Should IT Projects be run like Construction Projects?

Abstract.

Of course a project is a project, and qualifications such as PMP are useful in all fields where projects are undertaken. Yet domain knowledge is also vital: not being an engineer I would not expect to get a job as a project manager within the construction industry, just as I would not appoint a construction engineer with no IT experience as manager of an IT project.   Yet it is common for IT project management practices to be compared unfavourably with IT practice, with the implication that all would be well if only we were to adopt their practices.

Certainly project managers in Information Technology (IT) and Construction can learn much from each other, and there is much in the project management body of knowledge that applies to any kind of project.  Never the less, there are significant differences between their situations and simply applying the approach appropriate in one environment to the other is a recipe for disaster.  This paper examines a number of factors that are different, and the extent to which IT practices can or should be changed to be more like those of construction.

While the adoption of some construction practices would be beneficial, others would not. The skill of an IT project manager is in understanding the subtleties of the project, choosing the appropriate methodology for it, and managing the customers expectations appropriately.  The trade-off options between certainty of cost and usefulness of outcome are very different in the IT environment.

Introduction

A recent issue of Project Management Journal
 contains a paper "Where Project Managers are Kings", by Sauer et al.  In this paper the authors have studied the organization of successful construction companies, and identified elements of this organization that, they believe, are key to the success of the companies.  They infer that if the IT industry were to adopt these practices then it too could achieve similar levels of project success as the construction industry.   This is a recurring theme: for example, a paper
 presented at the 2002 PMI conference conveyed the same message.

A few years ago I had a similar epiphany to the authors: "If only we ran our IT projects like construction projects, then we'd achieve similar success".  As I explored the idea further however, and particularly with my last few years working as an IT practitioner within the construction industry, I understood more of the profound differences between the two disciplines.  

It is true that IT projects do not have the predictability of construction projects.  Although both industries have their failures, we don't see our cities littered with abandoned half-completed buildings or hear of the massive budget overruns that are believed to be the norm with IT projects.  There is an element of truth justifying IT's poor reputation, although the IT industry has been improving and it is not now as bad as many believe and as it was when IT project management was in its infancy. It should be noted however that the improvements have come from understanding the subtleties of IT projects, and dropping inappropriate project practices that had been inherited from engineering project management.  When the IT industry was new we simply adopted construction project methodologies: it is no coincidence that this is the era of our least IT project success. 

Construction projects follow a life cycle that is similar to IT's "Waterfall" project model.  It has been well demonstrated that this is worst model to follow in an IT project unless both the problem and the solution are VERY well understood.  It may be appropriate for a routine installation of a software package. It should never be used for development of a completely new system. I believe that our most dramatic IT project failures are associated with attempts to apply this construction methodology to an IT project without sufficiently understanding the differences between IT and construction.

In the following sections I've highlighted some key factors where differences are crucial.  I've used terminology "Customer" and "Vendor": I could equally have used "User" and "Developer", and the customer and vendor could be departments of the same company.

Factor  AUTONUM   Understanding the requirements.

The customer and vendor must communicate adequately.  If you are having a house built, then you will see plans and visit similar houses.  For projects like an Olympic stadium scale models will be built as well. Computer simulation (virtual walkthroughs) may also be used. The plans may go through several revisions.  This will give you, the customer, enough understanding of the project that you can be sure that the vendor will deliver what you want.

We do the same in IT when we build a prototype and prepare the high-level specification. However, the relative expertise of customer and vendor in the two disciplines are a significantly different. 

In construction there are well established codes of practice, and the construction company understands the requirements much more thoroughly than the customer.  An IT project requires a combination of existing software (vendor expertise), implementing the specific rules and integrating with the current environment of this business (customer expertise), and developing new functionality (neither understand).  With a less complete understanding of the requirements, and more factors being under the customer's control rather than the vendor's, IT projects are more difficult to estimate.  

Factor  AUTONUM  The Importance of Getting it Right First Time

In both construction and IT, costs escalate when the specifications are incorrect and changes must be made in mid project. 

Both customers and vendors understand this very well in construction, and are prepared to spend time and money at the specification phase to ensure that the requirements are perfect.  While minor details such as colours and carpets can be safely deferred, once the foundation is down it's too late to discover that there's no room for the piano. 

There is not the same understanding between IT customers and vendors that agreeing accurate, detailed, specifications before commencing work is the key to project success.  Although it has been demonstrated
 that an error in the requirements specification can cost 60 times as much to correct once a system is in operation, it is not at all clear that spending more time and money in the specification phase before development starts will actually help.  Particularly when part of the requirement is speed to market, and flexibility to meet changing market demands, the classical document-based specification is a sometimes-fatal impediment to project success.

Factor  AUTONUM  Modelling tools

A builder creates an initial model of the project (plans, specifications, scale models, bill-of-materials, and project plan) using tools that are very different to those that will be used in construction.  With only a small percentage of the project budget a model is created that provides the required communication between customer and vendor, and provides a basis for accurate estimation.  There is no danger of confusing the model with the actual construction. 

An IT system does not produce a physical artefact like a building; it produces a dynamic system that changes people's behaviour.  While the designer will produce a plan and specification, these communicate poorly and few customers can understand from these documents the way in which the system will be used, and how it will change their business.  To communicate well a prototype is essential.  By the time that a prototype has been built with enough functionality so that everybody adequately understands the requirements the whole job may have been substantially completed.  For example, it is easier to create a database directly with the tools built into any modern database than to use a separate design tool.  

If, like the construction industry, we used separate tools for design and building, and the design costs were less than 10% of the build costs, then we'd be able to use the design results to estimate the time and costs of building. We can't do this if much of the building occurs as a by-product of design: by the time our "design" is complete, the whole job may be well over 50% completed.

Not all IT projects are like this, but those that are are more akin to just the design phase of a construction project.  Would construction have any better reputation than IT if it were judged purely on the project success of its design phase?

Factor  AUTONUM  The Role of subcontractors.

A striking difference between a IT project and a construction project is that in the construction project much of the work is performed by subcontractors. For example, Figure 1 shows part of the bill of materials (including labour) of a typical house.  Before the project is commenced orders will have been sent to suppliers, and quotes (usually fixed price) received.  When more than 85% of the cost of a construction project is for fixed-quote items, it is not surprising that builders are able to achieve their project targets within a few percent.  Even the remaining labour-rate items can be estimated closely, using formulae such as the number of hours of plastering required for so many metres of interior wall.

Could IT projects work the same way, achieving higher precision and lower cost through the use of subcontractors?   To a slight extent, we already do when we hire contract developers for specific tasks within a project. We rarely obtain fixed-price quotes from them however, mainly because we're obtaining only labour, not material, from them.  The parts of the project that to involve materials such as computer hardware and third party software are rarely the parts where our cost estimates are wildly astray.  However, for reasons discussed next, it is difficult to get a good work estimate.
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Figure 1

Factor  AUTONUM   Lack of Metrics for Estimation

A builder can give an initial estimate based simply on dollars per square meter, and make this estimate more accurate with a few more facts (number of rooms, type of construction, etc).  This works because there is an industry body of knowledge refined through a large number of similar jobs.  You can even buy estimation handbooks, updated annually, that will give you factors for first-stage estimates for a wide variety of building projects.

IT lacks similar metrics that are available early in the project and which provide good predictions as to the rest. Attempts such as COCOMO
 to predict a project's size from its lines of code are bizarre: how does one obtain the starting-point estimate of the number of lines of code in the first place?  The best attempt within IT to do something useful that is similar to construction's metrics has been Function Point Analysis (FPA).  Initially developed at IBM by Albrecht
, and now mainly promoted by Capers Jones's Software Productivity Research
, this is an attempt to estimate the development effort for a project.  FPA uses a formula to calculate the amount of functionality to be delivered by counting the numbers of inputs and outputs, database tables, and logic rules in a system.  From this calculated number of function points the likely development time can be calculated by taking into account the technology to be used, the developer skill, and the size of the project.

One would think that the ability to predict development times would be so valuable that Function Point Analysis would be as basic to IT project managers as the equivalent estimation heuristics are in construction. There are two main reasons why it is not.  Firstly, it can only give useful predictions if a reasonably accurate system specification is available before development starts.  As noted above, with modern tools much of the development may have been done by the time that this is complete enough for the calculation.  Secondly, for the technique to work a reasonable body of industry experience is needed, with practitioners feeding back the results of their projects to build up the statistics.  The rapidity of IT change makes this more difficult than in construction.  By the time that useful figures were starting to become available for 3GL (PL/I, COBOL, etc) programming, 4GL's were becoming popular.  Even before this experience had been assimilated, the paradigm changed again to client-server development.  It is changing again, to web-linked cooperating objects.   

Not only are good metrics difficult to obtain, but also their relevance is highly suspect.  If we can successfully re-use code, then the issue is not the time to develop functionality, but the time required to understand the behaviour of the pre-written objects.  Combine this with the previously noted difficulty of ensuring that the vendor and customer really understand each other, and metrics about time per function point have little value.

Factor  AUTONUM  The Importance of the Learning Effect

Certainly new materials and techniques are continually being introduced into construction technology, but the rate of this change is slow compared to the rate of information technology change, and much of a tradesman's knowledge remains current for his working life.  In contrast, the half-life of IT knowledge may be no more than five years. Few of the technical skills that I acquired in my early IT career are of any use today.

This not only means that industry metrics are harder to obtain, it also means that individuals spend a lot more time re-educating themselves.  The important issue is not the time spent on training courses, but the continual experimentation with new software environments and tools.  IT practitioners spend a lot of their time with tools at which they are novices, with obvious consequences for the accuracy of their estimates and the quality of the resulting system. 

The importance of this learning effect can be seen in a recent project for which I was project manager.  The project was to convert an application using a pre-relational database to use DB2, with minimal other change.  In this case good metrics were easy to obtain. We knew all the programs involved, and for each program we knew the number of lines of code (COBOL or MANTIS), the number of I/O statements, and the program complexity. By measuring the time taken to convert, test, and user-test each program we could estimate when the project would complete. Two months into the six month project, extrapolating our conversion rate predicted that we were going to miss our deadline by four months! Over the next three months the learning effect increased productivity, and the projected over-run tracked downwards.  In fact, we needed neither increased resources nor overtime to finish the project with a day to spare, with 1/3 of the budget unspent! 

Ignore the learning effect and project estimates are wildly pessimistic.  Rely on it too much, and you're ignoring warning signs of impending disaster.  But what's too much?  It's as if construction's estimation handbooks have to give different rates for painting the first and last room in a house.

Factor  AUTONUM   The Role of Quantity Surveyors.

Tom DeMarco
 argues that we cannot expect the project team to estimate accurately. The project manager's goal is to deliver successfully as far under budget as possible: this is inconsistent with the goal of estimating as accurately as possible.  Management reinforces this attitude: when the developer who estimates 20 days and completes the task in 10 is a hero while the developer who estimates 7 days (for the same task) and completes it in 9 is a rogue, it's not surprising that the correct estimate is "as large as you can get away with".  DeMarco argues that the only solution to this problem is to have independent estimators. Their only task is to estimate; their only goal is accuracy.  

However, in spite of the strength of DeMarco's argument, few have adopted his solution.  One reason is the lack of good statistics on which to base objective estimates, but others are the unwillingness of IT developers to accept another's estimates, and a management belief that there will be no commitment to such estimates. 

In construction projects there is a role, Quantity Surveyor (QS), which is essentially DeMarco's independent estimator.  The QS develops the estimate for the job by developing the bill of materials (including work) from the plan/specification.  This involves estimating quantities and obtaining quotes.  As the work progresses, the QS is responsible for approving payments as materials are delivered and work is completed to standard. The QS is not however the project supervisor/manager.  In large construction projects the QS is independent of the vendor, being hired separately by the customer and acting as the customer's representative. 

This is an idea that the IT community should pursue. Occasionally IT consultants are used in this rule, but most customers regard the cost of someone who is neither the project manager, nor one of the developers, as unnecessary expense.  As DeMarco points out
, we could reduce the cost of justice if one of the litigants were the judge, but we'd have to expect the quality of the judgment to suffer.  The adoption of the QS role within IT would improve the accuracy of project estimates, especially as the statistical basis for these estimates broadened, and of course the presence of QS's would ensure the collection of such statistics. 

Factor  AUTONUM   The Role of Inspection and Building Codes.

IT theory is not as well developed as engineering theory.  An engineer can design a bridge and know that it will survive a certain level of load, weather, etc., provided that it has been built to specification.  Unlike IT, where there is very heavy reliance on testing, construction relies on calculation, standard codes of practice, and progress inspections.  At various stages of a building project the work will be inspected to ensure that the work is being done to specification and according to the relevant building codes.  Has the right type of cement been used?  Is there enough reinforcing steel? We do not test that the completed bridge won't fall over in the next storm. 

In IT projects, testing is key.  The developers test their own work, and almost all IT projects include an independent test phase as well. Units of work are tested individually, and then tested again as the system is assembled. 

IT is remarkably reluctant to accept that work should be inspected as well, and most of the industry continues to rely on testing alone as its sole quality assurance technique. Yet there is very strong evidence
 that inspections are an extremely cost-effective way of improving quality and reducing cost.  

IT has no real equivalent of the building codes, even in areas where the principles are well understood such as database design, and developing them to the point of legislation would be counter-productive.  Even without such codes, progress inspections that delve into the internal structure of the software, not just milestone acceptance tests, should be a normal part of all projects.  Whether these are the continuous inspections of XP's (eXtreme Programming) pair programming, or more formal code inspections at unit completion, doesn't seem to matter. 

Conclusions.

There are significant differences between the construction and IT environments, and unless the IT project manager understands the nuances of software development he/she is unlikely to achieve even project management success (delivering what is specified on time and budget), let alone the much more important project success (delivering what is needed, when it is needed, cost-effectively).  The IT project manager needs to be familiar with several lifecycle models, and able to choose the most appropriate for each particular situation.  As McConnell shows
, there are many difference methodologies and none is always the best, or always the worst (although the Waterfall approach comes close).  

In most circumstances a methodology that delivers results early is superior. The common focus of all of the agile methodologies (RAD, iterative prototyping, eXtreme Programming, etc) is to deliver something useful quickly and then iteratively refine this.  This makes it harder to estimate the final costs, but these methods are demonstrably superior in delivering what is really needed.  This approach is not available to the construction industry.  We cannot grow a room into a house, nor a house into a hospital.

I agree with Sauer et al
 that the IT project manager would benefit from the organizational structure used by a construction company, and the role of project manager should be taken seriously.  Project managers need the specialist training and experience of PMP or similar qualifications, and the disciplines of project management should be applied even with iterative prototyping development. It is however naïve to think that IT projects can achieve the same level of success as construction projects simply by adopting the same organizational forms. 

Even with these advantages, the IT project manager will still lack a source of useful metrics. In spite of the considerable effort that companies such as IBM have devoted to metrics, we remain a long way from the development of useful estimation handbooks. Without such metrics, objective estimation is difficult. Compounding the problem, the evidence that companies such as IBM, with a strong culture of metrics, are more successful than others such as Microsoft, that do not seem to use metrics, is mixed to say the least
.  Without clear evidence of the benefits of metrics, it's difficult to justify the cost of collecting them.  If the industry doesn't think that metrics are worth collecting, then we'll never develop any.
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