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It seems to me that the core process in IT that needs to be leaned is the 

basic business model itself Ð how both parties negotiate and manage 

projects to mutual advantage. Once this is cracked it opens up all the 

lean opportunities in planning, developing, installing and maintaining 

IT systems. Without it these improvements are difficult to sustain.  

Prof. Daniel T. Jones, Chairman, Lean Enterprise Academy 

The purpose of Lean management is to speed up the delivery of value to 
the customer by reducing waste Ð to do more with less, delivering a 
quality product just when it is needed.  

The approach can be applied to any software project to improve the 
value delivered to all the stakeholders. The principles that underpin the 
lean approach have been used by some to create the numerous ÔagileÕ 
approaches to software development. But one has to take care to 
understand and apply the lean principles as they were intended. There 
are many instances where partial or mis-understanding has led people 
down a tangential path that creates rather than reduces waste. While the 
lean engineer has a toolbox rich in a variety of tools, no single tool is 
useful for all purposes. Change you must. But you have to apply 
Ôsystems thinkingÕ and understand the ramifications inherent in any 
change proposed. 

Software projects on the whole contain a great deal of waste, and 
unwanted variation. This contributes significantly to the poor 
performance of IT projects in terms of budget, adherence to schedule, 
speed and predictability of delivery. Crucially, such waste affects the 
success or failure of the final deliverable in meeting the expectations of 
the stakeholders. While the technical wizardry available today is 
awesome, failure to manage the technology and the people engaged in 
development and operations, continues to undermine the average 
citizenÕs faith in the capability and benefits of computerised systems.   

The current state of practice 

Many in IT believe that fulfilling requirements within budget is less 
important than delivery on-time. Too often, business users are asked to 
compromise, trading functionality for product quality, or velocity for 
cost. On some occasions, usability is sacrificed in order to deliver 
anything at all. And in the worse cases, projects have gone so far off the 
rails the only solution is to cancel them outright. The fact is, the 
customer wants it all, now! Or soonerÉ  and they want value for money.  

ÒWhile the technical 
wizardry available today is 
awesome, failure to manage 
the technology and the 
people engaged in 
development and operations, 
continues to undermine the 
average citizenÕs faith in the 
capability and benefits of 
computerised systems.Ó 
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The statistics for the first few years of the 21st century make grim 
reading: 

¥ 66% of software projects fail to meet business needs  

¥ 43% of projects overrun budgeted costs 

¥ 82% of projects delivery results late 

¥ 52% or less of the required functionality is delivered 

¥ 51% of ERP implementations are unsuccessful  

¥ 40 % of ERP projects fail to achieve the benefits promised in 
their business case within one year of going live  

¥ Project managers with an average of 17 years experience of 
software development and typically 9 years as project managers fail 
on 1 in 3 projects with respect to delivery of the expected scope, on 
budget, within schedule 

(Sources: the Standish Chaos Report, 2003; Robbins-Gioia Survey of 
234 organisations 2001; Conference Board Survey of 117 organisations 
2001; KPMG 2002; ÔThe impact of size and volatility on IT project 
performanceÕ, Chris Sauer, Andrew Gemino, Blaize Horner Reich, 
Communications of the ACM 2007) 

Around 15% of projects are cancelled outright. This is good. They were 
cancelled and therefore did not continue to waste resources. But still, it 
seems that 50% or more of firms can expect to write off at least one IT 
project per year, with such write-offs averaging 12.5M Euros, although 
some write-offs have cost upwards of 200M Euros. 

However you look at it, this amounts to a lot of wasted resource. The 
2006 Chaos Report found that only 35% of projects fulfilled 
requirements on-time, in-budget, while Sauer, Gemino & Reich found 
that 412 experienced project managers delivered within +/Ð 7% original 
budget, schedule, and scope on two out of every three projects. So 
somewhere between one third and two thirds of projects, even when run 
by experienced project managers, seem to perform below expectations. 

Analysis by the Standish Group suggests that 41 cents of every Euro 
spent on software projects are wasted. This is born out by our own 
observations. Examples of waste and poor performance observed by 
SMS between 2004 and 2007 include: 

¥ 54% of the effort expended on a multi-year multiple-release 
outsourced development went on non-productive work 

¥ >25% of supplier effort on outsourced projects being expended 
on Ôproject managementÕ Ð customer project management effort being 
expended in addition 

¥ A cancelled strategic re-architecture programme, with losses 
totalling a reported £120M GBP 

Ò..somewhere between one 
third and two thirds of 
projects, even when run by 
experienced project managers, 
seem to perform below 
expectations.Ó 

Ò41 cents of every Euro spent 
on software projects are 
wasted.Ó 
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¥ A supplier focused on technical methods & contractual minutia 
while ignoring a Ôsea of discontentÕ amongst users 

If only these examples were unusual. But they are commonplace. 

Such poor performance reduces ITÕs contribution to business and 
damages credibility So how do we go about achieving a step-change in 
performance that will make a real and lasting difference?  

Why do we develop software? 

Software is a means, not an end. It is developed and maintained for a 
purpose and its value depends on what it enables the software user to do 
(it is common to refer to what the software does as its ÔfunctionalityÕ). 

The desired outcome of the ideal software project is that: 

¥ Business needs are satisfied quickly (ideally, as soon as they are 
recognised) 

¥ Results are delivered on time, as predicted (stakeholders are not 
ÔsurprisedÕ) 

¥ Results represent value-for-money, delivered within budget  

¥ The software does what the user expects 

¥ Defects are few and unimportant  

¥ Faults, once reported, are resolved quickly and forever 

Why is this seemingly so hard to deliver?  

One key root cause often is lack of senior management engagement. IT 
is seen as a Ôcost of doing businessÕ not a strategic enabler of growth. 
Many business leaders seem not to understand the technology that their 
business depends upon, and (dare I say?) it is unclear whether some 
CIOs appreciate how to deliver business value.  

Most CIOs donÕt report at Board level. Few ever did. The change to 
outsourcing IT may have begun to bring home to CXOs the importance 
of the IT function and how much poor performance in this area can 
affect the core business. But it continues to amaze me how willing 
customer organisations sometimes seem to be to leave the measurement, 
auditing Ð and effectively the management Ð of the supply to the 
supplier organisation! Would any organisation tolerate such a loss of 
management control in other aspect of the business? 

The CIOÕs job is still seen as a technical role rather than that of a 
business leader or Ôchange agentÕ. Perhaps this is one of the reasons for 
the extraordinary number of change initiatives launched by many of the 
FT Top 100 organisations. By definition, when the business is on its 4th, 
5th or even later, change initiative, something is going wrong. In lean 
management, there is only one change programme, which is continuous 
and indistinguishable from business as usual.  
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What to change 

To analyse the detail of what needs changing in the context of IT, we 
need to look at project level. People tend to assume that performance is 
Ônormally distributedÕ. This is untrue. The graph of project performance 
is highly skewed, with a high number of projects delivering very poor 
productivity, and a small number delivering good productivity.  

 

In the words of Steve McConnell, ÒThe implication of this 
distr ibution is that most software personnel have never  seen 
software development at its best.Ó 

Two out of three of organisations lack an explicit improvement 
programme. Such low maturity organisations Ð that is, organisations that 
lack established and well-run processes and are therefore dependent on 
individual expertise Ð typically also exhibit high staff turnover. Hence, 
the critical knowledge on which the organisationÕs operations depend is 
held by individuals and is lost when those knowledgeable individuals 
leave.  

Example: a retail client experienced IT staff turnover rates of  >23% per 
annum. It took 6 months for a new recruit to obtain enough experience 
to become useful (nothing was documented of course) Ð and more than 
50% of new recruits left within 6 months. 

Example: a multi-year multi-release programme employed 65% of staff 
on short-term contracts. Individuals were re-assigned every 3 months, 
and the whole management structure of the programme was reorganised 
each year. 

 

Ò..most software 
personnel have never 
seen software 
development at its best.Ó 

Critical knowledge on 
which the organisationÕs 
operations depend is lost 
when knowledgeable 
individuals leave. 
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It is not surprising in this chaotic scenario that IT projects suffer from:  

¥ Poor project management of large, complex projects 

¥ Too much re-invention, too few standard tasks, Õnot-invented hereÔ 
syndrome 

¥ Home grown, ad-hoc methods relying on individual expertise 

¥ Inadequately trained or inexperienced project managers 

¥ Inadequate planningÉ poor estimatingÉ insufficient early de-
risking 

¥ Poor scope management & poor coordination of multiple 
initiatives 

¥ Poor communication between the IT group and its customers 

The following diagram extracted from benchmark data collected by the 
International Software Benchmarking Standards organisation (ISBSG) 
shows variation of up to 3 orders of magnitude in project speed and 
productivity.  

This represents a considerable opportunity to improve and obtain a quick 
return on investment. The worse performance is, the easier it is to 
improve!

 

Productivity cf velocity log-log scale analysis of ISBSGS r8 data 

 

Ò..variation of up to 3 
orders of magnitude in 
project speed & 
productivity.. represents a 
considerable opportunity 
to obtain a quick return 
on investment.Ó 
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How to improve the ROI of the software process. 

Given that:  

Profit  = Income Ð Expenses 

CapitalEmployed  = TotalAssets including cash 

ProfitMargin  = Profit / Sales  

 

Return On Investment can be defined as follows: 

 

That is, any increase in sales, and improvement in the Profit Margin, or a 
reduction in the Capital Employed, will result in a net return on 
investment. 

Hence, all software activities need to deliver a ROI by increasing sales 
(more turnover from more customers), reducing costs (thereby 
increasing margins), or reducing capital investment (simpler, easy-to-
use, more capable systems). Increasing user satisfaction is good, because 
it encourages more sales. Improved product quality is good because it 
reduces rework costs and encourages more sales.  

If a project-oriented viewpoint is the only one adopted, it can be difficult 
to directly relate software development and maintenance to the value 
delivered to the company. However, by considering the overall, 
repetitive process by which software is developed, maintained or 
enhanced it becomes possible to analyse how each of the steps in that 
process contribute to the delivery of value. In essence, we need to trace 
the end-to-end process for converting ideas and raw materials into 
customer value Ð a technique known as Ôvalue stream mappingÕ.  

The starting point for value stream mapping is to discover and 
understand what the end user (the customer) means by value. This will 
vary from organisation to organisation Ð for some, quality is all-
important; for others, it may be predictability, or time to market. It is 
rarely just the cheapest possible option Ð as some early adopters of 
outsourcing have found to their cost. 

!  

ROI% =
Profit

CapitalEmployed
" 100

so

ROI% =
Sales

CapitalEmployed
"

Profit
Sales

" 100

andhence

ROI% =
Sales" ProfitMargin

CapitalEmployed
" 100

ÒIf a project-oriented 
viewpoint is the only one 
adopted, it can be difficult 
to directly relate software 
development and 
maintenance to the value 
delivered to the company.Ó 
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Once value is defined, the value stream can be identified, and broken 
down into the constituent process steps. This exercise illuminates the 
connection between the outputs of one step of the process and the inputs 
to the next. It enables members of the project team to understand how 
the way they handle their part of the project can impact on staff in other 
parts of the value stream. If the value-creating staff are empowered to 
improve their own processes, this enables the whole team to work in the 
most efficient way of operating the end-to-end process. ÔEmpowermentÔ 
includes resourcing the improvement activity (e.g. to the tune of 10% or 
1/2 day per week per person), as well as encouraging staff to identify 
and remove the causes of variation.  

Management decisions should be informed by feedback and accurate, 
timely data visible to all contributors. This ensures each repetitive step 
or sub-process delivers ÔvalueÕ to the next downstream ÔcustomerÕ. To 
maximise throughput and predictability, avoid Ôunplanned workÕ and 
flex resources to handle bottlenecks immediately they occur. The 
objective is a continuous workflow of process steps that add value (for 
the customer) moving work-products to the next step, ÔpulledÕ by 
customer demand. Each downstream step becomes a ÒcustomerÓ of the 
previous one.  

The aim for each critical step is to narrow the range of outcomes while 
improving the performance. No work product should be passed 
downstream for further processing until it has been peer reviewed. This 
avoids the subsequent waste of performing further work on a defective 
work-product, which otherwise would compound the error. Rapid 
development is not achieved by passing on partially completed work-
products, but by performing each task efficiently and effectively, 
avoiding the injection of errors, so that each ÔdownstreamÕ task is 
performed on ÔgoodÕ inputs and does not compound earlier errors. 

 

The aim for each step is to narrow the range of outcomes: 
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If we desire a value-stream that operates efficiently and effectively, we 
have to understand how each process step is performed, and control the 
quality of the inputs it receives.  

To achieve this, we need to identify the critical sub-processes and track 
the trends in its performance. For example: 

¥ What is the size of the demand, over what period? 

¥ How much delay is experienced? 

¥ How long does processing each input take? 

¥ How much effort is required to produce each output? 

¥ What is the first-pass yield? (or % that are defective?) 

¥ What value is produced by each step? 

Quantitative Management 

What matters must be measured. And what matters is (as a minimum): 
size, effort, duration, defects, and cost. 

Measurement data (speed, effort, defects, & volatility of data, etc.) from 
different processing steps, stages, projects, or organisations cannot be 
compared unless first normalised with respect to the quantity of the 
outputs (that is, the size).   

For the large majority of software types, functional size (i.e. the quantity 
of product to be delivered to the customer) is the primary driver of 
velocity, effort, duration and cost. Productivity, defect density, & 
velocity are expressed best in terms of Ôsize per unit effortÕ, Ôdefects per 
unit sizeÕ, & Ôsize per unit timeÕ respectively.  

COSMIC is the most recently developed functional sizing method 
(ISO/IEC 19761:2003) and is designed expressly to cater for the widest 
range of software types, including business applications, systems with 
multi-layered architectures, and embedded systems. The IFPUG or Mark 
II FPA functional size measurement methods may also be used, but 
these are older techniques, less well suited to measuring complex 
modern software. 

Eliminating Waste 

There are no silver bullets. The culture has to change if we are to reduce 
the levels of waste to something more acceptable. Such culture change 
usually requires leaders to lead by example Ð to focus their own 

Ò...culture change..requires 
leaders...to focus their own 
behaviours on delivering 
value and removing the 
Ôseven wastesÕ as defined 
by Taichi Ohno.Ó 

"Count what is countable. 
Measure what is 
measurable. And what is 
not measurable, make 
measurable." - Galileo 
Galilei 
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behaviours on delivering value and removing the Ôseven wastesÕ as 
defined by Taichi Ohno: 

1. Over-production ahead of demand (waste of resources) Ð prefer 
incremental development rather than the traditional Ôbatch & 
queueÕ software development life-cycle  

2. Waiting for the next processing step (waste of time) Ð all involved 
must focus on delivering in step with the agreed schedule, 
balancing resources to keep on-time 

3. Unnecessary transport of materials (waste of energy & time) Ð 
ensure a smooth work-flow, naming conventions, efficient filing, 
and configuration management, so that no time it lost searching 
for ÔmissingÕ information or work-products 

4. Over-processing of components (waste of resources & time) Ð 
build work-products that meet the requirements, donÕt add 
unnecessary bells and whistles 

5. Inventories greater than minimum needs (waste of space & 
resources) Ð assign staff to teams only when their contributions 
are needed 

6. Unnecessary movement of staff (to look for parts, tools, help, etc) 
Ð align the work-force around the software development life-
cycle, co-locate developers and customers, provide adequate work 
facilities e.g. meeting rooms 

7. Production of defective components  (waste of resources, energy 
& time) Ð prevent defects being passed to downstream process 
steps, analyse the nature of defects and how they are injected, 
change the process to avoid defect creation 

SMS has found it a useful exercise for project teams to sort the tasks 
they do into three categories: 

8. Positively adds value 

9. Unavoidable but adds no value 

10. Wastes effort or time 

Recording each type on an appropriately coloured post-it note (e.g. 
green, yellow, red) then posting the notes in groups onto a display board, 
graphically illustrates that there is room for improvement, and suggests 
where waste eliminating can start.  

Creative and customer-facing staff are employed to perform specific 
jobs. They are trained to do these jobs, and often have better technical 
skills than those who find themselves in a managerial role. It makes no 
sense, therefore, for managers to think it is their task to tell workers 
what to do. They often are not qualified to micro-manage the technical 
folk.  

It makes no sense for 
managers to think it is 
their task to tell workers 
what to do. 

Taichi OhnoÕs  

Seven Forms of Waste 
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Rather, the managerÕs role in the software development value-stream is 
process and performance improvement. They have the responsibility to 
remove performance barriers and resolve issues, enabling creative, 
customer-facing staff to do what they are best at. Hence, it is important 
to have an effective escalation path, that is well-understood by all 
involved. Developers should be encouraged to Ôred binÕ inputs they 
receive from ÔupstreamÕ if the work-products they are asked to work 
with are defect-prone or otherwise below the standard acceptable to 
allow rapid, error-free execution of their assigned task. 

To summarise: 

¥ Actively sponsor improvement  

o Be systematic 

o Sustain management engagement 

o Measure the outputs Ð the Ôfunctionality deliveredÕ (and 
the defects) 

¥ Do not tolerate defects. 

o fix defects in the cycle in which they are identified 

o Identify & resolve the root causes to prevent repeat 
occurrences  

¥ Monitor the ratio of planned:unplanned work;  

¥ Control the flow of work-products through the process  

¥ Be realistic Ð plan to succeed, donÕt plan to fail 

Conclusion 

Software is developed to increase profit or aid survival and investing in 
improvements to the software process can deliver a good return. 

Costs reduced --> increased profit margin 

Duration shorter --> increased ÔsalesÕ in the same time 

Productivity increased --> more ÔsalesÕ for same effort 

Productivity increased --> less capital employed 

Quality better --> more profit due to less wasteful rework 

Customer Satisfaction increased --> more ÔsalesÕ  
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 ÔPerformance Results of CMMI-Based Process ImprovementÕ, SEI 2006 

 Low Median 
Improvement 

High #Datapoints 
(organisations) 

Cost reduced 3% 34% 87% 29 

Duration reduced 2% 50% 95% 22 

Productivity increased 11% 61% 329% 20 

Quality better 
(defects reduced) 

2% 48% 132% 34 

Customer Satisfaction Ð 4% 14% 55% 7 

ÔROIÕ 1.7 : 1 4.0 : 1 27.7 : 1 22 

 

The Ôstate of the practiceÕ generally has much opportunity to improve. 
The gap between the top-performing/mature organisations and Ôthe restÕ 
continues to increase. Software development cultures need to move 
away from a project focus, to considering the value stream and the value 
delivered from one step to another.  

If CIOs take performance improvement seriously and plan to deliver a 
ROI, perhaps business leaders will take technology, and their CIO, 
seriously. With a highly computer-literate ÔFacebookÕ generation 
waiting in the wings, old business attitudes to technology will have to 
change.  
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Grant Rule is founder and current Managing 
Director of Software Measurement Services 
Ltd. With over 34 years experience in IT, 
Grant is a recognised authority in using 
quantitative methods to continuously improve 
the quality of the software process and its 
products. 

He is in the forefront of applying lean 
engineering principles to the software 
improvement process to deliver business value. 

Grant worked with Ken Dymond to introduce the Software Engineering 
InstituteÕs ÔCapability Maturity ModelÕ into the UK, and helped bring to 
Europe the first public ÔIntroduction to the CMMI! Õ training. He has 
contributed to structured methods and to ISO standards, and helped 
improve the inter-counter consistency of counting practices for IFPUG 
and Mk II Function Point Analysis. He is a member of the COSMIC 
core development team.  
 

Software Measurement Services is a specialist, independent UK consultancy working with 
decision-makers in blue-chip companies and government departments to improve the results 
delivered by the development of software and computer systems. Our consultants are at the 
forefront of developing and supporting best practice in managing software process performance. 

 

For more on the COSMIC-FFP method, see www.cosmicon.com and/or contact your local member 
of the COSMIC International Advisory Committee, whose e-mail address is given on the ÔcosmicÕ 
site. 
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