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Learning and Assembly Times

Throughout the world of business, the ability of people to learn–working quicker and better–is a great

benefit in reducing the cost of providing a product or service.  Although learning curves have a much

greater impact on a labor intensive process instead of a technology intensive process, learning has an

impact and exists in almost every setting.

Understanding systematic learning and computing the learning

curve have been around for more than a half century.  During

World War II, it was shown that learning in American aircraft

factories could be mathematically predicted either by the

cumulative average time per unit (y) or the cumulative total time

(T).  In these prediction models, the learning effect is formulated

by the average time spent (as quantity doubles) as a percentage of

what it was before.  For example, if the average time for two units

is 10 per unit, then an 80 percent learning effect would predict the

average time for four units as 8.0 per unit.  In algebraic notation,

the average time and total time models are:

y = axb

Where:

y = average time per unit

a = time required for first unit

x = cumulative number of units produced

b = learning index

b = ln (% learning effect) ÷ ln (2)

T = axb+1

Where:

T = cumulative total time for process

a = time required for first unit

x = cumulative number of units produced

b = learning index

b = ln (% learning effect) ÷ ln (2)

The purpose of this project is for you to learn how labor time per unit decreases over time in an

assembly or factory situation.  You will also learn how extraneous factors (fatigue, process malfunction

and random fluctuation) contribute to prediction error.  This project simulates the business world of

manufacturing or assembly. 
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The first part of this project is for you to collect data from a simulated assembly process.  The

assembly process chosen for this project is for you to assemble three web based jigsaw puzzles at

Jigzone (www.jigzone.com).  The puzzles have been carefully selected because successfully

assembling them requires skill, and quicker times require learning.  When you visit the following links

to assemble the puzzles, it is strongly recommended that you use a mouse to move the cursor

around instead of a touch pad.

Go to Jigzone’s site to work first on a six piece puzzle [hint, do

not be logged in as a member]. Your goal from this activity is

simply to learn the mechanics  of moving pieces together until

they fit.  Assemble this puzzle three or four times (click on

shuffle pieces) until you feel comfortable with the mechanics. 

The six piece puzzle is located at:

http://www.jigzone.com/puzzles/42055D517B83

Next, work on a twenty piece puzzle at Jigzone.  Your goal now is to put it together as quickly as you

can.  Work the puzzle a fifteen times until you have acquired skill and can quickly put it together. 

Don’t get worried if you aren’t as quick as other students.  Speed at assembling puzzles varies greatly

from person to person.  As a general rule, your trend should be for quicker times.  However, don’t be

too concerned if every time you don’t improve on your best time, because sometimes there are

fluctuations.  This puzzle is located at: 

http://www.jigzone.com/puzzles/A9055D5A1971

Finally, start working Zigzone’s puzzle of mainland USA.  Your goal

is to put the puzzle together as quickly as you can.  If you don't know

anything about the shape of mainland USA, then please look at a map

before starting.  You should assemble this puzzle 50 times.  Be sure

to write down the order and time of EACH and ALL attempts (i.e.,

1st 8:20, 2nd 7:50, etc.). You do not have to perform all attempts in

one sitting. Just make sure that you record the time and order of ALL

attempts.  This puzzle is located at:

http://www.jigzone.com/puzzles/93055D4A9020?6144OXE.0FB

Remember, work the USA puzzle 50 times!
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The second part of the project is to compute your unique parameters of the average or total time

prediction model for learning curves. For this part of the project, you will be using the spreadsheet

program (e.g., Microsoft Excel) or statistics program (e.g., Minitab) of your choice.

The first two columns of your spreadsheet should contain the attempts by number (1, 2, 3, 4 ...  49, 50)

and your time per attempt in seconds (11:20 becomes 680 seconds, 10:15 becomes 615, etc.)).  The

third column should contain a description of your task readiness that might explain why this attempt

was quicker or slower than you might have expected.  The fourth column should contain the

cumulative total of time spent from the first attempt through the last (680, 1295, 1863 ...).  Optional

would be a fourth column containing the cumulative average of time spent (680, 647.5, 621 ... ) for

each attempt.

Recall that the average time and total time prediction models are:

y = axb
              T = axb+1

Each equation can be transformed by taking the natural logarithm of both sides.  The equations are then

written as:

ln(y) = ln(a) + b*ln(x)         ln(T) = ln(a) + (b+1)*ln(x)
Either equation can then be used to solve for ln(a) and b by using linear regression and treating ln(x) as

the independent variable and either ln(y) or ln(T) as the dependent variable.  To get a from ln(a),

simply take e to the power of ln(a) (by using the exp function to calculate it).

Prior to performing the regression, your data need to be converted to natural logarithms. 

You are now ready for to use the spreadsheet’s statistics capabilities to compute the parameters (a, b or

b+1 and % learning effect) of your unique average or total time prediction model.  Be sure to clearly

identify the parameters on your spreadsheet.
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The third part of the project is to use your model to predict how much additional time should be

needed to assemble the puzzle twenty more times (T70 – T50).  

Then return to Jigzone and actually assemble the USA puzzle twenty (20) more times.  For each

assembly attempt, please note the time per attempt and observed factors that might be causing you to

work faster or slower than you predicted.  

Finally, compare the predicted time for the twenty attempts to the actual time it took you to assemble

the puzzles, and try to explain any difference.

Write up and submission requirements

When finished, write up your results and submit.  Your submission should contain 

(1) a cover sheet (your name, date and honesty pledge, 

(2)  a word-processed write-up of what you did, the prediction model (either average or total

time), the predicted and actual time for twenty more attempts and possible explanations for

any difference, and 

(3) the printout of your spreadsheet data and computations.

Please submit one paper copy of your completed copy by Wednesday, May 28, 2014 (it’s ok to slide

under my office door.  

Also submit electronically via e-mail (and attached file) to albrecht@profalbrecht.com.  Any files

should be named learning.yourlastname.yourfirstname.xls or

learning.yourlastname.yourfirstname.doc.
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Academic Honesty

The parameters in force for this project that define academic honesty and dishonesty are:

1. For this project, you may use your notes and text book and handouts.  You are not permitted to

use anyone else’s class notes or project answer for your project.  You are not permitted to use

your neighbor, friend, classmate, or anyone else but yourself in the answering of this question. 

To seek help on this project is to cheat.

2. For this take project, you may not ask anyone about how to work any part a problem dealing with

computing the parameters of a learning curve prediction model.  This includes, but is not limited

to: asking any question about any part professor Albrecht’s related in-class examples, asking

about the solution to any of the assigned related homework problems, asking about how to use

any computer program to perform linear regression, asking for help in interpreting regression

output, and the sharing of any electronic files.  To seek help is to cheat.

3. If you become aware that someone has cheated, or you heard a rumor that someone has cheated,

then you should report this to Professor Albrecht.  Failing to report these is to condone cheating

by others, which is also classified as cheating.

4. Cheating is prohibited.  Any school work is not important enough to compromise your honor. 

Anyone caught cheating will be severely disciplined.  The penalty for cheating on this project is

listed on the syllabus.

Place the following statement on the cover page of your project and, if you can do so honestly, please

sign and date it:

I have not cheated on this project and I am unaware of any cheating by others that is unreported.

                                                                                

If you cannot honestly sign the above statement, please explain why.
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