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ABSTRACT
The accurate and timely measurement of an organisation’s information technology (IT) productivity is a critical tool to
control the strategic and operational aspects of any firm. This paper describes the validation and integration of productivity
measures through the application of the Balanced Scorecard. Developing measures of I T productivity that are not skewed by
methodological or data collection anomalies, shifting usage of communication and workflow channels, negated utility of
knowledge management, quality versus quantity trade-offs, and differences in individual skill levels and performance is
difficult yet essential. The Balanced Scorecard as a strategic measurement framework is applied to assist in determining the

appropriate matching of what we intend to measure and to what we assign numerical values.

INTRODUCTION

Measuring productivity has been acentral preoccupation of
industry and government. Historically, a production census was
conducted on a global scale and determined the economic stand-
ing of nations based on their ability to produce goods and services
with added value beyond the sum of the cost of the raw materials.
The twentieth century has seen a meteoric rise in the investment
of computers and telecommunications technologies with the in-
tent of dramatically improving productivity and retaining com-
petitive advantage. The technology sector fueled this investment
with promises of productivity gains that would result from either
requiring fewer workers or by allowing the replacement of highly
specialized labor with semi-skilled labor. The resulting productiv-
ity as measured for industries or economic sectors did not live up
to the promised benefits. This has surrounded IT investment by
controversy. The standard measures used for economic utility and
productivity were unable to capture the shifting paradigm of the
information economy.

The fundamental complexity of measuring productivity in
information sector organizationsistypically underestimated. The
pitfalls that frequently skew measures of IT productivity include
methodological or datacollection anomalies, shifting usage of com-
munication and workflow channels, negated utility of knowledge
management, quality versus quantity trade-offs, and differences
inindividual skill levels and performance. We address each one of
these issues, as it would apply to asingle firm or from the enter-
prise perspective. Government data on industry sectorsis not dis-
cussed, asit isnot under the power of thefirm to change or control
thisview. Weintroduce the common pitfalls of measurement of IT
productivity as described by Attewell and then present how to ap-
ply the Balanced Scorecard to overcome them.

M ethodological or Data Collection Anomalies

Productivity measurement may beimpeded by methodol ogi-
cal or data collection anomalies that arise from various sources.
Methodological or data collection anomalies refer to the corrup-
tion of theintegrity of the data. A common productivity measure-
ment pitfall occurs when firms scrutinise personnel productivity.
When people feel they are being monitored and measured they
naturally become suspicious and may supply poor-quality data,
thus subverting the accuracy of measurements. A more subtleis-
sueisthat productivity must be measured in context. Thisisdueto
the interdependency of entities productivity with how they con-
duct their work and the type of work product being produced. We
are unableto measure the productivity of labour (personnel) with-

out engaging indirect measurement of the specific work process
(designing, coding, testing, and reviewing) and the work product
produced (intermediate or final products). At the enterprise level
productivity is measured as an aggregate of personnel effort, re-
source utilisation, and the final work products. This aggregation
often conflates the issues by combining offsetting increases and
decreases in productivity across sub-processes of the overall
workflow.

Shifting Communication and Wor kflow Channels

Productivity measurement may be hindered by a resultant
shift in usage of communication and workflow channelswhen tech-
nology is introduced into the work process. A textbook example
of thisphenomenon occurred with theintroduction of email. Man-
agers stopped using Dictaphones and composed their own memos
on-line. A verbal communication is 5 times faster to produce than
awritten communication. Recent studies are revealing that man-
agers are now spending an alarming percentage of their time an-
swering email. Much of the work in technology focused
organisations require the application of complex modes of cogni-
tive information processing. New technologies that are intended
to increase productivity often shift how information is transmit-
ted, the accuracy or clarity of thetransmission and the difficulty in
making a meaningful interpretation from the transmission. Global
software devel opment and distributed product manufacturing have
resulted in an increasing dependence on Internet technologies to
distribute and manage information and work products. These
changes can result in not only achangein the activitiesrequired to
performwork, but a so shift responsibilities and accountability from
one type of personnel to ancther. Another aspect of this shiftisa
changein theindexicality of communications, particularly in glo-
bal settings of production. Indexicality isaterm from sociolinguists,
which refersto the degree of compression that can be applied to a
communication because of a shared knowledge base among par-
ticipants. This aspect as applied to global software development
makes the need for formal specifications and complete documen-
tation quite apparent, it can be assumed that no shared knowledge
will exist and all pertinent information must be documented.

Quality Ver sus Quantity Trade-Off
Productivity measurement should measure not only how
much product is produced but also the quality of the product pro-
duced. The quality versus quantity trade-off can exhibit itself in
many forms and undermine not only productivity measurement
but impinge on the organisation’s productivity. Thisis a particu-
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larly thorny problem for IT as quality as defined for software and
systems is highly subjective. In addition, quality is truly multidi-
mensional, as the system may possess properties that exhibit as
multiple qualities such as, safety, reliability, usability, etc. To fur-
ther complicate theissue of quality organisationsfocuson the num-
ber of faults or defects found in the product and measure this as
number of defects per lines of code written. This measure on sur-
face captures the essence of quality versus quantity for software.
The source of the difficulty isthat the number of defects or faults
in the software has no demonstrated relationship with the system
propertiesthat result for the product. Therefore, enormous amounts
of effort may be expended removing defects from software with
no noticeable improvement in the final product. This is an open
area of research in the metrics community and strides are being
made to identify relationships between types of defects, when and
how they are revealed, and the final product quality.

Dynamism of the Information Revolution

Productivity measurement has become complicated by in-
herent dynamism of theinformation revolution. Therequisiteskills
and retention of employeesthat possess not only current skills but
also an ahility to learn the next set of required skills is a chronic
problemfaced in IT and telecom sectors. Skills obsolescenceisan
ongoing problem requiring that labour be retrained in an ongoing
and aggressive fashion. This is particularly true when new tech-
nology isintroduced or standardi sation of technologiesisrequired.
The impact on productivity isto diminish individual productivity
while new skills are acquired through training. The greater the
changethe greater the potential immediate negative impact to pro-
ductivity. Major changeistypically sought asameanstoimprove
productivity thus providing a double-edged sword to early adopt-
ers; theinitial result will be adecreasein productivity followed by
incremental increases over time. A more difficult aspect of mea-
suring productivity arises from the shift that results when a mea-
surement focuses on individual or team effort. Technologies are
introduced that are thought of as saving hours of effort. Thisisa
common occurrence because line managersfocus on the staff hours
under their direct supervision. Technol ogiesthat reduce staff hours
are viewed asimproving productivity. Unfortunately, at the enter-
priselevel the organi sation measures productivity asthe utilisation
of capital aswell aslabour. Technologies thought to improve pro-
ductivity often improve individual productivity while shifting the
cost of production to shared resources such as centralised data re-
positories or on-line processing through an intranet. These are
categorised by economists as principal/agent issues. The discon-
nect occurs through the dissemination of the applied labour effort
using atechnology that distributes costs of using that technology
digoint fromtheeffort. Theresulting overall productivity decreases
dueto negative impacts on resource utilisation are not visible to the
individual. Infact, theindividua may seealocalised risein produc-
tivity that is negated by an overall decrease in productivity. Dueto
the nature of many information technologies the true measure of
productivity may not be visible except at the enterprise level.

This section described the pitfall sthat frequently skew mea-
sures of IT productivity:
¢ methodological or data collection anomalies,
« shifting usage of communication and workflow channels,
* negated utility of knowledge management,
e quality versus quantity trade-offs,
o differencesinindividual skill levels and performance.

Although, it would seem that given the complexity to mea-
suring productivity that organisations would be unable to over-
come the seemingly insurmountabl e barriers described here. How-
ever, finding conceptualisations that manage the complexity by
decomposing it to tractable measures of productivity provide the
keys to success. To effectively measure productivity, we need to
begin by defining what we are measuring. Then we can managethe
complexity of how to measure productivity with greater clarity.

Definition of Productivity

Defining productivity requires we identify the productive
entity or subject of interest, do we want to measure productivity of
labour, resources, or processes? Depending on the point of focus
quite different measures would be required. However, with care-
ful planning a set of measures may be used to provide distinct
views of productivity. Thisis made clear through examples. First,
it is instructive to look at the typical equation for productivity.
Equation (1) might be considered the most rudimentary of tem-
plates for productivity measures.

Productivity(P) = Output/ Input Equation (1)

To evaluate the problem it is good to provide more concrete
examplesthat are of general interest. We draw again from the soft-
ware development community and initiate our discussion with the
standard equation for software productivity.

Productivity(P) = 100 SLOC/ Person Day Equation (2)

Thiswould seem reasonable aswe can count how many hours
are expended in a day to write a software program and how many
lines of source code were written in that period of time. However,
asimple example demonstrates the shortcoming of thissimplistic
and naive approach to measuring productivity. If a programmer
called (P1) produces the first software system at 100 SLOC/day
and then produces a second system at 200 SLOC/day, equation
one would tell us that the programmer (P1) had doubled his pro-
ductivity. Butisthisreally the case? Doesthe second system pro-
vide greater functionality and thereforeincreased amounts of value
for the same amount of effort?

Additional information is required. What percentage of the
lines of code produced isactually providing the required function-
ality? If only 50 lines of code are required, total productivity has
actually decreased, as additional resources to manage and com-
pile 200 lines of code are required. This illustrates a shift of cost
due to adiminished utilisation of capital resources without avis-
ible shift in effort. Let's ook at another example. A programmer
(P2) comes across the second program and notices that only 50
SLOC are actually used in the execution of the program, if this
programmer removes 150 SLOC, but adds 50 more lines of code
that doubles the functionality and value of the software, is he (P2)
less productive? Programmer (P2) has anet decline of 100 SLOC/
day, yet improved efficiencies of resource utilisation (compilers
and repositories) while doubling the value of his output.



Table 1. Programmer productivity profiling
Productive Process Product Resource(s)
Entity Required
Programmer | P(1) Coding Set of Editor,
Programs Compiler
Programmer | P(2) Designing/ Set of CASE tool,
Code Programs Code
Generating Generator
Programmer | P(3) Integrating Set of COTS, Editor,
Programs Code
Generator
Programmer | P(4) Product Line | Set of Reuse
Reuse Programs Repository,
Specification

Measuring productivity in contexts that are shifting pro-
cesses, personnel and resources through standardisation, automa-
tion, and integration of technologies face the greatest challenges
in understanding and controlling their productivity. How can we
identify these complex relationships, measure their interactions
for positive and negative impacts, and prevents impediments to
improving productivity? We begin by viewing productivity as a
multi-faceted set of interactions, not as a singular measure based
solely on the quantity of product produced. We tabularize a set of
activities that are typically measured for productivity using the
same measurement focus of SLOC/effort. These activities are
drawn from the domain of software development organisations
see Table 1.

Itisof value hereto take time to discuss our four hypotheti-
cal programmers P(1), P(2), P(3), P(4). If al four programmers
deliver a set of programs with 1000 SLOC expending the same
number of days of effort to do so, are they equally productive?
What if the defect densities for their code respectively are; 28/
1000, .007/1000, 567/1000, 22/1000. | s programmer P(3) less pro-
ductive? Is the reported defect density the result of a defect laden
COTS product? Has programmer P(3) provided an essential fea-
ture to the system despite a very difficult integration? SLOC/ef-
fort and defect density fail to capture the relationship of how much
value was produced through this combination of resources that
were used.

Productivity must implicitly capture the value add of the
output (product), based on the inputs (labour as well as capital
resources required) to build that product. To measure productivity
we must construct a value chain that maps the process used, re-
sources required, and the productive entity engaged in the pro-
cess, to the final product as measured by those characteristics that
provide added valug, (i.e., features, reliability, availability, safety,
performance). This definition inherently requires a set of equa-
tions that capture productivity. It is the specification of this set of
equations that may be subsequently used as a template and
parameterised for agiven productive entity under specific produc-
tive processes. Productivity is defined as a value chain that maps
the process used, resources required, and the productive entity
engaged in the process, to the final product (or service) as mea-
sured by those characteristics that provide added value. The mul-
tiple attributes that compose ameasure of productivity resultinan
inherent complexity. This complexity when faced with the com-
mon pitfalls for IT productivity measures require that the com-
plexity of the measure as well as the barriers to measurement be
addressed concurrently.

Approachesto Measuring Productivity
Itisapparent that IT productivity isacomplex measure. We
use Thorp's critical dimensions of IT complexity; linkage, reach,
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people and time, to categorise the aspects of IT productivity. The
following sections provide a discussion and concrete examples of
Thorp’sIT complexity categories, see Figure 1. We then integrate
the four pitfalls of measurement with the four complexity factors
and identify their respective rolesin documenting value and mea-
suring productivity effectively.

Linkagereferstothree key elements. Themapping and align-
ment of a{ productive entity, resource, process} with the business
strategy. The demonstration of the contribution to benefitsor value
by the productive entity while using resources to engage in the
productive process. The integration of the measured productivity
of {productive entity, resource, process} with organisational ini-
tiatives or programs.

Reach or scope refersto two key elements. The evaluation
of the scope or areas of the organisation affected by { productive
entity, resource, process} . The extent or size of the impact based
on { productive entity, resource, process} interactions.

People refers to four key elements that address disparate
aspects of accountability, organisational culture and behavioural
attitudes, technology adaptation requirements, and skill obsoles-
cence and training. Accountability requires that the people that
areinvolved inthe productive process{ productive entity, resource,
process} have defined roles and responsibilities. Organisational
cultureand behavioural attitudesreflect how people are motivated
in an organisation to improve productivity. People as productive
entities, must improve by reducing or optimising resource
utilisation. An improved process might achieve this or advanced
technologies that substitute manual labour for automated activi-
ties, or through standardisation across an enterprise, the choiceis
often afactor of how people are rewarded. Technology adaptation
refers to the technology life cycle and the degree of effort to im-
prove and the readiness to adopt new technologies. Thistypically
refersto the peopl e as productive entities using a new resource or
conducting work using a new process or both. Skill obsolescence
and training refer to providing for the necessary skill set based on
the unique combinations of { productive entity, resource, process} .
Learning to avoid hand coding defectsis not of valueif al codeis
to be generated from detailed design specifications.

Timerefersto two key elementsthat are difficult in practice
but essential to meaningful measures. The time horizon required
managing all the above dimensions and realising the desired ben-
efit. This aspect focuses on setting achievable and realistic expec-
tations. This inherently includes time lags between changes in
{productive entity, resource, process} and the realisation of ben-
efits. The second key element is critical. The changes in dimen-
sionality linkages, reach, people, and time over the expected time
horizon. This second aspect assumes a non-steady state of an
organisation. An organisation undergoing change must re-evalu-
ate measuresto check and verify that assumptions made about the
linkages, reach, people and time rel ative to productive entities the
resources they use and the process applied to produce, are till
valid measures of productivity.
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Figure 1. Productivity complexity factors: time, reach, people
and the relations that create linkages among the factors.
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This section demonstrates how Thorp’s complexity catego-
ries can be ameliorated through the use of the BSC. By doing so
we discover how to approach productivity measurement while
avoiding common pitfalls. The BSC is not the organizational strat-
egy but rather ameasurement paradigm to provide operational and
tactical feedback. The organizational strategic visionand goalsare
the foundation upon which the measurement framework is con-
structed. The BSC is segmented into afour-tier hierarchy for mea-
surement: financial, customer, internal business processes and
learning and growth segments. There are obj ectives associated with
each tier of the hierarchy.

Figure 2. Four tier hierarchy with objective's focus
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There are two categories of measures used in the BSC the
leading indicators or performance drivers and the lagging indica-
tors or outcome measures. The performance drivers enable the or-
ganization to achieve short-term operational improvements while
the outcome measures provide objective evidence of whether stra-
tegic objectives are achieved. The two measures must be used in
conjunction with one another to link measurement throughout the
organization thus giving visibility into the organizations progress
in achieving strategic goals through information resource man-
agement and process improvement initiatives.

Learning
and Growth

The three principles of building abalanced scorecard that is
linked through a measurement framework to the organizational
strategy include:

(1) Defining the cause and effect relationships,

(2) Defining the outcomes and performance drivers,

(3) Linking the scorecard to the financial outcome measures

The initial steps of cause effect graphing for the BSC en-
gage in the construction of a set of hypotheses concerning rela-
tionships among objectives for all four perspectives of the bal-
anced scorecard. These relationships are diagrammed using influ-
ence diagrams. The measurement system makes these relation-
ships explicit therefore, they can be used to assess and evaluate
the validity of the BSC hypotheses. Further the hypothesis are
mapped to a set of objectives concerning the necessary and suffi-
cient factors to creating value for the organization in terms of the
strategic vision and goals.

Figure 3. Influence diagram of organizational linkagesto
identify required measures.
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Financial
The core financial measures for the Balanced Scorecard in-
clude return-on-investment, economic value-added, profitability,
revenue growth/mix and cost reduction productivity. Financial
performanceisonly oneindicator of success. Thefinancia objec-
tives must be linked with the overall scorecard through cause and
effect mappings documented by objective measurements.

Customer Measures
The core measures for the customer include market share,
customer retention, customer acquisition, and customer satisfac-
tion and customer profitability. These five core measures are used
in conjunction with one another to evaluate and profile the status
of the customer base of an organization. Many of the core cus-
tomer measures are not applied in the same context.

Process

Theinternal business process measures have focused on key
factorsof processdefinition and improvement paradigms. Process
improvement frameworks have included Total Quality Manage-
ment TQM, the Software Engineering Institute’s Capability Ma-
turity Model CMM, and more recently 1SO-9000 Certification.
All of these efforts share a customer focus of measurable business
processimprovementsthat result in cost reductionsand cycletime
improvements. Thisfoundation isused by organizations asa start-
ing point for developing the additional framework of strategic
measures from multiple perspectives. A key resource in deploy-
ing effective business processes is information and information
technology.



Infrastructure (Learning and Growth)

Thelearning and growth objectives arethedriversfor achiev-
ing desired resultsin the other three areas of the scorecard. Thisis
the BSC category that supportsthe creation of the necessary infra-
structure to achieve the strategic goals of the organization. Three
key factorsin this perspective of the strategy areidentified asem-
ployee capabilities, information systems capabilities and employee
motivation, empowerment, and alignment.

Developing M easures of Productivity

The act of constructing the BSC provides a foundation for
the identification and exploration of the linkages as described by
Thorp. Specifically, the mapping and alignment with the business
strategy and the demonstration of the contribution to benefits or
value by the productive entity using resources to engage in the
productive process.

The BSC requiresthat linkages beidentified and then tested
through a series of hypothesis testing activities. This prevents
measuring the productivity of aresource or class of personnel that
are not rel evant to the specific context or goal s of the organisation.
Classes of personnel must be present to meet organisational needs.
Employee capabilities require that the strategic skill base neces-
sary to meet organizational objectives be well documented and
understood. Employee’s personal goals are aligned with organiza-
tional goals to allocate retraining, skill enhancement, job enrich-
ment, and promotion opportunities. |nformation systems capabili-
ties provide the necessary infrastructureto allow employeesto see
their personal linkages to organizational goals.

Theidentification of infrastructureinthelearning and growth
segment of the BSC defines resources that are shared across
organisational units. These highlight reach and scope of interac-
tions that signal special handling for inputs relative to outputs in
productivity measures. The process segment of the scorecard iden-
tifies processes and sub-processes that are interdependent. The
evaluation of the scope or areas of the organisation affected by the
changing of the allocation and utilisation of resources or the
standardisation or optimisation of processes. The extent or size of
the impact based on resource or process interactionsis highly de-
pendent on availability and accuracy of information. Information
is a key resource to create an employee base that can make in-
formed decisions concerning operational efficiencies. The CMM
providesinfrastructure to support key processesin the creation or
management for the software engineering process improvement
through the SEPG, software metrics groups and software quality
assurance groups. These structures focus support efforts on key
functional areas for continuous process improvement. The mea-
sures used to enumerate employee skillsand numbersinclude staff-
ing levels, strategic job coverage, strategic information availabil-
ity and dependability. The core measuresfor learning and growth
focus on the employee. There are three measures employee satis-
faction, employee retention, and employee productivity. Therela-
tionships among these measures are hierarchical with employee
retention and productivity dependent on degree of employee satis-
faction. The enablers to employee satisfaction include employee
skill base of core competencies, technological infrastructure, and
the general work climate.

The process tier of the BSC defines the measures for pro-
cess improvement and control. By having well defined processes
it is possible to predict with accuracy the time to achieve produc-
tivity gains and lag between when benefits would be realisable.
This process visibility and control is not readily achieved in IT
making predictions of the time horizon required to manage al the
above dimensions and realise the desired benefit difficult. Thus
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setting achievable and realistic expectationsis not straightforward
but must bewatched and re-evaluated. The BSC requiresthat mea-
surement be linked from operational activitiesto high level strate-
gic goals.

Finally the measures of the process and |learning and growth
tiersarelinked to customer measures of satisfaction, retention and
profitability. The customer measures readily trandlate to financial
measures. This approach has multiple benefits but the most sig-
nificant arises from using the Balanced Scorecard not as a static
measurement tool like a yardstick, but as a dynamic monitoring
device that alerts managers and employees when they are engag-
ing in counter productive behaviours.

SUMMARY AND LESSONSLEARNED

The Balanced Scorecard (BSC) strategic measurement
framework provides the necessary structure to evaluate quantita-
tive and qualitative information with respect to the organization’s
strategic vision and goals. There are two categories of measures
used in the BSC the leading indicators or performance driversand
thelagging indicators or outcome measures. The performance driv-
ers or leading indicators enabl e the organization to quantitatively
track whether or not the organization is achieving short-term op-
erational improvements. The outcome measures or lagging indi-
cators provide objective evidence of whether strategic objectives
are achieved and to what degree. The two measures must be used
in conjunction with one another to link measurement throughout
the organization thus giving visibility into the organizations
progress in achieving strategic goals through multiple organiza-
tional initiatives. The development of a core set of metrics for
implementing the Balanced Scorecard is the most difficult aspect
of the approach. Devel oping metricsthat create the necessary link-
ages of the operational directives with the strategic mission prove
to be fundamentally difficult asit istypical to view organizational
performance in terms of outcomes or results rather than focus on
metrics that address performance drivers that provide feedback
concerning day-to-day organizational progress. The Balanced
Scorecard provides the necessary framework for decomposing the
IT complexity and addressing measurement barriers. Table 2 read-
ing from left toright alignsthe I T complexity with the correspond-
ing segment of the BSC. This separation of concerns allows com-
mon barriers to be more readily seen and addressed.

Table 2. Summary: 1T Complexity, BSC, Common Pitfalls

Table 2. S y: IT Complexity, BSC, Ci Pitfalls
IT Complexity Balanced Scorecard Overcoming
Factors Measurement Pitfalls
Linkage Balanced Scorecard is based on | The BSC is constructed by

v tie to strategy
v value chain
v’ tie to organisational

a 4-tier hierarchy that is tied to
specific objectives. Value chain
is created linking desired

hypothesis testing of
relationships (linkages) among
the 4 tiers. A rigorous scientific

objectives Customer base to Financial approach minimises data
objectives. i
Reach Process objectives tie how work | Cross-functional
¥ organisational units affected | gets done to target for | interd: ies are dynamic

and reforming to meet changing
resource allocations and business
goals. Measures of how many
units are produced in the context

of its utility or value add.

v degree of impact production and quality.

People Infrastructure (Learning & Technological changes redirect
v accountability Growth) is a measure that the communications channels and
¥ cultural barriers right people with the right skills | workflow responsibilities,

v skills required are assigned to the right tasks negative impacts are monitored
¥ technological flexibility with the authority and using leading indicators.

technological flexibility to
remain competitive.

Time BSC leading and lagging

v’ time horizon for payback indicators proactively measure
v dynamic linkages current state of the organisation
and past-present-future trends.

Dynamism of the information
economy is creating a
destabilisation that is accounted
for in our BSC.
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To achieve meaningful measures of productivity it is clear
that simplistic or naive approaches are at best not suitable. In the
worst case, they would be misleading, potentially resulting in net
decreases in productivity and organisational viability. To address
the high degree of complexity inherent in measuring productivity
ameasurement framework that allows the creation of “ productiv-
ity measurement templates” is desirable. This supports an orderly
decomposition of complexity with a concurrent ability to aggre-
gate measures to achieve a broad view without sacrificing accu-
racy and relevance of the measurement.
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