed competi-
tive market. The management of the international terminal at a major mid-
western airport {called T3) wants to improve revenues from the retail space.
At this time, fast-food vendors, duty-free awners, and other gift shop opera-
tors rent space in the terminal. Four vendors offer food service on the depar-
ture floor using a food court layout; that is, the vendors are situated around a
shared eating area. TS would like to assist vendors in maximizing their profits
by promoting strategies that address the benefit of increasing revenues rather
than minimizing costs. The model, therefore, is used to generate an optimal
profit service design that will identify appropriate improvements.

T5 handled approximately 1 million departing passengers in 1997, Be-
cause of the existing airline regulations, the majority of these passengers ar-
rive at TS5 several houxs before their flight departure times. During this time,
the passengers, their families, and their friends often congregate in the food
court and waiting areas. Because nontraveling family membess and friends
are prohibited from passing through the security area to the gates, most of
these people choose to shop or buy food while they wait.

The food court area has two important characteristics that make it an
ideal candidate for the proposed medel. First, vendors face extreme fluctua-
tions in customer demand, depending on the flight departure times and sea-
sonal travel. Second, customers can view all vendors simul{aneously and also
can observe the tangible service elemenis (e.g., menus, picture displays, food
itemns, waiting lines, service rates). One of the vendors, City Hot Dog, wants
to use the MUM to develop the most profitable service design.

Discrete Choice Experiment

As noted earlter in the literature review section, the first stage in the
design of a DCA study involves identification of relevant product and service
attributes and their levels. Therefore, we interviewed 100 randomly selecied
airline passengers and T5 terminal employees to identify the important attri-
butes they used to choose a food vendor. Based on their responses, we iden-
tified seven attributes that most potential customers consider when selecting
a food vendor at this particular terminal,
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The selected attributes were brand name (i.e,, the restaurant either is
part of a branded international chain or sells branded food items), variety of
menu (i.e., the nummber of different food itemns served by a particular restan-
rant), wait-before-ordering time, service time, and price of a standard meal
and drink. Becanse T5 is an international terminal, not all potential customers
speak, understiand, and read English. Therefore, we added menn language and
a picture display of popular meal items as the remaining two attributes,

Next, we identified the relevant levels (i.e., possible values) for each of
the seven attributes. The final attribute levels reflect realistic values and were
selected after detailed discussions with the T35 food service management
team. Brand name, for example, was selected as a two-level attribute (i.e.,
local chain or national chain). Variety of menn was selected as a three-level
attribute to reflect low, medivm, or large number of possible choices on a
menu. Either two or three levels were selected for the rest of the attributes.
Because of space, layout, legal, and regulatory constraints, it is not possibie
for more than four food vendors to operate at T'5, Therefore, the management
at T5 is exploring the possibility of offering four broad types of restaurants:
burger, Italian, Mexican/hot dogs, and deli food. Table 6.1 lists the selected
attribute Jevels for each of the four types of restaurants,

After identifying the attributes and their levels, a fractional factorial
design wasused io generate 18 experimental profiles of restaurants. Note that
a full experimental design would involve 486 possible profiles for each res-
taurant. Fractional factorial or partial experimental designs reduce the re-
spondent’s task to a more manageable size by using only a sample group of
all potential profiles found in design catalogs such as those of Hahn and
Shapiro (1966). The profiles contained different levels of each of the seven
attributes. Each choice set contained one profile of each of the four types of
restaurants. Table 6.2 presents a sample choice set in which each potential
customer was asked to choose one of the five possible choices (i.e., one of the
four restaurants or none) for each of the 18 experimentally generated choice
sets, The final survey instrument was administered in three languages (En-
glish, Japanese, and Spanish) to approximately 500 travelers and T5 employ-
ees from June to October 1998.

Respondents” Choice Model

‘We used the NTELOGIT program by Intelligent Marketing Systems
(1992) to estimate an MINL model for all respondents. NTELOGIT uses the
maximum likelihood estimation process for estimation of relative weights for
each service attribute (i.e., B in Equation 6.2, known as part-worth utilities).
By using the part-worth utilities in Equation 6.1, the model generates ex-
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TABLE 6.1 Atributes and Levels
Attribufe
and Level Restaurant T Resfaurant 2 Restourant 3 Restaurant 4
Brand name
Level 1 Local chain Local chain Generic Locel chain
food items
Level 2 McDonald's Piza Hut/ La Prefreda/ Subway/
Doming’s Goya Boston Market
Variety
Level 1 Burgers, fries,  Pima Heot dogs, Sandwiches,
ice cream - fries, nachas sOup, ice cream
Level 2 {add + Chicken + Losagna, + Burritos, + Udon noodle
to Level 1 nuggets, pasta tacos soup, salads
itemns) solads
Level 3 {add + Special + Solads, + Tamales, 4+ Sushi, simpla
to Level 1 burgers, soups enchiladas Asion dishes
and 2 items) sandwiches
Wait-before-ordering time {minutes}
Level 1 0-2 0-2 0-2 0.2
Level 2 34 34 34 3-4
level 3 5-6 5-4 5-6 5-6
Sarvice fime (minutes)
level 1 0.2 0-2 0-2 0-2
Level 2 3-4 34 3-4 3-4
level 3 5-6 5-4 5-8 5-6
Meny lenguage
Level } English English English English
level 2 [odd to  + Spanish + Spanish + Spanish + Spanish
Level 1 item)
tevel 3 {odd to  + Japanese + Japanese + Jaopenese + Japanese
Level 1 and
2 irems}
Picture display
Levef 1 No No No No
level 2 Yes Yas Yes Yes
Price: maal + drinks (dallars)
Leval 1 4 4 4 4
Level 2 7 7 7 7
Level 3 10 10 10 10
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TABLE 6.2 A Somple Choice Set #11

Restourant 1 Restouront 2 Restouront 3 Resfaurant 4 None

Brand nome McDonald’s  Local Lo Prefreda/  Subway/
: restavrant Geyo Boston Market
Varisty Burgers, fries, Pizza, losogna, Hot degs, Sandwiches,
ice cream pasio, salods,  fries, noches,  soup,
30URS burritos, ice creom,
tocos, wdon noodle
jomales, soup, salads
enchiladas
Woit-before- 5-6 0-2 3.4 0-2
ordering time
{minutas)
Service time 0-2 34 5-6 3-4
{minutes) ’
Menu language  English English, English, English,
Spanish, Spanish Spanish
Japanese
Picture disploy Yes No Ne No
Price: meal .4 4 10 7
+ drinks {dollars)
! would purchase food from:

pected market share for actual attribute values of each of the alternatives (i.e.,
restaurants) in a given market environment.

The aggregate MNL model for the T3 study is shown in Table 6.3. In
this setting, a customer’s utility for a service is negatively influenced by
brand name, increased wait-before-ordering time, increased service time, and
adding additional Janguages to the menu. The utility is positively influenced
by an increased variety of memn and pictorial displays of food items. In this
experiment, price had little impact on customer choice.

To evaluate potential service designs, changes in attribute level that si-
mwltaneously increased cost and decreased utility and, therefors, market
share were not considered. The vendor already had pictorial displays, so
switching to branded items or adding more languages to the menu, for exam-
Ple, reduces customer utility with no cost reduction benefits. In this applica-



128 NEW SERVICE DEVELOPMENT

TABLE 6.3 Estimated Multinermial Logit Model for All Respondents

Attribute B (part-worths}
Intercept 1.2799
McDanald's -0.4585
Pizza Hut/Domino's .4442
La Prefreda/Goya ~0.9581
Brand nome .04323
Variety of menu 0.1027
Wait-bafore-ordering time -0.1397
Service time ~0.1230
Menu longuoge -0.5421
Picture disploy 0.0244
Price: meal + drinks 0.0085

ticn, therefore, we limited the permissible attribute changes to the three items
affecting capacity decisions: wait-before-ordering time, service time, and
variety of menu. The other competitors had the following fixed attribute
settings for wait-before-crdering time, service time, and variety of menu,
respectively:

Burger: level 1, level 1, and level 2
[talian: level 2, level 2, and level |
Deli; level 2, level 2, and level 1

Table 6.4 reports City Hot Dog’s projected market share found from Equa-
tion 6.1 using ditferent attribute levels for the fixed settings of City Hot Dog
and its competitors. The market share-tnaximizing configuration of 41.25%
has the shortest waiting times and the most variety of menu. The market
share-minimizing configuration of 25.26% has the longest waiting times and
the least vaciety of menu.

The Operating Environment

To determine the impact of attribute changes on capacity costs, City
Hot Dog was modeled as a queuing system with Markovian (i.e., exponential)
distributions of interarrival and service times and with one or more servers.
Three attribute variables have important effects on the system. First, as al-

r
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TABLE 4.4 City Hot Dogs Market Share for Different Attribute Levels

Voriety of Menu Service Time {minutes) Market Shore {percentage)
0-2 mimute woit before ordering
Low 0-2 356.37
Low 3.4 33.58
Low 5.6 30.8%
Medium 0.2 38.78
Medium 3-4 35.9
Medium 5-6 3313
High 0-2 41.25
High 3-4 38.30
High 5.4 35.44
3-4 minute wait before ordering
Low 0.2 33.21
Lowr 3-4 30.54
Low 5-6 27.99
Medium 0-2 35.52
Medium 3-4 32,76
Medium _ 5.6 30.1
High 02 32.39
High ) 3-4 35.06
High ' 5.6 32.3
5-8 minute woit before ordering
Low ’ 0-2 308
Low 3-4 27.66
Low 5.6 2526
Medium 0.2 32.39
Medium 3-4 29.76
Medium 5-6 27.25
High 0-2 34.68
High 3-4 31.95
High 5-6 29.34

teady noted, all of the atiribute levels determine the market share and, there-
fore, the arrival rates to the service. Second, the atiribute of wait-before-
ordering time determines the average time the customey must wait to order.
Third, the attribute of service time sets the overall service rate for the system.
Finally, the attribute of variety of menu has a functional relationship with
individual service tate; as the variety of the menu increases, individual serv-
¢E5, On average, spend more time per order because they must deal with more
ingredients in City Hot Dog’s small space. Customer amrival time, service
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time, and menu item selection were recorded for 55 customers. We observed
that preparing food ahead of time reduced service times by approximately
one half, At the time of the study, 70% of the food was prepared ahead of time
and 30% was prepared after orders were received. The unprepared food pri-
marily included menu items other than the restaurant’s specialty of hot dogs.
Increasing the variety of menu, therefore, would have two effects. First, an
increase in variety would increase service times because a larger proportion
of the food would be made to order. Space congestion and the lack of special-
ized labor also would increase service times. For the factor levels of variety,
therefore, we incorporated service time increases for unprepared menu items
and considered changing the made-ahead-of-time/made-to-order ratio to
60/40Q for medium variety and to 50/50 for high variety, which corresponded
to 39% and 54% increases in service times, respectively. The question then
was how many employess it would take to deliver the service targets set by
the attribute level combinations.

The operation had an 18-hour workday. The output of the MUM solu-
tion includes target staffing ievels for each time period (i.e., hourly). Target
staffing levels were used because this was deemed the most useful informa-
tion for conveying the changes needed to vendor managers. The operations
were small encugh and the staff were flexible enough to make the shift
scheduling task simple. Managers could easily build the schedule manually
with the target staffing levels provided by the MUM solution. They would
then have the true labor cost. For larger problems, managers could use tradi-
tional laber-scheduling algorithms. For this illustratdon, direct server costs
were $6/hour/worker, and unit marginal income was $4/customer. The
$4/customer marginal income is the net value of a $7 price and an assumption
of $3 (43%) cost for food and other items,

Model Approach. We assumed that alt competitors would maintain their ex-
isting attributes while City Hot Dog modified its attributes and performed the
following evaluation of the profitability of service designs:

1. Start with an initial service design for City Hot Dog (i.e., variety level x,
wait-before-ordering time y, and service time 7).

2. Determine customers’ aggregate ufility for the design, market share, and ex-
pected arrival rate based on the overall houcly market population,

3. Determine the target staffing level for each hour of the day.
4. Calculate contribution margin for the design using Equation 6.4.

5. Modify an element of the service design (x, y or z) and return to Step 2 ustil
all designs have been evaluated.

6. Select the appropriate contribution-maximizing destgn.
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Our analysis of City Hot Dog’s operation includes consequent target
staffing levels, marginal income excluding labor cost, and labor cost for 27
different scenarios involving different levels of variety of menu, wait-before-
ordering time, and service time. Tables 6.5, 6.6, and 6.7 reflect the informa-
tion that managers can generate by examining their service operations with
the MUM method. Marginal income is the product of the $4 contribution
from sales and the number of sales made during each hour of the day. Labor
cost is the product of total hourly labor required to meet demand and the $6
hourly worker cost. We represent the different factor-level combinations for
variety of menu, wait-before-ordering time, and service time with the letiers
L, M, and H for low, medium, and high, respectively. The combination MHL,
for example, refers to medivm variety of menu, high wait-before-ordering
time, and low service time. The contribution-maximizing designs are HLL
($2,221.05), MLL ($2,093.12), and LLL ($2,004.74). Clearly, low service
times yield the highest contribution.

Table 6.5 displays the projected marginal income without labor cost
along with the target staffing levels and corresponding labor costs for low
service time (i.e., 0-2 minutes), Projected marginal income without labor cost
ranged from $1,783.03 for conditions of high wait-before-ordering time
(i.e., 5-6 minutes) and low variety of menu to $2,437.05 for low wait-before-
ordering time (0-2 minutes) and high variety of menu. The $654,02 increase
in marginal income without labor cost was offset by only $120.00 in addi-
tional labor cost. For the scenarios that include low service time, increasing
variety was evaluated favorably.

Table 6.6 displays the projected marginal income withont labor cost
along with the target staffing levels and corresponding labor cost for medinm
service time (i.e., 3-4 minutes). Projected marginal income without labor cost
ranged from $1,634.15 for conditions of high wait-before-ordering time
{i.e., 3-6 minutes) and low vatiety of menu to $2,262.76 for low wait-before-
ordering time (i.e., 0-2 minutes) and high variety of menu, When examining
increasing variety, for example (LHM and MHM in Table 6.6), we see an
increase in marginal income without labor cost of $124.07, which was offset
by $90.00 of additional labor cost, a difference of $34.07. As variety in-
creases market share and decreases service times, labor costs increase to sat-
isfy expected wait-before-ordering times. The benefit of increased variety is
decreased when comparing LHL to MHL in Table 6.5, where the increase in
marginal income without Jabor cost was $130.57 with an offset of $36.00 of
additional labor cost (i.e., a difference of $94.57), For medium service time,
the benefit from additional variety was positive, but the incremental benefit
was $60.50 less than the same scenario with low service tirne.
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TABLE 6.5 Required Staffing Level, Projected Revenue, and Projected Labaor Cost for Low Service Times

Marginal
Income
Hourly Periodic Start Time Without Targer Confribwtion

Labor Cast Lobor Cost  Margin
Run® dom 7om Bom. fam 10am 1lem 12pm lom Zpm 3pm {pm Spm dpm 7pm Bpm Fom. {doilars)  {dollars) {doifars)

LEL 1 2 i 1 1 1 1 2 2 2 2 2 2 2 1 1 2,148.74 144.00 2,004.74
LML 1 1 1 I 1 1 1 1 1 2 2 2 2 1 I 1 1,962.05 120.00 1,842,05
LHL 1 1 1 1 1 1 1 1 1 i 1 1 1 1 i 1 1,783.03 26.00 1,687.03
MLL i 2 2 2 2 2 2 2 2 3 3 2 3 2 2 1 2,291.12 198.00 2,093.12
ML i 2 1 1 1 1 1 2 2 2 2 2 2 2 1 1 2,098,52 144.00 1,954.52
MHL 1 1 | 1 1 1 1 2 2 2 2 2 2 1 1 1 1,213.40 132.00 1,781.60
HIL 2 2 2 2 2 2 2 2 3 3 3 3 3 2 2 1 2,437.05 216.00 2,221.05
HML 1 2 1 i 1 1 1 2 2 2 2 2 2 2 | 1 1,913.60 144.00 1,769.60
HHL 1 2 1 i 1 1 i 2 2 2 2 2 2 2 i 1 2,048.89 144.00 1,704.8%

a. Letters represent facter-level combinations for variety of menu, wait-before-ordering time, and service time, respectively: L = low, M = medium,
H = high.
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TABLE 6.6 Required Staffing Leval, Projected Revenue, and Projected Labor Cost for Medium Service Times

Marginal
Income
Hourly Periodic Start Time Without Torgat Contribution
. Lobor Cost  Lobor Cost  Margin

Run® dom 7am Bem Fam 10am Iem 2pm Tpm Zpm Jpm 4pm 5pm épm 7pm Bpm Ppm {doflors}  {dollors)  (dollars)
LLM 2 3 3 3 3 3 3 4 4 5 5 5 5 4 3 1,983 336.00 1.647.91
LM 2 3 2 2 2 2 2 3 3 4 4 4 4 3 2 1,804,320 258.00 1,546.30
LHM 2 2 2 2 2 2 2 3 3 3 4 3 3 3 2 1.634.15 234.00 1,400.15
MLM 3 5 4 3 4 4 4 6 & 6 7 é 7 5 4 2,121.56 456.00 1,665.56
MMM 2 4 3 3 3 3 3 4 4 5 [} 5 -] 4 3 1,935.46 354.00 1,581.46
MHM 2 3 3 2 3 3 3 4 4 5 5 S 5 3 3 1,758.22 324.00 1,434.22
HLM 3 5 4 4 4 5 5 4 [} 7 8 7 a [} 4 2.262.74 504.00 1,758.74
HMM 3 4 3 3 3 4 4 5 5 [} 7 & [} 5 3 2,071.34 408.00 1,663.34
HHM 2 4 3 3 3 3 3 5 5 5 é s ) 4 3 1,887.461 366.00 1,521.81

o. Letiers reprasent factor-lavel combinations for variely of menu, wait-befors-ordering time, and service tims, respactively: L = low, M = madium,

H = high.
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Table 6.7 displays the projected marginal income without labor cost
along with the target staffing levels and corresponding labor cost for high
service time (i.e., 5-6 minutes). Projected marginal income without labor cost
ranged from $1,492.36 for conditions of high wait-before-order time and low
variety of menu to $2,093,80 for low wait-before-order time and high variety
of menu. When examining increasing variety, for example (LLH and MLH in
Table 6.7), we see an increase in marginal income withont [abor cost of
$132.34, which was offset by $162.00 of additional labor cost, a difference
of $-29.66. As variety increases market share and service times, and as labor
costs increase more than does marginal income, the market share increase is
outweighed by the burden of longer preparation times for a wider variety of
menu items. Here, we see that if the operation dictates high service or prepa-
ration times, then it is best to avoid increasing menu variety and instead to
maintain low customer waifing times before ordering (i.e., 0-2 minutes).

The purpose of this study was to present the theory behind the MUM and to
show how it extends the current literature in the area of service operations
design. We also presented a real illustration of how the MUM can be used to
make contribution-maximizing decisions.

Decisions concerning service design attributes affect firms in several
ways. It is difficult to account for ali of the relevant costs and benefits, owing to
the intangible nature of service processing and the interactions that have in-
direct effects on costs and benefits. As seen in this study, wait-before-ordering
time is a service design attribute that affects arrivals and, therefore, revenue.
This ativibute also may be affected indirectly by other service design atiributes.
We saw in the City Hot Dog illustration that the variety of menu attribute not
only affects market share divectly but also affects service time and customer
wait-before-ordering time, This manifests itself in higher labor costs (i.e., for
increased variety) to meet the desired wait time level, The MUM approach
identifies and examines these trade-offs in the system and optimizes the se-
lection of the attribute levels.

The dynamics of the competitive market are reflected in the way in
which market share (ie., arrivals) fluctuates with service design attributes.
That relationship may be even more dynamic if there are changes in customer
utility for a particular service design. For example, will City Hot Dog have
the same market share at very busy times as it does at very slow times? This
is an area for future research. The most important factor is that managers have

g
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TABLE 6.7 Redquired Staffing Levsl, Projected Revenue, and Projected Labor Cost for High Service Times

Margina!

Income
Hourly Periodic Start Time Without  Target Confribufion
labor Cost Lobor Cost Margin
Run® dam Fom Sam Yom 0om TTam 12pm Tpm 2pm Jpm 4pm Spm bpm 7pm Bpm 9pm (dollars)  (dollars})  {dollars)

LLH 3 5 4 3 4 4 4 é 6 6 7 & . 7 5 4 2 1,824.98 455.00 1,368.98
LidH 2 4 3 3 3 3 3 4 4 5 & 5 S 4 3 1 1,653.65 348,00 1,305.65
LHH 2 | 3 2 3 3 3 4 4 5 5 4 5 k| 3 3 1,492.36 318.00 1L174.36
. MLH 4 é 5 5 5 5 6 8 g g 10 9 ? 7 5 2 1,957.32 618.00 1,339.32
MMH 3 5 4 4 4 4 4 6 é 7 8 7 8 5 4 2 1,778.90 486.00 1,292.90
MHH 3 4 3 3 3 4 4 5 5 é 7 & 7 5 4 1 1,609.93 420.00 1,189.93
HLH 5 7 - 5 & 6 6 9 g W I w0 N 8 6 2 2,093.80 702.00 1,391.80
HikH 4 é 4 4 4 5 5 7 7 9 9 8 9 ) 5 2 1,208.87 564.00 1,344.87
HHH 3 5 4 4 4 4 4 & & 8 8 7 8 & 4 2 1,733.41 495.00 1,235.41

a. Leters represent factor-level combinotlons for variely of menu, wait-before-ordering fime, and service time, respeciively: L = low, M = medium,
H = high,
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accurate estimates at bugy timnes because, as the MUM shows, that is when
the firm is generating the most revenue.

We found it difficult to quantify the increase in service time that re-
sulted from an increase in the variety-of-menu atiribute (i.e., the variety pen-
alty) because several other factors also affected the penalty. In the case of
City Hot Dog, physical space and layout (i.e., elements of service structure)
consiraints were significant and led to increased service time with increased
variety of menu, Some vendors, however, may have the space and service
structure to increase variety of menu with Little impact on service time. This
subject also warrants further investigation.
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