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About This Book

Overview

This book was created for an undergraduate Introduction to Industrial Engineering course at The University of Texas at Arlington
(UTA). The chapters give an overview of the profession and an introduction to some of the tools used by industrial engineers.
There are interactive content exercises included at the end of most chapters. This interactive content aims to engage students
in the content as they are reading. The book will continue to revised and updated with new information as it becomes necessary.
More interactive content will be added to the end of each chapter in future versions of the book.

Creation Process

For many years, I assigned chapters from Dr. Jane Fraser's Introduction to Industrial Engineering text available online. Each
semester I would refine the chapters I would assign, have them read only the parts that pertained to our class, and supplement
the reading assignments with information from other sources. My “customization by instruction” eventually became confusing
even to me! That is when I began exploring ways to more formally remix the various resources I had been using. An email for
a workshop on Open Educational Resources being offered by UTA’s library caught my attention, and within weeks I had started
putting together this text. I applied for, and received, a UTA’s Coalition for Alternative Resources in Education for Students
(CARES) grant and technical support to help me with the creation process. That process involved remixing portions of Fraser's
text with additional open source materials from Exploring Business produced by the University of Minnesota Libraries Publishing,
Introduction to Problem Solving Skills produced by the MIT Office of Digital Learning, and my own original content. The book went
through two semesters of “beta testing” by undergraduate students. Students were asked to use Hypothesis, within the learning
management system to give feedback on the content of each chapters as well as to comment on any missing links or confusing
text. The text was also reviewed by staff of the Open Educational Resources Office, which is part of UTA’s library system.

About the Author

Bonnie Boardman is an Assistant Professor of Instruction and Undergraduate Program Director in the Industrial, Manufacturing,
and Systems Engineering Department at The University of Texas at Arlington. Her primary research interest is in engineering
education. She holds a B.S. and Ph.D. in Industrial Engineering from The University of Arkansas and an M.S. in Industrial
Engineering from Texas A&M University. Dr. Boardman worked for the Logistics Support Agency, an agency of the Department
of the Army, as a Senior Engineer. Other research interest areas include the development of scheduling algorithms and decision
support systems and adapting and applying industrial engineering methodologies and techniques to the service industry. Dr.
Boardman is active in numerous technical and professional organizations.

This page titled About This Book is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie Boardman (Mavs
Open Press).
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1.1: What is Industrial Engineering?

Chapter Table of Contents

e Examples of Industrial Engineering Improvements
e IE Definition

o Efficiency vs. Effectiveness

e Goals of this Text

e Welcome to Industrial Engineering

e Chapter Exercise

Examples of Industrial Engineering Improvements

. Ew

Figure 1.1: IEs help hospitals run more efficiently

e An IE at a hospital worked with a team to redesign the process for cleaning an operating room and preparing it for the next
operation. The time between scheduled operations was reduced from 45 to 20 minutes. More operations can be scheduled
in each operating room each day.

e A manufacturer of corporate jets opened a new facility to manufacture tail sections. An industrial engineer (IE) laid out the
new facility, including deciding where material would be delivered, where each machine used in the manufacturing process
would be located, how work would flow through the facility, and where finished sections would be shipped from the facility.

e A large air chiller has a compressor that is housed in a steel cylinder. The cylinder was being made by bending and welding
two pieces of steel. An IE redesigned the cylinder and the manufacturing process so that the cylinder is now made by bending
and welding one piece of steel. The manufacturing process takes less time and the cylinder is stronger.
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Figure 1.2: ISO and UTS Thread Dimensions

e A plant that assembles lawnmowers found that bolt holes on parts were not always lining up properly. An IE gathered and

©@® 2 (1.1.1)



LibreTexts"

analyzed data to determine the source of the problem. The IE found that parts from a particular supplier were not meeting
the tolerances that had been specified. The IE worked with the supplier to improve their production process so that the
tolerances were met in the future.

e An IE found that the number of back injuries in an automobile assembly plant was increasing. The IE analyzed the safety
reports on such injuries from the last year and found that the increase was occurring in the engine assembly area; further
investigation showed that a redesign of the engine had made the engine assembly awkward. The IE worked with the assembly
workers to redesign the assembly task, including the purchase of a new hoist. The IE monitored the safety reports over the
next three months and found that the rate of back injuries had declined.

Industrial Engineering Definition

design or improvement of a system of people, machines, information, and money to achieve some goal with efficiency,
quality, and safety.

boldface in the definition:Design - Some industrial engineering tasks involve the creation of a new facility, process, or system.

o Improvement - Most industrial engineering tasks involve the improvement of an existing facility, process, or system.

¢ System - Most engineers design physical objects, but most IEs design systems. Systems include physical components, but
also include processes, rules, and people. Components of a system have to work together. Material and information flow
between the components of a system. A change to one part of system may affect other parts of the system.

¢ People - Among all types of engineers, IEs think the most about people.

¢ Machines - An IE must select the appropriate machines - including computers.

¢ Information - Data can be used for immediate decision making but can also be analyzed to make improvements to the
system.

e Money - An IE must weigh costs and savings now against costs and savings in the future.

e Goal - Every designed system exists for some purpose. The IE must think about different ways to accomplish that goal and
select the best way.

o Efficiency - Whatever the goal of the system, the IE usually seeks to have the system achieve that goal quickly and with the
least use of resources.

¢ Quality - The IE’s organization always has a customer and the organization must deliver goods and services to the customer
with the quality that the customer wants.

o Safety - IEs have to make sure that the system is designed so that people can and will work safely.

Efficiency vs. Effectiveness

IEs are sometimes called efficiency engineers, but some think that effectiveness engineer is more accurate. What is the difference
between being efficient and being effective?

loss

Figure 1.3: The efficiency of a system

o An efficient process doesn’t waste any time or resources.
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o An effective process produces a desired effect or contributes to a desired goal.

Two words in our definition of industrial engineering (efficiency and goal) relate to these two aspects of an IE’s job. A process
can be effective but not efficient if the process could be done as effectively but in less time or with fewer resources; for example,
the time to produce a product might be reduced without any loss of customer satisfaction with the product. A process can be
efficient but not effective; for example, a department that efficiently produces reports that no one uses is not effective.

¢ Designandimprovement - Where should a facility be located? How should all the components be laid out physically? What
operating procedures should be used?

e System - How should the tasks be allocated among different parts of the system? How should material and information flow
among the different components of a system?

¢ People - What are people good at? What types of tasks should not be assigned to people? How can jobs be designed so
that people can do their jobs quickly, safely, and well?

« Machines - What types of machines are available to do different tasks, including the movement and storage of material and
information?

o Information - How can data be used to determine how well the system is functioning?

¢ Money - How can we trade off costs and savings that occur at different times, maybe over a number of years?

e Goal - What is the goal of this system? What are the different ways a system could achieve that goal?

« Efficiency - How can we produce products and services with the least amount of time and resources?

¢ Quality - How can we make sure that the system is consistently producing goods and services that meet customer needs?

¢ Safety - How can we keep people from making mistakes? How can we protect people from hazards in the work place?

Goals of this Text

e An understanding of the types of work IEs do in different types of organizations.

e The ability to explain to others what IEs do,

e The ability to market yourself as an IE,

e An overview of the topics in a BSIE curriculum,

e An understanding of the context in which IEs work, including global and societal issues,

e A commitment to professional and ethical behavior now and in the future, and

e Improved professional skills, especially oral and written communication skills and teamwork skills.

Welcome to industrial engineering

Being an IE is very satisfying because you can create an efficient and safe workplace where people are proud of the high quality
products and services they produce. IEs improve efficiency, which means that we help bring prosperity. IEs improve quality, which
means that we help provide good products and services. And IEs improve safety, which means that we help protect people. You
should be very proud that you plan to become an IE. According to the bumper sticker version of industrial engineering, IEs make
things better.

Exercise

uta.pressbooks.pub/industrialengineeringintro/?p=20

This page titled 1.1: What is Industrial Engineering? is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie
Boardman (Mavs Open Press).
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1.2: Teamwork

Chapter Table of Contents

e Some Key Characteristics of Teams
e Why Organizations Build Teams

e Factors in Effective Teamwork

e Group Cohesiveness

e Groupthink

e Why Teams Fail

e The Team and Its Members

e What Skills does the Team Need?

¢ What Roles do Team Members Play?
e Class Team Projects

e Exercises

A team (or a work team) is a group of people with complementary skills who work together to achieve a specific goal

(Thompsonm). “A group,” suggests Bonnie Edelstein, a consultant in organizational development, “is a bunch of people in an
elevator. A team is also a bunch of people in an elevator, but the elevator is broken.” This distinction may be a little oversimplified,
but a team is clearly something more than a mere group of individuals. In particular, members of a group—or, more accurately,
a working group—go about their jobs independently and meet primarily to share information. A group of department-store
managers, for example, might meet monthly to discuss their progress in cutting plant costs, but each manager is focused on
the goals of his or her department because each is held accountable for meeting only those goals. Teams, by contrast, are
responsible for achieving specific common goals, and they're generally empowered to make the decisions needed to complete
their authorized tasks.

Some Key Characteristics of Teams

To keep matters in perspective, let’s identify five key characteristics of work teams (Thompson[z]; Alderfer, et. al.[3]):

1. Teams are accountable for achieving specific common goals. Members are collectively responsible for achieving team goals,
and if they succeed, they’re rewarded collectively.

2. Teams function interdependently. Members cannot achieve goals independently and must rely on each other for information,
input, and expertise.

3. Teams are stable. Teams remain intact long enough to finish their assigned tasks, and each member remains on board long
enough to get to know every other member.

4. Teams have authority. Teams possess the decision-making power to pursue their goals and to manage the activities through
which they complete their assignments.

5. Teams operate in a social context. Teams are assembled to do specific work for larger organizations and have the advantage
of access to resources available from other areas of their organizations.

Why Organizations Build Teams

Why do major organizations now rely more and more on teams to improve operations? Executives at Xerox have reported that
team-based operations are 30 percent more productive than conventional operations. General Mills says that factories organized
around team activities are 40 percent more productive than traditionally organized factories. According to in-house studies at
Shenandoah Life Insurance, teams have cut case-handling time from twenty-seven to two days and virtually eliminated service

complaints. FedEx says that teams reduced service errors (lost packages, incorrect bills) by 13 percent in the first year (Fisher[4];

Greenberg & Baron[s]).

©@® 5 (1.2.1)
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Factors in Effective Teamwork

First, let's begin by identifying several factors that, in practice, tend to contribute to effective teamwork. Generally speaking, teams

are effective when the following factors are met (Whetten & Cameron[e]):

¢ Members depend on each other. When team members rely on each other to get the job done, team productivity and efficiency
are high.

e Members trust one another. Teamwork is more effective when members trust each other.

e Members work better together than individually. When team members perform better as a group than alone, collective
performance exceeds individual performance.

e Members become boosters. When each member is encouraged by other team members to do his or her best, collective
results improve.

¢ Team members enjoy being on the team. The more that team members derive satisfaction from being on the team, the more
committed they become.

e Leadership rotates. Teams function effectively when leadership responsibility is shared over time.

Most of these explanations probably make pretty clear intuitive sense. Unfortunately, because such issues are rarely as clear-
cut as they may seem at first glance, we need to examine the issue of group effectiveness from another perspective—one that
considers the effects of factors that aren’t quite so straightforward.

Group Cohesiveness

The idea of group cohesiveness refers to the attractiveness of a team to its members. If a group is high in cohesiveness,
membership is quite satisfying to its members; if it's low in cohesiveness, members are unhappy with it and may even try to leave
it. The principle of group cohesiveness, in other words, is based on the simple idea that groups are most effective when their
members like being members of the group (George & Jonesm; Festinger[sl).

Numerous factors may contribute to team cohesiveness, but in this section, we'll focus on five of the most important:

1. Size. The bigger the team, the less satisfied members tend to be. When teams get too large, members find it harder to
interact closely with other members; a few members tend to dominate team activities, and conflict becomes more likely.

2. Similarity. People usually get along better with people like themselves, and teams are generally more cohesive when
members perceive fellow members as people who share their own attitudes and experience.

3. Success. When teams are successful, members are satisfied, and other people are more likely to be attracted to their teams.

4. Exclusiveness. The harder it is to get into a group, the happier the people who are already in it. Status (the extent to which
outsiders look up to a team, as well as the perks that come with membership) also increases members’ satisfaction.

5. Competition. Members value membership more highly when they're motivated to achieve common goals—especially when
those goals mean outperforming other teams.

A cohesive team with goals that are aligned with the goals of the organization is most likely to succeed. There’s such a thing
as too much cohesiveness. When, for instance, members are highly motivated to collaborate in performing the team’s activities,
the team is more likely to be effective in achieving its goals. Clearly, when those goals are aligned with the goals of the larger
organization, the organization, too, will be happy. If, however, its members get too wrapped up in more immediate team goals,
the whole team may lose sight of the larger organizational goals toward which it's supposed to be working.

Groupthink

Likewise, it's easier for leaders to direct members toward team goals when members are all on the same page—when there’s
a basic willingness to conform to the team’s rules and guidelines. When there’s too much conformity, however, the group can
become ineffective: It may resist change and fresh ideas and, what'’s worse, may end up adopting its own dysfunctional tendencies
as its way of doing things. Such tendencies may also encourage a phenomenon known as groupthink—the tendency to conform
to group pressure in making decisions, while failing to think critically or to consider outside influences.

Groupthink is often cited as a factor in the explosion of the space shuttle Challenger in January 1986: Engineers from a supplier of
components for the rocket booster warned that the launch might be risky because of the weather but were persuaded to reverse

their recommendation by NASA officials who wanted the launch to proceed as scheduled (Griffin[q]).

©@® 6 (1.2.2)
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Why Teams Fail

Teams don't always work. To learn why, let's take a quick look at four common obstacles to success in introducing teams into an

organization (Greenberg & Baron[m]):

e Unwillingness to cooperate. Failure to cooperate can occur when members don’t or won't commit to a common goal or set
of activities. What if, for example, half the members of a product-development team want to create a brand-new product
and half want to improve an existing product? The entire team may get stuck on this point of contention for weeks or even
months.

e Lack of managerial support. Every team requires organizational resources to achieve its goals, and if management isn't
willing to commit the needed resources—say, funding or key personnel—a team will probably fall short of those goals.

e Failure of managers to delegate authority. Team leaders are often chosen from the ranks of successful supervisors—first-line
managers who, give instructions on a day-to-day basis and expect to have them carried out. This approach to workplace
activities may not work very well in leading a team—a position in which success depends on building a consensus and letting
people make their own decisions.

e Failure of teams to cooperate. If you're on a workplace team, your employer probably depends on teams to perform much of
the organization’s work and meet many of its goals. In other words, it is, to some extent, a team-based organization, and as

such, reaching its overall goals requires a high level of cooperation among teams (Thompson[“]). When teams can't agree
on mutual goals (or when they duplicate efforts), neither the teams nor the organization is likely to meet with much success.

The Team and Its Members

Like it or not, you'll probably be given some teamwork assignments while you're in college. More than two-thirds of all students
report having participated in the work of an organized team. Why do we put so much emphasis on something that, reportedly,
makes many students feel anxious and academically drained? Here's one college student’s practical-minded answer to this
question:

“In the real world, you have to work with people. You don't always know the people you work with, and you don’t always get along
with them. Your boss won't particularly care, and if you can’t get the job done, your job may end up on the line. Life is all about
group work, whether we like it or not. And school, in many ways, prepares us for life, including working with others” (Nichols[m).

She’s right. In placing so much emphasis on teamwork skills and experience, colleges are doing the responsible thing—preparing
students for the world that awaits them. A survey of Fortune 1800 companies reveals that 79 percent already rely on self-

managing teams and 91 percent on various forms of employee work groups. Another survey found that the skill that most

employers value in new employees is the ability to work in teams (Whetten & Cameronm]; Lawler[m]). If you're already trying to

work your way up an organizational ladder, consider the advice of former Chrysler Chairman Lee Iacocca: “A major reason that
capable people fail to advance is that they don’t work well with their colleagues.” The importance of the ability to work in teams

was confirmed in a survey of leadership practices of more than sixty of the world’s top organizations (Fortune Magazine[15]). When
top executives in these organizations were asked, “What causes high-potential leadership candidates to derail? (stop moving up
in the organization),” 60 percent of the organizations cited “inability to work in teams.” Interestingly, only 9 percent attributed
the failure of these executives to advance to “lack of technical ability.” While technical skills will be essential in your getting hired
into an organization, your team skills will play a significant role in your ability to advance.

To be team-ready or not to be team-ready—that is the question. Or, to put it in plainer terms, the question is not whether you'll
find yourself working as part of a team. You will. The question is whether you’ll know how to participate successfully in team-based
activities.

What Skills Does the Team Need?

Sometimes we hear about a sports team made up of mostly average players who win a championship because of coaching genius,

flawless teamwork, and superhuman determination (Robbins & Judge[w]). But not terribly often. In fact, we usually hear about
such teams simply because they're newsworthy—exceptions to the rule. Typically a team performs well because its members
possess some level of talent. This doesn’t mean, however, that we should reduce team performance to the mere sum of its
individual contributions: Members’ talents aren't very useful if they’re not managed in a collective effort to achieve a common
goal.
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In the final analysis, of course, a team can succeed only if its members provide the skills that need managing. In particular, every
team requires some mixture of three sets of skills:

e Technical skills. Because teams must perform certain tasks, they need people with the skills to perform them. For example,
if your project calls for a lot of math work, it's good to have someone with the necessary quantitative skills.

e Decision-making and problem-solving skills. Because every task is subject to problems, and because handling every problem
means deciding on the best solution, it's good to have members who are skilled in identifying problems, evaluating alternative
solutions, and deciding on the best options.

e Interpersonal skills. Because teams are composed of people, and because people need direction and motivation and depend
on communication, every group benefits from members who know how to listen, provide feedback, and smooth ruffled
feathers. The same people are usually good at communicating the team’s goals and needs to outsiders.

The key to success is ultimately the right mix of these skills. Remember, too, that no team needs to possess all these skills—never
mind the right balance of them—from day one. In many cases, a team gains certain skills only when members volunteer for certain
tasks and perfect their skills in the process of performing them. For the same reason, effective teamwork develops over time as
team members learn how to handle various team-based tasks. In a sense, teamwork is always work in progress.

What Roles do Team Members Play?

Like your teamwork skills, expect your role on a team to develop over time. Also remember that, both as a student and as a
member of the workforce, you'll be a member of a team more often than a leader . Team members, however, can have as much
impact on a team’s success as its leaders.

The key is the quality of the contributions they make in performing nonleadership roles (Whetten & Cameronm]).
What, exactly, are those roles? At this point, you've probably concluded that every team faces two basic challenges:

1. Accomplishing its assigned task
2. Maintaining or improving group cohesiveness

Whether you affect the team’s work positively or negatively depends on the extent to which you help it or hinder it in meeting these

two challenges (Whetten & Cameron[18]). We can thus divide teamwork roles into two categories, depending on which of these
two challenges each role addresses. These two categories (taskfacilitating roles and relationship-building roles) are summarized

in the table below: “Roles that Team Members Play"m].

Class Team Projects

As we highlighted earlier, throughout your academic career you'll likely participate in a number of team projects. Not only will you

make lasting friends by being a member of a team, but in addition you'll produce a better product. To get insider advice on how

to survive team projects in college (and perhaps really enjoy yourself in the process), let's look at some suggestions offered by
two students who have gone through this experience (Nichols[m]; Feenstra[zﬂ).

e Draw up a team charter. At the beginning of the project, draw up a team charter (or contract) that includes the goals of the
group; ways to ensure that each team member’s ideas are considered and respected; when and where your group will meet;
what happens if a team member skips meetings or doesn’t do his or her share of the work; how conflicts will be resolved.

e Contribute your ideas. Share your ideas with your group; they might be valuable to the group. The worst that could happen is
that they won’t be used (which is what would happen if you kept quiet).

e Never miss a meeting. Pick a weekly meeting time and write it into your schedule as if it were a class. Never skip it. And make
your meetings productive.

e Be considerate of each other. Be patient, listen to everyone, communicate frequently, involve everyone in decision making,
don't think you're always right, be positive, avoid infighting, build trust.

e Create a process for resolving conflict. Do this before conflict arises. Set up rules to help the group decide whether the
conflict is constructive, whether it's personal, or whether it arises because someone won't pull his or her weight. Decide, as a
group, how conflict will be handled.

e Use the strengths of each team member. Some students are good researchers, others are good writers, others have strong
problem-solving or computer skills, while others are good at generating ideas. Don’t have your writer do the research and
your researcher do the writing. Not only would the team not be using its resources wisely, but two team members will be

©@® 8 (1.2.4)



LibreTexts"

frustrated because they’re not using their strengths.

Don't do all the work yourself. Work with your team to get the work done. The project output is not as important as the
experience of working in a team.

Set deadlines. Don't leave everything to the end; divide up tasks, hold team members accountable, and set intermediary
deadlines for each team member to get his or her work done. Work together to be sure the project is in on time and in good
shape.

Exercises

Think back to a time you've been assigned to be on a team for a class assignment. How you could have used something you
learned in this reading to make that experience more positive for either you or the rest of the team. Your instructor may ask
you to turn this in on the day the reading is due.

Have you ever been on a team that constructed a team charter upon being formed? If so, discuss a specific way in which it
was helpful to your team. If not, discuss a situation in which it would have been useful for your team to have done so. Your
instructor may ask you to turn this in on the day the reading is due.

—
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1.3: What is Problem Solving?
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What is Problem Solving?

D =
.
=

Figure 3.1: Defining a Problem

Problem solving is the process of identifying a problem, developing possible solution paths, and taking the
appropriate course of action.

Why is problem solving important? Good problem solving skills empower you not only in your personal life but are critical in your
professional life. In the current fast-changing global economy, employers often identify everyday problem solving as crucial to the

success of their organizations. For employees, problem solving can be used to develop practical and creative solutions, and to
show independence and initiative to employers.

what does problem solving look like?
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Figure 3.2: The IDEAL Problem Solving Process

The ability to solve problems is a skill at which you can improve. So how exactly do you practice problem solving? Learning about
different problem solving strategies and when to use them will give you a good start. Problem solving is a process. Most strategies
provide steps that help you identify the problem and choose the best solution. There are two basic types of strategies: algorithmic
and heuristic.

Algorithmic strategies are traditional step-by-step guides to solving problems. They are great for solving math problems (in
algebra: multiply and divide, then add or subtract) or for helping us remember the correct order of things (a mnemonic such as
“Spring Forward, Fall Back” to remember which way the clock changes for daylight saving time, or “Righty Tighty, Lefty Loosey” to
remember what direction to turn bolts and screws). Algorithms are best when there is a single path to the correct solution.

But what do you do when there is no single solution for your problem? Heuristic methods are general guides used to identify
possible solutions. A popular one that is easy to remember is IDEAL [Bransford & Steinm] :

IDEAL is just one problem solving strategy. Building a toolbox of problem solving strategies will improve your problem solving
skills. With practice, you will be able to recognize and use multiple strategies to solve complex problems.

What is the best way to get a peanut out of a tube that cannot be moved? Watch a chimpanzee solve this problem in the video

below [Geert Stienissen[z]].
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Developing Problem Solving Processes

Problem solving is a process that uses steps to solve problems. But what does that really mean? Let's break it down and start
building our toolbox of problem solving strategies.

What is the first step of solving any problem? The first step is to recognize that there is a problem and identify the right cause of
the problem. This may sound obvious, but similar problems can arise from different events, and the real issue may not always be
apparent. To really solve the problem, it's important to find out what started it all. This is called identifying the root cause.

Example: You and your classmates have been working long hours on a project in the school's workshop. The next afternoon, you
try to use your student ID card to access the workshop, but discover that your magnetic strip has been demagnetized. Since the
card was a couple of years old, you chalk it up to wear and tear and get a new ID card. Later that same week you learn that several
of your classmates had the same problem! After a little investigation, you discover that a strong magnet was stored underneath a
workbench in the workshop. The magnet was the root cause of the demagnetized student ID cards.

The best way to identify the root cause of the problem is to ask questions and gather information. If you have a vague problem,
investigating facts is more productive than guessing a solution. Ask yourself questions about the problem. What do you know
about the problem? What do you not know? When was the last time it worked correctly? What has changed since then? Can you
diagram the process into separate steps? Where in the process is the problem occurring? Be curious, ask questions, gather facts,
and make logical deductions rather than assumptions.

Summary of Strategies

When issues and problems arise, it is important that they are addressed in an efficient and timely manner. Communication is an
important tool because it can prevent problems from recurring, avoid injury to personnel, reduce rework and scrap, and ultimately,
reduce cost, and save money. Although, each path in this exercise ended with a description of a problem solving tool for your
toolbox, the first step is always to identify the problem and define the context in which it happened.

There are several strategies that can be used to identify the root cause of a problem. Root cause analysis (RCA) is a method
of problem solving that helps people answer the question of why the problem occurred. RCA uses a specific set of steps, with
associated tools like the “5 Why Analysis" or the “Cause and Effect Diagram,” to identify the origin of the problem, so that you
can:

Once the underlying cause is identified and the scope of the issue defined, the next step is to explore possible strategies to fix
the problem.
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If you are not sure how to fix the problem, it is okay to ask for help. Problem solving is a process and a skill that is learned with
practice. It is important to remember that everyone makes mistakes and that no one knows everything. Life is about learning.
It is okay to ask for help when you don’t have the answer. When you collaborate to solve problems you improve workplace
communication and accelerates finding solutions as similar problems arise.

One tool that can be useful for generating possible solutions is brainstorming . Brainstorming is a technique designed to
generate a large number of ideas for the solution to a problem. The goal is to come up with as many ideas as you can, in a fixed
amount of time. Although brainstorming is best done in a group, it can be done individually.

Depending on your path through the exercise, you may have discovered that a couple of your coworkers had experienced similar
problems. This should have been an indicator that there was a larger problem that needed to be addressed.

In any workplace, communication of problems and issues (especially those that involve safety) is always important. This is
especially crucial in manufacturing where people are constantly working with heavy, costly, and sometimes dangerous equipment.
When issues and problems arise, it is important that they be addressed in an efficient and timely manner. Because it can prevent
problems from recurring, avoid injury to personnel, reduce rework and scrap, and ultimately, reduce cost and save money; effective
communication is an important tool..

One strategy for improving communication is the huddle . Just like football players on the field, a huddle is a short meeting with
everyone standing in a circle. It's always important that team members are aware of how their work impacts one another. A daily
team huddle is a great way to ensure that as well as making team members aware of changes to the schedule or any problems
or safety issues that have been identified. When done right, huddles create collaboration, communication, and accountability to
results. Impromptu huddles can be used to gather information on a specific issue and get each team member's input.

"Never try to solve all the problems at once — make them line up for you one-by-one.”
— Richard Sloma

Problem Solving: An Important Job Skill

Problem solving improves efficiency and communication on the shop floor. It increases a company's efficiency and profitability,
so it's one of the top skills employers look for when hiring new employees. Employers consider professional skills, such as problem
solving, as critical to their business’s success.

The 2011 survey, "Boiling Point? The skills gap in U.S. manufacturing[3] ," polled over a thousand manufacturing executives who
reported that the number one skill deficiency among their current employees is problem solving, which makes it difficult for their
companies to adapt to the changing needs of the industry.

1. Bransford, J. & Stein, B.S. (). The Ideal Problem Solver: A Guide For Improving Thinking, Learning, And Creativity . New York,
NY: W.H. Freeman. «

2. National Geographic. [Geert Stienissen]. (2010, August 19). Insight learning: Chimpanzee Problem Solving [Video file].
Retrieved from http://www.youtube.com/watch?v=fPz6uvIbWZE «

3. Report: Boiling Point: The Skills Gap in U.S. Manufacturing Deloitte / The Manufacturing Institute, October 2011. Retrieved
from www.themanufacturinginstitute...ap-Report.aspx «

This page titled 1.3: What is Problem Solving? is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie
Boardman (Mavs Open Press).
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Figure 4.1: Word Cloud Generated from this Text

At times while reading this book, you may wonder exactly what you are learning and you may not be able to point to specific new
skills and knowledge you have, but I guarantee that you will have new ideas and new ways of thinking by the time you complete
this book. By the time you finish reading this book, you will have begun to think like an IE.

How does an IE think?

One example of how an IE thinks is that when something goes wrong - a customer got the wrong shipment, a worker was injured,
a plant did not produce the quantity of product that was planned for that day - an IE blames the system, not the people. Until the
root cause of a problem is identified, an IE keeps asking “why?”

¢ Why did the customer receive the wrong shipment?

o Because the wrong shipping label was put on the customer’s shipment.
o Why was the wrong shipping label put on the customer’s shipment?

> Because some shipments were removed from the shipping department.
e Why were the shipments removed?

o Because the customer had made some last minute changes to the order.
e Why did the customer make some last minute changes?

> And so forth.

The IE in this example could end up identifying problems in how customer orders are tracked, in how the sales people identify
appropriate products for customers, or in when and how shipping labels are printed and applied to shipments. The IE will probably
end up making changes to the physical system (including the information system) and to the procedures used. Perhaps the
shipping label should not be printed until the order is actually being shipped.
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Figure 4.2: IEs are Always Thinking

Big Ideas

The big idea from this example is that an IE blames the system, not the people. Now, that idea may not always be true; yes,
sometimes people simply make mistakes, but the IE should always think first, second, and often about how systems can be
improved so people dont make mistakes. An IE tries to set up systems so people do tasks right the first time every time.

e If a problem occurs, blame the system, not the people.

e Design the system so people do tasks right the first time every time.

e Design the system so people can do their work efficiently, well, and safely.

e Reduce the variation in a system, so tasks are done consistently.

e If it ain’t broke, it can still be improved.

e Small incremental improvements of a process add up, but more radical reengineering may sometimes be needed.

e A system should help ordinary people do extraordinary work.

e IEs are always thinking “this could be done better.”

¢ How a person does a job is important in achieving efficiency, quality, and safety.

e The process for doing a task makes a big difference in how efficiently, well, and safely the task is done.

e Achieve quality in goods and services by having good processes, not by inspecting goods and services to fix problems after
they have occurred.

e While most engineers design physical objects, industrial engineers design systems. A system includes physical objects, but
also includes rules and procedures that aren’t physical.

e The ideas of IE have been around for decades, but the ideas get repackaged and resold periodically: some examples are
TQM, CQI, re-engineering, the Toyota system, lean manufacturing, and Six Sigma.

e IEs can work for any organization because IEs improve processes and systems.

e Every organization must scan the environment for change and must think about its place in the global economy.

e The customer is not always right, but the customer comes first.

e All products and services involve both products and services.

e A team of people using good team processes will produce better work than any one of the individuals could have.

e Decisions should be based on facts, logic, and analysis, not on hunches.

e People can usually grasp information better, especially data, if it is displayed visually.

e Don't use information technology to computerize an inefficient process; make the process more efficient first.

e Happy employees are productive employees.

e An IE must engage in lifelong learning. You must keep up with new technologies, new software, and new ideas.

Of course, there are situations in which any of the above statements could be untrue. You don’t want to stick blindly to any one of
these statements all the time. But most of the time, the above ideas are good ways for an IE to think.

It is about you.
One big, final idea that you will see throughout this book is that industrial engineering is about you. You can apply industrial

engineering concepts to your own life. It's up to you to ensure that you use good processes for doing industrial engineering.
As an IE you work on improving the system of the organization for which you work; as an individual, you work on improving the
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system that is you.

Seven Habits of Highly Effective People

The Seven Habits of Highly Effective People, by Stephen Covey. Those seven habits are:

Be proactive.

Begin with the end in mind.

Put first things first.

Think win/win.

Seek first to understand, then to be understood.
Synergize.

Sharpen the saw.

N, WN

Together, the seven habits help you apply IE ideas to make yourself an effective person. As an IE, you do your work in a context:
the people you work with closely, the organization that employs you, the area where the organization is located, the state where
you live, the country where you live, and, of course, the world. The systems approach, which I'll explain in the Systems Thinking
chapter, urges you to think about the big picture. It's important to always think about the process you are studying in its larger
context. You don’t want to make a change that improves the process but that does damage to the larger system. I like the phrase
“think globally, act locally.”

Exercise

Find or create an image that illustrates one of the Big Ideas. Your instructor may ask you to submit your image with a description
of why you chose it and how it relates.

This page titled 1.4: Big Ideas in Industrial Engineering is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Bonnie Boardman (Mavs Open Press).
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1.5: Using Models
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Models in General

Industrial Engineers, and other engineers, often want to perform experiments on real systems, but such experimentation can be
difficult. If an IE wants to try a new layout for a production system, moving equipment, furniture, and offices would be difficult and
time consuming. Even trying a new procedure may disrupt the production system. Therefore, the IE would create a model of the
system, usually a mathematical model.

The following figure shows how models are used.

Representation
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Figure 5.1: Diagram of Model use and Development

Let's look at each piece of the diagram. The first circle is labeled “real world system.” Drawing a line around some system
involves deciding which parts are in your system and which are in the environment. For example, to study the arrival and service
of customers at a bank, you would probably include the tellers, the drive up window, and the ATM, but not include the roads and
traffic system that people use to get to the bank.

The second circle is labeled “ model .” Some types of engineers use physical models. For example, a civil engineer might
place a scale model of a building on a shaking table to predict how the building will respond to an earthquake. IEs tend to use
mathematical models, expressed in equations or sometimes in computer code. For example, an IE might use the mathematics of
queuing theory to create a model of the bank.

The top arrow labeled “ representation ” reminds us that the model represents the real world system but only the relevant parts
of the system. Our model of the bank must include information on the time between customer arrivals and the time to serve
each customer (both of these times vary from customer to customer), but the model doesn’t have to include descriptions of what
color clothing customers wear. Depending on the purpose of our model it might include information on customer’s disabilities so
we can predict how many teller windows must be accessible to people in wheelchairs. The M/M/1 queuing model describes the
time between arrivals as an exponential random variable with average 1 customer/A (say 6 minutes) and the time of service as an
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exponential random variable with average 1 customer/u (say 4 minutes).

A model is never exactly correct; you should always remember the phrase “ it's only a model .” For example, the M/M/1 queuing
model assumes that customers arrive at the average rate of 1 customer every 6 minutes, or 180 customers per hour. Actually, the
arrival rate probably varies over the day.

An IE creates a model in order to extract information; the loop from the model to itself is labeled “ analysis .” IEs use some
models quite frequently and IEs can use mathematical results that others have proven. For example, for the M/M/1 queuing model
can be used to compute the average number of people in the queue.

The line labeled “interpretation” is where the IE interprets the mathematical results of the model back to the real world system.
Now the IE must again remember “it's only a model” so the predictions may not be perfect. Since the M/M/1 queuing model
assumes a constant average arrival rate, the results using A = 18 customers per hour can only be applied to the period of the day
with that arrival rate. A separate model might be needed for the lunch hour, which is probably busier.

Deterministic Models

IEs are responsible for efficiency, including the efficient use of time and resources. You already know from calculus class how
to find the maximum or minimum of a function and calculus is one tool that IEs use. However, IEs often need to maximize or
minimize a linear function, which sounds easy, but finding the solution isn’'t easy when there are many variables and also some
constraints. The following is an example of such a problem.

Dairy cattle have various nutrient requirements, such as protein, calcium, and potassium, that can be met by different types of
feed, such as alfalfa, hominy, and corn cobs. The dairy farmer wants to mix a feed for the dairy cows that will meet the nutrient
requirements at the minimum cost. Below is a very simplified version of the Diet Problem as applied to feeding dairy cattle. The
following table gives the nutrient content (protein and potassium) of certain feeds (alfalfa, hominy, and corn cobs), as well as the
nutrient requirement for protein and potassium (as a percent of the feed) and the cost of alfalfa, hominy, and corn cobs (in $/ton).

Figure 5.2: Feed Problem Data

For example, alfalfa is 28% protein, 8.26% potassium, and costs $160 per ton. Alfalfa is a good source of protein and a medium
source of potassium, but it is expensive. Hominy is a medium source of protein and a good source of potassium, and it is cheaper
than alfalfa. Corn cobs are not a good source of either protein or potassium, but since they are otherwise a waste product, they
are free. With some thought, you can see that the optimal mix will probably need alfalfa to meet the protein requirement, hominy
to meet the potassium requirement, and corn cobs to keep the cost down.

We want to determine how to mix the feed, that is, what fraction should be alfalfa (A), hominy (H), and corn cobs (C). We will use
linear programming to solve this problem, by expressing the situation as minimizing a linear objective function (cost) subject
to linear constraints (protein and potassium). Because the ingredient’s units are representing percentages of the whole, we also
know that A+H+C=1.

Here is the linear programming formulation:
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Minimize 160 A+ 60 H
Subject to
280A+11.9H+3.0C2>15.0
26 A+ .65H+.06C2.25
A+H+C=1
A, H,C>0
Where
A = Percent of feed that is alfalfa
H = Percent of feed that is hominy
C = Percent of feed that is corn cobs

Figure 5.3: Linear Programming Formulation of the Feed Problem

This model is an example of a linear programming model. We can solve it mathematically. There are also computer programs that
can help us to solve this type of problem. Excel is one such program although there are better tools for solving LP models.

This problem is an example of how industrial engineers use mathematics to promote efficiency. In this case, we helped the farmer
use his or her resources efficiently to keep the cattle healthy while minimizing the cost of feed. This model is an example of an
LP model, or, more broadly, an example of a deterministic optimization model . “ Deterministic ” means the model has no
probabilities and “ optimization " means we found the optimal, or best, solution.

An LP model is just one type of deterministic optimization model. Actually, in this example we assumed that we can buy any real
amount of ingredients. If it were necessary to buy only in integer quantities a LP would not be an appropriate model. An model
where the decision variables must be integers is called an integer programming model (IP).

Industrial engineers must be able to recognize situations where a deterministic model can be applied, create an appropriate
model, and solve the model using an appropriate tool. The following list describes situations where a deterministic optimization
model might be useful.

e Product mix - determine how much of each type of product to make subject to constraints on available resources.

e Production scheduling - determine how much of each type of product to make in different time periods in order to meet
specified production amounts by certain times.

e Blending - determine the best blend of inputs to use to minimize the cost of producing a mixture. Our feed example was a
blending model.

e Cutting stock - determine the best way to cut resource material to maximize profit. For example, a log can be cut into lumber
of various dimensions which can be sold for different amounts.

e Staffing - determine the best way to assign people to jobs to maximize their preference or to maximize the productivity,
based on their abilities at different jobs.

e Transportation - determine the best way to route resources through a transportation network to minimize the cost, while
delivering the appropriate amount of resources to each location.

e Assignment - determine the best way to assign resources to tasks.

e Traveling salesman problem - determine the best route among a number of points that visits each point at least once.

Exercises

uta.pressbooks.pub/industrialengineeringintro/?p=43
uta.pressbooks.pub/industrialengineeringintro/?p=43

This page titled 1.5: Using Models is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie Boardman (Mavs
Open Press).
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1.6: Deming's 14 Points
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Figure 6.1: W. Edwards Deming

W. Edwards Deming

W. Edwards Deming (1900-1993) applied statistical process control during World War II to help the US mobilize its war time
production. After the war, Deming tried to get US companies to continue to use these ideas, but he found little response. US
Manufacturers were facing soaring demand from consumers after the war, and felt little need to think about efficiency and quality.
In 1950 JUSE (the Union of Japanese Scientists and Engineers), on the other hand, invited Deming to Japan to help the Japanese
apply these ideas in the rebuilding of Japanese production.

Japan credits Deming for playing a major role in the success of Japanese manufacturing products, especially in Japanese
improvements in quality and efficiency. The most prestigious award for quality improvement awarded in Japan (by JUSE) is called
the Deming Prize.

Several anecdotes illustrate what Deming was like.

¢ He composed an easily sung version of the Star Spangled Banner .

e When asked how he wanted to be remembered, he said “I probably won't even be remembered,” but added “Well, maybe ...
as someone who tried to keep America from committing suicide.”

e Deming’s first lectures in Japan in 1950 were transcribed and made into a book by JUSE. He donated the royalties to JUSE.

In 1980, NBC aired a documentary titled “If Japan Can ... Why Can’t We?” that described Japanese progress in efficiency and

quality in the automobile and electronics industries, and that also explained why the Japanese credited Deming with much of
their success. As Deming said, his phone rang off the hook.
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Deming’s 14 Points

What did Dr. Deming teach the Japanese? In his book Out of Crisism, published in 1986, Dr. Deming summarized his teaching in
14 points:

1. Create constancy of purpose towards improvement of product and service, with the aim to become competitive, stay in

business, and to provide jobs.

2. Adopt the new philosophy. We are in a new economic age. Western management must awaken to the challenge, must learn

their responsibilities, and take on leadership for a change.

3. Cease dependence on inspection to achieve quality. Eliminate the need for inspection on a mass basis by building quality

into the product in the first place.

4. End the practice of awarding business on the basis of price tag. Instead minimize total cost. Move toward a single supplier

for any one item, on a long-term relationship of loyalty and trust.

5. Improve constantly and forever the system of production and service, to improve quality and productivity, and thus constantly

decrease costs.

Institute training on the job.

7. Institute leadership. The aim of supervision should be to help people and machines and gadgets to do a better job.

Supervision of management is in need of overhaul, as well as supervision of production workers.

Drive out fear, so that everyone may work effectively for the company.

9. Break down barriers between departments. People in research, design, sales, and production must work as a team, to foresee
problems of production and in that may be encountered with the product or service.

10. Eliminate slogans, exhortations, and targets for the work force asking for zero defects and new levels of productivity. Such
exhortations only create adversarial relationships, as the bulk of the causes of low quality and low productivity belong to the
system and thus lie beyond the power of the work force.

11. a. Eliminate works standards (quotas) on the factory floor, instead substitute leadership. b. Eliminate management by
objective and management by numbers, instead substitute leadership.

12. a. Remove barriers that rob the hourly worker of his right to pride of workmanship the responsibility of supervisors must be
changed from sheer numbers to quality. b. Remove barriers that rob people in management and in engineering of their right
to pride of workmanship. This means abolishment of the annual or merit rating and of management by objective.

13. Institute a vigorous program of education and self-improvement.

14. Put everybody in the company to work to accomplish the transformation. The transformation is everybody’s job.

o

®

Deming’s Focus on People

Regarding “drive out fear,” Deming elaborated:

No one can put his best performance unless he feels secure. Se comes from the Latin, meaning without, cure means fear or
care. Secure means without fear, not afraid to express ideas, not afraid to ask questions. Fear takes on many faces. A common
denominator of fear in any form, anywhere, is loss from impaired performance and padded figures.

In point 10, Deming says that the primary cause of poor work is not lack of effort by workers.

Eliminate targets, slogans, exhortations, posters, for the work force that urge them to increase productivity. ‘Your work is your
self-portrait. Would you sign it?’ No - not when you give me defective canvas to work with, paint not suited to the job, brushes
worn out, so that I can not call it my work. Posters and slogans like these never helped anyone to do a better job.

Deming was famous for insisting on measurements, but he also thought numbers should not be used to judge workers.

Goals are necessary for you and for me, but numerical goals set for other people, without a road map to reach the goal, have
effects opposite to the effects sought.

Deming emphasized repeatedly the need to remove barriers that prevent good work.
Give the work force a chance to work with pride, and the 3 per cent that apparently don’t care will erode itself by peer pressure.

Deming is often quoted as saying “Measure, measure, measure,” but he stressed using that feedback to improve the process,
not to judge the performance of employees. Denove and Power!?! describe the work of J.D. Power and Associates in performing
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customer satisfaction surveys for many companies. Denove and Power stress that companies that listen to the voice of the
customer from these surveys (and other input) are more profitable, but they lament that some companies use the surveys to
judge particular stores, particularly to incentivize the managers of stores by making their salaries dependent on the customer
satisfaction score. They point out the natural effect of such a strategy: employees in the stores will seek to manipulate the
customer satisfaction ratings, even to the extent of begging customers to give good reviews.

By focusing corporate attention on customer satisfaction scores, did we somehow let a very powerful genie out of the bottle?
As we've said many times throughout this book, our goals is to emphasize some crucial truths: listening to the needs of your
customers and creating advocates by striving to deliver upon those needs are paramount to long-term profitability. We never
meant for companies to take their eyes off these basic truths by focusing their attention exclusively on the scorecard.

The lesson here is that no single quantitative measure, or even a group of such measures, can replace good judgment.

Fundamentally, Deming believed in people.

People require in their careers, more than money, ever-broadening opportunities to add something to society, materially and
otherwise.

Exercise

Choose one of Deming’s 14 Points to discuss. What struck you about that point? What is an example where you've seen that point
either followed or not followed? Your instructor may ask you to submit this exercise.

1. Deming, W. E. (1986). Out of the crisis. Cambridge, Mass: Massachusetts Institute of Technology, Center for Advanced
Engineering Study. «

2. Denove, C., & 1Iv, J. D. P. (2017). Satisfaction: How Every Great Company Listens to the Voice of the Customer. Place of
publication not identified: Skillsoft. «

This page titled 1.6: Deming's 14 Points is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie Boardman
(Mavs Open Press).
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1.7: People in the System
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Figure 7.1: People are an Important Part of any System

Among all the engineering specialties, industrial engineering focuses the most on people. Because we design and improve
production systems involving people and machines, we need to think about what people and machines can and can't do quickly,
well, and safely. On some tasks, people are clearly better than machines (for example, helping customers) while on other tasks,
machines are clearly better than people (for example, lifting very heavy objects). Many production tasks require a combination of
people and machines. The goal is to design a system of people and machines that can do the work with efficiency, quality, and
safety.
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Physical ergonomics

Figure 7.2: Ergonomics is Important in Workstation Design

IEs must be aware of and prevent situations where work methods can cause harm to workers. Besides being the right thing to do,
such prevention can save the organization money and can reduce the liability exposure of the organization.

Researchers in physical ergonomics often rely on physics to understand the effects of work on human bodies. Specialists in this
area often have to know anatomy and physiology. Lab studies of people doing a task may monitor the person’s physiological
condition (for example, heart rate and oxygen uptake) in order to determine the exact effects of different work on humans.

The IE may redesign jobs to reduce the need to stand, provide better chairs for workers, provide better hand tools for workers,
and reduce the need for workers to lift heavy objects. Ergonomics stresses adapting the workplace to the worker. Such adaptions
must be individual. Work stations that allow adjustments can help; for example, tables and chairs that can be raised or lowered,
or a work station that accommodates left-handed and right-handed workers. The Occupational Safety and Health Administration
(OSHA) provides short case studies describing how job redesign has reduced ergonomic issues. We will be reading some of these
in class.

Safety and work environment

According to the Bureau of Labor Statistics 4,585 workers died from work related causes in the US in 2013. The workplace can
be a dangerous location, but the safety hazards can be reduced. The IE designs the workplace so that danger is reduced from the
use of tools, machines, and materials in the production process.

For example, operation of a punch press often requires that two buttons, away from
the punch location itself, be pressed simultaneously with the worker's left and right
hands. If the worker’'s hands are pressing those buttons, the hands cannot be under
the press, so cannot be injured.

There are several tools that can help an IE think systematically about what can go
wrong: FMEA and fault tree analysis help the IE trace through how errors or faultscan
lead to accidents. Any accident in an organization should be carefully analyzed to
determine the cause. The system should be changed to eliminate or reduce the
change of that type of accident occurring.
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An IE’s instinct should be to design the system so that safety, efficiency, and quality
occur naturally. If an injury occurs, an IE’s first thought should be to blame the system.
For example, lockout and tagout procedures are meant to protect maintenance and
repair workers from the accidental start up of equipment. However, workers must obey
such safety rules. The IE may be in charge of safety training programs for workers,
which should include the reasons for certain rules. Many organizations have a one
strike policy; any violation of a safety rule leads to immediate dismissal. While such a
policy may seem extreme, it conveys clearly to workers the organization’s dedication
to safety.

Apart from the safety of the worker, the worker also exists in an environment and the
IE must consider effects on the comfort of the worker of:

e vibration,

e heat and cold,
¢ humidity,
noise,

air quality, and
lighting.

The field of occupational safety has expanded from concern with injury-causing
conditions to include concern with disease-causing conditions. The safety manager
is now the safety and health manager. For example, worker stress is a health concern,
but also a potential safety concern if the stressed worker is less safety conscious.
Similarly, NIOSH points to shift work and long work hours as safety and health
potential issues.

According to 2001 data from the Bureau of Labor Statistics, almost 15 million
Americans work evening shift, night shift, rotating shifts, or other employer arranged
irregular schedules. The International Labour Office in 2003 reports that working
hours in the United States exceed Japan and most of western Europe. Both shift work
and long work hours have been associated with health and safety risks.

Some companies have introduced programs to promote good health, for example,
smoking cessation programs, safe driving programs, and exercise programs, at least
partly to reduce health insurance premiums the company pays for workers. Some
companies have gone as far as forbidding their workers to smoke off the job, but such
programs have been controversial.
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Cognitive Engineering
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Figure 7.3: Typical Learning Curve Progression

At least some of the events at Three Mile Island accident can be attributed to difficulties workers had in figuring out what was
going on in the reactor. One problem is that the workers’ normal job largely consists of monitoring a smoothly running reactor
(yes, picture Homer Simpson). Such a job is boring and can quickly lead to lack of vigilance. When a problem occurs, the person is
“out of the loop” because the computer controls have been running the plant. The workers must spend time figuring out what has
happened. A second problem at Three Mile Island was that the design of the control room at that reactor did not convey crucial
information to the workers, particularly the level of coolant in the reactor; they had to infer that level from other indicators.

Cognitive engineering builds on knowledge from psychology about human abilities in memory, perception, reasoning, and
attention to design tasks that a human can do with efficiency, quality, and safety. Again, the focus is on adapting the workplace to
the human. A human who must remember certain tasks in a specific order can be given a checklist. A human who has to perceive
a change in an array of displays can be aided by a computer that detects the changes and alerts the human (for example, cockpit
alarms for loss of altitude). A human who has to do a complicated set of reasoning can be supported by a computer system (for
example, an immunohematologist who must interpret blood tests to identify antibodies in a patient’s blood). A person who must
pay attention to several sources of information can share the task with computers and with other humans.

A balance must be achieved between under-stimulating the human, leading to boredom, and overstimulating the human, leading
to stress. Both can lead to losses in efficiency, quality, and safety. Generally, the human performs better when the worker clearly
has control of the environment, including work pace. Shifting control to the computer can lead to boredom, stress, inattentiveness,
and over-reliance on the computer.

The design of controls, including computer hardware and software, to support human tasks requires careful analysis of usability,
which is affected by screen layout, task sequence, and many other factors. NASA’s Human Systems Integration Division advances
human-centered design and operations of complex aerospace systems through analysis, experimentation, and modeling of
human performance and human-automation interaction to make dramatic improvements in safety, efficiency, and mission
success.

This FAA analysis of an airliner accident in 1993, in which 2 people were killed, shows the interplay of the design of the controls,
the training of the pilot, and the behavior of passengers.

Flight 583 was level at 33,000 feet when the leading edge slats deployed inadvertently. The autopilot disconnected and the
captain was manually controlling the airplane when it progressed through several violent pitch oscillations and lost 5,000 feet.

Exercise

Read one of the OSHA success stories and research the IE tools or techniques that may have been involved in that success. Your
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instructor may ask you to present a summary of the story you chose and the IE tools and techniques you think were used in class.

This page titled 1.7: People in the System is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie Boardman
(Mavs Open Press).
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1.8: Systems Thinking

Ii1¢1

The educational system in the US has these parts:

Figure 8.1: Chess Pieces

System Definition

e Preschool and kindergarten,

e Elementary schools - grades 1-6,

e Middle schools - grades 7-8,

e High schools - grades 9-12, and

e Higher education, including 2-year community colleges, and 4-year colleges and universities.

We call this list of parts a “system” because the parts interact with each other to achieve overall goals, such as an educated
population. The parts may interact through cause and effect or through the exchange of information or material. We can think of
the input and output of the overall system, and we can also think about the input and output of each part; for example, some of
the students who graduate from middle school (an output) go on to high school (an input). We can also think of the parts as being
processes in the educational system.

In his book,Total Quality Controlm, Feigenbaum defines a system as:

A group or work pattern of interacting human and machine activities, directed by information, which operate on and/or
direct material, information, energy, and/or humans to achieve a common specific purpose or objective.

Clearly this definition relates closely to industrial engineering and explains why some industrial engineering departments are
called industrial and systems engineering. UTA’s department is called Industrial, Manufacturing, and Systems Engineering.
However, systems engineering is also used sometimes in a more limited meaning, to refer to designing a computer and
information system.

When we define a system we implicitly draw a line around some parts to include those parts and to exclude others. For example,
the educational system includes the schools, but not the roads students travel on to get to school or the organizations that employ
students after they graduate. Generally, looking at a larger system is more accurate but harder. We can understand some aspects
of the educational system without considering these other parts, but some aspects require looking at the larger system. We can
still examine the educational system if we remember to include in our study its interactions with its environment, such as the
transportation system and the employment system.
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For the IE, the systems approach is important because it reminds us to consider the environment surrounding the system we
are studying and to move the boundaries outward as much as possible so that we consider a problem in its larger context.

System Analysis

Some systems have feedback. Feedback in a system is when outputs are fed back in as inputs for future system action. This
is sometimes called a feedback loop. The educational system doesn’t tend to have a lot of feedback and that may hamper
improvement of the system. Have you ever been asked by your high school to give feedback on how well your education prepared
you for college or for work?

Feedback

Information, new ideas,
customer response

Input

Materials, labor, research

Production lines, service

l Processing
‘ activities, management, skills ‘

satisfad

Figure 8.2: Feedback Loop

The operation of a system that has evolved without conscious design or a system that has been designed piece by piece almost
always can be improved. Analysis means to take a system apart in order to understand how the parts work; systems thinking
stresses synthesis , that is, understanding how the parts work together and how the system works as a whole. Understanding
how each part of the educational system works is not enough for a good understanding and certainly not enough for making
recommendations for improving the educational system; better recommendations would come from understanding how the parts
of the system work together also.

A system has the property that a change to one part can have effects, sometimes surprising effects, on other parts. A state might
require that students entering state-funded four year universities meet certain standards (for example, knowledge of a foreign
language). The effects of such a change might be good for the universities, but the effects on the high schools must also be
considered; they might, for example, have to provide more language classes and hire more teachers. Improving one part of system
may have good or bad consequences on another part of the system. Using antibiotics to cure diseases has had the consequence
of creating bacteria that are immune to some antibiotics; within the system of individual patient and doctor, having the patient
take antibiotics makes sense, but in the larger system, we might want to be more cautious about their use.

System Properties and Archetypes

A system may have emergent properties, that is, properties of the whole that are not the property of any part. For example, living
systems are alive, but one can’t isolate that property in any part of the system; it is a property of the entire system.

A system can further be classified in these ways:
o Natural (for example, a river) or man-made (for example, a bridge),
e Static (for example, a bridge) or dynamic (for example, the U.S. economy),

e Physical (for example, a factory) or abstract (for example, the architect’s drawing of the factory), and
¢ Open (interacting with its environment) or closed (interacting very little with its environment)
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Certain types of systems with feedback occur frequently in organizations and in society. If you learn to recognize them, you can
learn what actions to take. William Braun describes 10 system archetypes:

e Limits to Growth (aka Limits to Success)
e Shifting the Burden

e Eroding Goals

e Escalation

e Success to the Successful

e Tragedy of the Commons

e Fixes that Fail

e Growth and Underinvestment

e Accidental Adversaries

e Attractiveness Principle

This article, Interaction Structures of the Universe, has a summary of the above models.

Systems Thinking

In this book The Fifth Discipline [2], Peter Senge argues that organizations must become learning organizations by building
knowledge of four disciplines: personal mastery, mental models, shared vision, and team learning. The “fifth discipline” is systems
thinking, and he gives these laws of complex systems:

1. “Today’s problems comes from yesterday’s ‘solutions.” Solutions can have unintended and undesired effects.
“The harder you push, the harder the system pushed back.” “Compensating feedback” may keep a system in the state it
started.

3. “Behavior grows better before it grows worse.” Actions that make short term improvement may cause long term disaster.

4. “The easy way out usually leads back in.” Easy and obvious solutions would have been done already if they would have worked.
Hard work is needed to find the real solution.

5. “The cure can be worse than the disease.” Some easy solutions become addictive.

6. “Faster is slower.” Any organization has an optimal rate of growth.

7. “Cause and effect are not closely related in time and space.”

8. “Small changes can produce big results - but the areas of highest leverage are often the least obvious.”

9. “You can have your cake and eat it too - but not at once.” For example, an improvement in quality pays off eventually in

improved profits.

10. “Dividing an elephant in half does not produce two small elephants.” Some problems must be solved by improving the whole
system.

11. “There is no blame.” “You and the cause of your problems are part of a single system.”

While most engineers design physical objects (cars, bridges, and so forth), IEs design and improve production systems. A

production system is a system that produces goods or services for customers. IEs have to think about how a production system
works as a system by using the types of ideas I've just described.

Exercise

Choose one of the Laws of Complex Systems which you've seen demonstrated in your life. Identify the law you’ve chosen and
describe the “real-world” example of it in action which you’ve seen. Your instructor may ask you to submit your answer.

1. Feigenbaum, A. V. (1961). Total Quality Control. New York: McGraw-Hill. <
2. Senge, P. M. (1990). The fifth discipline: The art and practice of the learning organization. New York: Doubleday/Currency. <

This page titled 1.8: Systems Thinking is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Bonnie Boardman
(Mavs Open Press).
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1.9: Lean Operations
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Figure 9.1: Lean Operations Word Map

WASTES

The word “lean” means skinny or having no fat. Lean operations have no waste. The types of wastes, also called muda, that lean
operations can be referred to as TIM WOODS:

e T - Transport - Moving people, products & information

e I - Inventory - Storing parts, pieces, documentation ahead of requirements

¢ M - Motion - Bending, turning, reaching, lifting

e W - Waiting - For parts, information, instructions, equipment

e O - Over production - Making more than is IMMEDIATELY required

e O - Over processing - Tighter tolerances or higher grade materials than are necessary
e D - Defects - Rework, scrap, incorrect documentation

e S - Skills - Under utilizing capabilities, delegating tasks with inadequate training

The framework of lean operations focuses on the concepts of value, value stream, flow, pull, and perfection in order to reduce all
of these types of waste.

Value

Value is defined by the customer. An organization must have a clear definition of value as perceived by the customer. Time and
money spent on features of a product or a service that the customer does not perceive have value are wasted time and money.
Knowing what the customer values requires becoming close to the customer and constantly soliciting feedback.

In lean operations, a process flow diagram is called a value stream map . The diagram is similar, but the reason for creating the
diagram is to identify all the activities in a process and place them into one of the following categories.

e Value Added (VA) - activities that create value as perceived by the customer
o Non-Value Added (NVA)- activities which don’t create value as perceived by the customer and so should be eliminated

immediately
« Essential Non-Value Added (ENVA) - activities that create no value but are company or regulatory policies and so can’t be
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eliminated just yet

The value stream mapping also identifies the time actually spent in adding value and the time the product spends in storage or
transport. Time in storage or transport is waste and should be eliminated.

Production control
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Figure 9.2: Value Stream Map

Continuous flow

Picture-Perfect Manufacturing, from MMS Online, describes how Stremel Manufacturing, in Minneapolis, Minnesota, used current
state maps and future state maps to make sure that waste-reduction initiatives “improve the overall flow rather than merely
optimize individual steps.”

In continuous flow, a product never waits but flows con