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§  Do clocks go clockwise? 
§  Do people in most nations drive on the right? 
§  Did MS Windows and Intel’s CPU come to dominate the market? 
§  Are there so many winner-takes-all markets? 
§  Does the rich get richer and the poor get poorer? 
 

 

Why? 

§ Business Dynamics, Sterman, 2000 
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§  A pattern of behavior in which small, random (unpredictable) 
events early in the history determines the ultimate end state. 

§  Path dependency arises in systems with locally unstable 
equilibrium. 

 
 

 

Path Dependency  

“      “     

§ Business Dynamics, Sterman, 2000 





4 

§  Even initially equally attractive, the symmetry is broken by 
microscopic noise.  

§  Positive feedback processes then amplify these smaII initial 
differences until they reach macroscopic significance.  

§  Once a dominant design or standard has emerged, the costs 
of switching become prohibitive, so the equilibrium is self-
enforcing: the system has LOCK-IN.  

 
 

 

§ Business Dynamics, Sterman, 2000 
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§  VCR introduced in 1975 by SONY with Betamax format. 

§  VHS format launched 18 months later by a consortium of 
Matsushita, JVC and RCA. 

 
 

 

An example: VHS vs. Betamax 

§  Compatibility is the most important.  

§  SONY had comparative advantages: compatibility 
feedbacks, learning curves, scale economics, favoring the 
early leader.  

 
 

 

§ Business Dynamics, Sterman, 2000 
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Why did SONY lose its market 
leader position? 362 Part I11 The Dynamics of Growth 

FIGURE 10-9 
Betamax vs. 
VHS formats 
in the home 
VCR market 
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share and in the share of the installed base. But the existence of strong positive net- 
work and compatibility effects does not explain how VHS first achieved that lead. 
A close look at the data in Figure 10-9 shows that from its introduction through 
1980, a period of 5 years, Betamax was the market share leader. As the first prod- 
uct to market, Betamax should have been able to use the positive network and 
compatibility feedbacks, along with learning curves, scale economies, and other 

§  Longer playtime 
§  Cheaper (vs. SONY’s superior picture quality) 
§  Greater scale economics 
§  Learning curves 

 
 

 

§ Business Dynamics, Sterman, 2000 
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Engine of Corporate Growth 
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§  How do potential customers become aware of a firm’s 
products?  

§  Four principal channels: advertising, direct sales effort, 
word of mouth, and media attention  

 

Product Awareness 

Chapter 10 Path Dependence and Positive Feedback 365 

10.4.1 Product Awareness 
How do potential customers become aware of a firm’s products? There are four 
principal channels: advertising, direct sales effort, word of mouth, and media 
attention. Each of these channels creates positive feedbacks (Figures 10- 10 and 

In most firms the advertising budget (supporting ads, trade shows, and the like) 
grows roughly as the company and revenue grow. Larger advertising budgets have 
two effects: (1) more potential customers are made aware of the product and 
choose to enter the market (loop Rl); (2) to the extent the advertising is effective, 
more of those who are aware and in the market are likely to buy the product of- 
fered by the company (R2). Similarly, the larger the revenue of the firm, the greater 
the sales budget. The more sales representatives, and the greater their skill and ex- 
perience, the more calls they can make, the more time they can spend with cus- 
tomers, and the more effective their calls will be, increasing both total industry 
demand (R3) and the share of the total demand won by the firm (R4). 

While a firm controls its advertising and sales budgets, word of mouth and me- 
dia attention are largely outside the firm’s direct control (Figure 10- 11). As sales 
boost the installed base and the number of customers who have experience with the 
product, favorable word of mouth increases awareness, increasing total demand 
(R5) and also persuading more people to purchase the products of the firm (R6). 
A hot product or company will also attract media attention, which, if favorable, 
stimulates additional awareness and boosts market share still more (R7-9). There 
are many processes by which a firm or product can become hot (popular) and 
attract unsolicited media attention. Strongly favorable word of mouth can stimu- 
late media coverage, especially for highly innovative new products and products 

10-11). 

FIGURE 10-1 0 Advertising and direct sales effort drive awareness of the product. 
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366 Part I11 The Dynamics of Growth 

FIGURE 10-11 How word of mouth and media reports create a hot product 
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that show well on television. Rapid growth of sales, revenue, profit, or stock price 
can also attract media attention and turn the product into a social phenomenon. 
Amazon.com provides a prominent example from the late 1990s. 

Product shortages-and the price gouging, profiteering, and near riots they can 
create-also attract media attention. Shortages are especially important in creating 
the impression a product is hot for consumer goods such as toys (recent examples 
include Beanie Babies and Furbies). Footage of frenzied shoppers trampling each 
other to get the last Tickle Me Elmo the week before Christmas can multiply the 
crowds at the mall exponentially. 

The strength of these loops depends of course on the attractiveness of the prod- 
uct; an excellent product offered at a good price will be easier to sell and will 
generate more favorable word of mouth than an overpriced, poor quality product. 
Which of these channels of awareness dominates depends on the particular prod- 
uct and market, and not all firms utilize all three channels. Fast food chains do not 
have a direct sales force and rely instead on advertising (and word of mouth); 
specialty toolmakers focus their resources on direct sales effort and advertise 
much less. 

The time delays and stock and flow structure of these four channels of aware- 
ness also differ. The delays in starting and stopping advertising campaigns are 
short relative to building a competent and skilled sales force. Word of mouth is 
weak when a new product is first launched but can grow rapidly and dominate the 

§  Word of mouth and media reports create a hot product  
 
 

 

§ Business Dynamics, Sterman, 2000 
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Unit Development Costs 
Chapter 10 Path Dependence and Positive Feedback 367 

FIGURE 10-1 2 Spreading fixed costs over a larger volume lowers price and leads to larger volumes. 

Expected Fixed Costs of 
Market Size Development and 1 Production 

Unit Fixed + 
Demand costs 

Demand from 
+ 2 Fi Spreading Ked Costs \ Share from 

Spreading 
Fixed Costs 

/ Unit Costs ‘\ Product Unit Variable 
Attractiveness l.-- Price J + costs 

+ 

sources of information available to the market as the installed base grows. The me- 
dia spotlight tends to burn very bright for a short while, then fades as the attention 
of editors and audience moves on to the next object of desire. 

Further, while the strength of the advertising and direct sales loops are under 
the direct control of the firm, the word of mouth and media loops are not. Word of 
mouth (favorable and unfavorable) is difficult for a firm to control, though firms 
can stimulate communication among current and potential customers by sponsor- 
ing users’ groups and conferences and by hiring opinion leaders as spokespeople. 
Similarly, though many firms today are highly skilled in media relations, there is 
no sure-fire way to get your product featured on a network magazine show or a list 
of hot web sites. 

10.4.2 Unit Development Costs 
Many products and services involve considerable up-front development and ca- 
pacity acquisition costs. The greater the expected lifetime sales of the product, the 
lower the fixed price per unit, and the lower price can be while still achieving the 
required return on investment (Figure 10-12). Lower prices stimulate industry de- 
mand (RlO) and lead to a greater share of that total (R1 l), boosting sales and cut- 
ting fixed costs per unit still more. 

The larger the up-front costs of product development and production capacity, 
the stronger these loops will be. In a labor- and materials-intensive industry such 
as subsistence agriculture, fixed costs are small. In technology- and knowledge-in- 
tensive industries involving significant product development effort, nearly all the 
costs are incurred prior to production of the first unit. Developing a new automo- 
bile or commercial aircraft costs several billion dollars; all the design and devel- 
opment costs and all the costs for capacity, tooling, training, and marketing must 
be borne before job one rolls off the line. There’s a saying in the semiconductor 

§  Spreading fixed costs over a larger volume lowers price and 
leads to larger volumes  

 
 

 

§ Business Dynamics, Sterman, 2000 
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FIGURE 10-1 3 Scale and scope economies, learning curves, and process improvement 

Each effect creates two positive loops: One increases sales through market share gains, and one 
increases sales through expansion of the total size of the market. 
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such economies of scale by consolidating general, administrative, and overhead 
functions is a powerful driver of mergers and acquisitions (see section 10.4.8). An- 
other powerful source of scale economies arises from division of labor. Larger or- 
ganizations can afford to divide the work into increasingly specialized tasks. It has 
long been observed (at least since Adam Smith’s famous discussion of a pin fac- 
tory in The Wealth of Nations) that division of labor boosts individual productivity 
and leads to lower unit costs (see section 10.5). 

Economies of scope (R13) arise when a firm is able to share capacity, labor, 
technical know-how, and other resources across multiple product lines and busi- 
ness units. Cable television companies can offer high-speed internet access using 
the same cable network with low incremental capital costs. Shopping malls and so- 
called category killers in office supplies, toys, hardware, and other retail markets 
reduced unit costs dramatically by offering a huge range of products under one 
very large roof. These “big box” retailers also reduced search costs for their 
customers by providing one-stop shopping just off the freeway, which boosted 
product attractiveness and market share at the expense of the smaller stores on 
Main Street.7 

Learning curves also create positive loops favoring the leading firm. Learning 
(or experience) curves have been documented in a wide range of industries, from 
commercial aircraft to broiler chickens (Teplitz 1991). The learning curve arises as 
workers and firms learn from experience. As experience grows, workers find ways 
to work faster and reduce errors. Typically, the unit costs of production fall by a 

7The costs of malls, in terms of traffic congestion, decay of the central business district, and so 
on are all externalized, lowering their apparent costs below their true costs to the community. 
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Price & Production Costs 

§  Scale and scope economies, learning curves, and process 
improvement 
 

§  Each effect creates two positive loops: One increases sales 
through market share gains, and one increases sales through 
expansion of the total size of the market.  

 
 

 

§ Business Dynamics, Sterman, 2000 
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FIGURE 10-1 4 Network and compatibility effects 

Each effect creates two positive loops: one increases sales through market share gains, and one 
increases sales through expansion of the total size of the market. 
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third parties (e.g . , the formation by Matsushita of the VHS consortium), horizontal 
and vertical expansion into the markets for complementary products (e&, Sony’s 
purchase of film studios to control content and media for their hardware products, 
or IBM’s purchase of Lotus), and free distribution of complementary goods (e&, 
Netscape’s decision to give away its web browser to stimulate sales of its server 
software, a strategy soon imitated by Microsoft). In the software industry, some 
firms strategically time the announcement of new products to preempt their rivals 
and influence third party developers, sometimes even announcing the near avail- 
ability of vaporware (products that don’t yet exist even in prototype form). When 
the network and complementary goods loops are strong, expectations about which 
platform will ultimately triumph can be strongly self-fulfilling. 

10.4.5 Product Differentiation 
Another set of positive feedbacks arises from the ability of firms to invest in prod- 
uct differentiation (Figure 10-15). As firms grow, they can invest more in activities 
that improve the attractiveness of their products to customers. Most products can 
be differentiated from those of competitors through enhanced features, function- 
ality, design, quality, reliability, and suitability to the current and latent needs of 
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Network Effects & Complementary Goods 

§  Each effect creates two positive loops: one increases sales 
through market share gains, and one increases sales through 
expansion of the total size of the market.  
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FIGURE 10-15 Product differentiation 
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customers. Firms can also invest in superior service and customer support infra- 
structure. To the extent these investments increase the attractiveness of the prod- 
ucts in the eyes of customers the firm can gain market share, boosting revenue and 
enabling still more investment in differentiation (R18). More capable and useful 
products also increase total demand (R19). Finally, companies offering clearly su- 
perior products can often charge a price premium without choking off growth. The 
higher margins enabled by such a price premium enable the firm to increase its in- 
vestment in differentiation still further (R20). 

Many high-tech firms are engaged in a technology race in which competition 
is primarily focused on the earliest introduction of the fastest, most powerful prod- 
uct with the most features. But differentiation does not have to focus on technol- 
ogy and product features. IBM successfully pursued the differentiation strategy for 
decades and dominated the computer industry from its inception through the per- 
sonal computer revolution in the 1980s. IBM’s differentiation investments, how- 
ever, focused on product reliability and especially on customer service and 
support. Tom Watson, Jr., like his father, understood that the most important deter- 
minant of product attractiveness for their core market-middle managers in large 
corporations-was peace of mind. Especially when computers and data processing 
were novel, in the 1950s and 60s, these organizations were reluctant to invest in 

13 

Product Differentiation 

§ Business Dynamics, Sterman, 2000 
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FIGURE 10-1 6 
New product 
development 
creates new 
demand, boosting 
development 
resources. 
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computing unless they were sure it would be highly reliable and that when some- 
thing went wrong they could get it fixed quickly. 

IBM focused its differentiation strategy on product quality and reliability, 
building the largest and most responsive sales and service organization in the busi- 
ness. Its success not only enabled it to gain market share and increase the size of 
the data processing market but also to charge the highest prices in the industry. 
Other firms entered the mainframe business, some created by former IBM people 
(e.g., Amdahl), but could never gain much market share, even though they offered 
lower prices for machines of comparable performance. IBM maintained its domi- 
nance of the mainframe industry by continuously investing huge sums in further 
development and articulation of its service and support infrastructure, even while 
generating consistently strong profit growth for its shareholders. Of course, while 
IBM’s differentiation strategy was spectacularly successful for decades, all posi- 
tive loops eventually encounter limits, and the company stumbled badly in the 
1980s when it failed to anticipate the fundamental changes in the computer indus- 
try caused by the microprocessor and personal computer revolution. 

10.4.6 New Product Development 
The development of entirely new products is a core engine of growth for many 
firms (Figure 10-16). The greater the revenue of a firm, the larger and more effec- 
tive the new product development effort can be. New products create new demand, 
boosting revenue and increasing investment in new product development still more 
(R21). And just as differentiation enables firms to charge higher prices, firms that 
bring novel and important products to market can often command a price premium 
until imitators arrive. Higher prices further increase the resources available to fund 
the development of still more new products (R22), so the firm can stay ahead of 
competitors. 

14 

New Product Development  

§  New product development creates new demand, boosting 
development resources.  

 
 

 

§ Business Dynamics, Sterman, 2000 
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FIGURE 10-1 7 Monopoly power over customers, suppliers, and workers is self-reinforcing. 

Each effect creates two loops: one increases market share and one increases total demand. 
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common in many industries, including the apparel industry, and not only in In- 
donesian sneaker plants. The company town of the 19th century was the ultimate 
expression of this process, where, for example, a steel or mining company not only 
paid low wages but also owned all the housing and stores and charged exorbitant 
rents and prices. Workers often fell deeply in debt, trapping them in what 
amounted to de facto slavery. These dominant firms also used the extra profit gen- 
erated from their power over workers to hire Pinkertons and other private security 
forces to put down efforts to organize or strike (a strategy Andrew Carnegie em- 
ployed effectively in his Pittsburgh steel mills). Such practices still exist today, in 
the sugar cane industry, for example. Large firms also have the resources to import 
workers from other regions to ensure the balance of supply and demand in the 
labor market continues to favor the employer, even as the firm grows. In the 19th 
century, the robber barons brought Chinese laborers to the American West to keep 
wages low while they built the railroads; today large agribusinesses import work- 
ers to harvest crops at low wages. 

10.4.8 Mergers and Acquisitions 
Growth can be powered by acquisitions of rival firms (horizontal expansion) and 
of suppliers and customers (vertical integration). The larger a firm, the more capi- 
tal it can raise to finance mergers and acquisitions. If acquisitions consolidate the 
firm's dominant position, profits may rise through the exercise of monopoly power 
over labor, suppliers, and customers, enabling the firm to buy still more of its rivals 
(R26 in Figure 10-18). If vertical integration enables the firm to lower its costs, it 
can gain further market share and stimulate industry demand and grow still more 
(R27). Acquisitions can also enhance economies of scale and scope or permit firms 
to guarantee a steady flow of complementary products (see sections 10.4.3 and 
10.4.4), a process important in the convergence of the film, television, entertain- 
ment, and news industries. Disney's purchase of Capital CitiedABC in the mid 
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Market Power 

§  Monopoly power over customers, suppliers, and workers is 
self-reinforcing.  

§  Each effect creates two loops: one increases market share 
and one increases total demand  

 
 

 

§ Business Dynamics, Sterman, 2000 
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FIGURE 10-1 9 
Each effect creates two loops: one increases market share and one increases total demand. 

Profitable growth leads to recruitment and retention of the best people. 

Profit 

Growth 
Wage 

Premium 

Industry Market 

Product 
Attractiveness Benefits Perceived Career 

+ \ Quality of 4 Opportunities 
Workforce % 

+ 

the brightest (R28 in Figure 10-19). And the faster a company grows, the greater 
the career opportunities and job security for employees (R29). 

The strength of the wage premium loop has increased greatly in recent years as 
firms, especially firms with bright growth prospects, have increasingly turned to 
stock options as a form of compensation. Employees whose compensation is tied 
to profit sharing or the company’s stock often work harder and longer than those 
on straight salary. Stock options, bonuses, and profit sharing allow firms to recruit 
highly qualified people while reducing base salaries, freeing additional resources 
that can be invested in strengthening other feedbacks driving growth, such as new 
product development, differentiation, or acquisitions. As growth accelerates and 
the stock price soars the company can pay people even less up-front. 

The positive feedbacks in Figure 10-19 are highly nonlinear. It takes many 
years to build up a loyal, skilled, high-quality workforce, but a firm can destroy 
that capability very quickly. When growth stalls or the firm downsizes, opportuni- 
ties for advancement and promotion quickly disappear. The best and most capable 
are the first to leave as they have the brightest prospects and best outside opportu- 
nities. The loss of these above-average employees further erodes the firm’s capa- 
bility to deliver attractive products or services, leading to still more downsizing 
and attrition in a vicious cycle. Firms that rely heavily on stock options are espe- 
cially vulnerable to a slowdown. If the growth prospects of the company dim and 
the price/earnings multiple falls, people’s options may become worthless, leading 
to demands for higher cash compensation that steal resources needed to promote 
growth just when they are needed most. These positive loops can speed the implo- 
sion of a declining organization. 

IBM again provides an example. For decades IBM’s success enabled it to offer 
excellent salaries and benefits, de facto lifetime employment, and excellent oppor- 
tunities for promotion. Consequently, the firm was able to recruit the cream of the 
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Work Quality & Loyalty 

§  Profitable growth leads to recruitment and retention of the 
best people.  

§  Each effect creates two loops: one increases market share 
and one increases total demand.  
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FIGURE 10-1 8 Self-reinforcing growth through acquisition 

Each effect creates two loops: one increases market share and one increases total demand. 
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1990s provided ABC with access to content for its entertainment programming 
while at the same time giving Disney access to ABC’s news and magazine shows 
to market their products, along with a network of television stations to broadcast 
their films, videos, and promotional specials. 

Of course, the synergy often touted as the rationale for mergers can be elusive. 
Many acquisitions fail to lower unit costs, stimulate economies of scope, or build 
monopoly power. Negative loops arising from incompatible corporate cultures, 
overcentralization, or loss of focus can dilute the earnings of the combined firm ul- 
timately leading to the divestiture of the disparate business units. 

The consolidation of market dominance through the acquisition of weaker ri- 
vals has long been a common strategy, most famously used in the late 19th and 
early 20th centuries by the great trusts such as US Steel, Consolidated Tobacco, 
Amalgamated Copper, American Smelting and Refining, Northern Securities, and 
of course, Standard Oil. In 1909, according to the Census Bureau, 44% of all goods 
in the US were made by just 1% of the industrial firms. Many of these controlled 
more than half the total market in their industries. The pace of merger, acquisition, 
and consolidation in the late 19th century has been surpassed only in the 1980s and 
1990s. The rise of the trusts in the late 19th century led to a backlash in the form of 
the Sherman antitrust act and trustbusters like Teddy Roosevelt (see, e.g., Mowry 
1958). It remains to be seen whether these same negative feedbacks will arise once 
again in response to the growing consolidation of market power in the global econ- 
omy today. 

10.4.9 Workforce Quality and Loyalty 
The ability of a firm to offer superior products and service depends on the com- 
mitment, skill, experience, and quality of its employees. The more profitable a 
firm, the higher the wages and benefits it can pay to recruit and retain the best and 
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Mergers & Acquisitions 

§  Self-reinforcing growth through acquisition 

§  Each effect creates two loops: one increases market share 
and one increases total demand.  
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FIGURE 10-20 Profitable growth lowers the cost of capital, stimulating further growth. 

Each effect creates two loops: one increases market share and one increases total demand. 
Comparable loops for debt financing are not shown. 
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even though many had never made any money. Among the more established firms 
enjoying rapid growth, many are able to pay no dividends as investors prefer to let 
the firm reinvest its earnings in additional growth. 

Because the market value of a firm is quite sensitive to recent profits and es- 
pecially growth rates, the strength of these loops can change quickly. A drop in 
growth expectations for any reason (a sales slowdown, the entry of a strong com- 
petitor to the market) can swiftly reduce market value, effectively locking the firm 
out of the equity market for new capital. As market value and cash flow fall rela- 
tive to current obligations, the perceived risk of debt increases, and the bond mar- 
ket will require a higher risk premium on any new borrowing. While these loops 
can give a healthy, growing firm still greater advantage over its slower growing, 
less profitable rivals, they can swiftly become a death spiral for an organization in 
financial distress. 
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Cost of Capital 

§  Profitable growth 
lowers the cost of 
capital, stimulating 
further growth.  

§  Each effect creates 
two loops: one 
increases market 
share and one 
increases total 
demand. 
Comparable loops 
for debt financing 
are not shown.  
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FIGURE 10-21 
The golden rule: 
Whoever 
has the gold 
makes the rules. 

Part I11 The Dynamics of Growth 

10.4.11 The Rules of the Game 
The larger and more successful an organization, the more it can influence the in- 
stitutional and political context in which it operates. Large organizations can 
change the rules of the game in their favor, leading to still more success-and 
more power. Figure 10-21 shows the resulting golden rule loop R34. The golden 
rule loop manifests in many forms. Through campaign contributions and lobbying, 
large firms and their trade associations can shape legislation and public policy to 
give them favorable tax treatment, subsidies for their activities, protection for their 
markets, price guarantees, and exemptions from liability. Through overlapping 
boards, the revolving door between industry and government, and control of me- 
dia outlets, influential and powerful organizations gain even more influence and 
power. In nations without a tradition of democratic government, these loops lead 
to self-perpetuating oligarchies where a tightly knit elite controls a huge share of 
the nation’s wealth and income while the vast majority of people remain impover- 
ished (e.g., the Philippines under Marcos, Indonesia under Suharto, and countless 
others). The elite further consolidates its control by subsidizing the military and se- 
cret police and buying high-tech weaponry and technical assistance from the de- 
veloped world to keep the restive masses in check. Even in nations with strong 
democratic traditions these positive loops can overwhelm the checks and balances 
designed to ensure government of, by, and for the people. 

10.4.1 2 Ambition and Aspirations 
Another powerful positive feedback arises from the aspirations and ambitions of a 
firm’s founders and leaders (Figure 10-22). All organizations must choose whether 
to eat their seed corn or plant it to seek an even larger crop next season: Firms can 
pay out their profits to shareholders in the form of dividends, or they can invest in 
the further growth of the enterprise. Which course they take depends on their aspi- 
rations for growth. Growth aspirations themselves are frequently flexible and adapt 
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Rule of the Game 

§  Whoever has the gold makes the rules  
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to actual accomplishment (see chapter 13; Cyert and March 1963/1992; Forrester 
1975b; Lant 1992). 

By constantly revising aspirations upward, the leadership of an organization 
can create perpetual pressure for greater achievement. Many top managers believe 
the proper way to motivate their troops is by setting aggressive stretch objectives- 
goals that are far above current achievement (see, e.€., Hamel and Prahalad's 1993 
concept of strategy as stretch). As the organization responds and actual achieve- 
ment rises, the bar is raised further. Thus business units are often given aggressive 
sales and profit growth goals for the coming fiscal year. These high-level goals are 
then translated into specific targets for the individual activities within each unit, 
each based on recent performance but adjusted by a stretch factor. For example, 
each function in the business unit might be required to cut costs by 15% next quar- 
ter while raising the quota for each sales representative 20%. 

The use of floating goals based on recent performance plus a stretch factor can 
be highly effective. Setting goals out in front of actual accomplishment often helps 
people reach their ultimate potential. Athletes seek to exceed their personal best or 
break the most recent record; when the record falls, the goal shifts as well. As stu- 
dents master a subject or concept, they are given more difficult tasks. Managers set 
their sights on the next promotion. Politicians aspire to the next highest office. 

But there are dangers. Lifting goals as accomplishment rises means there will 
always be tension and dissatisfaction-a hunger for more. That hunger can be a 
powerful motivator but it can also lead to burnout, frustration, and feelings of in- 
adequacy (see, e.€., Homer 1985 for models of worker burnout under stretch ob- 
jectives; also see Simon 1982). And it can lead to monomaniacal behavior, in 
which people sacrifice their friends, family, and ethics in endless pursuit of the 
next level. 

The ability of leaders to articulate their vision and spur the best efforts of their 
employees depends not only on their personal charisma, but also on the size of the 

FIGURE '1 0-22 Floating goals and stretch objectives 
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Ambitions & Aspirations:  
a hunger for more 

§  That hunger can be a powerful motivator.  
§  But it can also lead to burnout, frustration, and feelings of 

in- adequacy. And it can lead to monomaniacal behavior, in 
which people sacrifice their friends, family, and ethics in 
endless pursuit of the next level. 
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§  The ability of leaders to articulate their vision and spur the 
best efforts of their employees depends not only on their 
personal charisma, but also on the size of the organization 
and the integrity of its culture, traditions, and folklore.  

§  The larger the organization and the less cohesive its 
culture, the harder it is for leaders to project their goals 
and motivate employees, creating negative feedbacks that 
can limit the ability of stretch objectives to generate 
growth.  
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The feedbacks can drive the growth of a 
business enterprise…BUT 

§  Traditional economic theory suggests that markets are 
dominated by negative feedbacks  
 

 
 

 

Attractiveness 
of Market 

Profits 

Industry 
Price 

Number of 
Competitors 

+ 

- 

+ 

+ 

B 
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Creating Synergy for Corporate Growth 

§  The growth tigers does not rely on any single positive loop 
to drive their growth but successfully used many of the 
positive feedbacks to create synergy.  

§  Not all the positive feedbacks that can drive corporate 
growth are compatible with one another.  

§  Many long-successful firms stumbled when the positive 
loops driving growth in their industry changed while their 
strategy did not.  

 
 
 
 

 

§ Business Dynamics, Sterman, 2000 





24 

Does Economy always Lock in to Superior 
Technologies? 

§  NOT Always.   

§  The stronger the network, compatibility, development cost, 
market power, and golden rule loops, the more likely it is 
the ultimate winner will be determined by factors 
unrelated to product quality, functionality, and features.  

§  Examples: 
¨  SONY Betamax vs. VHS 
¨  MS Windows vs. Apple OS 
¨  Metric system vs. English measurement system 

 
 
 
 

 

§ Business Dynamics, Sterman, 2000 
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Lock in to a equilibrium indefinitely? 

§  Many examples in which a dominant standard was 
overthrown.  

§  Such revolutions usually occur when the system in which 
the standard is dominant becomes obsolete or is itself 
overthrown.  

 

§ Business Dynamics, Sterman, 2000 
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Group Discussion: Policy Implications 
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Dynamics of Growth: Epidemic 
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§  The cumulative number of cases follows an S-shaped curve, 

§   While the rate at which new cases occur rises exponentially, peaks, 
then falls as the epidemic ends.  

  

 

Dynamics of Disease 

§ Business Dynamics, Sterman, 2000 



FIGURE 9-3 
Dynamics of epi- 
demic disease 
 TO,,^: Influenza 
epidemic: at an 
English boardinlg 
school, January 
22-February 3, 
19'78. The data 
show the number 
of students 
confined to bed for 
influenza at any 
time (the stock of 
symptomatic 
indlividuals). 
Source: 61itish Medical 
Journal, 4 March 1978, 

Bottom: I: pidem ic 
of ]plague, Bom- 
bay, India 1905-6. 
Data show the 
death rate 
(dcathslwee k) . 
Source: Kermack and 
McKendriclc (1 927, 
p. 714). For further dis- 
cussion of both cases, 
see Murray (1993). 

p. 587. 

FIC~URE 9-4 
Structure of a 
siniple model of 
an epidemic 
Births, deaths, 
and migration are 
omitted so the 
total population is 
a constant, and 
people remain 
infectious 
indefinitely. 

Chapter 9 S-Shaped Growth: Epidemics, Innovation Diffusion, and the Growth of New Products 301 

model is known as the SI model). As people are infected they move from the sus- 
ceptible category to the infectious category. The SI model invokes a number of 
simplifying assumptions; section 9.2.2 develops a more realistic model. First, 

3 0 0  I , I , I I I c 

1122 1124 1126 1128 1130 211 213 

1000;  ~ ' ~ " ' " ' " ' ~ ' " ' " ' ' ' ' ' " ' " t  

2504 

, - ,  I , .  I ,  1 I I . ,  

1 5  2 0  2 5  3 0  
Weeks 

Susceptible Infectious 
Population Population 

Infection 

w 
L1 

I S 

Total i 
C 

Population 
N 

Epidemic of plague, Bombay, India 1905-6 Influenza epidemic: at an English boarding school, 
January 22-February 3, 19'78  

 

FIGURE 9-3 
Dynamics of epi- 
demic disease 
 TO,,^: Influenza 
epidemic: at an 
English boardinlg 
school, January 
22-February 3, 
19'78. The data 
show the number 
of students 
confined to bed for 
influenza at any 
time (the stock of 
symptomatic 
indlividuals). 
Source: 61itish Medical 
Journal, 4 March 1978, 

Bottom: I: pidem ic 
of ]plague, Bom- 
bay, India 1905-6. 
Data show the 
death rate 
(dcathslwee k) . 
Source: Kermack and 
McKendriclc (1 927, 
p. 714). For further dis- 
cussion of both cases, 
see Murray (1993). 

p. 587. 

FIC~URE 9-4 
Structure of a 
siniple model of 
an epidemic 
Births, deaths, 
and migration are 
omitted so the 
total population is 
a constant, and 
people remain 
infectious 
indefinitely. 

Chapter 9 S-Shaped Growth: Epidemics, Innovation Diffusion, and the Growth of New Products 301 

model is known as the SI model). As people are infected they move from the sus- 
ceptible category to the infectious category. The SI model invokes a number of 
simplifying assumptions; section 9.2.2 develops a more realistic model. First, 

3 0 0  I , I , I I I c 

1122 1124 1126 1128 1130 211 213 

1000;  ~ ' ~ " ' " ' " ' ~ ' " ' " ' ' ' ' ' " ' " t  

2504 

, - ,  I , .  I ,  1 I I . ,  

1 5  2 0  2 5  3 0  
Weeks 

Susceptible Infectious 
Population Population 

Infection 

w 
L1 

I S 

Total i 
C 

Population 
N 



29 

§  Structure of a simple model of an epidemic  

§  Births, deaths, and migration are omitted so the total population is 
a constant, and people remain infectious indefinitely.  

  

 

SI Model 

§ Business Dynamics, Sterman, 2000 
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§  People remain infectious and sick for a limited time, then 
recovered and develop immunity.  

  

 

SIR Model 

§ Business Dynamics, Sterman, 2000 



304 Part I11 The Dynamics of Growth 

Susceptible Infectious 
Population Population b w w 

Y & 

Recovered 
Population 

R 

individuals, the greater the recovery rate and the smaller the number of infectious 
people remaining. All other assumptions of the original SI model are retained.2 

The susceptible population, as in the SI model, is reduced by the infection rate. 
The infectious population now accumulates the infection rate less the recovery rate 
RR and the recovered population R accumulates the recovery rate: 

S = INTEGRAL(-IR, N - Io - Ro) (9-21) 

I = INTEGRAL(1R - RR, Io) (9-22) 

R = INTEGRAL(RR, Ro) (9-23) 

The initial susceptible population is the total population less the initial number of 
infectives and any initially recovered and immune individuals. 

The recovery rate can be modeled several ways. In the SIR model, the average 
duration of infectivity, d, is assumed to be constant and the recovery process is as- 
sumed to follow a first-order negative feedback process: 
RR = Ud. (9-24) 

The average duration of infectivity, d, represents the average length of time people 
are infectious. The assumption that the recovery rate is a first-order process means 

*In the SIR model the recovered population is often termed “Removals” and the recovery rate is 
then called the removal rate. Many applications of the model interpret the removal rate as the sum 
of those recovering from the disease and those who die from it. However, this interpretation is in- 
correct, since those who die reduce the total population, while in the SIR model the total population 
is constant. The aggregation of deaths and recoveries into a single flow of removals and a single 
stock of cumulative removals is usually justified by arguing that mortality is often a small fraction 
of the total population. Even when this is true, it is bad modeling practice to aggregate the living 
with the dead, since their behavior is often quite different. In this case, those who recover continue 
to interact with the remaining susceptible and infectious populations, while those who die usually 
do not. 
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Vaccine or medicine? That’s the question…. 

CEO 

General Manager 

Narrator 

Science 
Director 
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AIDS death rate

1975 20001995

N
O

W

“deaths from AIDS peaked in the mid 90’s.  
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AIDS death rate

1975 20001995

N
O

W

“That’s about it, and I think the trend will continue.  That’s right.  Like that.” 
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People with AIDS

1975 20001995

NOW

The Science Director offered,“We don’t have figures on HIV positives, but 
the data I’ve seen shows people with AIDS continuing to rise.  Something 
like this”. He stepped to the white board.  “And I guess the question is 
whether it’s going to look like this or like this?” 
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Building CLDs 

§  Consider the followings: 

§  The average contact rate may fall as people become aware of the 
risk of HIV and the ways in which it can be transmitted. 

§  The infectivity of contacts depends on people’s behavior.  

§  What causes deaths to decline and what might cause the infection 
to decline?  

§  Concern makes contacts go down and, drugs make deaths go down. 

§  From what does concern come? 

§  Drugs come out of concern? 
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HIV
positives

Deaths
+

contacts

+

+

 “Well in the beginning no one had it, so you couldn’t 
catch it.  But then as more people got it, it was 
easier to contract, so more people got it and more 
people died” 

“Yeah, well, people are being very cautious these days. Contacts 
must be way down.” 
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HIV
positives

Deaths
+

contacts

+

+

HIV positive
births +

+

 “all the children who are infected at birth.”  
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HIV
positives

Deaths
+

concerncontacts -

+

+

Drugs

-

HIV positive
births +

+

“Got it,”, “But, what caused deaths to decline and 
what might cause the infection to decline?” 

“concern makes contacts go down and, drugs 
make deaths go down” 
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HIV
positives

Deaths
+

concerncontacts

+

-

+

+

Drugs

-

HIV positive
births +

+

“But doesn’t concern come from deaths?” 
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HIV
positives

Deaths
+

concerncontacts

+

-

+

+

Drugs

-

+

HIV positive
births +

+

 “drugs come out of concern, too, right?” 
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 “People get concerned and there’s no more contact, and the new drugs 
mean there are no more sick people, and so we’re in a tough spot.  I still 

say the vaccine is it.” 
 
 

“Yeah, but look,”  The scientist said standing, “As deaths drop concern 
drops, so we get more contacts again.  We’re back in business.  I’m not 

saying that’s a good thing.  But, we are back in business, right?” 
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Building S&F Diagrams 

§  Many epidemiological models of HIV/AIDS disaggregate the 
population into several categories that represent the different 
modes of transmission (primarily homosexual contact, 
heterosexual contact, and intravenous drug use), as well as 
gender, age, socioeconomic status, region, and perhaps other 
groups overlap and interact.  

§  However, for the purpose of this challenge, divide the population 
only into four pools, one of youths and three of adults.   

§  Allowance was made for natural (i.e. non-aids) deaths from each 
stock, and from AIDS adults there was an additional outflow 
representing people succumbing to the disease.  

§  Based on SI model
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HIV negative
youths

HIV Positive
Adults AIDS AdultsHIV negative

Adults
births maturing <getting

infected>
getting
aids

HIV -
Deaths
youths

HIV -
deaths HIV +

deaths

Deaths
from
aids

NormalAidsdeaths
normal birth

rate

total HIVand aidsadults Aids life
expectancy

total adults
<time to
mature>

Aids develop
ment time

Death Prob
Children

Adult life
expectancy

fractional
change in aids

dev time

fractionalChangeInAidsLifeExpect

Aging chain of the population representing the flow of the American 
population from birth to death 

Missing stocks? 
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HIV negative
youths

HIV Positive
Adults AIDS Adults

HIV negative
Adults

<births> <maturing> getting
infected

<getting
aids>

<HIV -Deathsyouths>
<HIV -
deaths> <HIV +

deaths>

Deaths
from
aids

<NormalAidsdeaths>

total HIVand aidsadults

<Aids life ex
pectancy>total adults

negative prevalence

HIV sociability

HIV contactscontacts
with normals

<infection
probability>

“As people without the HIV virus come into contact with infected 
people, there is a probability that the disease will be transmitted.”  
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HIV negative
youths

HIV Positive
Adults AIDS Adults

HIV negative
Adults

<births> <maturing> getting
infected

<getting
aids>

<HIV -Deathsyouths>

<HIV -
deaths> <HIV +

deaths>

Deaths
from
aids

<NormalAidsdeaths>

<Aids life ex
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Fraction
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“How people become concerned and 
reduce the riskiness of their behavior?” 

unprotected 
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unprotected 

“We got it!” 
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1. Consider the medicine 
 
1)  Sketch how you think Aids Deaths and Fractional Aids deaths 

would change if the life expectancy of AIDS victims increased. 
2)  Make a “life extender” run using 

fractionalChangeInAIDSLifeExpectancy.  And look at Aids Deaths 
and Fractional Aids Deaths. 



Model Behavior Analysis 

2. Consider the vaccine 
1) Sketch how you think Aids Deaths and Fractional Aids deaths 

would change if the a vaccine were partially effective in 
reducing infections. 

2) Make a “vaccine” run using fractionalChangeInInfectionProb, 
and look at Aids Deaths and Fractional Aids Deaths. 
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