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Abstract

Rapidly increasing computer system’s complexity has caused many companies to in-
crease awareness of customer services. Many firms in the computer hardware and/or
software industries have devoted increased effort towards customer service through the
development of help desk support systems. Help desk support systems development cur-
rently face a number of problems, including escalating growth in customer usage, high

staff turn-over, maintaining service quality and controlling costs.

Industry has re-

sponded by providing additional staff training, increasing systems automation, and in-
troducing knowledge based tools. These actions have increased help desk efficiency, but
fail to provide a quantitative means for optimizing help desk operations. This paper ad-
dresses this problem through the development of a mathematical model which minimizes
expected help desk costs by considering both operational costs and social costs. This
model provides a basic framework through which policy makers may analyze the effec-
tiveness of capacity decisions as they apply to help desk support systems in a multi-

echelon, networked service station.
Introduction

Help desks provide product or service
support to customers through the telephone. Help
desks have long been used by public utilities and
government agencies, but only recently have they
been introduced to the computer hardware and
software sector (Etchinson, 1994). Help desks
consist of a hierarchy of support levels arranged in
tiers. There are often two, and sometimes three
tiers of support. Tier one consists of call screening
agents, who collect information, direct calls and
answer questions. Tier two personnel consist of
generalists, who have a broad scope of knowledge
in an area such as hardware or software technol-
ogy'. Call screening agents usually successfully
respond to 10% to 15% of incoming calls, with
70% of remaining calls resolved by tier two agents.
Those calls not resolved at tier two are passed on
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to tier three personnel (Etchinson, 1994). If a call
passes through tier three without resolution, it is
handled by members of the product development
team (whose primary professional activity does not
involve responsibility to help desk support sys-
tems). As calls progress amongst the tiers, the av-
erage response time increases dramatically; tier
two calls average 90 seconds, tier three inquiries
range from 7 to 10 minutes, and product develop-
ment team inquiries may require 1 or more hours.

The major problem that help desks face
today is rapid growth in the demand for support
due to the increased utilization of personal com-
puters. Hunse (1994) reports that between 1993
and 1994, help desk call volumes have increased
25 to 30%. Greater than 80% of customer support
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calls concern product usage rather than product de-
fects. Mason (1990) found that since users disre-
gard instruction manuals, support hotlines are in-
creasingly being used as tutorials. Therefore, both
the volume and the nature of incoming calls are
contributing to the declining ability to provide con-
sistent levels of support.

Even though help desk demand has grown
since 1993, Hunse (1994) found that the mean
personnel staffing level has decreased by 8% over
the same period (from 13 to 12 people) which has
led to excessive staff turnover. Mason (1994)
concluded that yearly turnover rates for help desk
personnel has increased to greater than fifty per-
cent annually, with a mean turnover period ap-
proximately 18 months per employee. Bisenuis
(1992) suggested that personnel require recovery
time to perform non-support related tasks.

The increase in help support services has
generated a rapid increase in operational costs.
Historically, these product support services have
been provided free of charge. Most companies
have since abandoned free support policies in favor
of service for fee policies. Johnson (1994) warns
that the computer industry can either provide qual-
ity support, or they can provide free services. It is
difficult to provide both. Beame & Whiteside
(Editorial Staff, 1994), an outsource support cor-
poration, has addressed the cost/quality issue by
developing a cost structure for premium support,
in which 96.7 percent of all incoming requests are
resolved within two hours. The cost to the con-
sumer for this service is ordinarily fifteen percent
of the software package’s value.

Due to the increased emphasis on service,
“product support” has become a major focus for
continued future growth in the computer industry.
Quality support provides competitive advantages,
and opportunities for recurring revenues (Mason
1990; Frye, 1994). According to Service News
(1994), most people switching software products
cited unsatisfactory product support and service as
a primary determinant. In addition, lack of prod-
uct support could lead to many PC users switching
computer brands due to service dissatisfaction.
Companies are finding it increasingly difficult to
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differentiate their products from others, and are
turning more frequently to customer support to
provide a potential competitive edge. However,
this rapid growth in support level demanded by cli-
entele has brought about increased pressure on
corporations to control rising service costs.

Two proposals focusing on investments in
technology have been suggested to reduce help
desk service costs. The first solution involves the
utilization of software designed to aid in the sup-
port function, including automated call distribu-
tors. Frye (1994) reports that 39% of the support
budget for twenty eight of the Fortune 1,000 firms
is apportioned to decision support technologies,
such as artificial intelligence and expert systems.
The industry has recently experienced a 15% in-
crease in the use of automated call distributors, as
well as a 20% increase in the use of expert sys-
tems. The second solution involves the use of hy-
pertext and Al systems, which despite their high
cost are being used to offset the rising volume of
help desk calls (Eskow, 1990). These increases in
technological investments fail to address the prob-
lems of high turnover rate for support staff and to
deal effectively with the cost/quality issue.

Daly (1994) cites the need to introduce
and perform quantitative analyses for support op-
erations. Through such analysis both cost control
and service support growth can be can be more ef-
fectively.  This paper provides a framework
through which overall costs for managing a help
desk support system can be analyzed. These costs
consider both direct labor costs and consumer re-
lated costs, through which quality of service can be
measured. The end result of this model will be the
determination of the level of support to be imple-
mented so that expected system costs (operational
and quality) are minimized. The remainder of this
paper is organized as follows: in section II the
model is developed and solutions are determined; a
policy analysis appears in section III; an illustra-
tive example is presented in section IV, and section
V provides concluding comments.

Model Development and Solutions

Customer satisfaction can be viewed as a
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combination of two factors, the time required for
service and the precision provided by the resolu-
tion. The time required for service can be parti-
tioned into the time spent waiting for service and
the time spent being served. While training and
technology can assist in increasing precision and
perhaps lowering service time, the determination of
the number of support personnel is critical in man-
aging the overall time spent in the system®’. The
task of weighting and balancing operational costs
and cost of quality requires an analytical frame-
work which incorporates an element of uncertainty
in both the arrival and service processes. The na-
ture of this problem lends itself to a queuing analy-
sis.

In modeling the queuing process of a help
desk, certain assumptions must be made regarding
arrival and service time mechanisms. If one as-
sumes that arrivals occur at random over a speci-
fied period of time then the arrival process follows
a Poisson process, which is presumed in the model
presented. Other assumptions prohibit balking, re-
neging and jockeying between queues. Balking and
reneging involve customers leaving the system
while in and prior to joining the queue. Jockeying
pertains to the switching queues while holding for
service.

When considering the queue discipline and
service mechanism, other issues emerge, including
priority scheduling rules for incoming arrivals.
These rules include those who have paid a pre-
mium for service, require special assistance, or are
frequent users. Frequently help desks simply util-
ize a first come, first serve (FCFS) discipline.
Larson (1992) refers to FCFS systems as socially
just. The utilization of this discipline is well
grounded in the literature, and will be assumed in
the model presented. The standard assumption of
exponential service times will be followed. Analy-
sis of alternate service time distributions can be
conducted via simulation, since limited analytical
results are available for these distributions.

In evaluating service system configuration,
one must consider whether arrivals will be filtered
through a single or a multi-channel process. The
channel selection decision effects how calls passing

72

through tier I will queue up at tier II. A single
queue system is typified by an ATM machine
(single server) or a bank counter (multi-server).
An example of a multi-queue system is a super-
market checkout counter. The ordinary assump-
tion of multi-queue systems is that the service
mechanisms of parallel channels operate independ-
ently.

Generally, single queue systems are con-
sidered more efficient than multiple queue systems.
For single queue systems, servers are never idle
unless the system is empty. This is in contrast to a
multiple queue system, in which customers may be
queued in one line despite another server being
idle’. The issue of single vs. multiple queue sys-
tem efficiency is a continuing source of debate in
the queuing community. While single queue sys-
tems are theoretically more efficient, some question
whether this advantage is realistic. Young (1982)
contends that behavioral issues ordinarily over-
looked in mathematical analyses contribute to in-
creased service quality and efficiency in multiple
queue systems. He cites the example of the re-
sponsibility a server develops when he/she has a
dedicated queue.

Whitt (1986), on the other hand, disagrees
with this viewpoint and illustrates that there exist
queue control algorithms which allocate arrivals so
as to achieve single queue efficiency. Rothkopf
and Rech (1987) contend that queue assignment
policies exist that assign new arrivals to the queue
with the shortest workload, which can achieve
single queue efficiency.

There exist certain operational advantages
in utilizing a multiple queue system, even if a sim-
ple allocation rule such as random assignment is
used. First, by maintaining responsibility of
queues at the server level a sense of responsibility
is created. Second, there is a greater opportunity
to establish a personal relationship with customers.
For example, when a customer in forwarded to tier
I1, the tier I call-screening agent can announce the
name of the tier II support person who will be han-
dling their call. Based on this reasoning the model
presented here will utilize a multi-channel struc-
ture. The assignment pattern for calls being trans-
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ferred to tier II will be random since sequential al-
location does not change the analysis. The simple
allocation rule is used since it is call-screening
agents are infrequently required to utilize any so-
pMsticated assignment algorithm when transferring
calls™.

Finally, the model will utilize a basic tenet
of Jackson networks, namely, the input process for
any node in the network is based on the output
process of the preceding, or feeder node. Since all
service times are assumed to be exponential, and
the network is closed, the arrival stream at any tier
must necessarily follow a Poisson process.

The help desk structure presented is simi-
lar to those found in Bisenius (1992) and Deavers-
Claspell (1988). A single server at tier I handles
all incoming calls, resolves a specified percentage
of calls, and forwards the rest to one of two prod-
uct support groups at tier I. For purposes of
analysis, support group A is assumed to represent
hardware support specialists. Support group B are
software support specialists.

The objective of the model will be to de-
termine the optimal number of servers in each sup-
port group at tier II, so that overall expected sys-
tem costs are minimized. A single call-screening
agent will support tier I, while multiple servers,
each with his/her own queue will provide tier II
support. The cost function includes both opera-
tional and social costs. Operational costs are
based specifically on the cost for providing service,
which is a function of the number of servers re-
quired. Costs associated with quality, or social
costs, are based on the mean wait time in the sys-
tem for arrivals, where arrivals may wait at tier I,
tier I, or both. Consequently, the resulting objec-
tive function is given by the following;:

Miimze {TOAB)=HG +4-C,+B-G,+T-C} (1)

where:

Ca =cost ([$]/[hr]) for hardware support person-
nel (tier II),
Cs =cost ([$)/[hr]) for software support person-
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nel (tier II),
Cr = cost ([$)/[hr]) for the call-screening agent
(tier I),
Cs = social cost ([$]/[hr]) per person,
A= the number of hardware support personnel,
= the number of software support personnel
T= the total time spent waiting for service ac-

cumulated over all arrivals

Distribution of the expected value operator
is straightforward, however, for purposes of clar-
ity, the determination of E {T . Cs} =C,E {T } is
provided. Total time spent waiting in the system’
is the sum of the waiting times in tiers I and II. Let
A represent the mean arrival rate to the system, ®
represents the percentage of calls which are for-
ward to tier II°, and p the percentage of calls en-
tering tier IT which have been forwarded to a Type
A specialist (hardware support personnel). The
following mean arrival rates now apply: tier I (A),
tier II-hardware support (A®p), tier II-sofiware
support (A(1-®)p).

The expected time spent in the system for
an arrival, £ {T } , depends upon which tier the call

is terminated or resolved. All calls must pass
through tier I. The resulting mean time spent in
the queue at this initial tier is standard, and given
by:

_ A

- 2
T Ry @

where L, represents the mean service time at tier

I. It is assumed that all arrivals to the system are
governed by the same service time distribution at
tier I. That is, whether a call is resolved or not at
tier I, the service time distribution is the same.
The concept of a homogeneous service time distri-
bution implies that the call screening agent at-
tempts to resolve all incoming calls. However, if it
appears that the call cannot be resolved by the call
screening agent, the call is then forwarded to the
next tier. To determine the total expected wait
time for all arrivals, multiply (2) by the mean arri-
val rate at tier I, given by A. The following ob-
tains:
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E{L} = AW, 3)

For calls not resolved at tier I, an addi-
tional wait is to be expected at tier II. Recalling
that (i) calls sent to tier II are sent to the appropri-
ate area (hardware/software), (ii) calls are assigned
randomly to the servers at that station and (iii)
there are A hardware specialists and B software
specialists at this tier, the resulting arrival rate at
each type A and B channel is given by ®p\/4

and (1-®)pA/B. Let n, and p, represent the

mean service rates at each Type A and B channel’.
The mean wait time in the queue for an arrival at
Stations A and B can then be determined through
the substitution of these values, together with the
representative arrival rates, into (2). This yields,
after simplification, the following:

®pAr
W, =—— 4
e Ay - Ophp, @
O(1-p)r
W, = 5
¢ Bui-0(1-p)hu, ®)

where W, and W, represent the mean wait time

for an arrival at stations A and B, in tier II, re-
spectively. As (4) and (5) represent the mean wait
time per arrival, the total expected wait time
summed over all arrivals at these stations would be
determined by multiplying (4) and (5) by their re-
spective arrival rates. This yields the following:

E{T,} = Op\-W,, ©)
E{T,} = 01— p)A- Wy, (7)

The total expected wait time in the system is then
found by summing (3), (6) and (7), yielding:

E{T} = MWy, + Oph- Wy, +O(1—p)A- Wy (8)

Substitution of (8) into (1) yields the following
objective function:

MnE{TC(AB)} =G, +A-C, +B-Cy +Co- MW +@p- Ty, +&1—p)- W,

©)

In order to determine the optimal number
of servers at tier II, it must be shown that (9) is
convex. This convexity may be shown by noting
that the Hessian matrix for (9), Hy, is positive defi-
nite provided that

A>0®pA/u, and B> O(1-p)A/u, .

This poses no complication, since these conditions
must be satisfied in order for the queuing system to
reach equilibrium and steady state. Consequently,
for all feasible values of A and B, (9) is convex
(and simultancously continuous and twice differ-
entiable). Additionally, A < p,if the system is to

achieve steady state.

To determine the optimal solution to (9),
substitute (2), (4) and (5) into (9), and proceed to
differentiate with respect to A and B, setting the re-
sultants to zero. Solving simultaneously yields the
following unique pair of critical values, which rep-
resent the cost-minimizing solutions to (9):

=% G (1)
Ky C,

B'= —®(l“p)7‘( Gy 1} (1)
Hp Cy

Both (10) and (11) satisfy the conditions to achieve
steady state. Substituting (2), (4), (5), (10) and
(11) into (9) yields the following minimum ex-
pected cost:

el )
+C}‘{uq<ul Y ({u\/F D }

(12)

This analysis provides a framework
through which policy analysis may be conducted.
Policy issues are now discussed which deal with
management’s perspective on help desk support is-
sues.
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Policy Analysis

Three particular issues will be discussed:
issues of technician costs and service rates, issues
of distribution of incoming calls, and average costs
and pricing implications. Following this discus-
sion, a numerical example is provided which illus-
trates the methodology involved in the determina-
tion of the optimal solution and the implications
discussed in this section.

Policy Issue #1: How do technician costs, accu-
racy, and proficiency effect total minimum ex-
pected costs?

Through observation of (12), it may be
demonstrated in any of the cost parameters in-
crease total minimum expected cost. The same ef-
fect is realized through either increasing the system
mean arrival rate A or the percentage of calls for-
warded to tier I, ®. Consequently, management
needs to weigh the cost/benefit tradeoffs involved
in decisions involving increases in accuracy and
speed of service at the expense of higher wages.
Tradeoffs must also be considered between the
proficiency of handling calls at tier I (call screen-
ing agent), thus decreasing the rate of calls passed
to tier II and the possible expense of higher wages
paid to the call screening agent.

Conversely, an increase in any of the mean
service rates decreases total minimum expected
cost if wages are fixed. Higher proficiency in
terms of decreased service time ordinarily implies
higher wages (for more skilled employees). There-
fore, tradeoffs between the net savings realized by
increasing throughput must be weighed against in-
creased wages. These are a direct consequence of
upgrading the skill level of hot line personnel.

This policy issue can be illustrated by con-
sidering the case of an automated server. Pres-
ently, help desks offer such answering services as
routing devices for incoming phone calls. The
primary drawbacks involved in utilizing the auto-
mated server include customer impatience and dis-
satisfaction with the inability to speak with a
“real” individual. The perceived wait time is asso-
ciated with holding while listening to the automated
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message as well as time spent waiting for a techni-
cian once the call has been channeled. On the
other hand, automated routing devices are cheaper
and have a shorter mean service time since no
questions are resolved at this station. The auto-
mated routing devices decrease the mean queue
length at tier I relative to that which develops when
a call screening agent is present. Therefore, the
tradeoffs between increased congestion at tier II
and the increased number of tier II technicians re-
quired to meet the increase in demand at this tier
must be carefully weighed against the potential
savings at the tier I level.

Policy Issue #2: What is the effect on total mini-
mum expected costs when the distribution of calls
fo stations A and B in tier 1l is altered?

Recalling that the percentage of tier II
calls routed to station A is given by p, the condi-
tions can be determined for which increases in p
will increase total minimum expected costs. Dif-
ferentiating (12) with respect to p, and setting the
resultant greater than zero yields the following re-
sult: Total minimum expected costs increase as a
function of p iff:
¥C G 13)

MUy Hp

Therefore, increases in the percentage of calls for-
warded to station A of those calls unresolved by
the call screening agent increase total costs as a
function of the service rates and costs of the tier 1I
servers.

Equation (13) can be explained in more
general terms by realizing that total expected
minimum costs increase if the cost per service ratio
is larger for a station A technician than that for a
station B technician. This assumes that the hourly
cost (C,) for a technician is greater than 1.0.

Since (13) is independent of p then total minimum
expected costs vary linearly with respect to p.
Whether minimum expected costs increase or de-
crease depends on the nature of the relationship
given in (13). Although management may be con-
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cerned if the percentage of calls moving to station
A increases, invoking (13) allows management to
determine if increases in demand at that station
(when evaluated at optimum) may actually de-
crease total minimum expected costs.

Policy Issue #3: What is the average cost per call,
and how might prices for service be affected?

It can be shown that the cost per call (at
optimum) is convex with respect to the arrival rate.
To derive this, divide (12) by the arrival rate A , so
the left hand side represents the cost per call. This
left hand side is continuous and twice differenti-
able, and indicates that the second derivative with
respect to A is positive for all A > p,. Therefore,

the total expécted cost per call is convex with re-
spect to the arrival rate. To determine the critical
point which minimizes expected total costs, set the
derivative equal to zero, which yields the following
critical point:

ul\/a—

1
JC +4Cs

Equation (14) has important policy impli-
cations. The equation suggests that some degree of
scale economies exist in Help Desk services. If the
pricing structure for help desk support is based on
an average cost pricing mechanism, (14) shows
that there exists an optimal arrival rate for which
the price imposed on the end user is minimized. In
order to achieve this minimum, additional expen-
ditures for promotion and advertising may need to
be initiated, and a cost/benefit analysis be under-
taken.

X = (14)

Policy Issue #4: How can management effectively
deal with staff burn-out?

Management is concerned that higher arri-
val rates will result in greater utilization of staff.
Regardless of the overall mean arrival rate, the op-
timum solution suggests a fixed server utilization
rate and a fixed mean wait time in tier II. Since
for any server at station A (station B could be
utilized as well), the probability that a particular
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technician is idle is given by

p=1-0=.= 1—1/(,/C;/CA +1)

This result obtains through substitution of the op-
timal solution and rearrangement of terms, with
®=XA,/An, . This expression is independent of
the arrival rate to the station, 4 or B. Similarly, it
may also be shown that the mean wait time in any
tier I queue is independent of the arrival rate.
Substituting the optimal solution (10) into (4),
following mean wait time at station A obtains:

Wy =Co [(1a/Cs)

(16) is independent of the mean arrival rate A. Re-
gardless of the arrival rate, the optimal solution
suggests that the mean queue length and idle time
at tier II are fixed. Of great concern is the issue of
whether this idle time is sufficient to prevent staff
burn out. If not, management must alter the opti-
mal solution so as to increase this idle time per-
centage.

(15)

(16)

Although management may intuitively feel
that increasing the service rate at either station A
or B, or both, might increase idle time, this is not
the case. Equation (15) indicates that the mean
wait time at a tier II service station decreases as
the mean service rate increases. Equation (14)
suggests that the idle time per server remains un-
changed, as (14) is independent of the service rate
p,. These observations suggest that the only de-

cision variable in the problem which effects idle
time is the cost parameter C,, where decreasing

this cost will increase the idle time. Decreasing the
wage cost for the purposes of increasing idle time
may be a contributing factor to employee dissatis-
faction and staff turnover. An alternative strategy
may involve moving away from the suggested op-
timal solution. This optimal solution, while mini-
mizing total expected cost, does not explicitly con-
sider such qualitative issues such as staff burn out
or high turnover rate. In such cases, management
would need to find a satisficing solution which
achieves near-optimal minimum expected cost. An



Journal of Applied Business Research Volume 12. Number 4

illustrative example is now provided which demon-
strates the optimal solution and highlights some of
the policy implications discussed in this section.

Illustrative Example and Sensitivity Analysis

This case will focus on a help desk sup-
port station with two tiers. A singular call screen-
ing agent is available at tier one, while two sta-
tions, stations A and B are available at tier two.
One station specializes in hardware support, while
the other specializes in software. Calls are handled
more efficiently if routed to the correct station, al-
though each station may respond to all incoming
calls. The case includes a number of parameters:

o The call screening agent receives a wage of
C, = $20 per hour; while technicians at tier I

receive C, = Cy = $30 per hour.

e Arrivals enter the system at a mean rate of
A = 80 per hour.

e The call screening agent resolves 30% of all
incoming calls, therefore, ® =.70.

o For those calls sent to tier II, 60 percent are
routed to station A, therefore p =.60 .

e Service times for both stations A and B are
exponential with mean 1/p, = 1/p, = 3 min-
9
utes”.
e Management assumes that the consumers’ cost
of waiting is given by Cg = $30 per hour.

Tier II technicians are ordinarily paid higher wages
than tier one due to the higher expected level of
proficiency.

Table 1 shows optimal solutions as the
mean arrival rate varies between 32 and 76 arri-
vals per hour. Several conclusions may be drawn
from this table. The optimal solution suggests both
constant server utilization and constant mean wait
time at tier I. Management knows, therefore, that
the degree of idle time allocated to each tier II
server is independent of the arrival rate. As sug-
gested earlier in the paper, increased idle time
could lead to a reduction in staff burn out. If the
optimal solution suggests that there exists insuffi-
cient idle time for tier II servers, then management
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policy should provide ways to increase idle time.

The above discussion indicates that man-
agement could consider adding additional servers,
which would lead towards a “satisficing” solution.
Management would need to weigh these additional
server costs against the added benefits of increased
idle time which impacts turnover and service
time'®. Other intangible factors such as loyalty,
dedication and interest cannot necessarily be

mathematically modeled.

Management may also be interested in re-
viewing results as they apply to the average cost
per arrival. It can be shown, that tier I wait times
are convex and monotonically increasing as arrival
rate increases. This is due to having only one call
screening agent available with a known service
time distribution. The significant increase in wait
time at the first tier creates disproportionately large
increases in the wait time (social) costs as the arri-
val rate approaches tier I capacity. Capacity is
measured by the call screening agent’s mean serv-
ice time. Therefore, total costs increase as the
mean arrival rate increases. However, manage-
ment may not recognize that there exists an opti-
mal mean arrival rate which minimizes the per unit
cost of providing service. For the numerical ex-
ample shown above, this optimal mean arrival rate
equals 36 arrivals per hour. As mentioned earlier,
if an average cost pricing mechanism were imple-
mented, management would be able to minimize
the price appropriated per call if the arrival rate
could be maintained at this level.

A significant issue involves the decision of
whether to institute an automated server or than a
human call screening agent. Automated servers
provide no support, but serve only to route calls to
the appropriate channels. Service time and costs
are (ordinarily) decreased when automated servers
are utilized. Two disadvantages to instituting an
automated server are increased congestion at tier
II, since no calls are resolved at tier I, as well as
additional consumer dissatisfaction at the imper-
sonal nature of the automated service. Increased
congestion at tier II increases operational costs due
to additional servers required at optimal. The
automated server case is summarized in Table 2.
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Table 1.
Solutions Utilizing Human Call-Screening Agent For Various Arrival Rates

Arrival Server Mean Wait Time in Optimal Solutions
Rate Utilization Queue
Total/hour  Tier I Tier IT Tier I Tier IT Servers Minimum  Cost per
Expected  Arrival |
A B A B A B  Totl f
, Cost |
32 .60 52 55 .01 05 05 129 .66 $118.70 $3.71
36 55 52 55 .01 05 05 145 74 132.74 3.68 ‘
40 .50 52 55 .01 05 05 161 .82 147.54 3.69 !
44 45 52 55 .01 05 .05 177 .90 163.34 3.71 ‘
48 40 52 55 .02 05 05 193 98 180.54 3.76
52 35 52 55 .02 05 05 209 106 199.72 3.84
56 .30 52 .55 .03 05 05 225 114 22188 3.96 |
60 25 52 55 .04 05 05 241 122 248380 4.14 f
64 20 52 55 .05 05 05 257 131 284.06 4.44
68 15 52 55 .07 05 05 273 139 335098 4.94
72 .10 52 55 A1 05 05 289 147 42956 5.97
76 .05 52 .55 19 05 05 3.05 155 689.82 9.08
Table 2.

Solutions Utilizing Automated Call-Screening Agent For Various Arrival Rates

Arrival Server Mean Wait Time in Optimal Solutions
Rate Utilization Queue
Total/hour  Tier I Tier II Tier I Tier I Servers Minimum  Cost per
Expected  Arrival
A B A B A B Total |
Cost |
40 25 52 .55 .002 05 05 230 1.17 17042 4.26 !
44 27 52 55 .002 05 05 252 128 187.38 4.25
48 30 52 55 .003 05 05 275 140 20442 4.26
52 32 52 55 .003 05 05 298 152 22135 4.26
56 35 5255 .003 05 .05 321 163 23878 4.26
60 37 52 55 .004 05 05 344 175 256.13 4.27
64 40 52 55 .004 05 05 367 187 273.60 428
68 43 52 .55 .005 05 05 390 198 29123 4.28
72 45 52 .55 .005 05 05 413 210 309.01 4.29
76 A7 52 .55 .006 05 05 436 222  326.98 4.30
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Base parameters from Table 1 apply, with the fol-
lowing exceptions: a new, faster mean service time
equal to 160 calls/hour (w;) at tier I, a lower
hourly variable cost of $4/hr (C,); and 100 percent
of all calls being channeled to tier IT (@ =1).

The results are similar to those shown in
Table 1 are realized. The utilization of tier II tech-
nicians and wait times are constant for all mean ar-
rival rates, and equal to the values determined in
Table 1. The wait times, as noted earlier, namely,
the idle time for a type 7 tier II server, and the
mean wait time in a type i tier I queue, i = A, B,
are given by the following (generalized here for
either type tier II service):

P, = Pr(type i tier IL server is idle) =1— Cl i=AB 17
{76

VI{w = E(time in type i tier II queue) = — o i=A,B (18)
Ky YCs

Both (17) and (18) are independent of the parame-
ters which have been changed between the analyses
in Table 1 and Table 2. What has changed are the
idle time and mean wait time for tier I. Both tier I
idle time and mean wait time are now much lower
for any arrival rate, due to the decreased mean
service time at tier I. Correspondingly, the number
of tier II technicians at the two service areas (A
and B) have increased to meet the increased de-
mand for service.

This above analysis leads us to consider
the policy question of whether the automated
server should be utilized. It is necessary to weigh
the decreased wait time cost and lower tier I op-
erational cost against the increased server cost at
tier II. For arrival rates up to (greater than) 60 per
hour, the call screening agent yields a lower
(higher) expected minimum cost. This policy is
intuitive since the call screening agent has a lower
capacity (due to the higher mean service time) and
would find the queue growing exceedingly long as
the arrival rate approaches the mean service time.
This disproportionate increase causes social costs
(measured by wait time) to increase rapidly as the
arrival rate approaches the mean tier I service time
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(or threshold in order to achieve steady state).
This leads to the optimal solution of utilizing an
automated server, despite the increased operational
costs at tier II. The overall minimum expected
costs between the two policies analyzed in Tables I
and II can be further illustrated in Figure 1:

The per unit cost for arrivals attains a
minimum at a unique optimal arrival rate. The
minimum cost per call is $4.25, achieved at an ar-
rival rate of 44 calls per hour. This per unit cost is
higher than that achieved with the call screening
agent and is determined at a higher optimal arrival
rate. Consequently, if price is of concern, and an
average cost pricing policy is utilized, lower prices
can be passed on to the consumer through the utili-
zation of a call screening agent. The arrival rate,
however, must be set at a lower level than when
the automated server is employed.

Another capacity policy which may be
considered involves using an automated server for
periods of peak demand (where total minimum ex-
pected costs are lower for the automated server)
and a call screening agent at other times. Finally,
since cost per call increases to infinity as the mean
arrival rate approaches the mean service, this sug-
gests that outsourcing may be a viable alternative
for small help desks.

Conclusions

Help desks, which provide computer/
software support, have experienced significant
growth in the past decade. This growth has led to
several problems, including increased operational
costs and support staff burn-out. The growing
cost of support has led many corporations to re-
consider the policy of providing support free of
charge. At the same time, support has become a
major factor in consumers’ product preferences.
Consequently, help desks are faced with the prob-
lem of achieving a balance between cost of and
quality of support, while at the same time ad-
dressing problems of personnel turn over and staff
burnout.

This paper has presented a queuing theo-



Journal of Applied Business Research

Volume 12, Number 4

EC* = E(Min. Cost)

Figure 1.
Expected Costs at Optimum for Human and Automated Call-Screening Agent
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retic model that can be used to aid in the determi-
nation of policy regarding capacity analysis for
help desks which have multi-echelon networked
service stations. Numerical results were utilized to
contrast and compare two alternate strategies,
automated tier I service versus a human call
screening agent. The model could suggest that a
combination of utilizing an automated server dur-
ing peak demand and a call screening agent at
other times minimizes total expected costs.

The objective of the mathematical model,
which was to minimize total expected cost included
both operational and social costs in order to evalu-
ate the trade-off between support costs and quality.
The model recommends an optimal capacity staff-
ing policy, as well as ancillary figures regarding
utilization rates and wait times. These figures may
be utilized when inputting aspects of staff burn out
into the analysis. This, in turn, enables decision
makers to evaluate solutions which satisfice, as
opposed to optimize.

The intention of this model is to provide a
decision support tool which assists in the determi-
nation of optimal policy regarding capacity plan-
ning. This model does not capture all the elements
contained within the sphere of influence for help
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desk support analysis. There also exist many ex-
tensions for the model herein not considered. Some
of these include peak load and congestion effects,
multiple tier I servers, and alternate routing algo-
rithms. Future research could incorporate many of
these aspects of the problem into the mathematical
analysis.

The utilization of this mathematical model
combined with qualitative policy tools form a dy-
namic and powerful combination. These decision
making tools can be used to assist management in
providing quality service in an environment where
user support has become a significant product
characteristic. This type of analysis can assist a
firm in remaining competitive in a period of rapid
technological change.

Suggestions for Future Research

While the model presented here captures
many of the basic operating characteristics of help
desks, the incorporation of additional features
would enhance the applicability of the model. For
example, the determination of a more representa-
tive service time distribution would enhance the
model, as would a more flexible routing procedure
which allows for calls to be rerouted from a par-
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ticular tier two service station to another. Alterna-
tively, or additionally, the incorrect routing of a
given percentage of calls can be considered. These
calls would not be rerouted, but handled by the
agent assigned. Since this agent is not the primary
agent ordinarily handling this type of call, a re-
sulting increase in service time would obtain. Al-
though the mathematics involved in these instances
may become intractable, simulation might be use-
ful as an alternative optimization tool.

The incorporation of unsatisfied callers
making return calls might also be considered, as
well as the incorporation of consumer satisfaction
into the quality cost component.

The final suggestion involves the develop-
ment of a computer supported decision support
system to handle the computational aspect involved
in performing extensive sensitivity analysis on
problem parameters. This would allow manage-
ment to understand the impact of simultaneous
changes in service time and costs. For example,
the impact of additional training resulting in higher
wages with associated smaller mean service times
can be investigated.

Endnotes

1. Tier three personnel, when present, are spe-
cialists, who are qualified to respond to
questions within their area of expertise.
While noting that precision is an important
attribute in determining customer satisfac-
tion, we will assume that all calls, when
completed, have attained the same level of
precision. Modeling the precision dimension
of the problem at hand would provide an in-
teresting extension of the basic model.

3. Ifjockeying is allowed, one may assume that
customers will filter to the empty queue in an
attempt to balance either the queue lengths,
or perhaps the perceived wait time. This
situation raises the question of etiquette,
since jockeying back and forth may create a
degree of “irritation” within the queue.

4.  In some cases automated Al routines assign
calls in such a way so as to achieve higher
efficiency. Also, some help desks institute
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single queue, rather than multi-queue con-
figurations. While these alternate cases are
not considered, they are viable realizations
which should be recognized.

5.  The reader should note that waiting time
costs accrue only for the time spent waiting
for service, and does not include the time
spent being serviced by the call-screening
agent and/or tier II personnel.

6. 1e. those calls which cannot be resolved by
the call screening agent at tier 1.

7. It is assumed that all Type A (Type B) serv-
ers are governed by independent identically
distributed service times.

8. Although the tier II wait time remains con-
stant as the mean arrival rate increases, the
mean wait time in tier I increases. Conse-
quently, increasing in the overall mean arri-
val rate increases total wait time to which
social cost applies.

9.  Differentiating the service times and costs

for tier II servers has no effect on the com-

parative relationships to be demonstrated in
the numerical example.

An interesting extension to the analysis

would involve defining service rate as a

function of idle time. Extensions of this na-

ture are not uncommon, for example, mean

service time is occasionally considered a

function of queue length.

10.
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Abstract

The empirical validity of PPP as a long run constraint between the U.S. and Canada is
examined for 1962.3-1994.4. While PPP appears to hold over the entire sample period,
the ECM estimates fail to show parameter stability due fo pooling the data from the fixed

(1962.3-1970.1) and floating (1970.2-1994.4) exchange rate regimes.

The ECM esti-

mates for 1970.2-1994.4, however, show stability and further indicate that (1) U.S.
prices do not respond to deviations from PPP, and (2) the real exchange rate follows a

nonstationary process.

Introduction

In current theories of international eco-
nomics, the purchasing power parity (PPP) is often
hypothesized to constrain the movements of do-
mestic and foreign price levels and exchange rates,
at least, in the long-run. Given that the policy con-
clusions of such theoretical models critically de-
pend on the PPP hypothesis, then the question is
whether PPP as a long-run constraint holds empiri-
cally. The findings of the existing empirical stud-
ies are at best mixed. Among others, the studies
by McNown and Wallace (1990) and Taylor
(1988) generally report results not supportive of
PPP. The studies by Frankel (1986), McNown
and Wallace (1989), and Taylor and McMahon
(1988), however, provide empirical evidence sup-
portive of PPP. The studies reporting results fa-
vorable to PPP require either long time periods
(often one hundred years or more), or large differ-
ences in price movements between country pairs.
In order to show that such requirements are not
necessary, Choudhry, McNown, and Wallace
(1991) present empirical evidence in favor of PPP
between the United States and Canada for the
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1950-1961 period of floating exchange rate re-
gime.

The present paper adds to Choudhry,
McNown, and Wallace (1991) by further examin-
ing the empirical validity of PPP as a long-run
constraint between the United States and Canada
for the period from 1962 to the present. Noting
that this period includes both fixed and floating ex-
change rate regimes, we want to see (i) if a change
in exchange rate regime affects the dynamics of the
U.S. price level and the exchange rate adjusted
Canadian price level, (ii) in case PPP holds, how
these price levels respond to deviations from PPP,
and (iii) whether PPP holds in strict form, or the
real exchange rate follows a stationary process.

Using quarterly data, two sample periods
have been examined here: the first sample period
is 1962.3-1994.4 which includes both the fixed
(1962.3-1970.1) and floating (1970.2-1994.4) ex-
change rate regimes; and the second sample period
is 1970.2-1994.4 which covers only the recent
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floating exchange rate regime.
Methodology and empirical results

Following Choudhry, McNown, and Wal-
lace (1991), PPP is expressed in terms of the "Law
of One Price" in order to also accommodate the
fixed exchange rate period of 1962.3-1970.1; that
is,

Pdt=a+bXPft+ut (1)

where XPf, = (X; + Pf;). Pd, and Pf; are the loga-
rithms of domestic and foreign prices in period t;
X, is the logarithm of exchange rate, the domestic
currency price of foreign exchange in period t; and
u; represents deviations from PPP. To be further
consistent with Choudhry, McNown, and Wallace
(1991), Pd, is defined as the U.S. consumer price
index (CPI), and XPf; is defined as the Canadian
CPI adjusted for the exchange rate movements.
Strict PPP requires b = 1, indicating that the real
exchange rate, given by (Pd; - XPf;), must follow a
stationary process.

In general, for PPP to hold, equation (1)
must prove to be a cointegrating vector. As a pre-
condition for cointegration, the individual series on
Pd; and XPf; are tested for a common order of in-
tegration. Based on the augmented Dickey-Fuller

(ADF) tests (Dickey and Fuller, 1979) with the
critical values from MacKinnon (1991), Table 1
presents evidence that each series is integrated of
order one for both sample periods under consid-
eration; that is, each series is I(1) in the notation of
Engle and Granger, 1987. The equations for the
tests on the levels include an intercept and time
trend term, to allow a deterministic trend under the
alternative. In testing for a unit root in the first dif-
ferences, only the intercept is included. All ADF
test equations also include augmented lags, where
the adequacy of the lag length (indicated in Table
1) is checked with tests for serial correlation using
the Lagrange multiplier y*-statistic.

Following Engle and Granger (1987), the
time series on Pd, and XPf; are said to be cointe-
grated, if u, is stationary, u; ~ 1(0). In the same
manner, for the two series to be cointegrated, v,
the error term from the reverse cointegrating equa-
tion, should be stationary. Table 2 reports the or-
dinary least squares (OLS) regression estimates of
both normalizations and the ADF test statistics on
the respective residual series. The residual series
from each normalization appear to be stationary,
with the ADF test statistics compared to MacKin-
non's (1991) critical values. In other words, Pd,
and XPf; appear to be cointegrated for both sample
periods, and that the series seem to possess an
equilibrium relation, consistent with the PPP hy-

Table 1
Unit root testing

pothesis, to which
they converge in the
long-run. The ADF

ADF (Lags)

test equations for
cointegration  ex-
clude both the inter-

19623 - 19944

1970.2

cept and time trend,
since such determi-
nistic ~components

- 19944

Pd -1.60 6)
XPf 2.16 (12)
DPd 271 (6)
DXPf  -3.61° (12)

fail to be statisti-
(l)gg (?2 cally significant.
18 E,/)) | These test equa-
394 (12) ‘ tions, however, in-
clude  augmented

Notes: Pd is the U.S. CPI (in logarithms), XPf'is the exchange rate adjusted
Canadian CPI (in logarithms). The number of augmented lags included in the
ADF test equation is in parenthesis. a,b,c denotes significance at the 1%, 5%,

and 10% levels, respectively.

lags, where the ade-
quacy of the lag
length (indicated in
Table 2) is checked
with tests for serial
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correlation using the Lagrange multiplier -
statistic.

Table 2
Cointegration test results

ADF (Lags)
1962.3-1994 4:
u=Pd - 0.034 - 1.047 XPf 326" (8)
v=XPf-0.019 - 0.941 Pd 338° (8)
1970.2-1994.4: |
u=Pd+0123- 1084 XPf  -332° (8) |
v=XPf-0.223-0.896 Pd. 316 (8)

Notes:1 is the OLS residual series from equation |
(1) which is normalized for Pd. ¥ is the OLS re- |
sidual series from equation (1) when renormalized |
- for XPf. "

- Following the Granger represetitation theo-
- rem (Engle and Granger 1987), for the cointe-

grated series Pd, and XPf,, there exists an ECM of
" the form

ECM estimated for 1962.3-1994 .4 fails to be sta-
ble in terms of parameters at the 1% level of sig-

~ nificance.’ This may be due to pooling the data

' APd, = oL+ Z; B APdy; + Zi v; AXPf; - MO e, (2) “

AXPf,=a+ Z; b; AXPf; + Zi ¢ APdii - AP 1+ (3) |

The ECM embodies both the short-run dynamics
and the long-run equilibrium relation of the series,
or PPP. Equation (2) specifies the short-run con-
vergence process of Pd; to PPP with convergence
being assured when A, is between zero and one.
Similarly, Equation (3) specifies the short-run con-
vergence process of XPf; to PPP with convergence
being assured when A, is between zero and one.

The ECM, which initially includes eight
lag differences for both Pd; and XPf;, is estimated
using OLS. Excluding the insignificant lag differ-
ences, the ECM is then reestimated, with the re-
sults for both sample periods reported in Table 3.
Based on the cusum of squares test of stability de-
veloped by Brown, Durbin, and Evans (1975), the

\

|
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from the fixed (1962.3-1970.1) and floating
(1970.2-1994.4) exchange rate regimes. Such an
argument may be reinforced by the evidence that
the 1970.2-1994.4 ECM estimates show stability
in terms of parameters at the 10% or lower level of
significance.” Further evidence suggests that Pd,
and XPf; are not cointegrated for 1962.3-1970.1,
and therefore, PPP fails to hold for this period of
fixed exchange rate regime.> This is not surpris-
ing, since during this period the Canadian dollar at
U.S. $0.925 was substantially undervalued for
every year except 1966. Originally, the Bank of
Canada lent its support to the fixed exchange rate
with higher interest rates and the Canadian gov-
ernment by increasing foreign exchange reserves
through  foreign loans  (Binhammer and
McDonough, 1990, p. 54). For 1963-1967, how-
ever, Canada was required to meet foreign ex-
change reserve ceilings imposed by the U.S.-
Canada trade agreement. Such requirements re-
sulted in the immobilization of the Canadian
monetary policy which adversely affected the Ca-
nadian price level and its long-run equilibrium re-
lation with the U.S. price level.

Turning back to the 1970.2-1994.4 esti-
mates of the ECM in Table 3, we see that in the
short-run the U.S. price level does not respond to
departures from PPP. This may be due to the fact
that the U.S. is a large country compared to Can-
ada. The Canadian price level adjusted for ex-
change rate, however, responds to departures from
PPP (measured by v; = XPfi-.223-.896Pd; from
Table 2) with a parameter estimate of 0.095. This
indicates that 9.5% of any positive deviation in
PPP is corrected within a quarter by a fall in the
U.S. value of the Canadian price level.

To examine whether strict PPP holds,
equation (3) is reestimated by replacing v ; with
XPf.; and Pd;;. Based on the Wald test, the null
hypothesis that the parameters on XPf;, and Pd,
are identical (in absolute value) is rejected; the
calculated chi-squared test statistic is found to be
3.84 with a P-value of 0.05. Such evidence leads
us to conclude that b in (1) significantly differs
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Table 3
Error correction model estimates

1962.3 - 1994.4

Equation (2)
o =.002?
2.8)
2B;=.907" i=1-3,6
(15.8)
>y =-.077° i=1-2,6
22)
A =-.012
(1.9

R%:=177, 44:=9.8, S™=.16°

Equation (3)
a=-001
(.44)
b= 976" i=1,3,6-8
(CN))
2c; =128 =1,8
(.50)
A=-.104"
(3.5)

R=29", y%;=102, §"=23"

1970.2 - 1994 .4

a.=.003"
2.5)
2p; = .830° i=1-8
(3.6)
2y =-.028° i=1-2,4,6
1.7
M =-.004
(.57)

R%=78" y%:=9.1, S™=.13

a=.001

(.05)
Tb=.735"
4.5)

Zci =161
(49)
=-.095%

(2.9)
R=30°, ¢*;=3.1, S"=.14

i=3,6-7
i=1,8

2

absolute value) are given in parentheses.

Notes: . is the Lagrange multiplier chi-squared statistic, which detects serial correlation
up to twelve lags; S;" is the maximum absolute deviation of the calculated cusum of
squares test statistic, S,, from its expected value (see footnote 1); and t-statistics (in

from one due to perhaps transportation costs as
shown by Taylor (1988). That is, PPP does hold
but not in strict form, implying that the real ex-
change rate, defined as [Pd, - (X; + Pf})], follows a
nonstationary process. This conclusion was also
supported when testing for a unit root in the real
exchange rate series. For example, the calculated
ADF test statistic for the real exchange rate series
in levels is found to be -1.98 which is not signifi-
cant at any reasonable level. This test statistic for
the real exchange rate series in the first differences
is -2.67 which is significant at the 1% level. Such
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findings suggest that the real exchange rate for
1970.2-1994.4 is I(1).

Conclusions

Based on our empirical findings, the U.S.
price level and the exchange rate adjusted Cana-
dian price level appear to be cointegrated for both
sample periods of 1962.3-1994.4 and 1970.2-
1994.4. The ECM estimated for 1962.3-1994 4,
however, fails to be stable in terms of parameters
due to pooling the data from the fixed and floating
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exchange rate regimes. That is, once the fixed ex-
change rate period was excluded, then the ECM
estimates for the 1970.2-1994 .4 period of floating
exchange rate regime show stability in terms of pa-
rameters and further indicate that the U.S. value of
the Canadian prices respond to correct deviations
from PPP. The U.S. price level, however, does not
respond to deviations from PPP, perhaps because
the U.S. is a large country compared to Canada,
and that movements in the U.S. price level are
(weakly) exogenous to the Canadian variables.
Our findings also suggest that, for 1970.2-1994 4,
PPP holds but not in strict form, perhaps due to
transportation costs as shown by Taylor (1988).
Such evidence implies that the real exchange rate
follows a nonstationary process. This conclusion
differs from Choudhry, McNown, and Wallace
(1991) who found the real exchange rate to be sta-
tionary for the 1950s.

Suggestions for future research

An important issue, often raised, is
whether or not government interventions in the for-
eign exchange market can distort PPP. During the
floating exchange rate regime, both the Canadian
and U.S. governments, at times, influenced the ex-
change rate through market interventions. Future
research may, therefore, investigate the robustness
of our conclusions to such interventions. L

Footnotes

1.  The cusum of squares test of stability is
based on a standardized one-step-ahead pre-
diction of errors, w;, from recursive regres-
sions and is designed to test the null hy-
pothesis that the regression parameters vec-
tor of the recursive regressions are identical.
The cusum of squares test statistic is

\

r T .
S=( 2/ (B kLT

where k is the number of regression pa-
rameters, and T is the number of observa-
tions of the last estimation period. The ex-
pected value of S; under the null hypothesis
of parameter stability is (r-k)/(T-k). One re-
jects this null hypothesis if the absolute de-
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viation of S; (for all r) from its expected
value is above the critical values given in
Durbin (1969). For the 1962.3-1994.4 es-
timates of both equations (2) and (3) in Ta-
ble 3, the maximum absolute deviation of
S™, from its expected value, denoted S™,, is
significant or above the critical value, lead-
ing to the rejection of the null hypothesis of
parameter stability.

For the 1970.2-1994.4 estimates of both
equations (2) and (3) in Table 3, the maxi-
mum absolute deviation of S; from its ex-
pected value is insignificant or below the
critical value, leading to the acceptance of
the null hypothesis of parameter stability.
The ECM estimates for 1970.2-1994 .4, in
Table 3, also pass a series of diagnostic tests
including serial correlation (based on the in-
spection of the autocorrelation functions of
the residuals as well as the reported insig-
nificant Lagrange multiplier x>-statistics at
the 10% or lower level) and omitted vari-
ables such as a time trend and other lags.

3.  For 1962.3-1970.1, we have foundu = Pd -
0.515 - 0.893 XPf and v = XPf + 0.525 -
1.104 Pd. The ADF test statistics for u and
v are -1.57 and -1.48, respectively. These
test statistics are not significant, leading to
the conclusion that Pd and XPf are not
cointegrated for 1962.1-1970.1. It is noted
that each ADF test equation also includes six
augmented lags, with the adequacy of the lag
length checked with tests for serial correla-
tion using the Lagrange multiplier -
statistic.
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