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Executive Summary: 
 
 IDSS Insurance is a company that currently offers products in Montana.  IDSS is 

looking into expanding their market and entering five more states in the Pacific 

Northwest.  Currently IDSS has five claims specialists fielding calls during the busiest 

hours between 7 am and 4 pm.  Along with the five direct lines, the phone system at 

IDSS can handle and extra 10 callers that will be placed on hold. With the expansion 

IDSS is predicting that the peak call rate will increase by 5 to 10 calls.  Because of this 

increase in the call rate IDSS is going to need to either add additional phone lines to their 

system or hire some additional claims specialist.  Each additional phone line would cost 

the company $150 per year and each claims specialist makes $18 per hour which totals 

$42,120 annually.   

 IDSS’s CEO, Alice Burns has also decided to implement some specific goals for 

the company, she promised customers an average wait time of less than 2 minutes and 

she has declared that no more than 2% of all calls can be involuntarily turned away or 

receive a busy signal.  

 In order to maintain a functioning call center that maintains all of Ms. Burns 

requirements IDSS needs to hire 5 more call specialists and keep the current phone 

system than can handle 10 extra callers.  This would cost the company $210,600 annually, 

but they will have an average wait time of less than 2 minutes for every customer and less 

then 2% of all calls will receive a busy signal.  
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Problem Statement: 

IDSS Insurance is currently faced with a dilemma.  With their current system they 

are at an average utilization rate of 99.28%, customers are waiting an average of 21.5 

minutes, and 17% of calls are being turned away because the system cannot handle them. 

(Table 1)  IDSS’s current call specialists are already working at a maximum rate and the 

company wants to add another five states in the Pacific Northwest in the next year.  This 

problem is only compounded by the fact that the CEO has placed some strict 

requirements on the system.  Ms. Burns wants the average hold time to be less than 2 

minutes and less than 2% of all calls should receive a busy signal. IDSS Insurance needs 

to find a feasible way to deal with the amount of new calls this expansion will generate.  

This can either be done by adding additional hold lines, or by hiring new claims 

specialists.  It will be important for IDSS to find a cost effective way to meet the 

customers’ needs and also maintain their own self-imposed requirements.   

Table 1       
 Nov. 28 Dec. 5 Dec. 12 Dec. 19 Dec. 26 Jan. 2 
Utilization 96.81% 97.60% 96.81% 100.00% 97.09% 51.43% 
P(0), Probability that the system is empty 0.0011  0.0007  0.0011  0.0000  0.0009  0.0743  
Lq, expected queue length 7.9518  8.6197  7.9518  13.9584  8.1804  0.1517  
L, expected number in the system 12.7924  13.4995  12.7924  18.9584  13.0351  2.7231  
Wq, expected time in queue 0.2347  0.2523  0.2347  0.5583  0.2808  0.0084  
W, expected total time in system 0.3775  0.3952  0.3775  0.7583  0.4475  0.1513  
Probability that a customer waits 0.9176  0.9370  0.9176  1.0000  0.9246  0.1433  
Probability that a customer balks 0.0842  0.1011  0.0842  0.4898  0.0897  0.0000  
Utilization Jan. 9 Jan. 16 Jan. 23 Jan. 30  Average 
P(0), Probability that the system is empty 100.00% 100.00% 82.00% 99.28%  99.28% 
Lq, expected queue length 0.0000  0.0000  0.0109  0.0002   0.0002  
L, expected number in the system 14.2857  14.1667  2.3335  10.6978   10.6978  
Wq, expected time in queue 19.2857  19.1667  6.4335  15.6616   15.6616  
W, expected total time in system 0.9524  0.7083  0.0711  0.3592   0.3592  
Probability that a customer waits 1.2857  0.9583  0.1961  0.5259   0.5259  
Probability that a customer balks 1.0000  1.0000  0.5920  0.9801   0.9801  
 0.5833  0.5455  0.0061  0.1727   0.1727  
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Analysis: 

The current IDSS system costs the company $212,100 annually. The system is 

currently comprised of 5 claims specialists with an hourly wage of $18, amounting to an 

annual salary of $42,120 per claims specialists, and 10 hold lines costing $150 per year 

totaling $1,500 per year.  

 In order to provide the desired service to customers during the expansion IDSS is 

going to have to add additional claims specialists and additional hold lines.  It will not be 

too difficult to too costly for IDSS to expand and meet their goal of a balk rate of less 

than 2%.  The difficult task is going to be trying to find a low-cost method to meet the 

requirement of an average hold time of less than 2 minutes.  By increasing the number of 

servers to nine, upping the maximum queue length to 19 IDSS could reach the goal of a 

less than 2% balk rate. Nine servers with a maximum queue length of 19 cuts the 

probability that a customer balks to 0.4%. The problem with this scenario is rooted in the 

2 minute hold time requirement. With this system the average hold time is still 3.5 

minutes. (Table 2) The cost of this scenario would be the cost of the 4 new claims 

specialists at $42,120 annually. The total cost of this expansion would equal $168,480 

annually. This scenario assumes that it does not cost an extra $150 per each extra line that 

would be required for the claims specialist since they are not creating more hold lines.  
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Table 2* 

         Arrival rate    46    

         Service rate    6    

         Number of servers   9    

         Maximum queue length 19    

Utilization       84.84% 

P(0), probability that the system is empty 0.0003  

Lq, expected queue length     2.6727  

L, expected number in system   10.3088  

Wq, expected time in queue   0.0583  

W, expected total time in system   0.2250  

Probability that a customer waits   0.5448  

Probability that a customer balks   0.0040  
 

In order to create a system that meets both the requirement of less than a 2% balk 

rate and an average hold time of less than 2 minutes IDSS will need to hire 5 additional 

claims specialists and increase the maximum queue length to 20.  This would create a 

balk rate of 0.04% and an average hold time of 1.41 minutes. (Table 3) This scenario 

would cost IDSS an extra $210,600 annually. This again assumes that there will not be an  

additional charge for the phone lines because they are not creating hold lines. 

Table 3* 

         Arrival rate    46    

         Service rate    6    

         Number of servers   10    

         Maximum queue length 20    

Utilization       76.64% 

P(0), probability that the system is empty 0.0004  

Lq, expected queue length     1.0836  

L, expected number in system   8.7472  

Wq, expected time in queue   0.0236  

W, expected total time in system   0.1902  

Probability that a customer waits   0.3380  

Probability that a customer balks   0.0004  



 

  

*Both of the previous scenarios used the average arrival rate of 36 and added 10 
additional calls equaling an arrival rate of 46. This was assuming that the peak call rate 
would increase by a factor of 10.  
 

Having 10 servers with a maximum queue length of 20 meets and exceeds both 

the levels of 1% and .5% of calls receiving busy signals. With 10 servers and a queue 

length of 20 the probability that a customer balks is already down to 0.04%.  
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Recommendations: 

IDSS Insurance is taking a big step when they chose to enter into 5 more states in 

the Pacific Northwest. They are taking a significant step forward in the growth of their 

company with this step they are also going to have to increase their resources.  In order to 

reach their goals they are going to need to hire 5 new claims specialists. This is going to 

cost them a significant amount of money, but it must be done in order to satisfy their 

customers and continue doing business.  

 One extra suggestion for the IDSS Insurance Company is that maybe they should 

consider backing off on their statement of an average hold time of less then 2 minutes; 

they could save themselves up to $42,120 annually if they would allow the average hold 

time to increase to 3.5 minutes. Customers that are calling in claims tend to stay on the 

phone until they get through to their representative.  Of course customers would 

appreciate a shorter hold time, but does a minute and a half difference warrant the extra 

expenditure of $42,120 each year to have one more claims specialist. With 10 claims 

specialists they are only working with an average utilization rate of 76.64%.  Decreasing 

the claims representatives to 9 increases the utilization to 84.84%, the probability that a 

customer balks is still at 0.4% and the average hold time is 3.5 minutes. This might be a 

viable option for the company and it allows them to save $42,120 each year.  



 

 

 

 

 

And now for something completely different… 

A Better Report… 



 

Summary 

With careful review and analysis, we recommend a combination of 12 specialists 

and 15 hold lines under current demands and 80 specialists and 60 hold lines after the 

expansion. Our results are based on the annual benefits for IDSS as well as the set of 

service goals provided by Alice Burns, the CEO of IDSS. Such combinations are most 

likely to bring us maximum annual net profits and also guarantee our customers’ needs. 

Furthermore, according to our sensitivity analysis, these choices are least likely to be 

affected by the changes from other factors, such as employees’ salaries and the 

operational costs for hold lines. In other words, by adopting the number of specialists and 

hold lines we recommend, our company has room to raise workers’ payment or other 

welfares while at the same time securing an optimal gain from the business. This factor is 

crucial for our future expansion plan since more professional workers will be needed as 

our business enlarges.  

Introduction 

Foreseeing an opportunity for IDSS Insurance’s business to expand to 5 states 

besides Montana in the Pacific Northwest, we need to effectively schedule the number of 

claims specialists during their busiest shifts. First, we will investigate various ways of 

sizing our phone system based on the current demand levels. Second, we will adjust our 

results to accommodate the projected demands within next few years, i.e. an expected 

increase of the peak call rate by a factor of between 5 and 10. Our ultimate tasks include 

completing a benefit analysis of the existing system and determining a growth strategy 

that keeps costs at a minimum. Furthermore, we must meet a set of service goals: 1. an 



 

average hold time of less than 2 minutes; 2. less than 2% of all calls will receive a busy 

signal. A detailed analysis is given as follows.  

I. Present Models  

IDSS currently employs 5 claims specialists working from 7am to 4pm, Mondays 

through Fridays, and 50 weeks per year. Beside the direct lines, 10 on-hold lines are 

provided by IDSS’ current phone system. Table 1 gives the call and service information 

collected over the last 10 weeks during the 7-4 shift:  

ARRIVALS SERVICE 
Week 

Beginning 
Average 

calls/hour 

Average 

served/hour 

Nov 28 37 7 
Dec 5 38 7 
Dec 12 37 7 
Dec 19 49 5 
Dec 26 32 6 
Jan 2 18 7 
Jan 9 36 3 
Jan 16 44 4 
Jan 23 33 8 
Jan 30 36 6 

            Table 1 
Assumptions 

• Daily call and service information throughout a year can be predicted from data in 

Table 1, i.e. call arrivals and service rates in other weeks do not vary significantly 

from those in our chosen weeks. 

• On a daily basis, both arrival rates and service rates follow exponential 

distributions with given average number of calls received per hour and average 

number of customers served per hour per claims representative, respectively.  



 

• Each hold line costs $150 per year and the most versatile claims specialists, who 

are trained to handle homeowners, renters, and auto insurance claims, make 

$18/hour. It is assumed that every employee at IDSS is such a specialist.  

• The average profit for each call received is estimated to be $90. 

• Callers receiving a busy signal take their business elsewhere; i.e., the company 

will not make money from a customer who balks from the phone system.  

Data and Analysis  

Based on the second assumption, we can use the M/M/s with a finite queue 

models to find the statistics under current demands. To express the gains for various 

systems defined by the number of specialists and hold lines, we introduce the following 

approach: 

1. Find the probabilities that a customer balks for each system on different 

dates listed in Table 1.  

2. Calculate the average amount of money the company is losing per hour for 

each date under different systems:  

Money lost per hour = average calls/hour x probability that a 

customer balks x average profit per call 

3.   To calculate the average net profits per hour for each dates under different  

systems, we deduct the amount in step 2 and the salaries of all employees 

per hour from the total profits of calls received per hour: 

Net profits per hour = average calls/hour x average profit per call – 

money lost per hour – salaries of all employees per hour 

     4.    To calculate the annual net profits, we multiply the net profits per hour by    

Comment [m9]: date 



 

            the number of hours per year (9x5x50=2250 hours per year) and subtract  

            costs of the hold lines.  

Choosing different combinations of specialists and hold lines, we obtain the 

annual net profits for each system showing in Table 2. The number of specialists and 

hold lines we choose here is based on our service goals, i.e., an average hold time of less 

than 2 minutes and less than 2% of all calls will receiving a busy signal.  

 10h/5s 10h/12s 15h/12s 15h/15s 50h/15s 11h/15s 8h/15s 

Nov 28 2898.53 3114.00 3114.00 3060.00 3060.00 3060.00 3060.00 

Dec 5 2926.70 3203.99 3204.00 3150.00 3150.00 3150.00 3150.00 

Dec 12 2898.53 3114.00 3114.00 3060.00 3060.00 3060.00 3060.00 

Dec 19 2159.69 4148.48 4177.93 4139.77 4140.00 4138.74 4135.48 

Dec 26 2480.10 2664.00 2664.00 2610.00 2610.00 2610.00 2610.00 

Jan 2 1529.85 1404.00 1404.00 1350.00 1350.00 1350.00 1350.00 

Jan 9 1259.98 2808.52 2862.29 2962.66 2970.00 2951.83 2933.75 

Jan 16 1709.93 3613.23 3668.98 3688.09 3690.00 3683.36 3673.04 

Jan 23 2830.61 2754.00 2754.00 2700.00 2700.00 2700.00 2700.00 

Jan 30 2558.66 3023.96 3024.00 2970.00 2970.00 2970.00 2970.00 

Average 2325.26 2984.82 2998.72 2969.05 2970.00 2967.39 2964.23 
w/ line 
cost 5230333.05 6714339.16 6744870.43 6678115.43 6674999.33 6674985.31 6668309.43 

per year        
Table 2: Annual net profits for different systems 

*10h/5s means a system with 10 hold lines and 5 specialists 
The red numbers are the annual net profits 

 
With the current system, we will not be able to meet our service goals. Therefore, 

we must employ more specialists and add extra hold lines. Employing more specialists 

may bring us more profits to some extent. For example, in Table 2, when the number of 

specialists increases from 5 to 12, the annual net profits change dramatically from 

$5230333.05 to $6714339.16. However, as we keep increasing the number of specialists 

to 15, the annual net profits drop a little, but still greater than those from our original 

system. For instance, the profits change from $6744870.43 to $6678115.43 



 

corresponding to such an increase (12 to 15) in the number of specialists employed. A 

similar pattern is observed for an increase in the number of hold lines. The reason is that 

increasing either hold lines or specialists will lead to a decrease in the number of 

customers balking from our system, and thus the amount of money we lose from business. 

In other words, among various levels of service, a smaller percent of calls receiving busy 

signals should be preferred as long as other costs (salaries and operation cost of each hold 

line) are kept at or below a reasonable amount. In Table 2, note that a great increase in 

the number of hold lines may cause a decrease in the annual net profits as it does in the 

case of specialists. Such result is due to the fact that a sufficient number of specialists 

might already cut down the number of customers balking to a significant degree, and 

adding extra hold lines will not make a noticeable difference while adversely raise the 

operational costs for our system. Although these additional costs from the extra hold lines 

appear not as significant as those from adding extra employees (much smaller cost of 

each hold line compared to that of employees), the more hold lines we have, the more 

time our customers have to spend on waiting. Balancing all the effects discussed above, 

we find the combination of 12 specialists and 15 hold lines gives us the maximum 

annual net profits among all the choices listed in Table 2. It also well meets our service 

goals.  

Additional Notes 

After comparing all the annual net profits we have in Table 2, you may notice 

that December 19, January 9, and January 16 may have comparatively greater effects on 

the profits than other dates. The reason lies on the fact that these dates have relatively 

smaller service rates with however, a relatively larger average call rates. Therefore, to 



 

minimize the money losing from people who balk from our system as well as meet our 

service goals, we must pay attention to such unusual days by introducing a reasonable 

number of specialists and hold lines.  

Sensitivity Analysis  

The above discussions have neglected possible changes in factors such as the 

employee’s salary and the profits per call. In order to study the impact of those changes 

on the annual net profits, we will first consider the changes of employee’s salary and then 

take the impact of profits (per call) changes into account along with that of salary 

changes. Annual net profits after 25%, 50%, and 100% of increase in the employee’s 

salary per hour are shown in Table 3: 

 
$18 per hour 
(Original) 

$22.5 per hour 
(+25%) 

$27 per hour 
(+50%) 

$36 per hour 
(+100%) 

10h/5s 5230333.05 5179708.05 5129083.05 5027833.05 

10h/12s 6714339.16 6592839.16 6471339.16 6228339.16 

15h/12s 6744870.43 6623370.43 6501870.43 6258870.43 

15h/15s 6678115.43 6526240.43 6374365.43 6070615.43 

50h/15s 6674999.33 6523124.33 6371249.33 6067499.33 

11h/15s 6674985.31 6523110.31 6371235.31 6067485.31 

8h/15s 6668309.43 6516434.43 6364559.43 6060809.43 
Table 3 

 
From Table 3, we see that the combination of 12 specialists and 15 hold lines again 

gives us the best results. As we raise both the employee’s salaries and profits per call by 

25%, 50%, and 100%, we arrive at the same conclusion (Table 4). 
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$90 profit per 
call & 

$112.5 profit per 
call & 

$136 profit per 
call & 

$180 profit per 
call & 

 
$18 per hour 
(Original) 

$22.5 per hour 
(+25%) 

$27 per hour 
(+50%) 

$36 per hour 
(+100%) 

10h/5s 5230333.05 6538291.32 7846249.58 10462166.11 

10h/12s 6714339.16 8393298.95 10072258.74 13430178.32 

15h/12s 6744870.43 8431650.54 10118430.65 13491990.87 

15h/15s 6678115.43 8348206.79 10018298.15 13358480.86 

50h/15s 6674999.33 8345624.16 10016248.99 13357498.65 

11h/15s 6674985.31 8344144.14 10013302.97 13351620.63 

8h/15s 6668309.43 8335686.79 10003064.15 13337818.86 
Table 4 

 
Fluctuations of hold line costs do not have a significant impact on the annual net profits 

because of its comparatively lower costs than the labors’ costs.  

II. Projection Models 

With the expansion, the peak call rate is expected to increase by a factor of 

between 5 and 10. For our purpose, we assume this factor is 7 and it can be generalized to 

the average call rate on our chosen dates in Table 1. The updated call and service 

information is given in Table 5 (the service rates remain unchanged.). Additionally, all 

the assumptions from Part I – Present Models will still be valid here.  Similar modeling 

techniques can be adapted to situations involved with different factors. 

 

 

 

 

 

 

 



 

 

ARRIVALS SERVICE 
Week 

Beginning 
Average 

calls/hour 

Average 

served/hour 

Nov 28 259 7 
Dec 5 266 7 
Dec 12 259 7 
Dec 19 343 5 
Dec 26 224 6 
Jan 2 126 7 
Jan 9 252 3 
Jan 16 308 4 
Jan 23 231 8 
Jan 30 252 6 

            Table 5 
 
Data and Analysis  

Similar approach and analysis (as we have done in Part I) can be applied to our 

projection models. Table 6 shows the annual net profits for different systems. Again, the 

number of specialists and hold lines we choose here is based on our service goals, i.e., an 

average hold time of less than 2 minutes and less than 2% of all calls will receiving a 

busy signal. As we see from this table, the combination of 80 specialists and 60 hold 

lines provides us with the maximum annual net profits among all the choices listed in 

Table 6. It also well meets our service goals.  

 

 

 

 

 

 



 

  50h/89s 60h/80s 30h/80s 60h/89s 
Nov 28 21708.00 21870.00 21870.00 21708.00 
Dec 5 22338.00 22500.00 22500.00 22338.00 
Dec 12 21708.00 21870.00 21870.00 21708.00 
Dec 19 29268.00 29429.95 29424.60 29268.00 
Dec 26 18558.00 18720.00 18720.00 18558.00 
Jan 2 9738.00 9900.00 9900.00 9738.00 
Jan 9 21042.88 20108.04 19992.74 21058.52 
Jan 16 26117.67 26207.87 26014.93 26117.92 
Jan 23 19188.00 19350.00 19350.00 19188.00 
Jan 30 21078.00 21240.00 21240.00 21078.00 
Average 21074.45 21119.59 21088.23 21076.04 
w/ line 
cost 47410021.97 47510067.38 47444011.94 47412099.62 
per year         

Table 6: Annual net profits for different systems after expansion 
*50h/89s means a system with 50 hold lines and 89 specialists 
The red numbers are the annual net profits 
 
Sensitivity Analysis 

With a much greater number of specialists employed, we would expect that an 

increase in the employee’s salary might affect our original optimal decision; fortunately, 

it is not this case. Please see Table 7 for the changes of annual net profits based on 25%, 

50%, and 100% of increase in the employee’s salary per hour. Table 8 shows the results 

after raising both the employee’s salaries and profits per call by 25%, 50%, and 100%.  

 

 
$18 per hour 
(Original) 

$22.5 per hour 
(+25%) 

$27 per hour 
(+50%) 

$36 per hour 
(+100%) 

50h/89s 47410021.97  46508896.97  45607771.97  43805521.97  

60h/80s 47510067.38  46700067.38  45890067.38  44270067.38  

30h/80s 47444011.94  46634011.94  45824011.94  44204011.94  

60h/89s 47412099.62  46510974.62  45609849.62  43807599.62  
           Table 7 
 
 
 
 
 



 

 
$90 profit per 
call & 

$112.5 profit per 
call & 

$136 profit per 
call & 

$180 profit per 
call & 

 
$18 per hour 
(Original) 

$22.5 per hour 
(+25%) 

$27 per hour 
(+50%) 

$36 per hour 
(+100%) 

50h/89s 47410021.97  59264402.46  71118782.95  94827543.93  

60h/80s 47510067.38  59389834.23  71269601.08  95029134.77  

30h/80s 47444011.94  59306139.92  71168267.90  94892523.87  

60h/89s 47412099.62  59267374.53  71122649.44  94833199.25  
                     Table 8 
 
Conclusion  

Using the M/M/s with a finite queue models, we are able to conduct benefit 

analysis for different systems. The general rule of optimizing the net profits is to cut 

down the number of customers that balk from our phone system as well as to keep the 

total costs (employees’ salaries and operational costs for hold line) at an acceptable value; 

i.e., raise the service level and employ a reasonable number of specialists and hold lines.  

Our results indicate that a sound choice is to employ 12 specialists and 15 hold lines 

under current demands and 80 specialists and 60 hold lines after the expansion. A major 

weakness of our approach is that service rates are assumed to be exponentially distributed. 

However, this statement may not be legitimate in reality due to customers’ diverse needs. 

Besides, we assume that all employees hired by IDSS are claims specialists and their 

service rates follow an exponential distribution. This might not be realistic either, because 

it costs a much larger amount of money to have an all-specialist staff and also the service 

rates largely depend on the types of insurance claims and the workers’ efficiency levels. 

To improve the accuracy of our benefit estimation, we need to assess requests of regular 

customers and working styles of staff members more carefully before applying the 

queuing models.   
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