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ABSTRACT 

Inbound call center operations are challenging to manage; 
there is considerable uncertainty in estimates of arrival 
rates, and the operation is often subject to strict service 
level constraints.  This paper is motivated by work with a 
provider of outsourced technical support services in which 
most projects (client specific support operations) include 
an inbound tier one help desk subject to a monthly service 
level agreement (SLA).  Support services are highly spe-
cialized and a significant training investment is required, 
an investment that is not transferable to other projects.  We 
investigate the option of cross training a subset of agents so 
that they may serve calls from two separate projects, a 
process we refer to as partial pooling.  Our paper seeks to 
quantity the benefits of partial pooling and characterize the 
conditions under which pooling is most beneficial.  We 
find that low levels of cross training yield significant bene-
fit. 

1 INTRODUCTION 

Call centers are a large and growing component of the U.S. 
and world economy  (Gans et al. 2003).  In 1999 an esti-
mated 1.5 million workers were employed in call centers in 
the US alone.    Large scale call centers are technically and 
managerially sophisticated operations and have been the 
subject of substantial academic research.  A call center is a 
facility designed to support the delivery of some interactive 
service via telephone communications, typically an office 
space with multiple workstations manned by agents who 
place and receive calls (Gans et al. 2003).  Call center ap-
plications include tele-marketing, customer service, help 
desk support, and emergency dispatch.    

Our research is motivated in part by recent work with 
a medium sized provider of call center based technical 
support.  While the scope of services varies from account 
to account, many projects are 24 x 7 support and virtually 
all are subject to some form of Service Level Agreement 
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(SLA).  There are multiple types of SLA, but the most 
common specifies a minimum level of the Telephone Ser-
vice Factor (TSF).  A TSF SLA specifies the proportion of 
calls that must be answered within a specified time.  For 
example, an 80/120 SLA specifies that 80% of calls must 
be answered within 120 seconds.  A very important point is 
that the service level applies to an extended period, typi-
cally a month, which appears to be common practice in this 
industry.  The SLA does not define requirements for a day 
or an hour.  So the desk is typically staffed so that at some 
times the service level is underachieved, sometimes over-
achieved, and is on target for the entire month.  The out-
sourcing contract often specifies substantial financial pen-
alties for failing to meet the SLA.   

The key challenge involved with staffing this call cen-
ter is a fixed SLA with a variable and uncertain arrival rate 
pattern.  The number of calls presented in any ½ hour pe-
riod is highly variable with multiple sources of uncertainty.  
In addition to day of week seasonality these call center pro-
jects also experience very significant time of day seasonal-
ity.  Volume ramps up sharply in the morning with a major 
surge of calls between 7 and 11 AM.  Volume tends to dip 
down around the lunch break, but a second peak occurs in 
the afternoon; the afternoon peak is typically lower volume 
then the morning peak.   

Agents in this environment require extensive training 
on the systems they support.  An agent may require up to 
three months of training prior to taking calls, though a 
more typical period is three to four weeks.  The majority of 
this training is project specific.  Once deployed it takes 
agents several month to reach full productivity through on 
the job learning and supplemental training.  Because of the 
high costs of training, it is standard practice to train an 
agent to handle calls from a single project.    

The staffing challenge in this call center is to find a 
minimal cost staffing plan that achieves the global SLA 
target with a high probability.  The schedule must obvi-
ously be locked in before arrival rate uncertainty is re-
vealed.  While management has some recourse to adjust 
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manpower during the course of the day (overtime, early 
dismissal) these actions are generally very limited.  In this 
paper we examine one particular hedging strategy; an ap-
proach we call partial pooling.  In partial pooling a small 
subset of super agents are cross trained to take calls from 
two projects.  The call center can then be viewed as a 
skills-based routing (SBR) model with two skills.  Super 
agents possess both skills, while base agents have only one 
skill set.  It is clear that cross training all agents will in-
crease the service level of the call center for a fixed level 
of staffing.  Our hypothesis is that cross training a small 
number of agents can deliver a substantial portion of the 
benefit and our objective is to find the level of cross train-
ing that minimizes staffing costs, while satisfying the ser-
vice level constraint with high probability.   

2 LITERATURE REVIEW 

A summary of the call center oriented literature is provided 
in (Gans et al. 2003).  This detailed tutorial and review 
provides a thorough overview of call center operations, 
terminology and research.  The paper summarizes the key 
academic research on multiple areas related to call center 
research, including capacity management and scheduling.  
Detailed analysis of models with abandonment, the Erlang 
A models, are provided in (Garnett et al. 2002; Mandel-
baum and Zeltyn 2004; Whitt 2006).  Empirical analysis of 
call center data is provided in a series of related papers 
(Mandelbaum et al. 2001; Brown et al. 2005).  These pa-
pers contain a detailed statistical analysis of data from a 
small call center.  The authors test many common assump-
tions used in queuing models, and find among other things 
that talk time in a call center follows a lognormal distribu-
tion, rather than the commonly assumed exponential distri-
bution.  Some call centers exhibit arrival behavior that has 
higher variability  than a Poisson process and large correla-
tions between periods in a day (Avramidis et al., 2004). 

A paper very similar in concept to ours is (Wallace 
and Whitt 2005).  (We refer to this paper as W&W)  In the 
W&W model there are 6 call types and every agent is 
trained to handle a fixed number of those types.  The au-
thors use a simulation based optimization model to find the 
ideal cross training level.  The paper’s key insight is that a 
low level of cross training provides “most” of the benefit.  
Specifically, they find that training every agent in two 
skills provides the bulk of the benefit, while additional 
training has a relatively low payoff.  Although the general 
finding in our paper is similar, e.g. small levels of cross 
training give the majority of the benefit, the models are 
very different.  While their best solution has every agent 
cross trained in two skills, our model assumes that only a 
small proportion of agents are cross trained.  In our sce-
nario cross training is very expensive and 100% cross 
training is not practical.  The W&W model also ignores 
abandonment, an important consideration in our situation.  
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Other approaches to staffing multiskill call centers in-
clude stochastic fluid models (Harrison and Zeevi 2005), 
search methods with a loss-delay approximation (Avra-
midis et al. 2006) and a cutting-plane algorithm combined 
with simulation (Cezik and L’Ecuyer 2006).  These ap-
proaches are designed for large call centers with many cus-
tomer classes and skill classifications.  They  minimize the 
cost of staffing the center subject to some service level 
constraints, where the cost of an agent is a function of the 
number of skills that agent possesses.  They solve the prob-
lem for a single time period assuming steady state demand; 
the simulation approach also includes abandonment and 
fixed routing based on customer and staff priorities.  

3 POOLING MODEL 

In this section we introduce our model of partial pooling.  
We assume that in the baseline case the call center is seg-
regated by project and each project acts a separate Erlang-
A  queuing system.  Each project i receives calls that arrive 
with rate iλ .  Associated with each call is a average talk 

time denoted as 1 iμ .  We also assume that callers have 

exponentially distributed patience with mean1 iθ .  The 
patience parameter represents the time a caller is willing to 
wait on hold.  Each caller will abandon the queue (hang up) 
if not server by their patience parameter.   For our purposes 
the key performance metric for this queue is the Telephone 
Service Factor is defined as   

{ }TSF P W T= ≤  
The steady state staffing decision then involves forecasting 
the arrival rate iλ and setting the staff level to achieve the 
specified SLA with an acceptable level of probability. 

Our analysis is based on a modification to existing 
practice; specifically cross training a number of agents to 
support two projects.  In our model we assume that the 
skills based routing system is configured as follows 

 

1 3 2

1 2 Call Types

Feasible Routings

Pools of CSRs

 
Figure 1:  Basic routing structure 

 
We have two call types, one for each project, and three 

agent pools.  Pool 1 has skill 1 and can service calls of type 
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1.  Similarly pool 2 services calls of type 2.  Pool 3 is cross 
trained and can service calls of either type.  We implement 
a very simple routing model.  An incoming call is routed to 
a base agent if one is available.  Only in the case where all 
base agents are busy is the call routed to a super agent. 
When base agents become available they take the longest 
waiting caller from their respective queue.  If no calls are 
waiting they become idle.  When a super agent becomes 
available they take the call from the largest queue.   

4 PARTIAL POOLING IN STEADY STATE 

4.1 The TSF Response Function 

In the single queue, single resource pool case, we have an 
analytical expression for the service level as a function of 
arrival rates and staffing and we can easily generate a plot 
of the TSF as a function of staffing.  The TSF function 
generates an s-shaped curve, with the service level improv-
ing rapidly at first, then leveling off and finally showing 
declining returns to incremental staffing. In the pooling 
case the situation is considerably more complicated.  There 
are no known analytical expressions available to calculate 
the service level.  Based on intuition we expect the service 
level is increasing in the number of base agents and the 
number of super agents. To verify this intuition we use 
simulation to create the following graphical representation 
of the TSF as a function of the number of agents. 

In this simulation we assume that each queue receives 
calls at a rate of 100 calls per hour, that in each case talk 
time averages 12 minutes, callers have an average patience 
of 350 seconds, and the service level is based on a 120 
second hold time.   We vary the number of agents assigned 
to each base pool and the number of agents assigned to the 
super agent pool independently.  For each staffing combi-
nation we simulate operations for two days, and perform 
25 replications. 
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Figure 2: The TSF response function for a partial pooling 
model 
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The graph illustrates a large plateau of 100% TSF 
when the total number of agents is large.  Similarly a small 
plateau at 0% TSF exists when the total number of agents 
is small.  In between the surface exhibits an S shaped pro-
file.  Figure 3 is a contour plot of this data in two dimen-
sions.  The contour plot shows a series of iso-service level 
lines, agent combinations that deliver the same service 
level.   
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Figure 3: The pooled TSF contour plot 

 
So for example, to achieve a 95% service level we 

need roughly 25 agents in each pool or 50 agents overall. 
However, in a pure pooled mode the same service level can 
be achieved with a total of only 45 pooled agents.  

Though difficult to see, close inspection reveals that 
the iso-service lines are not straight, but have a convex 
bowed shape.  This is further illustrated in the next figure 
where we show the 80% TSF contour with a line connect-
ing the end points.  The convexity of the contour implies 
that the cost minimizing combination of pooled and base 
agents may be in the interior.   
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Figure 4: 80% TSF contour  

4.2 Symmetric Projects 

In this experiment we test the impact of pooling on steady 
state performance with symmetric projects.  Consider two 
statistically identical projects each staffed with 36 agents 
4
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and receiving calls at a constant rate λ.  Talk time has an 
exponential distribution with mean 12 minutes and the 
mean time to abandon is 350 seconds.   The service level is 
measured against a two minute hold time.  We evaluate the 
situation where the total number of agents remains constant, 
but each project contributes between 0 and 36 agents to the 
pool.  The first graph shows the service level for each level 
of pooling when λ is 200 calls per hour.  In the second 
graph we plot the abandonment rate.  In each case we plot 
TSF and abandonment rate for one of the projects.  (Be-
cause of the symmetric nature of the model, each project 
has the same curve.)    The data was generated by simulat-
ing five days of operations over 50 replications.  In each 
curve we show the sample average along with a 90% con-
fidence interval. 
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Figure 5: Impact of pooling on TSF and abandonment with 
fixed staffing levels  
 

These graphs reveal that a small level of pooling 
yields improvement, but that the return on cross training 
declines rapidly.  In each case cross training 10 agents pro-
vides the bulk of the benefit and cross training beyond 15 
agents provides very limited benefits.  We have repeated 
this test with arrival rates of 180 and 220 calls per hour and 
obtained similar results.  In each case cross training can 
boost TSF by 5%-6%, while the biggest improvement is in 
225
the medium volume (200/hr) case.  Abandonment is de-
creased by about 1% in the high volume case, 1.8% in the 
middle case, and 2.3% in the slow case.   

4.3 Steady State Differential Rates 

The previous analysis reveals that moderate benefits are 
achieved when agents are cross trained, and the amount of 
improvement depends on the spare capacity in the system.  
However in that analysis both projects had the same arrival 
rate. A more interesting case occurs when the arrival rates 
are different as may be the case if rates are subject to fore-
cast error.  In the next analysis we allow arrival rates to 
vary independently from target by ± 10%.  Total staffing is 
fixed at 72, so that in the no pooling case each project has 
36 agents, a staff level that results in an approximately 
76% service level with no pooling.  The following tables 
summarize the resulting TSF measures under various arri-
val rate combinations.  The numbers along the top (0-35) 
indicate the number of agents pooled.   

In Table 1 we examine the impact on the combined 
TSF, and the TSF of each individual project.  We see that 
the overall TSF is always improved by pooling, and the 
degree of improvement is based on the amount of spare ca-
pacity in the system.  When both projects have below plan 
volume,  the overall TSF is improved by 2.8% with just 
five agents.  If both projects have above plan volume, the 
TSF also improves by 2.8%.  The biggest gain comes when 
the projects have differential rates; when one project is low 
and the other high we get a 5.2% gain in overall TSF.  The 
improvement quickly drops off with the number of agents 
cross trained; the most benefit comes from the first few 
agents.  Cross training beyond 15 agents yields results that 
are not meaningful, and in many cases are not statistically 
different from zero.   

 
Table 1: Impact of pooling on overall TSF. * indicates sta-
tistical significance at the .9 level 

λ1 λ2 0 5 10 15 20 25 30 35
180 180 87.9% 90.8% 91.9% 92.5% 92.7% 92.8% 92.9% 92.8%
180 200 81.5% 85.3% 86.9% 87.6% 88.0% 88.1% 88.1% 88.0%
180 220 73.6% 78.8% 80.9% 81.9% 82.4% 82.5% 82.5% 82.5%
200 200 76.1% 79.3% 80.8% 81.6% 81.9% 82.0% 82.1% 81.9%
200 220 68.8% 72.3% 74.2% 75.0% 75.3% 75.6% 75.6% 75.5%
220 220 62.3% 65.1% 66.6% 67.5% 67.8% 68.0% 68.0% 68.1%

TSF Total

 
λ1 λ2 5 10 15 20 25 30 35

180 180 2.8% * 1.1% * 0.6% * 0.2% * 0.1% * 0.0% 0.0%
180 200 3.8% * 1.6% * 0.7% * 0.3% * 0.1% * 0.0% 0.0%
180 220 5.2% * 2.2% * 1.0% * 0.5% * 0.1% * 0.0% -0.1% *
200 200 3.2% * 1.5% * 0.8% * 0.3% * 0.1% * 0.1% * -0.2% *
200 220 3.6% * 1.9% * 0.8% * 0.3% * 0.2% * 0.0% -0.1% *
220 220 2.8% * 1.5% * 0.9% * 0.3% * 0.3% * 0.0% 0.1%

Δ TSF Total

 
 
The results are even more interesting when we exam-

ine the data at the individual project level (Tables 2-3).   
When each project has a similar arrival rate the benefits are 
distributed evenly.  But it is when the arrival rates are dif-
ferent that the maximum gain occurs; and that gain accrues 
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disproportionately to the understaffed project.  When vol-
umes are at opposite extremes, the understaffed project re-
ceives a benefit of an 11% boost in TSF from only 5 cross 
trained agents.  Cross training of 10 agents increases TSF 
by another 10 points raising TSF to nearly 80%.  In the 
case of significant mismatch the overstaffed project may 
suffer degradation in performance, but this decline is sig-
nificantly smaller then the boost to the other project and 
aggregate TSF always increases.  The most significant case 
is when volumes have a maximum mismatch and the over-
staffed project’s TSF declines by 2.2% with 5 agents cross 
trained.  Note however that this project had a baseline TSF 
of 86%, well over the standard target of 80%.  This result 
does however raise a caution for pooling projects with very 
high (90%) TSF targets.  In the case of a smaller mismatch 
the degradation was very moderate, about 0.9% with 10 
agents cross trained, where the busy project may see an 
improvement on the order of four points from only 5 cross 
trained agents.  We obtained similar results for the aban-
donment rate for each project; pooling reduces the maxi-
mum wait time callers face, and therefore reduces the pro-
portion of callers kept on hold past their patience level. 
The improvement is the most significant when a capacity 
mismatch occurs.  

 
Table 2: Impact of Pooling on low volume project TSF 

 

λ1 λ2 0 5 10 15 20 25 30 35
180 180 86.8% 90.4% 91.7% 92.4% 92.7% 92.8% 92.8% 92.8%
180 200 86.8% 87.5% 87.7% 87.8% 87.7% 87.6% 87.4% 87.3%
180 220 86.8% 84.7% 82.9% 82.1% 81.4% 80.9% 80.6% 80.2%
200 200 75.5% 78.9% 80.5% 81.4% 81.8% 82.0% 82.0% 82.0%
200 220 75.5% 75.3% 75.1% 74.9% 74.7% 74.4% 74.3% 74.0%
220 220 61.9% 65.0% 66.4% 67.6% 68.0% 68.1% 68.2% 68.2%

TSF Pool 1

 
λ1 λ2 5 10 15 20 25 30 35

180 180 3.5% * 1.3% * 0.7% * 0.2% * 0.1% * 0.0% 0.0%
180 200 0.7% * 0.2% * 0.1% 0.0% -0.1% * -0.2% * -0.1% *
180 220 -2.2% * -1.7% * -0.8% * -0.7% * -0.5% * -0.3% * -0.4% *
200 200 3.4% * 1.6% * 1.0% * 0.4% * 0.1% * 0.1% -0.1% *
200 220 -0.2% -0.2% -0.3% * -0.2% * -0.2% * -0.1% * -0.2% *
220 220 3.1% * 1.5% * 1.1% * 0.4% * 0.2% * 0.1% 0.0%

Δ TSF Pool 1

 
 

 
Table 3: Impact of Pooling on high volume project TSF 

 

λ1 λ2 0 5 10 15 20 25 30 35
180 180 89.0% 91.1% 92.1% 92.5% 92.8% 92.9% 92.9% 92.8%
180 200 76.7% 83.3% 86.1% 87.5% 88.2% 88.5% 88.7% 88.7%
180 220 62.7% 73.9% 79.3% 81.8% 83.2% 83.8% 84.1% 84.3%
200 200 76.7% 79.7% 81.0% 81.7% 82.0% 82.0% 82.2% 81.9%
200 220 62.7% 69.6% 73.4% 75.1% 75.9% 76.6% 76.8% 76.8%
220 220 62.7% 65.2% 66.7% 67.4% 67.6% 67.9% 67.8% 68.0%

TSF Pool 2

 
λ1 λ2 5 10 15 20 25 30 35

180 180 2.1% * 0.9% * 0.4% * 0.3% * 0.1% * 0.0% -0.1% *
180 200 6.6% * 2.8% * 1.4% * 0.7% * 0.4% * 0.1% * 0.0%
180 220 11.3% * 5.3% * 2.5% * 1.5% * 0.6% * 0.3% * 0.2% *
200 200 3.0% * 1.3% * 0.6% * 0.3% * 0.0% 0.1% * -0.2% *
200 220 7.0% * 3.8% * 1.7% * 0.9% * 0.7% * 0.2% * 0.0%
220 220 2.6% * 1.5% * 0.6% * 0.2% * 0.3% * -0.1% 0.2% *

Δ TSF Pool 2
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Overall this analysis shows that partial pooling yields 
substantial benefits in steady state.  The improvement is 
the greatest when a capacity mismatch occurs and the un-
der capacity project receives the greater benefit.  In the 
next section we examine how arrival rate uncertainty im-
pacts the pooling analysis.   

4.4 Steady State but Uncertain Arrival Rate 

In this analysis we continue to examine the impact of pool-
ing when projects have a constant rate, but we now allow 
for uncertainty in the arrival rate.  Specifically we assume 
that the calls in each pool will arrive with a constant rate, 
but the realized rate is a random variable.  Assume that the 
arrival rates are independent and identically distributed 
normal random variables with mean 200 and standard de-
viation 20.  We examine how partial pooling impacts the 
expected TSF and abandonment rate.  The following graph 
present the results of a simulation experiment. 
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Figure 6: Impact of pooling on TSF with fixed staffing lev-
els and uncertain arrivals- TSF confidence level 
 

The service curve generated in this case is almost 
identical to the plots for steady state arrivals at 200 calls/hr 
but the TSF level is lower in the uncertain case: 74.2% vs. 
75.4% with no pooling and 80.5% vs. 81.5% in the full 
pooling case.  Although not a major shift, this illustrates 
one of the effects of arrival rate uncertainty.  Because of 
the nature of the TSF curve the effect of volume changes is 
not proportional; higher volume causes a larger shift in the 
resulting service level then lower volume. So even if vol-
ume varies around the mean symmetrically, the resulting 
TSF will be lower in the uncertain case than the corre-
sponding mean value case.   Similar results were found for 
abandonment: the curves for the uncertain case have a 
similar shape as the certain case, with a moderately higher 
abandonment rate at all levels.   

An interesting phenomenon is illustrated in Figures 7 
and 8.  In Figure 7 we see that the standard deviation of the 
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overall (combined) service level is essentially unaffected 
by pooling, remaining at a roughly constant level just over 
8%.   

Standard Deviation of Overall Service Level (TSF) 
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Figure 7:  Standard deviation of the overall TSF  

 
Figure 8 however reveals the standard deviation of the 

service level for pool one decreases as the pooling level in-
creases, at least for the first few pooled agents.  
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Figure 8:  Standard deviation of the individual project TSF  

 
In the case of no pooling the service level in each pool 

is independent from the service level in the other pool.  As 
pooling increases the service levels in each pool become 
dependent random variables.    

5 SUMMARY AND CONCLUSIONS 

This paper examines the issue of partial cross training in 
call centers that must achieve a global service level.  We 
deal with the case where each project has a single skill-set; 
this may not be ideal but is the case in several projects we 
analyzed.  The current analysis focuses on pooling in 
steady state operations and characterizes the improvement 
from partial pooling.  Our ongoing research is focused on 
finding the optimal cross training level; that is the level at 
which the benefit of cross training is balanced by the extra 
cost of cross training.  Our ongoing research is focused on 
225
developing algorithms to find the optimal cross training 
level with both steady state and non stationary arrival rates.   
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