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TECHNOLOGY: A DEFINITION

» Technology: The totality of the
means employed to provide objects
necessary for human sustenance
and comfort

» Consists of products and processes

» Encompasses technical and
managerial knowledge which is
embodied in physical and human
capital and is published and
transmitted in various ways

» Ignored as a key production factor
(like land, labor, and capital) until
recently

» Can be ascribed to tool-using non-
human organisms or entities as well
(e.g., chimpanzees or aliens from
the planet Glarfnex)




TECHNOLOGY: MOST IMPORTANT

» The most important technological
artifact in human history was among
the first — the flint cutting tool used by
Homo habilis (c. 2,500,000 BCE)

» These essential tools allowed relatively
puny humans (who were more
scavengers than hunters) to rapidly cut,
detach, and carry away meat from
carcasses before more formidable
predators and scavengers arrived

» Allowed tiny numbers of humans to
survive

» High-protein diet allowed larger brain to
evolve




EARLIEST TECHNOLOGY

2,600,000 BCE: oldest known stone tools
(sharp-edged flakes, flake fragments,
and cores), Ethiopia

1,000,000 BCE: hand axes replace
simpler chopping tools, Africa

460,000 BCE: earliest known use of fire,
China (although hominids may have
learned to control fire more than
1,000,000 BCE)

380,000 BCE: earliest known use of
artificial shelter, Europe

250,000 BCE: earliest known use of paint
(red ocher mixed with blood), Europe
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EARLIEST TECHNOLOGY

100,000 BCE: first known human burial,
Israel

70,000 BCE: oldest evidence of
woodworking, Japan

45,000 BCE: first known rock art, Australia

37,000 BCE: first known counting devices
(engraved bone & wood), Africa

32,000 BCE: first ivory carving, Europe
24,000 BCE: first rock paintings, Africa

24,000 BCE: first clay and limestone huts,
Europe

23,000 BCE: earliest clay figurines, Europe
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EARLIEST TECHNOLOGY

12,000 BCE: grinding stones for gathered
grain and seeds, Middle East

11,000 BCE: first known domesticated
dogs, Israel

10,500 BCE: first known pottery vessels,
Japan

10,500 BCE: oldest known solar calendatr,
France

10,000 BCE: rope invented, Middle East
9,000 BCE: earliest farming, Middle East

8,500 BCE: sheep & goats domesticated,
Afghanistan

8,500 BCE: potatoes & beans cultivated,
Peru

8,000 BCE: perhaps earliest log boats,
Kuwait




EARLIEST TECHNOLOGY

» 7,000 BCE: weaving of cloth appears,
Middle East

» 6,750 BCE: pigs domesticated,
Mesopotamia (Iraq)

6,500 BCE: earliest metallurgy, Middle East

6,000 BCE: earliest stamp seals, Middle
East
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6,000 BCE: cattle domesticated, Greece
5,000 BCE: sailing ships, Mesopotamia
4,000 BCE: horses domesticated, Europe

4,000 BCE: invention of plow, Middle East
and Europe
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EARLIEST TECHNOLOGY

3,300 BCE: invention of writing,
Mesopotamia (Iraq)

2,500 BCE: first cities, Indus Valley
2,000 BCE: bronze, Europe

2,000 BCE: ironworking, Middle East
1,400 BCE: phonetic alphabet, Levant

600 BCE.: first gold & silver coins,
Anatolia

200 BCE: invention of concrete, Rome
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KNOWLEDGE AND TECHNOLOGY

» The world emerged from the industrial
age, where machines replaced human
and animal muscle, into the
Information age, where machines are
replacing the human brain

» Information: that which reduces
uncertainty (Claude Shannon’s
classic definition)

» Encompasses data, facts, knowledge

> Exponential increase in information in T
recent decades

» Number of transistors on a chip every
18 months (Gordon Moore’s “law’)

» Software (e.g., to achieve computer
cognition and human-level e
intelligence) currently more limiting 190 TS S0 198 1950 1595 2000
than hardware
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TRANSFORMATION OF DATA

DATA: Unconnected numbers, names, dates, etc.

FACTS: Connected data

KNOWLEDGE: A particular assemblage of facts
which can be taught and compressed; facts in
context; actionable facts

EXPERIENCE: Primarily from self-directed
interaction with the real world; internalizes
knowledge and takes time to acquire

SHARED VISIONS: Philosophical and emotional
collective understandings founded on our
universality and not individuality; motivating
force in organizations and gives purpose needed
by leaders

EPIPHANIES: Level of perception beyond logic
and intuition, rare creative brilliance
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TRANSFORMATION OF DATA

» DATA * ORDER = FACTS

» FACTS * SYNTHESIS = KNOWLEDGE

» KNOWLEDGE * PERSPECTIVE = EXPERIENCE

» EXPERIENCE * UNIFYING PRINCIPLES = SHARED VISION

» SHARED VISIONS * METALOGIC = EPHIPHANIES

e symbol * indicates some sort of transforming operation (e.g., order
Th bol * indicat t of t f t d
imposed on data results in facts)]




KNOWLEDGE AND TECHNOLOGY

» Exponential increase in knowledge
accelerates technological change
exponentially

» Electrons and bits very
inexpensive to reproduce and
transmit (compared with matter
and energy)

» Individuals and (increasingly)
organizations create new
technology and introduce it to
society

» An organization’s technologies
(hardware, software, brain-ware,
and know-how) are its chief assets

» The collective knowledge and
technical capabilities of the
organization, including people,
equipment, and systems




TECHNOLOGY AND PRODUCTIVITY

» Technology has the greatest impact on organizational
productivity; organizational productivity drives national
productivity; and national productivity determines the well-
being of every person in the country, as well as the relative
well-being of the country relative to all other nations

» A small percentage difference in annual productivity can cause
businesses to fail from competition and first-world nations to
fade into second-world nations (e.g., Britain in the 19t century
being replaced by the U.S. in the 20" century)




TECHNOLOGY AND PRODUCTIVITY

» Productivity is based on the
transformation of inputs into
outputs

» Higher productivity depends on
the transformation being
efficient

» Technology is used to transform
Inputs into outputs in all kinds of
organizations, whether for tangible
goods or intangible services

» The service sector still lags
manufacturing in the ability of
technology to increase
productivity

» But computers and information
technology are gradually
increasing service productivity
(e.g., banking, sales, online
education, etc.)




ORGANIZATIONAL INTELLECT

Hierarchy of Organizational Intellect
» Cognitive knowledge: basic
mastery of the discipline
» Know-what
» Advanced skill: translation of

fundamental learning into effective
execution

» Know-how
» System understanding: knowledge
of cause and effect relationship
underlying a discipline
» Know-why
» Self-motivated creativity: will,

motivation, and adaptability
needed for success

» Care-why




CLASSIFICATION OF TECHNOLOGY

New technology: technology
newly introduced or implemented
In an organization which effects
the organization’s production of
products or services

» May not new to the world

» Major effect on productivity and
competitiveness

» Example: company introduces
software for inventory control

Emerging technology: technology
not yet fully commercialized
» Commercialization within 5 years
» May be in limited use currently

» Example: genetic engineering;
nanotechnology; virtual reality




CLASSIFICATION OF TECHNOLOGY

» Disruptive or transformational
technology: technology having
major impact on industry and society
as awhole

> Creates new industries and makes
existing ones obsolete

» Example: nurse robots; autonomous
intelligent cars; cold fusion; genetic
engineering

» High technology: advanced or
sophisticated technologies

» Example: quantum computers; neural
networks; nano-machines

» Some organizations and industries
are focused on high-technology (e.g.,
parallel processing); some on super-
high technology, or “pushing the
envelope” (e.g., quantum computing)




CLASSIFICATION OF TECHNOLOGY

» Low technology: technology which
has permeated large segments of
society

» Example: paper, scissors, ballpoint
pens, clocks, lamps, pencils

» Medium technology: mature
technology that is relatively
sophisticated

» Example: radio (but not satellite radio),
television (but not HDTV) Appropriate
technology: technology that is used
and what is needed for optimal use

» Can be any sort of technology (low,
medium, high)

» Example: don’t use expensive,
sophisticated technology when simple,
inexpensive technology is sufficient
(paper and pen instead of a PDA)




CLASSIFICATION OF TECHNOLOGY

» Tacit technology

» Non-articulated, non-explicit knowledge
of a technology, transferred by
demonstration or observation

» Transferred by close contact between
source and recipient (e.g., apprentice
program)

» Example: pottery making, TV production

» Codified technology
» Explicit information about a technology
(manuals, patents, blueprints, research
papers)
» Information on how technology works,
but not necessarily why it works in a
certain way

» Example: assembling a personal
computer from components

» Technology transfer is easier when
both forms are understood




TECHNOLOGY AND MANAGEMENT

» Manager: a definition

» A person responsible for setting and
achieving objectives by influencing human
behavior within a suitable environment

» Responsible for the physical and conceptual
environment needed to accomplish the
objectives of the organization and the
participating individuals

» Management: a technology and art

» One taxonomy of “schools” of management
» Scientific school
» Process school
» Behavioral school
» Quantitative school




TECHNOLOGY AND MANAGEMENT

» Ancient history: management and technology

» Between 7,000 and 2,500 years ago, the
Sumerians, Egyptians, Hebrews, Greeks, and
Chinese developed and implemented various
management tools and techniques, including:

» Script and record-keeping

» Processes for planning, organizing, directing,
controlling

» Honesty and fairness in management

» Organizational decentralization and centralization

» Use of witnesses in conflicts

» Minimum wage and wage incentives

» Recognition that responsibility cannot be shifted

» Concepts of organizational design

» Exception principle in reporting to higher
management

» Production control and principle of specialization

» Management as a separate art




TECHNOLOGY AND MANAGEMENT

» Some contributors to current (scientific and
humanistic) management thought

» Charles Babbage (1832)

» Emphasized scientific approach; division of labor
and specialization; motion and time studies

» Frederick Taylor (1900)

» Defined scientific management; explored systems
applications; personnel management; stressed
cooperation between labor and management and
higher wages; designed functional organizations;
time studies; emphasized planning, research, and
standards

» Henri Fayol (1916)

» Developed first complete theory of management;
defined functions of management; developed
principles of management; proposed that
management be taught in schools




TECHNOLOGY AND MANAGEMENT

» Some contributors to current (scientific and

humanistic) management thought . S [ gt

> Elton Mayo (1927) LAl ( | (;1»,,,,‘,__ =1

> Emphasized the sociology of groups and e ~-x§§<m£\9
management A ‘

» Chester Barnard (1938)

» Developed a theory of organization; examined
sociological aspects of management and
communications in management

» Max Weber (1947)

» Emphasized the psychology and social
psychology of management; researched
human relations in organization theory;
developed open system theory of
organizations

» Norbert Wiener (1949)

» Emphasized systems analysis and B Herhert 3, Simon
information theory in management

» Herbert Simon (1955)
» Explored human behavior in decision-making




TECHNOLOGY AND MANAGEMENT

» Scientific school of management S
» Emphasizes scientific analysis
of work methods
» But does not ignore human
element

» Time and motion studies,
piecework incentives
» Has adverse effect of turning
some workers into automatons
» Workers are not economically
rational
> Need job satisfaction as well as
wages
» Despite the intentions of the
scientific school (e.g., Frederick
Taylor, Henry Gantt, Frank and
Lillian Gilbreth)

» Labor and management
remained adversaries

[T




TECHNOLOGY AND MANAGEMENT

» Scientific management: scientific analysis
of work methods is still a valid approach
» To enhance efficiency and productivity
» But also for ergonomic analysis

» To avoid injuring workers and to
provide job satisfaction

» But some jobs are inherently with little
satisfaction (e.g., eviscerating chickens,
cleaning toilets)
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TECHNOLOGY AND MANAGEMENT

» Process school of management (also
known as the “traditional school”)

» Holds that management is a process of
getting things done through and with

people operating in organized groups : = @)= =g
> Emphasizes: S
PP PP H

» Analyzing the management process
» Establishing conceptual frameworks
» Performing research and testing principles )

empirically F 5

» Focus on the manager and the
management process, rather than specific

activities of workers
» Tenets of the process school

» Management is a process best studied by
analyzing the functions of the manager

» Fundamental truths and generalizations
can be made of management principles




TECHNOLOGY AND MANAGEMENT

» Tenets of the process school

> Fundamental truths can lead to

. UN GRAND INGENIEUR
research to Improve management

———a——

practice
» Truths can lead to a theory of
management Henr1i FAYOL
» Management is an art which can S,
be improved with science
» Henri Fayol was a founder of the ) AR e SR O
process school E@?ug—:
» Developed initial principles and
theory of management R

» Determined need for a
management curriculum (e.g.,
MBA)

Saint-Etlonne — 19, rue du Qrand-Moulin



TECHNOLOGY AND MANAGEMENT

» In process school of management,
Fayol invented the POSDCORB
taxonomy of the manager’s functions

>
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Planning
Organizing
Staffing
Directing
Coordinating
Reporting
Budgeting

» Noted that employees are not cogs in a
machine

» Recognized that whether an
organization should be centralized or
decentralized depends on
circumstances

SMART
ORGANIZING




TECHNOLOGY AND MANAGEMENT

» But the process (traditional) school
has blocked a deeper understanding
of the nature of management

» Example: the POSDCORB taxonomy is
meaningless if an observer cannot
assign observed management
behavior into mutually exclusive
categories that form a complete set of
all such behaviors (e.g., what is the
difference in observable behavior in
planning and organizing)

. THE NEW DIVISION
» Modern organizations more complex
than in Fayol’s time (early 191" century) ‘i‘i”—J
—i.e., employees resent authority, lines How Computers are Creating
of authority are blurred, and there are the Next Job Market
conflicts between the principles of the

division of labor and the unity of
command




TECHNOLOGY AND MANAGEMENT

» Behavioral school of management "YAND ASSESSMENT

An Introduction to Test and Measureme

» Closely related to the social systems
school

» Focuses primarily on human
behavior in organizations and the
effects of social interaction

» Proponents of the behavioral school

» Chester Barnard (sociological
aspects of management)

» Hugo Munsterburg (psychological
testing, employee selection and
motivation)

» Elton Mayo (sociological concept of
group endeavors, productivity
motivation)

» Chris Argyris, Douglas McGregor,
Abraham Maslow (human needs and
self actualization)




TECHNOLOGY AND MANAGEMENT

» Behavioral school of management
emphasizes management as a social
system —the organization as a social
organism

» Workers motivated by social needs, achieve
a sense of identity through work

» More responsive if management can met
their social and personal needs

» But sociology is afield of knowledge
underlying management (like language or
mathematics) and is not identical to it

> And behavioral scientists tend to offer
conflicting advice

» Behavioral school has failed to provide a
complete description of individuals in the
organization

» Presumed improvements in working

conditions often do not result in increases in
productivity




TECHNOLOGY AND MANAGEMENT

» In behavioral school of
management, a complete — or
even adequate — description of
employees may not be
possible

» People are complex and react
differently to the same

environment or the same to
different environments




TECHNOLOGY AND MANAGEMENT

» Quantification school of
management emphasizes
guantification of management
decisions

» Decisionmaking as a measurable
process

> Tenets

» Organizational performance can
be improved through analysis
and modeling

» Organizations can be designed
to optimize the flow of resources
and information




TECHNOLOGY AND MANAGEMENT

» Tools and techniques of
guantitative management

» Operations research and
management science
(which are essentially
the same)

» Decision theory

» Systems analysis
» Information theory
» Cybernetics

Desired
goal State

« If no error, steady on
« If error, take corrective

action
Computer,

Error measured

Perception of Cons@nt Comective
altersd status Cycling Action

Changes

caused by
action




ECHNOLOGY AND MANAGEMENT

» Contributors to the quantitative
school include

>

>
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Stafford Beer (organization as a
system)

Ludwig von Bertalanffy (general
systems theory)

Heinz von Foerster (systems
theory)

Norbert Wiener (cybernetics)

Claude Shannon (information
theory)

Herbert Simon (decision theory)

Kenneth Boulding (social and
organizational systems)

W. Ross Ashby (cybernetics)
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TECHNOLOGY AND MANAGEMENT

» In quantitative management, mathematics
IS a tool (technology) that works for some

. . . TEORIA GENERALE
organizational functions and not others o (DI PLPE
» Managers often want to satisfice (Herbert
Simon’s neologism, from
satisfactory+suffice) not optimize

» Needed information for analysis is often
scarce

» Managers: may not have explicit goals or
preference functions, may not have defined
the problem properly, may not know the
alternative choices, may be pressured by
different interest groups with different
goals

» Cybernetic organizational models have yet
to be proven valid or useful

SATISFICE, INC.




TECHNOLOGY AND MANAGEMENT

» Most likely: multiple points of
view, multiple models of
organizational behavior,
multiple schools of
management can better
contribute to organization
performance if the manager
knows which point of view to
select at the proper time

» The various management
approaches use various types
of technology to varying
degrees

©1994 Alan Beek % "



MANAGEMENT OF TECHNOLOGY

» Management of technology (MOT)

» Interdisciplinary field integrating
science, engineering, management
knowledge and practice

» Focus: technology as primary
factor in wealth creation,
especially intellectual capital

» Managing systems to create,
acquire, and exploit technology

» Research, development, and
innovation

» Individual, organizational,
disciplinary, and national factors




MANAGEMENT OF TECHNOLOGY
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MANAGEMENT OF TECHNOLOGY

» The rate of technological change is now
exponential

» Which permits the exponential growth rate

of the human population
» Technological change influenced

employment patterns and societal change

» Early 1900s: 85% of US workers in
agriculture
» Now: less than 3% in agriculture

» But US still world’s largest agricultural
producer due to enhanced productivity
through technology

> 1950s: 73% of US workers in
manufacturing

» Now: Less than 15% in manufacturing

» Now: 80% US workers in service sector
(e.g., information technology, physicians)
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MANAGEMENT OF TECHNOLOGY

» Rapid changes in market behavior as
well as technology
» Customers demanding more choice
and higher quality
» Shift from fixed, mass production to
flexible, mass customization
» Example: ordering custom personal
computer

» Robotics and intelligent systems will
increase mass customization (e.g.,
clothing, furniture, housing)

» Shift from economies of scale to
economies of scope or integration

» Corporations must be able to shift
rapidly from one type of economy to
another




MANAGEMENT OF TECHNOLOGY

» Changes in competition

» Growing global competition in
manufacturing (e.g., China) and services

Technological
Capabilities

(India) Economic
System

» Increasing trade blocs
» European Union (EU), Pacific Rim

countries, General Agreement on Tariffs A/

and Trade (GATT), North American Free Competitive

Trade Agreement (NAFTA), World Trade Enterprises —

Organization (WTO) Sustainable
Economic Growth

» National competitive strategy

» Integration of technology system
(education, R&D, technology transfer),
economic system (banking and finance,
stock market, regulatory agencies),
trade system (market dynamics,
international agreements, supply and

demand) e t




MANAGEMENT OF TECHNOLOGY
CHAPTER 2: CREATION OF WEALTH




HISTORICAL CREATION OF WEALTH

» Technology first enhanced raw survival
» Flint tools, fire, shelter, etc.

» Technology then created wealth

» Agriculture, cattle, wheel and carts,
metallurgy, weaving, writing, weapons,
surveying, astronomy (calendars), pyramids,
temples, walls, cities

» Egypt, China, Mesopotamia, Greece, etc.

» Technology “ages”: labeled by key
technology

» Stone, bronze, iron, steam, electricity,
nuclear, electronic, space, information,
biotech

» From human muscle power to animal muscle
power to wind and water power to steam
power to electrical and petroleum power to
computer power (mind instead of muscle)




HISTORICAL CREATION OF WEALTH

> In the 19t century, technology became

more science-based and more efficient o /
» Began exponential increase in new 100 (,Mm'
technology and increase in economic ? / A
9 A W Y
growth and wealth Yk O |

1200 1925 1950 1975 2000

» Example: Half US economic growth in last
50 years due to techno|0gy Dow-Jones Industrial Average

» The marginal cost of manufacturing and
distributing information products is near
Zero

» Information-based product profits are

enormous (e.g., ask Bill Gates or Steve
Jobs)

» If machines (e.g., intelligent robots) can
perform nearly all human jobs and create
vast national wealth, then how should it
be distributed among the human
population? To poor nations?




TECHNOLOGY: CREATION OF WEALTH

» The growth in national wealth
depends on increased productivity,
I.e., more output for the same input

» Input resources: capital (including
technology and labor) and labor

» Increased productivity can result
from increasing the quantity of
capital and (to some extent) labor
(e.g., replacing tired workers with
rested ones increases productivity)

» Productivity can increase much
more with new technology replacing
old technology (e.g., machines
replacing human muscle)

» Technological progress may be
considered a kind of input resource

» Social progress usually lags
technological progress




TECHNOLOGY: CREATION OF WEALTH

» At the advent of the machine age
(even before electricity, when
machines used water or steam
power), specialization (task
decomposition) generated efficient
mass production

» Mass production made cheaper

products available to the masses and
raised the living standard

» But skilled labor became stultifying
and soul-deadening repetition
» Now computer-controlled, adaptive
manufacturing is beginning to permit
mass customization of products

» Associated labor more varied,
interesting, and empowering




TECHNOLOGY: CREATION OF WEALTH

» Technology can be applied to:

» Products or processes (e.g., tools,
management, services, marketing)

» It took about 20 years for the vast
Investment in computer technology
(hardware and software) to pay off
with higher national productivity

» Learning curve for new technology
(to adapt to it and use it properly)

» Example: for many years, managers
refused to type (i.e., do their own
word processing) because it was
perceived as secretarial work and
beneath their status

» It took time to create friendly graphic
user interfaces (GUI) and simple
means of communicating and
obtaining information (Internet and
email)




MANAGEMENT OF TECHNOLOGY
CHAPTER 3: CRITICAL FACTORS




CREATIVITY

» Creativity: original behavior
perceived to have value

» Original behavior: behavior never
previously observed in human
history

» Perceived to have value: much
original behavior (e.g., on the part of
small children, adolescents, and
dumb guys) is not perceived to have
value (e.g., sticking a bananain your
ear before leaping out the window
singing “Baba O’Riley”)

» The perception of value is on the
part of observers, where valuation
by some observers (e.g., critics and
the rich & powerful) is given more
credence in society than valuation
by others (e.g., the hoi polloi)




CREATIVITY

» Creativity can be retroactive or rescinded

» Value can be assigned to original behavior
long after the behavior (e.g., perceived
value may be ascribed subsequently to an
invention — or an artist’s paintings after he
Is dead (Van Gogh sold one painting when
he was alive —to his brother))

» Value may no longer be ascribed to a
creative work subsequent to its being
valued (e.g., certain dances of the 16"
century, the invention of the spittoon)

» Creativity is on a spectrum (low to high),
depending on its perceived value

» Technology is an expression of creativity

» Managing technology can require creativity

» The people, processes, and products of the
technology cycle, from R&D to invention to
production to marketing, are complex and
often difficult to manage




INVENTION AND INNOVATION

> Invention

» Concept or creation of a
novel technology

» Product, process, or
previously unknown system

» Developed by chance or trial
and error or (in modern
times) from scientific
discoveries and the scientific
method

» Often many years between
scientific discoveries and
ensuing inventions

TELEVISION

See Page 6/8

1928



INVENTION AND INNOVATION

> Innovation

» The successful exploitation of an invention through production and
into the market

» The connection between an idea and its commercialization
» More of a process than an event

» Often many years between an invention and its innovation
» Many inventions never successfully commercialized

"

il - THE IPEA CAPITAL CONSTRRINTS
v

LIFECYCLE
oF

T NNOVATION

1 — -
' TECHNICAL FEASI@ILITY

STWEBORNLY MARKETED
AS OfIGIWAL  IDEA



































































































































































































































































































































































































































































