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4 INTRODUCTION TO ENGINEERING MANAGEMENT

Engineering is the application of scientific knowledge and mathematical methods to practical purposes of
the design, construction or operation of structures, machines, or systems. The discipline of engineering
encompasses a range of more specialized fields of engineering, each with a more specific emphasis on
particular areas of applied mathematics, applied science, and types of application. The term engineering is
derived from the Latin ingenium, meaning "cleverness" and ingeniare, meaning "to contrive, devise".

In the engineering design process, engineers apply mathematics and sciences such as physics to find novel
solutions to problems or to improve existing solutions. More than ever, engineers are now required to
have a proficient knowledge of relevant sciences for their design projects. As a result, many engineers
continue to learn new material throughout their career.

If multiple solutions exist, engineers weigh each design choice bas iftm pse the
solution that best matches the requirements. The crucial and unique
understand, and interpret the constraints on a design in order to yield a
insufficient to build a technically successful product, rather, it rther requirements.

Constraints may include available resources, physical, imagig i tations, flexibility for
future modifications and additions, and other factors, such i for cost, safety, marketability,
productivity, and serviceability. By understanding th i ing derive specifications for the

4.1 Problem Solving

Engineers use their knowledge of science, i ic, economics, and appropriate experience or
tacit knowledge to find suitable solutions to . ting an appropriate mathematical model of a
problem often allows them to ana efinitively), and to test potential solutions.

predict how we ) their specifications prior to full-scale production. They use,
among other t odels, simulations, destructive tests, non-destructive tests, and
stress tests. Tes ducts will perform as expected.

Engineers take on the responsi of producing designs that will perform as well as expected and will not
cause unintended har ublic at large. Engineers typically include a factor of safety in their designs
to reduce the risk of unexpected failure. However, the greater the safety factor, the less efficient the
design may be, as well as being more expensive.

The study of failed products is known as forensic engineering and can help the product designer in
evaluating his or her design in the light of real conditions. The discipline is of greatest value after disasters,
such as bridge collapses, when careful analysis is needed to establish the cause or causes of the failure.

4.2 Social Context

The engineering profession engages in a wide range of activities, from large collaboration at the societal
level, and also smaller individual projects. Almost all engineering projects are obligated to some sort of
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financing agency: a company, a set of investors, or a government. The few types of engineering that are
minimally constrained by such issues are pro bono engineering and open-design engineering.

By its very nature engineering has interconnections with society, culture and human behaviour. Every
product or construction used by modern society is influenced by engineering. The results of engineering
activity influence changes to the environment, society and economies, and its application brings with it a
responsibility and public safety.

Engineering projects can be subject to controversy. Examples from different engineering disciplines include
the development of nuclear weapons, the design and use of sport utility vehicles and the extraction of oil.

In response, some western engineering companies have enacted serious corporate and social responsibility
policies.

Engineering is a key driver of innovation and human development.
very small engineering capacity which results in many African natio
infrastructure without outside aid

All overseas development and relief NGOs make considerable use
disaster and development scenarios. A number of charitable ofg
for the good of mankind:

e Engineers Without Borders
e Engineers Against Poverty
e Registered Engineers for Disaster Relief
e Engineers for a Sustainable World
e Engineering for Change

e Engineering Ministries Internatiog

s are facing significant challenges with regard to the
number of professio i i ompared with the number retiring. This problem is very
poor image and low status. There are many negative

ause, as well as ethical issues. It is widely agreed that the

ge crisis", rather than it being fundamentally an unattractive career. In
avoid a numbers crisis in the UK and other western economies.

economic and
engineering pr
this regard, much

4.3 Code of ethics

Many engineering societies have established codes of practice and codes of ethics to guide members and
inform the public at large. The National Society of Professional Engineers code of ethics states:

Engineering is an important and learned profession. As members of this profession,
engineers are expected to exhibit the highest standards of honesty and integrity.
Engineering has a direct and vital impact on the quality of life for all people.
Accordingly, the services provided by engineers require honesty, impartiality,
fairness, and equity, and must be dedicated to the protection of the public health,
safety, and welfare. Engineers must perform under a standard of professional
behaviour that requires adherence to the highest principles of ethical conduct.
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4.4 Making it work: Engineering Project Management

Project management has evolved to plan, coordinate and control the complex and diverse activities of
modern industrial, IT, commercial and management change. All projects share one common characteristic;
the projection of ideas and activities into new endeavours. The ever-present element of risk and
uncertainty means that the events and tasks leading to completion can never be foretold with absolute
accuracy. Examples abound of projects that have exceeded their costs by enormous amounts, finishing late
or even being abandoned before completion. Such failures are far too common, seen in all kinds of projects
in industry, commerce and especially, it seems, the public sector.

The purpose of project management is to foresee or predict as many of the dangers and problems as

possible and to plan, organize and control activities so that projects are compl essfully in spite of
all the risks. This process should start well before any resource is committed ontinue until all

work is finished. The primary aim of the project manager is for the t sponsor or
purchaser and all the other principal stakeholders, within the promise dut using more

quality), and time, as being of special importance. This emph he priority given to the
allocation of scarce resources and the way in which is concentrated. It can also
influence the choice of project organisation structu
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5 WHO’s WHO

We need to be clear about some of the terms we’re going to use, especially when it comes to the
responsibilities carried by the people involved. Mainly, a project will be organised between three principal
parties; Customer, Contractor, and End-user. A few simplified examples are provided in FIG XXX to
illustrate that project relationships can extend well beyond the customer-contractor boundaries.

Project Project Project Principal End user |Operated and
Type example customer |‘contractor’ maintained by:
1 Local authority  |Local Wimply Housing Local authority
Civil housing authority tenants
engineering, development
construction, ) i
petrochemical, Private toll road |[Landowner |Tarpack Road users |Landowner
mining and agent
quarrying Copper mine Cupric Ltd  |Cupric Ltd Cupri Cupric
{head office
engineering) |Ltd

2 MNew passenger |Going Ltd |Going Ltd Various
Manufacturing aircraft airlines

Automatic rifle  [Ministry of |Small Arms

Defence Ltd

Washing Hotwash Hotwas

machine Ltd R&D dg

development
3 Design and ABC Ltd
Management implement

new sales

procedures

Office

relocation
4 Speculativa ‘ | Unknown Not applicable
Research research for 1 )

new plastic

rganisation money in return for a project. However, in many
management e company is, in effect, both customer and contractor, with the board
or senior managem ompany acting as the customer, whilst the manager or department
instructed to carry roject assumes the role of contractor.

2. Contractor: The organisation that is principally responsible for executing the project work to the
customer’s requirements. It is not restricted to its more common use as used in the contracting
industry for construction projects. So, contractor describes any organisation or group that carries out a
project, whether or not the project is carried out against a formal sales contract.

3. End user: The individual or organisation that will ultimately own and operate the project. This is not
always the same person or organisation that paid for the original project. Consider, for example, a
research and development project carried out by the Whitewash Company PLC to develop washing
machines for sale in the retail sector. The customer for this project would be Whitewash PLC, the main
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contractor would be the design engineering department of Whitewash PLC, and members of the public
who bought the machines would be the end users.

\9
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6 PROJECT ORGANISATION STRUCTURE

It should be obvious that, if all the project objectives are to be achieved, the people, communications, jobs
and resources must be properly organised. But the form which that organisation should take might not be
so obvious.

Every company has its own ideas about how to organise itself and its work. It is highly probable that if
three companies doing similar work could be compared, three different organisation structures would be
found. Further, all three companies might be equally successful (or equally unsuccessful), implying that it is
not always possible to say with any degree of confidence that there is one best organisation solution.

It cannot, therefore, be stated exactly how every project should have its organisa ructured. It is

possible, though, to set out some of the properties that are essential for efficj

1) Effective organisation and communication

2) Project Management Organisation

3) Project Matrix Organisation

4) Project Teams and Task Forces

5) Organisation of Central Administration Functions

Challenge

they are expected to do to make
framework needed to motivate
¥mbiguous levels of status and authority, is likely to be
ly to run and extremely frustrating to work with.

ommunications is the provision of adequate feedback paths

. These facilitate cooperation and coordination. They allow progress to
reported back to executive management. They should also give all

t experts for advice or instruction on technical and commercial

be monitored and difficulties to
participants access to
difficulties.
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/7 PROJECT SUCCESS OR FAILURE

Three objectives; time, performance and cost, are the traditional, basic parameters used to measure
project success or failure. Although they are important, they relate principally to the execution or
fulfilment stage of a project, which is the period of most direct interest to the project manager. Other
people might have quite different views about the ultimate success or failure of a project. For example, a
customer who subsequently discovers that the project fails to live up to its initial promise and does not
deliver its expected return on investment will perceive the result as a failure. Other stakeholders might
have their own, quite different, parameters for measuring success.

Consider the Gantt chart in Figure 2, where the project life is now compared, not with rates of expenditure,
but with some of the factors that determine actual or perceived success or fai roject life history
unfolds.

Project phase | Five-year periods

1 Qriginal concepk L

2 Feasibility sbudy

3 Business plan [ |
4 Risk assessment [ |

5 Public enguiry

& Authorization
4 Jrganizabion
8 Plarning

9 Design

10 Procurement

11 Fulfilment

12 Test/commission

13 Handover

14 Economic life

15 Disposal

Y

Disposal
ecution period

Benefits realization period

The defined periods s efined as follows;

1) Project Definition Period: Appraisal, strategy and go/no-go decisions set the scene for ultimate project
success or failure. If the project is incorrectly or inadequately defined, or if the strategy and risk
assessment are wrong, failure is almost certain.

2) Project fulfilment or execution period: Success or failure during this period is largely governed by the
actions of the Project Manager and the contractor. The contractor of a fixed price project will think it
successful if it is finished on time, within budget and to specification. At this stage, the customer can
promote failure, for example, by introducing too many changes or by making late payments.

3) Benefits Realisation period: Now the true success or failure of the project will be discovered according
to the perceptions of the project owner and the stakeholders. Will all the expected operational and
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financial benefits be delivered? How will the wider body of stakeholders perceive the performance of
the project or its impact on the environment? Is all the borrowed capital being repaid on time?

4) Disposal: Will the project leave chemical or other residues in the ground and pollute the environment?
Will decommissioning involve the removal of hazardous materials? Will there be any radioactive
residues that will pose a long-term and expensive problem?

Alternatively, can all or part of the project be sold on to a third party, either as scrap for recycling or for
a new period of useful life?

7.1 Factors for Success/Failure during Project Definition

Initial project definition leads to the business case on which the decision to authorise or disallow the
he Gantt chart of
Flgure 2. Thisis cIearIy too earIy for anyone to measure the success or fallure project, but it is the

Any of the following shortcomings during this period can condemn a p ain failure:

1) The project scope (the extent of work required) is not clearl

2) The technical requirements are vague.

3) Estimates of cost, timescale or benefits are too optimis

4) Risk assessment is incomplete or flawed.

5) The intended project strategy is inappropriate.

6) Insufficient regard is paid to cash flows and

7) The interests and concerns of stakeholde

8) Undue regard is paid to the motivatio f people who will execute the project.

9) Particularly in management change projectshi icient'thought is given to how all the managers and
people affected by the project i to adapt to the changes expected of them.

10) Approval to proceed with th olitical, personal or intuitive reasons without due
consideration to

who take over m ility for success or failure which will usually be judged according to
how well they achieve the thr imary objectives of cost, performance and time. Many things need to be
in place and many acti during the project execution period to help ensure success.

Among other things, these include:

1) good project definition and a sound business case

2) appropriate choice of project strategy

3) strong support for the project and its manager from higher management
4) availability of sufficient funds and other resources

5) firm control of changes to the authorized project

6) technical competence

7) asound quality culture throughout the organisation

8) asuitable organisational structure
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9) appropriate regard for the health and safety of everyone connected with the project
10) good project communications

11) well-motivated staff

12) quick and fair resolution of conflict.

The primary objectives of cost, performance and time are clear benchmarks against which to judge success
or failure when (or soon after) a project is finished and handed over to the customer. The project manager
needs to understand what each of these objectives implies and how the three can interrelate with each
other.

It must be recognized, also, that many projects have to satisfy more than two primary stakeholders. There
will always be people and organisations who, while not being principal stakeholg enetheless have an
interest in how the outcome of a project might affect them. Subcontractors a are an obvious
failure can
loyment and

(apart from contributing to job satisfaction) have profound implicatio
careers.

Perceptions of success or failure will differ between the differe

project success or failure depends on how the project outcommeéli by all the stakeholders. A
project is successful if all the stakeholders are happy. Althoug ay not always be achievable, it
is best project management practice to try to identif; and satisfy their aspirations as

far as possible.

7.3 Factors for Success/Failure during

In most industrial and manufacturing proj j ner should start to realize the expected
benefits immediately or shortly after_th j successfully finished and handed over (Phase 13 in

s underestimated. Failure during the disposal phase could have
industrial sector. Consider the ramifications the nuclear industry if
the decommissioning or long-term storage phases of the radioactive

The Disposal p
long term cons
project failures were to occur du
fuel life-cycle.
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8 THE VALUE OF STRATEGIC PLANNING

Strategic planning is essentially a step further on than business planning. It is thinking even further ahead
into the future, scrutinising with an even sharper eye, and accounting for even further unforeseen
organisational challenges and opportunities.

Strategic planning is not a panacea, but it is a pre-cursor to innovative thinking which, for most businesses,
is an essential for progress and development. Strategic planning is one of the several components of
project management that a high-functioning organisation requires to operate at their maximum operating
level.

Project managers that have had success in getting an organisation up and running feel tempted to

communicate your vision to staff, and get projects accomplished wit
the many key differences between the two:

Business planning; assesses how much funding your project reg
Strategic planning; determines how and where funding shodldbe spent d

Do not apply your business plans for strategic purpos ere no/meant to be used as such.
Business planning gets you up on your feet, where corporates everything from your
first step to reaching a full sprint.

8.1 Taking project evaluation to the

Where ar2 we now?

Essentially, strate gular purpose; to move you forward, no matter where
you are!
Environmental
Analysis
leconomical,
socio-cultural,
:echnological,
political)
Industry SWOT Evaluation
A Analysis (resource
%’Lﬂlr"\';: — {g?tz':ﬁ:: — (s!rer:g}hs, — %t;z::gﬂ: - re_quirenents,
Performance evolution, :;::;5;?; risk, retum)
competition) thieals)
Company : Pl ; E
: Analysis : ¢ 1 Howdowe getthere? '
: (strusture, : oo : >
! resources, ' H :
' processas, : Where ghpuld we go? '
; itaffing, culture) |- >
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Figure 3 Strategic Planning Flow Chart

8.2 Increased project communication

Part of strategic planning is opening a dialogue that flows from top to bottom, and back up to the top. 67%
of an organisations HR and IT departments have strategies that are not in line with the overall
organisational strategy, due to a lack of communication.

Project managers make their team aware that a strategic plan is going to be taking place for the next
project (and of course future projects as well) and that they expect to hear ideas and plans from each
department, so they can form an overall strategy for the project that each member can adhere to.

85% of executives only spend one hour a month discussing strategy, while the top orming companies

8.3 Reducing resource misallocation

In the same breath as how, strategic planning enhances communieati all project staff, strategic

agers make informed
decisions by evaluating, monitoring, and adjusting project reso )n to where they are needed

Strategic planning identifies what you have i how to assign human and financial resources
to ensure that your project avoids an : ould cripple your project’s progress.

aff will be more engaged to contribute all they can
. Only 23% of companies have a cohesive strategic planning
ent, and many still wonder why so many projects run over-

throughout the
practice in plac
budget and/or

As indicated in Figure 3, strategi€planning sets up a comprehensive plan for every step of the way during
project planning. It is ject Manager who is executing the strategy, it is the lower-level managers
and staff. Open dialogue has already been encouraged and demonstrated to them, so communication is
encouraged.

Every step of the way, a plan has been put in place. If there is a new idea from any department, they
approach upper-management and suggest ideas. However, once a bridge has been crossed during the
project’s progress, the team already knows what to do next, what to evaluate, and what to aim for and
achieve. This keeps the team from guessing what they should do next and saves time in staff seeking out
the project manager for instruction.

The project team should be made up of open minded, innovative thinkers, always brewing new ideas
throughout the project. By using strategic planning, the Project Manager can take control of their vision
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and turn it into real-life results, making full use of the available resources and operating the project at
maximum capacity.

Challenge

It is recommended at this point that you read eBooks 2 and 3. (Ref. 2 and Ref. 3.)

\9
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9 ENGINEERING STRATEGY AND SERVICES DELIVERY PLAN

Challenge

In addition to your own research, reference eBooks 2, 3, 4, and 5 (Refs 2, 3, 4, and 5) provide examples of
Engineering Strategy and Services Delivery Plan documents which you may use as supporting material if

you so wish.
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10 SUPPLY CHAIN AND SUSTAINABILITY

Supply chain sustainability is a business issue affecting an organisation’s supply chain or logistics network in
terms of environmental, risk, and waste costs. There is a growing need for integrating environmentally
sound choices into supply-chain management. Sustainability in the supply chain is increasingly seen among
high-level executives as essential to deliver profitability and has replaced, or at least sidled up alongside,
monetary cost, value, and speed as the dominant topics of discussion among purchasing and supply
professionals.

10.1 Background

Supply chains are critical links that connect an organisation’s inputs to its outpu ditional challenges

sustainability as a new measure of profitable logistics management. Thi
understanding that sustainable supply chains frequently mean p

Many companies are limited to measuring the sustainabilit siness operations and are
unable to extend this evaluation to their suppliers and custo S s determining their true
environmental costs highly challenging and reduces aste from the supply chains.
However, much progress has been made in definin i ability and benchmarking tools are

One of the key requirements of successfu i ly chains is collaboration. The practice of
y ensuring that half-empty vehicles do not get

because of the ontrol and competitive advantage by working closely with
other compani

10.2 Three Tiers of Sustaina
Tier 1: Getting the ba

This is the base level and is the stage in which the majority of organisations are at. Companies employ
simple measures such as switching lights and PCs off when left idle, recycling paper, and using greener
forms of travel with the purpose of reducing the day-to-day carbon footprint. Some companies also employ
self-service technologies such as centralized procurement and teleconferencing.

Tier 2: Learning to think sustainably

This is the second level, where companies begin to realize the need to embed sustainability into supply
chain operations. Companies tend to achieve this level when they assess their impact across a local range
of operations. In terms of the supply chain, this could involve supplier management, product design,
manufacturing rationalization, and distribution optimization.
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Tier 3: The science of sustainability

The third tier of supply chain sustainability uses auditing and benchmarks to provide a framework for
governing sustainable supply chain operations. This gives clarity around the environmental impact of
adjustments to supply chain agility, flexibility, and cost in the supply chain network. Moving towards this
level means being driven by the current climate (in which companies recognise cost savings through green
operations as being significant) as well as pushing emerging regulations and standards at both an industry
and governmental level.

10.3 Application of Sustainability

Companies looking to implement sustainable strategies down its supply chain should also look upstream.

purchasing power to get its suppliers in compliance with its green
suppliers, companies must measure that inputs from suppliers are
and energy is minimised leading to less pollution, defects and over pro
supplier base and make sure that they are improving the supply ¢
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11 TOTAL QUALITY MANAGEMENT

Total Quality Management (TQM) describes a management approach to long-term success through
customer satisfaction. In a TQM effort, all members of an organisation participate in improving processes,
products, services, and the culture in which they work.

TQM can be summarized as a management system for a customer-focused organisation that involves all
employees in continual improvement. It uses strategy, data, and effective communications to integrate the
quality discipline into the culture and activities of the organisation. Many of these concepts are present in
modern Quality Management Systems, the successor to TQM.

Here are the 8 principles of total quality management:

1) Customer-focused.
The customer ultimately determines the level of quality. No m i does to foster

were worthwhile.

2) Total employee involvement
All employees participate in working toward common gog yee commitment can only be
obtained after fear has been driven from the wor, rment has occurred, and

form of empowerment.
3) Process-centred

A fundamental part of TQM is a fg ss thinking. A process is a series of steps that take inputs
from suppliers (internal or ex s them into outputs that are delivered to customers
(again, either internal or ext ired to carry out the process are defined, and
performance tored in order to detect unexpected variation.

4) Integrated s

st’of many different functional specialties often organized into

s, it is the horizontal processes interconnecting these functions that
are the focus of TQM.
Micro-processes a
required for defining

er processes, and all processes aggregate into the business processes

Implementing strategy. Everyone must understand the vision, mission, and
guiding principles as well as the quality policies, objectives, and critical processes of the organisation.
Business performance must be monitored and communicated continuously.
Every organisation has a unique work culture, and it is virtually impossible to achieve excellence in its
products and services unless a good quality culture has been fostered. Thus, an integrated system
connects business improvement elements in an attempt to continually improve and exceed the
expectations of customers, employees, and other stakeholders.

5) Strategic and systematic approach
A critical part of the management of quality is the strategic and systematic approach to achieving an
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organisation’s vision, mission, and goals. This process, called strategic planning or strategic
management, includes the formulation of a strategic plan that integrates quality as a core component.
6) Continual improvement
A major thrust of TQM is continual process improvement. Continual improvement drives an
organisation to be both analytical and creative in finding ways to become more competitive and more
effective at meeting stakeholder expectations.
7) Fact-based decision making
In order to know how well an organisation is performing, data on performance measures are necessary.
TQM requires that an organisation continually collect and analyse data in order to improve decision
making accuracy, achieve consensus, and allow prediction based on past history.
8) Communications
During times of organisational change, as well as part of day-to-day operg

communications plays a large part in maintaining morale and i all levels.
Communications involve strategies, method, and timeliness.
These elements are considered so essential to TQM that many organisati fine them, in some format,

as a set of core values and principles on which the organisatio
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12 NEW PRODUCT DEVELOPMENT

In business and engineering, new product development (NPD) covers the complete process of bringing a
new product to market. A central aspect of NPD is product design, along with various business
considerations. New product development is described broadly as the transformation of a market
opportunity into a product available for sale. The product can be tangible (a physical product) or intangible
(like a service, for example), though sometimes services and other processes are distinguished from
"products." NPD requires an understanding of customer needs and wants, the competitive environment,
and the nature of the market. Cost, time and quality are the main variables that drive customer needs.
Aiming at these three variables, companies develop continuous practices and strategies to better satisfy
customer requirements and to increase their own market share by a regular development of new products.

management of the NPD.

By setting out the steps involved, and sticking to them, product develo
flexible approach activity that can be adapted for all different type

1) Idea Generation
The development of a product will start with the concef process will ensure that ideas
are tested for their viability, so in the beginning all Ideas can, and will come, from
many different directions. The best place to star, ysis, (Strengths, Weaknesses,
Opportunities and Threats), which incorpor . This can be used to analyse your

In addition to this business-centred actili ds that focus on the customer’s needs and
wants. This could be:

a) Under-taking market resea
b) Listening to suggestions f g nce — including feedback on your current products’

strengths an
c) Encourag es and partners
d) Looking es and failures

2) Idea Screen
This step is cr unsuitable ideas, for whatever reason, are rejected as soon as
possible. Ideas need,to be Idered objectively, ideally by a group or committee.

Specific screening ed to be set for this stage, looking at Return On Investment (ROI),
affordability and market potential. These questions need to be considered carefully, to avoid product
failure after considerable investment down the line.

3) Concept Development & Testing
You have an idea and it’s passed the screening stage. However, internal opinion isn’t the most
important. You need to ask the people that matter — your customers.

Using a small group of your true customer base (those that convert) the idea need to be tested to see
their reaction. The idea should now be a concept, with enough in-depth information that the consumer
can visualise it.

Do they understand the concept?
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4)

5)

6)

7)

8)

Do they want or need it?
This stage gives you a chance to develop the concept further, considering their feedback, but also to
start thinking about what your marketing message will be.

Business Analysis

Once the concept has been tested and finalised, a business case needs to be put together to assess
whether the new product/service will be profitable. This should include a detailed marketing strategy,
highlighting the target market, product positioning and the marketing mix that will be used.

This analysis needs to include: whether there is a demand for the product, a full appraisal of the costs,
competition and identification of a break-even point.

Product Development

If the new product is approved, it will be passed to the technical and marke

consumer testing, for feedback on specifics like look, feel and pac
Test Marketing
Test marketing (or market testing) is different to concept o,

elements, from product to marketing message.
Commercialisation

When the concept has been developed an i i d to be made to move the
product to its launch into the market. Pri d to be finalised and the sales
teams and distribution briefed, so that ompany is ready for the final stage.

Launch

A detailed launch plan is need t un smoothly and to have maximum impact. It should
include decisions surroundin ere to launch to target your primary consumer group.
Finally, in orde ade, a review of the market performance is needed to

access the s ss of the project
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13 ENGINEERING MANAGEMENT TOOLS
13.1 Problem Solving and Decision Making

Much of what people do is solve problems and make decisions. Often, they do so on the spot, when they’re
stressed and very short for time. Consequently, when they encounter a new problem or decision they must
make, they react with a decision that seemed to work before. It's easy with this approach to get stuck in a
circle of solving the same problem over and over again. Therefore, it's often useful to get used to an
organized approach to problem solving and decision making. Not all problems can be solved, and decisions
made by the following, rather rational approach, but it’s a good starting point. Sometimes, it even helps to
align “problem” with “opportunity”!

1) Define the problem
This is often where people struggle. They react to what they thi
understand more about why you think there's a problem.

questions:
1. What can you see that causes you to think there's a pr
Where is it happening?
How is it happening?
When is it happening?
With whom is it happening? (Don't jum i i ' oblem?" When we're stressed,
blaming others is often one of our fir
issues more than people.)
6. Why is it happening?

vk wnwN

7. Write down a five-sentencegdes i problem in terms of "The following should be
happening, but isn't ..." i ppening and should be: ..." As much as possible, be
specific in yo iptionyi ] is happening, where, how, with whom and why. (It may
be helpf of research methods.

Defining co

descriptions o

It helps a great dea
Prioritize the problems:

If you discover that you are looking at several related problems, then prioritize which ones you should
address first.

Note the difference between "important" and "urgent" problems. Often, what we consider to be
important problems to consider are really just urgent problems. Important problems deserve more
attention. For example, if you're continually answering "urgent" phone calls, then you've probably got a
more "important" problem and that's to design a system that screens and prioritizes your phone calls.
Understand your role in the problem:

Your role in the problem can greatly influence how you perceive the role of others. For example, if

y your problem analysis for conferring with a peer or someone else.
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you're very stressed out, it'll probably look like others are, too, or, you may resort too quickly to
blaming and reprimanding others. Or, you are feel very guilty about your role in the problem, you may
ignore the accountabilities of others.

2) Look at potential causes for the problem

a) It's amazing how much you don't know about what you don't know. Therefore, in this phase, it's
critical to get input from other people who notice the problem and who are affected by it.

b) It's often useful to collect input from other individuals one at a time (at least at first). Otherwise,
people tend to be inhibited about offering their impressions of the real causes of problems.

c) Write down what your opinions and what you've heard from others.

d) Regarding what you think might be performance problems associated with an employee, it's often
useful to seek advice from a peer or your supervisor in order to verify ssion of the
problem.

e) Write down a description of the cause of the problem and happening, where,
when, how, with whom and why.

3) Identify alternatives for approaches to resolve the problem
At this point, it's useful to keep others involved (unless yo al and/or employee
performance problem). Brainstorm for solutions to the ps ut, brainstorming is
collecting as many ideas as possible, then screening the i tidea. It's critical when
collecting the ideas to not pass any judgment on it& them down as you hear them. (A
wonderful set of skills used to identify the und is Systems Thinking.)

4) Select an approach to resolve the proble
When selecting the best approach, consi
a) Which approach is the most likely t m for the long term?
b) Which approach is the most realisti mplishfor now? Do you have the resources? Are they

affordable? Do you have €

c) What is the extent of ris

(The nature of thj problem-solving process is why problem solving and decision

5)

best alternative (this is your action plan)

the situation look like when the problem is solved?"

b) What steps sho to implement the best alternative to solving the problem? What
systems or proc ould be changed in your organisation, for example, a new policy or
procedure? Don't resort to solutions where someone is "just going to try harder".

c) How will you know if the steps are being followed or not? (these are your indicators of the success
of your plan)

d) What resources will you need in terms of people, money and facilities?

e) How much time will you need to implement the solution? Write a schedule that includes the start
and stop times, and when you expect to see certain indicators of success.

f)  Who will primarily be responsible for ensuring implementation of the plan?

g) Write down the answers to the above questions and consider this as your action plan.

Plan the im
a) Carefully co
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h) Communicate the plan to those who will be involved in implementing it and, at least, to your
immediate supervisor.

(An important aspect of this step in the problem-solving process is continual observation and
feedback.)
6) Monitor implementation of the plan

Monitor the indicators of success:

a) Are you seeing what you would expect from the indicators?

b) Will the plan be done according to schedule?

c) If the planis not being followed as expected, then consider: Was the plan realistic? Are there
sufficient resources to accomplish the plan on schedule? Should more priority be placed on various
aspects of the plan? Should the plan be changed?

7) Verify if the problem has been resolved or not

One of the best ways to verify if a problem has been solved or i rmal@perations in

the organisation. Still, you should consider:

a) What changes should be made to avoid this type of problem in th : er changes to

policies and procedures, training, etc.

b) Lastly, consider "What did you learn from this probles i new knowledge,
understanding and/or skills.

c) Consider writing a brief memo that highlight problem-solving effort, and what

13.1.1 Rational Versus Organic Approach to P
13.1.1.1 Rational

A person with this preference often ensive and logical approach similar to the

Examine all
Identify all
Carefully sel ernative

Develop an orderly implem tion plan to implement that best alternative.
Carefully monitor i ation of the plan.

7. Verify if the problem has been resolved or not.

S o

A major advantage of this approach is that it gives a strong sense of order in an otherwise chaotic situation
and provides a common frame of reference from which people can communicate in the situation. A major
disadvantage of this approach is that it can take a long time to finish. Some people might argue, too, that
the world is much too chaotic for the rational approach to be useful.

13.1.1.2 Organic

Some people assert that the dynamics of organisations and people are not nearly so mechanistic as to be
improved by solving one problem after another. Often, the quality of an organisation or life comes from
how one handles being “on the road” itself, rather than the “arriving at the destination.” The quality comes
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from the ongoing process of trying, rather than from having fixed a lot of problems. For many people it is
an approach to organisational consulting. The following quote is often used when explaining the organic
(or holistic) approach to problem solving.

“All the greatest and most important problems in life are fundamentally insoluble ... They can never be
solved, but only outgrown. This “outgrowing” proves on further investigation to require a new level of
consciousness. Some higher or wider interest appeared on the horizon and through this broadening of
outlook, the insoluble lost its urgency. It was not solved logically in its own terms but faded when
confronted with a new and stronger life urge.”

From Jung, Carl, Psychological Types (Pantheon Books, 1923)

A major advantage of the organic approach is that it is highly adaptable to und 3 g and explaining

e who shun
linear and mechanistic approaches to projects. The major disadvan i c often provides
no clear frame of reference around which people can communicate, fe easure
progress toward solutions to problems.

13.1.2 Tools and Methods for Problem Solving and Decision

Challenge

Undertake your own research on the followi

, s and distil expert-based solutions)
Dlalectlc DeC|S|on Makino §10 Via examining opposite points of view)

Rational Decision MakK
SWOT Analysis (to analyse from strengths, weaknesses, opportunities and threats)
Voting

Work Breakdown Structure (for organizing and relating many details)

13.2 Project Risk Management

Could your projects use additional risk management? It is generally agreed that Risk Management is one of
the most underutilized areas of project management. As engineers, when we’re managing a project in our
area of expertise we like to think we know the primary risks and we have them under control. But a small
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