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This course provides a strategy framework for managing high-technology businesses.  The emphasis throughout is on the development and application of conceptual models which clarify the interactions between competition, patterns of technological and market change, and the structure and development of internal firm capabilities.  


This is not a course in how to manage product or process development. The main focus is on the acquisition of a set of powerful analytical tools which are critical for the development of a technology strategy.  These tools can provide the framework for insightful planning when deciding which technologies to invest in, how to structure those investments and how to anticipate and respond to the behavior of competitors, suppliers, and customers.  The course should be of particular interest to those interested in managing a business with significant technical content, and to those interested in consulting or venture capital.


The course utilizes lectures, case analyses, and independent reading.  The readings are primarily drawn from theoretical and empirical economics, and from research in technological change and organizational theory.  A few of the journal articles are quite difficult.  Discussion and evaluation of these readings will be exclusively on the ideas and contributions; no one will be held responsible for mathematical or statistical details.  The case studies provide an extensive opportunity to integrate and apply these abstract tools in a practical, business policy context.


Grades will be determined by Class Participation, a sequence of weekly two page papers (in the first half of the semester), and a final paper (written in the second half of the semester). Both the weekly papers and the final paper can be written either individually or in groups of two or three: details are provided below.


COURSE REQUIREMENTS AND EXPECTATIONS
Grading

Class attendance and participation         


34%



Weekly “2 pagers” 



 
33%


Final Paper 





33%

Attendance & Class Preparation

This is not an easy course, since it provides an in depth introduction to an extraordinarily complex subject.  Cutting class will affect your grade - and, more importantly, - your own and your classmates' experience in the class. If you do miss a session, it will be your responsibility to find out what materials were covered, what assignments were made, and what handouts you missed. If you miss more than one session without warning me in advance it will severely impact your class participation grade.


Note that for several readings I suggest you read only part of a paper or chapter. This is important. This course is a great deal of work: I have tried to reduce the reading load as far as is possible, and you read beyond the point that I suggest at your own risk! Of course if you become interested in a topic I would be delighted to suggest further readings. Some additional material is listed under "further reading" at the end of the syllabus.

Weekly “2 pagers”


During the first half of the semesters I will ask you to write a very brief (no more than two pages) paper every week. The weekly papers should illustrate the application of one or more of the frameworks developed during the previous week in the class to an industry or firm of your choice. All the weekly papers should be about the same industry or firm: you should see me if this proves to be impossible. The papers should be one to two pages in length and can be completed either individually or in groups of two or three. See more below under “paper topics and due dates.”
Final Paper

The final paper should illustrate the application of one or more of the frameworks developed in the class to an industry or firm of your choice. IT is due December 13th. It should be roughly ten pages in length and can be completed either individually or in groups of two or three. You do not have to write your final paper with the same people with who you wrote your “2 pagers”, but you may if you wish. My goal is to support you in writing about a topic that interests you. Previous titles have included:


Worldspace: Pioneering a New Technology and Market


The Exploitation of new technology at New Generation Motors


Structuring Corporate Research at Otis Elevator


Seiko-Epson's MessageWatch in the Taiwan Market


Iridium LL: A technology strategy for global satellite technology


Red Hat and Linux: The battle for a standard


Collaboration

Group work is not only acceptable but encouraged. Indeed I would strongly recommend that you form a study group with a few friends who can meet to discuss the readings before each class. 

Reading Packets

Assigned readings are available from Graphic Arts (basement of E52), with the exception of those cases which are noted in the syllabus as being distributed in class. When you pick up your course packet, please check to be sure that it is complete. 

World Wide Web

Written course materials will be available through the course Web site.  This will include the transparencies from each lecture, links to points of interest (e.g., company web sites) and critical course information such as due dates.

Weekly “2 pagers”: topics and due dates

Papers are due on the following dates and on the following topics. There are six papers – you must write at least five of them. Papers should be one to two pages long, excluding tables or figures, not single spaced, 11 point font, 1 inch margins. Note that these questions are intended to be guidelines. My hope is that you will use the questions as an occasion to think through the application of the tools that you have learned in the course to a topic that you care about.

Due date
Topic

September 18
Plot and describe the relevent S curve(s) for your technology/industry. Is the

industry/technology likely to be subject to “natural technological limits”? Why or why not?

September 27
What are the most important determinants of technology diffusion in the case of your



industry/technology now? In the future? 

October 4
How have the firms in your industry/technology made money historically? Will this change 



in the future?

October 16 
Are there “network externalities” in your industry/technology? If so, what causes them? Do they continue to increase as the number of customers increases, or do they “saturate” – that is, as long as some critical mass of consumers has/is using the technology is there little benefit to increasing the size of the installed base?

October 23
What are the implications of network externalities for competition in your technology/industry?

October 30
How do firms in your industry/technology manage the balance between “basic” and “applied’ research and between long term and short term work? Why? 

Summary Course Outline

0. Introduction: 

The Industry Life Cycle
September 6

I. Creating Value: Patterns of Change in Technologies and Markets.

S curves and Dominant Designs
September 11


The evolution of markets
September 13


Case: EMI and the CT Scanner (A)
September 18


Case: EMI and the CT Scanner (B)
September 20


Case: Digital Imaging in 1997
September 27

II. Capturing Value: Understanding Competition.

Appropriability: profiting from innovation & the market for ideas
October 2


Case: PDF Solutions, Inc.
October 4


The Dynamics of Standard Driven Markets
October 11


Case: Nintendo in 8 bit video games
October 16


Case: Sega in 16 bit video games
October 18


Case: Sun Microsystems Inc: A Strategy for Solaris
October 23


Case: Akamai: Building a platform?
October 25

III. Delivering Value: Organizational Competence

Organizing for Innovation: Balancing basic and applied research
October 30


Case: Materials Technology Corporation
November 1


Dealing with Discontinuities 
November 6


Case: R.R. Donnelley and Sons: The Digital Division
November 8


Outsourcing as an Alternative: Authority, Responsibility and Reward 
November 13


Case: Xerox Technology Ventures
November 15


Case: PlaceWare: Issues in Structuring a Xerox Technology Spinout
Novmber 20



Case: Alza/Ciba (1): Structuring a Deal?
November 22


Case: Alza/Ciba (2): Managing the Relationship, 1977-1979
November 27

IV. Technology Strategy in Practice

Analytical tools
November 29


Case: Medtronics
December 4


The “funnel” and the “aggregate project plan”
December 6


Case: Intel’s Strategic Position in the Family Room. 1998
December 11

V. Wrap Up

Summary
December 13

15.912: Technology Strategy

Fall 2000
0. Introduction: 
Class 1: The Industry Life Cycle
September 6
Tushman, M. and L.Rosenkopf "Organizational Determinants of Technological Change" Research in Organizational Behavior, Vol. 14, Read pages 311-325 only – the remainder is strictly “FYI” only. 

Utterback, James. (1994). "Dominant Designs and the Survival of Firms" and "Innovation and Industrial Evolution", Chapters 2 and 4 in Mastering the Dynamics of Innovation, Harvard Business School Press, pp 23-55 and pp 79-102.

Questions for Discussion
Sketch out the nature of technological evolution as described by Tushman and Rosenkopf. What is a dominant design? Where do they come from? How would you know one if you saw it?


Graph the effect of a dominant design on 1) The number of firms in an industry 2) Relative investment in product and process innovation and 3) Average margins

I. Creating Value: Patterns of Change in Technologies and Markets.
Class 2: S curves and Technological Trajectories
September 11
Foster, R. (1986). "The S‑curve: A New Forecasting Tool." Chapter 4 in Innovation, The Attacker's Advantage, Summit Books, Simon and Schuster, New York (NY).  pp. 88-111.

(And recommended)

Rosenberg, N.: "Directions of Technological Change: Inducement mechanisms and Focusing Devices." Economic Development and Cultural Change, October 1969.

Dosi, Giovanni.: "Technological paradigms and technological trajectories," Research Policy, Vol. 11, (1982) 147-162

Questions for Discussion
What determines the limits of an S curve? Can such limits be determined ex post? How would one determine what to map on the vertical axis of an S curve?


Draw S curves for the following industries: Frozen foods: Book retailing: PCs

Rosenberg singles out three "inducement mechanisms and focusing devices" that he suggests are particularly important in shaping technological change. What are they? Can you think of others that are also likely to be important? 

Dosi suggests that technological change is constrained by "technological paradigms and technological trajectories." What are they? Do you agree with him?

Compare and contrast Dosi's notion of a "trajectory" with Rosenberg's stress on "focusing devices." Under which circumstances would you expect Dosi/Rosenberg's ideas to be more useful? Why?

Class 3: The evolution of markets
September 13

Rodgers, Everett M. "Innovativeness and Adopter Categories" Chapter 7 in Diffusion of Innovations (3rd edition) The Free Press, 1983, pp 241-270

Moore, G. Crossing the Chasm. Rev. Ed., (NY: Harper Collins, 1999), pp 9-62. Chapter 1 “High-Tech Marketing Illusion” and Chapter 2 “High-Tech Marketing Enlightenment”


Christensen, Clayton "How can great firms fail? Insights from the hard disk industry" Chapter 1 in The Innovator's Dilemma, Havard Business School Press, 1997, pp 3-28.

Questions for Discussion

What is the relationship between Moore's concept of "crossing the chasm" and Rodger's "adopter categories"?


How is the phenomenon outlined by Christensen related to Foster's S curve?

Class 4: Case: EMI and the CT Scanner (A)
September 18

EMI & the CT Scanner Case (HBS #9-383-194)

Questions for Discussion

- Where is the technology headed, and why?


- Forecast the future demand for the CT scanner


- Why was the scanner initially so profitable?


- Is this likely to continue?


What strategy would you recommend EMI pursue, and why?

Class 5: Case: EMI and the CT Scanner (B)
September 20

EMI & the CT Scanner Case (HBS #9-383-195)


(Case and discussion questions will be handed out in class 4!)

Class 6: Case: Polaroid Corporation: Digital Imaging technology in 1997
September 27

Polaroid Corporation: Digital Imaging technology in 1997 (HBS #9-798-013)

Questions for Discussion


How is the market for digital imaging likely to evolve? How is the technology likely to change?


What would you recommend that Polaroid do with respect to Digital Imaging?

II. Capturing Value: Understanding Competition.
Class 7: Appropriability: profiting from innovation & the market for ideas
October 2

Teece, D.J. (1987). “Profiting from Technological Innovation: Implications for Integration, Collaboration, Licensing and Public Policy.” The Competitive Challenge, ed. D. Teece, Ballinger Publishing, Cambridge (MA).  pp. 185-219 (Chapter 9).

Questions for Discussion

What is the difference between the market for ideas and the product market? When does it make sense for a team of entrepreneurs to 1) Enter the market directly? 2) Attempt to sell their ideas?


How does the relative importance of appropriability and complementary assets change over the life cycle of an industry?


What is the relationship between Teece's concept of "complementary assets" and "barriers to entry" as defined by Porter?

Class 8: Case: PDF Solutions, Inc.
October 4

PDF Solutions, Inc. (HBS # 9-600-017)

Questions for Discussion

How would you characterize PDF’s business model? How has it evolved over time?


What challenges does PDF currently face?


What should John Kibarian do?

Class 9: The Dynamics of Standard Driven Markets
October 11
The Art of Standards Wars California Management Review, Volume 41, Number 2, Winter 1999, Carl Shapiro and Hal Varian

Arthur, Brian, “Increasing Returns and the New World of Business” Harvard Business Review, July 1, 1996.

(And recommended)

Michael A. Cusumano, Y. Mylonadis and R. Rosenbloom., "Strategic Maneuvering and Mass-
Market Dynamics: The Triumph of VHS over Beta." The Business History Review, Spring 1992.

Questions for discussion

Why do some markets "tip" to a single standard? Can you list the sources of the externalities that led to tipping in the case of VHS vs Beta? Do you think that the handheld market will “tip” to Windows CE or to Palm? Why or why not?

Class 10: Case: Nintendo in 8 bit video games
October 16

Power Play (A): Nintendo in 8 bit video games (HBS #: 9-795-102)

Questions for Discussion

What steps did Nintendo take to establish its standard as *the* standard in video games?


How much money is Nintendo making? How much money are other players in the value chain making?

Class 11: Case: Sega in 16 bit video games
October 18

Power Play (B): Sega in 16 bit video games (HBS #: 9-795-103)


This case will be distributed in class 9.

Contracting and Competition: The Two faces of R&D Appropriability: Joshua Gans and Scott Stern, MIT Mimeo.

Class 12: Case: Sun Microsystems, Inc: Strategy for Solaris
October 23

Sun Microsystems, Inc: Strategy for Solaris (HBS # 9-700-096)

"Programs to the People" Technology Review, January-February 1999, pp 37-42


"The Cathedral and the Bazaar" Raymond, Eric. 


At http://www.tuxedo.org/~esr/writings/cathedral-paper-1.html

Questions for Discussion

What should Sun do with respect to Solaris?

Class 13: Case: Akamai: Building a Platform?
October 25

The Akamai case will be handed out in class.


III. Delivering Value: Organizational Competence
Class 14: Organizing for Innovation: Balancing basic and applied research
October 30

Cohen, W.  and D. Levinthal (1990). "Absorptive Capacity: A New Perspective on Learning and Innovation", Administrative Science Quarterly, Vol. 35.  Read pp. 128-138 ONLY

Hauser, John "Research, Development and Engineering Metrics" Management Science, Vol. 44, No. 12, Part 1 of 2. December 1998.

(And recommended)


Hounshell, David A. "The Evolution of Industrial Research in the United States" pp 13-85 in Engines of Innovation, R. Rosenbloom and W. Spencer, Eds, Harvard Business School Press, 1996.


Nelson, R. (1962). "The Link Between Science and Invention: The Case of the Transistor", The Rate and Direction of Inventive Activity: Economic and Social Factors, National Bureau of Economic Research, Princeton University Press, Princeton (NJ).  pp. 549-586.

Questions for Discussion

How much "basic" research should a firm invest in? Should "basic" and "applied" research be managed differently?

Class 15: Case: Materials Technology Corporation
November 1

Materials Technology Corporation (HBS #: 9-694-075)


Paragraph description of final paper due in class!

Questions for Discussion

Was Quinn's initial strategy of diving into the substrate business a good or bad thing for the company? If he had it to do over again, what would you suggest that he do differently?


How does Quinn's view of what business MTC is in differ from Bennett's view? Who is right in this case? Under what sorts of circumstances would Quinn's and Bennett's different definitions of the business be appropriate?


How would you recommend that MTC proceed? 

Class 16: Dealing with Discontinuities 
November 6

Henderson, R.M. and K. Clark (1990). "Architectural Innovation: The Reconfiguration of Existing Product Technologies and the Failure of Established Firms" Administrative Science Quarterly, Vol. 35.  pp. 9‑30.


Christensen, Clayton, M. and Bower, J.L. (1994) "Customer Power, Strategic Investment, and the Failure of Leading Firms," Strategic Management Journal.

(And recommended)


Tushman, Michael and Charles A. O'Reilly "The Ambidextrous Organization: Managing Evolutionary and Revolutionary Change" California Management Review, 1996, Volume 38, Number 4, Summer 1996.

Questions for Discussion

Read the Henderson and Clark (1990) piece first. Why do Henderson and Clark believe that established firms fail in the face of "architectural innovations"?


Why do Christensen and Bower believe firms fail? 


Both Henderson (1994) and Tushman and O'Reilly (1996) offer "solutions" to these problems. Do you find them plausible?

Class 17: Case: R.R. Donnelley and Sons: The Digital Division
November 8

R.R Donnelley & Sons: The Digital Division (HBS #9-396-154)

Questions for Discussion

Should Donnelley have entered the digital business in the first place? Why or why not?


Given that they entered, was it a good idea to set up a separate division?


What should Donnelley do now with respect to digital technology?

Class 18: Outsourcing as an Alternative: Authority, Responsibility and Reward 
November 13

Reading: Teaching note will be handed out in class


Questions for Discussion

Many people argue true innovative creativity is the province of innovative entrepreneurs, operating in their garages free of the constraints of the corporate hierarchy. Why might individuals in fact work harder and be more innovative than the employees of large firms?


Despite the fact that such a discussion might lead one to believe that most research should be conducted by individuals, most research is in fact conducted by large corporations. What reasons do Aghion and Tirole and Holmstrom advance as to why this might be the case? What do you think?

Class 19: Case: Xerox Technology Ventures
November 15



Xerox Technology Ventures: March 1995 (HBS #9-295-127)


Questions for Discussion

What are the strengths and weaknesses of the structure that Xerox has developed?


Why does Xerox permit the start ups to use its brand name? Is there any risk in this decision?


Why doesn't Xerox "outsource" the management of XTV to a venture capital company?

Class 20: Case: PlaceWare: Issues in Structuring a Xerox Technology Spinout
November 20


PlaceWare: Issues in Structuring a Xerox Technology Spinout (HBS # 9-699-001)

Questions for Discussion

How should Xerox structure the spinout of PlaceWare?

Class 21: Case: Alza/Ciba (1): Structuring a Deal?
November 22

Out of class negotiation exercise!


Cases will be distributed in class on the 22nd
Class 22: Case: Alza/Ciba (2): Managing the Relationship, 1977-1979
November 27

Cases will be distributed in class on the 27th.
IV. Technology Strategy in Practice
Class 23: Analytical Tools
November 29

"The Smith & Hawken Story: The Process of Scenario Building", pp 17-31 in The Art of the Long View, Peter Scharwtz, Doubleday 1991.


"Investment Opportunities as Real Options: Getting Started on the Numbers" Timothy A. Luehrman, in the Harvard Business Review, July 1, 1998.

Recommended Reading


“Capturing the Option Value of R&D” Diana Angelis; 
“Valuation of technology using Real Options”, Peter Boer and “Assessing technology projects using real options reasoning”, Rita McGrath and Ian MacMillan, Research Technology Management, July-August 2000, Vol 43. No 4.

Class 24: Case: Medtronic
December 4

We've got Rhythm! Medtronic Corporation's Cardiac Pacemaker Business 


(HBS: N9-698-004)




Questions for Discussion:

Why did things go so badly wrong at Medtronic?


Why did the new product development system that they put in place help?

Class 25: Technology strategy as a process
December 6
Wheelwright, S. and Clark, K. (1992). "The Concept of a Development Strategy", Chapter 2, “The Aggregate Project Plan”, Chapter 4 and “Structuring the Development Funnel”, Chapter 5 in Revolutionizing Product Development, The Free Press, New York (NY).  pp. 28-56 

Class 26: Case: Intel’s Strategic Position in the Family Room
December 11


Intel ’s Strategic Position in the Family Room: (SM-50)

Questions for Discussion
Should Intel actively pursue the market for family room computing devices? And if so, what should Intel’s strategy be?

V. Wrap Up
Class 27: Summary
December 13

Final papers due!




