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Can Quality Management Systems Improve Your Software Development and Business Performance?

A White Paper

Author: Brian A. Will

Overview

Ever since the late 1980’s the term Total Quality Management has become increasingly popular within the business community. Names like Crosby, Deming, Juran, and Baldrige have created public awareness of various quality related awards and standards. Quality Management Systems (QMSs) are becoming popular as a way to ensure the quality of product and service delivery – while promising increased customer loyalty, revenue, and profits.

During the same time period, software development for business critical systems has emerged as a core discipline that every company has to perform in. IT budgets are continuously rising. Software projects are often positioned at the critical interface between a company’s products and / or services and the company’s customers. Software is becoming ubiquitous.

Despite the progress made in various software development disciplines, software development at large remains one of the least predictable business activities, largely due to the rapid technology adoption cycles and the inherent complexities of the development process itself. Software quiet often takes on a life of its own, starting to drive companies in certain directions, instead of the company business driving the software requirements.

This paper shows why the established Quality Management Systems (QMSs) are not applicable to business critical software development projects and provides suggested alternatives.

Who Should Read This Paper?

The intended audience for this white paper is CEOs, VPs, Directors, and Managers who are considering embarking on a departmental or company-wide quality effort for their software development projects.

Quality Management Systems In A Nutshell

The four most popular QMSs are:

1. ISO9000 (and the latest version of it ISO9000:2000),

2. Software Engineering Institute Capability Maturity Model (SEI CMM),

3. Malcolm Baldrige National Quality Award, and

4. Six Sigma (popularized by GE).

Following is a brief historical overview.

Historical Origins of Quality Standards

The need for some kind of standard had been apparent since the mid-19th century when it became obvious that the making of any product requiring replaceable, interchangeable working parts needed some form of absolute measurement.

The growth of industrialization in the UK and USA hastened the process of standardization. Massive growth in manufacturing industries led to the de-skilling of many trades as mass-production sought to remove complexity and break the manufacturing process down into a series of very simple steps. With ever-greater emphasis placed on growth through mass-production, the perceived need for skills decreased for all but a small number of workers.

But when failure rates increased, ways were sought of catching rogue items so that the customers would not receive them.

Inspection was the obvious solution and became the panacea for all ills. But unless it was planned into the production process it was not very effective. So, inspection at suppliers, goods inwards inspection, first-off inspection, patrol inspection, in-process inspection and particularly final inspection all took their place in what were becoming known as Quality Control Systems.

The people carrying out this work had to be more skilled than mere production staff. They were so important they also had to be independent of production and the Chief Inspector was the only person who could sign product releases.

The emerging Quality Control Systems closely followed this philosophy and although there were some notable dissenters, it was largely by following these beliefs that the first formal standards for Quality Control (as it was called) were raised.

Largely due to huge defense budgets, armament was the first industry to feel the thrust of these requirements. The first quality standards in the West were published in the US and were quickly adopted by defense procurement bodies working within every NATO nation. There had been attempts in the past by industry to try to persuade suppliers to adopt particular practices, but never previously had there been a widely accepted standard. 

In the US the standard was adopted as a MIL-STD, ultimately evolving into MIL-Q-9858A. In the UK, the standard was adopted as a DEF STAN evolving into DEF STAN O5 21, etc. At the same time the North American nuclear industry developed its standards - ANSI N 45 series, 10 CFR 50, etc. 

QA standards in US and Canada remained essentially in the nuclear, defense and aerospace industries for a further quarter of a century.

In the UK and parts of Europe defense industry suppliers were similarly versed in the application of these standards. The emphasis was still on inspection, but in industries outside defense procurement - particularly those involved in consumer products - the post-war boom was on a high. Personnel skills were further eroded, companies began to drop their apprenticeship schemes, and further pressure was being exerted to produce more and more. It was not felt to be a problem. Everything that was being made was being bought due to the post-war boom. Companies got better and better at inspection and utilized sophisticated techniques like statistical and process quality control.

ISO9000

ISO9000 is a European standard. The origins of ISO 9000 can be traced back when some industries - notably automotive - began to look at the defense-oriented standards as a tool for providing a degree of confidence with their major suppliers and sub-contractors. They reasoned that if they had greater confidence in their suppliers' systems, then they could reduce their inspection effort. Nevertheless, the industry at large considered that Defense Standards were too severe for many of their contractors and subcontractors. Accordingly, they persuaded a number of major bodies - utilities and major purchasers - to gather and put together a British Standard designed to suit the current state of British industry.

The result was BS 5179, a version of the Defense Standard written in non-mandatory terms. This was published in 1975 and was used by a number of major bodies as a basis for assessing potential and current suppliers and allowing for the non-mandatory nature, was considered to be very useful. 

Many industries opted to continue using their own standards for Quality Assurance. This resulted in a large number of individual standards, conflicting requirements from different customers for essentially the same product, massive confusion, and suppliers having to allocate a significant proportion of their time to being assessed by a large number of purchasers. Many had to endure audits by their major customers on a frequent basis. Some had to employ full-time staff specially to accompany customer auditors around their premises. This situation continued for some years and worsened despite various initiatives.

As early as 1970 the idea of a British scheme whereby all suppliers could be assessed and certified to a common standard was put forward. At that time the idea did not take off in the US, but the seeds were sown in UK and parts of Europe. By 1975 the UK was in desperate need of a standard that could function as a mandatory contract document between purchaser and supplier. At last, in 1979 BS 5750 was published. This standard closely followed the wording of the old DEF STAN but added the requirement of training. Despite suffering from confusion between inspection and quality it was adopted by virtually all the major purchasing authorities.

The number of audits and assessments of suppliers did not decrease but the major utilities and nationalized industries began to consider reciprocal recognition of one another's assessments particularly where the products were similar. Suppliers so assessed and considered acceptable were put onto a list published by the UK Department of Trade and Industry.

In 1982, following a White Paper introduced by British Prime Minister Margaret Thatcher, the British Government initiated a campaign to encourage British companies to show their customers abroad that they had achieved perceivable levels of quality assurance management. Finance was made available to smaller companies for consultancy, and private sector organizations were encouraged to set up as Certifying Bodies, capable of carrying out capability assessments against the appropriate parts of BS 5750. The UK was the only European country to go down this route.

All other European countries maintained a huge level of confidence in the quality of their products by extensive product testing alone. It is only since 1989 that there has been any significant shift towards management system assessment against a quality assurance standard.

From about 1983, the limitations of BS 5750 were being recognized by industry. The growth of interest in the standard, and the international nature of much business made it practical for the first time to consider a truly international standard.

In 1987 ISO9000 was published. It closely resembled the British BS5750 standard.

Included in the new Standard were references to "management" rather than to the confused "inspection" and "quality" responsibilities of before. Some new areas such as Contract Review, Product Identification, had been added and requirements for activities like Internal Audits were made specific. The standard was still designed to be used as a contract document between parties, i.e. a supplier and a purchaser, and this explains its use throughout of phrases like "the supplier shall …..".

ISO 9000 consists of five documents: 9000, 9001, 9002, 9003 and 9004 as follows:

1. ISO 9000 Guidelines for selection and use (of) Quality management and quality assurance standards.

2. ISO 9001 Quality Systems - Model for quality assurance in design/development, production, installation and servicing. 

3. ISO 9002 Quality Systems - Model for quality assurance in production and installation.

4. ISO 9003 Quality Systems - Model for quality assurance in final inspection and test.

5. ISO 9004 Quality management and quality systems elements -Guidelines.

All major purchasers now used the same standard and many make it mandatory for suppliers to be certified - and so the requirement is passed down the supply chain.

The European Community wanted to produce its own standard. But being unable to improve on the Anglo-American item they simply adopted it verbatim and gave it a new EC number - EN29000.

Because the requirement to be certified to ISO 9000 is so widespread within the EC, it is becoming more and more imperative that outside companies are able to demonstrate compliance with the standard to trade in EC markets. Without doubt, a major influence in the growth of registration to the ISO 9000 series has been its adoption by major purchasers as a prerequisite for doing business.

The emphasis in the Standard is on the need to provide the tools, resources, materials, systems, support, training and information necessary so that inspection for its own sake can be eliminated - other than that needed to keep each process under systematic control.

SEI’s Capability Maturity Model (SEI CMM)

In August 1986, the Software Engineering Institute (SEI), with assistance from the MITRE Corporation, began developing a process maturity framework that would help organizations improve their software process. This effort was initiated in response to a request to provide the federal government with a method to assess the capability of its software contractors. In June 1987, the SEI released a brief description of the process maturity framework
 and in September 1987, a preliminary maturity questionnaire
.

After five years of experience with the software process maturity framework and the preliminary version of the maturity questionnaire, the SEI evolved the software process maturity framework published in 1987 into a fully defined model
, using knowledge acquired from software process assessments, software capability evaluations, and extensive feedback from both industry and government. This model, the CMM, helps organizations measure organizational software process maturity and establish process improvement programs. Version 1.0 of the CMM was released in September 1991. Based on feedback from the software community, the CMM was revised, and Version 1.1 was released in February 1993.

The basic premise of CMM is that by applying the correct methods and procedures, a software development project “matures” and during that maturity process advances through various stages. CMM assessments categorize the organization according to its maturity. CMM “maturity levels” consist of five stages:

1. Initial,

2. Repeatable,

3. Defined,

4. Managed, and 

5. Optimizing.
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Figure 1 – SEI’s Capability Maturity Model

The Capability Maturity Model represents a "common sense engineering" approach to software process improvement. While the CMM is not perfect, it does represent a broad consensus of the software community and is a useful tool for guiding software process improvement efforts. It has evolved since 1987 to the current more sophisticated model (CMM Version 1.1).

The CMM is a tool that can help software organizations improve their software processes and acquisition organizations select and manage software suppliers. Since it is only a tool, it must be intelligently used to help organizations address their specific business needs. The purpose of the CMM is to describe good management and engineering practices as structured by the maturity framework.

Malcolm Baldrige National Quality Award

Public Law 100-107, signed into law on August 20, 1987, established the Malcolm Baldrige National Quality Award in the US.

The Award Program, responsive to the purposes of Public Law 100-107, led to the creation of a new public-private partnership. Principal support for the program comes from the Foundation for the Malcolm Baldrige National Quality Award, established in 1988.

The Award is named for Malcolm Baldrige, who served as Secretary of Commerce from 1981 until his tragic death in a rodeo accident in 1987. His managerial excellence contributed to long-term improvement in efficiency and effectiveness of government.

The Findings and Purposes Section of Public Law 100-107 states that:

· The leadership of the United States in product and process quality has been challenged strongly (and sometimes successfully) by foreign competition, and our Nation's productivity growth has improved less than our competitors' over the last two decades.
· American business and industry are beginning to understand that poor quality costs companies as much as 20 percent of sales revenues nationally and that improved quality of goods and services goes hand in hand with improved productivity, lower costs, and increased profitability.
· Strategic planning for quality and quality improvement programs, through a commitment to excellence in manufacturing and services, are becoming more and more essential to the well-being of our Nation's economy and our ability to compete effectively in the global marketplace.
· Improved management understanding of the factory floor, worker involvement in quality, and greater emphasis on statistical process control can lead to dramatic improvements in the cost and quality of manufactured products.
· The concept of quality improvement is directly applicable to small companies as well as large, to service industries as well as manufacturing, and to the public sector as well as private enterprise.
· In order to be successful, quality improvement programs must be management-led and customer-oriented, and this may require fundamental changes in the way companies and agencies do business.
· Several major industrial nations have successfully coupled rigorous private-sector quality audits with national awards giving special recognition to those enterprises the audits identify as the very best.
· A national quality award program of this kind in the United States would help improve quality and productivity by:
· Helping to stimulate American companies to improve quality and productivity for the pride of recognition while obtaining a competitive edge through increased profits;
· Recognizing the achievements of those companies that improve the quality of their goods and services and providing an example to others;
· Establishing guidelines and criteria that can be used by business, industrial, governmental, and other organizations in evaluating their own quality improvement efforts;
· Providing specific guidance for other American organizations that wish to learn how to manage for high quality by making available detailed information on how winning organizations were able to change their cultures and achieve eminence."
The Malcolm Baldrige Quality Award (also referred to as the Baldrige National Quality Program) is administered by the National Institute of Standards and Technology (http://www.quality.nist.gov/). The National Institute of Standards and Technology (NIST) is in turn managed by the United States Department of Commerce.

For a list of Malcolm Baldrige Quality Award recipients, 1988 – 2001, please see http://www.quality.nist.gov/Contacts_Profiles.htm.

Six Sigma

Six Sigma is the fastest growing business management system in industry today. Centered on a powerful problem solving and process optimization methodology, Six Sigma is credited with saving billions of dollars for companies over the past ten years.

Developed by Motorola in the mid 1980's, the methodology only became well known after GE's Jack Welch made it a central focus of his business strategy in 1995.

The main thrust of Six Sigma is the application of statistical tools in the context of a disciplined, easy to follow methodology. While the tools are most often applied in an operational environment, their application to administrative business processes is becoming more and more common.

The book “The Six Sigma Way”
 describes the term Six Sigma as follows:

“…is a reference to a particular goal of reducing defects to near zero. Sigma is the Greek letter statisticians use to represent the “standard deviation of a population”. The sigma, or standard deviation, tells you how much variability there is within a group of items (the “population”). The more variation there is, the bigger the standard deviation. … In statistical terms, therefore, the purpose of Six Sigma is to reduce variation to achieve very small standard deviations so that almost all of your products or services meet or exceed customer expectations.”

Six Sigma translates into “3.4 Defects per Million Opportunities (DPMO)”. It is worthwhile noting, that while DPMO is fairly easily assessed for physical products rolling off a production line (TV sets, VCRs, bolts, hammers, computers), but it is infinitely harder to assess DPMO in “soft” services.

For years the Japanese had set the standard for quality (for example, automobiles, electronics, optical equipment). In many cases they still do today. But in the mid 1980's one American company, Motorola, decided it was time for a change. Motorola Chairman Bob Galvin decided that traditional quality levels, about 3 to 4-sigma, simply were not sufficient. Motorola set a new standard of 6-sigma and began developing the means to achieve it
. Motorola's efforts paid off with impressive results. Over several years that followed the initiation of its efforts, Motorola improved quality levels from 4-sigma to about 5.5-sigma and saved a reported $2.2 billion in the process.

Enamored by Motorola's success, several other companies, such as Texas Instruments, began a similar pursuit. But, it was not until late 1993 that Six Sigma really began to transform business. That year, Allied Signal's Larry Bossidy adopted Six Sigma. And this time there was something different; Six Sigma began to take shape as more than just a quality system. At Allied Signal not only was Six Sigma quality the mantra; an entire system of leadership and support systems began to form around the statistical problem solving tools developed by Motorola.

Not long after Allied Signal began its pursuit of Six Sigma quality, Jack Welch, then Chairman and Chief Executive of General Electric, began to study Six Sigma. Welch decided to adopt Six Sigma at GE. Over the several years that followed, GE reported to have saved billions of dollars with Six Sigma. The incredible success of Six Sigma at General Electric prompted a number of other companies to adopt Six Sigma during the final years of the 1990's.

The most important capabilities that Six Sigma supposes to introduce to an organization that is pursuing Six Sigma are:

1. Genuine focus on the customer

2. Data- and fact-driven management

3. Process focus, management and improvement

4. Proactive management

5. Boundaryless collaboration

6. Drive for perfection, tolerate failure

The most apparent results of Six Sigma are the significant financial returns that result from the elimination of defects and the optimization of processes. Many notable companies report financial returns in the hundreds of millions of dollars. These companies also report major changes in the underlying culture of their companies.

As of the time of this writing, the author was not aware of any software company successfully applying Six Sigma (although GE’s GXS division prominently mentions Six Sigma on their web site http://www.gxs.com and Sun Microsystems, http://www.sun.com, claims quality improvements for their CPU board quality). However, none of the Six Sigma players even hint at the successful adoption of Six Sigma for their software development efforts.

In the final analysis, Six Sigma results include:

· Reduced defects,

· Reduced cycle times,

· Lower inventory levels,

· Higher efficiency and lower costs.

Other Quality Management Systems

It is worth noting that there are many other QMS models and awards. The most noteworthy ones are the Deming Prize, and the European Quality Award.

Common Similarities of All Quality Management Systems

All four Quality Management Systems have strong similarities. The following lists the obvious ones:

1. Senior Executive Leadership

2. Leadership System and Organization

3. Analysis and Use of Company-Level Data

4. Management by Fact

5. Employee Education, Training, and Development

6. Design and Introduction of Products and Services

7. Process Management: Product and Service Production and Delivery

8. Management of Supplier Performance

9. Customer and Market Knowledge

Software Development and Quality Management Systems

“Only 10 percent of the respondents indicated that their organizations’ most important IT initiative of the past two years had been completed both on time and on budget…”

“… complex and buggy software costs Corporate America up to $85 billion a year.”

Many books and articles have been written about the challenges involved in developing high quality software. Software quality is one of the most controversial subjects today. Companies facing the challenges of producing good software are looking to various Quality Management Systems in the hope of finding a cookbook or roadmap that can be followed.

The state of software development today, especially for business critical software, is closer to craftsmanship than an engineering discipline.

Amongst the manifold reasons for this are:

1. Technology innovation is rapid (usually every 2 years), forcing equally rapid adoption cycles

2. Business parameters determine the software life-cycle (from one-time point solutions to capitalize on short-term business, to long-term strategic development efforts that need to be implemented across multinational organizations; from commercial-off-the-shelf software packages to FAA or FDA regulated solutions, etc.)

3. Estimation processes are highly dependent on the business parameters under which software is developed (for example, many companies are shortening their time-to-market windows in order to gain competitive “first-mover” advantages, however, there are no specific tools available to accommodate and deal with the particulars of that case)

4. Software development is people-intensive, with acknowledged productivity differences for software engineers that reach ratios as high as 1:10

5. Chronically high turnover rates for software engineers (30% yearly turnover and more is not unheard of)

6. Misaligned business and software development goals (such as complex client side processing that requires fast Internet connections and plenty of memory although the target clients still use 56K dial-up connections and entry level systems)

7. A general lack of synergy between business requirements and technology solutions – to prove the point, the author suggests to randomly sample software engineering books at the local bookstore: For each software engineering book that talks about how the software development cycle should be structured AND explains about business models, revenue goals, and costs associated with software development, the author will send a personal check of $50! The same offer applies to business books that talk about the basic economics of software development.

Companies desire to use a Quality Management System because of one reason: They recognize that quality product and service delivery will position them ahead of the competition.

Nevertheless, many companies that have successfully deployed one or the other Quality Management System (including having achieved various certifications) still have not improved upon their software development capabilities or revenues and profits! On the other hand, there are plenty of successful software players that have not adopted a standard Quality Management System but are highly profitable.
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Successful adoption of a Quality Management System does not guarantee business process improvement, increased revenues, or increased profits!

If and How to Chose a Quality Management System

Instead of assuming that a company should adopt and conform to a standard Quality Management System, and implicitly hope that this adoption will lead to increased revenues and profits, lets look at the motivation why such a system should be used in the first place – or not.

The original intentions of the standard Quality Management Systems under review should be examined:

· ISO9000 – the intent of ISO9000 was to create a common standard for purchasers and buyers, specifically within the European Union. Due to increased international commerce, many organizations throughout the world now consider ISO9000 essential for doing commerce with EC countries. ISO9000 is general business and process oriented.

· SEI CMM – the original intent of SEI CMM was to help the federal government assess the capability of its software contractors. This assessment technique was later expanded to provide more substantive guidelines about how to achieve certain maturity levels within software development projects. SEI CMM is software process centric and business agnostic.

· Malcolm Baldrige Quality Award – the original intent of the Malcolm Baldrige Award was to create heightened awareness within American industry, which at the time (1987) was suffering through devastating quality problems, especially within the automobile industry. Chrysler had emerged out of a federal bailout. At a national level, all through the 1980s, the US perceived the Japanese juggernaut as a serious threat to American economic well-being. The Malcolm Baldrige Award was a political response to that situation and is exactly what it states as being, an award for superior quality. It is general business oriented.

· Six Sigma – the original intent of Six Sigma was to act as a business management system. By its very nature of being based in statistical analysis, Six Sigma is concerned with minimizing variations in produced goods and services, thereby limiting waste and rework, and ultimately lowering costs and raising profits. Considering the successful application of Six Sigma at GE, it presents itself as the most business focused QMS available today.

Quality Management Systems and certifications are unfortunately one of the latest software industry fads, based on the desires of organizations to acquire a cookbook or roadmap. The original intent of all Quality Management Systems was to improve upon business or software issues by providing guidelines – and ultimately achieve greater business success.

In a travesty to this original intent, we now find hundreds of independent certification companies offering their services “to get you certified” or “to help you win the Baldrige or Deming award”. To what end? The problem is that the focus shifted from business process improvement towards utilizing certification levels or awards as a marketing statement. Are the awards and certifications not intended to provide recognition for quality in products, services and customer relations? Or are the means suddenly more important than the ends?

As pointed out previously, there are many companies that have won awards or got certified without necessarily improving upon their business results. Why not? In many cases the certification or award was treated as marketable window dressing. Reviewing the award recipients of the Malcolm Baldrige Quality Award, there seem to be plenty of companies that have fallen on hard times, despite the award. Once achieved, the quality focus often evaporates – or put differently, despite the award or certification, success is still determined by innovation, market knowledge, quality of products, and finally value perceived by the customers.

This is not to say that all companies lose their interest in Quality Management Systems or their dedication to excellent quality and service. For example, GE truly seems to have adopted the Six Sigma philosophy throughout the organization. IBM seemingly dedicated itself to quality products and services (and won the Malcolm Baldrige Quality Award for their AS/400 product line in 1990). The important point is that the results are highly dependent on the long-term commitment of the respective company.

As such, to reflect on the cookbook analogy, a Quality Management System is nothing more than an entry-level guideline to become a great chef – repeating the same recipes over and over, as they are printed in your cookbook, will not set you apart from the other 973 restaurants in your city!

Creativeness, experimentation with new ingredients, blending of recipes, and reviewing other cookbooks will most likely provide a better competitive edge – otherwise it would be easy to become a great chef by simply buying a cookbook and following the recipes to the letter.

The following table provides some guidance how to consider relevant QMSs:

	Company

Classification
	ISO

9000
	SEI

CMM
	Baldrige
	Six

Sigma
	Other

	100% software product focused, less than 300 employees
	
	
	
	
	X


	100% software product focused, less than 300 – 500 employees
	
	X
	
	
	

	100% software product focused, 500 – 1000 employees
	X
	X
	
	
	

	100% software product focused, more than 1000 employees
	X
	X
	X
	
	

	Exclusively manufactures “hard” products off an assembly line
	
	
	
	X
	

	Provides diversified “hard” technology products and “soft” services, through manufacturing and software
	
	X
	
	X
	

	Provides primarily services through technology
	X
	X
	
	
	

	Provides primarily services through people
	X
	
	X
	
	

	Large percentage of revenues are realized from European Community countries
	X
	
	
	
	


Table 1 – QMS selection criteria

Summary and Conclusion

Any of the Quality Management Systems mentioned (ISO9000, Malcolm Baldrige, SEI CMM, and Six Sigma) are nothing more but models that can be used to guide companies with complex business issues faced in software development today. None of them will improve product or services quality just by following them to the letter. Nor were they designed for that purpose – they were designed as guidelines.

Today, many Quality Management Systems and their adoption are being driven by a plethora of independent certification companies, whose own business interest is selling certification services of one or the other kind. QMS certification companies do not have the business value proposition of their clients in mind. They are technicians who will help their clients achieve a certain certification level or win an award. However, achieving a certain certification level does not equal increased revenue, higher margin profits, higher market penetration, greater customer loyalty, or improved value. Certification goals and business goals are completely divorced – unless the perceived marketing value of certification or award nomination justifies the expense.

Generalized models, like the four Quality Management Systems discussed, are by their very nature not specialized to certain business environments and industries. As such, they represent us with the opportunity to review and learn from them – however, they do not absolve us from critical thinking.


No generalized QMS can replace critical thinking!

Only by creatively applying the general lessons from these Quality Management Systems to very specific business environments, challenges, and needs can optimal product and services quality be guaranteed – at a profit that will ensure the long-term business success – even if that comes at the expense of not complying with the respective Quality Management System itself.
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� Common sense software engineering approaches are most crucial for small organization. SEI CMM should be used as a basis for setting goals, however, certification should not be the goal. Adopting a QMS too early in the company life most likely would stifle creativity and productivity. Also, it is important for small organizations to learn to walk before they run.
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