Evaluating Investments in
Technology: Five Approaches

Dr. Tom Housel
Professor
Information Sciences Department
Naval Postgraduate School
Phone: 831-656-7657

Email: tjhousel@nps.edu



Agenda

Problem Space: Tech Investment lifecycle Issues
Continuous, Job Shop production models
5 Analysis and Management Tools:
e Balanced Scorecard (BSC)
* Earned Value Management (EVM)
* Knowledge Value Added (KVA)
e Lean Six Sigma (L66)
* Integrated Risk Management (IRM)
Selection Criteria to Consider

When to Apply 5 Approaches in the Tech Investment Lifecycle



Problem Space

* The problem is that current analysis and management tools based on
continuous production are not adequate to address the evolving
requirements of complex IT systems.

* This is a problem because acquisitions of increasingly complex IT systems
require a broader set of management and analysis tools to ensure
successful acquisitions in a Job Shop production context.

* The purpose of this study was to suggest a set of criteria for selecting
management and analysis tools that could help acquisition professionals
successfully navigate the acquisition lifecycle of Job Shop products.

* This research is important because acquisition managers need a wider
variety of tools to help them optimally analyze and manage their
increasingly complex acquisition of IT based portfolios.



Continuous, Job Shop

* DOD acquisition economics: Job Shop, Continuous Production?

e Continuous production:
» Takes advantage of production learning curve
* Lot size — very large
 Commodity valuation

* Job Shop:
* Lotsizeof 1
* Customized outputs
* Higher premium on value



Tech Investment Lifecycle Management and
Control Technigues

*Balanced Score Card (BSC)

*Lean Six Sigma (L60)

*Earned Value Management (EVM)
* Knowledge Value Added (KVA)
*|ntegrated Risk Management (IRM)



Five Approaches: Selection Criteria to Consider

Process: KVA, L66,
BSC, IRM

Cost Savings: L66, EVM, BSC, IRM
Schedule: EVM
Value: KVA = outputs

BSC, IRM: 3-6 months

Task: L66, EVM

Cost Savings: L66, IRM
Value = Cost+Schedule (on time)
Cycle Time: L66, BSC

EVM: 5-? months set up time
(depends on requirements)

Organization: BSC

Strategic Competitive
Advantages: BSC, IRM
Value = Revenue: BSC
Strategic Real Options for
Investment in IT

L66: 3-? months (depends on
level of process complexity)

KVA: 2 days — 1 month
(depends on level of analysis)




Five Approaches: When to Apply in the Tech Investment Lifecycle

Pre-Investment Strategic Goal Implementation Post
Alignment Implementation
KVA (As-Is) BSC (Align strategy = EVM (Monitor cost  KVA (Monitor ROlI,
with performance and schedule, adjust ROK)
metrics) as needed)

L6(Id waste, value IRM (Identify the KVA (To-Be, ROI, L6

added) strategic options for ROK) ( Assess and monitor
IT investments) cost, waste
reduction)
Other Other IRM (Use the project Other
management tools
within the IRM

suite)



Aligning Methodologies with Acquisition Lifecycle

Pre-Materiel Materiel Solutions Tec_hnology . Englneermg.and Production and Operations and
Solutions Analysis Analysis s UL L R S LENCIE G Development Support
y y Reduction Development P PP
-Strategic goal
alignment Pre-Investment Pre-investment Implementation Implementation Post-implementation

-Pre-investment

Combined Map to Show How the Five Methodologies Might Be Used in the 5000 Series Phases

Engineering and

Materiel Solutions Technology Maturation . Production and .
. . . Manufacturing Operations and Support
Analysis and Risk Reduction Development
Development
BSC IRM EVM EVM KVA
IRM KVA IRM IRM L6o
KVA L6o KVA KVA

L6o



Benefits and Challenges of the Five Methodologies

- Extensible, quantitative Time to Perform “ Bottleneck Analysis
value measurement

No, subjective

3-6 months (depends on Accounting based

BSC measurement (revenue is : . . . None
: level of analysis) financial metrics only
exception)
No, cost measurement >+ months set up time Cost of resources and . .
EVM (depends on ) No, linear tracking only
only ] time
requirements)
3+ months (depends on .. :
L6o No, nominal value only level of process Activity Based Costing Direct bottleneck analysis
. approach
complexity)
2 days -1 month Elapsed time versus work
KVA Yes (depends on level of Common units of cost P -
analysis)

3-6 months :

IRM Yes, KVA (Relatively quick once St L Monte Carlo simulation

" cost metrics
initial steps completed)



Conclusions

* Use the approach that fits with the selection criteria and point in the
acquisition lifecycle (constrained by time and cost)

e Use continuous production economics for mature, simple products

e Use job shop, lot size of 1, economics for complex products that can
be “intelligensized”

* Need new common unit of value to track upside of value of
intelligensizing military products to stay ahead in the Great Power
Competition race

* No current methodology in use provides adequate program value to
risk-based forecasting



Back-UP for Reference Only Slides




Lifecycle Key events and Milestones

Preliminary Design Lifecycle Sustainment Plan

Analysis of Alternatives Complete detailed design Low rate initial production

Review (LCSP)
" . . Capability Development System-level Critical Initial Operational Test & .
Initial funding estimates Document Design|Review (CDR) Evaliiation (IOTE) System Modifications
Establish project baseline
Technology Development Competitive prototyoin with Performance Full rate production Sustainment
Strategy P P yping Measurement Baseline decision
(PMB)

REIBITEN FoerEn Initial and Full Operational

Baseline (APB) Disposal
: Capability (I0C and FOC
established P y( )
Figure 1. The 5000 Series Acquisition Lifecycle
Initial Full
Epaniiey  Capabitiey
pal
pMazeriel validation Roleace Dedision Decigion (9% (FOC)
evelopment
Decision \‘ ‘/
-\ %éé\_\ c | {
ateriel cCDD Technology x Engineering S Production & \ Operations &S
Solution Maturation S . Manufacturing Deployment » Support
Analysis Risk Reduction e Development - “
(MSA) (TMRR) i (EMD) o R D ', Sustainment Dis

EMD results
reflected in CPD

TMRR results
reflected in CDD

RWVA MDA MDA RWVA MDA RWVA MDA
Aon: analysis of Alternatives FRP: Full Rate Production
1CD: Initial Capabilities Document MDA Milestone Decision.Authority (see DoDI1 SO000.02)
CBaAc Capabilities-Based Assessment LRIP: Loww Rate Initial Production
CDD: Capability Development Document RFP: Request for Proposal
CPD: Capability Production Document RWVA: Requirements Validation Authority (See ICIDS Manual)

Taken from Defense Acquisition Guidebook, 2017



Balanced Scorecard (BSC)



Balanced Scorecard Strategy Map

Financial

"Tosuccesd

* Is a strategic planning and management iy on & § 3
. . appear to our
system that organizations use to:
* Communicate what they are trying to

shareholders?”

accomplish Cotorer 75
* Align the day-to-day work that everyone ”"m i
is doing with strategy
* Prioritize projects, products, and services . |
* Measure and monitor progress towards ?:EE:::Q E i
strategic targets o o
eyl




Measures are used to track § Strategic Initiatives
organizational are projects that

high level context performance. help you reach
your targets.

Strategic Objectives Are |fj High Level Strategy
Continuous Improvement Elements provide
Activities that we have to

implement for success

Targets are the desired
level of performance for
each measure.

Strategy Maps visualize
strategy

Mission/Vision/Values/Strategic Themes/Results

Financial S .
Customer € i
Process

Organizational
Capacity

http://www.balancedscorecard.org/BSC-Basics/About-the-Balanced-Scorecard




Lean Six Sigma



Lean SixX Sigma
 What is Lean Six Sigma?

* Combination of 2 powerful processes improvement methods
* Lean
* Six Sigma

* Designed to improves process performance:

* Cost, waste, defects reduction
e Cycle time reduction

What Is Lean Six Sigma?

— =5
) 4= = =)
== —_—

LEAN SIX SIGMA LEAN SIX SIGMA
Create value for customers Reduces defects LEAN accelerates SIX SIGMA;
by minimizing waste. by effectively solving problems. Solving problems and improving

processes is faster and more efficient.

https://goleansixsigma.com/what-is-lean-six-sigma/
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Combination of Lean and Six Sigma

Lean Focus on Waste Elimination supports Six Sigma Quality
(waste elimination Elil‘l‘lil‘l-’_ﬂles EH'] opportunity to make a defect)

W
Lean - Six Sigma
Goal: Improve process Goal: Improve process
performance through waste performance in relation to what
elimination & cycle time is critical to the customer
reduction
Focus: Bias for action Focus: Bias for analysis
Method: Implement Lean tools  Method: Uses the DMAIC method
such as Kaizen events, Value and quality tools

Stream Mapping, 55, TPM elc.

Deployment: implicit infrastructurg Deployment: Explicit Infrastructure

Speed, Flow, Cost :, stomer Satisfaction
H-\.-%H“--\.

Six Sigma Quality supports Lean Speed
(less rework means faster cycle times)

https://www.greycampus.com/blog/quality-management/a-brief-introduction-to-lean-and-six-sigma-and-lean-six-sigma



Six Sigma: DMAIC

DMAIC Roadmap

LT (ooAremze the process. P i
objectives. il O e will sustain.

b

[ What do we need to ] [ Ide 3 e -

improve?
Can we measure this?




Earned Value Management (EVM)



EVM Definition

Earned Value Management (EVM) 1s a management tool intended to
bring visibility to the planning for and execution of the technical,
cost, and schedule aspects of acquisition programs to support
decisions by program managers.

Earned Value Management (EVM) is a project management tool that integrates the technical scope of work with
schedule and cost elements for investment planning and control. It compares the amount of work accomplished in a
given period with the amount of the work expected in that period. Differences in expectations are measured in both
cost and schedule variances



Provides an “early warning” signs
for prompt corrective action

Provides an uniform unit of measure
(dollars or work-hours)

Requires different measures of
progress for different types of tasks

Need to consolidate progress of
many tasks into an overall project

status /

EVM — Why & What

What

Utilising Project Management
methods, practices, process & tools

Accurate definition of the defined
deliverable(s), timeframe & total

cost (direct & indirect) to deliver the
product

Detailed tasks / activities and work
not in the WBS is out-of-scope

Baseline of budget control a/c,
schedule, work measurement by
Control Account (hours, $, unit)

https://image.slidesharecdn.com/earnedvaluemanagement-090729045749-phpapp02/95/earned-value-management-7-638.jpg?cb=1422668891



Definition

I

Planned Value
(PV)

Planned expenditure
cash flows based on
the completion of
tasks in accordance
with the project's
budget and schedule

Planned cost of the
total amount of work
scheduled to be
performed by the
milestone date

Earned Value
(EV)

The amount of the
budget that should
have been spent for
a given amount of
work completed

The planned (not
actual) cost to

complete the work
that has been done

12

https://image.slidesharecdn.com/earnedvaluemanagement-090729045749-phpapp02/95/earned-value-management-7-638.jpg?cb=1422668891



Knowledge Value Added (KVA)



What is Knowledge Value-Added?

« Knowledge Value Added (KVA) is a methodology for
estimating the return on investment (ROI) between As-Is
and To-Be process improvement

* E.g., technology, automation improvement options
* E.g., service process redesigns without technology,
automation options

* Provides productivity performance ratios (e.g., ROI) for core
processes and their subprocesses

* Provides productivity measure in terms of Return on
knowledge (ROK) that is directly proportionate to ROI

* Provides cost per common unit estimates



Fundamental assumptions of KVA

* Underlying Model: Change, Knowledge, and Value are
Proportionate

Input | X ‘ P ‘ Output
Fundamental assumptions:

1.If X=Y (P(X) =Y) no value has been added.

2. “value” o« “change”

3. “change” can be measured by the amount of knowledge required
to make the change.

So “value”« “change” o«“amount of knowledge required to make
the change”

(Principle of replication)




Knowledge Value Added Steps

 Step 1: Identify Core process and its subprocesses

* E.g., Evidence Retrieval and Destruction Process
* E.g., Access Evidence

 Step 2: Identify subprocess outputs

* E.g., Access Evidence - Item location

* Step 3: Convert outputs into common units

* E.g., Item location = Time to learn how to locate item (i.e., Learning Time — LT)

* Step 4 (Using Spreadsheet Template): Estimate cost to produce the
outputs
 E.g., Cost to locate item (i.e., Work Time: WT)
 Market Comparables = cost * 1.5

* Step 5 (Using Spreadsheet Template): Generate ROK and/or ROI
productivity ratios
 E.g.,, ROK, ROI on Item location subprocess



Strategy Mapping BSC

Leading
Question:

How?

Financial
Increase Increassa
Frofitability Rewer e
Customear
Impreva
Cusiomer
Ratamiian
Intarmal
Frocess Increase

Process
Efficiency

Leading
Question

Crganizational
Capacity Improve brmprave
Hnowledge and Tools and

Skills Technology

i _Then 7

Reference: The Institute Way: Simplify Strategic Planning &
Management with the Balanced Scorecard.




BSC Development LI
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Understamds the
structwre and goals
of Lean Six Sigrma

Uses basic
Lean S5ix Sigma
vocabulary termms

Reports process
issues to Grean and
Black Belts

Understands basic
Lean Six Sigrma
concepls

Reports
Process issues to
Groen Belts and
Black Belts

Participates on
Project teams
and receives
JursE-in-time training

Starts and Mmanages
Lean Six Sigrma
projects

Has Lean Six Sigma
expertise bt in
less detail tharn

Black Belts

Prowides
Jurst-irn-tirme
raining to others

Can report to &
Masoer Black Belt

Has adwvanced
Lean Six Sigma
expertise

Functions as &
coach, mentor.
peacher, amd
proaject leader for
project teams

culture chamge

Executive leader
wehao drives
thee imvitiative

Helps select
projects arnd
remmowl barebers
for project teams

Supports change
and develops a Lean
Six Sigma culbure

https://goleansixsigma.com/what-is-lean-six-sigma/




Value-Added: An activity is value-added if a customer is
willing tfo pay for; it changes form, fit or function of a product
or service; it converts input to output; it is Noft :
Non-value Added (NVA): These activities are unnecessary:
they provide no value for internal or external customers, and
can be immediately eliminated. (sometimes called Type |I
NVA)

Business Value Added (BVA): These activities provide no value
to customers, but are necessary given current process
imitations. Common examples are inspections, management
approvals, most quality assurance activities; technical support
activities. (sometimes called Type | NVA)



http://qualityamerica.com/LSS-Knowledge-Center/leansixsigma/waste.php

Value Stream Map

A Value Stream Map displays the high level process steps along with key process data.

v 4+

||
Process Step 1 — Process Step 2 N Process Step 3 —— Process Step & L~
>

A o A o A

Wait Wait Wait Wait

Process Time | Process Time | | Process Time | | Process Time

b




Schedule Variance
(SV)

Difference between the current
progress and originally
scheduled progress

SV =EV -PV or BCWP —
BCWS

A negative variance means the
project is behind schedule

Deviations from work planned —
not a measure of changes in
cost

cO cavaluc anage cni-uv

A A= BEusE=3 N BQ _ W

chedule Performance

© Q946
47-pnoappu

Index (SPI)

Ratio of the work performed to
the work scheduled

SPI=EV + PL or BCWP =
BCWS

Ratio > 1 = ahead of schedule
and / or under budget (vice
versa)

c O ca-value-rmanage CSri-/7-050.




5 Principles of Lean

5. Seek : ‘ 1. Identify your

i cnntmunust customers and
mprovemen what thev value

< S~
N
=) 4. Establish N
pull based on 2. Map the
customer value stream
demand

\ 3. Create
flow to the

customer




Cost Metrics

Cost Variance (CV) Cost Performance

Index (CPI)
Difference between a task’s
estimated cost and its actual cost Percentage of work completed per
dollar spent
CV=EV-AC or BCWP -
ACWP CPlI=EV + AC or BCWP =+

ACWP
Negative Value = over budget

and / or behind schedule (vice Ratio > 1 = ahead of schedule
versa) and / or under budget

(exceptional performance) —
Deviations from the budget - vice versa

not a measure of work
scheduled vs. work completed




Earmed Value — AC, PV, BEV
.

Toda
Cost = y

Actual Cost: what has
been actually spent to
this point in time

Planned Value: what the
plan called for on the tasks
planned to be completed by
this date

\

Earned Value: wvalue (cost) of
what has been accomplished
to date, per the base plan

&
'?..
L

Time

15




=

Variance — SV & CV illustration

Cost

Time

22




Cost Performance Indicators

s |
PV / BCWS EV / BCWP AC / ACWP
1 month , i 1 month , « 1month |
$1000 $6000 $4000 $8000 $2000
Scheduled / Budgeted Schedule slippage Actual cost of
to do $10,000 work over permits only work performed = $8,000
5 tasks in a month 3 tasks/$6,000 ACWP = 58,000
window work to be Actual cost
BCWS = $10,000 performed variance = $2,000
BCWP = $6,000
Schedule variance = $4,000

@ 30




Are We Safer since 9/11/017
 Spent S1Tril since 9/11

* “We've spent hundreds of billions since 9/11. The question is how much

Of that Was Wa Sted .” (GAO Senior Auditor: The Atlantic, Sept 2016, p. 64)

* FirstNet = Cost from $12 Bil to $47 Bil (GAO estimate) and may be 10-15 yrs in the future

e BioWatch cost $200 mil. + S1 bil in maintenance fees (canceled in 2014: it was a “dud”, with no replacement of a better
bio detection system, p. 65)

* “If you’re shocked and scared and you know there’s a threat out there,
you’ll do anything, spend anything, to deal with it...even if what you spend
it on hasn’t been tested and you haven’t even set any standards to
evaluate it.” (GAO Senior Auditor, p. 66)

* Since 9/11/01: S100-S150Bil wasted on failed DHS projects, equipment (.

68)




Part
Retrieval

Part Give to

Location requester




Part
Location

Part
Retrieval

Give to
requester

Employecs | Tota Gost of ownership|  Learning | Average Houry | Percent (%)f  Times |- average
o - . .| Labor Cost per | Subprocess| Performed Time
Process Description| Performing per year / Number | Time (LT)in
. Subprocess Automated In a Year | to Complete
the Subprocess Executions Hrs (AHCS) (ATC) hrs
Subprocess per year (PA) (TPY)
Access Evidence
Information 1 $ 5.00 35 $ 15.00 50% 690 0.5
Retrieve Evidence 1 $ 15.00 15 $ 35.00 10% 690 0.33
Sign out Evidence 1 $ 10.00 50 $ 80.00 30% 690 0.5

Note: Convert subprocess outputs into common units using learning time




Part

Location

Part
Retrieval

Give to

requester

Automation Cost AEEGE
AC) = Total Cost
Humber of (of 0)wnershi er AL s UL Average
o Employe_es PP Learning Time Labor Cost FEIEEEL! () Performed Time
Process Description| Performing year / Number . Subprocess
(LT) in Hrs per In a Year | to Complete
Subprocess | o . or Subprocess (TPY) ey i
P (AHCS)
year
Access Evidence
Information 1 $ 5.00 35 $ 15.00 50% 690 0.5
Retrieve Evidence 1 $ 15.00 15 $ 35.00 10% 690 0.33
Sign out Evidence 1 $ 10.00 50 $ 80.00 30% 690 0.5




Part Retrieval and Distribution
Step 5: Generate ROK and/or ROl productivity ratios

Retrieve Part

Distribute

Access Part from to
DB Inventory oot Requester
ar .
Part Retrieval Give tio
Location requester
» t
process » SR | process process - output
Value  value  Cost Cost Value |Value/Cost
Single
Execution of s;:;ﬂ?ie
a Subprt_;cess Total Learning Time | Cost per year | Comp per |Denominator HJENLIS ROK = 6=
- Learning . _ _ _ Numerator = (Numerator -
Process Description Ti Units (TLTU) per year = year = Labor| = Cost per TLTU * Numerator / D inator) /
ime =SESLT*TPY  |AHCS*TPY*ATC|  and year " | Denominator | Pe"O™Minator)
(SESLT) = Automation Rev/unit Denominator
LT+ (LT* Cost* 1.5
PA) '
Access Evidence
Information 67 45,885 | § 6,900.00 | § 10,350.00 | $ 6,900.00 [§  27,711.4 402% 302%
Retrieve Evidence 17 11,385 %  11,500.00 | $ 17,250.00 | $ 11,500.00 {$  6,875.77 60% -40%
Sign out Evidence 95 65,550 | $  31,050.00 | § 46,575.00 [$ 31,050.00 | § 39,587.78 127% 27%
Totals 178 122,820( $  49,450.00( $ 74,175.00| S 49,450.00| $ 74,175.00 150% 50%

Monetization




What is Return on Knowledge (ROK)?

o Return on Knowledge is a new organizational
performance ratio
o Numerator = amount of K(Value) required to
reproduce process outputs

o How is this calculated? What does the resulting number
represente

o Denominator = cost to use K to produce output

o How is this calculated? What does the resulting number
represente

o ROK = Output/Input = K Units/Input = Revenue/Input




Continuous, Job Shop

 DOD Acquisition economics: Job Shop, Continuous Production?

e Continuous production:
» Takes advantage of production learning curve
* Lot size — very large
 Commodity valuation

* Job Shop:

* Lotsizeof 1
* Customized outputs
* Higher premium on value

* How do we use the four approaches with each of these models?
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