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Project OverviewProject Overview

Define project objective, 
approach, & metrics

Understand users & their 
needs

Prioritize needs based on 
competition, constraints, 
& importance to users

Identify function subset with 
greatest impact

Define process for evaluation 
of new functions

Define

Measure

Analyze

Innovate

Control

Charter, TPM, FMEA

Value chain, QRP 

Competitive radar, 
Decision matrix, QFD, 
Impact x Ease matrix

Conjoint Analysis, Input 
prioritization matrix

Control Plan

Stage Objective Tools
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Define
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CharterCharterD
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Strategic FMEAStrategic FMEA
Risk Category Potential Failure Mode Potential Failure Effects

S
E
V

Potential Causes
O
C
C

Controls
D
E
T

R
P
N

Technical Approach
Can't handle processing 
needs

New architecture, new HW, weak 
demo 10

HOME-CARE needs 
grow, failure creep, no 
buyers

5 Communication, collaboration 5 250

Technical Approach Not done in time Delay demo 5 Missed parts of design, 
found hurdles late

7 Early full-path narrow test, PM tools 5 175

Competition Inferior solution Customers not satisfied 5 Competing system moves 
fast

5 Work with standards, watch field, be 
nimble

5 125

H&BC HBC drops business. Jack 
Welch strikes project

No support to build demos, loss of 
credibility, no partners

10 Outside effects 3 Close working with SBU 3 90

Legal Security concerns not 
handled

No-one will use, credibility lost 3 Hacker breaks our 
system, we miss it

3 Expose our security to critical review 10 90

Technical Approach
promising to be everything for 
everyone fail to meet expectations 5

need to sell program; 
open architecture concept 
implies large range of 
functionality; lack of focus

4
rigorous functional analysis; rigorous 
PRS adherence process 4 80

Technical Approach Unable to develop alg Severely reduced or crippled 
functionality

6 Not enabling personnel, 
poor choice of personnel

6 PM tools 2 72

Technical Approach Can't accommodate needed 
HW

Miss part of demo 7 Bad communications, 
falure in drivers

3 Early full-path limited test 3 63

customers high cost not enough customers 5 complexity 3 requirements, seek low cost solution 
first

3 45

Technical Approach Change in compute platforms 
difficult to follow

Lack of acceptance, delays 3 Inflexible design, too 
focused on demo

5 Reviews by customers 3 45

Technical team Overcommitment to other 
projects

Shortage of personnel, Nothing built 7 Lack of direction, lack of 
interest

6 PM tools 42

H&BC no personnel

inability to transfer technology, 
productize; inability to establish 
good requirements; have to start 
over because they get involved late 
and want concept redefined

5

management 
commitment, focus on 
cost cutting, near term 
results, business climate, 
making the numbers; 
perception of what it 
takes to succeed

4

we provide engineering, do market 
analyses; support end-to-end buy-in of 
the concept; threaten to stop; 
outsource; license to competitor; 
partnering

2 40

Technical team Committee meetings Missed deadlines 5 Consensus decision-
making, poor leadership

8 PM tools, good communication 40

Technical team Shortage of personnel Nothing built 5 Overcommitment to other 
projects

8 PM tools 40

legal
liability - system fails to alert 
condition when needed

decide not to offer; cripple 
functionality; added complexity 5 litigious society 3

partner may be more familiar with 
these issues; position in the market to 
make limited role clear; introduce into 
supported setting; disclaimers

2 30

Top 15 
of 50

D
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Measure
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Value ChainValue Chain

ILSA R&D
Team

NIST

Distributors

Users

Phase 1
Build Team

HBC

Buyers

Phase 1 
Design Team

Product

Product & Support

R&D

Functions

Prototype
System

Arch Design
Feature List
Sensor List

HBC

KA

ILSA
R&D
Team

Build
Team

Business
Constraints

Implementation
Constraints

Research
and

Demo Needs

Use Cases
User Needs

User Needs

Buyer Needs

NIST

Design Report

Prototype Design

Phase 2

M
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Qualitative Research PlanQualitative Research Plan
BUSINESS OBJECTIVE

Given the changing demographics of the American population – the proportion of elderly Americans is significantly increasing – create a
new market for Honeywell home automation products.

POTENTIAL OFFERINGS

Develop new home-care technology to support elder independence from within the home; develop new home-care technology to support
caregiving activities from outside the home.

RESEARCH OBJECTIVE

Determine the needs of elders to maintain independent living; determine the needs of caregivers to provide efficient, quality care that
facilitates elders’ independent living.

WHAT INFORMATION IS NEEDED? WHO WOULD YOU LIKE TO TALK TO?
• Precipitating factors for institutionalization (1) seek answers in existing literature; (2) speak with

geriatric/gerontology specialists
• Nature of elder-caregiver interactions (1) informal caregivers; (2) formal caregivers
• Activity assistance needs of elders (1) geriatric/gerontology specialists; (2) informal caregivers; (3)

formal caregivers
• Activity assistance needs of caregivers (1) informal caregivers; (2) formal caregivers; (3)

geriatric/gerontology specialists
DATA COLLECTION PLAN

Population: Elders age 65 or higher who receive in-home care from formal and/or informal caregivers on a weekly basis; individuals
between 18 and 70 who provide in-home care to an elder on a weekly basis; individuals between 18 and 60 who have education and
practical experience in the fields of geriatrics or gerontology
Sampling: A convenience sample will be used to identify approximately 10 elders, 10 caregivers, and 3 specialists
Procedures: One-on-one interviews will be administered using a combination of the perception and mental process interview guides
Data Collectors: Human Factors professionals trained in methods of collecting data from human participants
Timing: Data will be collected over a period of 6 weeks at the outset of the project
Cost: Equivalent to approximately 6 full-time weeks for 1 individual

ANALYSIS PLAN

Determine relative importance of needs identified for both elders and caregivers.  Importance will be quantified through frequency of
occurrence from all sources.  Expert opinion will be used to determine ultimate ranking of importance for identified needs.

M
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QRP ResultsQRP ResultsM

User Needs Identified from QRP
High
Safety
Medical monitoring 
Mobility 
Caregiver Burnout 
Medication Management
Dementia
Eating 
Transportation
Isolation
Managing Money

Medium
Toileting

Low
Housework
Shopping Assistance
Pressure Sores
Using Equipment
Alcohol Abuse
Wandering
Hallucinations & Delusions
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QRP ResultsQRP ResultsM

Example of High-Level Need: Isolation
Isolation Leve l 1
 Isolat ion and lack of social conta ct ha s imp licat ions on ma ny d ifferent a spe cts of elde rly life.
 Isolat ion is assoc iat ed w ith increased vu lne rab ility to sol icitat ions , con art ists, an d o the r predat ors .
 Hea ling t ime a nd recovery su ccess are p osi tively impa cted b y social int era ction.  Social supp or t at ti mes of inju ry is s trong ly

correlate d with the su ccess o f recovery, and lack of supp or t is relate d to increased i nstit u tiona lizati on. [Tibb itt s]
 Isolat ion can lead t o de p ressio n an d associate d change s in b ehav ior s uch as alcohol abu se, red u ced appet ite, red uced a ctivi ty

level, an d i ncreased f unctiona l decline.

Ass istance N eed s Technolog y Opportunities

 Encourag e and facilitat e socializat ion  Provide regu lar int eraction w ith t he ca re recipi ent via
mea ns that a re n orma lly a ssociate d with gue sts, friends,
family, et c. (e.g., ph one calls and e mails)

 Provide social int era ction such a s “read ing” to care
recip ien t (i.e., pla ying b ooks on tape)

 Facilitate w ay s in wh ich care r ecipient s can cont inue t o get
social contac t from e xterna l sou rces like v ideo p hone
inte raction w ith d octor s, calling in a da ily/wee kly
shopp ing list to a human, ord ering suppl ies v ia phone
rathe r tha n web, etc.

 Creat e an I LSA commun ity in w hich all ILSA u sers can
inte ract w ith one a nothe r via the w eb, video gath ering s,
ph one.

Sources
Kathy Krichbau m an d  Nancy Williams.  Inte rview s wi th  family car eg ive rs.
Tibbitt s. (1996). Pa tient s wh o fall: H ow to  p red ict an d  pre vent injuries . Ger iatri cs, 51 (9).
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Analyze
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Needs Decision MatrixNeeds Decision Matrix
Purpose:  Determine the importance factor for each assistance need in order to pare down list and to carry over to QFD planning ex

Inputs: Interview results from the qualitative market research plan

Outputs:  Prioritized list of needs based on customer importance and importance factor for QFD analysis

Assistance Needs
prevalence in 

source material
contribution to 

institutionalization
impact on caregiving 

resources
limitation on 
functionality

Average

alcohol use 1 1 1 3 1.5

caregiver burnout 9 9 9 3 7.5 *
dementia 9 9 3 3 6.0 *
eating 9 3 9 3 6.0 *
equipment use 1 1 3 3 2.0

hallucinations 1 3 3 1 2.0

housekeeping 3 1 9 1 3.5

toileting 3 9 9 3 6.0 *
isolation 9 3 1 9 5.5 *
medical monitoring 9 9 9 9 9.0 *
medication mgmt 9 9 9 3 7.5 *
mobility 9 3 9 9 7.5 *
money mgmt 9 1 3 1 3.5

pressure sores 1 1 1 1 1.0

safety 9 9 3 3 6.0 *
shopping 3 1 9 1 3.5

transportation 9 1 9 3 5.5

wandering 1 9 3 1 3.5 *
Usability 3 3 3 3 3.0 *

Criteria

A
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Competitive RadarCompetitive Radar

Direct Competition

Indirect Competition

Remote Competition

Future Competition

Research 
Organizations

Home 
Device & 
System 

Manufacturers

Service 
Providers

Institution 
Device & System 
Manufacturers

2 Vigil

1 Elite Care

6 Microsoft

8 Intel

10 Siemens

16 GA Tech

19 U Rochester

20 U Buffalo

17 MIT

18 Sandia NL14 Cyber Care

9 Be At Home

7 Home Dir.

13 Medtronic

12 LifeLine

11 Dig. Angel

15 European

3 Security Mtr

4 Home Care

5 Mkt Research

A
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Competitive QFDCompetitive QFDA

E
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alcohol use 1.5 0 0 0 0 0 0 0 0 0 0 0 0.8 0

caregiver burnout 7.5 0 0 1 1 9 9 0 1 3 9 9 0.8 54

dementia 6 0 0 3 0 3 3 0 0 0 3 3 0.95 17

eating 6 0 1 1 1 0 3 0 1 0 3 3 0.8 14

equipment use 2 1 1 3 0 0 0 0 3 0 3 2 0.95 4

hallucinations 2 0 0 0 0 0 0 0 0 0 0 0 0.8 0

housekeeping 3.5 0 1 1 1 0 0 0 0 0 1 1 0.8 3

toileting 6 0 0 1 1 9 3 0 0 0 9 9 0.8 43

isolation 5.5 0 0 1 0 0 3 0 9 1 9 9 0.8 40

medical monitoring 9 0 0 1 1 0 3 0 9 0 9 9 0.95 77

medication mgmt 7.5 0 0 1 1 0 0 0 3 0 3 3 0.95 21

mobility 7.5 0 1 3 1 0 9 0 0 0 9 9 0.95 64

money mgmt 3.5 0 0 1 1 0 0 0 0 0 1 1 0.8 3

pressure sores 1 0 0 0 0 0 0 0 0 0 0 0 0.8 0

safety 6 3 0 3 1 0 3 9 3 3 9 6 1.2 43

shopping 3.5 0 0 1 1 0 0 0 0 0 1 1 0.8 3

transportation 5.5 0 0 1 1 0 0 0 0 0 1 1 0.8 4

wandering 3.5 0 0 0 0 0 3 0 0 0 3 3 0.95 10

usability 3 1 1 1 0 3 3 3 3 3 3 2 1.2 7

Weighted Overall Performance 23 22 125 65.5 148.5 270 63 199.5 55 473.5 408
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Impact x Ease MatrixImpact x Ease MatrixA

0.20

LL MM NN PP OO
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0.16 QQ RR XX YY SS TT UU VV WW ZZ

0.14

B C E F D A

0.12

EE FF AAA GGG JJJ FFF HHH GG BBB CCC DDD EEE III

0.10 HH II JJ KK

0.08

0.06

N O P Q R S U V T

0.04 K M Z BB L G H I J W X Y AA
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Can be done in Year 1 Stretch goal for year 1 Strech goal for later years
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Impact x Ease MatrixImpact x Ease MatrixA
A Resource guide CC Edler-friendly hardware designs AAA Monitor environment

B To-do lists DD Device interaction cues/instructions BBB Provide evacuation plan/instructions

C Reminders EE Detect toileting/lack of CCC Monitor appliances

D Routine instructions FF Path lighting DDD Monitor power supply to house

E Remote access to information GG Dectect incontinence, dehydration, etc. EEE Monitor/control water temperature

F Coordinate multiple caregivers HH Provide real-time 2-way coms FFF Home maintenance reminders

G Monitor for presence/worsening of dem II Provide storey telling GGG Respond to panic button

H Detect wandering JJ Provide games HHH Poll elder for status/needs

I Detect agitation KK Provide ILSA web-community III Auto control devices post-event

J Detect aggressive behavior LL Monitor & store vital signs JJJ Intrusion detection

K Task reminders MM Detect anonolous med. conditions KKK Detect wandering

L Task instructions NN Reading/equipment reminders LLL Detect enter/leave house

M Provide reassurance (is everthing O OO Communicate with 3rd party devices MMM Deter exit from home

N Monitor medicine supply PP Facilitate medical data input by elder NNN Operational modes

O Monitor medicine freshness QQ Detect mobility/lack of OOO Password-free elder interactions

P Medicine reminders RR Detect home or away PPP To-do list filtering

Q Verify medication taken SS Detect number of people in home QQQ Intelligent reminding

R Alerts to elders/caregivers TT Detect location of people in home RRR Acknowledge with exceptions

S Notifications to elders/caregivers UU Track location of people outside home SSS Function muting

T Monitor for Adverse Drug Reactions VV Obstacle detection TTT Sensor muting

U Auto contact emergency personne WW Obstacle avoidance UUU Query dialog

V Reduce false alarms XX Detect falls VVV UIN

W Monitor grocery needs YY Monitor general activity level WWW

X Monitor grocery freshness ZZ Distinguish people XXX

Y Auto generate grocery list YYY

Z Detect eating/lack of ZZZ

AA Facilitate on-line ordering

BB Monitor appliance use
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Innovate
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Conjoint AnalysisConjoint AnalysisI

• Objective
– Determine minimum number of features, 

considered together, that satisfy a User Need 

• Surveyed development team
– Rate (from 1 to 10) how well various feature 

groupings meet a defined User Need 
– 10 User Needs (eating, mobility, safety, etc.) 

presented with up to 7 feature groupings per Need
– Grouping with highest numerical score that did not 

include all features was chosen to represent the 
best tradeoff.  If no grouping had a score over 5, 
the full feature group was used

– The union of the feature groups from the top 5 
User Needs was used as the base feature set for the 
system.

User Need 
(e.g. Eating)

Eating reminder

Feature <n>
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Conjoint AnalysisConjoint Analysis

Combo1 Combo2 Combo3 Combo4 Combo5 Combo6 Combo7
Survey 1 2 2 3 4 3 3 6
Survey 2 3 2 3 4 3 3 6
Survey 3 3 4 4 5 4 4 5
Survey 4 3 3 4 5 4 4 6
Survey 5 2 1 3 4 7 6 5
Survey 6 7 6 8 8 9 8 10
Survey 7 3 4 6 9 8 8 10
Survey 8 5 6 6 8 9 8 10
Survey 9 5 2 5 6 6 6 7

Survey 10 5 6 6 7 6 6 6
Survey 11 5 4 5 6 8 7 8
Survey 12 3 2 4 6 4 4 6
Survey 13 4 4 6 8 8 8 10
Survey 14 5 6 6 8 6 6 8

Average 3.93 3.71 4.93 6.29 6.07 5.79 7.36

detect eating/lack of 1 1 1 1 1 1
facilitate on-line ordering 1 1

eating reminders 1 1
alerts to elders/caregivers 1 1 1 1 1 1 1

UINs 1 1 1 1 1 1 1
auto-contact 911 1 1 1 1 1 1 1

supplement EMS info 1 1
monitor appliance use 1 1 1 1 1 1

detect eating/lack of 0.25 0.00 0.20 0.17 0.17 0.17 0.13 0.844
facilitate on-line ordering 0.00 0.00 0.00 0.17 0.00 0.00 0.13 0.281

eating reminders 0.00 0.00 0.00 0.00 0.17 0.00 0.13 0.276
alerts to elders/caregivers 0.25 0.25 0.20 0.17 0.17 0.17 0.13 0.977

UINs 0.25 0.25 0.20 0.17 0.17 0.17 0.13 0.977
auto-contact 911 0.25 0.25 0.20 0.17 0.17 0.17 0.13 0.977

supplement EMS info 0.00 0.00 0.00 0.00 0.00 0.17 0.13 0.269
monitor appliance use 0.00 0.25 0.20 0.17 0.17 0.17 0.13 0.837
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Conjoint Example: Eating
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Conjoint AnalysisConjoint AnalysisI

• Monitor Environment
• Reminders
• Panic Button
• Alerts
• Reports
• Auto-contact help
• Intrusion detection
• Monitor & store vitals
• Trend vitals
• Detect anom. med. cond.
• Detect mobility
• Measure level of mobility
• Detect home and away 
• Detect number of people

• Detect falls
• Reduce false alarms
• Verify medication taken
• To-do lists
• Remote access to information
• Coordinate multiple caregivers
…………….….......cut-off…...……………..…….
• Provide task instructions
• Provide reassurance
• Detect toileting
• Provide 2-way communications
• Detect enter/leave home
• Detect eating
• Monitor appliance use

Features from top 5 User Needs
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Validate Final Feature Set Validate Final Feature Set 

Function Development Priorities
Purpose:  Display the priority of high level features based on (1) their survey score of contribution to the user need, (2) priority of the need.
Inputs: Functions list from Impact X Ease matrix; prioritization score from surveys; user need priorities from Competitive QFD
Outputs:  Development priority score

Need 
Priority

Normalized 
Priority Need Name Num

Survey 
Score

Normalized 
Score

Development 
Priority (Score 

* Need)
Feature

68 0.2099 burnout 1 1.530 0.845 0.177 To-do lists
0.2099 burnout 2 1.197 0.661 0.139 Daily activity reminders (to client)
0.2099 burnout 3 0.409 0.226 0.047 Daily activity instructions (to client)
0.2099 burnout 4 1.811 1.000 0.210 Remote access to information
0.2099 burnout 5 0.758 0.419 0.088 Coordinate efforts of multiple caregivers

54 0.1667 dementia 6 1.718 1.000 0.167 Daily activity reminders (to client)
0.1667 dementia 7 1.605 0.934 0.156 Daily activity instructions (to client)
0.1667 dementia 8 1.069 0.622 0.104 Provide reassurance (EverWatch - is everthing OK?)

68 0.2099 med mgmt 13 0.889 0.826 0.173 Monitor medicine supply
0.2099 med mgmt 14 0.294 0.273 0.057 Facilitate on-line ordering/shopping
0.2099 med mgmt 15 0.327 0.304 0.064 Monitor medicine freshness
0.2099 med mgmt 16 1.059 0.984 0.206 Medicine reminders
0.2099 med mgmt 17 0.903 0.839 0.176 Verify medication type, amount, time, manner, exceptions
0.2099 med mgmt 18 0.497 0.462 0.097 Alerts to elders/caregivers
0.2099 med mgmt 19 1.076 1.000 0.210 Notifications to elders/caregivers
0.2099 med mgmt 20 0.655 0.609 0.128 Auto contact emergency personnel
0.2099 med mgmt 21 0.294 0.273 0.057 Reduce false alarms (supplement EMS notifications)

50 0.1543 isolation 35 3.274 1.000 0.154 Provide meaningful remote 2-way communications
0.1543 isolation 36 2.488 0.760 0.117 Facilitate on-line ordering/shopping

FeaturesNeed

I

Page 1 
of 3

Compare Development Priorities & Ratings
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Validate Final Feature SetValidate Final Feature SetI

Development Priorities (redundant functions summed)
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Validate Final Feature SetValidate Final Feature Set

• Used Input Prioritization Matrix
– To identify architectural significance of final feature set

• Determined value of feature
– By crossing User Need priority  x  Feature Support of Need

• Built network of reasoning requirements for each feature
– Propagated feature value across network (summing for redundant 

reasoning modules)
• Determined architectural significance

– By identifying the highest value reasoning modules
• Found very close match between architecturally 

significant elements and final feature set elements

I
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Validate Final Feature SetValidate Final Feature SetI

Input Prioritization Network
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Final Feature SetFinal Feature SetI

• Monitor Environment
• Reminders*
• Panic Button
• Alerts
• Reports
• Auto-contact help
• Intrusion detection
• Detect mobility
• Level of mobility*
• Detect home and away*
• Detect falls*
• Reduce false alarms*
• Verify medication taken*

• To-do lists*
• Remote access to information
• Coordinate multiple caregivers*
……………….....………..…...……….…..…….
• Detect toileting*
…………………………...…...………..…..…….
• Path Lighting*
• Acknowledge with exceptions
• Operational modes
• Muting
• Password-free elder interactions

* Limited reasoning, low 
end of capability scale.
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Measure OutcomeMeasure OutcomeI
A Resource guide CC Edler-friendly hardware designs AAA Monitor environment

B To-do lists DD Device interaction cues/instructions BBB Provide evacuation plan/instructions

C Reminders EE Detect toileting/lack of CCC Monitor appliances

D Routine instructions FF Path lighting DDD Monitor power supply to house

E Remote access to information GG Dectect incontinence, dehydration, etc. EEE Monitor/control water temperature

F Coordinate multiple caregivers HH Provide real-time 2-way coms FFF Home maintenance reminders

G Monitor for presence/worsening of dem II Provide storey telling GGG Respond to panic button

H Detect wandering JJ Provide games HHH Poll elder for status/needs

I Detect agitation KK Provide ILSA web-community III Auto control devices post-event

J Detect aggressive behavior LL Monitor & store vital signs JJJ Intrusion detection

K Task reminders MM Detect anonolous med. conditions KKK Detect wandering

L Task instructions NN Reading/equipment reminders LLL Detect enter/leave house

M Provide reassurance (is everthing OK?) OO Communicate with 3rd party devices MMM Deter exit from home

N Monitor medicine supply PP Facilitate medical data input by elder NNN Operational modes

O Monitor medicine freshness QQ Detect mobility/lack of OOO Password-free elder interactions

P Medicine reminders RR Detect home or away PPP To-do list filtering

Q Verify medication taken SS Detect number of people in home QQQ Intelligent reminding

R Alerts to elders/caregivers TT Detect location of people in home RRR Acknowledge with exceptions

S Notifications to elders/caregivers UU Track location of people outside home SSS Function muting

T Monitor for Adverse Drug Reactions VV Obstacle detection TTT Sensor muting

U Auto contact emergency personne WW Obstacle avoidance UUU Query dialog

V Reduce false alarms XX Detect falls VVV UIN

W Monitor grocery needs YY Monitor general activity level WWW

X Monitor grocery freshness ZZ Distinguish people XXX

Y Auto generate grocery list YYY

Z Detect eating/lack of ZZZ

AA Facilitate on-line ordering

BB Monitor appliance use
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Measure OutcomeMeasure Outcome
Size of Feature Set

• Initial List: 200+
– based on brain-storming, not user requests
– different levels of abstraction
– no relationships (redundancies) identified to leverage effort

• Intermediate Features: 74
– pruned based on implementation risk
– pruned based on broad customer need categories
– redundant functions identified to reduce effort 

• Selected Features: 22
– based on user requests & impact on independence
– consistent level of abstraction

I
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Measure OutcomeMeasure Outcome

Risk --
Average

Months to
Implement

Customer
Pull (1-9)

Number Of
Features

Initial
Feature List

15.96 5.33 200

Intermediate
Feature List

11.28 7.16 74

Final
Feature List

6.55 7.39 22

I

Estimated cost savings of $300,000 by eliminating
• wasted efforts in development of low-value features
• rework to get back on track



ILSA Six Siigma Presentation, July 2001

Control



ILSA Six Siigma Presentation, July 2001

Control PlanControl Plan

• The prototype build is an iterative process
– This project was used to select an intelligent starting 

place and to put tools in place to manage changes 
over time

• Individual tools will be rerun based on:
– New Customer Data
– New Sensor Availability 
– New Business Arrangements
– Revised Function Descriptions

C
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Control PlanControl Plan

For Example - Feature addition process
– New Feature slot added to weekly core team meeting 

agenda
– Team leads bring new feature ideas to meeting
– Team discusses feature with customer and decides do-

ability classification
• near term 
• long term
• out there

– If near or long term, then feature is run through tools to 
determine development priority and ultimate inclusion

C


