






















































































































































































































































































































































154 A ProfessionAl’s Guide to decision science And Problem solvinG

in this scenario. Table 9.13 shows the products that will be funded 
based on their investment requirements and the available budget.

Table 9.13 Product Development Budgeting and Sensitivity Analysis

Product
Evaluation 
Score

Preference 
Ranking

Investment 
Cost

Cumulative 
Budget (Limit 
$50 million)

Product 5 3.51 1 $15,000,000 $ 15,000,000

Product 3 3.13 2 $13,000,000 $ 28,000,000

Product 4 2.99 3 $10,000,000 $ 38,000,000

Product 2 2.80 4 $ 8,000,000 $ 46,000,000

Product 1 2.64 5 $12,000,000 $ 58,000,000

You can also see, based on the available budget, that either Prod-
uct 2 or Product 1, but not both, could be funded and still be within 
the available budget. You need to do some additional evaluation of 
Products 1 and 2 to ensure that you make the best decision. Perform a 
sensitivity analysis to determine what may be required to move Prod-
uct 1 up the list in the preference ranking and chosen for funding 
using the decision matrix developed in Section 9.6.

After further analysis of Product 1, you find this product has a 
greater potential for profitability and the capability to obtain a price 
premium more than previously anticipated. Additionally, because the 
company is looking for customers in this given market, Product 1 is 
also more strategically aligned with the ongoing product develop-
ment goals of the company. Product 1 would be a better choice than 
Product 2 in the selection scenario. The resulting funding scenario is 
shown in Table 9.15.

You can perform additional analyses such as this on the base 
evaluations to ensure that the company funds the best list of prod-
uct development efforts. The evaluation and budgeting decisions are 
documented with this process so that funding decisions can be justi-
fied and institutional learning can occur from these decisions. This 
process ensures that the company has a well-structured, well-thought 
out budgeting process and use of resources.
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10
Airline Merger

10.1 Introduction
This case study applies the methodology described in the book 

to a problem involving merging two companies. This process assesses 
whether this merger is a good fit and a good business decision. Two 
regional airlines are used in this analysis that have similar characteris-
tics and are public companies with available data.

Mergers present an interesting issue because you must assess the 
performance of each of the companies, determine how they perform 
independently, determine how they would potentially perform as a 
combined single entity, and then determine the net financial value of 
the merger. The step-by-step analyses presented in this book are use-
ful to provide an operational assessment of the merging companies, 
determine the interactions between the functions, assess the opera-
tional impacts and project the financial benefits from this merger.

The data in this assessment was extracted from the Bureau of 
Transportation Statistics’ website, the annual reports for the compa-
nies, and the 10-k report submitted to the Security and Exchange 
Commission (SEC) by each company. This public data is helpful 
when assessing the viability of mergers and acquisitions because other 
internal operating information for the companies may not otherwise 
be available. Subjective data that may also be required for the analysis 
can be developed by other industry news releases, trade magazines, 
and past and current employee input. The goal is to assess the oper-
ating activities and issues beyond just the financial benefit to avoid 
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unforeseen consequences after the merger is complete. This method-
ology helps to guide individuals through that thought process prior to 
committing to the financial decisions.

This case study is based on two regional airline companies. Pre-
liminary analysis of these companies shows that although they both 
are regional airlines, they have different strategic focus. One of the 
companies was a regional low-cost carrier. The other company was 
a regional hub (central scheduling and routing point) that wants to 
expand (satellite departures and destinations and low-cost carrier) its 
operations and to enhance its cost competitiveness. Preliminary con-
sideration for merging these two companies are based on the follow-
ing characteristics associated with the two airlines.

 1. Uniformity of business, services, and products—The 
airline industry provides a fairly standard service, which is to 
transport individuals (or freight) from one destination to anoth-
er destination. Although the equipment used, operating philos-
ophy, repair in-house or outsourcing, pricing, advertising, and 
intended markets can be different, in general, similar equip-
ment and procedures are used in this industry. Regional air-
lines are a subsection of the airline industry and typically have 
more narrowly defined operating conditions. In this case, the 
analysis is limited to transporting individuals and does not ad-
dress goods and material transportation, such as that provided 
by Federal Express, UPS, and so on.

 2. Established industry—The airline industry is an established 
industry. High capital investment, fixed facilities, and basic 
needs generated by this society make this industry one that has 
been in business a long time and will most likely stay that way in 
the future. The profile of operating philosophies has changed, 
moving from standard, legacy airlines to low-cost carriers, 
changing services, service levels, and expectations required by 
individual companies. The industry however, overall, is estab-
lished and will continue in the future.

 3. Company with new, interesting, and successful approach 
to business—One of the greatest success stories in the airline 
industry is Southwest Airlines. Southwest created and success-
fully implemented a new image, and its version of the low-cost 
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carrier business model is one of the best and most stable air-
lines in the industry. Its new company business model includes 
working to meet different needs within the market, specifically 
regional airlines with lower capacity aircraft. Regional airlines 
are also anticipated to be a high growth component in the air-
line industry. These regional airlines have a proven track record 
that you can use to assess their operating trends and character-
istics. The two regional airlines have had a different operating 
focus, so combining the two creates potentially new markets 
and an expanded customer base.

 4. Accessibility to data and information—The airline industry 
is discussed and tracked in business literature and government 
information. Because the Federal Aviation Administration 
(FAA) governs this industry, much of the data for safety and 
other issues are available to the public in databases, and Excel 
spreadsheets are on the Department of Transportation (DOT), 
Bureau of Transportation and Statistics (BTS), and FAA web-
sites. The business and government data provide a good base 
point for doing this analysis.

 5. Knowledge and experience with industry—Having a back-
ground and insight to information about the airline industry 
provides the expertise to evaluate the operating and cultural 
characteristics and can be invaluable in merger and acquisition 
decisions.

Regional airlines represent a sub segment of the overall airline 
industry and have experienced significant growth in recent years. 
Public information about the airline industry is available because of 
the government regulation of this industry. Using the airline indus-
try provided information, you can evaluate specific company perfor-
mance information.

10.2 Define the Objectives
Typically, there are a number of reasons to undertake a merger. 

Many times, companies look to increase growth, take advantage of 
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economies of scale, introduce new products or services, and increase 
overall profitability. The objectives of this merger are of similar 
nature. One of the regional airlines has a hub-and-spoke operation-
sand the other airline is an effective low-cost carrier. These two com-
panies have some overlap in the regions that they service, but merging 
the two companies would improve both of the companies’ geographi-
cal footprint in the industry.

From this, the executive teams decided on a number of different 
objectives for the merger. Both companies must come to a consen-
sus on the objectives to be achieved by merging the two companies. 
These objectives can be used to develop a roadmap for the specific 
integration activities that will take place with the two companies. The 
following list shows these objectives.

	 •	 Increase market base—One of the primary reasons to merge 
the two companies is to capitalize on the strengths of the two 
different companies and expand service areas.

	 •	 Reduce operations and information technology costs—
The intent is to reduce the operating infrastructure of the two 
companies by leveraging the operations and information tech-
nology functions.

	 •	 Improve profitability—Overall, by achieving economies of 
scale, the goal is to improve the profitability of the two compa-
nies with the merger.

	 •	 Improve customer service—Maintain and improve key areas 
of customer service by identifying the best business practices of 
the companies and adopting/implementing those strategies.

	 •	 Ensure strategic alignment—With a merger, you need to 
recognize the different corporate cultures of the two com-
panies and ensure that the integrated company can function 
seamlessly as one new business entity.

The executive teams believe that if these objectives are accom-
plished, the merger will be a success. It is critical that all key stake-
holders understand the path that is being driven for the merger 
activity. By doing so, specific courses of action can be developed from 
these objectives to define the key accomplishments required to make 
the merger successful.
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10.3 Developing Decision Criteria  
and Metrics

Because the airline industry is monitored by the government,  
airline-related metrics are readily available to the public. The Depart-
ment of Transportation (DOT) reports, Bureau of Transportation Sta-
tistics (BTS), FAA information, and Office of the Inspector General 
Data, SEC 10-k data, and airline websites were used to identify a 
number of decision criteria and performance metrics to support the 
merger objectives. Of the hundreds of financial and operational air-
line metrics publically tracked, a subset of these decision criteria/
metrics was identified to quantify the objectives. Many of the metrics 
reviewed were related to each other in terms of revenue, cost, and 
operational characteristics. It was important to identify key metrics 
used in the industry to characterize the operations and financial posi-
tion of the two companies. Due to the readily available data, most of 
the metrics were objective and could be tracked historically for the 
airline. Some metrics were subjective and were selected to capture 
the more subjective aspects of a company merger, such as combining 
different corporate cultures and employees.

10.3.1 Step 1: Establish Overall Objectives and Goals

The executive teams from the two companies developed the 
objectives of the merger as stated in Section 10.2. These objectives 
can be used as a foundation for measuring the success of the merger 
activity.

	 •	 Increase market base
	 •	 Reduce operations and information technology costs
	 •	 Improve profitability
	 •	 Improve customer service
	 •	 Ensure strategic alignment

10.3.2 Step 2: Weight the Objectives to Determine Their 
Importance

These objectives were weighted by the executive group by con-
sensus and the resulting objective weights are shown in Table 10.1.
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Table 10.1 Objective Weighting
Objective Weights

Merger Objectives
Execu-
tive 1

Execu-
tive 2

Execu-
tive 3

Execu-
tive 4

Execu-
tive 5

Overall 
Weights

Increase Market Base 20% 30% 25% 20% 20% 23%

Reduce Operations and 
Information Technology 
Costs

25% 20% 15% 20% 10% 18%

Improve Profitability 25% 20% 25% 20% 25% 23%

Improve Customer 
Service

15% 10% 20% 20% 25% 18%

Ensure Strategic 
Alignment

15% 20% 15% 20% 20% 18%

This input from the executives shows that increasing the mar-
ket base and profitability are more important to most than the other 
objectives. None of the objectives, however, had minimal weighting; 
therefore, keeping focused on all the identified objectives is impor-
tant to successfully merge the two companies.

10.3.3 Step 3: Select the Decision Criteria

As discussed earlier in this chapter, a number of different air-
line financial and operating performance metrics were identified to 
determine how to measure the performance in supporting the objec-
tives. You can use these decision criteria to benchmark each of the 
company’s performance activities against the industry standards. The 
decision criteria are shown in Table 10.2.

Table 10.2 Decision Criteria
Objectives Decision Criteria

Increase Market Base Number of Destinations

Average Passenger Trip Length

Percent Market Share

Reduce Operations and 
Information Technology Costs

Percent of Single Model Aircraft

Unit Revenue

Unit Cost

Passenger Load Factor

IT System Investment

continues
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Objectives Decision Criteria

Improve Profitability Revenue Growth

Age of Fleet (Years)

Net Operating Profit

Improve Customer Service Mishandled Baggage

Customer Complaints

On-Time Arrivals

Ensure Strategic Alignment Percent Total Operating Revenue Salaries and 
Benefits

Average Employee Tenure

Strategic Alignment

10.3.4 Step 4: Weight the Criteria to Determine  
Their Importance

The executive group then weights the decision criteria to indicate 
their importance. This weighting helps to place focus on specific per-
formance areas to be managed in the merger activities, as shown in 
Table 10.3.

Table 10.3 Decision Criteria Weighting

Objectives
Objective 
Weights Decision Criteria

Decision 
Criteria 
Weights

Resulting 
Criteria 
Weight

Increase 
Market Base

23% Aircraft in Service 20% 5%

Number of Destinations 30% 7%

Average Passenger Trip 
Length

20% 5%

Percent Market Share 30% 7%

Reduce 
Operations 
and 
Information 
Technology 
Costs

18% Percent of Single Model 
Aircraft

10% 2%

Unit Revenue 25% 5%

Unit Cost 25% 5%

Passenger Load Factor 25% 5%

IT System Investment 15% 3%

Table 10.2 Decision Criteria, continued

continues
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Objectives
Objective 
Weights Decision Criteria

Decision 
Criteria 
Weights

Resulting 
Criteria 
Weight

Improve 
Profitability

23% Revenue Growth 40% 9%

Age of Fleet (Years) 30% 7%

Net Operating Profit 30% 7%

Improve 
Customer 
Service

18% Mishandled Baggage 35% 6%

Customer Complaints 35% 6%

On-Time Arrivals 30% 5%

Ensure 
Strategic 
Alignment

18% Percent Total Operating 
Revenue Salaries and 
Benefits

35% 6%

Average Employee 
Tenure

35% 6%

Strategic Alignment 30% 5%

10.3.5 Develop Decision Criteria Metrics

Each of the metrics identified are then defined so that they can 
be used in the performance assessment of each of the objectives.  
In this case, most of the decision criteria are industry benchmarks. 
The company can use and assess other subjective decision criteria 
based on expert opinion and industry knowledge. Table 10.4 shows 
whether the decision criteria are supported from industry benchmark/ 
objective data or subjective analysis.

Table 10.4 Decision Criteria Definitions

Objectives
Decision 
Criteria Definition

Objective or  
Subjective

Increase 
Market Base

Aircraft in 
Service

Number of aircraft in service at the 
end of the year.

Objective

Number of 
Destinations

Number of destinations serviced by 
the airline.

Objective

Average 
Passenger Trip 
Length

Average length of trip per 
passenger.

Objective

Percent 
Market Share

Number of passengers for airline 
divided by total number of 
passengers for 10 largest airlines.

Objective

Table 10.3 Decision Criteria Weighting, continued

continues
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Objectives
Decision 
Criteria Definition

Objective or  
Subjective

Reduce 
Operations 
and 
Information 
Technology 
Costs

Percent of 
Single Model 
Aircraft

Percent of aircraft that are the 
same model, which can be used 
as an indicator of maintenance 
complexity.

Objective

Unit Revenue Measure of operating revenue to 
available seat miles. Available seat 
miles equal the total number of seats 
available for transporting passengers 
during a reporting period multiplied 
by the total number of miles flown 
during that period.

Objective

Unit Cost Measure of operating cost to 
available seat miles. Available Seat 
Miles equal the total number of 
seats available for transporting 
passengers during a reporting period 
multiplied by the total number of 
miles flown during that period.

Objective

Passenger 
Load Factor

Measure of how much of an airline’s 
passenger carrying capacity is used. 
It is passenger-miles flown as a 
percentage of seat-miles available.

Objective

IT System 
Investment

Yearly dollar investment 
in information technology 
infrastructure, which can be used 
as an indicator of the importance of 
information technology investment 
to the company.

Objective

Improve 
Profitability

Revenue 
Growth

Percent growth in revenue on a year 
to year basis.

Objective

Age of Fleet 
(Years)

An aircraft’s age is based on the 
number of years since the aircraft’s 
production.

Objective

Net Operating 
Profit

Net operating profit represents 
the profitability of a company after 
accounting for cost of goods sold 
and operating expenses, which 
can be used to represent how well 
management is doing to grow the 
profitability of the company.

Objective

Table 10.4 Decision Criteria Definitions, continued

continues
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Objectives
Decision 
Criteria Definition

Objective or  
Subjective

Improve 
Customer 
Service

Mishandled 
Baggage

Number of lost bags per thousand 
passengers.

Objective

Customer 
Complaints

Number of complaints per hundred 
thousand passengers.

Objective

On-Time 
Arrivals

Percent of flights arriving within 15 
minutes of scheduled arrival time.

Objective

Ensure 
Strategic 
Alignment

Percent Total 
Operating 
Revenue 
Salaries and 
Benefits

Overhead percent of revenue of 
salaries and benefits.

Objective

Average 
Employee 
Tenure

Average years of service for all 
employees of the company, which 
can be used to indicate seniority and 
adaptability to change.

Objective

Strategic 
Alignment

Subjective measure of how well 
the merging companies have 
been aligned with operational and 
management philosophies.

Subjective

Most of the decision criteria specified are readily available in pub-
lic data tracked and maintained by airlines from a number of gov-
ernment sources. These metrics are relatively easy to capture and 
maintained on a yearly basis.

10.4 Explore the Environment
After the decision criteria and metrics have been established, you 

need to analyze the interactions and interdependencies between the 
various organizational areas in each company and assess the overall 
organizational impacts with both of the companies combined.

10.4.1 Integrated Corporate Planning

In this case, you perform the Integrated Corporate Planning for 
each company individually. This can help to point out areas of strength 
and weaknesses in the individual companies. Next, you model the 

Table 10.4 Decision Criteria Definitions, continued
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performance for each of the two different companies combined. This 
can help to guide merger activities and focus areas to ensure success 
in merging the two companies.

10.4.1.1 Assess the Scope of the Problem

Basically, all functional areas of both companies will be impacted 
by the merger activities. Some areas will have a greater impact than 
other areas and should have more initial focus in the integration 
efforts. It is key that operations, customer service, profitability, strate-
gic alignment, and marketing are well integrated and that the opera-
tional and financial performance is maintained. Therefore, you need 
to focus on each of the following areas in the primary assessment of 
the two different companies and the resulting merged company.

	 •	 Marketing/Sales
	 •	 Operations/Information Technology
	 •	 Finance
	 •	 Customer Service
	 •	 Corporate Strategy

10.4.1.2 Develop the Activity Relationship Matrix

Incorporating the preceding five corporate areas, the activity 
relationship matrix has been set up and is shown in Table 10.5. The 
goal of the activity relationship matrix is to capture the interactions 
between the key functional areas in the company. In this case study, 
you assess two different regional airlines. From the assessment of the 
two individual airlines, you can see that the interactions between the 
functional areas are the same. This is reasonable because there are 
certain specific operating characteristics that exist within an airline. 
Because they are similar types of regional airlines, this appears to be 
true from a high-level functional view of the company. Table 10.5 
shows the Activity Relationship Matrix for the regional airline analysis 
for the two airlines.
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Table 10.5 Activity Relationship Matrix

Activity Relationship Matrix–Company 1

From

Department Listing 1 2 3 4 5

1. Marketing/Sales B A B A

3

2. Operations/Information 
Technology

A A B

3. Finance B A

4. Customer Service A

5. Corporate Strategy

Closeness Rating

Value Closeness Line Code

A Absolutely Necessary

B Very Important

C Important

D Unimportant

E Undesirable XXXX

Reason for the Closeness Value

Code Reason

1 Interrelated Processes

2 Shared Resources

3 Same Management Chain

10.4.1.3 Quantify Performance with Industry Benchmarks and 
Performance Evaluations

Decision criteria for the two regional airlines are established. 
These decision criteria relate to the functional areas of the companies. 
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You can use this consistent set of metrics to assess both airlines and 
additionally provide a view of the performance level of the individual 
airlines. The key decision criteria can benchmark the company against 
other companies in the industry for the various functional areas. Addi-
tionally, these individual company performance metrics can assess 
which functional areas of the companies might be adapted as the best 
business practices and processes with the merged company and areas 
of improvement across both companies. This activity provides insight 
into key areas of focus with the merger activities. Table 10.6 shows the 
decision criteria/industry benchmark assessment for both companies.

Table 10.6 Benchmark Performance for Company 1
Performance Assessment from Corporate Priorities–Company 1

 
 
 
Decision Criteria

 
Benchmark 
Performance (1 
high–5 low)

Aggregated 
Benchmark 
Performance 
(1 high–5 low)

1. Marketing/
Sales

Aircraft in Service 3 3.25

Number of Destinations 3

Average Passenger Trip 
Length

4

Percent Market Share 3

2. Operations/ 
Information 
Technology

Percent of Single Model 
Aircraft

2 2.60

Unit Revenue 3

Unit Cost 2

Passenger Load Factor 3

IT System Investment 3

3. Finance Revenue Growth 4 3.00

Age of Fleet (Years) 3

Net Operating Profit 2

4. Customer 
Service

Mishandled Baggage 2 2.00

Customer Complaints 2

On-Time Arrivals 2

continues
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Performance Assessment from Corporate Priorities–Company 1

 
 
 
Decision Criteria

 
Benchmark 
Performance (1 
high–5 low)

Aggregated 
Benchmark 
Performance 
(1 high–5 low)

5. Corporate 
Strategy

Percent Total Operating 
Revenue Salaries and Benefits

3 3.00

Average Employee Tenure 3

Strategic Alignment 3

The performance assessments differ for Company 2, as shown in 
Table 10.7.

Table 10.7 Benchmark Performance for Company 2
Performance Assessment from Corporate Priorities–Company 2

 
 
 
Decision Criteria

 
Benchmark 
Performance 
(1 high–5 low)

Aggregated 
Benchmark 
Performance 
(1 high–5 low)

1. Marketing/
Sales

Aircraft in Service 3 3.25

Number of Destinations 3

Average Passenger Trip 
Length

4

Percent Market Share 3

2. Operations/
Information 
Technology

Percent of Single Model 
Aircraft

2 2.60

Unit Revenue 3

Unit Cost 2

Passenger Load Factor 4

IT System Investment 2

3. Finance Revenue Growth 5 3.67

Age of Fleet (Years) 3

Net Operating Profit 3

4. Customer 
Service

Mishandled Baggage 3 2.67

Customer Complaints 2

On-Time Arrivals 3

Table 10.6 Benchmark Performance for Company 1, continued

continues
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Performance Assessment from Corporate Priorities–Company 2

 
 
 
Decision Criteria

 
Benchmark 
Performance 
(1 high–5 low)

Aggregated 
Benchmark 
Performance 
(1 high–5 low)

5. Corporate 
Strategy

Percent Total Operating 
Revenue Salaries and 
Benefits

4 3.33

Average Employee Tenure 3

Strategic Alignment 3

10.4.1.4 Develop the Activity Relationship Diagram

The Activity Relationship Diagram is developed to account for 
the functional interactions along with the magnitude of the issues 
assessed against the industry benchmarks. In this case, we have 
grouped the functional areas for the two companies and have repre-
sented their benchmark performance and interactions in the Activity 
Relationship Diagram, as shown in Figure 10.1. This was done so that 
we could evaluate the interactions between the functions in the two 
companies and also then evaluate focus areas and courses of action 
that can be taken with the merger and the project planning to accom-
plish the merger.

 

3. Finance 3.0 –
Company 1

3. Finance 3.67 –
Company 2

1. Marketing/Sales
3.25 – Company 1

1. Marketing/Sales
3.25 – Company 2

5. Corporate Strategy
3.0 – Company 1

5. Corporate Strategy
3.33 – Company 2

2. Operations/
Information

Technology 2.6 –
Company 1

2. Operations/
Information

Technology 2.6 –
Company 2

4. Customer Service
2.67 – Company 2

4. Customer Service
2.0 – Company 1

Figure 10.1 Activity Relationship diagram for both companies

Table 10.7 Benchmark Performance for Company 2, continued
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The diagram is constructed so that the areas with the greatest 
need for improvement and the closeness of the functions are shown 
at the top of the diagram. This creates a visual representation of the 
areas so that management can focus on productivity improvement 
efforts. It is important as well to represent the closeness of the rela-
tionships so that the interactions between functions are captured in 
process enhancements. Corporate knowledge can then be used to 
identify specific improvement opportunities.

From the activity relationship diagram, the areas of focus for the 
merger become evident. It appears that the Customer Service and 
Operations/Information Technology functions in both of the com-
panies are performing slightly above the Department of Transpor-
tation’s industry averages and benchmark values. Further evaluation 
would be required to determine if these functions for both of the 
companies could be easily integrated. It also shows that the possibility 
exists that one or the other company’s procedures may be selected as 
an adopt-and-go strategy, phasing out the functions of one company 
and utilizing the other company’s capabilities. Both Customer Service 
and Operations/IT are, however, linked strongly to the overall corpo-
rate and merger strategy, so that needs to be accounted for in ongoing 
merger decisions.

The areas of Finance and Marketing/Sales for both of the compa-
nies are at or below industry standards. Preliminarily, this shows that 
focus should be placed in both of these areas in the merger activities. 
Additionally, the Corporate Strategy appears to be key to operational 
functions. The activities to support the corporate strategies are an 
important part of a successful merger.

10.4.1.5 Identify Specific Problem Areas to Improve

You can also assess additional data to provide insights into areas of 
focus for the merger. In this case, historical data was gathered for each 
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Table 10.10 Company 2 Data

Decision Criteria 2002 2003 2004 2005 2006 2007 2008 2009 Mean Std Dev CV

1. Marketing/
Sales

Aircraft in Service 37 53 69 92 119 134 142 151 99.6 43.2 43.4%

Number of 
Destinations

48 48 64 64 63 66 81 106 67.5 18.8 27.8%

Average Passenger 
Trip Length

264 270 249 213 228 278 356 393 281.4 62.2 22.1%

Percent Market Share 6.3% 6.1% 5.7% 5.7% 6.2% 6.3% 6.2% 5.3% 6.0% 0.4% 6.1%

2. Operations/
Information 
Technology

Percent of Single 
Model Aircraft

70.1% 72.2% 70.1% 65.8% 70.6% 69.5% 71.2% 70.7% 70.0% 1.9% 2.7%

Unit Revenue 7.71 7.32 6.69 7.18 8.26 8.91 10.44 10.09 8.3 1.4 16.6%

Unit Cost 6.43 6.08 6.04 6.91 7.76 8.27 9.87 8.99 7.5 1.4 18.8%

Passenger Load Factor 83.00% 84.50% 83.20% 85.20% 81.60% 80.70% 80.40% 79.70% 82.3% 0.0 2.4%

IT System Investment $ 25.8 $ 60.7 $ 44.9 $ 48.2 $ 69.9 $ 83.4 $ 56.1 $113.6 $ 62.8 26.7 42.6%

3. Finance Revenue Growth 30% 57.2% 26.7% 34.5% 38.9% 20.3% 19.2% -3.0% 28.0% 17.4% 62.2%

Age of Fleet (Years) 5 3.67 4.9 5.4 5.6 6 4.8 4.7 5.0 0.7 14.0%

Net Operating Profit $55.00 $103.00 $46.00 ($25.00) ($7.00) $12.00 ($85.00) $58.00 $19.63 58.6 298.8%

4. Customer 
Service

Mishandled Baggage 3.40 3.55 2.65 3.63 2.67 3.71 3.76 3.80 3.4 0.5 13.9%

Customer Complaints 0.53 0.78 0.46 0.80 0.60 0.41 0.48 0.76 0.6 0.2 26.3%

On-time Arrivals 81.0% 79.7% 79.0% 80.9% 80.1% 78.9% 78.4% 78.3% 80% 1.1% 1.3%

5. Corporate 
Strategy

Percent Total 
Operating Revenue 
Salaries and Benefits

25.50% 26.80% 26.60% 25.10% 23.40% 22.80% 20.50% 23.60% 24.3% 2.1% 8.7%

Average Employee 
Tenure

4.2 4.9 4.7 4.4 4.5 5.8 5.0 4.2 4.7 0.5 11.2%

Strategic Alignment
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Table 10.10 Company 2 Data

Decision Criteria 2002 2003 2004 2005 2006 2007 2008 2009 Mean Std Dev CV

1. Marketing/
Sales

Aircraft in Service 37 53 69 92 119 134 142 151 99.6 43.2 43.4%

Number of 
Destinations

48 48 64 64 63 66 81 106 67.5 18.8 27.8%

Average Passenger 
Trip Length

264 270 249 213 228 278 356 393 281.4 62.2 22.1%

Percent Market Share 6.3% 6.1% 5.7% 5.7% 6.2% 6.3% 6.2% 5.3% 6.0% 0.4% 6.1%

2. Operations/
Information 
Technology

Percent of Single 
Model Aircraft

70.1% 72.2% 70.1% 65.8% 70.6% 69.5% 71.2% 70.7% 70.0% 1.9% 2.7%

Unit Revenue 7.71 7.32 6.69 7.18 8.26 8.91 10.44 10.09 8.3 1.4 16.6%

Unit Cost 6.43 6.08 6.04 6.91 7.76 8.27 9.87 8.99 7.5 1.4 18.8%

Passenger Load Factor 83.00% 84.50% 83.20% 85.20% 81.60% 80.70% 80.40% 79.70% 82.3% 0.0 2.4%

IT System Investment $ 25.8 $ 60.7 $ 44.9 $ 48.2 $ 69.9 $ 83.4 $ 56.1 $113.6 $ 62.8 26.7 42.6%

3. Finance Revenue Growth 30% 57.2% 26.7% 34.5% 38.9% 20.3% 19.2% -3.0% 28.0% 17.4% 62.2%

Age of Fleet (Years) 5 3.67 4.9 5.4 5.6 6 4.8 4.7 5.0 0.7 14.0%

Net Operating Profit $55.00 $103.00 $46.00 ($25.00) ($7.00) $12.00 ($85.00) $58.00 $19.63 58.6 298.8%

4. Customer 
Service

Mishandled Baggage 3.40 3.55 2.65 3.63 2.67 3.71 3.76 3.80 3.4 0.5 13.9%

Customer Complaints 0.53 0.78 0.46 0.80 0.60 0.41 0.48 0.76 0.6 0.2 26.3%

On-time Arrivals 81.0% 79.7% 79.0% 80.9% 80.1% 78.9% 78.4% 78.3% 80% 1.1% 1.3%

5. Corporate 
Strategy

Percent Total 
Operating Revenue 
Salaries and Benefits

25.50% 26.80% 26.60% 25.10% 23.40% 22.80% 20.50% 23.60% 24.3% 2.1% 8.7%

Average Employee 
Tenure

4.2 4.9 4.7 4.4 4.5 5.8 5.0 4.2 4.7 0.5 11.2%

Strategic Alignment
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Table 10.12 Activity Relationship Matrix for Company 2
From

Department Listing 1 2 3 4 5
Aggregated Benchmark  
Performance (1 high - 5 low)

Variability - Fuzzy or 
Statistical

Percent of Total 
Budget

1. Marketing/Sales B A B A 3.25 High 20%

2. Operations/Information 
Technology

A A B 2.60 Medium 45%

3. Finance B A 3.67 High 10%

4. Customer Service A 2.67 Medium 20%

5. Corporate Strategy 3.33 Medium 5%

Table 10.11 Activity Relationship Matrix for Company 1
From

Department Listing 1 2 3 4 5
Aggregated Benchmark  
Performance (1 high - 5 low)

Variability - Fuzzy or 
Statistical

Percent of Total 
Budget

1. Marketing/Sales B A B A 3.25 Medium 20%

3

2. Operations/Information 
Technology

A A B 2.60 Low 40%

3. Finance B A 3.00 High 10%

4. Customer Service A 2.00 Medium 25%

5. Corporate Strategy 3.00 High 5%
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Table 10.12 Activity Relationship Matrix for Company 2
From

Department Listing 1 2 3 4 5
Aggregated Benchmark  
Performance (1 high - 5 low)

Variability - Fuzzy or 
Statistical

Percent of Total 
Budget

1. Marketing/Sales B A B A 3.25 High 20%

2. Operations/Information 
Technology

A A B 2.60 Medium 45%

3. Finance B A 3.67 High 10%

4. Customer Service A 2.67 Medium 20%

5. Corporate Strategy 3.33 Medium 5%

Table 10.11 Activity Relationship Matrix for Company 1
From

Department Listing 1 2 3 4 5
Aggregated Benchmark  
Performance (1 high - 5 low)

Variability - Fuzzy or 
Statistical

Percent of Total 
Budget

1. Marketing/Sales B A B A 3.25 Medium 20%

3

2. Operations/Information 
Technology

A A B 2.60 Low 40%

3. Finance B A 3.00 High 10%

4. Customer Service A 2.00 Medium 25%

5. Corporate Strategy 3.00 High 5%
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From this analysis, areas of primary importance need to focus 
on stabilizing the Marketing/Sales, Finance, and Corporate Strategy 
functions without sacrificing the existing performance levels in Oper-
ations/IT and Customer Service. Significant, specific efforts in key 
functional areas will be required for a successful merger. Figure 10.2 
shows the Activity Relationship diagram with the key focus areas.

3. Finance 3.0 –
Company 1

3. Finance 3.67 –
Company 2

1. Marketing/Sales
3.25 – Company 1

1. Marketing/Sales
3.25 – Company 2

5. Corporate Strategy
3.0 – Company 1

5. Corporate Strategy
3.33 – Company 2

2. Operations/
Information

Technology 2.6 –
Company 1

2. Operations/
Information

Technology 2.6 –
Company 2

4. Customer Service
– 2.67 Company 2

4. Customer Service
– 2.0 Company 1

Figure 10.2 Merger focus areas

10.5 Explore the Scope of the Problem 
and Its Importance

Careful analyses are necessary to identify problem areas.

10.5.1 Identification of the Problem Areas

The problem areas in this merger are two-fold. First, you need to 
integrate the functions from the different operational areas to provide 
one seamless operational company. Second, the merged company 
must enhance those performance areas operating below the industry 
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standards. Both activities are important. Change associated with a 
merger provides an opportunity to combine functions in such a way to 
enhance the processes. These key opportunity areas must be explored 
and an action plan developed to result in a “better than before”  
operating company.

To begin this analysis, an inventory of the functional areas for 
the two companies should be taken to assess the key activities that 
need to be addressed in the merger. Table 10.13 shows a high-level 
view of this analysis. The decision criteria for each objective are first 
related to specific operational areas that can be analyzed for integra-
tion activities and performance improvements. These operational 
areas affect the decision criteria performance. Additionally, these 
operational areas can be used to evaluate the commonalties and dif-
ferences between the companies, develop the integration strategy for 
the merger, and project the future financial outcomes of the merged 
companies. The operating functions shown in this table differ from 
the decision criteria that have been established. You can link these 
functional activities to the decision criteria/metrics that can drive the 
successful performance of each of these areas.

10.5.2 Definition of the Sphere of Control

In the merger, the sphere of control encompasses all the criti-
cal areas of the company. Activities involve the development of vari-
ous corporate strategies related to specific areas of the company, the 
adoption of best business practices from one of the companies in cer-
tain areas, and operational assessment and process improvement in 
other areas of the company. Figure 10.3 shows a high-level repre-
sentation of the types of operational activities that should take place 
and the overall interactions and impact across the various areas of 
the company. Specific analyses in each of the areas are required to 
develop the merger activities and action plans.
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Table 10.13 Operational Area Assessments

Decision Criteria Operational Areas

Similarity and Differences  
Between Company 1 and  
Company 2

Merged  
Company

1. Marketing/Sales Aircraft in Service Customer Volume Common - 25% 75% Combined Volume

Number of Destinations Geographic Coverage Common - 10% 90% Combined Geographic Area

Average Passenger Trip Length Hub and Spoke Different Develop New Hub and Spoke Service Map

Percent Market Share Target Market Common - 25% Develop New Combined Marketing Message

2. Operations/
Information 
Technology

Percent of Single Model 
Aircraft

Maintenance and Training Common - 50% Combine Company 1 and 2 Core Competencies

Unit Revenue Pricing Models Different Develop New Combined Pricing Strategy

Unit Cost Operational Processes Common - 75% Adopt Best Practices

Passenger Load Factor Scheduling and Optimization Similar Adopt Best Practices

IT System Investment Purchasing, Ticketing and 
Scheduling

Similar Adopt Best Practices

3. Finance Revenue Growth Investment in Long Term 
Strategy

Different Develop New Long Term Growth Strategy

Age of Fleet (Years) Aircraft Replacement Strategy Similar Adopt Best Practices

Net Operating Profit Operational Cost Reduction 
and Price Premiums

Common - 50% Develop New Finance Strategy

4. Customer Service Mishandled Baggage Baggage and Cargo Systems Similar Adopt Best Practices

Customer Complaints Customer Service Practices Similar Adopt Best Practices

On-time Arrivals Gate and Hub Processes Similar Adopt Best Practices

5. Corporate Strategy Percent Total Operating 
Revenue Salaries and Benefits

Salary and Benefits Practices Common - 75% Develop Consistent Salary and Benefit Practices

Average Employee Tenure Employee Flexibility and 
Retention

Similar Adopt Best Practices

Strategic Alignment Similarity in Operating 
Philosophies

Similar Develop Consistent Operating Philosophies
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Table 10.13 Operational Area Assessments

Decision Criteria Operational Areas

Similarity and Differences  
Between Company 1 and  
Company 2

Merged  
Company

1. Marketing/Sales Aircraft in Service Customer Volume Common - 25% 75% Combined Volume

Number of Destinations Geographic Coverage Common - 10% 90% Combined Geographic Area

Average Passenger Trip Length Hub and Spoke Different Develop New Hub and Spoke Service Map

Percent Market Share Target Market Common - 25% Develop New Combined Marketing Message

2. Operations/
Information 
Technology

Percent of Single Model 
Aircraft

Maintenance and Training Common - 50% Combine Company 1 and 2 Core Competencies

Unit Revenue Pricing Models Different Develop New Combined Pricing Strategy

Unit Cost Operational Processes Common - 75% Adopt Best Practices

Passenger Load Factor Scheduling and Optimization Similar Adopt Best Practices

IT System Investment Purchasing, Ticketing and 
Scheduling

Similar Adopt Best Practices

3. Finance Revenue Growth Investment in Long Term 
Strategy

Different Develop New Long Term Growth Strategy

Age of Fleet (Years) Aircraft Replacement Strategy Similar Adopt Best Practices

Net Operating Profit Operational Cost Reduction 
and Price Premiums

Common - 50% Develop New Finance Strategy

4. Customer Service Mishandled Baggage Baggage and Cargo Systems Similar Adopt Best Practices

Customer Complaints Customer Service Practices Similar Adopt Best Practices

On-time Arrivals Gate and Hub Processes Similar Adopt Best Practices

5. Corporate Strategy Percent Total Operating 
Revenue Salaries and Benefits

Salary and Benefits Practices Common - 75% Develop Consistent Salary and Benefit Practices

Average Employee Tenure Employee Flexibility and 
Retention

Similar Adopt Best Practices

Strategic Alignment Similarity in Operating 
Philosophies

Similar Develop Consistent Operating Philosophies
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10.5.3 Upstream and Downstream Interactions

The overall impacts of various actions to all areas of the company 
must be accounted for in the activities. All critical areas should be 
incorporated in the strategic decisions made for the merger. Impacts 
and interactions with the five functional areas identified earlier in this 
case study are key to a successful merger. Sales/Marketing, Corporate 
Strategy, and Finance have been identified as opportunity areas for 
improvement. Changes to these organizations, however, should not 
negatively impact the higher performance areas of Operations/IT and 
Customer Service. The action plans developed should support the 
overall objective of a successful merger.

10.5.4 Identification of the Data that Supports the 
Measurement of the Objectives

Data that supports the measurement of the objectives comes in 
three separate forms. The decision criteria that support the merger 
objectives have been translated into performance metrics for each of 
the five key functional areas of the company. Historical data from the 

Marketing/Sales
Target Market

Marketing/Sales
Hub and Spoke

Marketing/Sales
Customer Volume

Marketing/Sales
Graphic Coverage

Sphere of Control

Finance
Cost Reductions

and Price
Premiums

Finance
Aircraft

Replacement
Strategy

Finance
Investment in

Long
Term Strategy

Operations/IT
IT – Purchasing, Ticketing

and Scheduling

Operations/IT
Scheduling and

Operations

Operations/IT
Operational
Processes

Operations/IT
Pricing Models

Corporate Strategy
Employee Flexibility

and Retention

Corporate Strategy
Strategic Alignment

Corporate Strategy
Salary and Benefit

Practices

Customer Service
Baggage and Cargo

Systems

Customer Service
Gate and Hub

Processes

Customer Service
Customer Service

Practices

Figure 10.3 Airline merger corporate impacts
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years of 2002 through 2009 was gathered for the performance metrics 
that support the decision criteria and objectives. You can use this data 
to evaluate historical performance trends and project potential future 
operational performance for the two merged companies.

Additionally, Section 10.4.1 uses the performance metrics by 
functional area to identify operational areas that need adoption of 
best practices, process improvements, or the development of new 
strategies. For each of these operational areas, costs and benefits 
will be incurred when developing and implementing the activities in 
the integration effort. These activities can positively and negatively 
impact the bottom line financial value of the company.

This leads to a third set of information that you need to evaluate 
to determine the impact of the integration effort, which is the net 
resulting Discounted Cash Flow Valuation of the company through 
and after the integration effort. Hard dollars and projections can be 
made such that the costs and benefits can be projected for a 5-year 
time frame that you can then use to evaluate the corporate value after 
the merger. You can also use this activity to translate those changes to 
operational metrics into dollar value benefits.

10.6 Data Mining and Statistical Analysis
The performance, integration, and operational data for the two 

airlines were evaluated. Requirements and activities are identified to 
determine the net impacts required for the successful merger. Each 
of the operational areas that link to the key decision criteria are ana-
lyzed, and an estimate is made for the additional revenues, expenses, 
and investment that are necessary for the merger. This analysis will 
drive the costs, benefits, and projected financial outcomes of the com-
bined companies. This provides a financial assessment of the impacts 
that are used to determine the resulting Discounted Cash Flow asso-
ciated with the company merger, as shown in Table 10.14.
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Table 10.14 Financial Impacts of Merger (in millions)
Operational Areas

Customer 
Volume

Geographic 
Coverage

Hub and 
Spoke Target Market

Maintenance 
and Training

Pricing 
Models

Operational 
Processes

Scheduling 
and  
Optimization

Year Category
NOP/ 
Investment

75% 
Combined 
Volume

90%  
Combined 
Geographic 
Area

Develop 
New Hub 
and Spoke 
Service 
Map

Develop New 
Combined 
Marketing 
Message

Combine 
Company 1 
and 2 Core  
Competencies

Develop 
New  
Combined  
Pricing 
Strategy

Adopt Best 
Practices

Adopt Best 
Practices

Adopt Best 
Practices

2011 Revenue $ 285.78 $ 269.78 $ 4.00 $ 10.00 $ 2.00

Expense $ 174.62 $ 115.62 $ 3.00 $ 10.00 $ 4.00 $ 4.00 $ 1.00 $ 3.00 $ 4.00

Investment $ 48.00 $ 3.00 $ 5.00

Net Op Profit $ 111.16

2012 Revenue $ 291.36 $ 291.36

Expense $ 131.40 $ 121.40 $ 2.00 $ 2.00

Investment $ 63.00 $ 3.00 $ 5.00

Net Op Profit $ 159.96

2013 Revenue $ 320.50 $ 320.50

Expense $ 127.47 $ 127.47

Investment $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55 $ 352.55

Expense $ 133.84 $ 133.84

Investment $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80 $ 387.80

Expense $ 140.54 $ 140.54

Investment $ 30.00

Net Op Profit $ 247.27
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Table 10.14 Financial Impacts of Merger (in millions)
Operational Areas

Customer 
Volume

Geographic 
Coverage

Hub and 
Spoke Target Market

Maintenance 
and Training

Pricing 
Models

Operational 
Processes

Scheduling 
and  
Optimization

Year Category
NOP/ 
Investment

75% 
Combined 
Volume

90%  
Combined 
Geographic 
Area

Develop 
New Hub 
and Spoke 
Service 
Map

Develop New 
Combined 
Marketing 
Message

Combine 
Company 1 
and 2 Core  
Competencies

Develop 
New  
Combined  
Pricing 
Strategy

Adopt Best 
Practices

Adopt Best 
Practices

Adopt Best 
Practices

2011 Revenue $ 285.78 $ 269.78 $ 4.00 $ 10.00 $ 2.00

Expense $ 174.62 $ 115.62 $ 3.00 $ 10.00 $ 4.00 $ 4.00 $ 1.00 $ 3.00 $ 4.00

Investment $ 48.00 $ 3.00 $ 5.00

Net Op Profit $ 111.16

2012 Revenue $ 291.36 $ 291.36

Expense $ 131.40 $ 121.40 $ 2.00 $ 2.00

Investment $ 63.00 $ 3.00 $ 5.00

Net Op Profit $ 159.96

2013 Revenue $ 320.50 $ 320.50

Expense $ 127.47 $ 127.47

Investment $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55 $ 352.55

Expense $ 133.84 $ 133.84

Investment $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80 $ 387.80

Expense $ 140.54 $ 140.54

Investment $ 30.00

Net Op Profit $ 247.27

continues
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Table 10.14 Financial Impacts of Merger (in millions), continued

Investment 
in Long 
Term  
Strategy

Aircraft  
Replace-
ment  
Strategy

Operational 
Cost  
Reduction and 
Price  
Premiums

Baggage  
and 
Cargo 
Systems

Customer 
Service 
Practices

Gate and 
Hub  
Processes

Salary and 
Benefits 
Practices

Employee 
Flexibility 
and  
Retention

Similarity in  
Operating  
Philosophies

Year Category
NOP/ 
Investment

Develop 
New Long 
Term 
Growth 
Strategy

Adopt Best 
Practices

Develop New 
Finance  
Strategy

Adopt 
Best  
Practices

Adopt 
Best 
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Salary and 
Benefit 
Practices

Adopt Best  
Practices

Develop  
Consistent  
Operating  
Philosophies

2011 Revenue $ 285.78

Expense $ 174.62 $ 2.00 $ 5.00 $ 5.00 $ 3.00 $ 10.00 $ 1.00 $ 4.00

Investment $ 48.00 $ 30.00 $ 10.00

Net Op Profit $ 111.16

2012 Revenue $ 291.36

Expense $ 131.40 $ 3.00 $ 2.00 $ 1.00

Investment $ 63.00 $ 50.00 $ 5.00

Net Op Profit $ 159.96

2013 Revenue $ 320.50

Expense $ 127.47

Investment $ 45.00 $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55

Expense $ 133.84

Investment $ 30.00 $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80

Expense $ 140.54

Investment $ 30.00 $ 30.00

Net Op Profit $ 247.27
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Table 10.14 Financial Impacts of Merger (in millions), continued

Investment 
in Long 
Term  
Strategy

Aircraft  
Replace-
ment  
Strategy

Operational 
Cost  
Reduction and 
Price  
Premiums

Baggage  
and 
Cargo 
Systems

Customer 
Service 
Practices

Gate and 
Hub  
Processes

Salary and 
Benefits 
Practices

Employee 
Flexibility 
and  
Retention

Similarity in  
Operating  
Philosophies

Year Category
NOP/ 
Investment

Develop 
New Long 
Term 
Growth 
Strategy

Adopt Best 
Practices

Develop New 
Finance  
Strategy

Adopt 
Best  
Practices

Adopt 
Best 
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Salary and 
Benefit 
Practices

Adopt Best  
Practices

Develop  
Consistent  
Operating  
Philosophies

2011 Revenue $ 285.78

Expense $ 174.62 $ 2.00 $ 5.00 $ 5.00 $ 3.00 $ 10.00 $ 1.00 $ 4.00

Investment $ 48.00 $ 30.00 $ 10.00

Net Op Profit $ 111.16

2012 Revenue $ 291.36

Expense $ 131.40 $ 3.00 $ 2.00 $ 1.00

Investment $ 63.00 $ 50.00 $ 5.00

Net Op Profit $ 159.96

2013 Revenue $ 320.50

Expense $ 127.47

Investment $ 45.00 $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55

Expense $ 133.84

Investment $ 30.00 $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80

Expense $ 140.54

Investment $ 30.00 $ 30.00

Net Op Profit $ 247.27
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Based on the information in Table 10.3, the financial factors are 
adjusted to reflect the merged company impacts. It is anticipated that 
there will be costs the first year associated with assessing and develop-
ing the actions required to develop new strategies, integrating main-
tenance activities to reduce operational costs with best practices, and 
equalizing the employee base for salaries and benefits. Revenue will 
be generated from combining the two company customer volume, 
implementing a new marketing message and pricing strategy, and 
optimizing the scheduling. Additional investment will be required 
in computer systems and equipment. The second year, there will be 
some residual costs and investments associated with the merger. All 
other revenue and expenses will be captured within the overall oper-
ating expenses. Beyond that, it is anticipated that due to the new fleet 
replacement strategy, there will be additional fleet investments for 
the post merger 5-year period. You an use this assessment to generate 
a Discounted Cash Flow for the merged company.

10.7 Solve the Problem and Measure  
the Results

Integrating all the analyses together, you can generate a high-
level Discounted Cash Flow (DCF) to measure the value of the 
company from the merger activities, as shown in Table 10.15. Ana-
lysts use DCF to determine a company’s current value according 
to its estimated future cash flows. Based on the revenue, expense, 
and investment analysis in the previous section, a discounted cash 
flow has been calculated for the merged company. A definition of 
the terms used in the analysis follows the Discounted Cash Flow in  
Table 10.15.
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1. Net Operating Profit (millions)—Normal Operating Revenues minus Normal 
Operating Expenses

2. Estimated Amortization—Amortization is included in the NOP projection, so it 
must be removed from the prediction.

3. Operating Earnings Before Interest, Taxes and Amortization (EBITA)—This 
is the operating earning before interest, taxes, and amortization with amortization 
removed from the prediction from the fuzzy logic control model.

4. Taxes on EBITA (39%)—Taxes on EBITA were determined by using an 
estimated tax rate of 39% applied to EBITA.

5. Changes in Deferred Taxes—Changes to the deferred taxes referred to actual 
income taxes adjusted to a cash basis.

6. Net Operating Profit Less Accumulated Taxes (NOPLAT)—This represents 
the after-tax operating profits of the company after adjusting the taxes to a cash 
basis.

7. Net Investment—Net investment is the change in invested capital. Invested 
capital is the capital invested in the company by shareholders and creditors and 
operating and other non-operating activities.

8. Free Cash Flow (FCF)—Free cash flow is a company’s true operating cash 
flow. It is the total after-tax cash flow generated by the company to all providers 
of the company’s capital.

9. Weighted Average Cost of Capital (WACC)—The opportunity costs to all the 
capital providers weighted by their relative contribution to the company’s total 
capital.

10. Present Value of Cash Flows—This is the free cash flows discounted to the 
present value using the WACC as the discount rate.

11. Total Present Value of Cash Flows in 5-Year Planning Horizon—Sum of cash 
flows for 5-year planning horizon.

The Discounted Cash Flow analysis shows a positive Net Present 
Value for the merger over the 5-year planning horizon. The Free Cash 
Flow steadily increases over the planning horizon as well. Based on 
the analysis, it appears that the merger of the two companies will be 
a profitable activity. Certain assumptions, however, have been made 
for the revenue, expenses, and investment for each of the different 

Table 10.15 Discounted Cash Flow Terminology (dollars in millions),  
continued
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operational areas identified in the previous section. These assump-
tions should be tested to determine their sensitivity and the potential 
impacts to the resulting company valuation.

10.8 Evaluate the Results and Do 
Sensitivity Analysis

You need to test the sensitivity of the assumptions made in the 
DCF. Assume that you predicted the additional operating revenue 
and operating expenses correctly and assume that any additional reve-
nue (savings) you expected by combining the two companies was real-
ized. However, also assume that the investment remained constant, 
but the expenses that you anticipated doubled. Table 10.16 shows the 
operational area financial impacts table previously developed but with 
the increased expenses. Table 10.17 shows a variety of economic met-
rics to measure the possibility of success.

You can see that the merged company still has a positive Dis-
counted Cash Flow; however, the company is anticipated to operate 
at a loss the first year. This could easily be anticipated with a merger.

Now also assume that you were incorrect in your fleet investment 
requirements, and that they increased by 50% of the estimated invest-
ment cost for each of the years. The results would still be a positive 
business value; however, it would not be until the third year until the 
company would see a positive Free Cash Flow. Table 10.18 shows the 
results.

The sensitivity analysis provides a means to understand the 
impacts of the assumptions made in the analyses and the potential 
financial consequences if these assumptions do not hold true. This 
type of analysis can provide confidence in the decisions being made 
for the merger.
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Table 10.16 Sensitivity Analysis with Increased Expenses (in millions)
Operational Areas

Customer 
Volume

Geographic 
Coverage

Hub and 
Spoke

Target 
Market

Maintenance 
and Training

Pricing 
Models

Operational 
Processes

Scheduling 
and  
Optimization

Purchasing, 
Ticketing 
and  
Scheduling

Year Category
NOP/ 
Investment

75% 
Combined 
Volume

90% 
Combined 
Geographic 
Area

Develop 
New Hub 
and Spoke 
Service Map

Develop 
New 
Combined 
Marketing 
Message

Combine  
Company 1  
and 2 Core 
Competencies

Develop 
New  
Combined 
Pricing 
Strategy

Adopt  
Best  
Practices

Adopt  
Best  
Practices

Adopt Best 
Practices

2011 Revenue $ 285.78 $ 269.78 $ 4.00 $ 10.00 $ 2.00

Expense $ 237.62 $ 115.62 $ 6.00 $ 20.00 $ 8.00 $ 8.00 $ 2.00 $ 6.00 $ 8.00

Investment $ 48.00 $ 3.00 $ 5.00

Net Op Profit $ 48.16

2012 Revenue $ 291.36 $ 291.36

Expense $ 138.40 $ 121.40 $ 4.00 $ 4.00

Investment $ 63.00 $ 3.00 $ 5.00

Net Op Profit $ 152.96

2013 Revenue $ 320.50 $ 320.50

Expense $ 127.47 $ 127.47

Investment $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55 $ 352.55

Expense $ 133.84 $ 133.84

Investment $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80 $ 387.80

Expense $ 140.54 $ 140.54

Investment $ 30.00

Net Op Profit $ 247.27
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Table 10.16 Sensitivity Analysis with Increased Expenses (in millions)
Operational Areas

Customer 
Volume

Geographic 
Coverage

Hub and 
Spoke

Target 
Market

Maintenance 
and Training

Pricing 
Models

Operational 
Processes

Scheduling 
and  
Optimization

Purchasing, 
Ticketing 
and  
Scheduling

Year Category
NOP/ 
Investment

75% 
Combined 
Volume

90% 
Combined 
Geographic 
Area

Develop 
New Hub 
and Spoke 
Service Map

Develop 
New 
Combined 
Marketing 
Message

Combine  
Company 1  
and 2 Core 
Competencies

Develop 
New  
Combined 
Pricing 
Strategy

Adopt  
Best  
Practices

Adopt  
Best  
Practices

Adopt Best 
Practices

2011 Revenue $ 285.78 $ 269.78 $ 4.00 $ 10.00 $ 2.00

Expense $ 237.62 $ 115.62 $ 6.00 $ 20.00 $ 8.00 $ 8.00 $ 2.00 $ 6.00 $ 8.00

Investment $ 48.00 $ 3.00 $ 5.00

Net Op Profit $ 48.16

2012 Revenue $ 291.36 $ 291.36

Expense $ 138.40 $ 121.40 $ 4.00 $ 4.00

Investment $ 63.00 $ 3.00 $ 5.00

Net Op Profit $ 152.96

2013 Revenue $ 320.50 $ 320.50

Expense $ 127.47 $ 127.47

Investment $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55 $ 352.55

Expense $ 133.84 $ 133.84

Investment $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80 $ 387.80

Expense $ 140.54 $ 140.54

Investment $ 30.00

Net Op Profit $ 247.27

continues
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Table 10.16 Sensitivity Analysis with Increased Expenses, in millions, continued

Investment 
in Long 
Term  
Strategy

Aircraft 
Replace-
ment 
Strategy

Operational 
Cost  
Reduction 
and Price 
Premiums

Baggage 
and Cargo 
Systems

Customer 
Service 
Practices

Gate and 
Hub  
Processes

Salary and 
Benefits 
Practices

Employee 
Flexibility 
and  
Retention

Similarity in 
Operating 
Philosophies

Year Category
NOP/ 
Investment

Develop 
New Long 
Term 
Growth 
Strategy

Adopt Best 
Practices

Develop 
New Finance 
Strategy

Adopt Best  
Practices

Adopt 
Best  
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Salary and 
Benefit  
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Operating 
Philosophies

2011 Revenue $ 285.78

Expense $ 237.62 $ 8.00 $ 10.00 $ 10.00 $ 6.00 $ 20.00 $ 2.00 $ 8.00

Investment $ 48.00 $ 30.00 $ 10.00

Net Op Profit $ 48.16

2012 Revenue $ 291.36

Expense $ 138.40 $ 3.00 $ 4.00 $ 2.00

Investment $ 63.00 $ 50.00 $ 5.00

Net Op Profit $ 152.96

2013 Revenue $ 320.50

Expense $ 127.47

Investment $ 45.00 $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55

Expense $ 133.84

Investment $ 30.00 $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80

Expense $ 140.54

Investment $ 30.00 $ 30.00

Net Op Profit $ 247.27

12_9780132869782_ch10.indd   198 11/9/11   11:01 AM



	 Chapter	10	 •	 airline	Merger	 199

Table 10.16 Sensitivity Analysis with Increased Expenses, in millions, continued

Investment 
in Long 
Term  
Strategy

Aircraft 
Replace-
ment 
Strategy

Operational 
Cost  
Reduction 
and Price 
Premiums

Baggage 
and Cargo 
Systems

Customer 
Service 
Practices

Gate and 
Hub  
Processes

Salary and 
Benefits 
Practices

Employee 
Flexibility 
and  
Retention

Similarity in 
Operating 
Philosophies

Year Category
NOP/ 
Investment

Develop 
New Long 
Term 
Growth 
Strategy

Adopt Best 
Practices

Develop 
New Finance 
Strategy

Adopt Best  
Practices

Adopt 
Best  
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Salary and 
Benefit  
Practices

Adopt 
Best  
Practices

Develop 
Consistent 
Operating 
Philosophies

2011 Revenue $ 285.78

Expense $ 237.62 $ 8.00 $ 10.00 $ 10.00 $ 6.00 $ 20.00 $ 2.00 $ 8.00

Investment $ 48.00 $ 30.00 $ 10.00

Net Op Profit $ 48.16

2012 Revenue $ 291.36

Expense $ 138.40 $ 3.00 $ 4.00 $ 2.00

Investment $ 63.00 $ 50.00 $ 5.00

Net Op Profit $ 152.96

2013 Revenue $ 320.50

Expense $ 127.47

Investment $ 45.00 $ 45.00

Net Op Profit $ 193.03

2014 Revenue $ 352.55

Expense $ 133.84

Investment $ 30.00 $ 30.00

Net Op Profit $ 218.70

2015 Revenue $ 387.80

Expense $ 140.54

Investment $ 30.00 $ 30.00

Net Op Profit $ 247.27
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Table 10.17 Discounted Cash Flow with Increased Expenses

Prediction Year  
for Company A

New  
Company 
2011

New  
Company 
2012

New 
Company 
2013

New 
Company 
2014

New 
Company 
2015

1 Net Operating Profit 
by Year (in millions)

$ 48.16 $ 152.96 $ 193.03 $ 218.70 $ 247.27

2 Estimated 
Amortization

$ 15.00 $ 15.00 $ 17.00 $ 19.00 $ 22.00

3 Operating 
Earnings Before 
Interest, Taxes, 
and Amortization 
(EBITA)

$ 63.16 $ 167.96 $ 210.03 $ 237.70 $ 269.27

4 Taxes on EBITA 
(35%)

$ 22.11 $ 58.79 $ 73.51 $ 83.20 $ 94.24

5 Changes in Deferred 
Taxes

$ (25.00) $ (23.00) $ (19.00) $ (22.00) $ (22.00)

6 Net Operating Profit 
Less Accumulated 
Taxes (NOPLAT)

$ 16.05 $ 86.17 $ 117.52 $ 132.51 $ 153.02

7 Net Investment $ (48.00) $ (63.00) $ (45.00) $ (30.00) $ (30.00)

8 Free Cash Flow $ (31.95) $ 23.17 $ 72.52 $ 102.51 $ 123.02

9 Weighted Average 
Cost of Capital 
(WACC)

$ 0.05 $ 0.05 $ 0.05 $ 0.05 $ 0.05

10 Present Value of 
Cash Flows

$ (31.95) $ 22.07 $ 65.78 $ 88.55 $ 101.21

11 Total Present 
Value of Cash 
Flows in 5-Year 
Planning Horizon

$245.66
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Table 10.18 Discounted Cash Flow with Increased Fleet Costs

Prediction Year for 
Company A

New  
Company 
2011

New 
Company 
2012

New 
Company 
2013

New 
Company 
2014

New 
Company 
2015

1 Net Operating Profit 
by Year (in millions)

$ 48.16 $ 152.96 $ 193.03 $ 218.70 $ 247.27

2 Estimated 
Amortization

$ 15.00 $ 15.00 $ 17.00 $ 19.00 $ 22.00

3 Operating Earnings 
Before Interest, Taxes, 
and Amortization 
(EBITA)

$ 63.16 $ 167.96 $ 210.03 $ 237.70 $ 269.27

4 Taxes on EBITA 
(35%)

$ 22.11 $ 58.79 $ 73.51 $ 83.20 $ 94.24

5 Changes in Deferred 
Taxes

$ (25.00) $ (23.00) $ (19.00) $ (22.00) $ (22.00)

6 Net Operating Profit 
Less Accumulated 
Taxes (NOPLAT)

$ 16.05 $ 86.17 $ 117.52 $ 132.51 $ 153.02

7 Net Investment $ (63.00) $ (88.00) $ (67.25) $ (45.00) $ (45.00)

8 Free Cash Flow $ (46.95) $ (1.83) $ 50.27 $ 87.51 $ 108.02

9 Weighted Average 
Cost of Capital 
(WACC)

$ 0.05 $ 0.05 $ 0.05 $ 0.05 $ 0.05

10 Present Value of Cash 
Flows

$ (46.95) $ (1.74) $ 45.59 $ 75.59 $ 88.87

11 Total Present Value 
of Cash Flows in 
5-Year Planning 
Horizon

$161.37
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10.9 Summary
This case study provides one approach to analyzing the impacts 

and viability of merging two regional airlines. 

The following is a summary of the key analyses for the merger 
specific application of the methodology:

	 •	 Define the Objectives—A common set of objectives are 
agreed upon by both companies and are weighted by the 
executives.

	 •	 Developing Decision Criteria and Metrics—Publicly avail-
able airline industry metrics make up the framework of the 
decision criteria that quantify and measure the accomplish-
ment of the objectives.

	 •	 Explore the Environment—The integrated corporate plan-
ning activities are performed for the individual companies and 
the merged company to identify areas to focus efforts for a 
successful merger. The benchmarking and variability analysis 
is done using historical data and the coefficient of variation to 
analyze variability with a common statistical measure to indicate 
areas for focus and improvement. The functions of Finance, 
Marketing/Sales, and Corporate Strategy were identified as key 
focal areas while maintaining performance characteristics in 
the other functions. 

	 •	 Explore the Scope of the Problem and Its Importance—
Operational areas are identified in relationship to the decision 
criteria to focus on operational integration activities, identify 
the similarities and differences between the companies, iden-
tify an integration strategy, and develop projections of future 
financial metrics.

	 •	 Data Mining and Statistical Analysis—Revenues, expenses, 
investments, and net operating profits are projected from the 
operational impacts identified by exploring the scope of the 
problem. 

	 •	 Solve the Problem and Measure the Results—The finan-
cial metrics and trends are developed from the operational 
impacts. A discounted cash flow is generated to determine the 
impacts of the merger on the overall business value.
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	 •	 Evaluate the Results and Do Sensitivity Analysis—Finan-
cial assumptions are tested, and an alternative discounted cash 
flow is generated. Sensitivity analysis should be performed 
to gain confidence in the decisions, the assumptions, and the 
financial outcome of the merger.

This approach shows the steps involved to determine the objec-
tives of the merger, develop the decision criteria and performance 
metrics analyzed in the study, and assess the performance levels of 
the two companies. The interactions between the various functional 
areas at their different performance levels are analyzed to determine 
key areas of focus in the merger activities. Operational impacts and 
financial ramifications of the merger requirements and actions are 
developed, and an overall assessment of the resulting company valu-
ation is performed. The sensitivities associated with the decisions are 
then tested. The methods presented provide an overall view of differ-
ent key components that should be analyzed in a merger activity and 
provide a well-rounded view of the potential success of the merger. 
The approach demonstrated for the airline merger can also be utilized 
in other integration activities within a company such as integrating 
product lines in manufacturing, consolidating functions, and others.
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A
Overview of Methodologies

A.1 Decision Methodologies
This appendix provides an introductory survey of tools and meth-

odologies that can be quite valuable in modeling in the decision-
making environment. At this point in the process, the objectives have 
been identified, the metrics have been established, and the problem 
has been structured. The individuals developing the decision model 
should now look at the types of methodologies available to determine 
which approach best suits the problem at hand. A basic knowledge 
of the methodologies presented in this appendix is useful to identify 
those that have potential use in the model. You can perform a more 
detailed analysis by selecting a specific methodology with the best fit 
to model the problem.

Numerous books have been written about each of the types 
of methodologies listed in the book. The intention here is not to 
describe these in detail but to present some easily applied techniques 
that you can use in the decision-modeling process. Methodologies are 
presented in the following major categories: multiple criteria deci-
sion making; multiple objective decision making; artificial intelli-
gence; statistical analysis; forecasting; expert opinion; fuzzy logic; and 
simulation.
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A.2 Multiple Criteria Decision Making
Decisions that rank alternatives based on several criteria mea-

sured with subjective and objective data are best modeled by Multiple 
Criteria Decision Making methodologies. Subjective data is typically 
forward-looking as compared to objective data, which is historical. If 
some objective or historical data is readily available, this can be ana-
lyzed with statistics and used along with the subjective data that is 
analyzed with expert systems and used as input to the model. Numer-
ous methods exist and can be applied to Multiple Criteria Decision 
Making models such as Simple Additive Weights (SAW) or the Tech-
nique for Order Preference by Similarity to Ideal Solution (TOPSIS), 
which are discussed later. These two methods are easiest to apply and 
easiest to understand.

Examples of Multiple Criteria Decision Making models may 
include the following:

	 •	 Selection of executives for promotion or retirement based on 
performance, evaluation criteria, and need of the organization

	 •	 Ranking critical items for the military based on their contribu-
tions to operation plans, readiness, sustainability, and availability

	 •	 Selecting products to keep or delete in a product line based on 
sales volume, future potential sales, strategic importance, and 
their impact on operations

If the time frame for the decision to be made is longer, you can 
use more sophisticated models to solve the problem. Based on the 
business conditions, the availability of data, the condition of data,  
the number of objectives of key decision makers, and the goals of the 
organization, you can use a number of methods when developing the 
model.

The following chart shows a number of Multiple Criteria Decision 
Making Methods that you can use to develop decision models (see 
Figure A.1). See the reference Hwang, et al for a discussion of these 
models. We have identified the easiest to use and easiest to under-
stand that we normally use. These are Simple Additive Weights and 
TOPSIS for ranking and Successive Proportional Additive Numera-
tion (SPAN) for expert group consensus as well as Brainstorming and 
Brainwriting for idea generation.
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A.3 Multiple Objective Decision Making
If the questions to be answered by the model involve the alloca-

tion of resources subject to constraints, you can apply a single objec-
tive or multiple objective optimization model to the problem. You 
can model a trade-off of objectives with Multiple Objective Decision 
Making in situations in which decisions involve several conflicting 
goals. Numerous methods exist to solve these problems. Examples 
of Multiple Objective Decision Making include the determination 
of the strategies for the U.S. negotiating team in Geneva where the 
objective is to maximize the U.S. total strategic capability and instan-
taneous strategic capability, subject to arms control and force struc-
tures constraints. The determination of a corporation’s strategies and 
goals include long- and short-term goals, such as maximizing profit, 
while investing in research and development (R&D) and ensuring an 
adequate cash flow.

Few of the Multiple Objective methods, though, enable a true 
trade-off of objectives, and the biases associated with these methods 
must be understood prior to their application as part of the solution 
methodology. Also, depending on the linearity of the objective func-
tions and constraints, you may need to apply nonlinear programming. 
The selection of the optimization model type, a single or multiple 
objective, linear or nonlinear method, is dependent on the environ-
ment modeled and the availability of data to support the model. The 
ability to generate an optimal solution representative of the “real 
world” is based upon developing a good representation of the prob-
lem at hand.

Figure A.2 shows a number of Multiple Objective Decision Mak-
ing Methods that you can use to develop decision models. The spe-
cific method used to combine objectives into one of the standard 
linear or nonlinear algorithms is presented by C.L. Hwang and other 
references in the “References” section.
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A.4 Artificial Intelligence
Numerous methodologies and techniques are available in the 

area of artificial intelligence (AI) that you can use to build decision 
models. Many software packages exist making it easy to develop these 
technologies into the framework of a model. Use AI technologies to 
model various activities and decisions within an organization, which 
data and information existing in an organization support. Neural Net-
works are a data-driven AI technology that you can use to generate 
an answer that is normally better by adjusting parameters than tradi-
tional methods of regression.

Expert systems are one of the most widely used forms of AI, and 
you can model a problem with many complex components using an 
expert system. This may include using a number of the different 
types of rule-based or object-oriented software packages to capture 
the decision rules and decision logic modeled. Capturing and coding 
decision rules within standard software packages can also be consid-
ered an expert system. A key in applying various expert systems is 
to not allow the expert system to become the objective of the effort. 
Many times the novelty of the expert system software and computa-
tional process overrides the actual purpose of the system or model 
developed. You need to maintain the focus of the actual goals and 
objectives of the problem modeled when applying an expert system 
to a given problem.

Fuzzy logic can also be considered AI. Fuzzy logic is especially 
beneficial in translating real-world representations of information 
into data that you can use in decision-model applications.

Genetic Algorithms rely on the concept of the “survival of the fit-
test.” Therefore, when you use Genetic Algorithms, the best solutions 
are kept, and the worst solutions are eliminated based on testing the 
various possible solutions. Genetic Algorithms have gained popularity 
in use in stock market forecasting applications.

Neural Networks provide the capability for a system to learn from 
the data presented to the model. If sufficient amounts of data are 
available historically and on an on-going basis, a Neural Network can 
be beneficial in predicting the outcome of various events. Certain 
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types of Neural Networks are statistically based, that is, the General 
Regression Neural Network (GRNN), which also can provide statisti-
cal explanation for the results.

Object-oriented programming (OOP) can also be considered an 
expert system. OOP involves encapsulating data for an object into its 
own individual unit. Parent-child relationships between objects can 
then be established to minimize the need to redefine characteris-
tics of new or similar units. OOP represents more of a programming 
approach or philosophy used to represent a computing environment. 
Many off-the-shelf software packages support this type of computing 
approach.

Table A.1 shows a list of some of the more widely used AI tech-
nologies and some of their basic components.

A Neural Network is an AI technology inspired by studies of the 
brain and nervous system. A network accepts several inputs, performs 
a series of operations on these inputs, and produces one or more out-
puts. The network accomplishes this by recognizing patterns in the 
data sets and using these to adjust internal weights and parameters. 
A structured network can classify new patterns or make forecasts and 
predictions based on the evolving patterns in the data.

The Neural Network, especially the GRNN, provides the capa-
bility to predict future activities based on past activities by making 
parameter adjustments reflecting a constantly changing data environ-
ment. The GRNN also provides statistics similar to those produced in 
a Multiple Regression Analysis, which can make the Neural Network 
explainable to others from a statistical perspective. Other popular 
processing approaches or architectures such as Backpropagation and 
a polynomial network (Group Method of Data Handling) can be used 
to develop a Neural Network for a decision model.

A Neural Network provides the capability to incorporate up-to-
date data from a variety of sources in the predictions, thus reflect-
ing changes in operating characteristics of the business environment. 
This technology can be integrated into various system applications 
and easily operated by the user to provide a new type of analysis capa-
bility not currently used in the business environment.
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A.5 Group Decision Making
The goal of Group Decision Making is to get a group consensus 

and determine the objectives that most satisfy the group overall while 
balancing the conflicting goals and objectives. These objectives can 
and do change over time and change with a different makeup of the 
group. You can apply numerous methods in Group Decision Making, 
but the simplest techniques are SPAN, Nominal Group Technique, 
Brainstorming, and Brainwriting. Each can be used to gain a group 
consensus of goals and objectives. You can apply different methods 
for Group Decision Making based on the expertise, dominance, and 
political nature of the various decision makers involved in the pro-
cess. If, however, the group cannot agree somewhat on the objectives, 
there is no point in continuing the effort. All key decision makers 
must agree in general as to the goals and objectives to be accom-
plished; otherwise, there is no point to continue the model develop-
ment effort.

You can also use Group Decision Making when subjective data 
about the future is the primary data available to support and develop 
a model. Because it is hard to easily look into the future, sometimes 
the one resource to get an estimate of future events is to poll experts 
in the field. Thus the methodologies suggested facilitate obtaining a 
weighted group consensus on future events. This is in comparison to 
a future forecast of events generated from past statistical data. The 
basic assumption of these models is that the future will behave as it 
has in the past. In the current business environment, this is seldom 
true, and no historical data is available. Group Decision Making is 
also useful when the problem is complex and difficult to define. The 
“gut feel” of experts can provide good information to support a model 
when no other data is available. The time frame for the decision can 
dictate the type of model and the type of data that can be gathered for 
use in the model. If the model must be developed quickly, the objec-
tives identified in the Group Decision Making Process can be incor-
porated into a Multiple Criteria Decision Making model discussed 
later, which can use both objective and subjective data. Typically 
Multiple Criteria Decision Making models are less complex, thus less 
time-consuming, and are based on ranking alternatives.
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A.6 Statistical Analysis
You can review these concepts in detail in various statistics texts 

and production planning books. Many more sophisticated techniques 
are available. The purpose of listing the topics here is to highlight 
some readily known basic techniques, which are easily understood 
and applied, that you can use to gain a great deal of understanding of 
the data for the model. We are not presenting a study of statistics but 
are simply pointing out concepts useful in data analyses. These func-
tions are readily available in spreadsheets and databases such as MS 
Excel and MS Access. 

A.6.1 Standard Statistics

Following are some standard statistics that you can use to ana-
lyze current and historical data. These statistical functions are readily 
available in Microsoft Excel or Microsoft Access.

	 •	 Mean—The arithmetic mean or average of the data set.
	 •	 Low—The lowest value in the data set.
	 •	 High—The highest value in the data set.
	 •	 Median—The value that represents the middle of the data set 

when ordered. If there are not equal occurrences above and 
below the median, an average of the two middle values is taken.

	 •	 Mode—The most frequent value in the set of data.
	 •	 Standard deviation—The measure of dispersion of a fre-

quency distribution that is the square root of the arithmetic 
mean of the squares of the deviation of each of the class frequen-
cies from the arithmetic mean of the frequency distribution.

	 •	 Variance—The measure of dispersion of a frequency distribu-
tion that is the arithmetic mean of the squares of the deviation 
of each of the class frequencies from the arithmetic mean of the 
frequency distribution.

A.6.2 Histogram

A histogram is a representation of a frequency distribution 
divided by classes of data and plotted according to the frequency of 
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the occurrence for each of the classes of data against another axis, for 
example, time, color, and so on. This plot can be performed using a 
line graph or with bar graphs, whichever is the typical representation 
for this data. Most likely, the data used to develop the histogram will 
be represented by integer groupings, that is, 1 day or 2 days, or can 
be grouped into ranges of data such as 0–3 days, 4–6 days, and so on.

A.6.3 Frequency Distribution for the Data Set by Deciles

This is similar to the development of the histogram; however, 
the frequency distribution would be divided into 10 equal classes of 
data such that each class contains the same number of individual data 
points. Ranges or averages associated with each of the classes of data 
would display on the plot of the information and can also display in 
tabular form.

A.6.4 Determining Safety Stock and Production 
Variability

If the modeling environment requires the determination of safety 
stock to cover the variability in a process, statistical analysis is useful 
for this purpose. The ability for a company to have product on hand, 
or make an informed decision not to have product on hand, directly 
impacts the end-user level of satisfaction of the service of the com-
pany. Costs, production, and capacity considerations may impact an 
organization’s ability to meet safety stock requirements. However, the 
ability or inability to supply product to customers directly impacts the 
bottom line of a company’s operations in a number of ways. Using sta-
tistical analysis gives you insight on how to account for this variability.

You can translate this statistical analysis of the variability of the 
process into safety stock levels maintained so that a supplier has a pre-
determined amount of product on hand regardless of the demand and 
production variability. For example, you can set safety stock levels 
so that a product is on hand 95% of the time, based on the statistical 
analysis of the variability of the process. This would mean that you 
would run out of a given product only five times out of one hundred 
or 5% of the time, based on the average sales and the average amount 
of product maintained in inventory. Often, different products have 
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different safety stock requirements. Management may state that the 
flagship products of a company should never be out of stock. You 
would set the safety stock levels for these products high in this case. 
However, when setting safety stock levels, you must also consider the 
amount of storage space required and cost for the product in inven-
tory as well as the variability in production and sales.

A.7 Forecasting
You can use a number of different forecasting techniques to pre-

dict future occurrences based on historical data. The most common 
of the techniques are moving averages, exponential smoothing, and 
multiple regression analysis. These techniques are discussed in much 
more detail in a number of statistics books.

A.7.1 Moving Averages

A moving average is a forecast for a future occurrence of an activ-
ity based on the most recent occurrences of the activity. The simple 
moving average is the arithmetic mean of the n most recent observa-
tions. Following are several characteristics of this model. First, equal 
weights are assigned to the most recent n observations. Second, each 
new estimate is computed by adding the new data point and discard-
ing the oldest data point for the previous nth period. Thus, each new 
estimate is an updated version of the preceding estimate. Third, the 
rate of response of the moving average to changes in the underlying 
data pattern depends upon the number of periods included in the 
moving average. In general, the more periods included in the compu-
tation, the less sensitive it will be to changes in the pattern of the data. 
Conversely, a small value of n leads to a moving average that responds 
relatively rapidly to changes and may have much more variability.

A.7.2 Weighted Moving Averages

Creating weighted moving average forecasts is based on utiliz-
ing the concepts of the moving average; however, possibly weighting 
the most recent observations more in the forecasting process. The 
weighted moving average enables the observations to be weighted 
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such that more importance can be attached to the more recent obser-
vations. The weights should sum to one.

A.7.3 Exponential Smoothing

In the exponential smoothing method, new forecasts are derived 
by adjusting forecasts made for previous periods by considering its 
forecast error. In this way, the forecaster can continually revise the 
forecast based on past experience. The model has the advantage of a 
weighted moving average method, in that more recent observations 
are assigned larger weights. It reacts faster than the moving average 
model to changes in the variability of the data. Single exponential 
smoothing is a procedure in which the forecast for the next period 
equals the forecast for the prior period adjusted by an amount pro-
portional to the most recent forecast. Double exponential smoothing 
may also be used to address trends in the data.

The smoothing constant α must be determined judgmentally, 
depending on the sensitivity of response required by the model. The 
smaller the value of α, the slower the response. Larger values of α 
cause increasingly quicker reactions in the smoothed (forecast) value. 
Another difficulty with this method occurs when trying to forecast 
more than one period ahead. Therefore, this method is designed for 
and is best to use to forecast only one period ahead.

A.7.4 Regression Analysis

This approach to forecasting involves determining the relation-
ships between the dependent and independent variables and repre-
senting this relationship in a regression equation. The results of this 
statistical analysis can be shown in an equation, in tables, or by plot-
ting the regression line for the data set. Regression is a functional 
relationship between two or more correlated variables that is often 
empirically determined from data and is used to predict values of one 
variable when given values of the others.

Regression equations can be used to predict future requirements 
or activities based on variables input into the regression equations. 
For example, the variables or drivers can be utilized to predict future 
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workloads based on the past relationships between the workload driv-
ers and the resulting work performed.

You can also use stepwise regression to develop a multiple vari-
able equation for forecasting. Do this by adding new variables to the 
equation and checking to see if the new equation provides a better 
forecast; for example, reduce the variability around the forecasted 
value. Stepwise regression uses a statistical test called the F-Test to 
identify this subset of variables. The F-Test is a test that validates 
whether the variance is reduced significantly around the forecasted 
value. In the regression analysis, the F-Test would test whether the 
variance of the variables used in the regression equation is equal to or 
less than the variance in the original data. Based on the F-Test, vari-
ables are either entered if they reduce the variance or removed if they 
don’t from the subset one at a time until the optimal combination of 
variables is found. The resulting subset is the minimal best set of vari-
ables that significantly reduce the variance and are the most accurate 
in the predictions or forecasts.

A.8 Expert Opinion
Individuals that have been with an organization for long periods 

of time generally have a great deal of experience about the organiza-
tion and possess knowledge that can be captured and used for model 
building. This type of data or opinion is not typically maintained in a 
database. Many times this data is not easily incorporated into a deci-
sion process. Expert Opinion can be captured from individuals in a 
variety of ways. Some examples of how Expert Opinion can be cap-
tured include the following:

	 •	 Judgment and opinion of project success
	 •	 Opinions of which are the key areas for strategic planning
	 •	 New product potential
	 •	 Establishing organizational goals and objectives
	 •	 Ranking available options
	 •	 Rating the decision criteria used to assess projects
	 •	 Providing assessment of future projections
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Expert Opinion is often overlooked in the decision modeling pro-
cess. Expert Opinion integrates the knowledge of an individual and 
where his or her sum total of experience determines his or her per-
ception of the future. With a structured approach, this knowledge 
can be quantified, captured, and integrated into the decision process. 
Much valuable information can be captured from individuals with in-
depth knowledge about an organization and if not obtained this way 
would not be used to help make decisions. Expert Opinion is forward 
looking whereas statistical data, on the other hand, is solely based 
on backward or historical observations. The assumption in statistical 
models is that the future will be the same as the past, whereas Expert 
Opinion can capture what will happen in the future in a fast-changing 
business climate in the future.

A.9 Fuzzy Logic
Fuzzy logic is an innovative technology that you can use in deci-

sion modeling, which enables the model to use imprecise data or data 
not strictly defined. Boolean or classical yes/no types of answers are 
not necessary with fuzzy logic. Fuzzy logic enables information to be 
expressed in more real-world terms or terms that have more blurred 
boundaries. For example, you can use fuzzy logic to classify the height 
of women. If 5'4" to 5'8" is average height for women, someone that is 
5' 8 1/32" might still be considered average height. You could also rate 
the temperature outside with terms like “a little chilly,” “a nice day,” 
“a scorcher,” or “a day I can fry eggs on the black top.” Fuzzy logic 
“brings home” the use of such data in a decision model.

Fuzzy logic provides an innovative and less structured approach 
to the analysis and integration of data and the relationship between 
data and decision logic. Fuzzy logic has the capability to significantly 
lower the analysis and design requirements for an expert system by 
decreasing the size and complexity of the rule set with no impact on 
the quality of the answer. In many situations, fuzzy logic can actually 
increase the effectiveness of the mathematical model by enabling it to 
more accurately model imprecise information. Its use on everything 
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from camcorders to weapon systems serves to further enhance its 
value in the decision-making process.

It differs from statistics in that statistics provides point estimates, 
whereas fuzzy logic would put confidence intervals around the esti-
mates. When you are not certain and make a subjective estimate, you 
might state the estimate as a range of values. That is, you would have 
a confidence of 30 percent that the actual value would fall in the inter-
val 8 to 10, whereas you would have a confidence of 80 percent that 
the value would fall in the interval 5 to 9.

A.10 Simulation
Most Multiple Objective models are measured in discrete time 

units. Simulation models, however, model transactions over a period 
of time. Typically, in simulation models, rules of thumb, ranges of val-
ues, and Boolean decisions can be included or imbedded into simula-
tion models via expert systems to develop a realistic representation 
of a real-world environment. Applying simulation and expert system 
techniques enables you to model complex situations without connec-
tivity. Computer software packages such as ARENA, GPSS, SIMAN, 
and SLAM are available to develop simulation models. Simulation 
enables decision makers to approximate an environment and explore 
parameters to develop a “better solution.” Where there is no guaran-
tee in simulation of an optimal solution, you can achieve a better solu-
tion with a realistic simulation model of the environment by exploring 
a number of scenarios varying business constraints, operating rules, 
and costs.
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B
Detailed Methodologies

B.1 Nominal Group Technique (NGT)
This methodology provides a systematic approach to develop a set 

of goals for the group, while incorporating input from all the group 
members. NGT combines elements of brainwriting, brainstorming, 
and voting techniques to produce a method that has been used in a 
variety of organizations for idea-generation. Meeting setup consists of 
assembling a group of five to nine experts representing the customer 
requirements and program management. Preferably, the room setup 
should avoid interference between attendees. A flip chart to record 
ideas should be visible to all participants. The materials required for 
the meeting are a flip chart, 3 x 5 cards, tape, pens, paper, and pencils.

Step 1. Introducing the meeting—A quick statement should be 
made by the program manager stating the purpose of the 
meeting. This process establishes the overall goals and deci-
sion criteria to support each of the objectives.

Step 2. Silently generating ideas in writing—Have each of the 
participants write down objectives/criteria on paper without 
discussion with anyone else at the table. Allow 10 to 15 min-
utes for the effort.

Step 3. Round-robin recording of ideas—Record the objectives/
criteria on a flip chart or chalkboard visible to the group. Go 
around the table and ask for one idea from one member at a 
time, writing down the ideas on the flip chart.
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Step 4. General discussion for clarification—Clarify or elabo-
rate on ideas and add new ideas to list as they arise.

Step 5. Preliminary vote on item importance—This consists of 
the following steps:

a.  Have participants select between five to nine priority 
items.

b.  Place each priority idea on a separate 3 x 5 card.

c.  Rank-order or rate the selected priority ideas by assign-
ing, for example, a 7 to the highest priority item and a 1 
to the lowest priority item, if 7 items were selected from 
the list.

d.  Collect cards and shuffle the cards to maintain anonym-
ity of votes.

e.  Tally votes and record results on the flip chart in front of 
the group.

Step 6. Discussion of preliminary vote—Discuss results of votes; 
clarify inconsistent voting patterns, rediscuss ideas that are 
perceived as receiving too many or too few votes. Modify 
ideas accordingly.

Step 7. Final vote—Repeat step 5 to develop a final vote.

B.2 Normalized Direct Weighting
This approach is a simple, intuitive weighting approach in which 

each objective or criteria is given a score and the score is then normal-
ized so that the sum of the normalized weights totals to 100 percent. 
Following is an example of weighting of sample objectives utilizing 
this approach. Each objective is assigned a score between 1 and 10. 
From this, a percentage of the total is calculated to represent the nor-
malized weight.
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Score Calculation
Normalized 
Weight

COST 10 10/50 20.0%

RISK 8 8/50 16.0%

PERFORMANCE 10 10/50 20.0%

RELIAbILITY 6 6/50 12.0%

MAINTAINAbILITY 5 5/50 10.0%

PRODUCIbILITY 6 6/50 12.0%

ENVIRONMENTAL 
 IMPACT

5 5/50 10.0%

SUM 50

B.3 Analytical Hierarchy Process  
(Eigenvector Method)

This approach is based on the decision maker assigning a com-
parative value of importance for each of the criteria. The criteria are 
compared against each other, and a relative degree of importance is 
assigned in the comparison. A rating scale ranging from 1 to 9 is used 
to assign the degree of importance one criteria has over the other. An 
example is shown here where the importance of decision criteria A is 
more important than decision criteria b and the degree of that impor-
tance is valued at 7—Demonstrated importance.

Decision Criteria A compared to Decision Criteria B

1 Equal importance

2

3 Weak importance

4

5 Essential or strong importance

6

7 Demonstrated importance

8

9 Absolute importance
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The comparison process is stored in a matrix, including the direct 
comparisons and their reciprocal value, and the normalized Eigen-
vector value is then computed. This method enables the user to 
achieve a more finely tuned weighting but takes more time to accom-
plish based on the number of criteria. The more criteria there are, the 
greater the number of pairs that need to be compared and evaluated. 
There is a limited number of criteria and alternatives, such as five or 
six, that should be considered using this method because of the time 
required for the evaluation and the consistency between the paired 
comparisons.

Mathematical Calculations

Refer to C.L. Hwang’s book, Multiple Attribute Decision Making, 
for a description of the mathematical calculations.

B.4 Simple Additive Weighting Method

Description

The Simple Additive Weighting method (SAW) is probably the 
best known and widely used method of Multiple Attribute Decision 
Making. To each of the attributes in SAW the decision maker assigns 
importance weights, which become the coefficients of the variables. 
These weight coefficients need to be normalized. To reflect the deci-
sion maker’s marginal worth assessments within attributes, the deci-
sion maker also makes a numerical scaling of intra-attribute values. 
The decision maker can then obtain a total score for each alternative 
simply by multiplying the scale rating for each attribute value by the 
importance weight assigned to the attribute and then summing these 
products over all attributes. After the total scores are computed for 
each alternative, the alternative with the highest score (the highest 
weighted average) is the one prescribed to the decision maker.
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Mathematical Computations

Mathematically, a simple additive weighting method can be 
stated as follows: Suppose the decision maker assigns a set of impor-
tance weights to the attributes, w = {w1, w2, ... wn}. The most preferred 
alternative A*, is selected such that

where xij is the outcome of the ith alternative about the jth attribute 
with numerically comparable scale. Usually the weights are normal-
ized so that

Precautions

There are some precautions that are important when developing 
decision models.

 1. Scaling of criteria value can greatly influence the impact of a 
single criteria and thus the ranking. To avoid this problem, all 
values within a criteria are normalized.

 2. Independence—Care should be taken so that all the criteria 
are independent, thus avoiding overweighing the effects of a  
criteria.

B.5 Borda’s Function
This is a group decision making method that is a social choice 

function based on a preferential rating system used to arrive at a con-
sensus ranking from the participants. This is a rank order method in 
which each of the candidates are ranked by each of the voters. The 
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score is then determined by adding each rank score for each candi-
dates. In this example, the score is used to determine a set of weights 
for the criteria.

The method borda proposes is the rank-order method. With 
candidates in A, assign marks of m-1, m-2,...,1,0 to the first ranked, 
second ranked, ..., last ranked candidate for each individual. Then 
determine the borda score for each candidate as the sum of the indi-
vidual marks for that candidate. Then the candidate with the highest 
borda score is declared the winner. The borda score of a candidate 
x is equivalent to the sum of the number of individuals that have x 
preferred to y for all y ∈ A|{x}.

A modified borda method is proposed here, which is the same 
used by the weekly national wire service poll of the top 20 best college 
basketball teams in the United States. Approximately 60 sports writers 
and broadcasters each assign 20 points, 19 points, ..., 2 points, 1 point, 
to his/her first ranked, second ranked, ..., 19th ranked, and 20th ranked 
college teams, respectively. These 20 teams are selected from more 
than 100 college teams. The final choice of the top 20 teams is ranked 
in the order of each team’s total points received from the 60 voters.

B.6 TOPSIS
The Technique for Order Preference by Similarity to Ideal Solu-

tion (TOPSIS) is a Multiple Attribute Decision Making problem with 
a number of alternatives evaluated by a number of attributes. The 
TOPSIS methodology is viewed as a geometric system with m points 
in the n-dimensional space. TOPSIS is based on the concept that the 
chosen alternative should have the shortest distance to the best pos-
sible attribute assessment values (positive-ideal solution) and have the 
longest distance from the worst possible assessment values (negative-
ideal solution) for each of the alternatives.

An ideal solution is defined as a collection of ideal levels for the 
attribute levels. An ideal solution, however, is ideal and usually not 
attainable. The TOPSIS methodology uses concepts to come clos-
est to the best possible answers and farthest from the worst possible 
answers. The positive-ideal and negative-ideal solutions are used in 
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this methodology to find the best feasible alternative given the options 
and evaluations available.

Formally, the positive-ideal solution is denoted as

A* = (x*1, ..., x*j,....,x*n)

where x*j is the best value for the jth attribute among all the available 
alternatives.

The negative ideal solution is denoted as

A– = (x–
1, ..., x

–
j,....,x

–
n)

where x–
j is the worst value for the jth attribute among all the available 

alternatives.

TOPSIS defines an index called similarity (or relative closeness) to 
the positive-ideal solution by combining the proximity to the positive-
ideal solutions and the remoteness from the negative-ideal solution. 
Then the method chooses an alternative with the maximum similar-
ity to the positive-ideal solution. TOPSIS assumes that each attribute 
takes either monotonically increasing or monotonically decreas-
ing utility. That is, the larger the attribute outcome, the greater the 
preference for benefit attributes and the less the preference for cost 
attributes.

The method presented is a series of successive steps:

Step 1. Calculate normalized ratings. The vector normalizations 
is used for computing rij, which is given as

Step 2. Calculate weighted normalized ratings. The weighted 
normalized value is calculated as

vij = wjrij, i = 1, ..., m; j = 1, ..., n

where wj is the weight of the jth attribute.
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Step 3. Identify positive-ideal and negative-ideal solutions. 
The A* and A– are defined in terms of the weighted normal-
ized values:

 A* = {v*
1, …, v*

j,….,v*
n}

 = {(max vij | j ∈ J1 ), (min vij | j ∈ J2 ) | i = 1,…, m}
 i i

 A– = {v–
1, …, v–

j,….,v–
n}

    = {(min vij | j ∈ J1 ), {(max vij | j ∈ J2 ) | i = 1,…, m}
    i       i

  where J1 is a set of benefit attributes, and J2 is a set of cost 
attributes.

Step 4. Calculate separation measures. The separation (distance) 
between alternatives can be measured by the n-dimensional 
Euclidean distance. The separation of each alternative from 
the positive-ideal solution, A*, is then given by

 Similarly, the separation from the negative-ideal solution,  
A–, is given by

Step 5. Calculate similarities to positive-ideal solution.

C*i= S–
i / (S* i + S–

i), i= 1, ..., m.

Note that 0≤ C*i ≤ 1, where C*i = 0 when Ai = A–, and C*i = 
1 when Ai = A*.

Step 6. Rank preference order. Choose an alternative with 
the maximum C*i or rank alternatives according to C*i in 
 descending order.
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B.6.1 TOPSIS Sensitivity Analysis

The activities and results from Chapter 1, “Define the Objectives 
and Identify Metrics,” provide a means to identify the key drivers 
associated with the assessment of technology development alterna-
tives. You can perform sensitivity analysis on the current ranked list of 
technology alternatives to determine how much an alternative evalu-
ation criteria must change to move an alternative up or down in the 
ranked list of projects. The importance weighting of the evaluation 
criteria and the evaluation scores for the alternatives drive the alter-
native scoring in terms meeting customer and organizational goals, 
as shown in the relative closeness generated by the TOPSIS meth-
odology. Sensitivity analysis is useful in identifying the key drivers of 
the overall value of an alternative. The specific subcriteria evaluations 
for the alternatives provide the supporting detail to show why certain 
alternatives received the scores that they did and can be used to pin-
point potential areas for improvement and additional trades.

The methodology used to perform sensitivity analysis consists of 
testing each criteria for each alternatives to determine what the value 
would need to be to move the alternative up or down in rank. To 
determine the values of the criteria for the alternatives required to 
move the alternative up in rank, the criteria is incremented one incre-
ment closer to the positive-ideal solution. To determine the values of 
the criteria for the alternatives required to move the alternative down 
in rank, the criteria is incremented one increment closer to the neg-
ative-ideal solution. The ranking (TOPSIS) program is then run and 
the results are tested against the original ranking to determine if the 
change in this criteria value has moved the alternative up (or down) 
in the rank of the alternatives. The incrementing process continues 
until a value is determined that can move the criteria up (or down) in 
rank or the incrementing process reaches the positive-ideal (negative-
ideal) solution. If the incrementing process reaches the positive-ideal 
(negative-ideal) solution and the alternative still does not move up (or 
down) in rank, it is then infeasible to change the specific criteria value 
to move the alternative up (or down) in rank. This is done for each of 
the criteria for all alternatives. Also the incrementing process is done 
on only one criteria value at a time, thus testing each criteria value 
independent of any other changes made to the other criteria values.
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B.7 SPAN
This group consensus technique enables individuals of a com-

mittee to have different weights or votes on issues. The individuals 
are assigned equal quantities of votes, say 100, which are allocated 
between the options and the experts. Then, each of the experts are 
assigned a percentage of the votes allocated for the experts, and each 
of the options are assigned a percentage of the votes allocated for the 
options. The original votes are then distributed among the options 
based on the original distribution input by the decision maker.

The steps for using the SPAN technique follow:

Step 1. Each individual is allocated an original quota of points. Usu-
ally a parcel of 100 points is equally distributed among the 
participants.

Step 2. The individuals distribute their points among other indi-
viduals and options. Although the participants can be given 
complete freedom to determine the proportions, it is gener-
ally recommended that a small percentage be allocated to at 
least one of the options.

Step 3. Each individual allocates subparcels of points to either the 
other individuals and/or the options, that is, to establish the 
proportions they want. The values of proportions in steps 2 
and 3 are fixed for subsequent cycles; then the new alloca-
tions should be similar to those used in the first cycle.

Step 4. Using a manual or computer program, the process continues 
through as many successive cycles as needed to distribute all 
the points among the options. The terminal point is reached 
when the cumulative final points among the options are 
equal or close to (say, less than 0.1 percent) the total number 
of original points. The parcels located at the options, unlike 
those located among individuals, will not be redistributed.

Step 5. The option with the greatest number of points is selected as 
the best alternative in cumulative final points.

Example:

Three members select one option from a set of two options. The 
example shown in Table b.1 shows the following.
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 1. Each individual is given a parcel of 100 points.

 2. The individuals establish the proportions they want to use in 
allocating points to members and the options. For example, 
Table b.1, with fictional data tells us that member A in a three-
person group allocated 76 percent to Option 1 and 24 percent 
to Option 2.

 3. based on the proportion assignments each individual allocates 
subparcels of points to either of the other individuals and/or 
the options. For example in Table b.1, member A directed 100 
percent to individual b, and it is also known that he assigned 
30 percent to members; therefore, this parcel has 30 points. 
He also assigned 70 points to options as a whole, which were 
split 76 percent (53.2 points) for Option 1 and 24 percent (16.8 
points) for Option 2.

 4. The cycle of calculations was to proceed to find the distributed 
option points. You can continue the procedure until the sum of 
the option points is almost exactly that of the original points, in 
this example, 300.

 5. The final result is that Option 1 has received 158.4 cumulative 
final points versus 141.6 for Option 2. The two numbers sum to 
300. Option 1 was selected as a better alternative.

Table B.1 Three Allocations of Percentages by Each Member

Target Sender A Sender B Sender C

Members (A, b, and C) 30 60 80

Options (1 and 2) 70 40 20

Member A 0 95 0

Member b 100 0 100

Member C 0 5 0

Option 1 76 25 0

Option 2 24 75 100
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B.8 Brainstorming
brainstorming is an idea generation technique by which a group 

attempts to find a solution for a specific problem by assuming all the 
ideas spontaneously contributed by its members. Its strength is the 
creative collaboration by a group is better than an individual. The four 
basic rules to a brainstorming session are as follows:

 1. Criticism is ruled out. This is the most important rule.

 2. Free-wheeling is welcomed.

 3. Quantity is wanted.

 4. A combination of ideas and improvement on ideas is sought.

The brainstorming group consists of members, a leader, and a 
secretary. The leader should remind the members of the problem 
and the rules, and the secretary records the ideas. The group should 
consist of 6 to 12 people of equal status. The problem should be 
well defined with the participants aware of the problem one week 
in advance. The leader should record the suggestions on a visible 
medium to all participants and re-read the generated suggestions if 
necessary. The session should not last longer than 1 hour.

B.9 Brainwriting
brainwriting is an idea generation technique, similar to brain-

storming, which uses written ideas instead of verbal communication. 
The steps of the procedure follow:

 1. There are four to eight participants with a group leader.

 2. Each participant inputs one to four ideas about the problem.

 3. Then each participant views five random ideas and adds one to 
two more.

 4. The participants then continue to add new ideas to the system.

 5. This process goes on for 30 to 40 minutes or until the group ap-
pears to have exhausted its ideas.

 6. The ideas are then viewed or printed for later evaluation.
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The brainwriting pool is deceptively simple and is also easy to 
learn and use.

Some advantages include the following:

 1. All members of the group are working in parallel, instead of 
singularly in sequence.

 2. Absence of verbal criticism creates free thinking and mild 
 tension.

 3. Every idea gets recorded and none are lost.

 4. Reading what others write provides a continuing learning op-
portunity and a stimulus to thought.

 5. Dominance by strong personalities is eliminated.

 6. Premature closure is eliminated.

B.10 Moving Averages
A moving average is a forecast for a future occurrence of an activ-

ity based on the most recent occurrences of the activity. The simple 
moving average model is given by the formula

where

mt = Moving average at time t

yt = Actual value in period t

n = Number of terms included in the moving average

The simple moving average is the arithmetic mean of the n most 
recent observations.

For computational purposes, the simple moving average can be 
restated as
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Several characteristics of this model should be noted.

 1. Equal weights are assigned to the most recent n observations.

 2. Each new estimate of mt is computed by adding the new data 
point and discarding the oldest data point for the previous nth 
period. Thus, each new estimate of mt is an updated version of 
the preceding estimate.

 3. The rate of response of the moving average to changes in the 
underlying data pattern depends upon the number of periods 
included in the moving average. In general, the more periods 
included in the computation, the less sensitive it will be to 
changes in the pattern of the data. Conversely, a small value of 
n leads to a moving average that responds relatively rapidly to 
changes and may have much more variability.

To compute forecasts for periods beyond the current period, t, 
equation (1) must be modified as follows:

where the ^’s refer to forecasted values.

Thus, the moving average for 3 periods in the future is computed 
using the moving average values for periods 1 and 2 in the future.

B.11 Weighted Moving Averages
Creating Weighted Moving Average forecasts are based on utiliz-

ing the concepts of the moving average, however, possibly weighting 
the most recent observations more in the forecasting process. The 
weighted moving average model is given by the formula:
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where

mt = Weighted moving average at time t

yt = Actual value in period t

n = Number of terms included in the moving average

wt = Weight on observation for period t

The weighted moving average enables the observations to be 
weighted such that more importance can be attached to the more 
recent observations. The weights should sum to 1.

B.12 Exponential Smoothing
In the Exponential Smoothing method, new forecasts are derived 

by adjusting forecasts made for previous periods using its forecast 
error. In this way, the forecaster can continually revise the forecast 
based on past experience. The model has the advantage of a weighted 
moving average method, in that more recent observations are assigned 
larger weights. It reacts even faster than the moving average model to 
changes in the pattern of the data.

The formula for computing the single exponential smoothing 
value is

where

st+1 = Single exponential smoothing forecast for the next period

st =  Single exponential smoothing forecast for the current 
period

yt = Actual value in time period t

α = Smoothing constant (0<α< 1)
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by rewriting st in another way as

it can be seen that single exponential smoothing is a procedure in 
which the forecast for the next period equals the forecast for the prior 
period adjusted by an amount proportional to the most recent fore-
cast error

This illustrates how the current forecast error is used to modify 
the forecast for the next period.

The name “exponential smoothing” comes from the fact that st 
can be expressed as a weighted average with exponentially decreasing 
weights. To see how this is so, you can substitute the expression for st 
and st-1, in the original expression for st+1.

You can substitute equations {4} and {5} into the original expres-
sion for st+1 as follows:

Substituting recursively for st-2, st-3, and so on, you obtain
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where

s0 = initial estimate of the smoothed value

The initial estimate s0 of the smoothed value can be estimated 
from historical data by using a simple average of the most recent 
observations. The receding equation shows that st+1 is a weighted 
average of yt, yt-1, yt-2, . . ., y1 and the initial estimate of s0. The coef-
ficients of the observations

α, α(1- α), α(1- α)2, . . . , α(1- α)t-1

are the weights and measure the contribution each observation makes 
to the most recent estimate. The weights decrease geometrically with 
increasing k so that the most recent values of yt are given the most 
weight. Values of yt more distant in the past make successively smaller 
contributions to st.

The smoothing constant α must be determined judgmentally, 
depending on the sensitivity of response required by the model. The 
smaller the value of α, the slower the response. Larger values of α 
cause increasingly quicker reactions in the smoothed (forecast) value. 
Some text books recommend that α should lie somewhere between 
0.01 and 0.30 or 0.40.

Another difficulty with this method occurs when trying to forecast 
more than one period ahead. Therefore, this method is designed for 
and is best to use to forecast only one period ahead. Also, an extension 
of this method is double exponential smoothing which can be used to 
address trends in the data.

B.13 Regression Analysis
This approach to forecasting involves determining the relation-

ships between the dependent and independent variables and repre-
senting this relationship in a regression equation. The results of this 
statistical analysis can be shown in an equation, in tables, or by plot-
ting the regression line for the data set. Regression is a functional 
relationship between two or more correlated variables that is often 
empirically determined from data and is used to predict values of one 
variable when given values of the others.
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You can use regression equations to predict future requirements 
or activities based on variables input into the regression equations. 
For example, use the variables or drivers to predict future workloads 
based on the past relationships between the workload drivers and the 
resulting work performed.

The general form of the regression equations used in this analysis 
is shown here:

where ai is the coefficient of each input variable, xi is the actual value 
of the input variable, and b is the intercept.

You can also use stepwise regression to develop multiple variable 
equation for forecasting. You can do this by adding new variables to 
the equation and checking to see if the new equation provides a better 
forecast, for example, reduces the variability around the forecasted 
value. Stepwise regression uses a statistical test called the F-Test to 
identify this subset of variables. The F-Test is a test that validates 
whether the variance is reduced around the forecasted value. In the 
regression analysis, the F-Test would test whether the variance of  
the variables used in the regression equation is equal to or less than 
the variance in the original data. based on the F-Test, variables are 
either entered if they reduce the variance or removed if they don’t 
from the subset one at a time until the optimal combination of vari-
ables is found. The resulting subset is the best set of variables that 
significantly reduce the variance and are the most accurate in the pre-
dictions or forecasts. Once you have your data in a spreadsheet such 
as MS Excel, you can utilize the built-in functions in MS Excel to 
perform the analysis.
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overview, 206
taxonomy of methods, 207

multiple objective decision  
making, 69
overview, 208
taxonomy of methods, 209
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TOPSIS (Technique for Order 
Preference by Similarity to Ideal 
Solution)

explained, 226-228
sensitivity analysis, 229

N
networking capital, 19
neural networks, 211
new product development (case 

study), 131
decision criteria, developing,  

132-136
identifying objectives and  

goals, 133
selecting decision criteria, 

134-135
weighting criteria, 134-136
weighting objectives, 133-134

decision criteria metrics, 134-140
integrated corporate planning 

approach, 140-144
Activity Relationship Diagram, 

143-144
Activity Relationship Matrix, 

140-141
industry benchmarks, 142-143
performance evaluations,  

142-143
scope of problem, assessing, 140
specific problem areas to 

improve, 144
objectives, defining, 131-132
problem solving, 148-153
results

evaluating, 153-155
measuring, 148-153

scope of problem, assessing, 144-147
data that supports 

measurement of objectives, 
147

problem areas, 144-146

sphere of control, 146
upstream and downstream 

interactions, 146-147
sensitivity analysis, 153-154
statistical analysis, 147-148

NGT (Nominal Group Technique), 
10, 221-222 

Nominal Group Technique (NGT), 
10, 221-222 

normal distribution, 65
normalized direct weighting, 13,  

222-223 

O
objectives

decision criteria objectives
defining, 21
weighting, 21-22

defining, 91
case study: airline merger, 

161-162
case study: logistics service 

provider, 98-99
case study: new product 

development, 131-133
corporate objectives, 9-12
experts judgement/group 

participation, 12-13
integrated corporate planning 

approach, 4-7
key concepts, 28-29
solving the right problem, 7-9
understanding the problem, 9
weighting scheme, 13-15

weighting
case study: airline merger, 

163-164
explained, 13-15

object-oriented programming  
(OOP), 211

OOP (object-oriented 
programming), 211
operating margin, 19
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P
panoramic view, 50-51
P/E ratio, 19
performance evaluations, 40

case study: logistics service  
provider, 105

case study: new product 
development, 142-143

problem areas, identifying
case study: new product 

development, 144-146
explained, 51-53

problem solving, 71, 92
case study: airline merger, 192-195
case study: logistics service provider, 

115-121
case study: new product 

development, 148-153
decision process model, 73-77

corporate decision criteria, 74
development and economic 

benefit scoring scale, 75
evaluation of alternatives, 75
model automation, 77-79
performance indicators targeted 

for improvement, 73
key corporate participants, 71-72
selecting method for, 72-73
solving the right problem, 7-9, 91

production variability, 215-216

Q-R
queries and data summaries, 63-65

reasons for closeness value, 36
regression analysis, 217-218, 237-238
relationship chart (activities), 36, 41
results, evaluating, 92

case study: airline merger, 195-201
case study: logistics service provider

economic analysis, 125

performance evaluations, 
 122-123

ranking of alternatives, 126-127
sensitivity analysis, 127-128

case study: new product 
development, 153-155

economic analysis, 83-85
key concepts, 90
key corporate participants, 81
measuring degree of success, 81-83

functional area benchmark 
improvements, 84

performance improvements, 82
sensitivity analysis, 86-89
what-if analysis, 86-89

analyzing impact of evaluation 
scores, 89

changing importance  
weights, 88

return on assets (ROA), 19
return on equity (ROE), 19
ROA (return on assets), 19
ROE (return on equity), 19

S
safety stock, 215-216
SAW (Simple Additive Weighting) 

method, 224-225
scope of problem, assessing, 34-35, 

47, 92
business process modeling, 48-50
case study: airline merger, 169, 

182-183
data that supports 

measurement of objectives, 
186-187

defining sphere of control, 183
identifying problem areas, 

182-184
upstream and downstream 

interactions, 186
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case study: logistics service provider, 
104, 109-114

data that supports 
measurement of objectives, 
113-114

key activities, 112-113
problem areas, 110-112
upstream and downstream 

interactions, 113
case study: new product 

development, 140, 144-147
data that supports 

measurement of objectives, 
147

problem areas, 144-146
upstream and downstream 

interactions, 146-147
key activities, identifying, 54-55
key corporate participants, 47
metrics, 56
panoramic view, 50-51
problem areas, identifying, 

 51-53
role in overall business process, 48
sphere of control, 146
sphere of control, identifying, 54
unique application of techniques 

and methods, 56
upstream and downstream 

interactions, 54-55
selecting decision criteria, 23

case study: airline merger, 164-165
case study: logistics service  

provider, 100
case study: new product 

development, 134-135
sensitivity analysis

case study: airline merger, 194-199
case study: logistics service provider, 

127-128
case study: new product 

development, 153-154
TOPSIS (Technique for Order 

Preference by Similarity to Ideal 
Solution), 229

service companies, corporate 
objectives of, 11

Simple Additive Weighting (SAW) 
method, 224-225

simulation, 220
solving problems. See problem 

solving
SPAN technique, 230
specific problem areas to improve, 

identifying, 44-46
case study: airline merger, 174-182
case study: logistics service  

provider, 109
case study: new product 

development, 144
sphere of control, identifying, 54

case study: airline merger, 183
case study: logistics service  

provider, 112
spreadsheets, 77
standard deviation, 214
standard statistics, 214
statistical analysis, 68, 214

case study: airline merger, 195-201
case study: logistics service provider, 

104-115
case study: new product 

development, 147-148
expert opionion, 218-219
forecasting, 216

exponential smoothing, 217, 
235-237

moving averages, 216, 233-234
regression analysis, 217-218, 

237-238
weighted moving averages, 216-

217, 234-235
frequency distribution, 215
fuzzy logic, 210, 219-220
histograms, 214-215
safety stock and production 

variability, 215-216
simulation, 220
standard statistics, 214
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straw man lists, 10
success, measuring with metrics, 91

case study: airline merger, 195-201
case study: logistics service provider, 

121-122
case study: new product 

development, 148-153
corporate financial position metrics, 

19-20
data used to support metrics, 26-28
decision criteria metrics, 24

summarizing data
data groupings, 65-68
explained, 62-63
queries and summaries, 63-65

T
Technique for Order Preference 

by Similarity to Ideal Solution 
(TOPSIS)
explained, 226-228
sensitivity analysis, 229

TOPSIS (Technique for Order 
Preference by Similarity to Ideal 
Solution)
explained, 226-228
sensitivity analysis, 229

U
understanding the problem, 9
upstream interactions, 54-55

case study: airline merger, 186
case study: logistics service  

provider, 113
case study: new product 

development, 146-147

V
variability of metrics

case study: logistics service provider, 
107

explained, 43-44
variance, 214

W
weighted moving averages, 216-217, 

234-235
weighting

changing importance weights, 88
decision criteria, 23-24

case study: airline merger, 
165-166

case study: logistics service 
provider, 101-102

case study: new product 
development, 134-136

normalized direct weighting, 13, 
222-223 
objectives, 13-15

case study: airline merger, 
163-164

case study: logistics service 
provider, 100

decision criteria objectives, 
21-22

Simple Additive Weighting (SAW) 
method, 224-225

weighted moving averages, 234-235
what-if analysis, 86-89

analyzing impact of evaluation 
scores, 89

changing importance weights, 88
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