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Abstract: Systems Engineering’s value comes from doing effective pre-work to avoid later, 

expensive rework.  There are many barriers to uptake of Systems Engineering, including the 

difficulty of abstract and holistic thinking and project time pressures.  This paper focuses on 

the time pressures, and the usual desire to show positive progress in any form of review of a 

project.  This leads to a behavior where there is a tendency to say “yes” in answer to a 

question because we know it is the desired answer.  Inappropriate “yes” statements to 

questions like “Are the requirements complete?” result in a tendency to stop the pre-work, 

and start the solution stage pre-maturely or with false confidence.  The paper proposes as a 

heuristic that the Systems Engineer recognizes that there are implicit dangers in answering 

“yes” to many review type questions. 

Introduction 

This paper emphasizes the need to recognize uncertainty and embrace it.  In previous work 

exploring the barriers to the uptake of Systems Thinking (Beasley, 2012) the “curse of the 

Gantt chart” was described as one of the barriers – there is a need to see perceptible progress 

and a pervading management ideal of a progressing, waterfall style of steady reduction in risk 

and uncertainty.  This translates into a need to see / show definite progress, represented by the 

need for positive “yes” answers in program development.  This paper proposes a greater 

focus on uncertainty, and acknowledging the inherent iteration in program plans to handle 

this.  

A significant part of the way Systems Engineering delivers value is by exposing uncertainty 

early (when it is cheap to address) and preventing the certainty of emergent problems later in 

the program – with a need for expensive rework through traditional, late program firefighting. 

 

This paper is structured as follows: 

 A discussion of specific issues where “yes” is the wrong answer, including some 

examples which reflect more widely on the systems approach than just the need for 

managing uncertainty and iteration 

 A discussion of the means by which Systems Engineering delivers value 

 A discussion and comparison of the dangers and difficulties inherent in linear 

planning approaches 

 Introduction of new heuristics focused on the value of recognizing uncertainty early in 

the program, and the program mindset that is needed to exploit this. 

 Conclusions 

Examples where “yes is the wrong answer 
These are a series of examples where there is either a strong desire from the Program, (or in 

one case regarding attitude to the customer, the engineer) to give or be given the answer 

“yes”. An explanation is given of where that pressure comes from, and why it should be 

resisted. 
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Question 1: Are your requirements complete? 

There is near unanimous agreement that successful projects depend on meeting the needs and 

requirements of the stakeholder / customer, and this depends on gathering, understanding and 

recording those requirements, and paying attention to them during solution creation.  

Gathering of requirements is first step in most lifecycle models (INCOSE SE Handbook, 

2011). 

Therefore asking the question “are your requirements complete” is, at first glance, an entirely 

sensible question to ask, and also important to ask at the beginning of the work of a design 

team.  There are three problems with the apparent simplicity of this question: 

1) It ignores the iteration needed between requirements and design, illustrated in simple 

figure below. 

 

 

Clearly the purpose of requirements is to constrain (and drive) the solution – decisions 

between alternative options are made on the basis of which one satisfies the requirements.  

Concepts are adapted / changed to make a better fit to the requirements.  However, with 

complex products the emerging nature of the solution will identify issues for which 

requirements have not been defined.  This is particularly true when new technologies are 

used – there will be new failure modes that have not been previously experienced, and 

specific requirements are needed to define what is tolerable. At the most extreme this is 

the “wicked problem” where you can’t know the requirements until the solution is 

complete (Conklin, 2006). 

It needs to be clearly recognized, despite all the desires of Program Management and the 

dominance of the “Gantt chart” view, that engineering complex products is iterative 

rather than linear. 

2) Observed practice is that the question is normally asked at the start of the system creation 

process – with the apparent expectation that the requirements arrive to the team 

“complete and gift-wrapped”.  Experience shows that this is not the case – customers 

rarely give complete requirements.  Even if the customers do define all their needs in 

well-structured requirements this is not enough.  Firstly, at every level in the system there 

are additional stakeholders, and so there needs to be an identification of the stakeholders 

for each level of the system.  This point was emphasized in the updated V-model views 

(Forsberg et al, 2013).  To illustrate from our experience, engine requirements have 

airframe / airline customer needs, but there are also business needs.  Our customers may 

want us to survive as a company to provide continuity of supply, but they do not have the 

Figure 1. Requirements and Solutions 



same view about desired Return on Investment that Rolls-Royce’s shareholders have.  At 

component level the component designer needs to balance / integrate the specific needs of 

the project / product with the Product Line / design style (reuse of design knowledge 

across multiple products), and the long term supplier relationships – requirements the 

“product” customer cannot set.   

3) You don’t want customers to set requirements that conflict with your design style or 

Product Line; setting of requirements needs to be a negotiation and agreement process 

playing to the strengths of both the “customer” and the “supplier”. This takes time. 

If the question “are your requirements complete?” is asked during a review, and the answer is 

“no”, typically the project will fail the review.  This can have the unintended consequence of 

design teams “hiding” the uncertainty, and the issues that are uncertain getting lost in the 

“false optimism”.  It is the authors’ contention that the answer “yes” at the front end of a 

program should be considered a fail. Completeness of requirements is not what we should be 

tracking. We should value the level of communication and engagement with the stakeholders 

and the maturity of information from which requirements are developed (e.g. engine models, 

aircraft models, past experience); the thing that should be tracked is how well the uncertainty 

has been mapped, characterized and documented. The impact of the uncertainty should be 

reviewed - and in particular the time criticality (when is the requirement needed to constrain a 

design choice and the absence of constraint leads to later rework).  Requirements uncertainty 

needs to be treated as an important input to technical risk identification (Pickard, Nolan and 

Beasley, 2010). 

Here is a simple example to illustrate the point.  Consider the requirement “the engine shall 

be painted”.  Basic requirements analysis will show this does not conform to any sort of good 

requirements standard.  Issues to be addressed include: 

 What is meant by the engine?  Is it all parts of the engine (inside and out), the visible 

parts or the outside?   

 Why “paint”? This is a solution, not a requirement. Is the value from adding color to 

the surface, protecting the surface, reflecting sunlight, or displaying a brand image?   

 What type or color of paint? – is that the customer’s (as yet undefined) requirement, 

or is the choice left to the supplier?   

 Are there any special properties of the paint needed (the environment it must last in, 

how long it must last, and in some military contexts, does it need to have any 

reflective/emission properties)? 

The point is not that there are issues with the requirement, but when does it need to be 

mature.  There are some requirements engineers who suggest that an immature requirement 

like that above “should not be released into the wild with the designers until mature” (!!)  

This is wrong – the designers can raise the questions that need to be asked to get the complete 

requirement – prompted by the knowledge that “Painting is required”.  Knowing painting is 

needed can be included in trades and manufacturing process preparation and costing – e.g. the 

addition of a paint shop capability – well in advance of knowing the final details of the color.  

So the issue is with asking the wrong question.  Rather than asking “are your requirements 

complete?” the question should be split into a) “Are your requirements complete enough for 

decisions that need to be made at this stage?” and b) “Have you sufficient work planned to 

improve the maturity of requirements in timely manner?”  Credible answers of “yes” to both 

these questions would give far more confidence that rework will be avoided. 



Question 2: Have you used stage gates / independent review? 

Independent audits are an established part of good engineering practice.  These are separate 

to the internal design review gates where decisions to proceed are taken.  Commonly they are 

used as a “second pair of eyes” to ensure the project team are not taking inappropriate risks.  

In Rolls-Royce the independent audit is driven by the risk process.  

Review (independent or otherwise) and clear decision gates and milestone reviews are 

important.  But there are significant dangers with audits and reviews.  It is commonly stated 

that “you cannot inspect quality in” – and there is a significant risk that this is what the 

review process does.  A review is an important check that the right things have been done 

correctly, but it can have negative effects.  There can be a lack of openness at a review, 

“hiding the dirty linen”, and expecting the review/audit team to find the problems themselves.  

This is driven by a natural desire not to be criticized and have work rejected, by a belief that 

the design team is professional and on the right track, and by pressure from the Program 

Manager not to slip the schedule by diverting resources to address audit actions.  This can, 

despite the best intentions, turn the review into an adversarial challenge rather than the well-

intentioned opportunity to pause and check.   

Further, the effectiveness of reviews can depend strongly on the level of empowerment of a 

project team. Figure 2 shows correlation between levels of product innovation (a measure of 

merit related to a new product being better than previous) and the effects that use of stage 

gate reviews can have on innovation.  There are two graphs – one where there is a high level 

of bounded empowerment, and one where there is low.  Bounded empowerment is defined as 

the degree to which the team is free to make its own decisions and has the self-confidence to 

move forward.  High bounded empowerment would be characterized by “yes” responses to 

questions such as: 

 Are development teams given a charter specifying what they are expected to do?  

 Are product development teams empowered to make decisions traditionally reserved 

for management?  

 Are project teams semi-autonomous and proceed on their own initiative so long as 

they are within specified boundary conditions?  

 Are project teams largely responsible for continuously reviewing their actions to 

ensure they are within boundary conditions?  

So while it is conventional (and 

intuitively correct) to hold stage gates 

and reviews, carrying them out 

(answering “yes” to the question about 

reviews) is not necessarily a good thing.  

You need to be sure that both the 

organization and the team are “mature” 

enough to take advantage. An 

organization that does not empower its 

teams will get “well, you check” 

behaviors in reviews, and a team that is 

not confident in its autonomy and 

capability will look for errors / problems 

to be spotted by the “wiser” review / 

audit team.  

Figure 2. Effect of Bounded Empowerment on 

Stage Gates and Innovation 
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Question 3: Do you understand all of the interfaces? 

Systems Engineering best practice has emphasized the importance of interfaces. How often 

have we seen projects run into problems because the interfaces were not understood? So it is 

natural to ask this question, and it is also important to elicit an honest response. But projects 

often do not understand the interfaces as well as they might think. Heuristics can be very 

helpful in understanding issues within an organization that need to be addressed to improve 

performance.  

The authors collected 238 heuristics from a variety of sources (Rechtin and Maier, 2007; 

Gasser, 2008; Gilb, 2007; Valerdi, 2010) relating to Systems Engineering, Systems 

Architecting and Estimation. From this list, 42 were selected that were particularly important 

in understanding the behaviour of an organization. Two surveys were performed. For the first 

survey, 50 people in the organization were asked to review the heuristics and identify those 

that they thought applied to 

the organization. For the 

second survey, another 50 

(different) people were asked 

to review the heuristics and 

identify those that they 

thought the organization 

applied during the 

development of products. 22 

people responded to the first 

survey, and 19 to the second 

(around 40%, and typical for 

this type of survey).  

The results were then cross-

plotted as shown in figure 3. 

 

Six of the heuristics related to interfaces: 

Q7  It is inadequate to architect up to the boundaries or interfaces of a system; one must 

architect across them 

Q8 Be prepared for reality to add a few interfaces of its own 

Q11 Choose a configuration with minimal communications between the subsystems 

Q16 The greatest leverage in system architecting is at the interfaces; the greatest dangers are 

also at the interfaces 

Q25 Organize personnel tasks to minimize the time individuals spend interfacing 

Q27  Modularity - To build a durable system, keep integration low between modules 

Interestingly, the responses for all of these lie in the bottom right quadrant (applies to the 

organization but the organization does not apply), with two (heuristics 7 and 8) in the pink-

shaded sector where there is most discrepancy between “applies to” and “applies”.  This 

points to a weakness in the management of interfaces which, having been identified, can now 

be addressed by focused training. 
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Figure 3. Heuristics Survey Results 



Question 4: Have you mitigated all of the risks? 

Sometimes it is appropriate to take a calculated risk, because this generates a business 

opportunity. The following example shows how calculated risks are taken with the 

development of Product Lines. 

Imagine having to define the scope of a Software Product Line (SPL) (Nolan, Abrahão, 

Clements and Pickard, 2011). How much functionality should be included beyond that needed 

for the known applications of the Product Line? If too little is included, then new applications 

may not be able to use the Product Line or 

expensive rework will be required. If too 

much is included, then the extra 

functionality adds cost but little value.  

Consider Figure 4. The box represents the 

full range of the domain, the green circles 

represent known projects within the 

domain and the amber shaped area 

represents the scope of a SPL. How do we 

identify the most economical shape (and 

size) for the scope of the SPL? 

Fig. 5 shows some scenarios of the SPL boundary 

relative to known projects. If the scope is 

defined too far away from any known 

requirement (example B in Figure 5) i.e., there 

is more functionality than required, the project 

will incur a cost with no benefit. In safety-

critical software this is a very expensive option. 

If the scope is set too close to the known 

requirements (example A in Figure 5), the 

project runs a risk of needing to make costly 

modifications late in the product line life.  

However, in safety-critical software, with 

the certification activities, it is tempting 

to define the boundary of the SPL as 

close as possible to the known 

functionality required. To determine the 

“sweet spot” for the scope of the SPL 

(example C in Figure 5), the principle of 

risk/mitigation trade-off analysis can be 

used.  

The “sweet spot” can be calculated as the 

ratio between the impact to a SPL from a 

new emergent requirement (defined here 

as risk) and the costs to mitigate this risk 

through the initial core asset design 

(mitigation). There are some cases when 

it is economical to move from scenario B 

Figure 4. An illustration of the full range of 
functionality available across the domain, the 
scope of the SPL and individual projects within 
the SPL covered by the scope of the SPL. 

 

Figure 5. Three scenarios showing the boundary of 
the SPL functionality relative to the known 
functional requirements. 
 

Figure 6. A theoretical cost-benefit trade between 
risk and mitigation costs.  The figure shows a 
theoretical functional “sweet spot” when the 
business achieves maximum return-on-investment. 
 

The SPL boundary lies 
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contains significantly 
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additional functionality other 

than the known requirements 
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(Figure 6) to scenario A. For example, the “starting” function of an engine can be very specific 

to an engine type and the airframe. The range of functionality and options is so large (scenario 

B) that it is economical to create several smaller core assets (scenario C) or to develop 

bespoke solutions for each engine/customer combination (scenario A). 

The boundary of any SPL functionality should be based on both anticipated requirements 

changes and business opportunities that may exist beyond the boundary. Implicit within 

requirements uncertainty analysis is sensitivity analysis. There may be some requirements that 

can be extended with little or no mitigation costs; whereas, there may be requirements which 

have a high sensitivity to change or discontinuities in the impact.  

As an example, consider the selection of a temperature probe used on an engine. The operating 

temperature of an engine may not be known precisely at the start of a project.  Different 

probes can be used dependent on the temperature required but some probes, those for higher 

temperatures, can be heavier and more costly. However, a more expensive probe can meet a 

wider range of engine temperatures. There is a direct trade between flexibility and net cost to 

the business. Risk analysis can be used to determine the probability the engine temperature 

will exceed a probe’s capability and, therefore, if it is better to adopt a more expensive probe 

now, or later when the true temperatures are determined.  

As late changes can be expensive to an engine and to a SPL, these analysis techniques are 

intended to determine if it is better to take a risk and develop the functionality now, or to wait 

and develop the functionality later. If the risk (probability or impact) is high enough, it may be 

better to develop the capability (mitigate the risk) up front.  If the risk is low enough, it may be 

better to wait for it to manifest. Mitigating all of the risks is unlikely to be the best strategy. 

Question 5: Are you going to get it right first time? 

Gas turbine engines create harsh environments for components – high temperatures and 

thermal gradients, massive levels of heat transfer, high static and dynamic stresses – and 

systems and components have to perform reliably in these environments for years between 

maintenance tear-downs. Designing systems and components to survive in these 

environments is often a form of wicked problem – you need to know the environment to 

complete the design, but you need to have tested the design to know the environment. 

An engine development program is intended to de-risk these problems; heavily instrumented 

engines are run and temperature and stress measurements are made to calibrate the models 

used during the design of the engine. As the models are adjusted, decisions are made on the 

need to iterate the design of systems or components to achieve the required system 

performance. 

When planning the program, a good program manager will know to build in these planned 

design iterations when there is high risk that the engine development program will turn up 

issues, and will not assume that the initial design will be the final design. Sometimes the 

iteration is not needed – a pleasant surprise. What happens, though, when it is assumed that 

the design will be “right first time”, with no planned iterations? 

There is more to this than just poor planning. Because it is assumed that the design will be 

“right first time”, it is often subjected to all of the rigors of satisfying engine certification 

requirements – it must be “production standard” and must have passed all of the testing to 

achieve certification requirements. Then, when a redesign is required, all of this will have to 

be repeated for the new design. 



The aim of the engine development program is to gather information. The systems and 

components that are assembled to create the development engine need to be good enough to 

do this – not to pass engine certification requirements at the first attempt. For instance, 

machining mounting brackets out of solid material may not be a viable production solution, 

but it is far less expensive for a “one-off” than creating the forging that would be used for the 

final design, and has the added benefit of flexibility. Changes can be made to the bracket 

design without having to procure new, long lead-time forgings. Planned iteration is good! 

Question 6: Have you got a solution yet?   

Project pressures tend to drive projects towards valuing progress in terms of defined solutions 

rather than in terms of problem understanding. Root cause analysis is difficult, and there is a 

tendency to assume that the root cause is known and jump quickly into developing a solution 

without really understanding the problem. 

A project was launched several years ago in Rolls-Royce to look at design modifications to 

understand: 

 Where (in the design and development process sequence) was the problem with the 

original design found?  

 Where should the problem with the original design have been found? 

 What was the problem with the original design that was the root cause of the need for 

the modification? 

 If the problem was found later in the design and development process sequence than it 

should have been found, what was the root cause of the escape? 

Wherever a modification was launched to address a problem with a design that was thought 

to be fit for purpose (that is, it was not an experimental design that was part of a planned 

design iteration), the designer was asked to complete a form that gathers this information and 

to present it at a gate review with the Chief Design Engineer prior to the launch of design 

activity. The purpose was two-fold; to gather the information to better understand process 

weaknesses and root causes of escapes and to ensure that the problem with the design was 

fully understood before redesign work started. 
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Figure 7. Where Found/Where Should Have Been Found Matrix, Design Modifications    



Figure 7 shows a plot of where problems were found and where they should have been found, 

for 294 modifications performed by 9 different design groups around the organization. 

The first point to note is that by far the majority of the problems with the original designs 

should have been detected before the design solution was finalized (in “Setting or Change of 

Requirements”, “Requirements Review”, “Design Analysis” or “Design Review”) – but 127 

escaped beyond Design Review to be detected later. 

The second point to note is that there are some discrepant responses (above the grey diagonal 

boxes). Review of the completed forms revealed that the quality of the root cause analysis 

was sometimes inadequate and that the designer had not understood the importance of the 

information being gathered. An e-Learning training course was deployed in August 2012 to 

the designer community and is showing a positive impact on the quality of the information on 

the forms. 

The third point is that it is clear where improvement resources need to be focused to reduce 

the probability of rework in new designs; a better understanding of requirements (what is the 

function the design is intended to perform, and in what environment), a more rigorous 

analysis of the capability of the design and a design review that is much more than a “check-

box” exercise.    

In conclusion, a better question to receive a “yes” response to is “Do you understand the 

problem (that the design solution needs to address) yet?” The probability of a good solution 

will increase if the problem understanding is mature enough for solution work to commence. 

Question 7: Can you improve the system by changing one part?  

Project pressures may create the temptation to minimize change and jump to an answer which 

is quick and easy to implement. However, it is important to remember that all components are 

parts of systems, and optimization of the performance of the component requires a systems 

approach.  

 

 

Figure 8 shows an example (Gegg, 1997; Burns, 2013). The efficiency of a turbine is strongly 

affected by leakage between the tip of the blade and the casing. One way of controlling this is 

to incorporate a shroud at the tip of the blade. The blades are assembled on the turbine wheel 

to create the turbine, and the shrouds on the individual blades link together to form a 

continuous ring. The shrouds incorporate some knife edge seal fins which cut into abradable 

material lining the casing, resulting in a very contorted path for air to escape over the tip of 

the blade and thus reducing leakage. However, there are compromises when compared to a 
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Figure 8. Shrouded Turbine Design 



shroudless design; the blade is heavier, which makes design of the wheel holding the blades 

harder, more blades are required because the design of the shroud becomes difficult as the 

cantilever overhang is increased, and the shroud has to be kept relatively cool to achieve a 

reasonable life. 

Two teams within Rolls-Royce ran some trade studies to compare shrouded and shroudless 

designs, but one team found that the sensitivity of the efficiency of the shroudless blade to tip 

clearance was approximately twice that observed by the other team. In the subsequent 

investigation it was found that the first team, who were more familiar with designing 

shrouded blades, had simply substituted a shroudless blade design and had left the radial 

distribution of heat from the combustion chamber the same as for the shrouded design, with 

cooler air around the tip of the blade. The second team, more familiar with designing 

shroudless blades, had also moved the hot stream from the combustor out towards the tip of 

the blade for the shroudless design – there was no shroud to protect with cooler air. Now for a 

given tip clearance, the volume of air escaping over the tip of the blade is constant, but the 

hotter the air, the less dense it is, so the second team’s design had lower mass flow over the 

tip of the blade, and this is the factor that drives the efficiency loss and hence the sensitivity 

to tip clearance. 

The lesson here is that optimization has to be performed at the system level and there has to 

be an understanding of all of the factors that can influence the performance of the system.    

Question 8: It’s only a small change - can I skip the analysis & test? 

When significant changes are made to a product, they tend to receive a lot of attention, are 

thoroughly reviewed and risks are identified and mitigated.  

Strangely enough, though, it is often the small changes that need more risk assessment and 

mitigation, because it is too easy to make invalid assumptions, for instance on read-across 

from similar designs. But the small changes will often be sold as “minor” updates which do 

not require the costs of detailed reviews. There may be a temptation to skip the analysis and 

testing. 

A case in point was a hardware modification to change a spring in an Air Flow Control 

Regulator to overcome some issues with aircraft gas turbine engine handling at altitude. This 

had already been done on a later variant of the engine, and the temptation was to think that 

this was just a small change – a “no-brainer” – there were no technical risks on the risk 

register.   

However, the team started thinking and assessing the technical risks associated with the 

change: 

 The air flow control regulator was designed and developed by a different team. How 

much technical knowledge do we have of how it works? 

 Why would changing the spring solve the problem? What other changes are involved? 

 How is the unit to be calibrated – can we read across the calibration from the later 

variant of the engine, or do we have to establish a new calibration – how? 

 The schedule of the regulator is set in service on the later application using a test set. 

The update to the test set for the new application may take longer than the 

modification to the unit. 



 Manuals (Operator’s Manual, etc.) will need to be updated to instruct the 

modification, the calibration activity and the new test set for scheduling the regulator 

– how long will these take to update? 

A “simple” change is often not so simple when sweeping assumptions are swept aside by 

clear thinking and a realistic assessment of risk.  

Question 9: Do you think your customer is an idiot? 

This one is a bit different to the others, because the answer “yes” is not expected – especially 

if it is the customer asking!   

However, in discussions with many systems engineers we find this to be a widely held belief.  

There is a belief that the customer (by which we mean the system level above the one the 

team is working) doesn’t really know what they want, and if only they did the design team’s 

life would be significantly easier.  Therefore the answer “yes” to this question is prevalent, 

and dangerous for two important reasons 

Firstly – along with discussion earlier about requirements maturity development, we should 

not have an expectation of completeness of requirements from the level above.  There are 

aspects of design constraints that the customer does not know, particularly of functionality 

and performance of functions. Expecting the customer to provide the complete requirements, 

and considering them “an idiot” for not doing so, or for the absurdity of what they are asking 

for is dangerous.  It leads to an abdication of the reasonability of the design team to elicit, 

analyze, understand and reconcile the requirements.   

Secondly, even thinking of the customer in a pejorative term like “idiot” is very dangerous.  

One of the important aspects of being a systems engineer and applying Systems Thinking is 

to be empathetic with different stakeholders (Strong, Ringer and Taylor, 2001; McRee, 

2012).  As an example the Soft System Methodology (Checkland and Poulter, 2006) 

emphasizes the need to understand the Weltanschauung (world view) of the different 

stakeholders.  This is hard to do when there is no respect for the stakeholder group.  Basic 

Emotional Intelligence thinking (Pless and Maak, 2005) shows that being “negative” (or 

“red”) about a group of people (such as customers) creates a lot of negative emotions towards 

them, such as blame, mistrustful, judging, and an inability to be aware of their situation – 

which can be summarized as “critical”.  This mindset is not conducive to the important task 

of extracting, interpreting and understanding their needs, integrating with other stakeholder 

needs, and converting them into a full and complete set of requirements  

Value from Systems Engineering 

There is plenty of evidence that Systems Engineering adds value (Honour, 2013).  The recent 

survey of Systems Engineering effectiveness (Elm and Goldenson, 2012) shows an 

interesting perspective on value; doing better Systems Engineering increases the probability 

of success. This result is emphasized when the complexity of the project is taken into 

account, where the difference in benefit between lower and higher Systems Engineering 

capability becomes even larger (figure 9).  

Is it understood how System Engineering has achieved this impact? In Rolls-Royce the pull 

for Systems Engineering comes from the desire to do “pre-work not rework” and the 

recognition that the pre-work is valuable because of early detection (Pickard and Nolan, 

2013) and prevention of errors. 



It has to be recognized that the pre-work is not just starting the program early. It is doing 

something different - i.e. looking for uncertainty / increasing understanding using Systems 

Thinking, and then using that understanding through the application of the Systems 

Engineering processes.  It is vital, if Systems Engineering value is to be achieved, that those 

planning activities understand how Systems Engineering delivers the value.  The “right first 

time” maxim had to be applied to each level of process (Blockley and Godfrey, 2000).  So the 

linear problem solving process needs to become an iterative loop (figure 10).   

System Thinking is used to define and understand the problem; the “take action” step 

launches the next level (which will probably be several problem loops). The “evaluate 

feedback” will integrate the outcomes from those lower level loops.  All of this has to be 

planned for – and traditional linear planning does not address this.   

The dangers of linear planning 

Most programs tend to be planned or shown in the classic Gantt chart view, which 

encourages a linear view of the working progressing steadily as time goes on.  This represents 

a very human need to see discernible progress (Beasley, 2012).  It is very hard to represent 

iterations in a plan, especially when the nature of the work in the iteration depends on the 

findings of the initial work, which was not available at the time of the initial planning.  

Iterations in a linear view tend to look like rework, and rework is “bad” and so should be 

avoided.  The ultimate end of this “simplistic” practice is to expect rigid adherence to the 

plan, and regular achievement of each defined milestone in turn.  In any situation with 

complexity or uncertainty this rigidity in planning (or adherence to the original plan) will lead 

to late and expensive rework.  

Planning the work involved in advance is important – to the business case, and to obtain the 

necessary resources (finance, people, facilities etc.).  However, as the examples above show, 

only if the right work is done does the full scope of the situation emerge, despite all the good 

pre-planning that can be done using previous experience and preliminary study outcomes.  

The Systems Engineering effectiveness study (Elm and Goldenson, 2012) states that program 

problems occur because “managers rely heavily on assumptions about system requirements, 

technology, and design maturity, which are consistently too optimistic. These gaps are largely 

the result of a lack of a disciplined systems engineering analysis prior to beginning system 

development”. So a plan must have space to find, and then react to emergent understanding 

and detail that design iteration provides. 

Figure 10. Iterative Loops and Systems Thinking 
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A common feature of many programs is the use of milestones, which are deliveries of 

substantive output (designs, hardware, reports etc.).  This misses one of the most important 

aspects in a plan – the making of timely decisions.   

If planning is based on the information that is needed to make the correct decision, then risks 

and opportunities can be mitigated in updates to the plan, based on the uncertainty and gaps 

in the information available when the decision had to be made. If this approach to flexible 

planning was used, built around progressively exploiting the emerging understanding that 

comes from the Systems Engineering activities, then the value of Systems Engineering could 

be more regularly exploited.  This is a critical aspect that needs to be explored as INCOSE 

engages with Program Management professional organizations. 

Generalization into heuristic and interface with PM 

Heuristics are an essential complement to analytics. They are a succinct expression of 

principle, taken from the Greek term for guide.  They encapsulate the insights that have to be 

achieved and practiced before a masterwork can be produced (Rechtin and Maier, 1997).  In 

Systems Engineering terms they are a readily accessible guide to assist problem solving by 

human beings – teaching things to do and approaches / mindsets to avoid.  

Based on the arguments above the following new heuristics are suggested to assist with the 

proper planning of engineering activities: 

1) Showing progress on a linear path is not necessarily good – the path might be in the 

wrong direction 

2) Recognizing uncertainty is the first step to success – ignoring uncertainty means failure is 

actually more likely, but when it happens it will be a surprise. Recognizing uncertainty is 

the first step to certainty 

3) You don’t make a project cheaper by not doing things; you make it cheaper by doing 

more of the right things. 

4) The customer may well not be right, but their position is valid from their (current) point 

of view and should be respected 

Conclusions 

A number of examples have been given where to show where project pressure to avoid 

missing milestones and keep costs down lead to bad behavior – linear planning and a 

tendency to jump to component solutions and avoid valuing the identification and 

management of uncertainty. 

The purpose of Systems Engineering is to improve the probability of a successful outcome to 

a complex/messy problem.  It does this by looking for understanding of the problem, and 

using that understanding to inform the drive for definition of a solution. 

To realize that value there are two essentials 

1) That discovering uncertainty is the first step towards certainty.  So uncertainty must 

be embraced – hence “yes” can often be the wrong answer 

2) Plans must include activities to find the uncertainty, but far more importantly they 

must be agile enough (and non-linear enough) to react to the uncertainties discovered. 

These principles must be “front and center” in discussion between Systems Engineers and 

Program Managers. 
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