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Introduction

« Estimators are frequently asked to determine the cost impact of personnel changes on the
shop floor
« Additions: Program must bring on new hires or transfer workers from other product lines
» Deletions: Program must transfer workers to other product lines, or lay them off

* Intuitively, productivity varies depending on the experience of the people performing the work
» “Green Labor” — New hires who are not as productive as experienced peers
» “Seasoned Labor” — Experienced employees

* However, little published guidance how to estimate this
» Cost of hiring new workers is most frequently discussed in terms of production gaps (Anderlohr theory)

« But increases or decreases in headcount are much more frequent than production gaps — and do not involve
stopping the production line
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Industry Experience

Impacts of new labor are recognized in the shipbuilding industry, which has especially long training periods
« 3 — 5 years for new hire off the street to be trained and developed into journeyman employee
« 8 years to become fully certified nuclear pipefitter

RAND on shipbuilding industry, 2004

« “Workers with some experience are generally more productive than inexperienced workers. Thus, for a workforce
with a higher proportion of inexperienced workers, additional effort is needed to complete an identical task. This
additional work might be done using temporary workers, overtime, additional full-time employees, or even
lengthening the ship production schedule.”

Impacts of new labor are not just limited to shipbuilding — apply to any long-cycle manufacturing operation

Headcount increases or decreases are intimately tied to changes in delivery rates
« Typical driver for a headcount change is an increase or decrease in production rates
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Examples From Commercial Aircraft Industry

« Boeing 737 & 747 (1997)

* “In early October, overwhelmed by thousands of foul-ups, Boeing temporarily halted production of the 747 as well
as the smaller 737....Boeing had to scramble to find people to build its airplanes, hiring 32,000 workers in the last
18 months. Despite what they describe as an aggressive training program, with five weeks of instruction before
starting work, Boeing executives conceded that many new workers were still not fully prepared. ‘We have incurred
the penalty of these people learning’ on the job, said Gary R. Scott, the vice president in charge of producing the
737 and 757.” (New York Times, 1997)

« Boeing 747 (late 1960s)

« “At the time production was starting on the 747, Boeing could not find enough workers in the Seattle area and was
forced to recruit intensively. Of the workers hired, less than half developed into normally productive workers. Labor
hours per aircraft increased as production rate and cumulative quantity increased, i.e., the learning curve had a
positive instead of a negative slope.” (RAND, 1974)

« Douglas Aircraft (late 1960s)
 DC-8 & DC-9 production
« Cost increases caused by inefficiencies imperiled the company & eventually forced merger with McDonnell Aircraft
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Workforce Additions

» Whether we are increasing or decreasing headcounts, the common denominator is: “What is the impact

of assigning new work to people?”

« Assume new workers are brought in to accommodate increased production

 Line delivers new product every 5 days, instead of every 7 days
« An additional mechanic is added to an existing crew

Current State Future State
o 7 days _ p 5 days R
Mech 1 | | Mech 1 | |
Mech?2 | | Mech?2 | |
Mech 3 | | Mech 3 | |
Mech 4 | |

e Some tasks are continued by workers experienced performing them
e Some tasks are assigned to workers who have no experience performing them

e Some tasks are removed from personnel already performing them for reassignment to either
the new workers or members of the original crew
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t,=(P2—pP1)/ Py

t, = reassignment ratio (added personnel)
p, = # workers before the change
p, = # workers after the change

In this case, at least 25% of the work
must be reassigned to either the new
mechanic or among the existing crew
members

t,=(4-3)/4
t,=1/4=25%
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Workforce Decreases

« Assume a mechanic is removed due to decreased production
» Line delivers new product every 7 days, instead of every 5 days

Current State Future State
5 days 5 days 2 days t ( ) /
< > < > —>» —_ —

Mech 1 | | Mech 1 | | | d p1 p2 p1

Mech2 | | Mech2 | | | t, = reassignment ratio (added personnel)

s | | T | | p4 = # workers before the change

p, = # workers after the change

Mech 4 | | Mech 4 - Moved to different area of program or
surplused off program .
- If moved to different area, their work In thIS CaSG, at |eaSt 250/0 Of the WOFk
package will be all new must be reassigned to the existing crew

members

e Some employees will have all-new tasks due to being "bumped" into a new area with associated
learning loss.

e The remaining employees will have an expanded scope of work as span times increase.
Employees must be trained to handle additional scope; a percentage of everyone's work will be
new to them.

ty=(4-3)/4
ty=1/4=25%
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Four Premises

Employees new to a task will initially perform less efficiently than experienced employees

Over time, the performance of new employees will improve relative to experienced employees

At some point, the performance of new employees should converge with that of experienced employees

How long it takes to fully integrate a new employee depends on how much prior experience that
employee has

* Industry experience

« Company experience

* Production program experience

» Experience with specific work assignment
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Theoretical Framework

« Theoretically, we can view the performance of new employees as a setback on the existing learning
curve

Break-In of
New Hires

-... New Hire Performance

Experienced Employees
Performance

New Hires Reach
Same Efficiencyas
Experienced Employees

Variance Factor (Actual Hous/Earned Standards)

Cum Sequence Number

« But how much will the performance of new employees be set back on the learning curve? And how
quickly will convergence happen?
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Study — Workforce Increase

» To help answer these questions, we studied a headcount increase associated with Program D (identity
hidden for proprietary reasons)

* Program D doubled work force over a two-year period ... pulled data before, during and after hiring
phase

» Pulled weekly data by employee (actual hours and earned standard hours)
« Data at employee level allows us to determine if a given mechanic is new to an area or has been working there for a while
» Pulling actual hours and earned standards allows us to assess performance of one group versus another

« Standard — Theoretical time it should take to complete a task (i.e., drill ¥2” hole through aluminum plate) assuming
completely trained workers, no part shortages, no quality issues, no tool or machine downtime, no out of sequence work,
and no further learning. Standards are “earned” when specific task is completed.

» Variance factor (Actual Hours / Earned Standards) — The lower the variance factor, the better the relative performance; the
higher the variance factor, the worse the relative performance
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Example Dataset (Partial)

Year Zero Year One
Row Labe 7 8 9 10 11 1 1 2 3 4 5 6 7 8
0 Acts 157168 XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
0 Acts 157175 XX.X X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
Act 157188 X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
@W Empl_oye_es already X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
0 Act XX.X X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
New Aztz 157247 Work’ng ’n the area XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
e iocset before January of | | o f xroex oo
Oacts 167300 __| Year One are coded |x| »x| »x =~ Employees who enter {"
one i  ur| as “Experienced.” x| x| »x < the area on or after |,
@1 - f‘\gz 127?2\5; - - XX.X - XX.X XX.X XX| January Of Year One X
New A 157374 XX.X
New 157394 XX.X XX.X XX are COded as “New' o X
New 157401 XX.X XX.X XX.X XXX XXX XXX XX.X
Year Zero Year One
Each / b § -
glstas ach empioyee number «x | New employees associated
s - . . XX.X
oS ieries represents individual worker | . | with increase in production
0Sids 157285 Ny e e x| ax |_we”| rates begin to appear here
Now [stas 157256 Designates actuals or | | | o o
0 Std X XX.X XX.X XX.X XX.X XX.X XX.X
0 Stdz Egg; earned Standards X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
0 Stds 157320 XXX XXX XX.X XXX XXX XX.X XX.X XX. .
8322 157328 Xﬁ xi xi iii ix XX.X iii «y Data is assembled for each of 13
0_Std XX.X XX.X XX.X XX.X I
New : ggig XX.X XX. bu’ld areas".
New ds 157374 XX.X
New Stds 157394 XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
New Stds 157401 XX.X XX.X XX.X XX.X XX.X XX.X XX.X
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Data Stratification (Partial)

« How much different is performance for new employees and how does it change over time?

« Performance data by employee was stratified

Status
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
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Catg
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts
Stds
Acts

Employee
168775
168775
168785
168785
168786
168786
168788
168788
168789
168789
168792
168792
168794
168794
168795
168795
168879
168879
168885
168885
168886
168886

XX. X
XX. X
XX.X
XX. X
XX. X
XX. X
XX. X
XX.X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X

XX. X
XX. X
XX.X
XX.X
XX.X
XX.X
XX.X
XX.X

X. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX.X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X
XX. X

XX. X
XX. X
XX. X
XX. X
XX.X
XX.X
XX.X

XX. X
XX. X

XX. X
XX. X
XX.X
XX. X
XX.X
XX. X
XX. X
XX. X
XX. X
XX. X

4 5 6 7 8 9 10 11 12
wox ] o] x| o] x| x| x| x|
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
X
X Represents the first month’s performance for
X - - -
X a given employee, once introduced into the area
oox | oo | x| xx | x| x| x| xex |_xex
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
XX.X XX.X XX.X XX. X XX.X
Successive months represent month 2 | xx
. XX.X
in the area, month 3 and so forth....
XK AKX KK AKX KKK KKK KKK KR K XX.X
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X XX.X
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Data Stratification

 Stratified data could be summarized to compare relative performance of the two groups

—8— New Employees Performance  sevevenes Baseline Performance

New Employees

Variance Factor

Existing Employees
(Average over Time)

Month
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Conclusions

New employees had worse performance initially than their more experienced peers

New employees improved their performance relative to more experienced employees

In most cases, there was convergence of new employee performance back to the baseline

The median timeframe of that convergence took nine months

Based on this analysis, we redefined “New” and “Experienced” —
An employee introduced to an area was “New?” for his first nine months,
after which he was switched to “Experienced”
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New / Experienced Performance Over Time

 Using this redefinition, the performance of “new” employees was graphed over time along with the
number of “new” employees at any given time — done for each build area

Realization

—@— Perform - Baseline Perform - New to Area # New to Area

Higher variance factor
(actuals/standard) means
new employees are less

productive

New
W ’ MW -

Experienced

Variance Factor
New to Area

Jan-01 Apr-01 Jul-01 Oct-01 Jan-02 Apr-02 Jul-02 QOct-02 Jan-03 Apr-03 Jul-03 Oct-03
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Calculation of Cost Premium

« Cost premium associated with “new” employees for a given month was calculated by multiplying the
difference in variance factors between experienced and new employees and multiplying it by the earned
standards — done for each build area

New Employees
—8— Impact - New Employees # New to Area
wn Hd_HSX(Vn_Ve)
=
£ H4 = delta hours for new employees
< & H, = monthly earned standards for new
g < employees
- 3 V,, = variance factor, new employees
(4 . .
= z V, = variance factor, experienced
1] e
£ employees
g
f\ »
\'~3
Jan-01 Apr-01 Jul-01 Oct-01 Jan-02 Apr-02 Jul-02 Oct-02 Jan-03 Apr-03 Jul-03 Oct-03
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Final Results

« Data was rolled up by month across the total aircraft
* % cost premium (y) was correlated against % of employees new to area (x) by month
» Best fit line provides excellent fit to the data

Rate Transition Impacts By Month

_ We can now use the % of

' %Df “_!;_." new employees introduced
- into an area to estimate the

% cost delta to integrate them

into the program

% Premium for New Employees

% of Employees New to Area (9 Month Delta)
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Recovery Time

« Data represents a “worst-case” example — most closely resembles Scenario C below
« Median of 9 months for new employees performance to converge with employees already in place

» Other workforce scenarios will probably have faster recovery times (Scenario A & B below)

Scenario A, Workforce Reduction: The reduction is accomplished within the program, with work reassigned to
existing employees. While these workers must learn some new tasks, they are already familiar with techniques
peculiar to the program. This scenario will have the shortest recovery period.

Scenario B, Workforce Increase: The increase is accomplished by transferring workers from other company
programs. While familiar with the aircraft industry as well as the company “way of doing business,” these workers
will not be familiar with techniques peculiar to the program. In addition, some existing workers will be reassigned
to different roles in order to help balance crews and optimize workflow. This scenario will have a recovery period
somewhere between Scenario A and C.

Scenario C, Workforce Increase with Outside Hires: The increase is largely accomplished by hiring workers from
outside the company. These workers are not only unfamiliar with the unique program peculiarities, they are also
unfamiliar with the company’s way of doing business. They may not even have prior experience in the aircraft
industry. This scenario will have the longest recovery period.
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Hypothetical Application

Fi 10. As bly Workf Reduction: .
rgure 7% Assembly Toridoree Fecuction « How can we apply this model?
Unit Break-in of Change 600 - If we have a staffing plan of future hires / reductions
Estimated Hours per Unit (HPU) at Break-in 5,000 OR
N ot foure par by 2 - If we have a projected change in production rates, we
can work out the relative impact to personnel
Production Delivery
Interval (PI) Rate
(Days) per Month . . .
Before Change 105 2.00 * In our example, the production line might slow down
After Change 14 1.50 from 2 deliveries per month to 1 2 per month
_ Work  If we know the hours per unit, we can work out
Do il Al approximately how many mechanics are needed
HPU per Month Month Month Day  Operators before and after the Change
iﬁlﬁrgéf;zrége gggg X fgg - 13288 ;{ 21 x 2 }z gg * Once we know the % change in the number of
Headcount Reduction 15 opere}tqrs, we know what % of task will be new to the
remaining employees
* Delivery rate calculated as: Average Work Days per Month / Production Interval
Task Reassigned to Remaining Operators: * Assume fOI’ th|S Scenario
Operators Reduced 15 « Rate change occurs in January
Porsont remmaionod Tog " — « It will take 4 months before remaining employees are
fully proficient with the new/reassigned tasks
* 25.0% reduction in operators, so 25.0% of task will be new to remaining operators.
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Hypothetical Application (cont’d)

Figure 11. Calculating Cost of Reassignment:

Percent Reassigned Task 25.0% 25.0% 25.0% 25.0%
Percent Cost of Reassignment x% x% x% x%
Hours Spread of Hours By Month Percent Cost of Reassignment Disruption
Unit per Unit Start Date  Jan Feb Mar Apr Jan Feb Mar Apr Hours
595 5,010 15-Oct 5.6% x% zzz
596 5,008 1-Nov  22.2% X% zzz
597 5,006 15-Nov  44.4% 5.6% X% x% zzz
598 5,004 1-Dec 55.6% 22.2% x% X% zzz
599 5,002 15-Dec 44.4% 44.4% 5.6% X% x% X% zzz
[ 600 5,000 1-Jan 22.2% 55.6% 22.2% X% X% X% zzz |
601 4,998 22-Jan 5.6% 44.4% 44 .4% 5.6% X% x% X% x% zzz
602 4,996 12-Feb 12.5% 52.8% 33.3% x% x% x% zzz
603 4,994 4-Mar 22.2% 55.6% X% x% zzz
604 4,992 25-Mar 1.4% 33.3% x% x% zzz
605 4,990 15-Apr 5.6% x% zzz

z,22z
For ship #600, disruption hours = 5,000 hrs x [(22.2% * x%) + (55.6% * x%) + (22.2% * x%)] = zzz hours

* Date of Pl Change: 1 January

* Assumed Months of Recovery: 4 months (January through April)

* Total Build Span: 3 months

* Percent Cost of Reassignment: Not shown due to proprietary reasons. This is percent cost delta correlated with Percent Reassigned Task.
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Hypothetical Application (cont’d)

« Distribution of impact looks different from our theoretical construction

» Headcount change disrupts hours for any unit in work at the time of the change

Disruption Hours

...If we take our estimated disruption
hours per unit from previous chart,

and plot them....
595 596 597 598 599 600 601 602 603 604 605

Aircraft Number

Hours per Unit
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Future Steps

» Testing of model in future instances of production rate increases or decreases

« Data collection surrounding smaller-scale workforce increases or decreases will provide further insight
into recovery period

 Goals

» Reduce element of judgment and provide estimator more precise guidance
 Verify that model provides accurate predictions in other scenarios
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Final Conclusions

« Changes in production rates and associated impacts on workforce numbers and experience is one of
the estimator’s greatest challenges.

» Yet fluctuations in delivery rates or potential disruption caused by ‘green labor’ are often assumed away
in learning curve literature — as if they are not worthy of consideration

» Goal is to provide an analytical framework, as well as model for forecasting impacts based on real-life
data

* Not the last word on the subject, but hope to stimulate further discussion

« Keynes: “It is better to be roughly right than precisely wrong.”
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