PROJECT MANAGEMENT IN ENGINEERING 

Lesson 3: 
UNDERSTANDING YOUR USERS AND YOUR OTHER STAKEHOLDERS.
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UNDERSTANDING YOUR USERS AND YOUR OTHER STAKEHOLDERS
We introduce the two coordinate systems of value, and we also discuss how we engineer the user experience. Engineering projects often create products and/or services that never existed before. Under these circumstances, it is easy to lose sight of what aspects of the new item are essential, and which are less so. We solve this dilemma by rigorous and continuous focus on our eventual users and customers. What are they trying to accomplish? How do they do it now? What are the shortfalls? What are their needs and desires? At the same time, our degrees of engineering freedom are usually entirely within the technical domain: choices about materials, parts, algorithms, mechanical structures, and so forth. In this lesson, you will learn how to understand your users, how to relate that understanding of your user to the engineering choices that are your degrees of design freedom. We then extend this focus on our users to all “stakeholders” of our project. We end the lesson with a discussion of how to use good engineering and good management to achieve a compelling and effective experience for your users and your customers when they operate your system, through what we call the user experience.
The Four Steps to Understanding Your Users and Your Other Stakeholders
In the previous lessons, we introduced the idea of our engineering project having users and other stakeholders. In this lesson, we go into the actual details. Who are these people? How can they affect the success of our engineering project? How are we to interact with them?
It is worth reminding ourselves why we consider users and stakeholders: our engineering project does not exist in a vacuum – it has a purpose. Most likely, this purpose involves doing something useful and important for those users, and something that is beneficial in some fashion for those other stakeholders, and through them, beneficial to society. In order to specify and design our system so that it truly serves the needs of those users and stakeholders (and society), we need to identify them and understand them. Also, we already discussed the creation of the requirements for our system. 
	Identify who are the users and the other stakeholders
	
	Determine how the users and the other stakeholders define value
	
	Determine the needs and desires of the users and of the other stakeholders
	
	Capture what the users and other stakeholders can tell you about the requirements


Figure 1. The first four steps of the requirements creation process
The first thing to notice about these steps is that each and every one of them contains both the word users and the word stakeholders. In this lesson, we will discuss the users and our other stakeholders in terms of these four steps.
If we are going to build a product or service – some sets of people somewhere are the intended users: the people who will operate and/or employ the product or service, in furtherance of some mission or purpose.
The set of users may in fact be more encompassing than the set of people who actually operate our product or service. If our product is a new military fighter jet, the pilots who actually fly the system are certainly among our users, but the military commander who is deciding what mission those fighter jets are going to go out and try to accomplish tomorrow will also certainly consider himself/herself as a user of those jets as well! He/ she is using those jets to accomplish his/her purposes – some combination of tactical, strategic, and political1 – even though that commander is not going to get into an airplane and personally participate in the flying. That is why I say the users are the people who will operate and/or employ the product or service, in furtherance of some mission or purpose.
If those are the users, who are the remaining stakeholders? We use that term to designate anyone who believes that they have a vital interest in the outcome of the project. Examples might include:
· Those who are paying for the product or service that your engineering project is going to produce (the paying customer).
· Those who are acting as the buying agent for the product or service that your engineering project is going to produce (the buying customer).
· Those parties who are close collaborators with your users. For example, let’s imagine that you are building military fighter jet and it may be flown by the Air Force, but if its mission includes providing what is called close‐air support to ground troops, then the Army will have a legitimate interest in the planned capabilities and delivery schedule of your fighter jet.
· Those parties have a mission or financial stake in the resulting product. For example, once your fighter jet is completed, there will be extensive testing by the Air Force agency that conducts testing and evaluation of new airplanes. There is also an entire infrastructure within the Air Force (and across the entire Department of Defense) that provides logistical support (diagnostic services, repair services, spare parts, and trained people to do all of these tasks) to military airplanes. Both of these organizations – the testers and the logisticians – certainly have a legitimate interest in the design of your fighter jet too, especially with regard to what you might or might not be planning to provide in the way of diagnostic tools, and other matters that 
__________
1 “War is the continuation of politics by other means” – Karl von Clausewitz, On War, 1832.
will directly affect their mission. They probably have a financial interest also: they will, for example, have strong opinions about what logistics‐related work should be done by their organization, as opposed to what work should continue to be done by the prime contractor.
· Those who feel that they are strongly affected by the opportunity cost of our project. This group will include, for example, those who are involved in building and supporting the fighter jets that our project is designated to replace (and their political supporters); they may prefer that your project proceeds slower than planned (thereby allowing their older jets to remain in service for a longer period of time), or even oppose your project in its entirety. They perhaps would prefer for your project to get less money, so that more money is available for upgrades to the older jets. There might be others who believe that by receiving funding, your jet project is taking the opportunity to receive funding away from other projects, ones that they would prefer to be funded.
· Our employees are always very important stakeholders in our projects; we must investigate and determine what will make the project a success for them too. This will usually involve much more than just salaries and benefits. If some or all of these employees are represented by a labor union, that union is a stakeholder too.
· The owners and/or stockholders of our company (and of our important suppliers) are stakeholders too. They will influence the terms of our contract, and constrain our operating alternatives.
Notice that not all stakeholders are necessarily supporters of our project; the fact of their opposition (whether temporary or enduring) does not prevent them from still being important stakeholders. They have the potential to influence those making decisions that affect our project, regarding money, capabilities, schedule, the eventual size of a production run, and many other things.
 Most of the examples above deal with externally funded projects. But there are analogous players and tensions for internally funded projects. Don’t be misled into believing that the other people in your organization or company see every aspect of your project the same way that you do. If your project is to build the next version of the core product that your company currently sells, there are people who want it designed differently; people who want to extend the life of the existing product instead of starting a new product at this time; people who want to lead the new project themselves, instead of you; people who want to work on the project, and are annoyed that you did not select them for some important position on the project; people who think that your cost estimates are outrageously high; people who think that your estimated schedule is outrageously long; people who want to sub-contract out the entire job, instead of doing it internally; people who want the company to concentrate on some completely different product or service, instead of what your project is intended to build. And that is just among the other employees! There are also the stockholders, the market analysts, regulators at both State and Federal levels (and in other countries, if you plan to sell your product outside your own country), the advertising agency that your company uses, your suppliers, your competitors, and the general public.
One of the defining characteristics of engineering is that we aspire to make decisions based on facts. Since the product or service that our engineering project is going to produce is intended for use by our users and will impact the lives of our other stakeholders, we will make better and more informed decisions about our project if we understand those people. We try to understand the users and the other stakeholders, their needs, and their constraints. What is their mission? What are their products? How do they do their mission today? Why is that how they do it? What constrains the possibilities?
Behind all of these answers, there is a why: what is the attitude that causes those to be the answers to such questions? That why is the value which we seek to understand.
We must arrive at an understanding of what our users and stakeholders value for every engineering project. We do that by the methods mentioned above: reading manuals and training materials, asking questions of expert practitioners, and watching them perform their mission. Since what we are looking for in the search to understand what the users value is the why behind their answers, and the why behind their choice of methods, tools, procedures, and indirect methods (such as watching) to find their values are usually required. I do directly ask why, and so can you, but that is seldom sufficient; sometimes the values are ingrained, but not explicitly articulated. We must therefore engage in actions that will bring them to the surface.
This search for the users’ value system cannot be exclusively qualitative. In engineering, we measure things and make decisions based on our analysis of those measurements. We, therefore, aspire to make quantitative statements about the users’ value system. This requires us to consider how we can measure those values in a manner that the users will find credible and useful.
Whoever built their current system just assumed that such an approach was appropriate in the context of that system. But the users disagreed; they were inputting information that was valuable for multiple people, but the people for whom it was valuable changed over time; for example, between work shifts – there might be one person on each work shift who dealt with a certain type of information. The users felt that it was an unnecessary burden for them to have to figure out who (by name) was on duty at this time so that they could send the information to that person. They also worried that when it came time for a change of work shift, information would not be available to the person on the next work shift responsible for that type of information.
What we determined is that the mental model of sending information to a person by name was a poor choice for this system; what they wanted instead was the ability just to input their information, and have the system figure out who needed to receive it. On each shift, someone will be the person responsible at that time for each work role; what the users wanted was for them just to input their data into the system, without having to name a specific recipient by name, and for all of the appropriate information to somehow be made available automatically to the correct person when they started their work shift.
The current system provided what was needed (e.g. people could input relevant information, and get it to the correct person), but the method used to do so (the users had to know the name of the correct person) created a lot of work considered by the users unnecessary (and error-prone), and therefore was not liked. After we figured all of this out, we created the idea that each user was associated with a particular work role, that the system could have knowledge coded into it about which kind of information was relevant to each of these work roles, and therefore that information could be routed automatically by the system to the person(s) who occupied the relevant work role at this time. This lessened errors and reduced the workload of the users. The users liked that design; it would cost extra money to build, but once they understood what we proposed, they wanted that capability, and they then persuaded the buying customer to incorporate that feature into our contract.
So, we can use the mission threads and other materials, and thereby separate what is needed, what is wanted, and what is unnecessary. We can also (this is harder but still important) determine what is not being accomplished using the current methods, or could be accomplished in a better, more suitable, fashion.
The insights gained from this analysis can lead to the creation of ideas for new and improved mission threads: how the mission could or should be accomplished, after we remove all that is unnecessary, sharpen up what is needed, add what is missing, and identify and add what is wanted. This creation of new mission threads, that depict what could or should be, is a key step in understanding your users, and convincing them that you do, in fact, understand them.
The world is full of always-improving technology. Now that we have a clear understanding of what is needed, what is wanted, what is missing, and what is unnecessary, we are well situated to assess these technologies and determine which of them can actually help our users and their mission, and which, despite apparent potential, will not actually help at all.
Furthermore, many technological products fall short of their advertised performance. We must determine what they really can accomplish, probably through measurements made by us (and not by the manufacturer) in our own laboratory, where we can subject that technology to the conditions expected for our particular system.
Technologies have limits; a particular database management system may be great until you get more than XXX total records, or until the users start making more than YYY simultaneous queries. We ought not to select technologies that cannot support the quantitative goals of our system.
We must also think about the maturity of these candidate technologies: are they really proven products, ready for incorporation into mission‐critical systems, or are they new and still largely unproven technologies, whose use may introduce risks that might manifest themselves as poor reliability, consistency, safety, predictability, manufacturability, etc.)?
At this stage, we are trying to understand broad needs and potential enablers, but not yet trying to define specific requirements or pick specific technologies for our system.
These perceived needs and wants will be in tension; there is likely more than one opinion among the users, and many of the other stakeholders may have differing opinions at times too. It is our job as the manager of our engineering project to resolve those tensions so as to achieve a workable balance: success consists of having a reasonable portion of the users and stakeholders (and especially those users and stakeholders that we consider most critical) support our selected approach. We cannot realistically aspire to make everyone 100% happy.
	Section
	Description

	Purpose
	What is the mission of the users and their organization? What is this system intended to accomplish, and how will it aid the users in accomplishing their mission? Who are the other stakeholders, and what is their role in that mission?

	Use-cases
	Describe the ways in which the mission is accomplished. Present and analyze the mission threads. Describe the constraints –both written (e.g., laws, regulations, etc.) and unwritten (e.g., traditions, social conventions, etc.) that limit the range of acceptable actions

	Who
	Who are the users? What are all of the roles and types of users? Is there some type of self-imposed segmentation? Which particular subset of the users perform which tasks? What are the qualifications
needed for each type of user? Are there legal and regulatory constraints over who can perform what?

	Values and metrics
	List what you learned about the coordinate system of value for the users and each stakeholder. What metric can be used to measure each? What are the minimum threshold values which the users and other stakeholders will require? What are the metric values which you aspire to achieve?

	When
	When do the users do each activity? What are the stimuli that initiate each type of action?

	How
	What are the mission threads (discussed in the text) that depict current operations? How is each step in each mission thread performed?
What are the new mission threads that you have created to improve the mission capabilities of the user?

	Problem conditions
	What can go wrong during conduct of the mission? How are these problems detected?  How is each type of problem dealt with?
Who has the authority to take or approve off-nominal actions?

	The system’s role
	What, in light of the above, will the new system do in support of the
users and their mission?

	The user experience
	In light of the above, how will the new system interact with the users?

	
Lessons- learned
	A tabulation and discussion of what we learned from the social architecture: (a) the goals of the system; (b) considerations that will determine user acceptance of the system; (c) considerations that will drive the design of the system


Table 1. The social architecture.
As engineers in charge of an engineering project, we will find that our degrees of freedom in making choices are most often in what I have called the engineer’s coordinate system of value. For example, should we make a part out of steel, aluminum, or carbon‐fiber composite material? Which frequency band should we select for our radio communications? What type of sensor should we use to find and locate those airplanes in the sky: acoustic, optical, or radar? What programming language(s) should we use for our system’s software? We create and use the technical performance measures to help us assess which of these alternatives seem to be effective and feasible, and also to help us estimate the schedule and cost of the resulting system.
The important lesson that I have learned is this: such use of the technical performance measures is necessary, but not sufficient; we must also ensure that each such technical choice has benefits (or at least no significant liabilities) for the users. We measure the effect of our engineering choices on the users by using the operational performance measures. Therefore, the technical performance measures must be in some fashion linked to the operational performance measures.
We could accomplish this linkage between the technical performance measures and the operational performance measures in an ad hoc fashion, but that is error‐prone and inefficient; we will be making such engineering choices in great profusion and throughout the life‐cycle of our project. In order to make consistently good assessments of the effect of our engineering choices on our users, we therefore probably have to have some formal mechanism in place that interconnects the two types of metrics: that is, a predictive analytic process that, each time we consider a new engineering decision, allows us not only to assess the feasibility of the design (using the technical performance measures) but also to assess the goodness of the design for the users (using the operational performance measures). We want a pre‐established, at least partially-automated inter-connection between the two types of measures, technical and operational.
By having in place such a mechanism that interconnects these two types of measures, we can be consistent in our analyses. Also, by making the method through which we accomplish that interconnection both transparent and understandable to our customers, we can create credibility with our users and other stakeholders for our assessments regarding the goodness of the design for the users. This last aspect is vital; if the users and stakeholders (most of whom, remember, are not engineers) do not find our analysis credible, they will not support our design decisions and may lose faith that we are actually going to build a system that will be of value to them. When that happens, projects are usually canceled.
Implementation
Through the design process, we decomposed our system into a set of pieces, each of which might involve physical structures, electronics, software, data, and other elements. Each piece might consist of only one sort of constituent (e.g. be entirely software, or be entirely a physical structure, or be entirely data, etc.), or might be a multiple of these in combination.
In the implementation phase, we build each of these individual pieces. We use the design created (and written down in the form of formal design documents) during the design phase as guidance for each piece of implementation. If we have done our decom- position well, there is relatively little interaction among the pieces as we implement them, and therefore the implementation of the pieces can proceed in parallel with each other.
Integration
When people started building systems, especially systems with lots of software in them, the original concept was in fact to finish all of the implementation, then put all of the pieces together, and immediately try to conduct the formal testing of the system. It was quickly discovered that this seldom worked in a predictable and consistent fashion. The complete system, with its thousands of separate hardware parts and lots of software (nowadays, perhaps tens of millions of lines of software code), turns out to be too complex for this sort of put‐it‐together‐all‐at‐once approach to work. So, gradually, the need for a phase between implementation and testing was recognized, which we term integration.
The purpose of the integration phase is to put the parts together, at first in small subsets of the whole, gradually working one’s way through the integration of ever larger subassemblies, and only stepwise reaching the goal of having the entire system.
During the integration stage, we are not yet formally testing that the system meets its requirements; instead, we are only trying to make it operate in an approximately correct fashion. We take a small subset of the system, input a representative set of system stimuli, and see what happens. We compare the outputs received to the outputs expected, and when there are differences, we go and track down the source of the discrepancy (which we can do relatively easily, because we are working with only a small subset of the entire system, and therefore we are not overwhelmed by scale and complexity) and make the necessary corrections to the implementation. We then try out our stimuli again, repeating this process until we consistently get the outputs we expected for each type of stimuli.
While we are working on integrating our small subset of the system, other teams are similarly working on integrating other small subsets. When we each seem to be getting the correct outputs from our first small subsets of the system, we put a few such subsets together into a slightly larger portion of our system, and try more stimuli. We will likely find additional errors and inconsistencies, which we can trace to a root cause and correct (we still only have a few small subsets of the system, so we are still not yet over- whelmed by scale and complexity). When our combinations of subsets seem to be working, we continue the process, reaching larger and larger scale and complexity, but doing so only after having worked out a pretty large portion of the major problems at a much smaller scale.
In this fashion, we can spot and correct lots of problems in the design and implementation far more easily than if we wait until the entire system is assembled; it is just much easier to see the problems, and trace those problems back to a root cause, when we are dealing only with small portions of the system.
Distinguishing integration from testing has been a gigantic boon to systems engineering and engineering project management. Ironically, even though integration has proven to be important for project success, it is still often under‐resourced, in terms of time, money, people, and tools. Far too many projects still neglect the integration stage, and usually suffer greatly from that neglect.
Finding errors earlier in the process is not only easier (due to the smaller scale, as noted above), it is also far less expensive. I have seen data which says that the cost to find and fix a problem increases by about a factor of five in each successive project stage (e.g. requirements, design, implementation, integration, test, deployment, operation). This means that it costs about 1000 times as much to find and fix a problem in the deployment stage as in the requirements stage! This is a big part of why good projects are willing to spend a lot of time and money on those early project phases, especially requirements and design. It also explains why good projects are willing to spend time and money on integration: it costs five times less to find a problem during integration than during the very next stage (testing).
Testing – Verification and Validation
The process we use for all three of these purposes – (i) driving down the number of errors that remain in our system (the term for these remaining errors is latent defects), convincing our customer that the system is complete, and we are therefore ready both for delivery and payment, and (iii) ensuring that the system is going to be liked by, and valuable to, our users – is called testing, and it forms the next stage of our engineering project life‐cycle.
We will discuss testing in two ways; first, we will introduce the two different types of testing. Then, we will go on to discuss in some detail the methods for accomplishing these two different types of tests.
	Verification – Does the system meet its formal and documented requirements? Are we therefore ready to deliver it, and request final payment?
Validation – Does the system provide value and utility for its intended users?


Table 2. The two types of testing: verification and validation.
· Verification determines if the system is effective. Verification is essentially an objective process.
· Validation determines if the system is suitable. Validation is usually a process with a significant subjective component.
Verification and validation are complementary processes; you generally need both.
Let’s define verification and validation in a little more detail. System verification is a set of actions used to check the correctness of any system, or portion of a system, where correctness in this context means it satisfies the written requirements. The verification process consists of the following steps:
· The items to be verified are every mandatory requirement in the entire project’s specification tree (e.g. every sentence that contains the verb shall). Define a verification action for each mandatory requirement in the specification tree – that is, what will we inspect, measure, execute, or simulate? How will we do it? What portion(s) of our system will be involved? (We can often perform some parts of verification using only a portion of our entire system) What tools, recording mechanisms, and data will be involved? What types of personnel and expertise will we need? How many times will we need to do it? (If we have a requirement that is expressed statistically – and this is very common – we will need to collect a statistically valid set of samples.) And so forth.
· Define the expected result for each verification action, and define pass–fail criteria for each verification action. That is, when we perform the verification action, what result do we expect? What range of results will constitute a pass? What range of results will constitute a failure?
· Create a procedure (that is, a step‐by‐step checklist and methodology) for executing the verification actions, with all of the associated supporting artifacts: test tools, recording devices, input data, and so forth.
· Execute the procedures, obtaining and recording/logging the results.
· Determine which requirements pass, based on an objective assessment of whether they satisfied the pass–fail criteria assigned to that requirement.
Verification does not occur solely at the end of the project. Planning for verification takes place during earlier project phases, generally in parallel with the definition of the requirements and the realization of the design. The actual verification activity can take place at various times and levels of the hierarchy too. We will talk more about this aspect in a moment.
In contrast, system validation is a set of actions used to check the appropriateness of any system against its purposes, functions, and users. The validation process consists of the following steps:
· Create a list of items to be validated. These usually include each major system thread and each major system operation (as described in the system concept-of-operations document).
· For each item to be validated, define a validation action – that is, what will we inspect, measure, execute, or simulate? How will we do it? What portion(s) of our system will be involved? (For validation, generally, the entire system is involved.) What tools, recording mechanisms, and data will be involved? What types of personnel and expertise will we need? How many times will we need to do it?
· Define the user’s goals and expectations for each validation action, and describe what you believe will constitute conformance [e.g. how do we demonstrate that the user’s (and other stakeholders’) needs will be met].
· Create a procedure (that is, a step‐by‐step checklist and methodology) for executing the validation actions, with all of the associated supporting artifacts: test tools, recording devices, input data, and so forth. Note, however, that below I advocate that many important validation activities take place without the use of a procedure.
· Perform the indicated validation actions, obtaining and recording/logging the results.
· Make a determination (which will be at least in part subjective) of whether each result constitutes a pass or a fail. This will likely require having some of your users and your other stakeholders participate in creating the list of items to be validated, the validation actions, the list of user goals and expectations, and having them participate in the actual validation activities (or at least witness them). Ideally, the users participate in each decision about whether a validation step has been passed or not.
· In contrast to verification, the actual validation activity does in fact generally take place largely at the end of the project. Planning for validation, however, like planning for verification, takes place during earlier project phases, generally in parallel with the definition of the requirements and the concept of operations document.
· Some limited validation processes might take place earlier (e.g. assessment of the human interfaces of the system), but these will generally be repeated in the context of the entire system at the end of the development cycle.

	Facet of comparison
	Verification
	Validation

	Why are we doing this activity?
	Detect defects; ensure compliance with processes and methods: assess quality (development-contractor oriented)
	Acquire confidence: ensure that the system produces a desired effect for the users
(end-user oriented)

	Assessment criteria
	Truth: yes or no 
(objective & unbiased)
	Value judgment
(in part, subjective)

	Scope
	Detail and local
	System-wide

	Metaphor
	Glass box 
(how it runs inside)
	Black box
(inputs cause the expected effect)

	Method
	Detailed, scripted use
	Unscripted use; realistic conditions; off-nominal conditions

	Baseline reference for correctness
	System requirements
	Stakeholder needs and desires

	Order of performance
	First
	Second

	Organization of activity
	Verification actions are defined and performed by the development contractor
	Validation actions are defined and performed in partnership by the development contractor and the users


Table 3. Comparison of verification and validation.
Testing – Planning, Procedures, Test Levels, Other Hints About Testing
During the requirements phase, we will not only define the requirements; recall how we said that we must also identify how we are going to test each requirement (we called this the test method). We do this in order to prevent accidently writing requirements that cannot be tested.
Hence, we select a test method for each requirement. Typically, these are one of the following:
· Inspection
· Demonstration
· Analysis
· Simulation
· Assessment via operation.
We capture this information in what is termed a test verification matrix. This is a fancy term for the simple idea of a two‐column chart, with the left‐hand column being the paragraph number of each requirement (recall that we give each separate requirement – indicated by use of the verb shall – its own unique paragraph number in the specifications, so each paragraph number identifies a unique requirement) and the right‐hand column being the name of one of the five test methods.
	Inspection:
· We look at something, but we do not operate it or manipulate it
· For example, we look to see if a physical label is attached to a unit, in order to show conformity with the California Proposition 65 labeling requirements
Demonstration:
· We operate a portion of our system, and observe a visible indication
· We do not measure anything; we only take note or record the visible indication 
· For example, we might look for a particular message on a display screen, in response to pressing a certain key or button
Analysis:
· We do not operate the system
· But we subject a portion of it to a mathematical analysis
· For example, we perform an accuracy assessment of an algorithm, based on the mathematics and logic of that algorithm
Simulation:
· We build (and confirm the accuracy of!) a computer model of the system (or of an aspect of the system), and use the predictions from that model to show compliance with a requirement
Assessment via operation:
· We operate / manipulate the system or item under test, we record data and results, and then process those data to check performance against pre- established pass/fail criteria
· This test method is often called “test,” but I dislike using the term “test” for both the overall process and for this particular method


Table 4. The principal test methods.
Having selected a test method for each requirement, we are ready to start planning our test program, and ready to create an important artifact called the test plan. Here’s how to do that.
A typical system will have 1000 or more requirements … or 10 000. Usually, multiple requirements can be verified through a set of related actions. Doing so provides efficiency, and thereby reduces the cost of the test program.
So, we need to identify those groupings of requirements that can be verified through a set of related actions and arrange the test program to suit:
· Prepare the test verification matrix (e.g. select a test method for each requirement).
· Define test levels for each requirement (which I discuss below).
· Make a preliminary grouping of requirements into test cases (where each test case is a set of requirements that can be tested together, through a set of related actions).
· Define scenarios, test data, stimulators/drivers, instrumentation, analysis tools for each test case, and then look for similarities across the test cases. Use this information to improve the groupings of requirements into test cases.
· Develop the sequencing of the test cases and their interdependencies (perhaps one cannot start until another has completed, etc.).
· All of the above items together constitute the test plan.
So, we must assign the test of each requirement not only to a test method (as described above) but also to a test level. In doing so, we identify:
· The lowest level in the hierarchy at which we can test each particular requirement.
· Which requirements can be tested once (at that low level) and which requirements might need to be tested at more than one level. We might do this because we believe that we can test a requirement at a given low test level, but there may be some uncertainty about whether interactions with other components will invalidate the results of those low‐level tests. In such a situation, we will test the requirement at the lower level (where it is easier and cheaper to find and fix the problems) and also include that requirement in a test case at a higher level of testing, so as to prove that no result from that lower‐level test was invalidated by the other components.
· The goal is always to test at the lowest level possible, because (as was the case for integration) it is easier to find and fix problems in small‐scale settings, and it costs less to find and fix each error in small‐scale settings.
You will recall that I mentioned during our discussion of the implementation stage that there are some basic features of each piece that we should check out right as we do the implementation. This is, as we can now see, simply an assignment of those particular features to the lowest of the test levels, that of a single piece of the implementation. In software, this lowest level is often called a unit, and this type of testing is therefore called unit testing.
We cannot select test levels until the design is complete, so we do not include the assignment of requirements to a test level in the requirements specification.
Once test planning is complete, once can turn one’s attention to the preparation of test procedures. A test procedure is the detailed, step‐by‐step instructions for conducting each test. It must include all of the supporting tools and information needed to conduct the test, such as scenarios, data, configuration instructions, stimulators, and test drivers (if you are testing only a portion of your system, you might need some special tools to operate that portion by itself, to inject data into that portion, and to capture the outputs of that portion), and pass–fail criteria.
Test procedures can be big, complicated documents, and getting them right will usually require a significant number of practices runs (some people call these dry‐runs); during and after each practice run, you can make corrections and improvements to the test procedure (a process we call red‐lining the test procedure).
One can often work out significant portions of your test procedures during the integration activity. But don’t expect to get all of your test procedures to be sorted out during integration; the purposes of integration and testing are different!
The natural tendency is to hope that all goes well during your testing. Does it just slow down when overloaded, or does it actually lose valuable data? Does it slow down or shut off when overheated, or does it let the system actually sustain damage? You need to know these types of things, and at times you will decide to make changes to the design and implementation so that the system behaves better under such off‐nominal and beyond‐boundary conditions. Systems that pass their requirements but behave poorly when pushed to their limits are often rejected by users as “not suitable.” Don’t let this happen to you!
The methods above test effectiveness (e.g. verification); we still need to test suitability (e.g. validation). The following summarizes the methods that I use for this purpose. Notice that they are quite different from the methods described above for verification:
· Unscripted use of the system
· Realistic operating conditions
· Off‐nominal operating conditions.
Production
For some systems, you are only going to build one copy of the resulting system. For other systems, you might be under contract to build 10 copies; or 1000; or 100 000 000. Alternatively, the number to be produced may not be completely defined in advance; you will produce them until people stop buying them.
We call the project life‐cycle stage where we make these additional copies of our system production. The techniques for making these additional copies vary significantly depending on the scale of the planned production:
· If you are only going to build one item (e.g. a specialized satellite), you may be content to have your engineering staff do portions of the production and assembly.
· If you are going to build 10 (e.g. an entire constellation of a particular type of satellite), you may decide to hire some specialized production staff to build units 2 through 10, and stock a warehouse in advance with all of the necessary parts.
· If you are going to build 1000, you may invest in some automation to do some of the assembly: pick‐and‐place machines to build electronic circuit cards, for example. You will probably also have a production staff that is completely disjoint from your engineering staff.
· If you are going to build 1 000 000 (or 100 000 000), you will probably invest in a lot of automation to do the assembly: robots to do the work at each assembly station; machines to move items from one assembly station to another, and so forth. You will probably manage your parts differently too: instead of just amassing all of the parts you need in advance, you might establish a sophisticated supply chain to provide the parts you need on a just‐in‐time basis.
Why not use the best production techniques (robots, a complicated just‐in‐time sup- ply chain, etc.) for every project? You will likely find that it is too expensive to set such mechanisms up for smaller production runs. We must therefore design our production processes based on an estimate of how many copies, over what period of time, we will be making of our system.
Another important decision about production is what your company will do them- selves versus what you will buy from other companies. We call this a make/buy decision. Companies used to aspire to do almost everything themselves, in their own facility; this approach provided a great deal of control. The Ford Motor Company was famous for a plant that it used to operate just west of Detroit, where they claimed that iron ore and raw rubber went in one end, and finished cars came out the other.
No one builds cars this way any longer; companies have found it too hard to be good at everything. This has led to a strategy of picking the things that you want your company to be good at, and buying other components from companies who you believe are good at that kind of work. Car companies, in fact, generally no longer even buy small parts; they buy large subassemblies (transmissions, front‐end chassis assemblies that already combine suspension, brakes, and steering, and so forth).
What this all means is that the design of our production process is part of our responsibilities, just like the design for the rest of our system!
Consider the following:
· There will be a big difference in up‐front versus recurring costs, depending on what you make versus what you buy. It requires more up‐front investment to make a part than to buy it, but the recurring cost may be lower. A big reason to select buy is that you can pass a lot of the risk and inventory cost to your supplier. You must balance all of these factors, and select make or buy for every part in your system.
· For those items that you elect to buy, for each you must decide whether you want to buy individual parts (e.g. shock absorbers and brake calipers) or complete subassemblies (e.g. entire integrated front‐end chassis assemblies).
· There will be a big difference in up‐front and recurring cost, depending on how you do the production, as described above. You must select a production approach that balances these two types of costs.
· Different designs will turn out to be easier or more difficult to produce in quantity; if your system is planned to have significant production, you must include producibility as a goal of your design process.
· There will also be a big variation in the defect rate induced by different assembly methods; generally, more automation (which, of course, costs money) results in lower assembly defect rates. You can also influence the defect rate significantly by a good design for the assembly process.
· Errors arise not just from defective parts (whether hardware or software), but also from defective assembly (e.g. parts inserted upside‐down, over‐tightened, wrong part in a particular location, wrong assembly sequence, missing or left out, and so forth). You can design the parts and the assembly sequence so as to minimize the likelihood of such errors.
· You must also design the assembly process to match the skills of your intended assembly personnel.
· You must account for these sources of error in your system reliability, availability, and mean‐time‐to‐repair predictions. These parameters are likely to be contractually binding, so satisfying them is not optional.
Since parts can be defective, and since the assembly process can introduce errors, we must do a small amount of testing on the items we produce. Sometimes, you conduct an abbreviated test (called subsequent‐article testing, because these are items produced subsequent to the first copy of the system) on every copy. In other circumstances, you may elect to test only some of them (e.g. every tenth item, etc.).
Designing the User Experience
The engineers are great at designing the internals of a complex system, but I have found that they are not always very effective at designing how their system ought to interact with the users: that is, what information should be displayed to the users at what times, what work we will perform within the automation of our system versus what tasks we reserve for the users, what mechanisms the users will use to provide their inputs and controls, how the users navigate through the capabilities of the system, how work is coordinated amongst the complete set of users, how the system is structured so as to be suitable for the intended operating environment, how we bring items of likely interest to the attention of the users, how we minimize the degradation of the user’s effectiveness over the course of a work shift, and so forth. These are important matters, and clearly of great interest to the user. They are also a chance to create those want and like factors in your users that we described earlier.
The design of the user experience is its own specialized field with its own cadre of expert practitioners, just as is the case for mechanical engineering, electrical engineering, chemical engineering, and so forth. We, therefore, need to have people who are adept practitioners in designing and creating the user experience on our team. The skills required by these people blend cognitive science, time and motion studies, art and esthetics, and many other fields. Fortunately, in the last few years, universities have actually started to teach user experience as a formal field of study, and even grant degrees in the subject. This means that you can find and hire people who are interested in this field for your project team. True expertise comes only with practice, but a set of basic skills and an interest in the subject can get those people started. Like everything else, you need a range of skills in your team; you need a small number of real adepts and a larger number of people with more routine levels of skill. You will have to go and find those adepts, and then motivate them to spend some of their time training and mentoring the younger practitioners.
But as we discussed in the previous lessons, where we pointed out that we as project managers have to know a little bit about each of the specialty skills on our project team – so that we can talk to those people, engage them, direct them, and understand what they have to say – we, the manager of our engineering project, also have to learn a little bit about how to design the user experience ourself. Let’s teach you to do that.
The term human factors engineering has been in use for decades. It includes the analysis of detailed parameters, such as determining the space required for a person to perform a motion, how much light is required to work without excessive eyestrain, and so forth. These details are useful and important, but starting with them is to start in the middle, rather than at the beginning.
We can create a hierarchy for describing and designing our user experience. For example:
· At the top of the hierarchy, we could place our most abstract considerations about how we want our system or product to interact with the users: what tasks the users will perform, and the sequencing of steps and actions (derived from the mission threads, of course); what data the users will need to see; what decisions the users will need or want to make (distinct from the decisions we want the automation in our system to make); and therefore what data the users will need to provide to the system.
· In the middle of the hierarchy, we could place more concrete considerations about how we want our system or product to interact with the users: how we will allow them to navigate through the capabilities provided by the system, and in general how they will interact with the system; how we will structure the data, so that it makes sense to the users; where each item of data will come from; how we detect and recover from errors; and so forth.
· At the bottom of the hierarchy, we could place the most concrete considerations about how we want our system or product to interact with the users: words and phrasing to be used on the computer displays; when to use buttons versus sliders versus voice inputs versus other options; text fonts, colors, and sizes; traditional human factors engineering (as described above); and esthetics.
This type of hierarchy – you can create more layers, if you prefer – will allow you to interact with your user experience experts in a productive manner, and will create artifacts that will allow all of the other experts on your team, together with your users and your stakeholders, to understand the plan for the user experience, and to participate in a meaningful way in its formulation and review.
In my opinion, the correct way to involve the users is to develop your own understanding of what they do; as I have described earlier, you will do more watching than asking. There is often a significant experience‐based and judgment‐based component to what our users do in order to accomplish their missions; I like to think of what they do as being half technique, half art. I also think that about what I do as a systems engineer and project manager.
Also, it is often vital to understanding the social constraints of the customer, as well as the nominal task – this can drive user acceptance. These constraints are often tacit, and hence watching and listening elicits different information than reading and asking.
A useful methodology is to use those mission threads to moderate your watching and your follow‐up asking.
One last point about the user experience. Because of the visibility of the consumer electronics market, there is a lot of “buzz” about the desirability of making things easy to use and/or easy to learn. That is, in my view, not always a desirable goal. Making something easy to use or easy to learn is a trade‐off; it is almost always accomplished by slowing the use of the system or product by experts.
The goal for a system intended to be used by this sort of expert user ought not to be to make it easy to use or easy to learn, but instead to make it as effective as possible for those trained, expert users, by emphasizing aspects such as:
· Speed and consistency of operation by an expert
· The flexibility of work style
· Avoidance of operator errors, and making it easy to notice when such errors have been committed
· Transparency of decision‐making, and perhaps even supporting an audit trail of operations and decisions.
But if you are building your product for the consumer market, no one is willing to be trained! Most consumer products don’t even include a user manual in the box anymore. The goal in these markets is to enable moderately effective use of the products by untrained users, which is very different from intending to enable highly effective use by an expert, trained users. You need to know your users and their mission, and design accordingly.
The user experience process can provide an important contribution in both of these contexts (e.g. trained or untrained users). But the resulting design will be quite different, depending on that context.
Everything about engineering project management starts with understanding your users and your other stakeholders and convincing them through tangible actions that you understand them.
As the project manager, you of course organize all of the tasks described in this lesson, select the people who will lead each task, and ensure that they then follow through on the execution of those tasks.
 You must also personally participate in the efforts to acquire knowledge about the customers, their missions, and their values, and you also personally participate in the efforts to create the mission threads, the operational performance measures, and (most especially) their socialization with the customers. We must strive to get this knowledge of the customer not only into our own brains but also into the brains of the key members of our project team, including the chief engineer for the project.

References:
1. Engineering Project Management, Neil G. Siegel, Wiley, 2019
2. English for Careers: business, professional and Technical, Leila R. Smith, Roberta Moore, Pearson Education Inc, 2020
3. Technical Communication. Process and Product, Sharon J. Gerson, Steven M. Gerson, Pearson Education Inc, 2020
Muzaffar Kurbonov
image1.png




