
As the twenty-first century opened “...The world
was producing between 1 and 2 exabytes of
unique information per year, which is roughly

250 megabytes for every man, woman, and child on
earth. An exabyte is a billion gigabytes, or 1018 bytes.
Printed documents of all kinds comprise only .003% of
the total.”1

All this information creates noise and threatens 
organizational paralysis. To remedy this problem, busi-
nesses need to structure information and streamline
information work (I-work) to facilitate productivity. In
the last half century, technology has not only generated a
vast storehouse of data, but has also caused a geometric
explosion of new information and knowledge. Within
many organizations, data are being recorded at unprece-
dented speed and granularity, often without usable struc-
ture or defined goals. By harnessing information, the
lifeblood of business today, we enable people to turn data
into insight, transform ideas into action, and turn change
into opportunity.

�1�

The Essence of I-Work
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DEFINING THE INVISIBLE 
FACTORY SPACE

In 1959,when Peter Drucker looked at the emerging work
world, he saw the revolutionary change from an industrial
society to a more office-based society of people who rely
on technology to perform their jobs.2 The technology-
based revolution Drucker envisioned promised to open
our vision, unburden our backs, and free our minds for
more productive work.

The concept of knowledge work and knowledge work-
ers has certainly flourished since the 1950s, but, as Drucker
noted in 2002, we have not yet mastered the challenge of
fully defining knowledge work.3 If we are to manage work,
we need to have a measure of success. If we are to measure
something, it is necessary to define it.The expanding defini-
tion of information-centric work has now exceeded
Drucker’s definition of highly paid scientists and profession-
als on one side and transaction workers (inputting data) on
the other. Over the past 20 years the technology revolution
has achieved a great deal of notice, drawing attention away
from the more subtle changes in the workplace.The trans-
formation that is perhaps less noticeable, but just as impor-
tant, is the growing intensity of information use in nearly
every type of job category—from call center representatives
to truck drivers and, yes, even industrial factory workers.

The changing nature of work has brought a new ten-
sion to the workplace.The routine nature of manufactur-
ing has given way to the mental stress of managing
ever-increasing streams of complex information. The
degree of information intensity follows the increase in
work complexity and environmental uncertainty, as shown
in Figure 1.1. As computers multiplied across workstations
and desktops, the geometric increase in the amount and
volume of information has increased the complexity of our
work.The more routine transaction work, prevalent in the
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early days of office computing, has been replaced by the
information coordination performed by increasing num-
bers of managers and supervisors. The increase in work
complexity brings with it the more subtle, and often more
stressful, impact of information multiplication that has 
led to the increase in work uncertainty. Decisioning (the
process of making, approving and executing decisions),
along with information, is rapidly migrating across and
downward through increasingly flattened organizations. It
is this dual pressure, as opposed to technology, that is rap-
idly changing the nature of and the requirements for inter-
connected workplace technologies.

The wide variety of solutions and the growth of tech-
nology options over the past five years is a testament to the
varied communication requirements and information pro-
cessing needs of the different types of information workers
(I-workers), as indicated in Figure 1.2. Business situations
have different information requirements. Consider the dif-
ferent types of computer support required by aircraft
designers and data center operators.Aircraft design requires
expert I-workers who are highly independent (low uncer-
tainty) and who are capable of highly complex work. Data

Defining the Invisible Factory Space 9

Work
Topology

C
om

pl
ex

ity

Information Uncertainty

Transaction
(Procedure-

Centric)

Expert
(Knowledge-

Centric)

Integrated
(Process-
Centric)

Broker
(Information-

Centric)

FIGURE 1.1 Work Topology

05_055197 ch01.qxp  11/20/06  1:34 PM  Page 9



centers, with their focused workload, require less complex
work. Both have work that is highly independent (low
uncertainty) requiring infrequent synchronization and
coordination by the players. The big difference is that 
aircraft design is also highly complex, requiring workers 
to manage information in volatile and somewhat less 
structured conditions. The differences in the work 
modes provide an insight into the changing drivers within
the information-centric workplace. While office produc-
tivity and basic communication applications may suffice 
for the data center, or transaction work, the more complex
invention/innovation work of designers is best served by
network connectivity—the ability to safely store, manage,
and share from common locations with minimal interrupt.
Other work scenarios will have other challenges. A struc-
tured workplace, such as a service center, with an uncertain
work demand but low complexity is best serviced by
client-server technology. This allows for the input and
update of work orders as technicians complete jobs and an
end-of-day reconciliation. Finally, coordination work, of
executives, managers, or salespeople, is characterized by
both high complexity and high interdependence.Though
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all three classes of technologies may be useful here collab-
orative technologies are emerging to support these com-
plex synchronous needs.4

The growth in information complexity and work
interdependence has driven the need for more collabora-
tive and enabling technology solutions. The better the fit
between the technology and the type of I-work, the more
likely the technology is to improve output.

The evolution of information-centric work has incor-
porated knowledge work as a subset of the much broader
occupational category: information work. In the leading 
edge economies, the great majority of workers constantly
use data, information, and knowledge—each to varying
degrees—in their jobs.They create, manage, share, receive,
and/or manipulate information. To compensate for the
change in the nature of work, the U.S. Bureau of Labor
Statistics (BLS) redefined and reclassified its major cate-
gories of work in 2000.The 2000 Standard Occupational
Classification (SOC) System was developed in response to
a growing need for a universal occupational classification
system. Such a system allows government agencies and pri-
vate industry to produce comparable data. Federal agencies
collecting occupational data use the SOC, providing a
means to compare occupational data across agencies.5

Although this system helps in our understanding of the
number and types of workers involved in I-work, we still
were not able to measure the tempo, or flow, of this work.

The need to define and measure effectiveness and effi-
ciency in the think factory became apparent in the early
stages of its evolution.The continuing I-work evolution is
driving a redefinition not only of the measurement of
work but of the impact of work enablement. Despite a
massive infusion of information technology into think 
factories over the past 30 years, a corresponding growth in
work productivity did not seem to materialize. As MIT
economist Robert Solow quipped in 1987, “You can 
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see the computer age everywhere but in the productivity
statistics.”6 Solow later wrote that it was not that he
doubted that technology could contribute to productivity
but rather that we still have no effective way of measuring
or verifying its impact on I-work.The simple fact that the
average U.S. productivity has risen over the last 50 years at
twice the rate of the average hours of work would seem to
indicate that the technology-based changes in the work-
place have had a significant impact on our ability to cope
with information-intensive work.Technology continues to
flow into the workplace and businesses continue to strug-
gle with quantifying the impact of the investment.

Productivity is a well-established economic concept, but
the equations used to generate productivity numbers are
tuned to industrial work. It is generally recognized that tra-
ditional productivity calculations seek to measure tangible
assets, such as physical capital and labor measured by prod-
uct output. This thinking still rules the majority of eco-
nomic calculations.We continue to count physical products
(production) and time spent (labor) as the basis of business
value. Some forms of I-work still produce or move around
physical assets, but often information, or knowledge itself, is
the output. In such businesses, we have few means of
recording and measuring the outputs, so productivity is ill
defined at best.

While information technologies appear to be useful, as
Solow pointed out, their productivity and quality impacts
are far from clear. Call center workers can answer more cus-
tomer calls with highly scripted workflow systems, but are
their customers satisfied enough to buy more products?
Managers certainly can know more about the activities of
truck drivers or traveling salespeople with global positioning
systems (GPSs), but have these advances improved 
productivity? Managers clearly can create more documents
with their word processors and presentation tools, but 
what is the bottom-line impact? Even though I-workers
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employ many different tools in their jobs, these tools remain
fragmented and can be disruptive to the workflow. No
improvement comes without a cost.New concepts, products
or services as well as the tools used to produce them often
require an investment in training and workflow redesign.

Information by itself provides little advantage. It has
been 20 years since Megatrends7 author John Naisbitt
warned, “We are drowning in information but starved for
knowledge.” As information becomes the foundation of
economic wealth, the phenomenon that Naisbitt noted is
rapidly becoming a legal and logistical nightmare for many
companies.To benefit from information as a value-generat-
ing mechanism, businesses must adopt and apply methods
that will connect I-workers across all areas of the organiza-
tion so that they may put this treasure trove of information
to work—without adding substantial amounts of labor.
Companies with structures that align and organize infor-
mation to their strategies and I-work processes will suc-
ceed in this new environment. Every service provider
seems to have a solution to this paradigm, but most do not
address the fundamental changes required to truly enhance
and mobilize I-work.

Six types of performance measures reflect the correct
balance of the impact of technology and procedure
improvements on:

l Cycle time 
l Cost 
l Quality 
l New product innovation 
l On-time completion
l Customer satisfaction 

Studies indicate that effectiveness clearly has a signifi-
cant positive impact on all six performance measures.
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Efficiency, however, has a significant positive impact only on
the cycle time, cost, and on-time completion measures. 8

RIGHT ANSWER,
WRONG SCENARIO

To promote productivity, information-centric enterprises
need to make changes to both procedures and technology
in order to maximize performance and financial outcomes.
Not only do these changes need to be compatible with 
the work; they also must resonate with the culture of 
the enterprise. Earlier we discussed the problems of mis-
aligning technology and work, such as adding structured
technology to highly volatile and complex work.The same
logic holds true for organizational structures, as outlined in
Figure 1.3; introducing highly collaborative technology
into an automated (transaction-based) organization could
actually reduce productivity (throughput). In 2004 a leading
pharmaceutical firm complained that it could not get its
product development teams to embrace collaborative tech-
nologies such as instant messaging (IM). The root of the
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problem was a misalignment between the (expert and bro-
ker) work and a hierarchical organization structure bound
by tradition and government regulations.To make the tech-
nology work in this situation, the organization needed to
see the necessity of changing its structure and the technol-
ogists needed to meet the demands for tracking and trans-
parency required by the regulatory agency. Other examples
of organizational constraints are easier to visualize: In data
entry centers, we can envision in our mind’s eye the ineffi-
ciency of people trying to hold virtual meetings on data
input issues that are better handled by a simple request to
the supervisor for resolution. Organizations will not realize
significant performance improvements if technology is used
only to improve the quantity of outputs and inputs, ignor-
ing the effectiveness and quality of the outcomes.

Economists and management scientists have conducted
hundreds of studies and written thousands of words attempting
to provide some guidance to the business community on
what might be influencing productivity in the information-
centric economies. Many observers have noted the large
gains made in the U.S. economy as opposed to the apparent
decline in productivity in Europe and Asia. One common
theme in these studies and presentations has been the extent
to which the environments have embraced technology and
supported workers in using that technology to change how
they work. Professor Dale Jorgenson of Harvard University
has summarized some of the forward thinking on what
enables an information-centric environment. He states:
Investment in information technology leads to the growth of
productive capacity in technology-using industries. He fur-
ther explains that:

v Average labor productivity (ALP) growth [in the United States] from
1948 to 2002 increased 2.23 percent per year while hours worked
increased only 1.23 percent per year.

v Output growth is the sum of growth in hours and average labor pro-
ductivity.

Right Answer,Wrong Scenario 1 5
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Given these facts, Jorgenson concludes:

v ALP depends on capital deepening—that is, appropriately placed infor-
mation technology investment to underpin labor capability.

v 30 percent of output improvements can be attributed to improved
labor quality.

v Labor quality is a correlation of the enablers that allow workers to pro-
duce faster, better, cheaper:

v Technology

v Training

v Procedures9

The fact that in 1994 the BLS released a new multifac-
tor productivity measure adding (to hours worked) a con-
stant quality index of labor input reinforces Jorgenson’s
argument on the quality of labor.

Improving I-work productivity requires measuring the
degree to which enablers (procedures, technology, and
training) support the speedy delivery of quality products
and services. These criteria have guided the development
of the Productivity Impact Framework (PIF) methodology
and the associated Productivity Impact Measures (PIMs)
discussed throughout the book that are meant to support
the business community in assessing and improving infor-
mation-centric work. Part II of this book outlines the
assessment process and describes in more depth the com-
ponents of I-work that can be strengthened to improve its
productivity.The essential measurement goal is to deepen
the quality of I-work through investments in technology,
training, and/or procedural improvements.The goal is not
to develop a complete business value model but rather
establish the statistical signposts for a summary-level busi-
ness case where improvement is needed.
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REAL-WORLD EXAMPLES 

Theory is wonderful but real-world examples make con-
cepts actionable. PIF has been applied to a variety of
organizations in a variety of industries, each with its own
unique challenges and work scenarios.The first two cases
introduced here involve the U.S. Air Force Senior
Leadership Management Office (AFSLMO) team led at
the time by Colonel Steven Kwast and the Korean Air
team sponsored by chief information officer Mr. S. M. Lee.
Both organizations have been kind enough to share their
recent experiences with PIF.

Real-World Examples 1 7

Col Kwast’s AFSLMO team was responsible for executive (Colonel)
succession planning.The task Kwast had taken on was to stream-

line an overtaxed and operationally outdated function.The goal was to
create a high-performance team able to deliver a quality service while
reducing the overtime required in accomplishing the work scenarios.

The team began by taking a top-down view of the work required
to meet customer needs.The AFSLMO customers included both pro-
motion candidates and general officers seeking to fill positions around
the world.The team identified three key work scenarios: game plan-
ning, contender management, and colonel action board (CAB).The
Productivity Opportunity Map (POM) process, which is explained in
detail later in Chapter 5, revealed potential opportunities for improve-
ment in all three of the identified work scenarios. Three challenges
crossed all functional areas:

v Data transparency

v Content sharing

v Information aggregation

CASE STUDY 1: U.S.AIR FORCE
SUCCESSION PLANNING (JULY
2005–JANUARY 2006)

�
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Although these discoveries were not astonishing, the statistical
exposure of the challenge areas validated the group’s gut hunch about
what they needed to fix. Group members narrowed down the proce-
dures, activities, and technologies that were indeed challenged and
that were a major contributing cause of the productivity gap. By 
using a focused approach and setting improvement targets, the leader-
ship could clearly see that success would be achieved through reduc-
ing the work effort by improving collaboration and reducing rework.
The group not only succeeded, achieving a 14 percent reduction in
work effort, but exceeded the original target by 9 percent. As we dis-
cuss how to build an assessment program, we will review how the Air
Force team designed the data collection, analyzed the results, and
achieved its goals.

�

Measuring the success of enterprise-wide productivity improve-
ments is very challenging. Lee’s team at Korean Air needed to

identify productivity opportunities to target for the 11,000+ head-
quarters and region information-centric workforce. First, using the
PIF methodology, the team worked through a top-down opportunity
mapping exercise.This exercise interviewed subject matter experts in
eight major functional areas and established common opportunities
across this diverse I-worker audience focusing on two targets:

v Communications

v Wait time for approvals 

The team found sufficient potential improvement opportunities
in personal (asynchronous) communications across all eight functional
areas within the headquarters organization. It also discovered strong
indicators of challenges in the approval time throughout the same
organization. One unit was chosen as a vertical study to highlight

CASE STUDY 2: KOREAN AIR 
(JUNE 2005–ONGOING)�
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Throughout our discussion of building and analyzing
productivity impact studies, we will make reference to
both case studies.

As we saw in the Korean Air case study, improvement
estimates on enterprise-wide projects can be difficult to
rationalize from the top down. Looking at the potential of
such a project from the individual up gives us some per-
spective. Many enterprises have recently launched produc-
tivity projects aimed at gaining back at least 8 to 16 hours
a month for each employee.The theory is that people will
have time to put quality into the work they do, accomplish
more while reducing overtime, and generally become
more satisfied with their jobs. Keeping such goals in mind,

Real-World Examples 1 9

these challenges as part of the baseline assessment.When the baseline
assessment was completed, the team was able to narrow the improve-
ment target to four focal areas:

v Reduce the data transfer latency (elapse time) encountered
when requesting information (content management).

v Expend less effort to update documents (content sharing).

v Improve person-to-person information delays (collaboration).

v Expend less effort to receive approvals (communications).

The executive steering committee now felt it was able to make a
rational business decision about technology upgrades, procedure
changes, and plan training to improve enterprise productivity. The
gains recommended were a modest 3 percent measured at the func-
tional unit level. However, a gain of 3 percent across an organization
of this size is a considerable savings in terms of process cycle effi-
ciency. Beyond the obvious labor cost is the potential improvement in
customer satisfaction resulting from faster, higher-quality delivery of
services in a very competitive and financially challenged industry.

�
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we try to analyze the impact of changes to individual
behaviors on the larger enterprise. In the Korean Air study,
we asked questions such as What is the potential result of
an organization reducing the total average number of
meetings by one per week (returning one hour of work
per week per employee)? Based on the average hourly cost
of labor, the enterprise has the potential of improving its
bottom line by $56,000 in recovered time. If we add
employee time in these meetings, the firm might recover
an additional $300,000 to $500,000 (taking into account
the additional time spent on managing information now
received at the desktop).While substantial, the real savings
for Korean Air is not in the minutes saved per day per
employee but in the overall improvement of process cycle
efficiency and through people achieving higher-quality
output through better utilization of information and tech-
nology. Based on these and other similar analytics, Korean
Air leaders chose an improvement project that included
changes in communications (messaging and collaboration)
and content-sharing (content management) technology
and related procedures. Since the improvement cycle for
such a large project is long—one year in this case—the
results are not yet in. We are looking forward to bench-
marking their success in the coming months.

These case studies and other examples discussed in later
chapters provide a way to visualize the impact of PIF on an
organization at both the enterprise and the functional level.

CONCLUSION

The Solow Paradox—we see computers everywhere but in
the productivity statistics—has been displaced by the eco-
nomics of the Information Age. Just as the assembly line
changed the twentieth century’s industrial landscape, infor-
mation technology has indelibly changed, and will continue
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to change, the economic landscape of the twenty-first cen-
tury. Business investment strategies must be balanced
between technology acquisition and the deepening of labor
capital. Deepening the capability and ability of the work
force allows managers to, as Fredrick Taylor10 noted nearly
100 years ago, find the right challenge for each person, pro-
vide the guidance and means of production, and pay well
for increased output. Deepening the investment in people
and procedures to capture the advantage offered by tech-
nology is the key to economic success in the coming
decade. Restructuring the work environment to facilitate
the flow of information opens the door not only to pro-
ductivity gains but to the information transparency required
by recent regulatory rules relating to corporate governance.
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