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NOTICE:

The user is cautioned that PROM-WED has not undergone formal verification and
validation testing, and comes without any warranty. Informal testing confirms the
outputs from PROM-WED match the output from the legacy PRO model.




l. WHAT IS PROMWED

PROM-WED embeds the legacy PRO model within a data farming environment.
The foundation of PROM-WED’s data farming wrapper is the nearly orthogonal Latin
hypercube (NOLH). The NOLH design of experiment (DOE) builds experimental designs
that efficiently and effectively explore the solution space. This good space-filling capability
means that uncertainties and fluctuations in input variables along with multivariable

interactions are adequately investigated.

The 33 and 129 point NOLH designs makeup PROM-WED’s data farming wrapper.
The 33-point NOLH DOE tests each variable at 33 levels and grows data for 33 legacy
PRO model runs, whereas the 129-point NOLH DOE tests each variable at 129 levels
and grows data for 129 legacy PRO model runs. PROM-WED'’s graphical user interface
(GUI) allows users to easily enter a range of values for each input variable into the NOLH
DOE worksheet, regardless of their level of knowledge or familiarity with data farming or

DOE techniques.

A completed PROM-WED excursion grows a data set of either 33 or 129 data
points. Automatically generated sensitivity analysis provides users with a basic risk
assessment picture focused on the decision variables. Further insights into variable
interactions and effects of input variables can be easily explored using commercial
statistics software package. PROM-WED transforms the legacy PRO model into a
resource that N1 can use to gain robust insights into the optimal allocation of recruiting

resources.



[I. OUTPUT OPTIONS

PROM-WED provides users with decision support capabilities to analyze the data
grown by each excursion. PROM-WED offers two decision support capabilities: (A)
automatically generated analysis, and (B) data generated for further analysis requiring a
statistical software package.

A. Automatically Generated Analysis

PROM-WED’s “Decision Support Analysis” for the traditional run option provides
users with a broad understanding of how variability in decision variables, controllable
policy changes, and uncontrollable market factors affect the total cost of recruiting. This
type of analysis would be appropriate for testing excursions during a time constrained

meeting, working group, or whenever basic analysis needs to be generated quickly.

An example of PROM-WED’s automatically generated analysis follows.
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B. JMP Analysis
Analysts will need to use a statistical software package to take full advantage of
the data grown by PROM-WED. Therefore, data produced by PROM-WED is designed

to be easily uploaded into a software package, such as JMP.

The following are examples of insights gained through analysis of PROM-WED
data in JIMP.

1. Partition Tree

= | Partition for Total Cost of Recruiting

Number
RSquare RMSE N of Splits AlCc
Training 0.824 5207929 129 2 139422
Validation 0.815 53.818414 774
All Rows
Count 129 LogWorth Difference

Mean  398.24680 57.405143 38346
Std Dew 124.63855

Advertising<139,1744 Advertising>=139.1744
Count 120 LogWorth Difference || Count a
Mean 37140385 78.164702 125.276 || Mean  754.05403
Std Dev  £9.83107 Std Dew  148.6531

I Candidates

| |
Advertising<55.0222 || Advertising>=55.0222
Count 82 || Count 38
Mean  331.82312 || Mean  457.00012
Std Dev 33.803821 || Std Dev 46.655738

[* Candidates [* Candidates

Over 80 percent of variance in the total cost of recruiting is explained by the amount of
funds allocated to advertising.



2. Stepwise Regression
The total cost of recruiting can be formulated into a stepwise regression model:

Prediction Expression
150.980052850998

+ 0.02553596931337 * NCO

+ -24.593679044673 * Unemployment
+ -550.34801858165 * Relative Pay

+ [ NCO - 35000.0620155039 ] * | Relative Pay - 1] *-0.1270005027034
+ [NCO - 35000.0620155039 ] * | [ NCO - 35000.0620155039 ) * 0.00000304992539 |

+ [Relative Pay - 1) *[ [ Relative Pay - 1] * 1882.37625427676

3. Contour Plots
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The contour plot indicates that nearly half of the solution space supports a low
advertising budget, represented by the dark blue region. The cost of advertising
substantially increases when relative pay favors the civilian sector and the accession
mission is high, represented by the red region. Once relative pay exceeds approximately



1.00, changes in the new accession mission have little to no effect on the amount of

resources allocated to advertising.



[ll. STEP-BY-STEP INSTRUCTIONS TO RUN PROM-WED

Step 1: Unzip the “PROM-WED.zip” file, and save the ‘“PROM-WED.xIlsm” file and
“‘NOLH.xIs” file in the same folder. This folder is where the output file generated by PROM-
WED will be saved following the PROM-WED excursion.

!g » PROM-WED » PROM-WED

Organize » Burn MNew folder
r Favorites Name : Date modified Type Size
4 Recently Changed B9 NOLH 5/ 16 PM Microsoft Excel 97... 1136 KB
Public 5 PROM-WED_v2 1/20/2017 11:55 AM  Microsoft Excel M... 2157 KB
Ml Desktop
4 Downloads
1l Recent Places

4 Libraries
% Documents
[=| Pictures
B videos

18 Computer
& o5
¥ arhogartd (\\comfor
[] My Weh Sites on M¢

i Network

Step 2: Open the PROM-WED file, and ensure the “Enable Content” button is selected.

| 1 Security Wamming  Same active content Rat been diLsbied. Chck for mare detads Enabie Content
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The first time you open PROM-WED, the NOLH.xIs file link needs to be updated. To do
this, select the “Edit Links...” button.

We can't update some of the links in your workbook right now.

You can continue without updating their values, or edit the links you think are wrong.

' Continue Edit Links...

To update the NOLH.xIs file, click on the “Change Source...” button.

Source  Type Update  Status [ Update Values ]

HOLHals  Worksheet A Error: Source not found Change Sourde..
Qpen Source

[ Breaklok |

I

Location: C\Desktop\Hogarth_Thesis
feme
Update: @ Automatic Manuwal

| startup Prompt... | [ crose |

- - - - - — - =

A file search window will pop-up. Navigate to the folder where you saved the files after
unzipping them. Select the “NOLH.xIs” file, and click on the “OK” button.

@Q'I |, » PROM-WED — 4.1' Search PEOM-WED =)
Organize Moew Toldes o= O @

ﬂﬂ Microsaft Enoel B lame D Type
B ROLH LT 114 AM  Microsoft Excel 97,
W Favorites W FRUB-WED 1A
B Desktop
& Downloads
= Recent Places

o4 Libraries
Y| Documents
o Music
e Pictures
B videos

/B Computer halll - L] }

I File name NOLH » [ Eecet Files ‘]

Tools = 0K |V] Cancel




The “Edit Links” window will pop-up. Once the “NOLH.xIs” worksheet’s status updates to
“OK,” click on the “Close” button.

Edit Links L )

[ Source Type Update  Status Update Values

. NOLH.xls  Waorksheet A 0K @
Open Source |

,l ! Ll | » Check Status

Location: C\Users\sam_gray\Desktop\PROM-WED
Item:
Update: @ Automatic Manual

Startup Prompt... Close

Step 3: Open the PROM-WED file, and select the “PROM-WED” button to open the GUI.

o H ! J K & " N o P qQ R
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Step 4: Select the appropriate starting fiscal year (FY) from the drop-down list. The
current version of the legacy PRO model is set at a FY 2015 start.
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Step 5: To constrain a decision variable, select it from the list, and click “Fix DV” button.
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The default data from the legacy PRO Model will automatically populate the “Design of
Experiments Table.”
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Step 6: Input the range of values for the decision variable in the “Design of Experiments
Table.” Input the low value of the range in the “Low Level” text box for each FY, and the
high value of the range in the “High Level” text box for each FY. In this example, the
number of recruiters is tested from 2,500 to 3,500 for each FY.

Each year can be tested using different ranges. For example, to represent a smaller
recruiter force in FY 2021, the range could be inputted as 2,000 to 2,700.

If you want to constrain the decision variable at the default value populated by the legacy
PRO model, select the “Fix Value” button. By selecting “Fix Value,” the default values for
the decision variable in the “Design of Experiments Table” are deposited into the NOLH
worksheet for each FY. This decision variable is now moved to the “Fixed Decision
Variables” list, and the “Design of Experiments Table” is cleared. (If this is your course of
action, continue to Step 8.)

If you want to constrain the decision variable at one number that is different than the
default value populated by the legacy PRO model, the same number has to be inputted
into the “Low Level” and “High Level” text boxes. For example, if you want to constrain
the number of recruiters in FY 2021 to 2700, then you would enter 2700 in both the “Low
Level,” and “High Level” text boxes.
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Step 7: Once the “Design of Experiments Table” is fully populated with the low and high
levels for each FY, select the decision variable from the “Input Values” box, and click on

the “Set Range” button.
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By selecting “Set Range,” the low and high values entered for this decision variable in the
“Design of Experiments Table” are deposited into the NOLH worksheet for each FY. This
decision variable is now moved to the “Fixed Decision Variables” list, and the “Design of
Experiments Table” is cleared.
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Step 8: Follow Steps 5-7 to fix any other decision variables.

Reminders:

If you constrain a decision variable to a number other than the default values
populated from the legacy PRO model, as mentioned earlier enter the same
number into the low and high level text boxes, and select the “Set Range” button
when complete.

Since the PRO model solves an optimization problem, ensure that at least one of
the following decision variables: Recruiters, Advertising or Enlistment Bonus (EB)
remain in a “float” status. In this example, only the number of recruiters are fixed.



Step 9: Once all decision variables that need to be fixed are fixed, gears shift to the
market factors. The “Market Factors” list includes all market factors (relative pay, QMA
and unemployment rate) and policy factors (percentage of high quality recruits (TSC I-
[11A), percentage of recruits with a high school diploma (HSDG), and NCO). Each market
factor, from relative pay to NCO, must either be fixed at one value, or a range of values
needs to be entered.

Similar to how decision variables are fixed, select “Relative Pay” from the list of market
factors, and select the “Add MF” button.
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The default data from the legacy PRO Model automatically populates in the “Design of
Experiments Table.”
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Step 10: Input the range values for the market factor in the “Design of Experiments Table.”
Input the low value of the range in the “Low Level” text box for each FY, and the high
value of the range in the “High Level” text box for each FY.

In this example, the relative pay is tested from 0.8 to 1.2 for each FY. Clicking the “Set
Range” button deposits the low and high values entered for this market factor into the
NOLH worksheet for each FY.
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This market factor is now moved to the “Varied Market Factors” list, and the “Design of
Experiments Table” is cleared.
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Step 11: Work through each “Market Factor” in the list, from “Relative Pay” to “NCO”
following Steps 9-10.

Note that each year can be tested using a different range of values for the market factors.
For example, an annual decrease of 10,000 QMA can be entered as shown in the figure
below.

Design of Experiments Table

Base Low High Decimal
FY Value Level Level Places

FY15 | 1883304 | 1873304 | 1883304 | 0

FY16 | 433304 | 1863304 | 1873304 | 0

FY17 | 4383304 | 1353304 | 1863304 | O

FY18 | 4883304 | 1843304 | 1853304 | 0

FY19 | 4883304 | 1833304 | 1843304 | 0

FY20 | 4883304 | 1823304 | 1833304 | 0

FY21 | 43g3304 | 1813304 | 1823304 | 0

If you want to constrain the market factor at one number different than what is populated
by the legacy PRO model, the same number has to be inputted into the “Low Level” and
“High Level” text boxes. Then select the “Set Range” button.



To constrain the market factor at the value automatically populated in the “Design of
Experiments Table,” select the market factor from the “Input Values” box, and click on the
“Fix Value” button.
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Step 12: Work through all seven market factors until they are all accounted for. A market
factor is accounted for once it appears in either the “Varied Market Factors,” or “Fixed
Market Factors” lists.
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Step 13: Select “Traditional Run” under “Select Run Type.” (Currently, only the Traditional
Run option is operational).

Automatically Generated Decision Support:

The “33 Design Points” option is well suited for the automatically generated decision
support analysis. The “129 Design Points” option can also be used, but it will take
additional time to run (approximately 10 minutes versus 2-3 minutes). The “129 Design
Points” option grows more data, resulting in a narrower 95% confidence interval.

Analysis in JIMP:

The “129 Design Points” option is intended to be used for further analysis in a commercial
statistical software package, such as JMP.

Planned Resource Optimization Model

with Experimental Design
(PROM-WED)

Saved Scenarios: v

Input Values Variable Set
Fixed Decision Variables
Requiters

Reguiters
Advertisng (AC Enl. Only)

Fix DV [
B SebcwTex  FixVae
Market Factors ot

LSgC){I;-!ZIA = Add MF Select "fv_"‘: Set Range Varied Market Factors Fixed Market Factors

Unemployment Rate ot Redative Pay HSOG

LRP QMA LRP

CO {50% BoY DEP) 2 Remave TSC 1A
Unemploy Rate
Design of Experiments Table NCO (50% BoY DEP)
Base Low High Decimal
FY Value Level Level Places Analysis Options
FY15 Select Run Type Design of Experiments
I Tradtiona

G ity Ri 129 Design Points

Y16 | apacity Run ign Poin

FY17 |

FY19 l

I Save Scenario Name Scenario

Run

Select 1o run spaceiling,
NOLH Run DOE excursions Cancel

FY20 |

[
[
[
FY18 I I
I
[
|

[ [
| [
[ |
| | I~ Inchude cutput for analysis in IMP
l |
[ [
I [

FYZII



Step 14: To save PROM-WED output to a separate .xIs file for analysis in JMP, select
the “Include output for analysis in JMP” box. This will save the PROM-WED output as a
Xls file in the same folder that the PROM-WED model was saved in.

Planned Resource Optimization Model
with Experimental Design

Start in FY FY 2015 » Saved Scenarios: -
Set Variables
~— inbl Input Values Variable Set
- = Fixed Decision Variables
m'c Lot Fix DV [ Recruiters
Advertising (AC Enl, Only)
8 Select to Te
Market Factors Sov vale 4'5“ i
i = Add MF SeexioTex | SetRange Varied Market Factors Fixed Market Factors
Unempioyment Rate i Relotve Pay HL:EG
RP A
50% BoY DEP! > Remove ] TSC LA
L te
Design of Experiments Table NCO (50% BoY DEP)
Base Low High Decimal "
Y Value Level Level Places T I .
bl l I | 33 Desgn Ponts
Capacty Run 126 Desan Points
pas:y [ [ [
x| [ [ [
Ll [ [ [ ¥ Incude output for analysis in JMP ‘
i) [ [ | [~ Save Scenaro Name Scenario |
e [ [ [ R
"2 | | | I NOLHRun | So o secefling Concel



Step 15: Once the run options are set, select the “NOLH Run” button. A message will
pop-up providing an estimated wait time for the PROM-WED excursion. Click “OK.”

Planned Resource Optimization Model
with Experimental Design

Start in FY Fraos v Saved Scenanos: M
Set Variables
Input Values Variable Set
Variadles Fixed Decision Variables
NCF + College Frst R .
n [ ecruters
Advertsng )
= Microsoft Excel - ﬂ
Market Fad — - — * [
TSC 1A Factors Fixed Market Factors
HSOG PROM-WED will take about 2-3 minutes to run. Analysis will appear when run is | A
;;’m" complete. Thank you for your patience and have s fine Navy day! Rate %}—:m
[ “hico (0% o=) S0
RP
0l oK dysis Opt
L1 N = T Design of Experiments
- ype
s [T ™ ™ 33 Desion Ports
Capaaty Run 129 Design Ponts
Ll [ [ [
ez [ [ [
Lt l I ] I W indude output for analyss n 3P
M9 | | [ [ [™ Save Scensrio Mame Scenario |
A [ [ [ —
Ll ol e m— mouRe | oo e

Step 16: When the PROM-WED excursion is complete, the automatically generated
decision support analysis will appear (this is true for both the 33 and 129 point designs).
If you selected the option to output PROM-WED data for analysis in JMP, the .xls file
named ‘PROMWED_Output129.xls” will appear in the folder that your PROM-WED
model is saved in.

| Organize v Include in library v Share with » Burn New folder
% Favorites Name Date modified Type Size
Bl Desktop B NOLH 2/2/201711:224 AM  Microsoft Excel 97 1,136 KB
% Downloads A5 PROM-WED 22/201711:24 AM  Microsoft Excel M 2,186 KB
. Recent Places Ig) PROMWED_Output129 2/2/201711:45 AM___ Microsoft Excel W 182 Ki ]

Please be aware that each 129 design point output file will be named
‘“PROMWED_Output129.xIs.” It is recommended that you rename the file before running
another PROM-WED excursion.



IV. GUIDELINES FOR ANALYSIS OF PROM-WED DATA IN JMP

Using JMP Pro 12, the following section provides a tutorial on analysis techniques for
PROM-WED output. Steps 1-5 explain how to upload and prepare the data for analysis
in JMP, followed by guidance on how to conduct various analysis techniques.

Analysis Techniques:

Oneway Analysis of Total Cost of Recruiting by FY
Explore Outliers from the Oneway Analysis Graph
Select one FY to Analyze

Distribution

Partition Trees

Stepwise Regression Model

Scatterplot Matrix

Contour Plot

ITOMmMoOOw»

Step 1: To load the PROM-WED data into JMP, select the folder icon.

File Tables DOE Analyze
ed &7 [8 ] lﬂ
E= s 5 Open | 3= |

Recent Help

Discovering JMP

Beginners Tutorial

Using JMP



Step 2: Select the output data of interest, select the “Best Guess” option, and click

“O ”
pen.
Organize v New folder = v [ @
B% IMP Application *  Name : Date modified Type
Lz Favorites &) NOLH 2/2/201711:24 AM  Microsoft Excel 97...
1. Data A5 PROM-WED 20272017 11:46 AM  Microsoft Excel M
[ @' PROMWED_Output12d 2/2/2017 11:45 AM  Microsoft Excel W,. ]
W Favorites
Bl Desktop
& Downloads
44, Recent Places
4 Libraries -
| ¥ Documents
J Music
|| Pictures
.Vidoos - < S ] ’
Always enfor{e @) Best Guess
Excel Row 1 as labds e
() Never
File name: PROMWED_Output1 29 v [AIMP Files v
[V] Select this filter the next
time this window is [ Open le [ Cancel ]
invoked
Step 3: Select the “Import” button.
~Data P -Worksheets
E
' Run#  FY  Total Cost of Recruiting Advertising EB |
1 1 2015 3271265 357344 47.16%4 i)
2| 22015 3771404 559153 73.8082 (Selectat ]
3 3 2015 410.84%4 85.6254 113.0255
4 4 2015 283.2184 20,127 26.5676
5; 5 2015 3594841 43,8919 57.9373
6 6 2015 467.9692 85.7103 113.1376
7! 72015 316,5387 182144 24043 T
8 »
Rows Shown: 100/ 903
Individual Worksheet Settings Preview Pane Refresh

(V] Worksheet contains column headers V| Update settings on any change
= Columnheaderssunonrow Update now|

= Number of rows with column headers
Data starts on row @

Data starts on column

_| Concatenate worksheets and try to match columns

["] Create column with worksheet name when concatenating

V] Use for all worksheets
[

| Show all rows

JUEE

“

Restore Default Settings




The PROM-WED output data should appear in a table, as shown below:
[} IMP_129DesPts - JMP Pro | B ]

File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help

EHEEE G B

~|JMP_120DesPts pY < - Total Cost of Education

~|Source - Run # FY Recruiting Advertising EB Incentive Tol
1 1 2015 327.1265 357344 47.16 0 -
2 2 2015 377.1404 55.8153  73.8082 P

| Columns (15/0) E] 3 2015 410.8404 85.6254 113.0255 0

FERE 4 4 2015 283.2184 20,127 26.5676 0

Vil 5 5 2015 3504841 438019 57.9373 0

 Total Cost of Recruiting 6 6 2015 467.9692 857103 113.1376 0

:E‘;"e““'”g 7 72015 316.5387 182144 24,043 0

"4 tducation Incentive 8 & 2015 464,246 77.1662  101.862 0

d Total Recruiters 9 o 2015 404.0421 73.583  07.1205 0

A Recruiter Cost 10 10 2015 4714688  104.0235 137.311 0

4 Neo 11 11 2015 320903 30,0156 39.6208 0

dLre 12 12 2015 401.3847 7272 95.9904 0

::‘:&Gm 13 13 2015 316.4249 113114 14.9311 0

A Unemployment 14 14 2015 5661871  120.0318 1584419 0

A Relative Pay 15 15 2015 310.9625 50795 10.6649 0

4 QMA 16 16 2015 489,4082 847874 111.9194 0

= Rows 17 17 2015 450.3778 95,4060 126,056 0

All rows 903 18 18 2015 4223013 81.1700 107.1456 0

Selected 0 19 19 2015 313.7766 33.8635 44,6008 0

ﬁ‘_;‘;de‘j g 20 200 2015 332.7022 384201 50.7146 0

I en

Labelleg 0 4l n 2w 302314148 8o 0§

< n | »

Step 4: Change the FY column from “continuous” to “nominal” data, by right-clicking on
the blue triangle next to “FY,” and select “nominal” from the drop-down menu.

~ JMP_120DesPts b4 =

ST— 0 Run #
1 1 2015

2 2 2015

= | Columns (15/1) 3 3 2015
i -Ron= 4 4 2005
AR 5 5 2015
® Continuous 6 6 2015
Ordinal 7 7 2015

- 8 8 2015

pemns 9 9 2015

10 10 2015
11 11 2015
12 12 2015
13 13 2015

A TSCIIA

ol Unemgloyment 14 14 2015
A Relative Pay 15 15 2015
A GMA 16 16 2015
Al rows 903 18 18 2015
Selected o 19 19 2015
i’f;‘:"“’ g 20 20 2015

idden
Labets ; a 2 s




The blue triangle next to FY will change to a red bar chart icon when JMP changes its
classification to nominal data.

»|Columns (15/1)

4 Run £

|i. FY|

4 Total Cost of Recruiting
4 Advertising

4 EB

A Education Incentive
A Total Recruiters

4 Recruiter Cost

A NCO

4 LRP

4 HSDG

A TSCI-TIA

4 Unemployment

A Relative Pay

4 QMma

The data is now ready to be analyzed.



A. Oneway Analysis of Total Cost of Recruiting by FY

~|Oneway Analysis of Total Cost of Recruiting By FY

1000 . . . . . . .
- . . :
900 E E ; : . s :
g 800
g .
o 700 . . .
& : . . . . . K
S 60 g + + + + -
o |
£ 500
°
4 i i N Il il 1
R I | T [ §
300 iEIE‘ i B
200
2015 2016 2017 2018 2019 2020 2021
FY
4 Quantiles
Level Minimum 10% 25% Median T75% 90% Maximum

2015  251.8643 2833920 300.1051 349.9401 421.2003 5219235 959.1079
2016 258138 2B0.8711 3159455 35689 4284688 5202777 068.0386
2017 261.6095 293.5959 320.1883 361.2135 433.1215 533.85 974.16%9
2018  265.1700 2074278 3245511 365861 437.8086 5385172 0OB0.37E9
2019 2687332 3013375 329.0443 370.5412 4423017 543,1901 086.5974
2020  272.8857 305.6795 334.2064 375.5285 447.3582 548.4681 993.3847
2021  277.2888 310.3785 330.8189 380.7602 453.0851 554.0022 100043

Step 1: To create an oneway analysis of total cost of recruiting by FY graph, select
“‘Analyze” from the ribbon, and select “Fit Y by X.”

Graph Tools View Window Help
[|| &= Distribution |
| [¥x FitYbyX J Examine relationships between two ucation
o ; variables, Creates a Oneway, Bivariate, jcentive Tot
| 2 Matched Pairs Contingency, or Logistic analysis 0 5
_ based on the context and modeling
| {7 Tabulate type. 0
‘ " ' . 0
) F Mods! 83.2184 20127 26.5676 0
Modeling , 1594841 43.8019 57.9373 0
PRI y 67.9692 85.7103 113.1376 0
i i * hes3s7 182144 24043 0
Quality and Process y 164.2046 77.1682 101.862 0
i : 04.0421 73.583 97.1295 0
Reliability and Survival >
71.4698 104.0235 137.311 0
Consumer Research » 1320903 30.0158 39.6208 0
TZ TZrUTy <01.3847 7272 95.9904 0




Step 2: Select “Total Cost of Recruiting” from the list of columns, and select the *Y,
Response” button.

["x FitY by X - Contextual - JMP Pro L= | B -t
| Distribution of Y for each X. Modeling types determine analysis.

| Select Columns Cast Selected Columns into Roles Action
= (o]

l

Lok |

| Concel |

| —

;'E-:»E WG X, Factor requm
Help |

AEducation Incentive
ATotal Recruiters
MRecruiter Cost
Anco

F

AHsDG

ATSCI-IA
AUnemployment
ARelative Pay

L2 | [ |

wam‘Oncway

=i
fadice

4 ha

“Total Cost of Recruiting” should now appear in the “Y, Response” box.

[+ FitY by X - Contextual - JMP Pro Lo B
Distribution of Y for each X. Modeling types determine analysis.
- Select Columns - Cast Selected Columns into Roles - Action

:yl::uolu;nng || [V, Response | # Total Cost... Recruiting
[y

Arcvertising
Azs

Atducation Incentive
ATotal Recruiters
MRecruiter Cost
4Anco

A

AH50G
ATSCI-mA
AUnemployment
ARelative Pay
AQMA

4]
Bivaffafe Oneway
L1 o

Logistic |Contingency
4 ha

- A
: :
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Step 3: Select “FY” from the list of columns, and select the “X, Factor” button.

[*x Fit Y by X - Contextual - JMP Pro

(St
2

Cast Selected

Distribution of ¥ for each X. Modeling types di
Select Columns
*115 Col

Y, Response| 4

A=
b & —
|-"xr:'..:. CoSTOf RecTuinng |
AAdventising

F
| dEducation Incentive
| MTotal Recruiters
MRecruiter Cost

Anco
| diso
| drisoG

ATsCma
Aunemployment
}Anetwve Pay

”

Oneway

"
Contingency
[

“FY” should now appear in the “X, Factor” box.

[« Fit ¥ by X - Contextual - JMP Pro
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o= | B e
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Step 4: Click-on the “OK” button to generate the graph of FY by total cost of recruiting.

[« Fit ¥ by X - Contextual - JMP Pro =68
Distribution of Y for each X. Modeling types determine analysis.
? Select Columns Cast Selected Columns into Roles Action
|
| ™15 Columns Y, Response| | # Total Cost... Recruiting
Arun 2 ot
UsCancela)
| ATotal Cost of Recruiting |
| | dMAdvertising s Y
FY
s (X Factor, || FY (Remove |
Mtducation Incentive v | Recall
MTotal Recruiters iril;i'elpi
‘ ARecruiter Cost - )
Anco | Block | opt
AR : ¢
Weight ¢
A+5DG |~92h*j
ATSC1-mA LL ot
AUnemployment
ARelative Pay By i
AQMA
Oneway
‘-

]

Bivariate | Oneway

|
S L3

‘ Logistic |Contingency
| 4 h

Step 5: To add boxplots on the data for each FY, select the red triangle in the upper left
hand corner of the graph. From the drop-down menu, select “Quantiles.”

[¥x JMP_129DesPts - Fit Y by X of Total Cost of Recruiting by FY - JMP Pro

4|~ Dnewayv Analvysis of Total Cost of Recruiting By FY

‘ Quantiles -[ Shows or hides a quantile report.

IVieans/Anova » . i
Means and Std Dev
Analysis of Means Methods » E

Compare Means »



B. Explore Outliers from the Oneway Analysis Graph

|*x JMP_129DesPts - Fit ¥ by X of Total Cost of Recruiting by FY - IMP Pro L= = e
4 |=|Oneway Analysis of Total Cost of Recruiting By FY
1000 . . R . . . .
- - - H
900 : : H H H H :
L=
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E
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i
= 500
(=]
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200
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28 rows selected 2EH O

Step 1: Hover your mouse over a data point of interest to retrieve information regarding
that point.

£ =|Oneway Analysis of Total Cost of Recruiting By FY
1000
Row: 78
e s FY: 2015
g 200 Total Cost of Recruiting: 865.4414
S
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]
3
= 500
[=
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Clicking on the data point on the graph will highlight it within the greater data set.
Understanding the input variables can help explain why the total cost of recruiting was
unusually high for this data point.

JMP_129DesPts - IMP Pra = B X
-
File Edit Tables Rows Cols DOE Analze Graph Tools View Window Help
S RE M %G BEHEEL=
= |JMP_129DesPts R El *  Run Total Cost Education Total Recruiter Relative
S = # | FY ofRecruiting Advertising  EB Incentive Recruiters Cost  NCO LRP HSDG IMIA Unecmployment | Pay = QMA
78 2015 8654414 279011 3604825 [} 2547 2086079 39531 744 085 07 7 084375 1883304
79 2015 257214 1664% 219775 0 2578 2111450 30859 7.44 085 07 71 104375 1883204
80 2015 950079 3211317 423.8939 0 2523 2066422 30688 744 095 07 59 0878125 1883204
~|Columns (15/0) 81 81 2015 2715776 250296 33.0301 0 2516 2060680 30234 744 095 07 5 103125 1883304 =
:s;”’* 82 82 2015 3243377 201992 26663 0 3207 2700355 33125 pA4nos a2 22 noese 1993w
83 83 2015 3320137 257319 33.9662 0 3234 2648756 38516 | [ JMP_120DesPts - Fit Y by X of Total Cost of Recruiting by FY - JMP Pro L= | 51 e
A Total Cost of Recruiting
d Advertising 84 84 2015 4200064 642195 84.7698 0 3219 263647 33203
i) 85 85 2015 3758 484117 639034 0 3117 2552928 36563 |||~ Oneway Analysis of Total Cost of Recruiting By FY
4 Education Incentive 8 86 2015 4066708 774697 10226 0 2680 2195011 36953
M Total Recruiters 87 87 2015 28767 201041 265374 0 2852 2325885 31406 o004 - . . . . :
::‘Ecc"“‘t”c“t 88 88 2015 8894207 2838023 3747378 0 2727 2223506 30453 w0 . ':ngo?l : : H
G 80 80 2015 2844178 300346 39.6457 0 2531 2072975 31875 £ o ¥ S
A HsDs %0 90 2015 3853536 55325 73020 0 3047 249.559% 25213 =
Al TSCLTIA 91 91 2015 3002005 227828 300733 0 3030 248,904 26172 g tmd . . . . . : M
a Unemployment 92 92 2015 405.8733  57.8151 763150 0 3227 2643023 23984 g . N - : . s 3
A Relative Pay 93 93 2015 352059 383231 505865 0 3133 2566033 37188 g 0 8 N : '
A Qua 94 94 2015 5097736 1200042 1584055 0 2734 2239239 40000 S spo| I ! ! I = [
95 95 2015 2795667 287556 37.0574 0 2508 2054137 32578 k] ! l ‘ i i I
~IRows 96| 96 2015 8477716 2637513 348.1517 0 2789 2284286 39609 €0 I I I I I ' I
e 505 97 97 2015 2700264 227017 299662 0 2563 2009184 33350 200
Selected 1 98 98 2015 301158  14.3387 189271 0 3180 260.4528 20838
Excluded 0 99 g9 2015 368349 372262 491385 0 3352 274.5402 26250 2003015 T 2016 2007 | 2018 | 2009 ' 2020 ' 2021
Hidden 0 100 100 2015 3284267 167369 22.0926 0 3445 2821572 30625 3%
Labelled 0 101 1 20s &01.050 118085 1870854 .0 3338 273.2297 38906
n 2850 234 1R18 1592 1 row selected |28 O~
evaluations done [= O~

Step 2: To explore a group of outliers, lasso the data points of interest by creating a box
around the data points with your mouse. Lassoing the data points will automatically select
these data points within the greater data set.

MBI 280630t - IMP Pro s JMP_L29DesPts - Fit ¥ by X of Tatal Cost of Recniting by FY - IMP Pro L= | =) [
LRSS Y BEEEr = 4 = Oneway Analysis of Total Cost of Recruiting By FY'
= IMP_1230e5Pts B E = Total Cost of Ecucation 1000 . O » .
~ Source = Run # H Recruiting Advertsing  EB Incentive  TotalRecn F * " . . ¥
75 75 2018 3264324 21667 286004 0 07 (3 H i i H 1 1
76 76 2018 4029634 637627 B4.1667 0 ;? 800
7 77 2018 /AT I6H06T 484306 0 : i .
;;:‘:;“"‘ (15/1) : 78 2015 2654414 279911 369.4825 0 £ 0 . . - : : : .
LE 79 79 21 25704 166496 209775 0 Z 60 » ' ' ' ' ' '
d Totol Cost of Recriting 80 2015 950.0079 3211317 4238939 0 $ ol 1 I | ] [ I
A Advertising 81 61 2015 TLETE 25009 33.0991 0 3 I l = l ‘ i
i 82 82 2013 32437 2002 26.663 0 = s
o Education Incentive 83 83 2015 3320137 257319 339662 [ 1 | I ' | '
TR 84 84 2015 4200764 e42106 BATeE o 30
A Recruiter Cost
o NCD o) o5} sots SEME] 484l 83.90M g MW 1 mr |zl | 05 | 2% | 204
AL 86 85 2015 406608 77487 10226 o o
Ml HSDG 87 87 2018 28767 201041 265374 o
:Li;?;ymm T o 2804207 2838003 3747378 [ 28 rows selected B B 2@ O
Pl 89 B 2015 2844178 30036 30,6457 0 .
dk 90 @ 2015 3853536 55325 7304 0 3047 249556 35313
91 o1 2015 3002005 22788 30.073 ] 303 248504 36172
92 s 2015 4058733 STEISL TeAS 0 22 2643023 33964
= Rows 93 83 2015 3528529 38351 50586 0 3133 2566033 37188
Elirows 503, 94 %4 2015 509.7736 1200042 158.4055 o 23 2239239 40000
Selested 2 95 95 2015 9566T 28756 37957 ] 2508 2054137 3257
Excluded 0 86 2015 B47.7TI6 2637513 3461517 ] 2768 2184285 39609
[ o 97 o7 2015 2700264 227007 209663 0 2563 2000184 33359
Labelled 0 ne ne 01 200 1808 142207 1907 n 21en &N AT N0 o
g i



Step 3: The selected data points can be further analyzed on their own. Right-click on
“Selected.”

[w)Columns (15/1)

A Run#

&

4 Total Cost of Recruiting
A Advertising

4l EB

4l Education Incentive
4 Total Recruiters

A Recruiter Cost

4 MCO

4 LRP

A HSDG

A TSCI-IMA

A Unemployment

A Relative Pay

4 QMA

ili Rows I
[All rows 203!
Selected 28
Excluded 0
Hidden 0
Labelled 0

Then choose “Data View” from the drop down menu.

v |Rows
All rows 903
28
Ex Select Rows
Hig Clear Select
Lz
Data View




This will create a separate data table with just the outliers.

File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help

AREH %6k BEEE

= Untitled 15 b 4 =) Education

Linked Subset This subset is linkel =] Run # FY Total Cost of Recruiting | Advertising EB Incentive Te

78 2015 865.4414 279911 369.4825 0] =
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4 FRunz 96 2015 8477716 2637513 348.1517 0
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C. Select one FY to Analyze

To focus analysis on one specific FY, the other six FYs must be hidden and excluded. In
this example, FY 2017 is the FY of interest. FYs 2015, 2016, 2018, 2019, 2020, and 2021
will be hidden and excluded.

Step 1. To exclude FY 2015 and 2016, select on the first row of FY 2015 data in the
furthest column to the left. Hold the “shift” keyboard button.

[ IMP_129DesPts - JMP Pro
[ File Edit. Tables. Rows. Cols DOE. Analyze. Graph. Took. View. Window. Help
HBE 8D @ EE s

=JMP_129DesPts pf 4 ~ Total Cost of
S = Y Recruiting Advertising
1 2015 3027718 25.2387
2 2 2015 364.2534 50.3606
3 3201 4070073 84.0512
- 4 4 2015 272668 15.57%4
|; Colurnns (15/1) 5 5 2005 347028 24.58%
& Y 6 6 2015 455.8674 80.4M
A Total Cost of Recruiting L 72015 296.7907 9.7023
A Advertising 8 3 2015 4614430 759782
e 9 9 2015 386.4%3  66.0029
:?::;’atﬁ"m[féﬁf:"w 10 10 2015 410.5732 71775
A Recruiter Cost 11 11 2015 314.3641 27.1573
ANco 120 12 2015 3432203 47,6491
A LrRP 13 13 2015 309.9515 8.491
A 1506 14 14 2015 488.9989 86.761
: UTSC":?:“; e 15 15 2015 3000097  7.2378
i e 16 16 2015 4234232 563068
AQMa 17 17 2015 424451 843216
18 18 2015 177506 61.8626
19 19 2015 290.8877  27.8769
20 20 2015 324.3671 34.8274
21 21 2015 3120711 22482
22 22 2015 427.0495 69.7317
[FRows 23 23 2015 290.6615 65300
Al rows 903 24 24 2015 407.0700 49.7876
:‘c‘l’zr:d ; 25 25 2015 316279 2857
sy g 26 26 2015 4223103 74.2007
| Labelled 0 27 27 2015 3014469 28,8314

evaluations done



Step 2: Scroll down to the last row of FY 2016 data (which appears in row “258”). Click
on the “258” cell in the furthest column to the left.

3} IMP_129DesPts - IMP Pro

File Edt Tebles Rows Cols DOE Anshze Graph Tooks View Window Help
ARF i EEEL=V,
¥1JMP_129DesPts 3 E = Total Cost of
Sicoince o : Y Recruiting Advertising
243 2016 307.3522 9.6874
244 2016 445038 662517
285 2016 303.2966 12115
—rermemer T 246 2016 417857 553918
2 247 2016 3414081 386458
& A 248 2016 4474620 957411
A Total Cost of Recruiting 249 2016 3485629 394435
A Advertising 2% 2016 S97.7795 1574634
: :“m e 251 2016 2990017 111203
e 2% 2016 303184 43.075
A s ot 253 2016 5322 338721
4 NCo 25 2016 5303328 1144367
AR 255 2016 3376762 478182
A HSDG 2% 2016 2897138 166105
A TSCHEA =2 oo oo 3320182 43482
: m' ] > o 335813 384074
P 259 259 2017 313553 25438
3752758 S0.75%2
261 261 2017 4170106 847082
262 202 2017 27752 157012
263 263 2017 3255253 247818
268 264 2017 4680033  SL12%2

Step 3: Right-click on the selected rows, and choose “Hide and Exclude” from the drop
down menu.

F3 IMP_129DesPts - IMP Pro

File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
dadd s SBBEEL>,
=) IMP_129DesPts Total Cost of
FY Recruiting Advertising
2016 2474620 957411
2016 3485629  30.4425
2016 5977795 157.4634
2016 2990017 111203
2016 3031824 430785
2016 345322 3&A
A Total Cost of Recriting 2016 5303328 114.4367
:::vmung 255 2016 3376762 478482
2% 2016 2697138 166105
A Education Incentive s =
A ot Rritens o EEET T 08 43082
A Recruiter Cost Hide and Exclude 5813 38.4074
ANCO 3.2553 25434
Bxclude/Unexciude
AP e s278 507542
: "‘M5°fm | 70106 84.7082
oy Label/Unlabel 27752 157012
employment |
A Relative Pay | Colors » §5.5253 24.7818
A QMA | Mades , f80033 81.1232
7.7 97782
e 39173 765721
Select Matching Cells 73043 66,5188
|| iovert setection 16413 783829
25067 27.4098
= | 0
Rows Chen: Row Jates 38085 48.0216
ol? o | AddRows. 133 85573
ek % | 01734 87.4391
Hidden 0 0.4205 7.2043




You should now see next to each row of data from FY 2015 and 2016.

JMP_129DesPts - IMP Pro

File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
Aadd & (B B = =
> o

< IMP_129DesPts 3 K - ! Total Cost of
w|Source £3 LR FY Recruiting Advertising
’ 248 2016 447462 957411
29 2016 3485629 39.4425
2% 2016 597.7795 1574634
TP 251 2016 2990017 111203
2 252 2016 3031824 43.0785
. FY 253 2016 us32 33872
A Total Cost of Recruiting 254 2016 530.3328 114.4367
: M 255 2016 376762 47.8482
) ) 2% 2016 2807138 16,6105
s 257 2016 320182 43482
A Recruiter Cost 258 2016 3358113 384074
ANCO 259 2017 313255 25434
ALRP 260 2017 3752758 50.7542
: Hrscsofm 261 2017 4179106 847082
B il 22 2017 827752 157012
4 Relative Pay 263 2017 3255253 24.7818
AQMA 264 2017 4680033 811232

Step 4: Follow steps 1-3 to hide and exclude data from FY 2018, 2019, 2020 and 2021.
Row 388 is the first row of data for FY 2018.

3 IMP_129DesPts - JMP Pro

File Edit Tables Rows Cols DOE Analyze Graph Tools View Window Help
HaEdH ¥ £ @@EEI&*D’“
= |IMP_129DesPts b = Total Cost of
*|Source =) FY Recruiting Advertising
E A AN 451601 96.1145
3| 3! 2017 352.6672 39,5963
379 37 20 602.583 138.0776
= Colomns (15/1) 380 380 2017 303092 111637
4 38 3@ 2017 397.8625 43,2455
Y 382 g2 2017 349.5265 34.0042
A Total Cost of Recruiting 383 383 2017 5352377  114.8831
:::\’U‘iﬂ"g 384 384 2017 341.4009 48.03489
A Education Incentive 385 385 ?0 1? 203.5235 16.6753
4 Total Recruiters 285 336 201 335.7705 43.6518
A Recruiter Cost 387 397 2017 339.7511 38.5572
A NCo P a2 2o 31723 255332
A LFP 359 39T JUIE 379.5268 50.9522
A Hsoe 300 300 2018 4219288 85038
: Lfe;fanwmm 391 391 2018 286.5432 15.7624
A Relative Pay 392 392 2018 320.7009 24.8785
A OMA 393 393 2018 472.8652 81.439
394 354 2018 3120732 9.8163
395 395 2018 A78.985 76.8708
396 396 2018 401.5732 66.7783
397 397 2018 425.8783 78.6886
398 398 2018 329.168 27.5168
.;l Raws o5 399 399 2018 357.8098 48.2089
m;‘;‘: i 400 400 2018 325.8641 8.5907
Exchuded 258 401 401 2018 506.9392 87.7802
Hidden 258 402 402 2018 3240608 73228
Labelled 0 403|403 2018 440.7446 56.9683
l
evaluations done




D. Distribution

The distribution of the total cost of recruiting for FY 2017 is explored. This technique can
be applied to any of the output variables to better understand its distribution and possible
spread values.

IJ ~ Distributions
4 |=|Total Cost of Recruiting

— £ Quantiles A = Summary Statistics
FHICH—+ »» e o 100.0% maximum 0741606  Mean 398,24689
99.5% 0741686  Std Dev 124.63855
97.5% 87544575  Std Err Mean 10.973812
90.0% 533.85 Upper95% Mean 41996045
75.0% guartile 43312145  Lower 95% Mean 376.33333
50.0% median 3612135 N 129

25.0%  quartile 320.18825

10.0% 293,5050

— 2.5% 276.82005

0.5% 261.6085

300 400 500 600 7TVOO 800 900 1000 00%  minimum 261.6085

Step 1: Select “Analyze” from the ribbon, and select “Distribution” from the drop down
menu.

[5] JMP_129DesPts - JMP Pro
File Edit Tables Rows Cols DOE | Analyze | Graph Tools View Window Help

=) . _J‘ = é L:’ j== Distribution Distribution of a batch of values.
y : Frequencies if categorical. Means and

v |JMP_129DesPts D] < \ Ex FitYbyX quantiles if continuous. Histograms,
w |Source - ‘ =% Matched Pairs Box Plots, Quantile Plots. Tests on

Qq 5 means, Fitting distributions.

©& [ Tabulate Capabildty.

& - 1.2343 16.9685 22.3984

| >u Fit Model

=) Columns (15/1) O« 1.0429 113.5786 149.9238
PYRun 2 O Modeling » B8.6302 13.87 18.3085
th FY S Qq Multivariate Methods > o BLITe| 107090
A Total Cost of Recruiting Q‘ 2.9205 31.5034 41.5845
: ‘E‘;"e’t's'“g ©&  Quality and Process » B8.0567 7272 95.9904
A Education Incentive Ll Reliability and Survival | sl s el
4 Total Recruiters oR 44584 740820 97.7894
A Recruiter Cost & Consumer Research » 30.8024 0.8779 13.0388

4 NCO B & ¥EyRET U a71.6017 £7.5530 89.1712



Step 2: Select “Total Cost of Recruiting” from the list of columns, and click on the *Y,
Columns” button.

|5 Distribution - JMP Pro (=B S
The distribution of values in each column
Select Columns Cast Selected Columns into Roles Action
15 Columns required i
| MRun = [ ptional
[ X

|v Total Cost of Recruiting
AAdverusing

| MeB

| MEducation Incentive
ATotal Recruiters
ARecruiter Cost

| MNCO

| MLRP

| MHSDG

| ATSCI-MA
AUnemployment
ARelative Pay
dqua

[”] Histograms Only

-5!
Ol
<

The distribution for Total Cost of Recruiting will appear.

Step 3: To rotate the distribution to appear horizontal, click on the red triangle in the upper
left hand corner of the graph, and select “Stack” from the drop down menu.

[ JMP_120DesPts - Distribution ... Lo B |

raph ools sew  Window Help
~[~|pistributions J ¥
Uniform Scaling —
Stack Rotates the histogram and stacks the
[} individual distribution output
i-dléﬂgé in Kows ) Vefﬁ(a"".
Sav.e for Adobe Flash platform (.SWF)... 2001 36128
Script 2021 551.0429
2021 338.6302
: 2021 502.3941
2021 352.9205
2021 438.0567
2021 388.574
2021 4244584
2021 330.8024
2021 471.6017
= 2021 326.0588
2021 4437604
- 2021 363.5453
7 mhz’m m 974.16% 200 e
mul e,
99.5% 974.16% aoa 3T
97.5% 875.44575 2021 623,6476
90.0% 53385 2021 321.5546
75.0% quartile 43312185 2021 4188435
50.0% median 361.2135 2021 368.3852
25.0% uartile 320.18825
e q i 2021 556.9077
25% 27682095 202 3504068
0’5% 261.% N1 210 TMA
0.0%  minimum 261.6095




E. Partition Trees

The partition tree on total cost of recruiting will be explored. The partition tree is a useful
method that can help provide insights into variable interactions.

= All Rows
Count 129 LogWorth Difference

Mean  398.24689 57.405143 38346
Std Dev 124.63855

~ Advertising<139.1744 * Advertising>=139.1744
Count 120 LogWorth Difference Count 9
Mean 37149385 78.164702 125.276 Mean  754.95403
Std Dev  69.85107 Std Dev 1486531
| I Candidates

~ | Advertising<55.0222 ||~ |Advertising> = 55.0222
Count g2 Count 38
Mean  231.82312 Mean  457.09912

Std Dev 33803821 Std Dev  46.655738

[> Candidates > Candidates

Step 1: To create a partition tree, select “Analyze” from the ribbon. Then choose
“Modeling,” and “Partition” from the drop down menus.

[5] JMP_129DesPts - JMP Pro

File Edit Tables Rows Cols DOE| Analyze |Graph Tools View Window Help
&5 "™ | &3 )| = Distribution

(~MP_129Dests D 4 Bx FitYbyX of Education

¥ |Source - == Matched Pairs Advertising EB Incentive TotalRecruiters Rec
O& 2.0454 90.5324 119.5028 0 2570
©& [ Tabulate 94008  43.8552 57.8889 0 2633
oOF : 1.2343 16.9685 22.3984 0 3461

(| Columns (15/1) Py >u  Fit Model 1 0470 1135786 1490238 0 3078

4 m‘ 1.04; 1 238

dFY & Modeling » ‘ f  Partition ] Recursively partition the data to

iti & edict S se. Classificati i
:Total Cost of Recruiting g; Multivariate Methods » | %> Neural | f:;r;SSIZ;irZZ? bl
Advertising ; ) 5 -

4es oK Quality and Process » | & Model Comparison 0 2875

A Education Incentive

A Total Recruiters g: Reliability and Survival » | K. Nonlinear 0 2828

R 0 2688
Recruiter Cost i

: Neccéun er Cos Py Consimer Rasearch . » Gaussian Process 0 3305

ALRrP © & "Ry TUEEYT202T 158 | Time Series 0 3383

4 HSDG o8& 320 890 2021 0 3188

A TSCHIA ®& g1 8o 202 | H] Screening 0 3359

M Unemployment O& 82 82 2021 - 0 2906

A Relative Pay 42 Response Screening

4 0MA o8& 393 893 2021 { 0 2586




Step 2: Select “Total Cost of Recruiting” from the list of columns, and click on the *Y,

Response” button.

Recursive partitioning
- Select Columns

[*15 Columns

| lRun 2
o

[ MAdvertising
Acs

AEducation Incentive
ATotal Recruiters
ARecruiter Cost
4Nco

ALrp

AHsSDG
ATSCI-IA
AUnemployment
MRelative Pay
Aoma

Informative Missing

Ordinal Restricts Order

Validation Portion |

| Method

[ Decision Tree

Cast Selected Columns into Roles ——— - Action ——
'Y, Response | required oK
optional

Cancel

X, Factor

required

optional

ti

Help

optional numeric

Freq

optional numeric

Validation

optional numeric

{140

By

ntionol
optional

|2 Ov

Step 3: Select each decision variable (Advertising, EB, Education Incentive, Total

Recruiters) from the list of columns, then click on the “X, Factor” button.

Recursive partitioning
-Select Columns

* 115 Columns

ARun 2
hFY

MATos2) Coct of Beacnyiting

Advertising
EB
e Education Incentive
Jotal Recruiters ..

4MRecruiter Cost
dnco

Aire

AHsDG
ATSCI-TA
AUnemployment
ARelative Pay
AQMA

-Action ——

A Total Cost... Recruiting oK I
optional
! required Remove
optiona!

Help

optionai numeric

optional numeric

optional numeric

optional

Informative Missing

Ordinal Restricts Order

Validation Portion |

Method

[Decision Tree

|2 O




Step 4: Click on the “OK” button.

Recursive partitioning

-Select Columns -Cast Selected Columns into Roles ——— - Action
15 Columns Y, Response A Total Cost... Recruiting
ARun = optional A
hFY Cancel
ATotal Cost of Recruiting
Kfactor ] Ascriin
. : des
Education Ifncentlve AEducation Incentive Recall
°‘a' e‘“‘ ATotal Recruiters Help
ecruiter Cos e
‘NCO optional numenic
dire Freq optional numeric
AHSDG
ATSCI-MA Validation l optiona! numeric
AUnemployment w
B optiona
ARelative Pay
AQMa
Informative Missing
Ordinal Restricts Order
Validation Portion | 0]
Method | Decision Tree -
2 0v

4 = |Partition for Total Cost of Recruiting

The partition tree window will pop-up with just the parent node.

1000
900
800
700 -
600 -

500

Total Cost of Recruiting

a0 AMade oo’ % .

.
300

All Rows

[ Split H Prune ][

RSquare
Training 0,000

Validation

RMSE

Number

N of Splits

129 0
774

AlCc
]

|
[~ |All Rows
Count 129
Mean 30824680
Std Dev  124.63855

I Candidates

[28 O




Step 5: To make the first split on “Total Cost of Recruiting,” click on the “Split” button.

4 '~ Partition for Total Cost of Recruiting
1000

900 ®

.
.
2 800
5
g Adven
g 700 .
=3
2 600 -
S . * . .
= .
3 500 ce, * ..' . .t .
2
400 : < 9 4 2o o2 .s.\ .......‘..A‘.
N o ee * tes 0o TN % e, e
300 »% e*® e QO’#. $Coe0ne e .'.o .\.
.
Advertising<139.1744 }Adver
All Rows

Prune || Go } Number
=== RMSE

RSquare N of Splits AlCc
Training 0.619 76624698 129 1 149172
Validation 0.607 78.407532 774

|
¥ All Rows
Count 129 LogWorth Difference
Mean  398.24689 57.405143 38346
Std Dev  124.63855

l—]—l

¥ Advertising<139.1744 (| ¥ Advertising> =139.1744
9

Count 120 Count

Mean  371.49385 Mean  754.95403
StdDev  69.85107 Std Dev  148.6531
I Candidates I Candidates

Continue to split, by clicking the “Split” button. If you want to undo a split, click on the
“Prune” button. A “Training” R? value of 0.80 is an adequate threshold to achieve. In this
case, disregard the “Validation” R?value.



F. Stepwise Regression Model

To develop a model for the total cost of recruiting, stepwise regression is used to
determine the beta estimates to fit a model.

Step 1: Select “Analyze” from the ribbon, then “Fit Model” from the drop down menu.

File Edit Tables Rows Cols DOE |Analyze | Graph Tools View Window Help
ERP ™ {2 fflj| k== Distribution
~IMP_129DesPts pjd [P FitYbyX of
[w]Source | =% Matched Pairs Advertising EB
(1] 2,454 90.5324 119.5028
O& 7 Tabulate 9.4008 43,8552 57.8889
OZ >u  Fit Model E Linear models, including analysis of
[w|Columns (15/1) ® | variance and multiple regression,
9
P IRun 2 Oi Modeling » B variance components, Manova,
FY O& L stepwise regression, logistic
: Total Cost of Recruiting & fubeRc o " K regression, many more.
: gl:venising O& Quality and Process » B8.0567 7272 95.9904
4 Education Incentive o‘ Reliability and Survival » B85S 53.2076  70.234
A Total Recruiters o‘ 4.4584 74.0829 97.78%4
A Recruiter Cost (-1 Consumer Research » B0.8024 9.8779 13.0388
4nNea 2 A78%20 201712

Step 2: Select “Total Cost of Recruiting” from the list of columns, and click on the “Y”
button.

4 [~ Model Specification
Select Columns Pick Role Variables Personality: I
[*15 Columns y required

|‘ Run # | optional
iy |

¥ Total Cost of Recruiting 1

AMATVETSITg
e

AEducation Incentive
ATotal Recruiters
AMRecruiter Cost
dnco

dirp

AHsDG

ATSC 1A
Aunemployment
ARelative Pay
Aoma

[ Help l [ Run ]
‘ ["] Keep dialog open




Step 3: While holding the Ctrl key, select each market factor that was varied in the PROM-
WED excursion.

4 ~|Model Specification
~Select Columns ~Pick Role Variables

Personality: [Standald Least Squares ¥ ]

[*115 Columns 4 i
¥ Total Cost of Recruiting .
drun £ optional Emphasis: [Eﬂect Leverage .]
dry
Total Cost of Recruiting
. Weight || optional numeric
dladvertising [ J ” 2 z [ Help ] [ Run ]

dre

dlEducation Incentive
AlTotal Recruiters

Freq ” optional numeric

Keep dialog open

[Vaiida‘tion” optional

dllRecruiter Cost [ By ” optional
NCO

4l rp ~Construct Model Effects

AH5DG

ATSCI-MA

Unemployment
Relative Pay

daoma

Select the right corner of the “Macros” button (i.e. the arrow), and select “Factorial to
degree” from the drop-down menu.

4 = Model Specification |

Sf:;tgoclblumns Pick Role Varh‘bles Personality: [Standard Least Squares  ~ ]
umns -\,f Total Cost of Recruiting :
Arun 2 optional HTEEs [Eﬂect Leverage h ]
Ary
ATotal Cost of Recruiting = :
Aigvertising Weight | optional numeric l Help ] [ Ron ]
des [ Freq ” optional numeric

[ Keep dialog open

dEducation Incentive
AlTotsl Recruiters
dRecruiter Cost

|Validation| | o5 tional

[ By ” optional
NCO
A rp -Construct Model Effects
dHspc

ArscrLia

Unemployment Cross
Relative Pay

AQma Nest
Macro

]

i

Eull Eactorial

Factorial to degree Add selected columns and
interactions up to the specified
degree. E.g., degree 2 enters main

u Response Surface effects and two-way interactions.

Factorial sorted




This will add all main effect and two-way interactions.

4/=|Model Specification

~Select Columns
[*115 Columns

Arun =

Ary

ATotal Cost of Recruiting
Ardvertising

Ars

Aeducation Incentive
ATotal Recruiters
ARecruiter Cost
dnco

A rp

AHspe

ATsc1-ma
Aunemployment
ARelative Pay

doma

-Pick Role Variables - | Personality: [Standard Least Squares v]
-Y ;:::i{iost of Recruiting Emphasis: [Effect Leverage - ]
[ deht ” optional numeric

[ Help I [ Run ]

[ Freq nghz-ﬂ:'.-'ru.msri:

["] Keep dizlog open

(validation) | o0

[ &

=]

” optional

- Construct Model Effects - —

| Add | Nco

Unemployment
[ Cross |Reative pay
NCO*Unemployment
NCO*Relative Pay

l Macros v | Unemployment*Relative Pay

Attributes [+
Transform (=
["] No Intercept

Again, while holding the Ctrl key, select each market factor that was varied in the PROM-
WED excursion. Select the right corner of the “Macros” button (i.e. the arrow), and select
“‘Polynomial to degree” from the drop-down menu. This will add all second degree

polynomial interactions.

4 ~ Model Specification

Select Columns Pick Role Varial_:les — Personality: [ Standard L Squares. v |
¥ 15 Columns Aozl C § Recruiti [
) OIS ¥ otal Cost of Recruiting : -
MRun & l__‘ ition Emphasis: lE““' Leverage - l
Ary
4Total Cost of Recruiting IRETE | B =1
2% Weight ‘ \
Aidvertising L;Ll : ‘ [ Hep | | Run |
Aes Freq optional numeric [ | - i
Meducation Incentive (Vetidation] ‘ | Recall } I Keep dialog open
ATotsl Recruiters jasson)] oet 4 ) CRemove '
ARecruiter Cost l__‘ay J 5 1
NCO B ‘
Arp Construct Model Effects
it [_Add__|[Nco
ATSCLIA | | ——— | Unemployment
o
vc L BN Nest || NCO*Unemployment
i 3 || e— NCO*Relative Pay
[ Macicf = ] Unemployment-Relative Py
Full Factonial
Factorial to degree
Factonial sorted
Response Surface T
e ——— MatiseResporseSurface ————CEE T
Polynomial to Degree Add the selected cﬁlumn; (say, X) Iau:
and thesr powers (X*X X*X*X etc.) up

Scheffe Cubsc

. | to the specified degree. F’m




Step 4: From the “Personality” drop-down menu, select “Stepwise.”

4 v/ Model Specification
Select Columns
[*15 Columns

-Pick Role Variables -

| MRun 2
| AFY
| dTotal Cost of Recruiting
| dAdvertising
Aes
| dEducation Incentive
| MTotal Recruiters
| dRecruiter Cost
| dNCo
| dLrP
| MHSDG
| MTSCI-A
;‘Unemployment
| MRelative Pay
| AQMA

A Total Cost of Recruiting

I

optional

.

Freq ][ optional numeric

[ Weight ]Icvno"ce‘r'w-vsr.: I
[
|

|Personality: [Sundald LeastSquars '1|

Emphasis:

1

U LCoot QU oY

Generalized Reareccion

Mixed Model
Manova
Loglinear Variance

— Nominal Logistic
[Valndatnon] optiona Ordinal Logistic
[ By ” ogbanal ‘ Proportional Hazard

Parametric Survival
Generalized Linear Model

Unemployment

Relative Pay
NCO*Unemployment
NCO*Relative Pay

Unemployment*Relative Pay
Degree NCO*NCO

Tansdorm: ] Relative Pay*Relative Pay

—. | Unemployment*Unemployment

Partial Least Squares

Response Screening

[7] No Intercept

Step 5: Ensure that the “Keep dialog open” box is checked, and click the “Run” button.

4 [~ Model Specification
-Select Columns

.- Pick Role Variables

*/15 Columns

ARun 2

Ay

#Total Cost of Recruiting
AArdvertising

des

AEtducation Incentive
ATotal Recruiters
MRecruiter Cost
4ANco

ALrP

AHsDG

ATSC 1A
AUnemployment
ARelative Pay

AQMA

A Total Cost of Recruiting

optional

H

—

Weight ” optional numeric

Personality: [Stepwise

=)

Help | Run

—

Freq ” optional numeric

Recall | V] Keep dialog open

[Validation| | o5¢i0na!

T P |

[ Remove |

Unemployment
Relative Pay
NCO*Unemployment

NCO*Relative Pay

' Unemployment*Relative Pay

Begee NCO*NCO

Relative Pay*Relative Pay

- | Unemployment*Unemployment




Step 6: The “Stepwise Regression Control” window will appear. Press the “Go” button.

£ = Stepwise Fit for Total Cost of Recruiting
4 Stepwise Regression Control

Stopping Rule: (Mfinimum BIC v| =] Enteran | [Make Model|
Direction:  (Forward = |4u| [Remove All| | Run Model |
Rules: Combing x

Go Stop Step J
4 rows not used due to excluded rows or missing values.
SSE  DFE RMSE RSquare RSquare Adj Cp p AlCc BIC
19884503 128 124.63855%  (0.0000 00000 717.81%45 1 1614135 161976
A Current Estimates
Lock Entered Parameter Estimate nDF 55 "F Ratio™ "Prob>F"
Intercept 3o8.246889 1 0 0.000 1
0 B NCO 0 1 7201112 72105 4.6e-14
B B Unemployment 0 1 1082867 7.314  0.00778
H B Relative Pay 0 1 5338516 46610 3.2e-10
B B (MCO-35000.1)"(Unemployment-6.0031) 1] 3 8415882 30.576  6.8e-15
B B [NCO-35000.1)"(Relative Pay-1) 0 3 1450125 114.857  0.2e-36
B B [Unemployment-5.0031)*{Relative Pay-1) 0 3 6570701  20.564  6.8e-11
B B [(NCD-35000.1)*(NCO-35000.1) 0 2 8376808  45.850 1.1e-15
0 B [Unemployment-6.0031)*(Unemployment-6.0031) 0 2 1109264 3.722  0.02688
B B [Refative Pay-1)*(Relative Pay-1) 0 2 5423772 236X 1930




Step 7: Once settled, select the “Run Model” button.

4 = Stepwise Fit for Total Cost of Recruiting
4 Stepwise Regression Control
Stopping Rule: Minimum BIC v] (=) [ Enteran | [Make Modell
. (o e s
Rules: Combine - | Take current model and fit it in a separate full-featured fitting platform.
[ 6o ][ stop |[ step |
774 rows not used due to excluded rows or missing values.
SSE  DFE RMSE RSquare RSquare Adj Cp p AlCc BIC
28697474 120 48.902517  0.8557 0.8461 1092502 9 1382197 1408.931
4 Current Estimates
Lock Entered Parameter Estimate nDF SS "FRatio” "Prob>F"
J ¥ Intercept 150492117 1 0 0.000 1
0 @ NCO 0.02552672 4 1034475 108143  7.7e-39
B @& Unemployment -24.598171 3 1323741 18451  6.6e-10
mn @& Relative Pay -550.24982 4 7341281 76745 3.7e-32
0 = {NCO-35000.1)"(Unemployment-6.0031) -0.0035413 1 1606216 6.716  0.01074
B @& (NCO-35000.1)*(Relative Pay-1) -0.1231431 1 1638472 68.514 2e-13
0 @& (Unemployment-6.0031)"(Relative Pay-1) 840662002 1 15660.78 6.549 001174
0 @& (NCO-35000.1)*(NCO-35000.1) 3.09283e6 1 6278413 26254 1.16e-6
B8 O {Unemployment-6.0031)*(Unemployment-6,0031) 0 1 6884615 2925  0.08982
f = (Relative Pay-1)*(Relative Pay-1) 1907.37931 1 6309642 26.384 1le-6
4 Step History
Step Parameter Action "SigProb” SeqSS RSquare Cp p AC BIC
1 (NCO-35000.1)*(Relative Pay-1) Entered 0.0000 1459125 0.7338 103.89 4 14498 146361 O
2 Unemployment Entered 0.0000 1055296 0.7869 61.055 5 142331 1439780
3 (NCO-35000.1)"(NCO-35000.1) Entered 0.0001 4854167 0.8113 42432 6 140986 1428950
4 (Relative Pay-1)*(Relative Pay-1) Entered 0.0000 6158054 0.8423 18268 7 138901 141069 O
5 (NCO-35000.1)"(Unemployment-6.0031) Entered 0.0377 1103826 0.8478 15579 & 13867 1410930
6  (Unemployment-6.0031)*{Relative Pay-1) Entered 0.0117 1566078 0.8557 10.925 9 13822 140893 O
7 (Unemployment-6.0031)*(Unemployment-6.0031) Entered 0.0898 6884615 0.8591 10 10 138146 141066
8 Best Specific : . 0.8557 10925 9 13822 140893 @




The “Report: Fit Model” window will appear.

B% Report: Fit Model - IMP Pro

o | B |-

4 = Fit Group

4 Effect Summary

C. Total 128 19884503

4 Parameter Estimates
Term
Intercept
NCO
Unemployment
Relative Pay

(NCC-25000.1)*(Relative Pay-

(Relative Pay-1)*(Relative Pay-

(NCC-35000.1)*(Unemployment-6.0031)

1)

(Unemployment-6.0031)%(Relative Pay-1)
(NCC-35000.1)%(NCC-35000.1)

1)

4 =/ Response Total Cost of Recruiting

2391 Prob>F

Estimate
150.49212
0.0255267
-24.509817
-550.2498
-0.003541
-0.123143
84.0662
3.0928e6
1907.3793

Std Error
68.20602

0.00148
3.6098755
37.00036
0.001366
0.014877

32,8508
6.036e7

371335

Source LogWorth
NCO 33553 QT
Relative Pay nMIImEmmy !
NCORelative Pay 126y | |
Unemployment 9.035 ::l
Relative Pay*Relative Pay 5960 O] ¢
NCO"NCO 5.936 00 |
NCC*Unemployment 1.969 [
Unemployment*Relative Pay 1.830 1
Remove Add Edit [T FDR
< Summary of Fit

RSquare 0.855679

RSquare Adj 0.846058

Root Mean Square Error 48.90252

Mean of Response 398.2469

‘Observations (or Sum Wgts) 129

< Analysis of Variance
Sum of

Source DF Squares Mean Square  F Ratio

Model 8 17014756 212684 889351

Error 120 2869747

t Ratio P
221
17.25
-6.65
-14.87
-2.59
-8.28
2.56
512
5.14

PValue
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.01074
0.01174

rob> |t

At this point, you can decide if you would like to make manual adjustments to the stepwise
regression. For example, the interactions between unemployment rate and relative pay,
and the new accession mission and unemployment in this example both exhibit low “t

Ratio” values.



To remove these terms from the model, return to the “Stepwise Fit” window, and uncheck
the terms in the “Entered” column that you would like to remove. Select “Run Model” to fit
the new model.

4 ~ Stepwise Fit for Total Cost of Recruiting

4 Stepwise Regression Control
Stopping Rule: (Minimum BIC | (=] [ EnterAll | [Make Model
Direction: (Forward | @|RemoveAll
Rules: Combme ,7|
| Go |[ stp || Step |
774 rows not used due to excluded rows or missing values.
SSE  DFE RMSE RSquare RSquare Adj Cp p AlCc BIC
3030369 121 50.044352 0.8476 0.8388 15.749241 8 1386.871 1411.096
4 Current Estimates
Lock Entered Parameter Estimate nDF SS "FRatio” "Prob>F"
Intercept 151.602299 1 0 0.000 1
0 & NCO 002552971 3 1018413 135548 16e-38
0 @ Unemployment -24.567887 2 1163119 23,221 2929
£ Relative Pay -550.43355 4 7423115 74100 1.3e-31
Bl (NCO-35000.1)"(Unemployment-6.0031) 0 1 1606216 6.716  0.01074
| (NCO-35000.1)*(Relative Pay-1) -0.1277552 1 1789104 71437 7.6e-14
£l (Unemployment-6.0031)*(Relative Pay-1) 68.0443421 1 10636.88 4,247 0.04146
| 7 (NCO-35000.1)*(NCO-35000.1) 2.93986e-6 1 57275 22,869 4.94e6
B B {(Unemployment-6.0031)*(Unemployment-6.0031) 0 1 9014024 3,679  0.05748
g (Relative Pay-1)*(Relative Pay-1) 1917.11709 1 6374885 25454  161eb
4 StepHistory
Step Parameter Action  "SigProb” SeqSS RSquare Cp p AlCc BIC
1 (NCO-35000.1)*(Relative Pay-1) Entered 0.0000 1459125 0.7338 10389 4 14498 146361
2 Unemployment Entered 0.0000 1055296 0.7869 61.055 5 142331 143978
3 (NCO-35000.1)*(NCC-35000.1) Entered 0.0001 4854167 0.8113 42432 6 140986 1428957
4 (Relative Pay-1)*(Relative Pay-1) Entered 0.0000 6158054 0.8423 18.268 7 138901 141069
5  (NCC-35000.1)*(Unemployment-6.0031) Entered 0.0377 1103826 0.8478 15579 8 13867 141093
6  (Unemployment-6.0031)"(Relative Pay-1) Entered 0.0117 1566078 0.8557 10925 9 13822 1408930
7 (Unemployment-6.0031)*(Unemployment-6.0031) Entered 0.0898 6884615 08591 10 10 138146 141066
8  Best Specific ‘ . 0.8557 10.925 9 13822 14089370
9  (NCO-35000.1)*(Unemployment-6.0031) Removed 0.0107 1606216 0.8476 15.749 8 138687 141119

Step 8: To graph the “Actual by Predicted” plot, select the red triangle next to “Response
Total Cost of Recruiting.” From the drop-down menu, select “Row Diagnostics” and “Plot
Actual by Predicted.”

& Report: Fit Model - JMP Pro (=B ]
I
|4~ Fit Group y
‘ esponse Total Cost of Recruiting AaBbCcDt Aai
Regression Reports » UbtleEm.. Erv
Estimates »
. Worth PValue
Effect Screening * |33 Tl 0.00000
Factor Profiling » 128272 0.00000
e 000000, 12
Row Diagnostics ' Plot Actual by Predicted Actual response value on Y axis, by

Predicted value on the X axis. In good

Save Columns C Plot Effect Leverage fits, points are near the diagonal. You
) Plot Residual by Predicted can see which points do not fit, look
Model Dialog by for pattemns, visualize the test.

Plot Residual by Row

| v Effect Summary

Script » Press

: 4 Durbin Watson Test




Step 9: To fit the prediction model, select the red triangle next to “Response Total Cost
of Recruiting.” From the drop-down menu, select “Estimates” then “Show Prediction
Expression.”

B+ Report: Fit Model - JMP Pro =&

»

4 ~ Fit Group 3
': v *esponse'l'otal Cost of Recruiting

" _Rearecsinn Renarte

Estimates » Show Prediction Expression Displays or hides the prediction
formula in the report.
ETfect Screening ¥ SOMEd EsUmates Rt asa]
Factor Profiling » Expanded Estimates 0.00000
% < - 0.00000
Row Diagnostics » Sequential Tests 0.00000
Save Columns » Custom Test 0.00000
- s 0.00000
Model Dialog Multiple Comparisons 0.01074
i 0.01174
v Effect Summary Joint Factor Tests J
Script , Inverse Prediction...
[, PECURSY SN LT,




G. Scatterplot Matrix

Scatterplot matrices can be used to visualize trends when multiple variables are
changing.

~|Scatterplot Matrix
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Step 1: Select “Graph” from the ribbon, then “Scatterplot Matrix” from the drop down
menu.

5] JMP_129DesPts - JMP Pro
il e ablesus Rowssie Colest DOt Analve Tools NiewssWindowstel

HdRuzd §2 {7 B8 = L) B Graph Builder l
~/JMP_129DesPts D - s Bubble Plot Educatii
w|Source v Achcoxtics o 1 a

Displays multivariate data in a grid of
2-dimensional scatterplots.

o8 878 : ‘ 4. Scatterplot Matrix

& 379 li# Parallel Plot D& B
o8 320 = Cell Plot 82 16,9685 22.3084
= Columns (15/1) o s1 | E9 1135786 149.9238
P Run £ 98 s22 %2 Scatterplot 3D Ez 13.87 183085
i FY 08 s % Contour Plot 1 811356 107.099
dreucmatnunitng | OB || A ey NI



Step 2: To set the Y-axis variables, select “Total Cost of Recruiting” and “Advertising”
from the list of columns, and click on the “Y, Columns” button.

Scatterplots of all pairs of Y variables, or all X-Y pairs if X's specified
Select Columns |~ Cast Selected Columns into Roles Action

15 Columns Y, Columns| | required 0
‘len = ‘ | optional Cancel
I" NaY

| otal Cost of Recruiting

¥ _Advertising

EB

AEducation Incentive

AMTotal Recruiters

AMRecruiter Cost

Anco

Airp

AHsDG

ATsC1-mA

Aunemployment

ARelative Pay

Aqma

Matrix Format Lower Triangular v

o
% -~

Help

g’
[~

O

5 =
=4 +
[=]
=]

| DOv

Step 3: To set the X-axis variables, select the variables of interest (NCO, Unemployment
Rate and Relative Pay in this case), and click on the “X” button.

Scatterplots of all pairs of Y variables, or all X-Y pairs if X's specified

- Select Columns - Cast Selected Columns into Roles ———— - Action

*115 Celumns A Total Cost... Recruiting oK |
dRrun # A Advertising
rp -
ATotal Cost of Recruiting
drdvertising — = A
o X ]| optional [ Remove |
dEducation Incentive
e | s
;..m-f : | L '

optional

v ‘
ATSCI-IA
dunemployment
ARelstive Pay
AoMA

Matrix Format || ower Triangular ~

| DOv

Step 4: Repeat Step 3 for Unemployment Rate and Relative Pay.



Step 5: To generate the scatterplot matrix, click the “OK” button.

43 Scatterplot Matrix - JMP Pro

o

Scatterplots of all pairs of Y variables, or all X-Y pairs if X's specified
Select Columns Cast Selected Columns into Roles Action
*15 Columns A Total Cost... Recruiting QK
ARrun 2 A Advertising
kY optional | Cancel |
ATotal Cost of Recruiting
‘Advertising
-X A NCO R
Aee . . 4l Unemployment o
:f-duc[aRtlon Iﬁcentwe ARelstive Pay -.E".
otal Recruiters ,
optional Hel
MRecruiter Cost S— -
‘NCO optional
Arp "
B optional
PR 8y |
ATsci-ma
Relative Pa
Agma
Matrix Format || ower Triangular + |
|® Ov

Step 5: To fit a trend line on the plots, click the red triangle, and select “Fit Line” from the
drop down menu.

v Show Points
Fit Line .Displa:,'s orAhldes the regression Ii;e
and confidence interval on the
Density Ellipses ¥ || scatterplot matrix.
Nonpar Density s | - .
Group By... »* L L]
o T, o e v s Qe
Lock Scales :‘ LE AU ..-.' o8
Script » . :’ﬂ o? * -.1 :ﬁﬁ ’ N
I.. .%..f * - Ja o
300 o . .:ﬁ” , # H
| . . . .
300 | . . . P
ez . . .
o |
£ 200 . - .
E | . . .
£ 150 . . * . .
2 - L IR IR L
100 et wec) o, e " a .
| . o A . e, . qogt
50.....‘.w!' .= ..l'.'.- .. .:\;F. * .
(RLY A
ol AL LA #Qm [ R‘%
31000 34000 37000 445555665775 08 09 1 11
Relative

NCO Unemployment Pay



H. Contour Plots

|| Contour Plot for Total Cost of Recruiting
Total Cost of Recruiting
40000
39000 . < 3000
J B o= 4000
38000 — B = 5000
37000 <= 600.0
26000 - B 2= 7000
NCO 35000 = <= 8000
i B - 9000
34000 - B - o000
32000 -
32000 -
31000 -
30000 -
T LI | ! T ' T LI | ! T ' T T T ' T
0.80 0.85 0,90 0.95 1.00 1.05 1.10 1.15 1.20
Relative Pay

Step 1: Select “Graph” from the ribbon, then “Contour Plot” from the drop down menu.

5] JMP_129DesPts - JMP Pro

File Edit Tables Rows Cols DOE Analyze | Graph |Tools View Window Help
R d x‘@E-yl Graph Builder
=/ IMP_129DesPts Pl < ~ B . BubblePlot Ehn
[+ Source i{ i . Advertising EB Ince
O® a78| | i Scatterplot Matri 4 90.5324 119.5028
(o1 879 W Parallel Plot ] 43.8552 57.8889
O& 80 |7 CellPlot 13 16.9685 22.3984
3 Cotumans (157D OR s 0 113.5786 149.9238
AT O® 82 | Scatterplot3D 2 13.87 18.3085
i FY 08 833 24 Contour Plot k! Displays three variables in a 2-
it | di ional vi here the third
:;c:‘:i:'s: R S ool £\ Temary Plot v::aeglsel?: :e:rlees":r‘:ze:rsy cf)ntgur
AEs = o 865 | curves of equal value.
e e e O 3886 4 SurfacePlot v e




Step 2: To set “Total Cost of Recruiting” as the variable represented by the color scale,
select “Total Cost of Recruiting” from the list of columns, and click the “Y” button.

Please specify two X columns and one or more Y celumns,
Select Columns Cast Selected Columns into Roles

Action
* 15 Columns required numeric OK
T T T l‘
| Remove |

Fome
;;me — X required numeric Rem

ired i
dleducation Incentive ekl Recall

dlTotal Recruiters By optional
dlRrecruiter Cost

dnco

AL rp

AHspG
ATsC1-mA
AUnemployment
ARelative Pay

Aoma
-Options

Contour Values:

Dieplay: [T Fill Areas
Data: [¥] Use Table Data

=

B

Step 3: To set “Relative Pay” as the x-axis, select “Relative Pay” from the list of columns,
and click the “X” button.

Please specify two X columns and one or more Y columns.

Select Columns Cast Selected Columns into Roles Action
115 Columns ATotal Cost... Recruiting 0
ARun ontional numeric
‘wn Oplionatnumentc Cancel

dlTotal Cost of Recruiting

:2; vertising X required numeric Remaove

. . required numeric
dleducation Incentive

AlTotal Recruiters By optional
dRecruiter Cost
dnco

dirp

AHspG

Al ik

-Options
Contour Values:
Display: [CTFill Areas
Data: [#] Use Table Data

"

v




Step 3: To set the new accession mission (NCO) as the y-axis, select “NCO” from the list
of columns, and click the “X” button.

Please specify two X columns and one or more Y columns.

-Select Columns - Cast Selected Columns into Roles ——— - Action ———
*/15 Columns A Total Cost... Recruiting ol
drun = optional numeric Cancel
ry nc

4Total Cost of Recruiting

A dvertising v || dRelati
Relative Pa
dcs X | y

required numeric
dEducation Incentive 9

dTotal Recruiters By

ecruiter Coct

optional

i e

ATSCI-IA
dunemployment
dRelative Pay
doma

Options

Contour Values: Retrieve...
Display: [T Fill Areas
Data: UseTable Data |op-cif i

2 Ov

Step 4: Select the “Fill Areas” box, then click the “OK” button to generate the contour plot.

Please specify two X columns and one or more Y columns,

-Select Columns - Cast Selected Columns into Roles ——— Action
15 Columns A Total Cost... Recruiting
drun 2 aotional numeric
ptional numeric
ey Cancel
MTotal Cost of Recruiting
e ([ dresiere Remne
NCO
dEducation Incentive m—
dTotal Recruiters optional

Recruiter Cost
NCO
dLrp
4HspG
ATSCI-mA
dunemployment
dRzlative Pay
doma
~Opticns
Contour Values: Specify... Retrieve... |
Display: |#] Fill Areas
Data: [ Use TableData |Specify Grid...|

=y

v




V. EXAMPLE TEST CASES
Two test case examples are provided to demonstrate PROM-WED'’s capabilities.
A. Effect of Economic Uncertainties

What is the optimal allocation of recruiting resources that is robust to a broad range

of economic uncertainties?

Variable Type Variable Name Value Low Value High
Decision Variable Recruiters 2,500 recruiters | 3,500 recruiters
Market Factor Unemployment Rate 4.0% 8.0%

Market Factor Relative Pay 0.80 1.20

Policy Factor Recruiting Mission (NCO) 30,000 recruits | 40,000 recruits

B. Effect of Legalization of Marijuana Test Case:

What is the optimal allocation of recruiting resources if the Navy desires to increase
the percentage of high quality recruits from 70 percent to 85 percent? Due to uncertainties
in the current fiscal environment, the unemployment rate may fluctuate between 4 to 8
percent and the ratio of relative pay may vary between 0.8 and 1.2. In addition, since
marijuana has been legalized for recreational use in many states nationwide, drug-use
amongst 18-24 year-olds is expected to increase. An increase in drug-use means less
young adults qualify for military service. This test case models the effect of an annual

decrease of 10,000 qualified military available due to pre-service drug-use.

Variable Type Variable Name Value Low Value High
Decision Variable Production Recruiters 2,500 recruiters | 3,500 recruiters
Market Factor Unemployment Rate (UE) 4.0% 8.0%
Market Factor Percentage of High Quality 0 0

Recruits (TSC I-111) 70% 85%
Market Factor Relative Pay 0.8 1.2
Market Factor Qualified Military Available |

See Table 13

(QMA)

Policy Factor Recruiting Mission (NCO) 30,000 recruits | 40,000 recruits




Cumulative Effect of Decrease in QMA

FY QMA Value Low | QMA Value High
2015 |1,873,304 1,883,304
2016 | 1,863,304 1,873,304
2017 |1,853,304 1,863,304
2018 |1,843,304 1,853,304
2019 |1,833,304 1,843,304
2020 |1,823,304 1,833,304
2021 (1,813,304 1,823,304




