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Why this course

The purpose of this course is to begin the process of providing industry and government with a
pool of skilled personnel for the acquisition and maintenance of the systems thatpind&lst
century civilizationThis is an introductory course proving an overview of the topic and a flavour
of the details which should be more fully explored in defittough other coursesAs you read
these notes you will see that this course is very different to similar introductory courses. This is
because the course was systems engineered by determining the needs of the stakeholders
(employers (industry/government) students and academia) and then applying modern
educational methodoloigs with some principles from cognitive psycholoythe problem of
providing an effective learning opportunity to mature students who are employed in the work
force with correspondig demands on their timdn addition, unlike current similar courses, this
course views systems engineering from the problem solving perspe&iatailed information
about the design and implementation of the course is proviég¢dhe end of the document
starting on page0.

Description

The course introduces multidisciplinary and systems engineering and the need for their
application from the problem solving pgyective. The focus of the course is on
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Copyright Dr. Joseph E. Kasser®00 00012



Integrated Multidisciplinary Engineering for theTentury: Page3
Sudy Guide Version 14 11/06/2008 1:47:46 PM

l Course \

. . Systems o
Systems engineering thinking Communications

1 [r——

Systems Team )
S ADLd thinking l activitiesl l Presentatlonsl
AR perspectives

Active
brainstorming

Figurel Structure of the course

1 systems engineering,
9 the application of systems thinkingnd
I interpersonal communications.

Thestructure of the course showing thimkage between these elementspsovidedin Figurel®.
Providing a broad overview, the context for systems engineetimg competencies needed to
perform systems rgineeringand the lifecycles employed are discussed. The application and
measurement of systems thinking in the various phases of the project lifecycle is employed in
practical exercises. The course employs problem based learning to enhance the learning
experience.

Outcomes
At the end of this course, participants should

1. Have improved systems thinking abilities.

2. YRSNAGIYR UKS NBlazya T2NJ 0KS RAFTFSNBYU RST.

viewpoints on systems engineering.
3. Be able to identifyhe various types of problems faced by systems engineers in different
phases of the system lifecycle.
Be able to identify an appropriate tool or methodology to solve the problem.
Understand the need for systems engineers with different competencies, akills
knowledge in different parts of the system life cycle.
6. ! YRSNREUGOlIYR GKIG GKSNB AayQi lftgleéea  airy3ats
7. Be better than average systems engineers for theiel of experience

ok

Course modules

The course contains the followimgodules

! The terms HKMFQRP FRAT active brainstormingand systems thinking perspectives are explained in
their context in the descriptions of the modules.

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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1. Anintroduction to the design and construction of the course, followed bgtvare
multidisciplinary engineering, interdisciplinary engineering and systems engineering

2. Why projects fall

3. An introduction to lifecycles

4. A framework forunderstandimg systems engineering

5. The competencies of a systems engineer

6. Systems engineering in the needs definition phases of the system lifecycle

7. Systems engineering in the requirements phases of the system lifecycle

8. Systems engineering in the design phases okifstem lifecycle

9. Systems engineering in the integration phases of the system lifecycle

10. Systems engineering in the test and evaluation phases of the system lifecycle

11. Systems engineering in the operations and maintenance phases of the system lifecycle

12. Modelling simulation and other methodologies, tools and techniques for systems
engineering

13. Wrap up and Student presentations

The relationship between the modules is showrrigure2. The course is divided into four parts
as follows

1 Context for SE

l

2 Projects
3 Lifecycles
I
v v | v v {
6 Need || 7 Requirements||8 Design || 9 Integrate || 10 T&E || 11 In service

I I I I I |
v

12 Modelling, simulation and other methodologies, tools and techniques

Figure2 Relationship between course modules

1 Part 1begins with Module 1 whicprovides an introduction to the design and construction
of the coursethe contextual background tmultidisciplinary engineeringystems engineers
and systems engineeringince systems engineering is generally performed in projects,
Module 2 discusses the reasons for why projects fail and the lessons to be learned from
those failures. Projects take place in the context of a lifecycle, or a seragivities Thus
Module 3 introduces the topic of lifecycles to the students. Since systems engineering is
generally performed by systems engineers, Moddildiscusses the knoetlge, skills and
competencies for systems engineers. Projects take place in the workplace, a system
containing many different jobs and disciplin@fhiusModule 5 sets the context for systems
engineering by showing where and how it fits into the work ofatireg and maintaining
systems.

1 Since most systems engineers work in #ystems development life cycl&DLY Part 2
provides the knowledge about what systems engineers do in the various phases of the
systems life cycleand goes into details of the probies faced in traditional systems
engineering in the various phases of tBBLCConsequently,

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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0 Module 6 covers systems engineering in the needs definition phases of the system
lifecycle
0 Module 7 covers systems engineering in the requirements phasefeokystem
lifecycle.
Module 8 covers systems engineering in the design phases of the system lifecycle
o0 Module 9 covers systems engineering in the integration phases of the system
lifecycle
0 Module 10 covers systems engineering in the test and evalugittases of the
system lifecycle
0 Module 11 covers systems engineering in the operations and maintenance phases of
the system lifecycle
1 Part 3 of the course summarizes the nature of problems, methodologies and tools used to
solve those problems by systemsgineers in the project lifecycie Module 12
1 Part 4 of the course wraps up the course with a summary and a set of student presentations
of the products of their practical woik Module 13

(@)

Text book and readings

Text book

Kasser J.EA Frameworkfor Understanding Systems Engineerimpgoduced by The Right
Requirement Ltéind published by Booksurg2007 available from Amazon.com.

Pre course readings

The purpose of the pre course readirig to provide the students with an understanding of the
skils they will be learning and how they will be asses3éx pre course readings are:

1. This Study Guide;, providing the context for the course.

2. 22102002 { © Xgdesding &d Dedeloping Crididdl TRirkingiBkills
Assessmenninstitute, Indianapolis, 2008 providing the context for measuring the
degree of systems thinking.

3. (Kasser, 1995Mk) Perpectives on documentation and the documentation producing
process to help the student understand the reasons for the exercise format.

In course readings

In order to expedite the exercisas, most instances?owerPoint presentations summarizing the
chaptess in the text book will be provided in the course notes for all members of the team to
review.

The perusin@f the actualreadingsassociated with each moduigto be split between the
members of the teams.

While the team as a whole is expected to halwe knowledge in the readings, it is the
responsibility of the team to split the readings amongst themselves and share the knowledge
during the exercises.

Studentstaking the course for credit andbing the assignment will have time to read the entire
setof reading while working on the assignment. For further details see page

Team Exercises

The purpose of the exercisés:

1. to practicesystems engineeringand problem solving,
2. to understand the scope of multidisciplinary and interdisciplinary engineering,

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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3. to enable the students to grow intellectually and deal with ambiguity and complexity.
4. to learn about systems engineering by doing systems engineering, and
5. to understand the need fathe various competencies, skills and knowledge and develop
them. Theseskils and knowledge needed by systems engineers over the system life cycle
can be divided into
a. Thoseneeded in several if not all phases of the system life cycle.
b. Thoseneeded in specific phases of the system life cycle.
c. Knowledge in the domain in which tisgstem being developedhaintained/

upgraded exists or will exist.

Unless otherwise statedhe teamwork components of the course will be split into the following
two team exercise# each modulé

1 Project Sukumu exercise.
9 Staffing exercise

The studerns are expected to manage their time with the assistance of the instructor. They can
choose to do the exercises in series or in parallkls section describes tlmntext behind the
exercisesdetails of the activity in each module are given in each nedul

Exercise context

The exercises are set in the fictitious Federated Aerospace, a major conglomeration with

Tablel Federated Aerospace's current projects

Project Phase in the Application Domain
SDLC
Project Nemesis Needs Ship acquisition 19
Project Rdiator  Requirements Aerospace 19
Project [arwin Design Databasdgonline transaction system) 20
Project Brminal T&E Information Technology 20
Project @topus  In service Transportation 20

systems engineering expertise in several commercial and Defence domains. Federated
Aerospace has just been awarded a major rrhiltion pound contact to develop an integrated
transportation system for the country of Engapori@ee context details andphotographs
starting on pagel5). This contract is known as Project Sukumu. In order to meet the schedule of
project Sukumu, Federated Aerospace must raid its current projects for the pms®nnel.
Consequentlyeach current project is going to lose people, much to the chagrin of thente
leaders and the personnel left behind. In addition, Federated Aerospace will have to hire
replacements for the personnel being taken off the current projects.

By some fortuitous coincidence, each®S RS NJ & SR cur@mNPBréidcis i©if Oifferent
application domain and iadifferent stage of the project lifecyckes shown ifrable1®.

Link between module knowledge component and exercises

The link between the knowledge component (lecture and readings) and the exercises for each
module is as shown ifigure3. The lecture and readings cover the activities performed by

%Yes the time is limited, but that is the real world. The short schedillencourage the students to think
Fo2dzi 6KIFG A& AYLERNIIFIYd FYR 6KFG AayQio ¢KS LRai
to draw out the reasons for their choices.

®The first letter of the project name reflects the phase of the &Gfcle (memory aid).

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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What needs to be
done

Knowledge
component

Project
Sukumu

Skills and
competencies
todo it

Staffing exercise

Figure3 Link between knowledge component and exercises

systems engineers in general; Project Sukumu provides the learning about the specific problems
associated with their implementatio of a project over its SDLC while the staffing exercise
provides the learning about the skills and competencies needed to do the backfill for their
current project in its current phase in its application domain. Since each team will present on a
different project in a different domain in a different phase of the SDLC, the students will learn
about problems, skills and competencies for different projects in different domains in different
phases of the lifecycle.

The two projects not only complement eacthet but provide the students with the opportunity
to progress through th&DLGor two very different types of systemt the same time and reflect
on the similarities and differences

Project Sukumu exercise

This is a traditional class proje@he students go through th&DL(rocess.
Purpose

The purpose of the exercise is for each team to

1 develop examples of systems engineering progesslucts (documentsin the form of
PowerPoint presentationsom aproblem solving perspective

1 develop an understanding of the links between them and,

9 begin to understand the consequences of poor documentation in earlier phases of the
systems lifecycle.

Activities
Duringthe exercise irach module, the students are expected to:

91 Define the pertinent problem or issue
1 Identify alternative solutions

1 Identify evaluation criteria for making decisions

1 Identify the approach to solve the problem/make the deaisio
1 Plan the phase of the project

The point of each specific exercis¢o learn

1 what systems engineers do

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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1 what skills and knowledge they need to do it

The point of theSukumuexercise $ NOT to do systems engineeriimgthe traditional sensg

namely, the students will not do thask instead they will figure out what needs to be done,

and how it will be done, then produce the worlkap for the task to be doneHowever, the

students will develop an understanding that there is the need for SomWR2 Ay 3Q RdzNR Y
WL I yyAy3aQ G2 RSGSNNYAYS FSHraAoAtAdGe oAy GKS LI
boarding during the design of a system (in the product domain).

The students will be requested to reflect on this procasd present the eésults of the reflection
as part oftheir presentations irModule 13.

Staffing Exercise
Purpose

To allow the students to develop an understanding of the competesndirowledge and skills
needed in different types of projects in different phases of the system life @aleperform
some of the activities generally performed in t8®LC

Overview

The ystem to be realized is project systems engineering team (SEABET consists of people
with complementary skillsThe skills needed on a SET may be different for each phase of the
system being developed by the SgTg. dsign skills, testing skills, gtcEach project SET is
going tolose people to the Sukumu Projectonsequently éplacements need to be found'he
exercise is to apply systems engineering to the problem of finding replacements

Details

The students will have to understand competencies, skills and knowleelgded ineachphase

in the SDLAN order to staff a project. The students will be shown how to use a systems
engineering approach to developing the requirements (what is being done to determine and
solve problems (use cases), identify the competencies needed to deeejop description
(requirementsfor personne), perform a gap analysis between the existing project team skills
and select from a set of resumes to fill the gap in an optimal manner (design and integration).
Thecomments on thepresentation of their worlby the instructor and other studentsill fill the

test and evaluation function.

By having the students develop a ntethnical system the students will be exposed to the
concept that systems engineering applies to all sorts of systems.

Exercise activity
EOK GSIY gAff 68 |aa20AFG§SR 6A0GK 2asidSscridel inCS RS NI
Tablel starting with Module 5
Modules
This section contains details time contents of each module.
Module 1. What are multidisciplinary engineering,
interdisciplinary engineering , project management and systems
engineering
Purpose To:

1. introduce the design and construction of the course
2. provide an answer the question in the title of tModule,
3. identify the existence of confusion amongst systems engineers as tc

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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Module 2.

Purpose

Knowledge

Exercise

Readings

Module 3.

Purpose

Knowledge

Sukumu
Exercise

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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nature of systems engineeringnd
4. understand the nature of the differences between systems enginee
and project managend.

Multidisciplinary engineering and systems engineeringpréef history of
systems engineering and project managemeahe many different definitions
2F GKS ¢2NR qadaisSyéeés GKS @I NRA2dz
hypothesis for theeason why there are so many definitions.

The students compare the definitiomd systems engineering and group the
to determine common denominators and determine support or refutation
the hypothesis.

Text book, Chapters 2, 11, aAd 18
Why projects fail

To provide the students with an understanding of the need to make us
lessons learned from past projects.

Projects, views of projects and project plans, risks andumber of lesson:
learned from higktech project failures and successes.

Each student team is to review the readings and prepare and praserhe
following two topics

1 525a GKS RIGF &dzLli2 NI
1 How could we detect and prevent failing projects?
Text book chapters @,0.8and 193.

Coursereadingson Module 2.

52yt Razy

An introduction to lifecycles
To

1. Providethe students with the background for the activities performed
systems engineers in various stages of system development.
2. Explainthe difference between systems, products, processes and lifecy

Introdudion to the SDLCproject life cyclesyariousmodels of the lifecycle
systems engineering standards, architecture framework®ject plans the
nature of changes during the lifecyclend the Functionsthe Requirements,
Answers and Test (FRAT) methodology

Review the Sukumu Project data in the supplementary presentatiwhin the
material starting on pagé5. The students are to:

1 Determine technological uncertainty of Project Sukumu implementatior

9 Pick and be prepared to defend the choice of lifecycle

91 Define thesystemboundaries

1 Considerthe sub-systems noting that the echnological uncertainty ma
be different for different parts of the system

1 Note some of thaisks things that could go wrongwith the project, from

Module 2 (and other appropriate sources).

Prepareadraft work plan(project plan) template and fill in what they can

Provide a copy of the draft presentation to instructor at end of modAle

presentation is not expected.

=a =
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Purpose

Knowledge

Exercise

Readings
Module 5.

Purpose

Knowledge

Staffing

Exercise

Readings

Module 6.
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Students are expected to save a copy of the draft presentation and comp
to the one they prodae in Module 13 as a self evaluation of their progress.

Textbook Chapter3.310,4.9, 4.105, 12 and 17.1
Course readingon Module 3¢ (Kasser, 2008)

A framework for understanding systems engineering

To introduce a framework for understanding systems engineering whic
provides aninsight as to the reasons for thenany definitions of, anc
viewpoints on systems engineering.

The HitchinsKasseiMassie Framework (HKMFhaps the lifecycles discusse
in Module 3 into the HKMF explains the reasons for the overlap betwe
project management and systems engineering.

¢KS addzRSyitaz la | GSIFIY gAftt aSfts:
current projects.Each team ofstudents will determine the nature of the
different types of problems faced by systems engineers in the phase of L¢
of the HKMF for the four levels of technological uncertaiaggociated with
their project

Text book chapteR0, andrecapchaptersll and 18 from Module.1
The competencies of a systems engineer

To identify the qualities, knowledge and experience needed by jul
intermediate and advanced systems engineers in various phases of tieens
lifecycle.

Provides an awareness of the factors involved tine role of the systems
engineer in projects, systems thinking, critical thinking and acti
brainstorming; how to apply and measusgstems thinkingthe skills needec
to performthose rolesandthe requirements for the competencies

Using theORP and~RAT, e students will map the skills, knowledge a
experience requirementsextractedfrom the lecture and readings componen
and external source@with traceability), into the Layer2 and layer 3 areas of
their current Federated Aerospad&rojectinto the HKME

Text book Gapter Q

Coursereadingson Module 5- (Kasser and Mackley, 200g§Hudson, 2006
Frank, 2007)(Eichhorn, 2002and (Kasser, 1995aReadpages 19 and 3336
of (Hudson, 2006)in this module, remaider of document is for use it
subsequent moduleRRecap the preourse reading.

Systems engineering in the needs definition phase of

the system lifecycle

Purpose

Knowledge

Sukumu
Excercise

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.

To identify the role of systems engineers in the needs definition phase o
system lifecycle, the nature of the problerigey face, andntroducethe tools,
methodologiesand techniques available to solve those problems.

Provides an awareness of theontext of the needs phasdusiness cases fc
project adoption.

The students will pdate the project plan to show howhey woulddeal with
the following sakeholders
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1 Defenceg need to move materiel by roabetween border crossing point
and the barracks.

1 Local industry¢ want air transport between Engaporium arile new

resortarea.

Mining ¢ want railways extendetb ship more ore.

Friendly neigbours ¢ interested in building bridges across rivdcstake

advantage of the tourists.

T Government; wants to make as much income as is reasonable

T
T

Staffing The students willefine the missing skills and competencies forithgoject

Exercise SETusing the resumes of the remainingET membersupplied by the
instructor and grform a gap analysis with the information generated
Module 5 Presentation to be made at the end of the exercise.

Note From this module onwards the students are expected to wgpbktems thinking
and organise information in accordance with the systems thinking perspec
(STP) learned in the previous module.

Readings Coursereadingson Module 7 Kasser, J E., Case Study Presentation of
Operational Analysis Group Sty@p00).
Module 7. Systems engineering in the requirements phase of the
system lifecycle
Purpose To identify the role of systems engineers in the requirements elicitation

elucidation phases of the system lifecyclee nature of the problemshey
face, andntroducethe tools,methodologies and techniques available to so
those problems.

Knowledge Provides an awareness of the factors involvedtive types of problems$aced in
this phase of the system development life cydeurces of requirementghe
acceptnce criteria, cost, risk, and priority properties of requiremeritse
importance of wellwritten requirements and some of the consequences
poorly written requirements.

Sukumu The students will update theirystem configuratiorfrom that documentedin
Exercise Module 2. In addition they willpdate the project planto cover
1 How the system requirements will be developed
1  Where the system requirementsill come from(traceability)
1 A summary oflte system requirementand the acceptance criteria, cos
risk, and priority properties.

Staffing The students wiltefine the requirements for the additional SET positiéms

Exercise their Projectin the form of outline job descriptionscovering kowledge
experienceand other factors the team deems pertineand cefine metrics for
selection of applicant$resentation to be made at the end of the exercise.

Readings Text book chaptex10, 15and 16.
Coursereadingson module 6(Kasser and Mirchandani, 200%MHari, et al.,
2006)
Module 8. Systems engineering in the design, construction and
unit testing phases of the system lifecycle
Purpose To identify the role of wstems engineers in the desigoonstruction and unit

testing phases of the system lifecycline nature of the problemghey face,

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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Knowledge

Sukumu
Exercise

Staffing
Exercise

Readings

Module 9.

andintroducethe tools,methodologies and techniques available to solve th
problems.

Provides an awareness othe factors involved inunctional and physica
partitioning of a systemanalysis for determination of feasibility, the thre
types of emergent propertiesactors to consideand monitorin the design for
performance,cost, reliability,integration, te$, maintainability and safetyand
design optimisation or problem solving across subsystem boundaries.

The students will pdate their project plan with the details of producingvo
alterative systemdesigrs (architecture)and the factors that will affect the
selection of an alternative

The students willise the applicant resumes provided by the instructar to

1 Determine a short list of candidatés interview.
9 Design a number of SETSIng differentcombinations of thecandidates
within the constraints ofthe staffing budget

The students should alsdgm for refusalsand how to make use ofverlapping
skillswithin the SETPresentation to be made at the end of the exercise.

Text book chapters 13 and 17.
Cousereadingson Module 8 McNamara, 1997; Arnold, 2006; Kasser, 2008

Systems engineering in the integration phase of the

system lifecycle

Purpose

Knowledge

Sukumu
Exercise

Staffing
Exercise

Readings

Module 10.

To identify the role of systems engineers in the integration phases of the sy
lifecycle, the nature of the problemsthey face, and introduce the tools,
methodologies and techniques available to solve those problems.

Provides an awareness dahe factors involved in integration of components intc
system, integration of a system into its adjacent systems, design for integr
and problem solving across subsystem boundaries, interface and ct
management.

With the approvalof the instructor, the students willssume one of th@ptions
developed irModule 8 was choserThey will then pdatethe project planto add
an irtegration plancontainingthe details of integrating the subsystems into
system

After finding out which applicants have been interviewed and have accept
position and when they will be joining the compattye students wilblan how to
integrate the additional members into the SHhe plan should also discuss n
employee taining aboutproject and how theSETwould cope with the missing
skills.Presentation to be made at the end of the exercise.

Course reading on Module 9, presentatiory | & & S NSystars9Ehgineedn
Support of the Integration Management Procéss L bQ0th { 9 H

Systems engineering in the test and evaluation phase

of the system lifecycle

Purpose

To identify the role of systems engineers in the test and evaluafiGiE)
phases of the system lifecycléhe nature of the problemghey face, and
introduce the tools, methodologies and techniques available to solve th
problems.
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Knowledge Provides an awareness of the difference between test and evaluation, the r
to build testing into the systerand SDL@nd the various factors involved i

T&E
Sukumu The students will pdate their project plan with details of how the system w
Exercise be tested and evaluatechamely ar&E plan
Staffing The students will erify and validate the new SET with traceability addition,
Exercise mirroring the real wold, the students will be informed that eandidate has

withdrawn, and asked taecommend the appropriate actiorPresentation to
be made at the end of the exercise.

Readings Text book chapter.8

Module 11.  Systems engineering in the operations and
maintenance phase of the system lifecycle

Purpose To identify the role of systems engineers in tiendover transientpperations
and maintenance phases of the system lifecydbe, nature of the problems
they face, andintroducethe tools,methodologies and techniques ailable to
solve those problems.

Knowledge Providesan awareness of the factors involved in changes and upgrades, te
and control of phased sequential system releases.

Sukumu The students will pdate their project plan with details of how the system w

Exercise be handed over to the customer anthow it should be operated and
maintainedby the customer.

Staffing The students will éscribe how the new SEmix of old and new employees

Exercise will function under onditions staff turnover Instructor will provide

information as to whictspecificmembers of the SET leayresentation to be
made at the end of the exercise.

Readings Text book, recapt@apter 12from Module 3,andchapter13from Module 8

Course readngs on Module 11, ¢ Kasser, J.E., Program Managem
Methodology.

Module 12. Modelling, simulation and other methodologies, tools
and techniques for systems engineering

Purpose To discuss introduce models and simulations and the place and use of v
tools andtechniques to the areas in the HKMF.

Knowledge Introduces modelling and simulation; discusstheir place in the systems lif
cycle, nature and uses of models.

Sukumu Students torefine project plan to incorporate changes due to informatic

Exercise acquired in latemodulesespecially with reference to the use of tools

Readings Coursereadingon module 12ZMartin, 1994)

Module 13.  Wrap up and Student presentations

Purpose To summarise and wrap up the course, and provide an opportunity to |
from the studentpresengations oftheir versions of the planned realisation
the Sukumu project and the differences between the approaches reinfor
the concept that generally there is more than one solution to a problem

Development of this course was made possible by a grant from The Leverhulme Trust to Cranfield University.
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the correct solution is one which satisfies the customer.

Knowledge The course wrap up, and post presentation discussion. If students are t
the course for credit, details of the assignments and method of assessin
assignments will be presented.

Exercise The Sukumu projecplan presentations complet¢he team exercise.

Readings None.

Assignments and assessments

This section applies to students taking the course for academic credit towards a postgraduate
award.

The staffing exercises in Uniégo 12 will not be assessed, these are learning experiences and
the students need to focus on the work rather than worry about being assessed. Assessment will
be performed on:

1. Post course assignment
2. The Sukumu projedinal presentation in Unit3.

Post course assignment

Each student being assessed isflesh out thér Sukumu projectteam presentation asan
individually produced documenDetails need to be added based tre spoken presentation,
audience comments; contents of readings, lectures and external sources. A reflection
component will be required for a high grade.

Grading criteria

The grading critéa are set to demonstrateritical thinking (Wolcott and Gray, 2003p the
systems engineering process in the context of a project life@mdeaward points for how well a
student demonstrates the ability to predict, diagnose, explaid aalve norextbook problems
because most systems engineering problems areteatbook problems.

Students taking the course for credit towards a postgraduate degree should achieve a Credit or
better. Grades Wi be awarded according to thariteria shown inTable2.

Table2 Grading Criteria

Grade Critical Systems Engineering
Thinking
Level

Pass 2 (E) Confused fact Knows the systemsengineering process an

finder understands the relationship between syster
engineering and projects

Pass 1 (D) Biased jumper Understands problems in context

Credit (C) Perpetual Understands the systems engineering process
analyser

Distinction (B) Pragmatic Understands the need to tailor the process to
performer the situation

High Distinction (A)  Strategic re Ability to tailor process to situation
visioner

*In the academic context, critical thinking is becoming the application of systems thinking.
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Figure4 Engaporia

Engaporia

Engaporia is anld British colonywith astable democratic governmenand asmadl population
It is a mn-aligned, mostly ignored member of the UNis bcated between sea and mountains
as shown in the map iRigure4. Other details are:

= =4 48 -8 4

= =4 =

1

A Mediterraneanclimate; the oastal plain haingwarm summers and mild winters

A mining and farming economy

A strategicport location the Royal Navy used it as a naval base.

The ppulationis concentratedin Engaporium city

The government has recognised that thepplationis growing to the point where there will
be an unemployment problem in near future

Impassable mountains to nortluhich are aow covered in winter

Adisputed border with northern neighdur.

Unnavigatablginto the hinterland)rivers to east and westlthough there is a ferry across
the western river boundary

Friendlyborders witheastern and westerneighbours

The existing infrastructure

= =4 =4 =4 -8 -4 -8 -4

Airport with less than 5 flights per day

Airport can just about cope with a 74100

Airport also used by defence forces

Mineral ore shipped by rail to port then by sea

Railway between Engaporium, airport, port and mines

Port is exBritish navy base, modified for shipping mineral ore in bulk
Roadgqtracks) in hinterland

Technology is colonial legacy

The context of the project
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1 Cost plus award incentive fee contract

1 Four years

9 Turnkey system

1 Funding by international consortium of banks, hotels and resorts
1 Revenue potential

T
1

0 Mineral wealth

o Tourism

0 Winter sports and all year round unpolluted beaches

o Casino, new resorts, cruise ships, tax free shopping
Tourism facilities to be developed in parallel with the Sukumu project

o Casino

0 All season beach hotels and activity areas

o Two ski resorts along footls

A Engaporium and eastern end of country

Reef stabilisation to protect recreation in Sukumu Bay
Port upgrade for cruise ships

The proposal promised

= =4 4 -4 4

A feasibility study

Consultation with customer

Development of integrated transportation system

Phased apmach

Handover to local personnel for operations and maintenance

Photographs of Engaporia

To provide a flavor of the country, and the reason why the staff are flocking to join the project

some of the photographs taken by the Federatd@drospaceproposalteam during their site
surveyare shown below

Lift up thine eyes to the hills
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e

Snow covered mountains and rivegenfrom the Eashs they flew into the country.

Thames estuary showing narrowness of land at sea level.

Unspoiled beaches
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