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Abstract

Introduction to Industrial Engineering Courses pdevan overview of IE history and common
methods that are used by Industrial Engineers atyae systems and design efficient processes.
A series of active labs are integrated into a tiaoial course where the students are introduced to
concepts, apply solution techniques for those guisceith class and homework problems, and
then perform labs. These labs were developed ke rtiee topics come alive for Sophomore
Industrial Engineers who are still trying to undarsl their chosen field and have not had their
first co-op or IE job. The labs can be done indlassroom with a minimal amount of purchased
equipment; some activities only require a tripite grocery store. These lab activities were also
adapted for use in Open Houses and Freshmen Faooumteractively illustrate to first-year
engineering students what IE might look like. Té&haad other recruitment activities have more
than doubled the enroliment of the IE program attiNeastern University in the last 5 years.

I ntroduction

In a course entitlethtroduction to Industrial Engineeringt Northeastern University, a broad
range of topics is covered quickly, and studentsragidly learn by seeing and doing.
Typically, Industrial Engineers don’'t have chems;ahachining labs, wind tunnels or circuit
boards to use in specialized laboratories. Théigdhis course was to find a way to include
hands-on activities without a formal lab comporanfacility. These labs are designed to
integrate the concepts with models that are menmra®ome of the topics covered by the labs
are Process Improvement, Work Measurement, Fat#igypout, Assembly Line Balancing
(Manufacturing and Production Control), Bin Pack{Mgaterial Handling), Human Factors,
Operations Research, Engineering Economy, QueuantgQuality Control. The students
generally work in groups, do the lab work, gathetagd share class data, and write individual or
group lab reports. Some of the labs are compabes, where they use software tools (mostly
Excel) to solve several types of problems. Vedwal written feedback from the students shows
that they enjoyed the lab activities, but more ingatly, that they felt like many of the concepts
finally made sense or “sunk in” after they had seé@maction, even if the labs are only models
that represent real working situations.

Only 3% of the first-year engineering students adexthemselves as Industrial Engineering
majors as they enter the University, yet 9% ofdame class are Industrial Engineers as
sophomores. If asked, most first-year students httle information about what Industrial
Engineering involves or what an IE’s role in thgi@eering world is. In their first-year course
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entitled Introduction to the Study of Engineeriali,students are required to learn about the
various engineering majors, and must attend at teasFreshmen Forums run by the
Engineering Departments. They are also requiredtémd a Freshmen Open House, where each
professional society tries to interest the freshimgnining their student chapter. Several of the
lab activities were adapted and used at these VEmese activities have the students competing
to improve methods and processes and have creaitedacstir at these events.

This paper describes a selection of the actual ldabgse descriptions include the lab
requirements for the students, the materials needsiductions for set up and administration of
the lab in classroom settings and insights fromeegpce with using these activities for over 5
years. There are also suggestions on how to adape of the activities for use in recruiting
venues, or other Industrial Engineering coursdse [Abs are easy to learn and use, require
limited purchasing, have been tested, but arefedspiently added to, revised and improved
upon.

Motivation and I nspiration

In teaching any course, much of what is developebtaed with students comes from our own
classroom experiences, from talking to other facatiout teaching, and from receiving feedback
from students, both verbal and non-verbal. In thaklj attendance at teaching workshops and
conferences that focus on teaching inspires growgcently in my teaching career, many
colleagues started to use the texctive learning The workshop run by NETI solidified some
ideas -In-Class Teamd”roblem Based Learning Exercis€roup Work- and added some new
methods to some already in use. Work on activenlieg(3], [5] describes how students learn.
Half of the four-part learning cycle is “feelingCéncrete experience) and “doing” (Active
Experimentation). This led to keeping the focuhands-on experiences in the classroom [9].
A focus on Student-Centered Instruction [2] evelpée@ with the classes where some lecture
was done, so that problem-solving and group work aravays mixed in. Even more support
was provided through attending an ExCEEd workstio@é€llence in Civil Engineering
Education), where there were numerous examplelas$ demonstrations and innovative class
activities. The text provided with that workshamtinues to be invaluable for teaching, along
with Wankat and Oreovicz [11] who state that “Laddory classes can be structured to reinforce
lectures not with cookbook exercises but with ttiertific learning cycle.” They provide
examples and options for both in-class laborat@resseparate laboratory sections. Any of
these give the students more impact to their lagtni

However, even with this revered group of teachiragfgssionals as background, much of the
motivation and inspiration continues to come frdva students who call, write or stop by and
explain that the labs really helped, they are enob now and discovering that what was started
in lab has really helped them, though they hawe enbre to learn. And course evaluations and
feedback during the semester still emphasize kegt €njoyed the lab work, and learned a lot
from it.
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The Course: Introduction to Industrial Engineering

The Industrial Engineering (IE) Curriculum at Na#tstern University has changed a number of
times of the last 10 years. One major change oedun 2003 when the University transitioned
from a quarter system to a semester system. Thesder is 14 weeks long, versus the 10 week
qguarter. Therefore, the course needed to be dasigppropriately. Before semesters, the course
most resembling Introduction to IE was entiti&drk Design Work Design was taught in the
Middler year (NU is a five year school, and the Middlearyis between the Sophomore and
Junior years). Although the courses are similaa,@gmphasis in Work Design was on the
traditional basics of IE involving Work MeasuremeMiethods Improvement and Workplace
Design [6]. As the course was taught, some labs weveloped concerning time study, and
using software to learn about Predetermined Tinse®ys. Early on, labs were added on
Occurrence Sampling, Workplace Design and Ergon®mics the change to semesters
approached, the IE faculty proposed that the cduederoadened to truly introduce sophomore
IE’s to the many areas in the broad disciplinenolustrial Engineering. At about the same time,
the IE faculty proposed the creation of a minoinidustrial Engineering. One part of that minor
was an overview course, which is the Introductmi& course. This minor has now been
approved, and many students are now enrolled thrtheyMechanical and Industrial
Engineering department. Currently, the topics ceden the course are:

» History of Engineering and Industrial Engineeririgevelopment and Scope
* Manufacturing Engineering and Operations Planning

» Facilities Location and Layout

* Material Handling, Distribution and Routing

» Work Design and Work Measurement

e Quality Control

 CAD/CAM. Robotics and Automation

¢ Human Factors

* Financial Management and Engineering Economy

* Operations Research

e Simulation and Queuing Systems

* Project Management

* Lean Manufacturing, Six Sigma, Supply Chain Managetmother current topics...

These topics can change, but follow the currenbtek well [10], and seem to be an adequate
representation of the field. The format of therseus that it is taught three days a week, in 65
minute sessions. On day one, a topic is introdueé@t concepts and techniques shown,
preceded by a discussion of problem types and wherd¢ype of problem may occur. On day
two, further development of the topic ensues, gahewith some problem solving done during
class, in groups or individually. On the third d#ythe class there is generally a lab or hands-on
activity. These activities are described in mor&illen this paper. These labs are designed to
illustrate the material, they are simulations @l mgorld problems designed to be achievable in a
single class period. The lab reports are focuseldawing the students apply what they have
learned to an application, requiring them to thaelyond the “cups and straws” to manufacturing
or other examples in the real world.

Proceedings of the 2005 American Society for Engineeringdiidun Annual Conference & Exposition
Copyright®©, American Society for Engineering Education

€'9G/°0T abed



The materials used in these labs are not costiyneSasic necessities are stopwatches,
Legos™, one or two decks of cards, cups and stf@wBucket Brigade, and if possible, nuts
and bolts for various assembly tasks. Some otlpgipment has been acquired such as
pegboards with colored pegs, a wooden structute muitnbered slots and cards for those slots
(numbered 1 through 15) and some electric wandstrabe inserted into metal plates with
holes of different sizes. Details of how someh&fse materials are used can be found in the lab
descriptions below. Some materials have to behased at a grocery store, such as the
materials for the Material Handling Lab. This dsna bit more costly, but those materials are
used both for that lab and the Freshmen Open Hgoghat the department has no objection to
the cost. In general, the labs have been designetilize readily available materials, so that the
students understand the technique, and the facdtyber does not need to look for serious
funds or specialty stores to use these simpletlaissimulate real problems.

Descriptions of Introduction to | E Labs

Most of the labs currently used are listed belovwtha description of that lab and how it is run in
class. Several of the labs are included in theagp. Any lab is available by contacting the
author.

1. Process and Method Improvement

Purpose: To introduce process and method improweraed have the students thinking
about “Working Smarter, not Harder” by participatim teams on a process to
manufacture “cookie treats.”

It is the first class of the semester, and theesitgdare divided into groups of 4 or 5.
Each team is given about 40 small cookies, frosspgnkles, squirt frosting, plastic
wrap and ribbon. They are given some foil to laytlee tables and small knives. They
are instructed to make as many “cookie treats’ookes with everything on top, as they
can in 90 seconds. Additionally, they are inseddhat each cookie must be individually
wrapped to qualify as “complete”. Only complet@ddkie treats” count. They are

given a few minutes to discuss their method andigeand then they are timed. Before
the next 90 second trial, the groups discuss heiv #ssembly process worked, and what
changes they will make in the method and processpoove the throughput. A second
trial is done, with completed cookies counted. ahdhout is given out with questions for
the teams about what they have learned, how theydnapply this to a manufacturing
facility, what equipment would help and any suggest.

The class can then have a discussion on what malushgineering is, and what they
have learned from this experiment. This has begneat introductory exercise; the
students get excited about IE, meet each othereally work hard to find method
improvements. It does require a little clean up purchasing of the materials. This
activity is also used at an Industrial Engineefiogum, to interest first-year students in
the field. There is more on that subject at the @rthe paper.
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2. Assembly Line Balancing and Bucket Brigade

Purpose: To understand and demonstrate the &demand disadvantages of two
different systems for filling order&ucket BrigadeandZone Picking

This is a simple experiment to illustrate two eiint approaches to process control.
Students analyze the results quantitatively tordetes the best system and understand
how to apply this systenmThis lab is modeled after the work done at Geofgeh by
John Bartholdi [1]. Students are to do order migkifirst using a Zone Picking strategy,
then using a Bucket Brigade strategy. They compangerical results for the average
time to complete an order, number of orders coredland the number of orders left in
process for the two systems, along with observataihe process while it is ongoing.
The materials are plastic cups, straws, chopstidadle-nose pliers and a stack of
“orders”. The cups are numbered from 1 to 15 &edstudents must pick items in order
using the tools or their hands.

In Zone picking, a student has one zone (set ofoauad cups) and must only pick the
parts (straws) from their zone with their tool. fOm the two systems requires three
students to do order picking, a timer with stopwdtr each order, a data collector to
record times, and usually a material handler/superto keep the system organized and
running. The time to complete each order is resdrd

In Bucket Brigade, students pick up an order frampgrevious worker when they have
completed theirs, like a pull system. The worlaesordered from the slowest to fastest,
determined by which tool they are using. Oncenadeders are in the system, when the
last worker completes an order, they go to theiptesworker, take the order they are
working on and pick the remaining items. The poesiworker then goes to the worker
that precedes them and works on that order uilbrker after them takes over. After

a few moments of confusion, the workers settle amainderstanding of the system and
work together well, but it requires a bit more coomeation each time an order is
transferred as to where the previous worker |dft of

The students observe more bottlenecks and idleewsiik the Zone picking system than
in Bucket Brigade, but must also discuss the nurakresults, where each type of system
might be best suited, and why. The data is colteotea computer in class, and emailed
to all of the students. The lab report requiresrthio find applications of this technique

in industries. There are a number of companied) ascSubway, which use Bucket
Brigade. Results are consistent every time thishks been run and the concepts transfer
well to other systems and applications.

3. Facility Layout — Playground Design

Purpose: To practice Facility layout and desigraagealistic problem in groups,
addressing the solution presentation to a client.
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A Playground Design Game is adapted from [8]. Jtuelents are given objectives,
activities representing what children do outdoetggestions for playground zones and a
large number of playground equipment options. Asaalp, the playground designers
must choose a limited number of these objectivas (dss), create zones and activities,
and then select equipment based on these guideliriessy must come to a consensus on
what should be in their playground, and then degigithey must be aware of the
customer needs, and sell the customer on theigleSihey are required to formulate an
attractive drawing, poster or visual representatibtineir playground.

This lab was added this year, and turned out @ ¢@od addition. It gave the class a
chance to think like consultants, and consideraust needs. It was different than using
the traditional SLP (Systematic Layout Planningitttmey had learned in class, and done
for homework, so it gave them a different perspectin layout work. Some very
creative designs were generated, they learned drdifierent perspective, and had fun.

. Bin Packing Algorithms

Purpose: To use material handling principles, tarepply a method or an algorithm to
optimize the application of material handling i #ctivity of packing groceries
efficiently.

Students are given two boxes and a large numbgnootry items, usually at least two of
each item, and instructed to pack the boxes effilyigfilling them only to the top, and
without harming any items. In addition, the borasst be close to the same weight and
the weight in each box must be evenly distributAdietailed lab write-up is included as
an appendix to this paper. Students are allowestiminutes to work with the items and
boxes and decide on an approach or algorithm far gacking, which they must write
down for reference when they pack and for theiorepAfter each team of 4 or less has
had a chance to strategize, one student is selecfetk the boxes.

One note, the instructor should place the itemaraddhe boxes, not allowing the
students to stage the items in any particular watyidents have been known to stack the
items in a pre-ordered way, then place the booprahd turn the whole thing over,
which defeated the purpose of having them desigressort of algorithm. Each team has
two rounds of packing, where they watch all teamseg and can improve their method
for the second round. The instructor recordsithe to pack, the number of items left
out, and quality of the packing (items crushed veneweight).

In class, we discuss how each team accomplisheidskeand differences in approaches.
Because only one student packs the boxes, sometimgst tangled up in individual
capabilities. But the emphasis in the lab writeufor the students to review the Material
Handling Principles, and discuss which apply iis gample. They must review their
own algorithm’s effectiveness, and find materialBin Packing algorithms to compare
with theirs. As a result of this lab, the studestisuld have a better understanding of
Material Handling issues, and how algorithmic apgtees can be applied to problems.
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5. Time Study

Purpose: To apply stopwatch time study, congadiormance rating of workers and
computation of time standards. Evaluate wherehamwdto use time study information.

Stations are set up (usually 6) with tasks thattrhasaccomplished at these stations.
These tasks must take about the same amount gfléssethan 2 minutes apiece. Some
tasks might be sorting items, such as Legos™ imis, lor pasta into plastic bags,
assembling nuts and bolts, dealing cards, collamdclipping papers together. Good
candidate tasks are those that can be accomplishede person in a short time. To
understand performance rating, the student doiadask is to carry out the task at some
rate besides 100%, but not tell the timers. Timets are to guess what rate the student is
working at; time the student and then the taslerfopmed again at a different rate. This
provides discussion points and variation in thedalong with values used to compute
time standards. Students are formed into grougdsrtitate among the stations. The
write-up for this lab is in the appendix.

Most students finish this lab hoping they will inatve to do a lot of time study, and
recognizing that rating performance is difficulhis reinforces the concept of using
predetermined time systems, but also allows farudision of why time study is needed,
and how best to obtain this type of data. Undaditey and working with data is also a
skill that is further developed as they write tteport.

6. Statistical Process Control

Purpose: Apply statistical analysis techniqueddia sets using Excel. Review the
results for decisions on statistical process cantro

This lab is done in a computer classroom using Bxcapply a number of different
statistical process control techniques. Otherrtegles are covered in class and through
homework problems. The lab has the students aarsrhistogram using a given data
set and interpret the results. They must theranséher data set to construct a graph, fit
a trend line and interpret the results. The last@se has the students create process
control charts, analyze the results and make aesss to whether a process is in control
or out of control. There is special software ftatStical Process Control, but the
students can accomplish the analysis with thettadlthey all have access to. Data was
obtained from problems in textbooks like [7].

This lab can be done without a computer classrdmhwould be more difficult.
Although most students are familiar with Excel, méwave not constructed a histogram,
and also need practice on graphing and fittingdtleres. This lab can also be done in
pairs, especially if fewer computers are available.
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7. Human Factors

Purpose: Apply Human Factors Principles to wordt emterpret the Human Interface
with work. lllustrate auditory vs. visual interlaapplications.

Students are paired up. Some of the pairs are gigekties; some are given Lego™ cars
that are preconstructed with identical parts. Jtuelent pairs with ties are instructed to
write instructions on how to tie a tie, no pictuedlewed. Simultaneously, half of the
pairs that have Lego™ cars are instructed to wrgguctions on how to build the car
without any pictures, only words. The other hi#tthave cars are to write instructions
that are mainly pictures with few words. Oncegatlups are done, the group with ties
gives the neckties to a selected group, usuallyttraen in the class, or the least
experienced in tying a tie. Then volunteers atmébto give verbal one-on-one
instruction on tying a tie to this inexperiencedgy. The rest of the class observes as the
group with ties tries to follow verbal instruction$hen another group tries to tie the ties
by following the written instructions, of courseithivmixed levels of success. The class
discusses what is the easiest way to learn howagiena skill and realizes that this may
be done best by modeling and verbal instructidmsir(fathers showed them how to tie a
tie by standing behind them or with them in therony. Yet, for many devices or
techniques, only written instruction is provided.

While some groups are trying to follow instructidos tying a tie, other groups are given
instructions to build Lego cars. They try to restoact the cars exactly as given in their
instruction set. It was expected that instructiantl pictures would be superior to those
using only words and this was found to be trueliermost part, although some students
appeared to be able to write superior steps fddimgi with such quality and care that

they were almost as good as pictures. Both exertisiped the students understand some
principles of the human interface in performing kor

8. Operations Research — Linear Programming and AsgghProblem

Purpose: To solve linear programming problemsguaigraphical technique and using
the Solver on Excel. To solve an assignment prohising the Hungarian Method. To
apply Operations Research techniques to problechsiadgerstand the formulation and
meaning of the solution.

This lab is held in a computer classroom. Usisgmple Linear programming problem
with two unknowns, the students first solve it draplly [4]. Then they are taught how
to use Solver on Excel to solve a simple problénfew what-if scenarios are suggested
for the students to try while they are in the lahgd hand in to be sure that they are
correct, and that they understand the formulatimhrasults. For homework, they solve
other LP problems, along with an assignment probidrich they do by hand.
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9. Queueing theory and Queueing Systems

Purpose: To observe, measure and study simulated queuestgmnsg. To write a
report, comparing mathematical model results olingesystems to collected lab data.

In order to simulate single server queueing systeitisdifferent distributions for service
times, three servers (people) were assigned, edlclawleck of cards. One server was to
deal cards for exactly one minute whenever a cust@mived. The second server was to
deal cards into two categories, taking about oreutej but be sure to work at different
speeds so as to create some variation in thaiceetive, approximating exponential
service time distribution. The last server wasdd the cards in different ways every
time, each taking around one minute, but try to mdde variation, to simulate arbitrary
service time distribution with a larger varianc@ustomer arrivals were simulated by
having students serve as customer generatorsdbrssavice, where they generate a
customer approximately every 72 seconds (50 per)hdihen students are assigned at
each station to record the waiting times of eadtaruer, the service times, and the
number in the queue. The simulation is maintafioeanost of the period. The data is
sent to all of the class, and the students ardretjto analyze the data, and compare it to
the results from formulas for each type of systein.their reports, the students compare
the theoretical results to the simulation, and @xpivhy differences may occur. They
also discuss their understanding of queueing, andnsystem may be preferred. The
write-up for this lab is included in the Appendix.

This lab is challenging to administer, given altloé variation and so many people with
S0 many jobs occurring simultaneously. The pipiats need to understand their jobs
and the impact of their timing on the system. Thestant service time system runs as
expected, but the other two systems designed tolaienexponential and arbitrary

service times, often do not behave as structufér students that are carefully observant
usually can discern that real world systems ramatyas predicted and can explain what
caused the simulation to be different from theinfolas. It opens up excellent
discussions when reviewing the lab and discussimat was learned.

The descriptions above may be adequate to uthiedabs in a similar class, but if more details
are desired, the Appendix contains more complete Assignment sheets for selected labs. If
further information is desired, contact the autWith questions (sfreeman@coe.neu.edu). | am
happy to have other educators who desire to, ugsefahese exercises.

Adaptation for Freshmen Open House and I ndustrial Engineering Forum

Shortly after the Fall semester is in session(bliege of Engineering holds an event called the
Freshmen Open House. All engineering freshmemeapaired to attend. The Student Chapters
of the professional societies such as ASCE, ASMEIHnhare given an opportunity to
demonstrate to the first-year students the many geasons to become involved. To liven up
the demonstrations, the officers of IIE have utitizeveral of these lab activities to encourage
students to participate and learn more about Imdligngineering. We posted a sign behind the
tables that said “It's all about the method”, ahert had students compete to beat each other in
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speed at placing pegs in pegboards, sorting Legosins, and packing grocery boxes. We had
many prizes and posted winning times. Studentexgated to compete, being sure that they
could do it better, and that their method was sopeWith the box packing, we had two side-
by-side setups so that they competed directly agaimmeone else. At another table, there were
computer applications set up showing Simulatiomgi8irenato simulate Bottle Manufacturing.
Another simulation depicted the operation of an Egjeecy Room. The IIE team has really
enjoyed the Open House more, and it appears tadirtitryear students are at least more
curious, if not seriously interested in Industialgineering after adding these activities.

During the Fall semester, first-year students rattsind Freshmen Forums. These are held every
week by each of the major engineering departmantsder to give freshmen information about
each major so that they can make an informed chdibe Industrial Engineering forum has
been orchestrated to pique the student’s intefHstre are student speakers, faculty speakers,
and many IE students there participating enthusalst. A number of upper-class students talk
about their co-op jobs, a selection of studentsabbut why they decided to become IE’s and
the faculty talk about their experience in IndudtiEngineering. In the midst is the first lab,
which was the method improvement of Cookie Treatpction. This is demonstrated by some
students from class, where they intentionally ¢gmar job. After a few more speakers,
volunteers must try to improve the process. Séweshmen students come up front to beat the
IE’s. It generates excitement (add some fun muai) gets much of the audience involved.
The forum is completed by some of the IE studastmg) the top ten reasons to become an IE.
Throughout the forum, it is evident that there rmany IE students who are friends, participating,
chatting, and enjoying being part of the department

Conclusion

Teaching a course with a broad range of topicsuments new to the field of Industrial
Engineering means that there is only a short tonéhfe students to get a feel for that topic.
Therefore, a hands-on exercise, a model, a siroulai lab; any or all of these allow the
students to participate in the new topic which sgbently helps the subject sink in and gives
them a taste of upcoming work. NU is a cooperaghecation institution; practice-oriented
education is a byword for educators on campus. t diothese students will not “practice” until
the start their first co-op jobs that year. Anyththat helps them prepare, increases their ability
to recognize a problem type, and gets them exaibedit Industrial Engineering is worth trying.
Although the course still requires material to isedssed in traditional ways, the addition of in-
class lab exercises and activities has livenedeglass, and helped the students learn the
material along with obtaining a little practice agxperience in their new field.

Introducing freshmen to Industrial Engineeringnsaalditional challenge. When they can see a
production line, improve a method, work smarter matder, be more efficient and have fun, they
have an opportunity to experience IE in a new Jightd understand some of the basic precepts.
Forums already in place provided the means for grgdreshmen to IE, it just required a
substitution of active demonstrations, infused bthasiastic upper-class students. The program
has grown, the introduction course (formerly calédrk Design) had 10 students only 5 years
ago. This fall there were 24, the IIE Student Geajs thriving and it is great to have so many
students excited about being Industrial Engineers.
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Appendix: Detailed Lab Assignments on Selected Labs

L ab Project #3

Objective of the lab: Using material handling principles, apply a mektlor an algorithm to
optimize the packing task.

Description:

Task:

You have two boxes to pack with the items showiou Yave weight and space
considerations, plus the speed at which you cak thecboxes.

For weight, the boxes must be approximately theesaright, you will be judged by

lifting them. You must try to pack the boxes aemy as possible and fit in as many
items as you can.

First review the items and their relative weightd gizes and work with your group to
decide on a strategy to pack the boxes before lactnang to pack them. Then you will
be given a few minutes to try your strategy ondbieial boxes before getting back
together with your group. You will make any dedighanges to improve your result
before showing the rest of the group and beingdime

Select one person from your group to pack the Bidxs person will follow your method
after testing and revising. Then your group waldbserved and timed for how fast the
representative packed the box, and how many iteens packed correctly. Record your
heuristic and result carefully.

Report

Write a brief report outlining your results. Fivgtite an objective statement for the lab.
Then have a section describing your algorithm arriséc for box packing. Look at the
19 Material Handling Principles from the text. @iss if any apply, and what ones you
would use if you were scaling this up to say paglgroceries for a grocery delivery
service such as Peapod. Your next section shaddrie the activities and process
followed by your group with your result. Anothexcsion discusses what you learned
from the other groups. A final section includegiscussion of an article or reference
material on packing, or shipping such as bin pagkifou must reference this
information properly and attach the article or matdound as an appendix. Your last
section describes what you learned from this psaces

Things for the boxes: Paper towel, Toilet papere@k Instant lunches, Water bottles,
Wheat thins, Cheez-its, Macaroni and Cheese, Baggnaly, Tuna, Chips, Cookies, Hot
Chocolate, Cans of Punch
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Lab Project #4

Purpose: Apply stopwatch time study, rating of workers amnputation of time standards.

4,
5.
6.
7. After the activity is rated and completed, the verkvill tell the timers the intended pace.
8.
9. Calculate the mean and the standard deviatioraofisird times for each worker. Calculate a

1. Each group will do time studies at the six stations
2.
3. At least two students will do the activity at th@at®on twice, at least two will time the

Describe the activity process. Each worker doestltivity using the same process.

worker.

The first time the worker will do that activity abrmal pace, approximately 100%.

The second time the worker will do the activityaatlifferent pace; the worker selects the
pace, slower or faster, but does not tell the tametil after completion.

Before disclosure, the timers will rate the worker.

Record the time and both ratings.
Calculate the time standard using a 15% allowandetlze rating estimated by the timers.

final time standard as the mean of all the stantiares for all workers time studied.

10. Write a report to present your data and analydis aiconclusion section.

Stations:

Sorting Cards

Sorting Legos

Collating papers and placing a paper clip on papers

Tool Use — on bolt and washer assembly

Dealing the game of Solitaire

Counting out 40 pieces of pasta, 3 times and pdgicir3 plastic bags

Writeareport on thislab, one per group:

Q

0O 00D0

Purpose of the lab

Description of lab activities

Data and Results

Analysis of Data and Results

Conclusion — discuss the difference between ydurgaf pace and what the worker thought
his pace was. What are the difficulties in ratvaykers? How would you improve the
process of time study? Any suggestidns
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Lab Project #9
ueuin

Purpose: Observe, measure and study simulateatimgesystems. Compare mathematical
model results to data collected on site at the gugusystems.

Introduction:

All arrivals will be assumed to follow a Poissostdibution. We will select a mean time, then
you are to “randomize” it by not arriving exacthen, but some time before or after.

Service times will be done three ways: exponefiigain approximated), arbitrary, with a large
variance, and constant. The mean service timé g6 hour, or 1 minute.

Tasks:

A customer needs to arrive at the station accorttirige arrival rate of 50 per hour. The arrival
czars for the three stations will send a customdéing station as described above. The server
will then service the customer according to onthefthree ways:

Exponential: The server will deal cards to thetaoner starting face down, holding the
deck in one hand. Deal them into two piles, on sgw@ice, sort them into red and black,
next service sort them into piles of spades and$i@ad clubs and diamonds. Do it
slowly enough to average 1 minute each time.

Arbitrary: Deal cards out like above, only somedsrshuffle them, or sort by the four
suits or sort the cards in various ways to addatian to the service time.

Constant: using your stopwatch, take exactly luteirior every customer.

Observers will be at each station. They will beoreling time in queue, time in system and
count number in line and number in system freqydiettery few minutes).

Results:

First compute the following quantities for eachlod 3 systems using the formulas from your
textbook. (For arbitrary service the standard alwn is .0333333 hours):

Time in queue Time in the system
Number in queue Number in the system

Then compare these results to the observed reddtsit are the differences and where do they
occur? Which system seems to give the best peaiocenaccording to our four measures?

What have you learned about queueing systems?ribesie worst queueing system you have
experienced.

Proceedings of the 2005 American Society for Engineeringdiidun Annual Conference & Exposition
Copyright®©, American Society for Engineering Education

€1°95/°0T abed



References

1.

Bartholdi, J. (2001) “Bucket Brigades”, “What d@acket Brigades?”, and Simulated
Bucket Brigade Instructions and Materialshdtp://www.isye.gatech.edu/~jjb/bucket-
brigades.html

Felder, R. M, & Brent, R. (1996). Navigating tharBpy Road to Student-Centered
Instruction.College Teaching, 44(2)3-47.

Felder, R. M, & Brent, R. (2001). National EffeciTeaching InstituteTeaching
Workshop Materials.

Hillier, F. S. and Lieberman, G. J. (1993itroduction to Operations ResearcH! 6
Edition, McGraw-Hiill, Inc.

Johnson, D. W., Johnson, R. T., & Smith, K. A. (8R%Active Learning: Cooperation in
the college classroor2™ edition Interaction Book Co.

Konz, S and Johnson, S. (200@York Design, Industrial Ergonomics” Edition,
Holcomb, Hathaway.

Montgomery, D. C. and Runger, G. C. (199Applied Statistics and Probability for
Engineers,John Wiley & Sons, Inc.

Sanoff, H. (1978).Design GamedVilliam Kaufmann Inc.

Stice, J. E. (1987). Using Kolb’s Learning Cycldrgprove Student Learning.
Engineering Education, 77(5), February Edition, Z246.

10.Turner, W. C., Mize, J. H., Case, K. E. and Nazemg&tW. (1993).Introduction to

Industrial and Systems Engineerind, Bdition, Prentice-Hall.

11.Wankat, P. C. and Oreovicz, F. S. (199Bgaching EngineerindVicGraw-Hill, Inc.

Biographic I nformation

Susan Freeman is an Associate Academic Specialist in the Colld&gegDEering at Northeastern University. As
full-time teaching faculty, most of her teaching load tstssof first-year courses in Engineering Design and
Engineering Problem Solving with Computation using @hdl Matlab. She has a BS, MS and PhD in Industrial
Engineering from Northeastern University and has been teaththg Mechanical and Industrial Engineering
Department for 15 years, some of these courses are Intmutwtindustrial Engineering, Engineering Economy,
Stochastic Modeling and Facilities Design. Before comingddaheastern, Susan worked at Eastman Kodak
Company for 9 years as an IE.

Proceedings of the 2005 American Society for Engineeringdiidun Annual Conference & Exposition

Copyright®©, American Society for Engineering Education

¥T1°95/°0T abed



