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NSRP SP-9 PANEL SHORT COURSE ON | MPLEMENTI NG ADVANCED TECHNOLOGY _

WORLD SHI PBUI LDI NG
PRICES ARE STILL LOAER THAT COST [N MOST COUNTRI ES
 ORDERS | N 1995 ARE LESS THAN ORDERS IN 1994
| TOTAL DEADWEI GHT ON ORDER |'S ABOUT 25 M LLION Towr
| WORLD SHI PBUI LDI NG CAPACI TY |'S OVER 30 M LLI ON TDWI
| TOTAL NUMBER OF SHI PS ON OVER |'S ABOUT 700’
| KOREA HAS HAD THE MOST GAIN I N TERVS OF TDWI

| KOREA HAS TAKEN LEAD FROM JAPAN IN TERVMS OF TDWI BUT

JAPAN STILL HAS SI GNI FI CANT LEAD I N TERVS OF NUMBER OF
SHI PS

UNI VERSI TY OF M CHI GAN TRANSPORTAT! ON RESEARCH INSTITUTE




NSRP- 9 PANEL SHORT COURSE ON | MPLEMENTI NG ADVANCED TECHNOLOGY

WORLD SHI PBUI LDI NG ( Cont i nued)

| EUROPE HAS LOST 300A SINCE 1991

| THERE 1S FIERCE COVPETI TION |IN THE CONTAINER SHIP

MARKET FOR ALL SI ZES. JAPAN HAS RECENTLY BOOKED 16
LARGE CONTAI NER SHI PS. SMALLER SH PS ARE SHARED BY
POLAND AND GERMANY

| BULK CARRI ER MARKET STILL APPEARS STRONG

| | NDONESI AN SHI PBUI LDERS ARE CAPTURI NG SOVE ORDERS,
| NCLUDI NG REEFERS, A TRADI TI ONAL EUROPEAN MARKET

UNI VERSI TY OF M CH GAN TRANSPORTATI ON RESEARCH | NSTI TUTE
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_NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

DITIT DNINOC MMADL LT QITA DT
SHIPBUILDING MARKET SHARE

[A] SHARE BY DWT ON ORDER

SHIPBUILDING BLOCK MARKET SHARE
1991 1995
JAPAN ( 40% 33%
SOUTH KOREA 21% 33%
WESTERN EUROPE 18% 11%
OTHERS 22% 24%

SOUTH KOREA 8% 17%
ESYXITAQOIITIEIN YR AT TITTEYA £ 2TTY Y. Y1 V4 P

Ny HLUKUYL IV 187
OTHERS 32% 38%
SOURCE: A&P APPLEDORE USING DATA FROM FAIRPLAY SHIP ON ORDER




NSRP SP- 9 PANEL SHORT COURSE ON | MPLENVENTI NG ADVANCED TECHNOL OGY

U S. SHI PBU LDI NG

I EARLY SUCCESS | N OBTAI NI NG COMVERCI AL ORDERS HAS
BOGGED DOMN I N TI TLE XI APPROVAL WHI CH IS TAKI NG A
LONG TI ME DUE TO AMOUNT OF APPLI CATI ONS

I AT $38 M LLION FOR EACH OF THE FI RST FOUR DOUBLE EAGLE
TANKERS, | T |I'S UNLI KELY NEWPORT NEWS W LL MAKE A
PROFI T. HONEVER, I T WLL HELP TO SUSTAI N THEI R
MANNI NG LEVEL AND EVENTUALLY, W TH FURTHER ORDERS,
THEY SHOULD BE ABLE TO MAKE A PROFI T

I AT $45 M LLI ON FOR EACH OF THEI R FOUR PRODUCT TANKER
FOREBODI ES, AVONDALE' S HOPES TORE- ENTER THE
COMMERCI AL MARKET PROFI TABLY

I AVONDALE' S RUSSI AN TANKER, AND BENDER S REEFER SHI P
PROJECTS ALL APPEAR DEAD

I OTHER U. S. SHI PBU LDERS ARE STILL I N NEGOTI ATION W TH
POTENTI AL FOREI GN AND U. S. CUSTOVERS

UNI VERSI TY OF M CHI GAN TRANSPORTATI ON RESEARCH | NSTI TUTE




- NATIONAL RESEARCH COUNCIL

SP-4 COVPARATI VE GLOBAL
SHI PBUI LDI NG TECHNOLOGY STUDI ES

COMPETI TI VENESS VERSUS TECHNOLOGY

COVPETI TI VENESS DEPENDS ON A NUMBER OF FACTORS
| NCLUDI NG PRODUCTIVITY WHICH IS ONLY PARTLY | NFLUENCED

BY TECHNOLOGY.

THE FACTORS ARE:
PRODUCTI VI TY
MATERI AL COST - SHI PBUI LDER
DELI VERY SCHEDULE | | NFLUENCED
LABOR RATES
NATI ONAL SHI PBUI LDI NG PQOLI CY
MARI NE | NDUSTRY | NFRASTRUCTURE COUNTRY
FI NANCI NG . | NFLUENCED

SUBSI DI ES

WORKSHOP ON THE ROLE OF TECHNOLOGY ~ APPLI CATION | N SHI PBUI LDI NG



NATIONAL RESEARCH COUNCIL

sp,-4 COVAPARATI VE  GLOBAL
SHI PBUl LDI NG TECHNOLOGY STUDI ES

TECHNOLOGY DEVELOPMENT RESEARCH- APPROACH

EUROPE SH PBUI LDERS RESEARCH ASSOCI ATI ON
SHI PYARD/ UNI VERSI TY
SH PYARD ALLI ANCES

NATI ONAL PROGRAMS
SHI PBU LDERS RESEARCH ASSCCI ATl ON

SH PYARD ALLI ANCES

NATI ONAL SHI PBUI LDI NG RESEARCH
PROGRAM
| NDI VI DUAL SHI PYARDS

WORKSHOP ON THE ROLE OF TECHNOLOGY APPLICATION IN SHIPBUILDING



SHI PYARD COWPETI Tl VENESS

THERE |S NO UN VERSALLY ACCEPTED DEFI NI TI ON OF
COWVPETI TI VENESS. KPMG PEAT MARWCK, IN THEIR STUDY OF
THE COWVPETI Tl VENESS OF EEC SHI PYARDS, DEFINE IT AS " THE
ABI LI TY TO WN AND EXECUTE SHI PBU LDI NG ORDERS | N GOPEN
COWET1ITI ON  AND STAY |IN BUSINESS.” | WOULD ADD

PROFI TABLY.

A MEASURE THAT HAS BEEN ACCEPTED BY OECD TO COVPARE
SHI PBUI LDI NG PRODUCTI VI TY | S MANHOURS/ COMPENSATED
GROSS TONNAGE (CGT).. TH'S CAN BE MADE | NTO A QUASI
COMPETI Tl VENESS MEASURE BY MULTI PLYI NG THE MANHOURS
BY THE COUNTRY SHI PYARD LABOR | UATE IN U S. DOLLARS

TH S MEASURE FOR A SH PYARD CAN BE PLOTTED ON CONSTANT
COsT CURVES AND  COWPARED TO OTHER WORLD SHI PBUI LDERS

WORKSHOP ON TEE ROLE OF TECHNOLOGY ~ APPLICATION  I'N SHI PBU LDI NG
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~ NATIONAL RESEARCH COUNCIL

SHIPYARD COMPETITIVENESS

| COMPENSATED GROSS TONNAGE

COMPARING SHIPS ON THE BASIS OF THEIR GROSS TONNAGES IS
NOT USEFUL BECAUSE THE WORK CONTENT OF DIFFERENT SHIP
TYPES AND SIZES IS NOT TAKEN INTO ACCOUNT. TO

OVERCOME THIS THE CONCEPT OF COMPENSATED GROSS
TONNAGE WAS DEVELOPED. THAT IS THE GROSS TONNAGE FOR A

SHIP WOULD BE COMPENSATED TO TAKE ACCOUNT OF THESE
IMPORTANT DIFFERENCES. A COMPLETE SET OF COMPENSATION
FACTORS HAS BEEN IN DEVELOPEMENT SINCE 1967 AND
ACCEPTED BY THE OECD 1984. -

UNFORTUNATELY NO COEFFICIENTS HAVE BEEN PUBLISHED FOR
WARSHIPS. THIS MAKES IT DIFFICULT, BUT NOT IMPOSSIBLE FOR

" U.S. SHIPYARDS TO USE THE APPROACH TO COMPARE THEIR

CURRENT PERFORMANCE WITH MILITARY SHIPS TO THE WORLD
COMMERCIAL SHIPBUILDING MARKET

WORKSHOP ON THE ROLE OF TECHNOLOGY APPLICATION IN SHIPBUILDING
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PRODUCTION MANHOURS
SHIP TYPE CGT PRODUCTION MANHOURS
EUROPE JAPAN
VLCC 37,500 1,185,000 1,030,000
Product Tanker 21,000 : 475,000 395,000
Bulk Carrier 31,200 © 643,000 465,000
Container Ship 4,400 TFEU 35,000 765,000
Container Ship 1,880 TFEU 19,500 434,000
Ferry 29,000 1,250,000
TABLENN .
CONSTRUCTION TIME IN MONTHS(Keel Laying to Delivery)

SHIP TYPE EUROPE DENMARK JAPAN USA
VLCC 17 5 9
Product Tanker i3 8 20
Bulk Carrier 14 8
Container Ship 4,400 TFEU 17 8 9
Container Ship 1,880 TFEU 12 7 24
Ferry 13

TADIT D TIT
ANDLN, 113

DESIGN MANHOURS
SHIP TYPE DESIGN MANHOURS (Europe)
VLCC _ - 75,500 Single Hull
102,00 Double Hull
Product Tanker 36,000
Bulk Carrier 48,000
Container Ship 4,400 TFEU 72,500
Container Ship 1,880 TFEU 42,500
Ferry 226,000



GROSS TONNAGE AND COVPENSATED GROSS TONNAGE
( CGI) COEFFI Cl ENTS

Goss Tonnage is the base neasurenent of Admeasurement. Adneasurement has a |ong
history starting with the British in 1066, to measure the number of wine casks, or TUNS, that a
commercial ship could carry. Over the years it developed to the stage in 1854 where it basically
measured the volume of a ship's hull above the floors and inside of the flames, added the vol une

of the superstructure and divided the total volume by 100, the number of cubic feet in a T of
Wi ne.

Over the years many techniques were developed to mininizethe gross tonnage of a ship,
such as “deep floors" and “open spaces”. International Tonnage Conventions were held to
attempt to reduce differences between the various national systems, but they were not too
effective as some large shipping countries did not attend. For example the US. did not attend a
conference in Paris which [imted floor height and made water ballest a deduction fromthe Goss
Tonnage to derive the Net Tonnage. The U.S. has no floor height lintation and by an error made
water ballast an exenption fromthe Goss Tonnage. This neans that U.S. Goss Tonnages are
usual Iy significantly less than that of other countries.

To elimnate national Goss Tonnage differences IMoheld a conference in 1970 and
approved anew “International Goss Tonnage measurenent system A major aimwas to sinmplify
the calculations and elimnate all of the tonnage reduction techniques and differences between
countries. Sufficient signatories were received by 1984 and the Tonnage Convention cane into
force. For a limted tine, individual countries can continue to use their own systemfor domestic
flag non-international ships.

The International Goss Tonnage is sinply the nolded volume, in cubic meters, of the
enclosed spaces in the hull and deckhouse of a ship miltiplied by a coefficient. The coefficient 1S
to convert volume to admeasurenent tons (.35), and to keep the new Goss Tonnage as close to
the existing Goss Registered Tonnage as possible. The coefficient ranges from0.22 for a small
boat of 20 cubic neters volume to 0.32 for a veV large ship with L mllion cubic meters vol une.
Most hydrostatic programs used today will give you this volume if the hull and deckhouse are
conpl etely defined into the computer nodel as is normally done for the stability calcul ations.

Vhile nost mlitary ships do not have national adneasurement applied, they often have
Suez and Panama Adneasurement prepared. These tonnages are based on modified Mborsom
System of admeasurement and have developed many inequities because of different interpretations
of international conventions by national governnents. However, even though it is very simple to
calculate, nost mlitary ships do not calculate this new Goss Tonnage (GI).

In order to attempt to develop a productivity measure for U.S. shipyards which could be
used to determne competitiveness, Goss Tonnage is required. Estimates of Goss Tonnage were
made for a nunber of recent U.S. and British mlitary ships and are given in .

S mLiTen 67
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PRODUCTIVITY MEASURES
SHIP TYPE MH/ST. WI.TON  MH/CGT

VLCC 16.0 31.6
SUEZMAX 26.2 30.4
PRODUCT CARRIER 30.9 22.6
CHEMICAL CARRIER 49.8 36.9
BULK CARRIER 19.6 20.6
CONTAINER CARRIER 4,400 18.6 22.0
CONTAINER CARRIER 1,880 26.8 223
REEFER 40.7 34.6
FERRY 46.1 433
GENERAL CARGO 57.9

OCEAN TUG

99.5

16.2
30.5



AN

cluded from encloscd spaces is limited to the area of

the opcamg Fig. 9 APPENGIX 1.

A recess in the boundary bulkhead of an erection whkich
is exposed to the weather and the opening of whj

ds from deck to deck without means of/closing.
;&Q:d that the interior width is not gr'e}ufvthan the
width\qt the entrance and its extension intg”the erection
is not gheater than twice the width of j* entrance (Fig.
10 in Ap ix 1).

3o Acacame dle 1)

220

(7) Cargo Spaces

{6) Passenger
A passenger is every person other
(2) The master and the _mem

of the crew or other
persons employed or in any capacity on board

€l
a ship on the business %ship.
(b) A child under one veap/of a

A child under one yeap/of
Cargo spaces to be ylélu/ded in t;mutauon of net ton-
nage are enclosed £paces appropriated fOx the transport of
cargo which is t discharged from the ship, provided that

such spaces hafe been included in the compution of gross

tonnage. Sugh cargo spaces shall be certified by ‘\permanent

marking with the letters CC (cargo compartment) be so

positiongd that they are feauuy visibie and not o fess

than millimeters (4 inches) in height. u\
(8) Wedthertight

(2) The moulded draught (d) referred to in paragraph (1)

cathertight means that in any sea conditions water will not \

Y

/Penctrate intp the ship

REGULATION 3
GRoss TONNAGE

The gross tonnage (GT) of a ship shall be determined by the
following formula:

GT =K,V
where
V = Total volume of all enclosed spaces of the ship,
cubic metres
K, = 02 4 0.02 log,,V (or as tabulated in Appendix 2).

T moss zomcmas

NREGULATION ‘i
NET TONNAGE

(i) The net tonnage (NT) of a ship shail be determined by the

o

following formula:

NT=K,V, %) &)

+ K, (Nl +
in which formula
(») The factor( ;ﬂ\ shall not be taken as ¢ han ur
(b) The term K,V, (m) shall not be taken as less than

025 GT
(¢) NT shall not be taken as less than 0.30 GT
and in which

Ve

2

than unity

ahhd

total volume of cargo spaces, cubic metres
".2 _—[’E 002 lubtovc \Ul as !‘UUIIICU in I\p’

pendix 2)

ae CT + 10000

1.25 lO,(X;va

™

v}

moulded depth amidships. metres, as defined
in Regulation 2(2)
moulded draught amidships. metres. as de-

fined in paragraph (2) of this Regulation

aQ

n

Q

3

\
Qm the characteristics of a ship, such as V, V., d, §} W

~—

~—

/

N, = number of passengers in cabins with not
more than 8 berths
N, = number of other passengers
N, + N, = total number of passengers the ship is per-
mitted to carry as indicated in thc xhlps
passenger certificate; when N, — N, is
Jess than 13, N, -ud N, shall be be u:en as
zero .
GT = gross tonnage of the Shlp as determined in

accordance with the provisions of Regula.
tion 3.

ohi.
oo

b

Regulation shall be one of the following draughts:

(a) For sh:ps to which the International Convention on Load

Lines in force applies, the draught corresponding to the

Summer Load Line (other than timber load lines)
assigned in accordance with that Convention.

For passenger ships, the draught correspondmg to the

deepest subdivision load line assigned in accordance

with the Intemnational Convention for the Safety of Life

at Sea in force or other international agreement wbctt

appl:cable

For ships to which the Internationai Convention on

Load Lines does not apply but which have been assigned

a load line in compliance with national requirements,

the draught corresponding to the summer load line so

assigned.

)} For ships to which no load line hae been ass assigned Bt -
the draught of which is restricted in complunee with

natmnal requxrements, the ma:umum permmed draft.
For other ships, 75 percent of the mouided depth<
amidships as defined in Regulation 2(2). mg

)

-~

REGULATION §
CHANGE OF NET TONNA

as defined in Regulmons 3 and 4, are altered an
h an alteration resnlts in an increase in its net

as Metermined in accordance with the provisions
tion X%, the net tonnage of the ship corresponding’to the

charackristics shall be determined and shall be/applied withys
out de\ Z . b2
A ship to Which load lines referred to in ghbparagraphs BFX
(a) and (2) (b of Regulation 4 are concurgéntly assigned o
be given only\one net tonnage as detershined in acco

with the provisigns of Regulation 4 gfd that tonnage

be the tonnage \applicable to th¢/ appropriate
load line for the trade in which theAhip is engaged.
When the characterish a shig’ such as V, V, d, N9
N, as defined in chul 1ons i}‘& 4 are altered or whea
ap_propnalc assngncd line/referred to in pmmri
of this Regulation is alter.
in which the ship is enga

results in 2

Rmﬁ:‘,j

ue to the change of the
and where such an al

el tonnage as determind dl

of Regulation 4,
(1969) mcorpomhz

Ol be issued until fWey, .
on which the
t this rtqulrcmeat et

dasran in Ate
U\-bl'\"lsc Higiwo

accordance with the provisio

International Tonnage Certifica
net tonnage so detefmined shail
months have clap d from the d
Certificate was igSued; provided

not apply:
ta) If the sh transferred to the flag Rf another
tb) If the derpoes alterations or ) odsﬁ Lo

LRCCIFOSS antcelalive

ed by the Administration w\ be ol 8

chagdcter, such as the n-.moval of a supérstructure.
= nsciomad lash line. .-

T¢ €S an au:tauon OI lﬂC ASIEIICU ww=me —&W
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Coefficients K, and K. Referred to in Regulations 3 and 4(1)

Vv or Vc = Volume in cubic metres

i
VorV,|xK or 32" VorV,|Kjor K0 VorV, |Kyor Kl Vorv, K or K,

ir} 0.2200 § 45,000 [ 0.2931 § 330,000 | 0.3104 § 670,000} 0.3165
20} 0.2260 § 50,000 | 0.2940 § 340,000 | 0.3106 | 680,000] 0.3166
30 | 0.2285 - 55,000 | 0.2948 § 350,000 | 0.3109 § 690,000 0.3168
40| 0.2320 || 60,000 | 0.2956 } 360,000 | 0.3111 § 700,000 0.3169
50 | 0.2340 4 65,000 | 0.2963 § 370,000 | 0.3114 { 710,000| 0.3170
60| 0.2356 § 70,000 | 0.2969 § 380,000 | 0.3116 | 720,000 0.3171
70, 0.2369 || 75,000 | 0.2975 § 390,000 | 0.3118 § 730,000 0.3173 -
80| 0.2381 {| 80,000 | 0.2981 f 400,000 } 0.3120 } 740,000| 0.3174 .
90 0.2391 || 85,000 | 0.2986 [ 410,000 | 0.3123 | 750,000 0.3175
100 | 0.2400 fI 90,000 | 0.2991 } 420,000} 0.3125 § 760,000 0.3176
200} 0.2460 k 95,000 } 0.2996 ¥ 430,000 | 0.3127 ¥ 770,000! 0.3177
300 | 0.2495 { 100,000 | 0.3000 {l 430,000 | 0.3129 § 780,000{ 0.3178
400 | 0.2520 | 110,000 | 0.3008 } 450,000 { 0.3131 § 790,000{ 0.3180
500 1 0.2540 § 120,000 | 0.3016 f 460,000 | 0.3133 § 800,000 0.3181
700 | 0.2569 |l 140,000 | 0.3029 | 480,000 | 0.3136 | 820,000{ 0.3183
800 | ©.2581 j 150,000 | 0.3035 }j 490,000 | 0.3138 § 830,000] 0.3184

160,000 | 0.3041 || 500,000 | 0.3140 840,000f 0.3185
}]9,999 0.304€ || 510,000 | 0.3142 850,000] 0.3186
180,000 | 0.3051 ]| 520,000 | 0.3143 860,000| 0.3187
190,000 §{ 0.3056 i} 530,000 | 0.3145 870,000} 0.3188
200,000 { 0.2060 I 540,000 | 0.3146 880,0001 0.3189
210,000 { 0.3064 § 550,000 | 0.3148 830,000} 0.3190
220,000 | 0.3068 } 560,000 | 0.3150 900,000} 0.3191
| 230,000 | ©0.3072 1 570,000 1 0.31%5) oxp,000! oQ.%102

2£0 000 N _Tno Znn _ nnn n QAN AAn ETY. 1
LTV e JVOD VUV g VWV Veio0 IRV UV Ue 24329

H
600 | 0.2556 nno,ooo 0.3023 || 470,000 | 0.3132 | 810,000| 0.3182
u 270,000 | 0.3086 § 610,000 { 0.3157 | 950,000 0.3196

320,000 | 0.3101 | 660,000 | 0.3164 §1,000,000| 0.3200

Coefficients Kl or Xz at intermediate values of V or Vc
shall be obtained by lirear interpolation.
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COHPENSATED GROSS TONNAGE COEFFICIENTS

Ship Type/Iype de Navire

CARGO_SHIPS/CARGOS

4
n

w ) ]
oX=1
2O

b ot
S 1V,VVUV un

10- 30,000 dwt
30- 50,000 dwt
50- 80,000 dwt
80-160,000 dwt
160-250,000 dwt
250,000 dwt and over

Product & Chemical Carriers (4)/Transporteurs de Produits Petroliers et Chimiques

Under 4,000 dwt

4- 10,000 dwt

10- 30,000 dwt

30- 50,000 dwt

§0- 80,000 dwt
80,000 dwt and over

Under 4,000 dwt

4- 10,000 dwt

10- 30,000 dwt

30- 50,000 dwt

50- 80,000 dwt

80-160,000 dwt
160,000 dwt and over

Combined Carriers/Transporteurs Combines

omhined Carriers/

Viias 1Thu Wi

Under 4,000 dwt

4. 10,000 dwt

10~ 30,000 dwt

30- 50,000 dwt

50- 80,000 dwt

80-160,000 dwt
160,000 dwt and over

General Cargo Ships/Cargos

Under 4,000 dwt
4- 10,000 dwt
10- 20,000 dwt
20- 30,000 dwt
30- 50,000 dwt
50- 80,000 dwt
80-160,000 dwt
160,000 dwt and over

Reefers/Havires Refrigeres

Under 4,000 dwt
4- 10,000 dwt
10,000 dwt and over

2.50 2.30
1.80 1.60
0.80 1.00
0.69 0.75
{0.50) 0.55
(0.50) 0.50

2.50 1.60
1.80 1.10
0.60 0.70
0.50 6.60
(0.45) 0.50
(0.40) 0.40
{0.40) 0.30
- 2.50 ) 1.60
1.80 ) 1.10
0.65 ; 0.85
0.55 0.70
{0.50) 0.55
(0.45) 0.45
{0.45) 0.35
.00 1.85
1.40 1.35
(1.00) 1.00
(1.00) 0.85
(1.00) ) 0.70
(1.00) ) 0.55
{(1.00) ) 0.45
(1.00) ) 0.35
3.00 . 2.05
2.00 1.50
1.40 1.25

~D

y
)

Toetrics Fox
Toefficient Toefficient
1977 1984
Jei:H)] Tot)
2.50 1.70
1.80 1.15
0.65 0.75
0.50 0.60
0.45 0.50
0.40 Q.40
0.35 0.30
0.30 0.25

(-



Ship T T de Havire CGRT
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CARGO SHIPS/CARGOS (cont)

Full Container Ships (7)/Mavires Containmeurs {7)

Under 4,000 dwt 3.00
4- 10,000 dwt 1.40

10- 20,000 dwt (0.90
20- 30,000 dwt - (0.90
30- 50,000 dwt (0.80
50,000 dwt and over (0.80

Ro-Ro Vessels (B)/Havires Rouliers (8)

Under 4,000 dwt
4- 10,000 dwt
10- 20,000 dwt {
20- 30,000 dwt (
30,000 dwt and over (

Car Carriers (8)/Transporteurs de Voitures (8)

Under 4,000 dwt
4- 10,000 dwt
10- 20,000 dwt {
20- 30,000 dwt (
30,000 dwt and over (

LPG (4)/Transporteurs de Gaz de Petrols Liquids (4)

Under 4,000 dwt 2
4- 10,000 dwt 1
10- 20,000 dwt {1
20- 30,000 dwt (1

(0

(0

3.00
2.00
1.60
1.60
1.60
4

30- 50,000 dwt
50,000 dwt and over

LHG Carriers/Transporteurs de Gas Natural Liquids

Under 4,000 dwt 2.50
4- 10,000 dwt 1.60
10- 30,000 dwt (0.90)

30- 50,000 dwt 0.70
50,000 dwt and over 0.50

st S

HISCELLANEQUS VESSELS/NAVIRES DIVERS

Ferries (6)/Iransporteurs de Voitures (6)

100- 1,000 gt (2.50)
1,000- 3,000 gt (2.50)
3,000-10,000 gt (2.50)

(1.50)
(1.30)

10,000-20,000 gt
20,000 gt and over

pPassenger Ships (6)/Paquebots (6)

100- 1,000 gt (1.50)
1,000- 3,000 gt (1.50)
3,000-10,000 gt (1.50)

10,000-20,000 gt (1.50)
20,000 gt and over (1.50)

Other Hon-Cargo Vessels/Autres-Havires Non Carqos

Under 100 grt 5.00
100 - 2,000 grt 3.00
2,000 grt ang over 2.00

Coelficient
W

CGT
Toefficient
L]

10C)

1.85  (3)
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Ship T T de Navire

&

Fishing Vessels/Navires de Peche

. 100-1,000 gt
1,000-3,000 gt
.a.ﬁﬂv gt and over

Others (including tugs dredgers, etc)/Augres

100- 1,000 gt
1,000- 3,000 gt

00010 nNnn qt

FIVUVTIV VU

10,000 gt and over

Apply samae coefficients as “Bulk Carriers®/Apoliquer les sames

SEITEIR IRy Ty RS SRR

coefficients que “Navires Vracquiers®.
Apply same coslficients as "Combined Camefs/Appliquer s
sames coefficients que “Transporteurs Combines®.

Apply same coefficients as “General Cargo“/Appiiquer les
sames coefficients que “Cargos”.

In the 1977 system “Chemical carriers® were included n “LPG
Camiers®/Dan le systeme de 1977 les “Transporwurs de
Produits Chimiques® entant incius dans “Transponeurs GPL".

Apply same coefficients as “LPG Camers*/Apphquer ies sames
coefficients que “Transporteurs GPL",

CGRT coetfficients in force since 1.1 1983/Coetiicients CGRT
appliques deputs 1.1 1983.

in the 1977 system the heading was “Full Contaner Ships/High
Speed Liners*/Dans le systeme de 1977 le titre etart “Navres
Containeurs et de lingne rapides”.

In the 1977 sysiem the headmg was “Ro-Ro Vessels/Car

Namaee®Mane Lo swstamna odn are? Snst Shlasasas
Walirsis ivalid & JyoWiINT WUYo l,ll l' UU' 'ul EaVYn s

Roulers et Transporteurs d'automobiles®.

The subdivision did not exist in the 1977 sysiemie sous
division n'existait pas dan le system de 1977

CGRT

71

TYTIB A
livoyy

ris tro

Loefficient

:GI_T
Loefficient
98¢

IR
Liuc

N o
.

[= Y=Y ~]

[N = X=]

rs, drauges, etc

5.00
320

Z.00
1.50



M LI TARY GROSS TONNAGE AND COVPENSATED GROSS
TONNAGE (CGT) COEFFI Cl ENTS

Wile most m | itary shi ps d0 not have national adneasurenent applird, they often have
Suez and Panama Admeasurement prepared. These tonnages are based on nodified Morsom
Systemof admeasurenment and have devel oped many inequitiies because of different interpretations
of international conventions by national governnents. Because of this, IMO held a convention in
1970 that agreed on a sinplified approach to be applied internationally, and this system cane into
force in 1984. However, even though it is very sinple to calculate, nost mlitary ships do not
calculate this new Gross Tonnage (GI).

The Internationdl Goss TONNAGe 1S simply the volume, in cubic meters, of the enclosed
spaces in the hull and deckhouse of a ship miltiplied by a coefficient. The coefficient is to convert
volume to admeasurement tons (.35), and to keep the new Goss Tonnage as close to the existing
@0ss Registered Tonnage as possible. The coefficient ranges from.22 for a small boat of 20
cubi ¢ meters volume to .32 for a very large ship with 2 mllion cubic meters volune. Most
hydrostatic programs used today will give you this volume if the hull and deckhouse are
conpletely defied into the computer model as is normally done for the stability calcul ations.

The teamvas unable to Obtain this information fromthe U.S mlitary ships from the
shipyards visited. They did receive the Goss Tonnages for the Avondale built Fleet Oilers but it
Is uncertain if they were US. or international Goss Tonnages. A though fromthe Iow val ue
conpared to the estimted value it is believed that they were the old US Goss Registered
Tonnage which allows exenption of water ballast spaces and does not include the volune in
double hottom

In order to attenpt to develop a productivity measure for U S. shipyards which could be
used to determne conpetitiveness, Goss Tonnage is required. Estimates of Goss Tonnage were
made for a number of recent US. and British nilitary ships and are given in Table I.

TABLE |

ESTI MATED GROSS TONNAGE FOR M LI TARY SHI PS
FRI GATES GROSS TONNAGE
British Type 22 4,950
British Type 23 3,800
USA FFG 4,725
DESTROYERS
British Type 82 6, 000
USA DDG 51 8, 750
OTHER
USA AEG S 8, 050
USA LSD 17,700
USA LHD 74,200
USA Aircraft Carriers 108, 000
USA Fleet Qler 25,500 Avondal e

USA Fleet Oler 38, 500 NASSCO



The next neasure that is required to enable productivity conparison is coefficients to
apply to the T to account for the vessel type and size inpact on complexity. These have been
devel oped for all types of commercial ships over many years by the CECD and Table 1 shows the
current coefficients. There are no published coefficients for mlitary ships. Therefore, estinmates
of GT Coefficients were derived from review of suitable (high conplexity)cornmercial ship
and sizes as well as comparison of building nanhours for both mlitary and comercial ships. The
estimted GI Coefficients for mlitary ships are shown in Table I11. These coefficients were
derived froma small sanple of relatively smll (up to 6,000 GI) comercial and mlitary ships
from European and a few U.S sources. The Manhours/ G oss Tonnage val ues were cal cul ated and
plotted on log log scale. The plot showed both the fleet oilers and the LSD on a mich |ower
cuwe than the conbatant ships. The ratio of the neasure for mlitary conpared to comercial
ships was determned and applied to the Went CGT Coefficients for Ferries and Passenger at
different Goss Tonnage. The mlitary conbatant line was projected as a straight line to the size
of the LHD and Aircraft Carrier.

TABLE |11
ESTI MATED CGI CCEFFI Cl ENTS FOR M LI TARY SH PS
“ Frigates 10 to 18
Destroyers 8 to 14
Crui sers 7to0 12
Aircraft Carrier 2t04
LSD 2104
LHD 3105
Fleet Oder 1.5t02

Applying these coefficients to the first of a class of a mlitary support ship, built inaUS
shipyard in 1984, gives a productivity factor ranging from 74 to 148 MACGT. These values are
wel | above European and Japanese Shipbuildinjj productivity for conplex shipsof simlar size
which would be in the low 40's.

It I's recommended that individual US. shipyards start to use this approach to measure
productivity for every ship they are currently building and for all future bids and building. They
can start by using the estimated CGT Coefficients in Table I with their calculated G oss
Tonnage to determne the productivity factor. This would enable themto refine the coefficients
over time and by conparing different ship types in the same shipyard. For exanple Ingalls
Shipbui | ding could conpare Aegis Cruisers, DDGbL Destroyers, LHA's and LHD's. It would be
reasonable to expect lower manhours per CGT values for the larger ships. The results could also
be used to record inpact of design changes and inproved processes.

It is suggested that at a mninumthe fol [owing measures be derived:
Di rect Manhour dCGT
Total Enployee Manhours/CGT

CGI/Direct worker Year
CGI/ Total Enpl oyee Year
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WORKSHOP ON THE ROLE OF TECHNOLOGY APPLICATION IN SHIPBUILDING




Shipyard labour cost com;arisons
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NATIONAL RESEARCH COUNCIL

DESIGN AND BUILDING CYCLE TIME

SHORT DESIGN AND BUILDING CYCLE TIMES ARE DIRECTLY
RELATED TO HIGH ANNUAL OUTPUT, SUCH AS:

4 TO 6 VLCCS
6 TO 8 140,000 TDWT TANKERS AND/OR BULK CARRIERS

4 TO 6 CONTAINERSHIPS
OR -
8 PRODUCT TANKERS

SHORT DESIGN AND BUILDING CYCLES ARE ONLY POSSIBLE WITH
SUFFICIANT AND CONTINUOUS DEMAND FOR SHIPS.

FOR EXAMPLE: 4 MONTH BERTH TIMES REQUIRE 3 OR MORE SHIP
COMPLETIONS PER YEAR

WORKSHOP ON THE ROLE OF TECHNOLOGY APPLICATION IN SHIPBUILDING

- -



NATI ONAL  RESEARCH COUNCI L

DESI GN AND BUI LDI NG CYCLE TI ME (Cont)

CONSTRUCTI ON TI ME - MONTHS ( KEEL LAYI NG TO DELI VERY)
SH P TYPE EUROPE DENMARK JAPAN USA

VLCC 17 5 9
PRODUCT TANKER 8
BULK CARRI ER 14 8
CONTAI NERSHI P (4400) 17 9

CONTAI NERSHI P (1880) 12

WORKSHOP ON THE ROLE OF TECHNOLOGY APPLI CATI ON IN SHI PBU LDI NG
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IHI

CURRENT APPROACH

BASIC DESIGN

| | SOF

FUNCTIONAL DESIGN

|

PRODUCTION DRWINGS

FABRICATION

ERECTION

AFLOAT OUTFITTING

SEA TRIALS & COMPLTN

AJISAI APPROACH

SIS e | O | SOF

AJISAI

PRODUCTION INSTRUCT

FABRICATION

ERECTION

SEA TRIALS & COMPLTN

MHI

£0.000 TDWT DOUBLE BOTTOM PRODU

CT TANKER

BASIC DESIGN

mpomm | [SOF

PRODUCTION DESIGN

FABRICATION

ERECTION

AFLOAT OUTFITTING

SEA TRIALS & COMPLTN

SHI

85,000 TDWT BULK CARRIER

BASIC DESIGN

o | [ SOF

DETAL. DESIGN

TS

PRODUCTION DESIGN

FABRICATION

ERECTION

AFLOAT OUTFITTING

SEA TRIALS & COMPLTN

VERY LARGE CRUDE CARRIER

BASIC DESIGN

DETALL DESIGN

PRODUCTION DESIGN

FABRICATION

ERECTTION

AFLOAT OUTFITTING

SEA TRIALS & COMPLTN

FIGURE 7.1.1 - TYPICAL JAPANESE DESIGN AND BUILD SCHEDULES
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

| MPLEMENTI NG TECHNOL OGY

| MPLEMENT NEW TECHNOLOQ ES | N AN ATTEMPT TO STAY I N FRONT OR AT LEAST
STAY WTH THE COWPETI TI ON

« FOR MANY COVPANI ES TODAY THI' S MEANS MAI NTAI NI NG COMPETI Tl VNESS | N
BOTH DOVESTI C AND | NTERNATI ONAL MARKETS

Z TODO SO IT I'S NECESSARY TO ATTAIN WHAT |'S GENERALLY REFERED TO AS
“WORLD CLASS | N MANUFACTURI NG PRACTI CE?’

 THI'S USUALLY | NVOLVES BENCHVARKI NG W TH THE COWPETI TI ON, AND AS THEY
HAVE SET THE STARDARD | N MANY | NDUSTRI ES FOR YEARS, | T USUALLY MEANS
COVMPARI NG W TH THE JAPANESE

 MANY PEOPLE HAVE TRIED TO DETERM NE HOWV THE WORLD CLASS COMPANI ES
ACHI EVE THElI R SUCCESS AND THEN TO EMULATE I'T OR EVEN | MPROVE ON | T

 MANY WAYS TO ACCOWPLI SH THI S HAVE BEEN ATTEMPTED, | NCLUDI NG

BENCHMARKI NG

TECHNOLOGY TRANSFER

PARTNERSHI P W TH A RECOGNI ZED WORLD CLASS COVPANY

| NVARD | NVESTMENT BY A RECOGED WORLD CLASS COVPANY

UNIVERSITY OF _HIGAN TRANSPORTATION RESEARCH INSTITUTE




NSRP SP-9 PANEL SHORT COURSE ON | MPLEMENTI NG ADVANCED TECHNOLOGY

TECHNOLOGY TRANSFER

Z TECHNOLOGY TRANSFER |'S NOT' NEW

Z PROBABLY THE MOST SI GNI FI CANT TECHNOLOGY TRASFER I N SHI PBUI LDING THI S
CENTURY IS NOT THAT FROM JAPAN TO U.S., BUT FROM U. S. TO JAPAN AT THE END

OF WORLD WAR 1|

Z IN THE LATE 1960’ S THE U.S. TRANSFERED COVPUTER Al DED LOFTING AND N C

BURNI NG FROM EUROPE

Z CURRENT TECHNOLOGY TRANSFER TEAM NG | NCLUDE:

AVONDALE | NDUSTRI ES
BATH | RON WORKS

BENDER SHI PBUI LDI NG
NASSCO
TODD PACI FI C

ASTI LLERCS ESPANCOLES

KVAERNER MASA
M TSU ENG NEERI NG & SHI PBUI LDI NG

M TSUBI SH HEAVY | NDUSTRI ES
KAWASAKI HEAVY | NDUSTRI ES
| HI

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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NSRP SP- 9 PANEL SHORT COURSE ON | MPLEMENTI NG ADVANCED TECHNOLOGY

TECHNOLOGY TRANSFER (continued

CURRENT AGREEMENTS ARE MORE ALL ENCOVPASSI NG COVERI NGGUI DANCE
AND PARTI Cl PATI ON BY THE TRANSFEREE | N ALL PROCESSES FROM NEW SHI P
DESI GN AND Bl D THROUGH DELI VERY

TH'S 1S PROBABLY BECAUSE U. S. SHI PBU LDERS NOW RECOGNI ZE THAT THEY
HAVE TO CHANGE THEI R COVMPLETE APPRCACH TO ACH EVE THE | MPROVEMENT
LEVELS ARE SEEKI NG RATHER THAN THE SPECI FI C PROCESS APPROACH THE PAST
VH CH A ONLY HAD LI M TED SUCCESS

BOTH THE VI SI BLE AND | NVI SI BLE FACTORS OF | MPLEMENTI NG SOVEONE ELSES
TECHNOLOGY MUST BE CONSI DERED. THESE ARE REFLECTED IN A SH PYARD S’

STRATEGY FOR BUI LDI NG SHI PS

ORGANI ZATI ONAL STRUCTURE

METHOD OF OPERATI NG

COOPERATION WTH I TS SUPPLI ERS AND SUB- CONTRACTORS

AN | NHERENT LIM TATION OF TH S APPROACHCI S THAT THE LEARNI NG SHI PYARD
CAN ONLY BECOVE AS PRCFI CI ENT AS THE TRANSFERRI NG SHI PYARD

BECAUSE OF THI S SOME SHI PYARDS PREFER TO WORK W TH SHI PBUI LDI NG
CONSULTANTS WHO CAN BRI NG THEM UP TO DATE W TH THE BEST PRACTI CES OF
THE WORLD CLASS SHI PBUI LDERS. TH S CAN BE MORE RI SKY, BUT, |F
SUCCESSFUL W LL @ VE A COWPETI TI VE ADVANTAGE TO THE CHANG NG

SHI PYARD

UNI VERSI TY OF M CH GAN TRANSPORTATI ON RESEARCH | NSTI TUTE



NSRP SP-9 PANEL SHORT COURSE ON | MPLEMENTI NG ADVANCED TECHNOLOGY”

NATI ONAL SHI PBUI LDI NG
RESEARCH PROGRAM

 PART OF THE SNAME TECHNI CAL & RESEARCH PROGRAM
. MANAGED BY AN EXECUTI VE CONTROL BQARD
 CURRENTLY 8 ACTI VE PANELS. ALL MEMBERS ARE VOLUNTEERS

s THE PANELS DEVELOP RESEARCH PRQJECT | DEAS THAT ARE SUBM TTED TO AND
APPROVED BY THE ECB

» SHORT COURSE 1S PART OF AN SP-9 (EDUCATI ON & TRAI NI NG PANEL PRQIECT

 THE EFFECTI VENESS OF THE PANELS BASED ON THE. AMOUNT OF PRQJECT
SUBJECTS THAT HAVE BEEN | MPLEMENTED By U.S. SH PBU LDERS | S
DI SAPPO NTI NG

. REASONS FOR LACK OF | MPLEMENTATI ON | NCLUDE:
NO KNOALEDGE OF NSRP AND | TS ACTI VI TI ES
NEVER SEEN ANY REPORTS
RESEARCH | S NOT' APPL|I CABLE OR TOO THEORETI CAL
LACK OF FUNDI NG TO | MPLEMENT EVEN GOCD APPROACHES
NOT' ENOUGH SHI PYARD | NVOLVEMENT | N PRQJECTS

UNIVER Y OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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A Review of Technol ogy Devel opnent
| npl enent ation, and Strategies for
Further | nprovenent in U.S. Shipbuilding

T. Lanb, Fellow University of Mchigan Transportation Research Institute, A Allan and J. Qark Visitors,
A& e Appletone International Ltd., UK, and GR Snaith, visitor, Pi-sigm Ltd., uk

ABSTRACT

Over the past tvo decades US. shipbuilders have amassed a great amount of DATA on the Best Shipbuild nF
Practices throughout the world through direct technology transfer and the sponsorship of the Nationa
Shi pbmldngesearch Program , , o
~ Many US: shipbuil ders ave used this know edge to improve parts of the overall shipbuilding ﬁrocess. ot
W thstanding these positive yet intermttent achievements much nust still be done to integrate all the know edge
Into a superior set ofshipbuilding trategies to mve U.S shipbuilders into a truly olobal shipouilding corrPetmve
position. Developing the strategies is obviously just the beginning. Commtting to their implefentation is
essential for success in the mrketplace, , _ , o

The paper stresses the devel opment and i mpl ementation of comprehensive strategies for the US. shipbuilders
by ex[)! 0r|n? the “Gobal concepts’ of integrated Product devel opment, accuracy control, stable processes, variety
reduction, Throughput improvenent and, to make it all happen, Te-engneering.

| NTRODUCT! ON

while the US shi Pbuildi ng industry maY Table 1- Shipbui| q n? & Repair Emloyment Levels
currently beat the bottomof the |eague for commercia In Mjor Shipbuilding Countries (1,0005)
shipbuildling it is at the top of the |eague when the

nunber of enployees in the industry IS yardstick  Country 1990 1994
It is difficult toPet accurate conparable runbers for (117) (2 (38 {2)7 (7352
shipyard empl oyment not on|5( for different countri~  US. 5 130 9 0

but ‘also for the US Forfunately, it is Sufficient to use  Japan 55 53
rough order of magnitude nunbers to substantiate this — South Korea 53

point , S Germany 2s
For comparison, data on a nunber of shipbuilding — spin 33
countries, was col[ected and is presented in Table |7 china 560

The table shows that apart from China, in which the , o

sh Pbmldm Industry is state owned,the US, in 1994 L -UN Industrial Statistics Yearbook 1991

still had the largest number of emloyees in private  2.- Maritime Adm nkaa 041994

shipyards. However, unless something I's done quickly — 3.- Authors estimte for shiphuilding only

to reverse the current rapid decrease’of eml o)(mant I

the U S shipbuilding industry, the US will M to , ,

30,000 empl oyees by"the year 2000, far below the The passi nﬂq of the 1970 act by President Nxon

current levelsin Korea and Japan. A four fold decrease  gave a very badly needed impetus to the devel opmrent

since 1980. and i mpl enentation of “advancd shipbuilding
technology into U.S. bhipbuilding. Snipyards such &
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General Dynam cs- Qui ncy, BethShiP, NASSCO,
Newport News and Avondrde all benefited fromit
Significant achi evenents were the Livingston
Shipyard and Avondale IH Technol ogy Transfer.

The current National Shipbuilding Research
Program (NSRP) developed from seeds planted at this
time.  The Ship Production Panel SP-2 (outfit
Planning) built on these sem-private IH technology
transfers and becane the conduit through which IH
ship production technology was transferred to US.
shipbuilders in general.

In the early 1980"s individual shipyards
devel oped technol ogy transfer arrangenents
directly with Japanese and European shipbuilders and
consul tants However, the demand for comercial
ships in the US. disappeared when Wien Reagan
elimnated the Construction Differential Subsidy in
1981, and started the 600 ship Navy. Nobody
anticipated the collapse of the USSR style of
comuni sm and the end of the cold war.

building Navy combatant and support ships.

Even those planning to enter comercial
shipbuilding now still will not incorporate all the
approaches as that would prevent them from being dual
purpose shipyards. That is, builders of nilitary and
comercial ships in the same facility. Because of this
limted adoption of the world class conmercial
shipbuilding practices, US. shipbuilders arc not close
to the productivity achieved by the shipyards who are

t conpetitive in international markets.

Interestingly, nuch of the technology used by
world class shipbuilders is not new. It has been around
for at least a decade. They have sinply kept improving
their use of it The Japanese, in particular, change the
basi ¢ technol ogy of a process only when they have
exhausted its potential betits arising fromrelentless
programs of continous inprovenents.

Has the technology transfer benefited U.S.
shipyards? The paper attenpts to answer this by

The resul tdomparing two U.S. shipbuilding technology surveys

peace dividend effect is reflected in the rapid decrgadeconparisons with the best foreign shipbuilders,

in naval ship demand. Figure 1 shows this clearly as
wel | as why U.S. shipbuilder nust get into
comercial shipbuilding if they are to survive,

Workload for 1995-1898 includes DoD Projection
WE Nevy £STI Commerclel

meilmlluu

72 14 7" 7 &0 522 8 M 88 N N KW N »u

A% oF JanUABY 1, EACH YEAR

Source - Marine Log
Figure 1- New Conmercial and Naval Ships under
Construction or on Order in US. Shipyards

No US shipyard conpletely adopted all the
proposed inprovements. There are many reasons for
this including required capital investment for some of
them However, the mjor reason is sinply that they
were not building commercial ships. Most shipyards
have incorporated many parts of the technol ogies
where they could be of benefit in designing and
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The first performed in the late 1970's (NSRP 1980)
and second just conpleted in 1994 (NSRP 1995). This
conparison will give an indication of how far US
shipyards have inproved and al so how much they have
closed the gap with the best foreign shipyards.

Next an attempt will be made to explain why so
little of the available technology has km adopted by
U'S. shipbui | ders.

Finally, recomended changes and/or adoption of
known tecgnology and the potential benefits -will be
given.

GLOBAL SHI PBUI LDI NG NMARKET

US. shipbuilding status

The current U.S. shipbuilding market consists of
naval conbatants, naval suppom semi-comercial
propositioning mlitary support ships and a smattering
of comercial vessels. The comercial vessels are
general Iy highly specialized such as workboats and the
mni boomin riverboat casinos. Exceptions to this are
the Newport News DOUBLE EAGLE Product Tanker,
the Avondal e Product Tanker forebodies and the
Alabama Drydock chemical carriers.

In 1993, President Clinton proposed a five part
programto “Strengthen American Shipyards: A Plan
for Competing in the International Market. The plan
was based on:
| ensuring fair international conpetition
| inproving comercial conpetitiveness with

MARI TECH
| elimnating unnecessary governnent regulation,



® assisting ship sales through Title XI Loan
guarantees of the necessary financing, and
® assisting international marketing.

The first two have been partially accomplished

and the third and fourth are underway. Newport News

Qi3 32w sasa. Gaie 2Vl &% R RSPt 2N

Shipbuilding has secured the order from a foreign ship
owner for its Double Eagle Product Tanker and expects
more to follow.

The MARITECH objective is to assist U.S.
shipbuilders develop technologies and processes to
design and build products that are internationally
competitive. This is facilitated by Focused Technology
Development Projects, new commercially viable
product development, shipyard facility improvement
and the establishment of Regional Maritime

1ecnnoiogy Centers.

A number of shipyards have commercial ship

dacione underamv which thev hone will give them an
ULDIBAD UIIUAMI TTA) Trillvil siivy MUpw Tl pave saiwas

entry into the world commercial ship market. They
range in type from niche ships, such as car
carrier/reefers, to commodity container ships and
product tankers.

World Shipbuilding Situation

The demand for commercial ships is directly
influenced by world trade. From 1962 to 1973 world
trade grew at a high annual rate, as did shipping. This
is reflected in the growth from 8 million to 34 million
Gross Tons (GT) of ships delivered per year from 1962
to 1975. This dropped swifily to 18 million GT by

N0 .3 19 it L. TQON Qievnn shant diema sha
1370 4i1ki 10 15 mon Uy 170U, oOiNA Uidl i, e

amount of commercial ships delivered each year has

fluctuated from 11 10 18 million GT.

Unfortunately, world shipbuilding capacity
continued to increase beyond 1975 due to the coming
on line of new shipyards planned during the pre-1975
shipbuilding boom. This over-capacity resulted in the
closing of many shipyards, even in Japan. In some
countries it resulted in complete elimination of their
shipbuilding and support industries. It comes as a
surprise to many people that, from the point of view of
shipbuilding capacity reduction in GT, Japan had the
largest drop, from 18 million to 5 million. More than
the totai shipbuiiding capacity of the rest of the worid
in 1975. The resulting over capacity has instigated
sirong price wars. As recently as 1993 world mew
commercial ship prices were as low as 70% of the

average European cost to build them. F:o“rp 2 shows
aveiagl Suiopial (O

how the price for tankers has fluctuated over the past
24 vears and clearly shows the impact of lack of

demand on price, even while costs were generally
increasing.
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However, it should be noted that during this
period Japanese and European shipyards have
significantly reduced the man hours required to
construct ships, as much as 50 % in the case of many
of the remaining Japanese shipyards.

Another important factor in the international
commercial shipbuilding market is that the world's
most successful shipbuilding countries have complete
dominance in their domestic ship owning market.
Both Japan and Korea build 100% of the ships owned
by the ship owners in their respective countries.

The U.S. shipping flect is one of the oldest in the

world at an average age of 21 years. If special ships

such as the nrenositionine fleet and the Ml:inw Sealift

uch as the prepositioning fleet
ships are excluded the average age mcms&s to 27
years. What a shipbuilding boom the U.S. shipbuilders
would have if the U.S. ship owners started to rebuild
their ships, in the U.S,, that were older than 20 years!
World shipbuilding capacity, at over 30 million
GT, is still greater than the demand, although the
demand is increasing and it is expected to improve
even more as older ships are scrapped and replaced.
Unfortunately, this ray of hope for improved ship
prices for world shipbuilders may be dimmed by the
announced plans to increase existing as well as new
shipbuilding capacity in countries such as Germany,

Crvith Parma and China an A Af Ansvveca

ha wa _ante

SUULUL Diwviva alld Llllid, aliu, Ul VARULDG, I‘.IIG lc'cuuy

into commercial shipbuilding of the U.S.

Market Mix/Demand

World market demand for new commercial ships
for 1996 is forecasted to be over 25 million GT. The
relative market share of different ship types is shown in

-

)
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Table 11 which is taken froma paper presented at the
1995 NSRP Symposium (Stott, 1995). Note that the
Relative Market Volume is derived by assigning LNG
ships the value of unity. That is, for each LNG ship
required there are 21.6 container ships The interesting
point made in this table is that the best target of
opportunity for a shipyard attenpting entry into the
world commercial shipbuilding market my not be
either a niche type or a product tanker, but a bulk
carrier or a general cargo ship. Another point is that if
a shipyard chooses a niche strategy it will have a |ow
ship throughput even if it is successfulin getting a
share of a very small piece of the pie. Figure 3, also
fromthe above referenced paper (Stott 1995), shows
that, at least for the noment there is ess conpetition
for shipyards that can build large ships, that is ships
over S0,000 Tonnes Deadwei ght

Table I1- Ship Type Relative Market Sham

SH P TYPE RELATI VE MARKET
VOLUME
Bul'k carrier 62.3
Ceneral cargo 53.5
Tanker 315
Contai ner ship 21.6
Fassenger (inC. Ferries) 17.4
Chenical Tanker 17.1
RO- RO 13.9
12.8
5.0
0130 13
LNG Lo

Note -TheRel ativeMarket Volume is derivedby
assigning a value of one to LNG ships

There is a further complication which arises when
assessing demand and this is due to the fact that some
mrkets for building ships are effectively “closed.”
Exanples of this are the Korean and Japanese markets
where domestic ship demand is satisfied 100% by
national shipbuilders. Anassessment therefore has to
be made on the size of the “open” market

No matter what strategy is followed, any
shi pbul der. entering the world comercial
shipbui I ding market over the next few years, can
expect intense competition%and probably low profits, if
any.
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U.S. SH PBUILDING SI TUATION

Conpeti tiveness

Success in the world market requires more than
high productivity. Marketing specialists define
Conpetitiveness as product price, place and
promotion However, there is no universally accepted
definition of conpetitivemess. KPMG H Marwick
intheir Study of the Conpetitiveness of EEC Shipyards
(KPMG 1992), define it as

"The ability to win and execute shipbuilding orders
in open conpetition and stay in business."

A nore neasurable definition is that
conpetitiveness is the conbined result & price,
delivery, quality (customer satisfaction) and

Price Is whatever the open market will bear for
your product. It is obviously influenced by the bal ance
between demand and supply. Cost which hopeful Iy
will be lower than price giving a profit depends on
material cost, labor rate and productivity

It is difficult to conpare US. shipbuilding
conpetitiveness as themhas been no international
trade commercial shipbuilding in the US for so many
years, thus the conparative data is non-existent

Success al so depends on other factors such as
| design of products that are most appropriate for

their intended use and are reliable in both function

and performnce,
| carefully targeted, accessible markets,
| attractive financing packages, and
| product guarantees and in service support-

financing.



As U.S. shipbuilders focus on commercial ships
the need for total inplenmentation of world class
commercial shipbuildin best practices times
painfully clear. They have to reduce the cost and
shorten the design and building time for comrercial
ships. The dilema facing themis howto do this in a
|dual purpose facility? This will be discussed further
ater,

Conpensated G oss Tons (OGTL is used to
provide a common neasure of the output of
comercially shipbuilding inlarge aggregates such as
countries, or regions of the worth. The associ ated
coefficients are the formof stepped functions but
with some modifications to remove the steps, CGT can
be applied to individual shipyards.

The cost in US dollars of producing a CGT can
be used to provide a measure of the conpetitiveness of
shipyards. This measure only relates to the [abor cost
of producing a CGT and thus relates to the portion of
the total cost of a ship which is directly under the
control of the shipyard.

The supply chain and associated material cost are
an important part of the total ship costs and these need
to be addressed..

The 1994 Gobal Shipbuilding Conpetitiveness
study assessed the conpetitiveness of the U.S.
shipbuilding industry in terns of the cost of producing
a CGT conpared with the same measure for its
conpetitors. The competitors were the three foreign
shipwards involved in the survey as well as other world
shi pyards considered to be conpetitors for which
conparable data was available. Table I11 shows the
results of this comparison.

Table 111 - Average Conpetitiveness Conparison
Us. Visited Al

Yards  Foreign Foreign

Man HodYear 1,829 1,805 1,963
Man  Hour s/ CGT 185 40 88
cost/Enployee Year  $52,500 S63,455 $48,690

cost/cGT $5,314 $1,121 $1,2%

[t is acknowl edged that the value for US yards is
based on an estinated CGT coefficient but, it would
need to be out by a factor of four to bring U.S. shipyard
productivity into [ine with the foreign shipyards and
this is unlikely.

Figure 4 shows the relative competitiveness of
various shipbuilding countries in terms of Cost/CGT in
US. dollars, plotted against a background of curves of
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constant cost per CGI. The values do not include
miterial costs but area neasure of those items under
the direct control of the shipyard

Total cost to be considered for international
conpetition is given by:

Exchange Rate X {(FullY Burdened Labor Rate
X Labor Hours)+ Miterial C@

Thus conpetitiveness is directly influenced by
Product i vit

Mirine industry Infrastructure
subsi di es

|

| Delivery Schedule shi pyar d

| Material cost | nf | uenced
| Labor Rates

| Financing

| Exchange Rates country

: Nati onal Shi pbui I ding Policy I nf | uenced
|

Exchange rate is not within the direct control of a
shipbuilder and fluctuates all the time. Even the |abor
rate is only withinalittle of the shipbuilders control.
Therefore, many analysts prefer to consider |abor mn
hours as a relatively stable measure for comparison.
This leads to the consideration of productivity.

It can be seen that Productivity is only one of
many factors that influence conpetitiveness. But it is
an inportantpart as it can be controlled by the
shipbuilder. Productivity, in turn, is influenced by the
followng factors



. Technol ogy

. Facilities

| Management Conpetence
| WO* Organhtion

| Wfi Praetiee

. Worker Skill Mel

| Worker Motivation

The @ obal Shipbuilding Conpetitiveness studies,
mentioned above (NSRP, 1995), included a conparison
between the previous and latest studies of technology
levels. Table IV is such a conparison and it shows
that in 16 years the average technology level in US
shipyards has increased by 0.9, from2.5 to 3.4, but the
corresponding increase for foreign shipyards was 1.1,
from2.9 to 4.0. That is, the technology gap has
widened slightly. The maxinum attainable technol ogy
level in 1978 was 4.0 while the current maxinum |evel
is 5.0. This is due to the technology devel opments in
the time from 1978 to the present

It is equally difficult to get a universally accepted
definition of productivity. In the shipbuilding industry,
man hours per tonne of steel weight has long been used
as a prductivity measure, but it suffers fromthe fact
that ship type, size and conplexity are not taken into
account and that is not addressed.To
overcone this problem the concept of Conpensated
Goss Ton (COT) was developed in 1% by the
Associ ation of st European Shipbuilders and the
Shi pbui I der Association of Japan

The CGInmeasure coefficients to apply to

the Goss Tonnage of ships accoutn for their type,

size and conplexity. These coefficients have been

devel oped over nmany years through eon
between najor shipbuilding countries. They cover all
comercial ship types.

Man hours per CGI has been accepted as a
measure of productivity. A conparative productivity
measure used for assessing an individual shipyard's
performance is it's labor hours for producing a CGT
over a period of 3 to 5 years

Howeffective is the CGT approach? If it was
precise, for different ship types, sizes and conplexity
constructed in the same shipyard the man hours per
CGT would be the same. Table V shows a comparison
between man hoursl /tonne of steel and man hours/ CGT.
[t can be seen that there
Is significant inprovenent in the COT approach but it
still is not precise.

The best international productivity appears to
range from 20 MY CGT for large container ships, 30
MY/ CGT for single hull VLCCs,40 M4 CGT for
large ferries and 70 MY CGT for pasenger ships.

Q0T coefficients are not available for naval ships.
Inorder to attenpt to derive a rough order of
magnitude productivity measure for U.S shipbuilders
inthe - Gobal Shipbuilding Conpetitiveness
study performed for the NSRP SP-4 Panel (NSRP,
1995), CQ'T coefficients were
estimated for naval ships. These were then applied

Table I'V- Survey results Conpared to 1994 Survey

1978 SURVEY 1994 SURVEY
US FOREI GN Us. FOREI GN
GROUP SH PYARDS SHI PYARDS DELTA SHI PYARDS SHI PYARDS DELTA
A Steelwork Production 2.25 2.91 0. 66 2.91 3.46 0.55
B Qutfit Production 2.36 2.43 0.07 3.30 3.75 0.45
C Qther Pre—erection Activities 2.06 2.76 0.70 3.83 4.06 0.23
D Ship Construction 2.48 2.86 0.38 3.18 3.98 0.80
E Layout and Environment 2.33 2.89 0.56 2.94 3.31 0.37
G Design/Drafting/Production 2.92 317 0.25 3.45 4.33 0.88
Engi neeri ng
H Organization and Cperating  2.98 3.03 0.05 4.04 4.67 0.63
systens
OVERALL TECHNOLOGY LEVEL 2.50 2.90 0.40 3.4 4.0 0.60
9-6
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Table V-Conparison of Productivity Measures

SH P TYPE MY ST. WI. VH CGT
TONNE
Vlcc 16 32
SuezMax Tanker 19 22
product Tanker 27 20
chenical Tanker 46 36
Bulk Carrier 19 20
Cont ai ner ship 4400TFEU 19 22
Cont ai ner ship 1800TFEU 28 22
Reef er 43 34
Ceneral Cargo 56 29
Ferry 51 39
Ccean Tug 105 31

to data froma nunber of US. shipyards for naval
ships, and the resulting productivity ranged from 180
MH CGT for a destroyer to 120 MACGT for a Navy
amphi bi ous ship. These values are Significantly worse
than European and Japanese shipbuilding productivity
values for conplex ships.

The @G obal Shipbuilding conpetitiveness study
also developed an overal| measure of U.S. shipbuilding
productivity by deriving the total output over the past
five years of the shipyards visited in terns of COT and
the man hours to produce it. These were 1,683,671
COT and 314,274,641 man hours. The average
productivity was therefore 185 man hours CGT. This is
higher than the values given above for the destroyer
and the anphibious ship, but probably presents a worse
case than actually exists,to the fact with that some of
the shipyards had “planning yard" and other “white
col lar" Navy support activities that expend man hours
without producing additional output-

Build Cycle Time

Ship build cycle times for U'S. shipbuilder
appear to be twice as long as those attained by world
(ass shipbuil ders.

How is it the US camot natch this? The Wrld
Wr 11 records show that first ship production was
achieved by the U.S. So the US. has built Ships
quickly. Wat is different today? It is the lack of
steady demand for new ships. Many people do not
seemto understand that there is a direct relationship
between shipyard throughput and productivity and
build tine. This was shown many years ago by
Burmeister & Vain (Sverdrup, 1978). As throughput
increases so does productivity and the build time is
obviously shortened. Another source has reported that
as throughput is increased by 10% productivity

increases by 2 1/2%

However, it makes no sense to shorten design and
build times without an increased continous demand
for ships. Even with the inproved productivity that
wll result fromthe increased throughput it will still
be necessary to increase the nunber of design and
production workers and they will need to be mned in
the new ways, not the traditional ways, to design fid
build ships. This can only be done as a long term
investnent. It would be ludicrous to man-up for one or
two short cycle ship programs and then have to lay off
most of the workers because there was no follow on
contracts.

The time to deliver a ship after Contract Award
Can be divided in to.

Design and Planning
Fabrication
Assembl y

Erection

Afl oat Completion
Test and Trials

Sonetimes when conparing build cycle times it
Is not clear that the same start stages are used. That is,
Is the start Contract A war & Start of Desing Startof
Fabrication or Keel laying? It is essential that the
same activities are being conpared. Two cycle times
are inmportant fromthe conpetitiveness point of view,
namely design and construcdon. Typical design time
for comercial ships in Europe and Japan range from
6 to 12 nonths whereas in the U.S it ranges from 12
to 24 months. Part of the reason for this is that in the
US. it takes twice the effort as shown in Table VI
(Anderson, 1993).

Table VI Typical Design Man Hours
SH P TYPE EUROPE/ JAPAN U. S.

VLcc 75,000 Single Hull

102,000 Doubl e Hull

Product Tanker 34,000 98, 000
Bulk Carrier 56, 000
Container ship 4400 72,500
Cont ai ner ship 1800 40,000 110, 000

Tabl e VIT shows typical construction times for
different ship types and countries. The data for the
US. is sparse but it does highlight the problem
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Table VIT- Construction Time in Months
Keel Laying to Delivery

SHP TYPE EUROPE DENVARK JAPAN U.S.
VLcc 17 5 9
product Tanker 12 8 20
Bulk carrier 16 8

Cont ai ner ship 4400 17 8 9
Container ship 1880 12 12 24

TECHNOLOGY TRANSFER

In the manufacturing industires, it is generally
the Japanese conmpanies that have led the world in
terns of cost effective production of well designed,
reliable, high quality products.

The Japanese approach to | ow cost manufacturing
Canbe wmmsnnnd as:

1. Designing out of the product needless work of
construction.

2. Organizing out of production system needless
work of Construction.

3. Avoiding the need for rework.

This is allied to a consistent policy of continuous
| npr ovenent .

Just how al | of this is achieved is the very essence
of a Japanese conpany’s nmethod of operation, that
evol ves overtime in a puposeful, dynamc, well
managed manner. For the leading Japanese
shipbui I ders, this evolution has been underway over the
last 40 t0 45 years.

The industrial and comercial performance of
Japanese manufacturing have set the benchmarks by
whi ch others can neasure and compare their own
performance. To compete with themin world markets,
It is at least necessary to match the combined effect of
product features valued by customers, including price,
quality and delivery. Nowhere is this more true than in
shipbuilding.

In many countries the manufacturing conpanies
aimto be conpetitive in both the domestic and
international markets. To do so it is necessary that
they become what is generally referred to as “world
class in manufacturing practice.” This essentially
consists of finding out how conparable conpetitors,
usual Iy, but not exclusively, Japanese companies, have
achieved their performance, then emulating it by using
either the same nethods or others that are
denonstrably at |east equally effective or better.

To date various means of effecting this enulation
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have been attenpted such as
technol ogy trannsfer,
| partnership with a recognized |eader, or
inward investment by a recognized | eader.

In principle any of these nethods can be
Successful although Success is not guaranteed. There
are nunerous exanples of all three approaches in
manufacturing industries in the U 3$n US
shi pbui 1 ding only technol ogy transfer

Technology transferr is as old as the history of
civilization In this century, the most significant in
shipbuilding is not that currently underway from Japan
and Europe to the U S, although the inportance to the
US s certainly the greatest. It is actually the other
way around! It was the transfer of shipbuilding
technology from U.S. to Japan at the end of Verld Var
[1,and is well documented by(Chirillo, 1985)
and Sasaki, (Sasaki, 1988). Both Claimthat this
technology transfer was the beginning of what we call
t oday, "Modern shipbuilding and what was
Normally |abel ed the “Americanization of Industry,”
in the early fifties,

Direct Shipyard to Shipyard or Consul tant

US.  shipyards comrenced  shipbuilding
technol ogy transfer from Europe in the late 1960's in
the form of computer aided lofting nunerical control
burning machines and panel |ine equipment Newport
News Shipbuilding had a technology transfer
arrangement with IH in 1974. Through the support of
Maritime Admnistration (MarAd), Lewingston and
Avondal e participated in teclunogy transfer from [1-11
in 1980 and 1982. I'ndi vidual shipyards then
contracted directly with shipyards and consultants from
Japan and Europe. A These direct technology transfer
agreements were usual ly for specific parts of the
shi pbui I ding process, such as material handing
pl anning process analysis accuracy control,
production techniques and line heating for plate
formng. This increnental or piece-meal approach did
not result in the expected significant inprovenents
and sonetimes did not achieve the benefits that the
original shipyard had anticipated. In hind sight this is
probably because it removed the specific approaches
out of the total manufacturing system which they
worked. The U.S. shipyards into which the new
specific item approaches were being introduced did not
fully understand the underlying principles and the
manufacturing systems in which the approach
originated

In many cases, the effectiveness and benefits that
different shipbuilders achieve using the same system

has been used
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can be significantly, even radically different. Because

of this d-cmrnv it is necessary to attempt to explain
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how some shipyards organize and manage to
consistently achieve carefully targeted benefits. Much
of this is based on the methods developed in Japanese
companies, starting in the 50's and applied in some
form by the world's most competitive companies. In
shipbuilding, most of the methods are described in the
reports of the NSRP, (NSRP, 1973-1992). This direct
technology transfer has continued and at the present is
very active as shown in Table VIIL

e _ T

Table VI - Current Technology Transfer Teaming

U.S. SHIPYARD TECHNOLOGY TRANSFER
PARTNER

Avondale Industries BE ASEA

Bath Iron Works Kvaerner Masa
Mitsui Engineering &
Shipbuilding

Bender Shipbuilding Mitsubishi Heavy
Industries

NASSCO Kawasaki Heavy
Industries

Todd Pacific H

Current activities are more all encompassing,
covering guidance and participation by the transferee
in all the prowssm from new ship design and bid
through delivery. This is probably because the US.
shipbuilders now recognize that they have to change
their complete approach to achieve the improvement
levels they are seeking, rather than the specific item
approach of the past. Some shipyards have set up
consultancy groups such as IHI International division
and Kvaerner Masa.  Other shipyards such as
Kawasaki and Mitsubishi deal directly with the
shipyards. There are also shipbuilding consultants
with no current relationship with a parent shipyard.
U.S. shipbuilders appear to favor the direct shipyard to
shipyard technology transfer approach at this time.
The transferring shipyard permits visits and
benchmarking so that the learning shipyard can see
how much it needs to unprove Then the U'ansfemng
shipyard sends many of its staff io the learning
shipyard to train and coach them in the new
approaches.

Some leading Japanese shipbuilders, such as IHI
and Kawasaki, have supported this type of technology
transfer by making available practitioners “on the
ground" to show by example and "hand holding" how
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to perform the practices at the detailed level. This type
of hand holding supports the notion that the transfer of

technology is m effected by transferring people,

permanently or temporarily, with the required
experience and ability to train others in the principles
and detailed approach to the methods to be introduced.
However, quite apart from the highly visible aspects of
the technology transfer, that is the processes, there are
other factors, largely invisible, that must be considered.
Some of these invisible aspects are discussed later in
more detaii, especiaily the concepts of stabie processes
and management of variability. These and much more

are reflected in a shipyard's:

®  strategy for constructing ships,

® organizational structure,

® general and detailed method of operation, and

® cooneration with its  selected clmnlmm and

SV peaGiivas

subcontractors.

YrAd AW SNARRAAL preawass

An inherent limitation of this approach is that
the learning shipyard can only become as proficient as
the transferring shipyard. It does not provide an
approach to become better than the transferring
shipyard. Because of this some shipyards prefer to
work with shipbuilding consultants who can bring
them up to date in the best practices of world class
shipyards and then work with the shipyard to put a
compiete strategy together combining selected
approaches in a holistic way to bring about a superior
shipbuilding approach. Obviously, the latter approach
xsmorcnsky but,lfs:mﬁﬂmllgweaeompentwc

duva.ulasc tU lh& WPJG-IU.

National thhmldmo Research Procram

PA T L) L e ) i 4y as 2 SUEelass

The Natlonal Slnpbmldmg Research Program
(NSRP) has been in continuous operation since 1971,
It was born out of the 1970 Amendments to the
Merchant marine Act, directing the government to
create a program to reduce the cost of U.S. commercial
ship construction.

In 1988 the Government management role passed
from the Maritime Administration to the Navy's David
Taylor Research Center. With this was an interest in
applying the committee's activity to the improvement
of warship production. in 1590 the NSRP goal was
changed from "reducing the cost of U.S. shipbuilding"
to "making the U.S. shipbuilding industry competitive
in the world market."

'rl\n NCRD hne nlaved a ciemificant nart in trvine
140 NS 1aS PidyCi d Sighinlalil pait it JYing

to reach the goal by developing and documenting,
throuoh ioint government and shinhnilder sunnort the
SRVLEN gV pYVS v Gas PURRINV SUprVeS M
latest ship production technology and processes, as a
way to improve U.S. shipbuilding performance.



The NSRP Ship Production Panels are part of the
SNAME Technical and Research Program An
Executive Control Board made up of senior executives

In 1993, in response to the government sponsored

technol ogy rei nvest ment ﬁrogramthe NSRP
established its own National Shipbuilding Initiatives,

from shipbui | ding industry, opverseas the operatiomhoth were to:

the NSRP. Menbers are volunteers as are all panel
menbers.

Mich to the chagrin of smaller shipbuilders, the
NSRP is predomnantly large ship oriented. This
results fromthe make up of the nenbership of the
panel s. The panels had a commercial enphasis from
1980 to 1988. Then a Navy enphasis from 1989 to
1991, when it was again changed back to a commercial
enphasis but fromthe point of view of conpeting in
the global commercial shipbuilding market.

The panels develop research project ideas that are
submtted to and approved by the Executive Control
Board. Approved projects are funded fromthe Navy
through the panel Program Minagers.

The results of the NSRP panel research efforts are
dissemnated as:
| Panel Reports sent to Conpany

Presidents/CEGs and panel members.

. Papers at NSRP Annual Synposium
. Papers in the Journal of Ship Production.
. Reports available from University of Mchigan

Transportation Research Institute Library.

The NSRP has had many successes, including the
Annual NSRP Synposium the Journal of Ship
Production the Japanese Shipbuilding Technol ogy
Transfer Report& the Design for Production Mnnual
support of the NIDESC Program and actual hardware
devel opment/inplementation in the areas of welding
and surface preparation of steel.

The Qutput of the ten panels frominception
through 1992 can be seen from Table IX

Table IX- NSRP panel Activity by Nunber of Reports

NUMBER OF
REPCRTS | SSUED

PANEL

SP-1 Facilities & Environnental Effects 27
SP-2 Qutfitting & Production Aids 3 (15 11-11)
SP-3 Surface Preparation & Coating 55

SP-4 Design/Production Integration 16
SP-5 Human Resource Innovation 12
SP-6 Marine Industry Standards 28
SP-7 Wl ding 46
SP-8 Industrial Engineering 57
SP-9 Education & Training 14
SP-10  Flexible Automation 3

| create 250,000 jobs in the shipbuilding and
related industries.

| Capture 10%of the world shipbuilding market.

| create high paying jobs.

| Involve all 50 states.

| Create products which a be exported

Unformately, it was not possible to get
agreenent between the shipyard, NSRP and the
Shipbui I ders Council and the opportunity to inprovenent
the plan was |ost.

Effectiveness

The effectiveness of the technology transfer has
been disappointing. Vhile US shipyards have used
parts of it such as block construction , zone outfitting
advanced outfitting and line heating forrmng these
have resulted in limted benefits. However, it is
probabl e that the benefits have been at least equal to
the cost to perform the technology transfer and
devel opment, but the significant leap forward in
performance inprovenent has not occurred This, at
least in maybe sinply due to the fact that there
was no opportunity to apply it all. The technol ogy
transferred was for commercial shipbuilding which
there has been none in the US during the relevant
period. This left the US Shipbuilding to apply the
technol ogy where it could be used for nava
shipbui | ding. Even for naval support ships, such as
fleet oilers, it is only of limted application because of
the government specia
comercial  ships

Lack of Inplementation

Wile some of the reasons for not inplenenting
the technology used by world class commercial

shipbui | ders was discussed above, the more traditional
masons need to be considered. Wy is change so
difficult to inplenent?

changes in technology can be instigated through
educators and/or managers in conpanies. Technol ogy
change through educators teaching students is a long
term approach It depends on the student being able to
apply new agproaches within a conpany willing to
change to
the student, once enployed, will not have the position
Or power necessary to bring about the extent of change
required I't also depends on the educator being
knowl edgeable in the best practices world-wide. If a

9-10

requi rements conpared to

ring about inprovenents. Unforutnately



conpany is satisfied with the status quo, it is extrenely
difficult to get anyone with the necessary ability and
intconpany standing to support and chanpion change.

The technology transfer that has occurred has
been through shipyard managers that interfaced wth
the transferees or researchers. It has been nore of an
incremental series of changes than any re-engineering
of the shipyard organization.

Al'so, the extent of this type of change has been
constmnd by the lack of integration or collaboration
between al| the traditional functional departments of
the shipyard that are involved.  That is, the
inplementation has usually been restricted to the
sponsoring department and failed to reap the full
benefit because of the lack of support from the other
“not involved" departments. This in turn has resulted
in mny recomended changes beconming file folders
in sone one's desk never to be opened again after the
technol ogy transfer or devel opnent is conpleted.

Mich of the details of the technology transfer has
not had the full support of the most senior management
who seemto have been unwilling to comit to the
required changes throughout the conpany, because of
the rquired capital expenditure or the unacceptable
changes in management of day to day operations.
Technical /1 engineenng staff and Iine management al so
have been resistant to change.

For a while, in the late 1970's, U.S. shipbuilders
added the industrial engineering function into their
operations. It was a way to get new approaches
introduced into shipbuilding and some of the early
inplenentation of technology transfer was done this
way. Wth the downturn in shipbuilding activity the
industrial engineering function has been elimnated in
many shipyards. The report “optimal use of IE
Techni ques in Shipyards,” (NSRP, 1989) states “This
situation is truly a paradox because the very solution to
the problem of gaining these productivity
i mprovenents needed to make a shipyard nore
competitive in the marketplace my well be found
ONLY through the application of IE techniques.”

Afinal reason is that it appears most people do
not know how to inplenent change in an organization.
To be succesful and to even want to try, requires that
individual mndsets and conpany cultures mst be
radical Iy changed. This aspect has been addressed by
Frankel, (Frankel 1985, and 1992).

The NSRP has undertaken a series of surveys of
the inplenentation of the technology dissemnated in
their reports and the results have been di sappointing.
The reasons for this lack of inplementation have been
documented (NSRP, September and Decenber, 1993)
and can be summarized as follous:

. no knowl edge of the NSRP activities,

| never seen any reports,

. research not applicable

| lack of funding to inplenent technology report~

. research too theoretical for shipyards, and

. not enough shipyard involvenent in the project
devel opnent.

SUGGESTED | MPROVEMENTS

It is not possiblee to make inprovement
suggestions only based on pmksses and technol ogy.
People are an integral part of the processes and the
implementation of new technol ogy.

Productivity inprovement is a “bottom up”
activity. While nanagement must help to foster it by
providing the right organization structure, culture,
cooperation and support, it requires the drive and
willingness of all enployees to make the change
happen. o ,

A personal Japanese shipbuilder friend of one of
the authors told himthat even where US. shipyards
have used new technology, it has failed to attain full
potential because of the way US. shipyard workers are
managed. He suggested that spending money on new
technol ogy without spending at least a simlar amount
on training the people who will use the technology is a
conpl el e waste of money and time. Wth this in mnd
the first inprovenent to be discussed is the better use
of shipywd workers.

Management and Human Resources

U.S. shipbuilding top management must comm t
to and participate in inplenenting the radical change
that is quired to achieve conpetiveness with the rest
of the world shipbuilders. The nost difficult area to
change but one that nust be changed is themsel ves!
Next in inportance is the people working for them
I'mpl ementing new equipment and processes, w ht hout
correspondi ng new approach to people, will only result
inoriginal inprovement if any. What is needed is a
quantum | eap improvenent and that is only possible by
radical change in management style and in their use of
peopl e.

This is not inpossible. Many US. conpanies in
other industries are doing this and their successes are
wel | documented (Pfeffer, 1994) However, the changes
they have nade are revol utionary not increnental and
they almost all depend on better partnerships with all
their enpl oyees.

U.S. shipbuilding managers will need to learn
these revolutionary people changes and develop ways
to inplenent themin a very tradition, [ow trust,and
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low worker skill industry. Those U S. shipbuilders that
do this will be the ones that will still around at the
beginning of the next millennium Experience has
shown that the extent of the necessary change, may not
be achievable by insiders. It usually needs new eyes

thoughts, perspectives, in effect new Paradigns, and
these come fromthe outside (Barker, 1993).

An equal ly difficult decision that US
shipbui | ders nust face is whether or not they are
willing to becone a dedicated comercial shipbuilder
and give up the role of a dual purpose, Navy and
comm shipyad Ask any foreign shipbuilder if
it is possible to be successfd in the global comercia
shipbuilding market as a dual purpose shipyard and
they will categorically state a loud “NO," especially the
ones who tried and are now out of business. This has
been tried over and over and the list of those that tried
and failed is well known. Even when there has been a
clear division between naval and commercia
operations within the sane facility it has not worked
From Japanese experience it may appear that a
dedicated shipyard among a group of shipyards in the
same conmpany iS an acceptabl e way to go. However
the Japanese will tell you that it is a necessity not a
desire and that the producdivity of the shipyard in
which naval ships are built is not conpetitive in the
gl obal shipbuilding markte This fact nust be
addressed by U.S. shipbuilding nanagement and their
deci sion made.

[t nust also be addressedby the U.S. government
If they want the country's nejor shipyards to be dua
purpose shipyards they must recognize that they can
never become conpetitive in the global comercia
Shipbuil ding market and be prepared to support them

financially to make themso by offsetting the difference
In actual “and conpetitive prites

Typical world class comercial shipbuilders have
an average of 1300 production workers and at an
average produdivity of 30 MHCGT deliver 84,500
CGT of ships each year. This is equivalent to 4 1/2
40,000 TDW Product Tankers each year. Another
way to look at it is that the above mentioned NSRP
goal to capture 10% of the world conmercia
shipbuilding would need 200 ships of an average size
of 10,000 COT per year to be constructed in US.
shipyards. At an average productivity level of 50
MACGT, this would require 40,000 production
workers, but in 25 to 30 different shipyards! This is
certainly not being planned. A nore realistic basis
may be to consider 10 shipyards each delivering 2
average commercial ships per year. This would require
about 5,000 production workers in the 10 shipyards

In the U.S. naval shipbuilding is still and is

expected to be the ﬁlayer with comercia
shipbuilding to fill in the hollows in the naval ship
demand. Unfortunately, until this attitude is changed
and a sincere ratio to be successful in the
international comercial shipbuilding market replaces
it, for its own Sake it will Her be achieved.

Mst US. shipyards’ strategy is to obtain
comercial orders to supplement dwindling nava
shipbuilding and as a way to retain skills needed for
naval shipbuilding. Yet,when one realizes that, in
general commercial ships require only an eighth of the
manpover used on a typical naval ship and nust be
completed in a quarter of the time, it wll take a‘lot of
themto achieve their strategy.

[t is suggested that existing large shipyards over
5,000 enployees, that want to succesfully conpete in
the international commercial shipbuilding market, will
need to set up a separate commercial shipbuilding
group within their organizations.Even this my not
attain the goal as the emphasis will still be mainly on
the naval shipbuilding business due to the difference in
enpl oyee nunbers alone, that is 5 000 versus 500

Processes

There is considerable benefit to be gained from
applying "would class" or "Best Practice"shipbuilding
processes 11 @ col laborative and integrated way. There
are a number of ways that this can be acconplished
U S. shipbuilders can reduce cost, inprove quality and
shorten design and build tinme by applying the
Integrated Product Development (IPD), or, as sone
people know it., Consurrent . Engineering, & approach and
wieiatd tools such as Build Strategies, Product Verk
Breakdown Structures (PWBS), and 3D Product
Model s. These are purported to be the best targets for
the leverage needed to bring about the vast
i mprovenents needed for U.S. shipbuilders to becone
international ly conpetitive in the comercia
shipbui I ding market For these to he successfully
inpl emented the use of accuracy control stable
processes, variety reduction and throughput
improvenent are essential Each of these approaches
applied on its own or into existing shipyard
organi zations without changes will not achieve that
goal. This is where Re-engineering can help

Intemated Product Devel opment (ED}

IPDis nore than parallel development. It is a
totally integrated. concurrent development using cross-
functional teams. The essential tenants of [PD are

customer focus, life cycle enphasis and the acceptar

of design ownership and comitnent by all team
members. There is no engineering production or
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purchasing problem Each problem in any area
becomes the problem of the whale team

IPDis not new. The approach has been used by
many conpanies world wide for some time. In the
early 1990's Ingalls Shipbuilding utilized IPD for the
design and construction for the SA AR 5 Corvette
{L| ndgren, 1992). Nemport News Shipbuilding use
PD on a nurrber O devel oprental projects (Blake,
]993). Prior to that General Dynanmics claimto have
used el ements of | PD approach for submarine design
from 1950 (Bergeson, 1993), and based on this
experience, when they embarked on their LNG
program they succesfully used the IPD approach

The results of the successful use of the IPD

devel oped according to the requiments of production
and detailed in a Shipbuilding Policy. In this case,
when new orders are received only work which is
significantly different fromany previously undertaken
needs to be investigated in depth in order to identify
possibl e difficulties.

A Build Strategy i's a uni quew shipbuilding tool It
provides a holistic begimning to end perspective for the
project. development schedule. It is also an effective
way of capturing the conbined design and shipbuilding
know edge and promises, so they can be continuously
improved updated, and used as training tools.

The objectives of the Build Strategy Documt re
as fol low

approach can be of the rad| cal nature required by U.STo identify the new vessel

shipyards to beam conpetitive in the international

comercial Shipbuilding market. Cust omer
satisfaction has been inproved by 100% cost reduced
by 30% and reduction in design and construction tine
of 50% Interest in IPD by US. shipbuilders has
peaked this year through the NSRP Concurrent
Engi neering project involving a one year pilot
inplenentation by Bath Iron Vrks, where it piggy-

backed the pilot inplementation onto a real design
project, nanely the MARTEHC Focused Technol ogy
Devel opnent Project. A workshop was held in June to
transferr their findings and experience to all the US.

marine industry. Also the Navy sponsored Md Term
Fast Sealift Ship programis utilizing IPD in the
devel opnent of the Engine Room hangement
(digital) Mdel. Even though this is a process
approach, its success depends on the willingness of
people in an organization (top to bottom to change the
Wly they think and behave.

Build Strateqy
A Build Strategy is mch nore than the normal

planning and scheduling and a desription of how the
Production Departnent will build the ship.

Many shi pbuil ders use the term “Build
Strategy” for what is only their Production Plan. The
term“Build Strategy” has a special, specific neaning
nanely,

A Build Strategy is an agreed design, engineering,
material mnagenent, production and testing pl an,
prepared before work starts, with the aimof identifying
and integrating all necessayprocesses.

A world class shipyard will have designed its
facilities around a specific product range and standard
production methods which are supported by a variety of
technical and admnistrative functions that have been

| To identify the design and features of the new
vessel

| To identify contractual ad management targets.

| To identify departure fromthe shipyard's
shipbuilding Policy.

| To identify constraints, based on the new vessel
being designed/ constructed particularly with
reference to other work underway or envisaged.

| To identify what nust be done to overcome the

ahove conatraints.

The last objective particdarly inportant as
decisions taken in One department will have
inplications for many others. This means that
effective interdepartmental comunication is vital

Producing a Build Strategy Document will not
guarantee an inprovenent in productivity, although
as stated earlier, the process of producing the document
will have many benefits. Full benefits vill only be
gained if the strategy is inplemented and adhered to.

A Build Strategy could be produced as a stand
alone docunent for any ship to be built by a shipyard
but it would be a great deal thicker and would take a
lot more effort to produce if certain other documents
had not been prepared earlier.

The first of these documents would be the
Shipyard s Business Plan, which probably exist in
most shipyards. A Business Plan sets out the
shipyard's ambitions, in terms of desired product
range, output and build cycles for a period of years
and described how the shipyard ains to attain them

Next a Shipbuilding Policy should be in place.
The policy defines the product mx which the shipyard
intends to build plus the optinum organization and
procedures which will allow it to produce ships
efficiently. The Shipbuilding Policy will address:
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| facilities development

| Productivity targets,

. production organization and nethods,
. planning and contract procedure, and
. make-buy and subcontractor policy.

The Shipbuilding Policy will also include methods for

product work Breakdown Structure (PVBS)

The design and construction of comercial
has significantly changed over the past two
decades. Most Shipbuilders use structural block and
outfitting zone design and construction techniques. An
essential prerequisite for successful block and zone
approach is the use of Product Wrk Breakdown

ships

breaking the ships in the product mix into standdrdctures (PWBS5). An SP-2 publication outlined

interim products by applying a Product Wérk
Breakdown Structure, (PWBS). Areas in which the
interimproducts will be produced and the tools and
procedures to be used will also be defined. A mgjor
objective of the Shipbuilding Policy is design
rationalization and standardization This is achieved
by the application of Goup Technology and the PVBS

their need use and the exprience of Japanese
shipyards (NSRP, 1983).

The best knownl Work Breakdown Structure
(WN) in the US. shipbuilding comunity is the
Navy’s Ship Wrk Breakdown Structure. MarAd had a
simlar WBS fmtheir prognrans. These systens were
devel oped for the Navy's and MarAd's own purposes

to formfamilies of interim products having sinabdmot for the shipbuilder. Neither system lends itself

manufacturing requirements.

[deally, a Ship Definition will also exist. The ship
definition nust reflect the nanner in which the work is
to be perforned and mke full use of the physical and

procedural standards that have been adopted. The shitgblished.

definition specifies the format and content that the

to nodern shipbuilding approaches. In fact some users
say they constrain them

Inare report examning Performance Measurenment
(NSRP, 1993) the need for a PWBS was clearly
It first stated that “establishing
meani ng/id process performance measurenent trends

engineering information will take in order to suppbst@ fundanental prerequisite for continuous

the manner in which the ships will be built The

inprovement, " and “without a production oreiented

engineering information provided to the producPVB® it is inpossible to develop performnce

department should only
to perform the work in the assigned work stations.

The relationship between a Business Plan,
Shipbuilding policy and Build Strategy is shown in

Figure 5.

COMPANY
BUSINESS PLAN
1

1 1 1
SALES HUMAN ACCOUNTING
MARKETING RELATIONS | |& BUDGETARY]
POLICY & TRAINING] | CONTROL

POLICY POLICY

Sl PBUTLDI NG PCLI CY

INTERPRITATION OF BULIMESS PLAN INTO POLICY INCORPORATING SEST PRACTICE

rtt—
PRODUCT RANG!
PRODUCTION PLANKING &
sy suIT racLITIS CONTROLL
PEIFINITION PRODUCTION SYSTEMS
® PRODUCT WORK |o METHODS o CAPACTY * CONTROX
=L * CAPARITY DEORMATION
STRUCTURE * QUALITY ouTmITS

o METHMODS ROCEDURES

®  PROCEDURES

o OUTPUTS

BU LMEE?%\TEGY

TOPARTICILAR

Figure 5- Relationship of Business Plan, Shipbuilding
Policy and Build Strategy

include that necessary for nReaures that are useful in attenpting inprovenents

in cost, schedule and Productivity. ‘Unfortunaately
mny US. shipyards still define their work elements
using a ship system based MBS rather than a product
based WBS. It is very difficult to effectively and
accurately budget, schedule and progress a ship system
because a ship systemis not an actual entity that
enpl oyees handle in a shipyard.

I deal Iy, a PWBS should be the integrating means
by which for all other necessary processes used for the
design, material definition nmaterial procurement,
planning construction and testing of ships Can be
harmoni zed As such it should formthe basis for:

Drawing Identification
| Manufactured and Purchased Part Identification
| Bill of Material Identification
| Purchase Specification Identification
| Structural Party Sub-assembly, Assembly, Block

and Grand Block Identification
| Zone and Sub-zone |dentification
| Vork Package Identification
| Wrk Sequence Identification
| Material Kit Identification
| Activity Scheduling
| Material Control
| Production Control
| Labor Planning
| Labor Charging
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IMeasuring Performance, and
zmany other systens

It should be clear fromthe above that the
devel opnent and inplenentation of an integrated
PWBS is part of the essential start of any attempt to
inprove the performance of any shipbuilding conpany.

Accuracy Control

The Japanese claimthat one of the
foundations of their shipbuilding success is controlled
geometric accuracy of all physical output. Wthout it
they woul d not have been able to achieve the accuracy
of fit-up that is necessary to assenble interimproducts,
such as all types and |evels of assenblies and
equipment units into large, outfitted blocks, which
could be erected and joined without extensive fit-up
adjustments and rework. It also formed an important
part of the basis for their continuous inprovenent
through analysis of production processes.

Accuracy Control is the application of
statistical methods to the inprovement of product
quality in the shipbuilding industry. Unfortunately,
many shipbui | ders confuse it with Quality Control,

This is surprising as it has been well
documented in many publications. Because of this
only dthemajorrtibe~ The concept
was first introduced to the US. shipbuilders in an
NSRP report (NSRP, 1982). A nmgjor tenant of
accuracy control is self-checking by the process
operators.

sone U S. shipyards approach to
i mpl ementing accuracy control is to set up separate
accuracy control departments rather than ensure that it
becomes everyones job. The quality control nentality
is difficult to overcome. Accuracy control nust he
integrated into every aspect of design, planning and
production and not be set up as a separate department.
This will help to elimnate the confusion between
accuracy control and quality control.

Accuracy control strives to inprove first tine
quality and thus elimnate downstreamrework. It does
this by analyzing variation in all the ship prediction
processes, establishing acceptable tolerances through
merging the sequential processes, and then using
accuracy control charts as self-monitoring tools by the
workers for the processes. It identifies when processes,
and the equipnment used in the precess, are out of
control and in need of inprovenent and
mai nt enance/ repl acenent .

Stable Processes

To be successful a shipbuilder must be able to
estimte accurately the detailed make up of the tota
resources, and the elapsed time, required to build ships

To inprove conpetitiveness and thus increase the
probability of success, it is also necssary to reduce
both cost and el apsed time by effecting significant
improvenents in terms of product design, and/or the
structure and processes of production

Shipbuil ders can achieve these goal s reliably and
consistently by ensuring that all their manufacturing
an%|business precesses are designed and operated to be
stable

“Wthin tolerance” stability of all processes is the
target that needs to be consistent|y achieved

The statistical measures of all the resources used,
human, material, nonetary, and elapsed tine, and the
quantity of output achieved for each process, provide
part of the necessary feedback This informtion is the
essential basis for
| making design trade-offs
| reliably estimting costs in terms of operator

hours, elapsed time, consumables, etc.
| preparing man hour | oadings,
| Preparing schedules, and
| identifying opportunities for and eval uating

Proposals to effect inprovements.

Stable processes are the essence of viable,
productive manufacturing and other, systems. This is
because the parameters of the outputs of such processes
are predictable. On such a basis the future can be
predicted and managed with more confidence of
success. Predictability is not possible without the
inherent orderliness of stable processes. Traditional
shipbui I ding processes, from design to delivery, are
notoriously unstable, especially in terms of the
predictability of the resources required to achieve their
intended output.
Stability of processesis achieved by:
® Standardizing the working methods to be used
consistently by the process operators.
® Training the team of process operators to enable
them to apply these standardize methods
effectively and consistently.

® FEnsuring that changes to the working procdures
and methods are only pernitted if they have been
fully evaluated and approved by appropriate

Qprators.
® Al equipment should be maintained to the level

defined by the equi pment/system supplier and

necessary to achieve the accuracy control plan
| Consistent application of a PUBS,
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« Consistent application of the principles of group
technology as a basis for organizing and equipping
process lines, workstations, etc.

« Use of the last two items as a basis for organizing
the processes to achieve the outputs of specific
group technology type intermediate products.

Achieving stability of processes in any industry is
difficult. In shipbuilding it is especialy difficult
because of the low number of identical products.
Despite this, stable processes are essential to achieving
international shipbuilding competitiveness

As recommended in the reports “ Product Work
Breakdown Structure,” (NSRP, 1982) and “Pipe Piece
Family Manufacturing” (NSRP, 1982) processes are
orchestrated on the basis of GT practices whereby
interim products, the outputs of each process stage, me
classified by the common problems involved in their
manufacture and produced in the same fashion and for
which thereis an agreed set of standardize methods
and procedures thus supporting stable processes.

Variety Reduction

Excessive variety in product design is expensive to
cope with Inadequately managed, it undermines
competitiveness.

Managing variety Satisfactorily can be
accomplished by the rational deliberate use of two
drategies.  One that contains and limits the
proliferation of variety and the other that increases the
ability to handle this contained variety. When
equilibrium of the two resulting varieties occurs control
ispossible.  Without equilibrium, organizational
entropy increases and operations get out of control.
Usually, in such circumstances many things go wrong
crisis's occur and a “fire-fighting” style of management
is invoked to deal with the problems and restore some
semblance of order and control. Inevitably the latter is
only temporary.

The foregoing informal description is more
formally defined as Ashby’s cybernetic Law of
Requisite Variety. In general, it is necessary to use an
attenuating strategy to reduce variety that must be
managed, and an amplifying strategy to increase the
ability to manage variety. When these two resulting
varieties are equal, Ashby’s Law is satisfied and control
is achieved

Typica attenuating strategies used to reduce
variety include
« standardization of physical things and procedures,
« replacing continuous sizing that contain an

infinity of choices with arationally designed step

function that permits only a limited number of size

options,

* setsof criteriathat are used to cope with specific
issues such as those used to judge the
worth whileness or otherwise of responding to an
inquiry for a ship which would involve preparing a
comprehensive but expensive bid package

»  Selecting which Ship markets to target rather than
try to offer al types,

+ developing and marketing a portfolio of fully
evaluated standard ship designs that are carefully
targeted at the selected market sectors, and

 reducing the number of potential suppliersto afew
Carefully selected Companies, then establishing
mutual supportive operational practices with them.

Typica amplifying strategies used to increase the

ability to handle variety include:

o investment in facilities,

* investment in new technology such as panel lines,
robotic welders, €tc.,

 recruitment of additional employees,

 hiring temporary employees who have specific
skills,

 increase the use of sub-contractors,

* joint ventures or strategic partnerships with
carefully selected companies, and

e Use of macro part programs in the context of
numerically controlled cutting of discrete
structural piece parts.

Consideration of these types of problems have led
to new approache a to the design of stadard ships, two
of which were developed during the period from 19!32-
1994,

The first, initialy launched in the spring of 1992
by the German shipbuilder Flensburger Schiffbau
Gesellschaft, in response to the new owner of the
shipyard giving the employees and management the
ultimatum to become internationally competitivein 3
years or he would close the shipyard, developed the
ECOBOX family of 12 designs. As a family the
different models sham a great deal of commonalty. It
is an interesting and admirable case of careful
management in the control of variety in the design of a
portfolio of shipsthat are both market friendly and
production friendly.

The second was proposed by some of the leading
shipbuilders in Japan in 1993. It is one of a set of
dtrategies to cope with the recent steep appreciation of
the Yen against other currencies. In essence, the
shipyards, in cooperation with the appropriate ship
owners operating ships in specific trades, agreed to
design a standard ship for those trades. The
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shipbui | ders then sinply conpete on price and
delivery. It is anticipated that the initial candidate
ships types will be those with sinple operationa
requi rements, such as those transporting raw naterials
to Japan. As in nost cases of Japanese product
innovation they are first tried out in the domestic
context before being offered for export. It is worth
noting again, that the Japanese nerchant marine is the
largest in the world, and has been to date, constructed
exclusiveb% by Japanese shi pbui | der

rld class shipbuilder have learned the
foregoing | essons. However, nany others continue to
offer more-or - ess conplete  custoni zation
Management needs to mintain a constant vigilance so
that rampant, proliferating variety is not allowed to
occur,

Thr oughput

Throughput is the rate (how many ships Per year)
or cycle time (how many months from contract to
delivery) at which a shipyard can design and construct
ships. However, throughput inmprovement not only
seeks to increase the rate or decrease the time but also
to reduce the cost by inproved productivity. This is a
very general neasure and it can be inproved by again
considering CGT/year as the measure of throughput
and MY CGT as the neasure of productivity

An ongoing NSRP project on throughput
i nprovement (NSRP, 1995) suggested that the
throughput of a shipyard can be inproved by a four
step approach, nanely,
1. Total Process Evalution
2. Elemental Process |nprovenent
3. Process Integration, and
4. Continuous Process |nprovement

It is suggested that the fourth step is really an
approach of which the other three steps are a part
Throughput analysis involves all shipyard departments
and this can be supported by clearly defining their roles
and requirenents in a Shipbuilding Policy. Actually
IPD, Build Strategy and Shipbuilding Policy are all
excel lent tools that can be used for throughput
i npr ovenent

A way to identify, measure and support
process inprovenent is needed. It is also necessary to
identify in step 1 which processes are the furthest
bel ow the best practice level. The goal of the
throughput inprovement must al so be decided in step
1. It can be to Meet the Budget, Beat the Budget or
Attain World Class productivity, Quality and Build
time. These require different effort and commitments
by top management to achieve them such as Remove

Constraints, Incrementa
engineering respectively

I nprovenent and Re-

Re-engi neering

"Re-engineering is the radical redesign of
strategic, value-added business processes, and the
systems, policies, and organization structures that
support them to optimze the work flows and
productivity in an organization, " (Mnganel Ii, 1994)
The enphasi s on strategic and val ue-added process
redesign is so that only the processes that are of
essential inportance to an organization are given
consi derat i on

The basic tenants of re-engineering is that it uses
“discontinuous thinking", that is Identifying and
abandoning the outdated and fundanental
assunptions, ol d Paradigns, that underlie current
operations. It is a holistic approach enpowering
peopl e and | everaging technol ogy

Re-engineering is not an approach that is
undertaken with enthusiasm Most conpani es
undertake it because conpetition is threatening their
Survival.  To claim that US. shipbuilders mst
undertake radical change in the way they work may
appear extrenme, but it is based on two facts

1. There is no other approach that will provide

the large leap in performance inprovenent that is

requi red. .

2. It has been successfully acconplished by a

nunber of US. conpanies

How is re-engineering different from other people
oriented and technology oriented approaches that arc
currently in vogue? Table X is taken fromthe above
referenced book (Manganelli, 1994) and gives a usefu
conparison of re-engineering with the different
approaches
Wrk process change and technol ogy
breakthrough are not new. Wat is newis the
systemtic method for achieving significant
inprovement through work process change and this is
what re-engineering does Lessons |earned from many
successful and unsuccessful inplementations are
Z top management must be wnrling and comitted to
apply changes to their operation
| nust have clear and meaningful vision before you
start changing

| there are more resistors than supporters of the
changes, so top managenent sponsorship is
essent i al

| it will not be easy So perseverance is a must

| change agent will probably be an outsider or, if
wthin the conpany, a radical, and
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TABLE X - Re-engineering versus other Approaches

APPROACH | Re-engineering | Rghtsizing Re-structuring | TQM Aut omati on
ATTRI BUTE
Assunpti ons Fundanent al Staffing ReFor_ting , Cust omer Technol ogy
Quest i oned Rel ation-ships |Wants and Applications

Needs
, Staffing, Job o
Scope of Change | Radical ResPonsi bil - Organization | Bottomup Syst ems
Ities

Orientation Process Funct i onal Functi onal Process Procedures
I nprovenent Goal s | Dramatic I ncrenent al Increnent al Increnent al [ncrement al
Zradical inmprovenent is_possible. Lnprovenent Cost

factors of 3 to 5 are attainable and a factor of 30
has been achieved, but not yet in shipbuilding

Re-engineering because of its radical nature, even
more so than increnental change, requires a discipline
and framework which can Clearly and reasonably
present the case for the proposed changes. No one in
their right mnd is going to "bet the conpany” on an
idea, no matter how good it is.

Facilities

It is not suggested that U'S. Shipbuilers
undertake vast and expensive changes to their
facilities, at least not until they have achieved all the
i mprovements possible from people and process
changes. In fact changes in facilities wthout the
required changes in people is simply throwing moncy
and time away.

A well-known management writer, (Pfeffer,
1994) has pointed out that if conpanies would spend a
quarter of their capital expenditure on people who will
operate the remaining three quarter investment in the
new equi pment, the return on investment woul d be
many tines greater than is currently achieved

This is not to say that US. shipbuilders can attain
world competitiveness without changes to their
facilities or by people changes alone. it is rather to
show the primry role of people and to concentrate on
that first. Then top management should let the
enpower ed peopl e decide what facility changes are
required to reach the company goal.

Gven that US. shipbuilding average wages are
wel | bel ow those of Japan and Europe, it would seem
that the labor cost for a US. built commercial ship
would be conpetitive. Unfortunately, it appears that
this Labor rate advantage is overwhelmed by the
significantly lower productivity rate for US.
shipbui | ders. The U.S. shipbuilding industry is not
cost competitive. This is because the design, material
requisitioning and construction all take more sort
than the sucessful world class shipbuilders.

U'S. shipbuilders need to reduce their cost for
commercial ships 30 to 50% How is this possible,
especially when it is remembered that only 30 to 40%
of the cost is directly controlled by the shipbuilder?
Certainly the cost will be the man hours to
design and build a commercial ship can be halved. But
this would only reduce the COSt by 15 to 20 %
Qoviously, the U'S. shipbuilder nust attack the major
cost and that is the mterial and equipment. US
shi pbuilders must be able to obtain shipbuilding
material and equipment on the world market at
conpetitive prices. For too long the U.S. shipbuilding
industry has been viewed as a “protected market” hy
foreign material and equipment suppliers and they
have applied premuns to their prices. The U.S nust
demand and get the best conpetitive price for its future
comercial  ships.

This is a “chicken and egg” situation. Cost
reduction through inproved productivity cannot be
achieved until a sufficient steady throughput is
available and this cannot be attained unless the U.S.
shipbui l ders are cost conpetitive. So, one way of
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achieving this is for the US. government to develop
the necessary commercial ship demand. There are
many ways that this could be done and it is not the
purpose of this paper to suggest any specific approach,
but, rather to sinply point out the need to provide the
demand to get started on the road to inprovenent.
Based on the discussion in the next section it would
appear that the demand shoul d be sufficient to give
participating shipyards a mininumthroughput of two
ships per year. This would result in a 12 month build
cycle.

Build Cycle

The only practical and profitable way to reduce
ship build cycles is to increase the nunber of ships
Wng built in a shipyard at a given time. The time
from keel laying to delivery is directly related to the
nunber of ships being built each year as well as the
number of erection berths, and the time each ship takes
n the erection berth.

Some Japanese shipyards deliver six ships per
year from one building dock. O course tandem
bmldma1 and large lift capacity are eqm red to do this.

The build cycle (Start of Fabrication to Delivery)
in nonths is given by

12 X Nunber of Berths
Nunber of Ships per Year X(Berth/Total) Time Ratio

tating the obvious, for a shipyard, delivering one
ship a year, it could take to a year to erect the ship
on the berth. For two ships per year the berth tine is
obviously cut to 6 nonths

One way to improve the build cycle is to reduce
the time spent on the berth and this what the
Japanese and better Europe shipyards have done to
achieve their performance. The reduction in berth tine
may require longer time before Start of Fabricationin
order to prepare engineering informantion, progress
procurenent, plan and production engineer the
necessary work suitable for the shorter berth time. In
fact, initially, the overall period from contract award to
delivery may not actually be reduced but the berth
which is always the major constraint is used nuch
more efficiently and hence the potential throughput of
the shipyard is increased

It should be noted that world class shipbuilders
are able to achieve shorter berth times while
maintaining design and planning times which are
mich less than U.S. shipbuilders

Consi der the fol I owing

ORI G NAL BUILD CYCLE

Start of Fabrication to Keel Laying 4 nonths
Keel Laying to Launch(berth tine) 6 nonths
Launch to Delivery 2_nonths
Total Build Cycle 12 nont hs
Nunber of Ships per Year 2

| MPROVED BUI LD CYCLE

Start of Fabrication to Keel Laying 5 months
Keel laying to Launch 4 months
Launch to Delivery _2_nonths
Total Build Cycle 11 nont hs

Number of Ships per Year 3

The nunber of ships which can be output from
the single berth is therefore increased from2 to 3 per
year.

Further assuming that the ship being built vas a
40,000 TDWT Product Tanker. This would have a
Conpensated Goss Tonnage of about 18,000. and for
a target productivity rate of 30 man hours per CGT and
assumng 1830 man hours worked per year (average
US), a shipyard would require the follow ng
production manning:

1 Shiplyear
2 Shipslyear
3 Ships/year

295 enpl oyees
590 enpl oyees
885 enpl oyees

wll need to
even highly
to keep even half of them productively

[f a shipyard has 8 000 enployees it
build many comercial ships each year,
conpl ex types,
enpl oyed.

WHAT NEEDS TO BE DONE

The world class shipbuilding best practices are
wel| docunented.  However, the extent of the
documentation is overwhelmng for individuals or
small groups. Yet a broad revol utionary inprovenent
s necessary for U.S. shipbuilders to achieve the desired
goal of becomng conpetitive in the international
comercial shipbuilding market.

The recomendations of a report on the U.S.
“Search for Wrld Cass Mnufacturing,” (ward,
1993) can be adapted to U.S. shipbuilders as follovs.

U.S. shipbuilders must first be willing and

committed to learn and then act holdly.
Understanding the U S. shipbuilders relative
performance by benchmarking against tangible
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per f ormance measures should create the inperative for

change. Top management must:

® Find out how far behind world class they are.
The result of benchmarking their performnce
may shock theminto action.

® ke the resulting crisis to commt the shipyard to
closing the performance gap through a shared
vision of an integrated alignment of the business
process, organization and technology with the
busi ness strategy.

®  Recognize that the gap can only be closed by
buil'ding the know edge and skills of the
enpl oyees, working together in teans and
conmuni cat i ng.

® [Determne customers requirenents and exceed
them

® (reate oppotunities to learn fromworld class
customers or joint venture partners.

® Build shared destiny relationships with your
suppliers.

® Himnate customer non-value added tasks.

®  (rganize around process flows and not functions.

To this list the authors add that U.S. shipbuilders

mst :

® Reinstate industrial engineering techniques into
shipyard operation to ensure correct analysis and
application of new processes.

® (Quickly learn how to cooperate and undertake
pint ventures with other shipbuilders to develop
the necessary significant and expensive technol ogy
research  Even the largest U'S. shipbuilder
working alone will not achieve the national goal of
capturing a reasonable shine of the international
comercial shipbuilding market.

® Marketing nust become proactive rather than
reactive. Successful foreign shipbuilders spend up
to 2.5% of their annual sales on marketing.

® (Concentrate on the many U S. ship owners that
build their ships abroad. Wthout a significant
Change in this area it will be very ntuh to
achieve the demand level necessary for the US.
shipbuilders to attain short build cycles. This in
turn will prevent them from achieving
i nternational commer ci al shi pbui | di ng
conpetitiveness.

| Form strategic alliances with ship owners,
charterer suppliers, financial and trading houses
inasimlar way to the Japanese and even the
CGerman shi pyards.

| Focus on specific ship types and sizes and not tru
to be so flexible as to be able to build any ship type
and size. The drive in flexibility in ship type in

the smll to medium European shipyards is
believed to be the reason for their poor
performance and lack of success.  European
shipbui I ders that focus on specific ship types such
as Meyer Vaerft in Germany, Odense Steel
Shipyard in Denmark and the Finnish Ship
shipbui I ders have done relatively well.

| Atleast establish separate mlitary and
comercial divisions within their shipyards and
after some success even separate shipyards.
Shi pbui | ders throughout the world have” shown
that dual purpose shipyards cannot be
international |y conpetitive for comercial ships.
Even in Japan, dual purpose shiphards have
productivity problems. US. dual purpose aircraft
manufacturers |earned this lesson along tine ago.

It is suggested that what is required is an
understanding of the 20 percent of the potentia
improvements that will result in 80 percent of the
potential benefit fromthemall. O tosay it ina nore
Anerican way, “what gives the biggest bang for the
buck?”

Some of the 20 percent inprovenents are |isted
in Table XL

Table X-20 Percent Best Practices

Peopl e Potential Improvement 30 to 50 %

Z Educate all managers in world class shipbuilding

. best practices

Z Revard people for trying new ways

| Pay for inprovement in productivity

| Change from nechanistic, no trust organization to

_organic, enpowered people organization

Z Break dowe departmemt barriers - use cross-

_ functional teans

Z Enphasi ze internal collaboration not conpetition

| Invol ve everyone to their full potential

| Educate and train everyone and_ a | earning
organi zation

Processes
Re-engineering  Potential inprovement up to 500%
Qher - Potential Inprovement! 10 to 25 %

® Keep themsinple

® Reinstate industrial engineers and use their
techni ques

Elimnate non-value added tasks

Formally identify inprovenents in throughput
Make analysis of processes away of |ife

Establish stable processes

Use Goup Technology to categorize part famlies
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and to reduce variety and automate process
planning

| Use Integrated Product Devel opnent

| Use Build Strategy approach

| Use a PMBS to integrate processes

Technol ogy Potential Inprovement 5 to 15%

| only consider new technol ogy that offers at least a
50% i mprovement over what it replaces

| Make sure all additional costs are taken into
account

| Make use of proven technology such as
CAD)CAM CIM Integrated Product
Devel opnent and Robotics that can bring about
significant advantage

once the inprovenent approaches are decided
each shipyard nust develop a set of strategies to
inplenent then It is here that re-engineering, |PD
and peopl e inprovement approaches can be the road
map and directions to successfully reaching the
shipyard's goal s

An alternative to individual shipbuilder initiative
is for US. shipbuilders to copy their nost successfu
conpetitors and learn to cooperate in basic research
Both Japan and Europe, but mostly Japan recognize
that as individual shipbuilders they cannot develop the
technol ogy required for significant inprovenent.
Wen national goals are identified, they readily
cooperate and, with governnent assistance, set about
achieving them The eight year CIMproject in Japan
and the E3 Tanker devel opment in Europe are
exanples of this approach

The Japanese Association of Shipbuilders plays a
myjor role in this important activity by identifying the
research required at the national level in accordance
with a specific long termstrategy. There is no such
group that does this in the US. Even before the break
up of the Anerican Shiplbilders Council, it is doubtful
if they could have fulfilled this role. It is suggested
that the U.S. needs such a group and that one be
established to direct the long term nationa
shipbuilding research. It is further suggested that the
NSRP coul d be grown into this role

CONCLUSI ONS

Conpetitiveness is much nore than either cost or
short delivery time considered as individual factors. It
IS an attractive conbination of these and many other
factors to the ship owner

The mejor challenges for U'S. shipbuilders are

how to operate large shipyard size and be conpetitive
with world class shipbuilders, and how to successfully
handle the dual purpose shipbuilding situation where
the U'S. Navy will still be the msjor custoner in regard
to the use of facilities and resources. Cthers have tried
to be dual purpose shipyards and have failed. Perhaps
by a conbination of re-engineering and American
ingenuity U.S. shipbuilders can be successful in this
quest

There are many known ways through which
international conpetitiveness could be acconplished
and this paper has attempted to discuss some of them
However, they are not a shopping list fromwhich US
shipbuil ders can select some and ignore the others
They are all part of a proven, integrated approach that
is used by world COass Shipbuilders. Accuracy Contro
is the foundation PWBS is the lynch pin, stable
Processes and variety reduction are the mode of
operation, and the Build Strategy documents how they
all wll work together in a specific shipyard to suit its
Business Plan and Shipbuilding Policy

U.S. shipbuilding management nust be willing to
apply the new approaches to shipbuilding in
organi zation, processes, and use of people to maxinize
the throughput of their facilities and then, and only
then, should they consider investment in equipnert

what remsins? As N KE says

“JUST DO I T!”
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ABSTRACT

Hgh failure rates for new technology result from inadequate planning for
integrating technol ogy change with organizational and people change.
Characteristics of adequate integrative planning are described. Tools do not currently
exist for providing imediate and detailed information about likely inpacts of any
change in technol ogy, organization and people on other aspects of the organizationa
system A new tool, Called ACTION, has recently been devel oped based on close
col | aboration of academia and industry. The tool is currently in pilot use in industry.
A select industry experience with the tool is described

H GH FAI LURE RATES OF NEW TECHNOLOGY

Accumul ated evidence indicates that the inplementation of conputer-
aut omated technol ogy has not achieved as nuch success as originally antciapated (6).
For exanple, the American Reduction and Inventory Control Society and the
Organi zation for Industrial Research have estimated the failure rate of these
technol ogies to be as high as 75% (14). In a study in

"This paper was prepared as a result of a program sponsored by the National Center for Manufacturing
Sciences. This is a joint R&D program anong industry and acadena



whi ch 55 managers in 41 organizations supplying or using CAM were interviewed,
hal f of the CAMinitiations Wre reported as failures. (3) In a 1990 SME-sponsored
survey, 364 engineers recently purchasing or selling AMI were asked to evaluate their
experiences (13). Only 49%reported that the AMI user expressed overal | satisfaction
with the transaction; 57% claimed disappointment with at |east one of the follow ng
aspects of the transaction machine cycle time, reliability, WP inventory, [abor
savings, flexibility, quality. As a final exanple, Fortune nmmgazine estimated that GV
put $77 billion into new plants and equipnent to reduce |abor costs. "Some robots it
acquired in the md-1980s stand unused today. The highly automated equi pnent
never delivered the promsed savings.” (11)

VWHY THESE H GH FAI LURE RATES

Failures or problens with new technol ogy can occur for a variety of reasons:
technical barriers, inadequate skills, inadequate resources, etc. However, accumulated
evidence indicates that the major source of problemis the inadequate planning for
integrating the technol ogy, people, and organizational change. In one of the first
maj or studies on the problem of inplementing new technol ogy, the Congressional
Ofice of Technol ogy Assessment concluded: The main stunmbling blocks in the near
future for inplementation of programable automation technology are not technical,
but rather are barriers of cost, organization of the factory, availability of appropriate
skills, and social effects of the technologies (9); in short, inadequate integration. in a
| ater survey by the Yankee Consulting Goup, users of CAMand CIMreported that
75% of the difficulties they experienced with the technologies could be attributable to
i ssues concerned with planning the use of the technology within the context of the
organi zation (I'). In an analysis of 68 applications for the Ml col m Baldrige National
Quality award conducted by the American Productivity and Quality Center, a mjor
reason for failing to neet the examnation criteria was the neglect and failure to
integrate human and organizational aspects with technology investments (4). The
MT Commssion on Industrial Productivity concluded from their extensive
exam nation of the conpetitiveness of different American industries: Reorganization
and effective integration of human resources and changing technologies within *
conpanies is the principal driving force for future productivity growth (2). Finally, in
a 1990 survey by Ernst & Young Consulting of top executives from 277 M dwestern
manufact uring conpani es indicated that the success of technology is very dependent
on a solid foundation of nontechnical characteristics concerning the business. These

nontechnical characteristics included: people issues, flexibility, integrated planning,
and clear priorities. (10)
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In short, technology failurée attributed to the inadequate integration of
technical with social and organizational factors when change is introduced into the
or gani zati on.

WHAT 1S | NTEGRATED | N | NTEGRATI VE PLANNI NG

Figure 1 shows a high-level diagram of the range of elements
in an organizational systemthat need to be considered in integrative planning. None
of these elenments is particularly new, in and of itself. Task dependencies refer to how
work flows through the organization; skills and training refer to the capabilities of
the workforce; technology refers to the type of technologies used and their
characteristics such as reliability, human-machine interface, etc. In all, this list is
ilTustrative for the breadth of issues to be considered when inplenenting new
t echnol ogy.

VWHAT ARE THE CHARACTERI STI C CF | NTEGRATI VE PLANNI NG

An integrative approach to planning for new technology differs in many ways
fromtraditional non-integrative planning approaches. The first difference is the
focus. In traditional approaches, the focus is on making explicit planning decisions
excl usivel y about technical changes and |eaving decisions about other elenents in the
organi zation to other functions, people, or inplementation experiences. So, for
exanpl e, manufacturing engineers focus on defining cell boundaries, programmi ng
software for process operations, or designing material handling |ayouts when new
technology is being designed. Such a focus, however, ignores the reality that all
el enents of an organizational system are highly intertwined such that inpacting one
will, by fiat, affect others. Thus, by exclusively focusing on technical changes, critica
other el ements such as organizatioal and people issues are not explicitly designed
Since these elenents of the organizational change will adjust anyway, not explicitly
deciding on what those changes should be |eaves nuch change unanticipated. So, for
exanple, ignoring the fact that people skills, reporting structures, and job descriptions
wll change - perhaps dramatically - with the inplenentation of new technol ogy,
means that skills, reporting structures and job descriptions will change anyway - |ust
not in ways that have been explicitly planned.

Another way in which integrative planning differs fromtraditional non-
integrative approaches is the belief that any change works because it is matched to all
critical elements in the organization; in other words, there is no silver bullet. So, for
exanpl e, a team approach that worked for Mtorola s pager plant nay or may not
work for a different organization or a different site; JIT in Japan may or may not work
for JITin a US. electronics plant. FMSs may work for a particular machining operation
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in one organization and may not work for what appears to be a very simlar

machining operations in another organization. By contrast, the traditional planner for
new technol ogy |ooks for the silver bullets; if it worked in Peoria, it nust work here!
Focusing on silver bullets (i.e., success stories in other conpanies) creates a false sense
of confidence in the effectiveness of the process or program being described. Wat
makes programs or processes effective is the match anong the elements in the

organi zation people adequately involved in the planning to share their ideas and
gain ownership, task and job descriptions altered to accomodate the process change
skills were upgraded in preparation for new changes. Many of these changes are
never discussed in presentation of success stories, |eaving the audience to believe that
the success can be solely attributed to the technology or process discussed.

A third way in which integrative planning differs fromtraditional non-
integrative approaches is the effort to explicitly model and discuss interactive inpacts
of change on organizational and people issues. Reeingineering, an integrative
pl anning process, suggests the explicit nodeling of the workflow and mapping the
workflow onto the reporting structure (5); sociotechnical systems analysis, another
integrative planning process, suggests the detailed analysis of technical variances in
the process and mapping these variances to how the people responsible for managing
the variances do their work (12). In contrast, traditional, non-integrative planning
approaches tend to be |ess systematic and rigorous in understanding inpacts of
techni cal changes on organi zational and people issues. “Seat of the pants”,

“incremental trial-and error”, and ‘intuitive, hands-on judgments” are the nore
frequently used anal ytical "techniques of the traditional planner. In fact, it is not
unusual for conpanies to ignore these issues until nuch later in the process, and then
figure that everything will work out over tine.

VHY |'S | NTEGRATI VEPLANNI NG SO DI FFI CULT

One naj or reason why integrative planning is so difficult is that existing tools
are inadequate (8). Sinulation packages focus exclusively on technical design choices
or very high-level human resource choices (such as workforce size or genera
conposi tion). Business reengineering tools provide mechnisns for a user to build
his or her own nodel of the organization; however, there is nothing to say that the
nodel built is accurate; nmoreover, keeping the nodel updated as changes in
technol ogy, structure, and skills occur is difficult. Sociotechnical design tools are
heavi |y resource-dependent and tine-lagged, which makes the process of designing
sol utions slow.
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Ideal Iy, integrative planning will be easier when a tool exists that contains a
know edgebase of how technical design decisions inpact organizational and people
i ssues (and visa versa). In addition, such an ideal tool would also be conputer-based
to allow for the sinmultaneous generation of alternative technol ogy, people and
organi zational design decisions. Such a tool, under devel opment for the last severa
years, is called ACTION

WHAT | S ACTION

ACTION is a decision support systemto hel p managers of business change
anal yze their current operations for adequacy of integration anong technol ogy,
organi zation and people issues, as well as to identify new design choices. ACTION
users may be change analysts in the organization such as industrial engineers,
manuf act uring engineers, or organizational change analysts. Aternatively, ACTION
users nmay be managers, such as production managers, operations managers, or plant
managers. ACTION is currently built for a discrete parts manufacturing operations
with expansion to other activities in an enterprise expected by 1995

An ACTI ON user approaches the system from one of four vantage points, as
illustrated in Figure 2. In the first vantage point, Strategic Visioning, the user is
interested in determning the ideal organizational elenments given a set of business
objectives and production variances that s/he anticipates wll exist in the organization
of the future. The organizational elenents included in ACTION are:

1) Busi ness obj ectives

2) Process variances

3) Activities

4) Areas of discretionary authority

5) Reporting structure

6) Mechani snms for involving customers
7) Enpl oyee val ues

8) Performance managenent and reward characteristics
9) Reduction |ayout

10) Organi zati onal norms

11) Technol ogy system characteristics
12) Wrkforce skills

13) Production process characteristics

14) | nformation sources
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The ACTION system contains a |arge know edgebase of relationships between
these elements. During the Strategic Visioning process, ACTION wal ks the user
through a set of matrices describing these relationships, so that at the end of the
session, the user can |earn what the ideal organization should | ook like for any or all
of the elenents. In Strategic Visioning, the ideal organization is determned by seven
busi ness objectives. Ranging from reducing throughput or cycle tines, to increasing
product devel opment responsiveness, the user can select any or all of the seven
busi ness objectives on which to focus

A second vantage point for viewing ACTION is Strategic Assessment. A user
interested in assessment describes his or her organization for each of the elenents
contained in ACTION. Then, ACTION indicates through col or-coded output which
characteristics (or constraints, in ACTION |anguage) create the greatest problens for
being able to achieve the business objectives identified by the user

The third vantage point is a Detailed Organizational Asessment. In this use,
the ACTION user inputs information about how 140 production related tasks are
allocated in the current organization. In addition, detailed data is collected about 22
information sources, 30 skill types, 20 technology types, and 10 types of software
programs. Having input all these data; the ACTION system then graphically presents
a model of how all these factors interrelate, and the inpact of these factors on the
organization's ability to achieve its business objectives. Part of an exanple model is
provided in Figure 3.

The fourth vantage point is a Detailed Organizational Design, where the
ACTI ON user inputs some constraints on the design, and the ACTION system
conputes the remaining unconstrained elements in the organizational system So, for
exanpl e, the ACTION user may constrain business objectives, the existing skills of the
current workforce, and how tasks are assigned to jobs and then expect the ACTION
system to identify which information sources and technol ogies are needed by which
jobs, and detailed attributes of those information sources and technol ogies.
Alternatively, the ACTION user may constrain business objectives and skills, but ask
the systemto generate a set of jobs by allocating tasks to different units

The ACTI ON know edgebase from whi ch recommendations are derived was
devel oped based on a series of metanalyses of the Literature (7) as well as intensive
i nvol vement of industry experts in organizational, people and technol ogy change
efforts. Participants from Texas instruments, Digital Equipment Corporation
Hewl ett- Packard, and General Mtors have been the main contributors. The ACTION
system is inplemented in Common Lisp, Garnet, and X-Wndows, and conprises
approxi mately 2MB of application source code. The software has been integrated and
operational since February, 1993 and can run on Sun, DEC, or HP workstations.
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In addition to the ACTION software and the know edgebase
enbodied in it, the ACTION R& program describes a nethodol ogy for user
i nvol verent and inpl ementation of ACTION recomendations. Although stil
evol ving, one finding of the methodol ogy work has been the positive experiences
gai ned by groups of people working with the ACTION system and seeing inmediate
feedback. By collecting the ACTION inputs in a group setting the individual identify
and resolve differences of opinions that in the past festered as bel owthe-surface
conflicts

CASE EXPERI ENCE W TH ACTI ON

Case runs with the ACTION system have been conducted by the
industry partners to validate the know edgebase and test the applicability of the
know edge and process in real world settings. Runs have been made
on a wide variety of manufacturing contexts including electronics fabrication and
assenbly, autonotive fabrication and assenbly, and netal fabrication.

CASE BACKGROUND

The case described bel ow was conducted in a metal fabrication
facility which produces parts for the defense industry. The drastic reduction in
defense expenditures has driven the conpany to down size their defense business
bringing it in line with expected levels of defense spending. At the sane tine, this
facility is struggling to becone nore conpetitive with other comercial fabrication
shops that have |ower overhead. These drivers are forcing the facility to make two
maj or organi zational changes. The first is a reshuffling of work |oad and equi pment
to nmove towards a Business Unit or cell-based production approach. At the same
time, operators are being grouped into self-directed work teams with the role of
supevisor transitioning to one of team facilitator

At this point in the change process, facility managers have been
relying on traditional methods for inplenmenting the change. Individual issues have
been addressed only as needed rather than planning ahead before problems arise
Training has been focused on communication and working in teams. Little enphasis
has been placed on the effects to the larger organizational structure or broader people
i ssues such as conpensation systems. Internal efforts so far have supported the idea
that organizational change is an extrenely conplex process with an overwhel mng
nunber of factors to consider. Silver bullets such as predetermined team structures,
statistical process control, and cycle time reduction efforts have met with linted
success. Understanding this, facility managers have supported the use of ACTION
with focus on one business unit within the facility. The areas of inprovenent pointed
out by the nodeling, or Strategic Assessment, of the one unit can then be utilized by

-~
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the remaining business units at the facility. Wthout a tool Iike ACTION, the
production areas would continue to use trial and error nmethods attacking specfic
“fires” as they arise

The unit modeled in this case is responsible for rapid reaction machining of
| ow vol une, mediumtolerance, netal parts. The manufacturing process includes
nunerical control and manual machining, drill, deburr, and inspection. The unit also
has responsibility for developing their own process nethods, nunerical contro
prograns, and schedul ing.

The case has been devel oped by the site Industrial Engineer working with the
Business Unit Manager. The Industrial Engineer was responsible for operating the
system and consulting on the ACTION theory. The Business Unit Manager provided
systeminputs and worked interactively with the software.

CASE DETAI L

The ACTION case run begins with the identification of the

business unit’s, business objectives. In this exanple, the facility managers have
selected the business unit's objectives to be

o Mi nim zing throughput tine

° Maximzing quality

0 Maxim zing enployee flexibility for teans of

generalists
0 Maxim zing manufacturability of designs
0 Maxim zing changeover responsiveness
(reducing setup tine)

These objectives are in direct support of the facility's need for conpetitive
strength. ACTION first checks to make sure the unit’'s business objectives are in
alignment with each other. It is critical that the area’s individual objectives work
together to achieve the area’s total set of objectives. That is, different objectives are
necessary to support the achievement of others. It is also critical that objectives be
worked on the same |evel of scope. That is, if the unit is focusing on mninizing
throughput time for a portion of the production process, then the ACTION theory
woul d suggest that quality should al so be focused on a portion of the production
process.

In this exanple, no conflicts between business objectives was noted. Next
process variances are selected and aligned to the goals. In
this unit, variances such as incomng quality, output quality, scheduling changes,
and equipnent reliability were identified as problens requiring considerable tine
and energy in rewrk, extra coordination, and equi prent downtime. \Wen these
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variances were aligned to the unit's objectives, the Business Unit Manager could nore
clearly understanding the direct effect they had on the unit's objective of reduced
throughput time and inproved quality. The user then identifies additiona

organi zational and human factors that the unit provides including: skills, information
resources, custoner involvenent |evel, enployee values, discretion technology and
process characteristics, and performance measurement characteristics. In this case, the
skill set is found in a group of skilled machinists, a ceil manufacturing engineer, and
a cell production technician Their skill levels in their respective tasks are high but
there has been little cross training to other tasks and skill areas. Mst information
resources are provided through conputerized systems in the area. Information |ike
custoner needs and product costing are nuch harder to attain than those relative to
the machining process. Direct customer involvenent is extrenely limted with
direction regarding long-term scheduling, manufacturing inprovenents

and other issues com ng from manufacturing managenent rather than custoners.

Enpl oyee val ues support continuous inprovement and a |earning environnment.
Discretion is primarily given regarding the manufacturing process. Wrkers do not
exercise discretion over broader areas such as talking with custoners and part
redesign. Characteristics regarding the production process such as programmbility,
reliability, breakdown alternatives, and human over-ride are provided on the
automated processes. However, a large portion of the unit’s production is manual

The cell team facilitator currently evaluates each operator based on his/hers

i ndi vidual performance. Pay is based broadly on performance (quality) and on nore
general areas such as teamork, attendance, and safety. Once these provided factors
are input into the system they are matched to the unit’s goals and conpared to what
is needed to create a gap analiysis. It is this analysis that helps deternine what
additional elements are necessary for the unit to achieve its objectives.

SUMVARY OF CASE FI NDI NGS

The following are key analytical findings fromthis exanple.
First, portions of the summary report pointed to the need for the business unit to have
greater direct customer involvement. The unit had selected the goals of mnimzing
throughput tine and maximzing quality. Each of these goals suggests a closer
relationship to the customer in order to get the nost out of each objective. Therefore,
the ACTION theory suggests developing skills in understanding the custonmer’s work
processes, providing continuous information about the custoner’s needs, and directly
involving the customer in issues such as long-term scheduling, evaluting the
production area’s performance, and devel opi ng new products.

A second key finding was focused on the unit’s performance measurenent and
reward systems. In order for objectives to be achieved, a production area nust know
where they stand on the path to achieving their goals and feel that they will be
appropriately rewarded. In this exanple, the ACTION run indicated that the business
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unit needs to devote attention to providing conpensation at a broader scope than just
at the individual |evel. Performance neasurerments and rewards need to include team
and unit-based conpensation. In addition, the standards need to be clearly

comuni cated so that the entire unit can understand the connection between how
they as individuals are being neasured and the achievenent of the unit's goals.

Finally, the analysis highlighted a need for greater involvenent in
redesigning and devel oping new parts. Traditionally, the facility as a whole has been
isolated from the design comunity with new designs being "thrown over the wall'
to manufacturing. In order to inprove the manufacturability of designs, the unit
needs to develop a stronger connection to project managenent and the design
communi ty.

RECOMMENDATI ONS TO BUSINESS UNIT MANAGER

Based on the outputs fromthe ACTION run, several recommen-
dations have been made to the Business Unit Manager. Two
reconmendati ons were focused on inproving custoner involvement.
First, operator visits to the customer’s work site were suggested. These visits woul d
provide a better understanding of how the custonmer is using the business unit's -
product and allow the machinists to hear first hand about what is really inportant.
One such visit has been conducted in the past and proved to be an outstanting
| earning opportunity for the operators as well as the customers. Continuing these
visits on a reqgular basis is recomrended. A second proposal to inprove custoner
involvenent was to feed the details of the customer survey results down to the
business units. Typically, these results are reviewed by the planning organization and
not shared with the areas directly responsible for the product.

Evacuating the system outputs relative to performance measurenent vyielded
two recommended inprovements. The first is to inplement a team based review
process. The cell teams in this unit are now advanced enough to take advantage of
this method of review. Secondly, the unit should focus on the key business objectives
of the organization, posting the specific nunmeric goals so that all can see where they
are and where they need to go. Mst inportantly, they need to be judged on their
achi evenent of these goal s.

Finally, to create tighter links to the design comunity, the unit has begun
dealing directly with project nmanagenent and the design engineers on issues such as
manuf acturability and production cost estimating. This |ink needs continued
strengthening in the future to allow continuous communication rather than just in a
few special cases
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In summary, the ACI TON reconmendations have been
reviewed by the Business Unit Manager, with a nmore speafic inplenmentation plan
under devel oprent .

CONCLUSI ONSABOUT ACTION USE

Several conclusions can be drawn concerning the ACTION process. The
I ndustrial Engineer working with the Business Unit Mnager may have linted the
knowl edge scope, not providing as conplete or as accurate a picture of the current
operations. In future applications, it is recomended that ACTION inputs be
gathered from a broader base of individuals involved. Talk with the operators, cel
engi neers, and customers. Often times it is these frank and open discussions that
create the greatest insight to the production area. Secondly, we found the interactive
nature of the systemto be very valuable. The inpact of the technol ogy, organization
and people trade-offs were nore clearly understood by mamagement when they coul d
see immediate response to their changes in inputs. The inplications to the business
obj ectives nmeant more coming froman “expert systeni supported by an engineer
rather than from an engineer alone. It is noted however, that at this tinme, the system
needs an “expert” user in order to facilitate its use and translate its output. It is”
expected that in further phases of this work the systemw |l become nore user-
friendly for the “novice” user. Qverall, the recomendations and insights provided
by the ACTION process could be considered comon sense. Wat is inportant is the
interactive ability to balance ALL of the technol ogy, organization, and people issues
agai nst each other. During the typical change process, it would be difficult to consider
all of these factors to come up with a conplete and conprehensive solution. In this
exanpl e, the Business Unit Manager was not particularly surprised by the results,
everything seemed to nmake sense. He did however, realize that many of the
i nportant issues would have slipped through the cracks without the help of a defined
t heory, methodol ogy, and automated system Wthout ACTION, he would have
counted on the “silver bullet” of team ng and business unit alignment alone to solve
everything. Now the bigger picture is understood and corrective action can begin
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The Worl d-d ass Conpany

Describing a conpany as world class neans a nunber of
things. It means the conmpany has achieved high standards of
busi ness performance and has undergone fundanental changes in
the way it's managed. But above all, it's profitably meeting the
needs of customers while continuously inproving its ability to do
0.

Success in the world-class conpany is measured in the eyes of
the customer. The goal is not sinply to satisfy customers, but to
positively delight them The Japanese call it mryokuteki hin-
shitsu-designing products that are not only reliable and cheap to
make, but also fascinating and delightful to the customer.

VWhat delights a customer?

The specifics vary fromindustry to industry, and from product
to product. But most customers want the same basic things:

| Cusotmers are interested in quality-they want their
purchase to work to do the things they want it to, and to
please them in the process,

| They desire good service-they want their products and
services delivered on time

| They want fexibility-they want the ability to obtain the
speci fi c product or service they want

| They covet value-they don't want to pay a price that
exceeds the value received fromthe product.

Delighting custoners is not something you do once and then
rest on your laurels. Wth hungry conpetitors breathing down its
neck, the world-class company continuously inproves its ability to
delight customers

26 Common Cent's

Everyone is conmtted to inproving continuously in a
wor | d-class conpany. Often the individual inprovements are
smal |, Japanese conpanies such as Toyota are famous for “inprov-
enent by inches,” But small inprovements, if done year after
year, grow in measure to provide an insurmountable |ead.

VWhat do world-class conpanies inprove?

They inprove the things that mattfer to their customers-
quality, service, flexibility and cost. And they do it differently
than other conpanies that haven't yet started on the path to
wor | d-cl ass conpetitiveness. These differences perneate every
function in the conmpany,

For exanple, world-class conpanies design and build in
quality the fust time. They don't have teams of inspectors |ooking
for defects. There aren't any rework departnents fixing faulty
products. Instead, everyone in a world-class conpany is responsi-
ble for the quality of their own work

Moreover, world-class conpanies make only what the customer
needs. And they do it in a continuous flow Parts are purchased or
built just-in-tinte for the next process. Gone are the large hatches
of yesteryear-the goal is a lot size of one. Cone are the large
buffer stocks of parts piled next to every machine or assenbly
station. Gone is the end-of-month scramble to meet sales goals-a
scranbl e that increases cost and reduces quality

products in a world-class conpany are designed by teans from
engineering, production, marketing, and procurenent. Cone are
the days when designers “tossed a product design over the
transoni and chal | enged manufacturing to produce it, Tools such
as as quality function deployment (QFD) ensure that customer desires
are reflected in the product design

[t's people who make the higgest difference in world-class
conpani es. Enpl oyee invol venent - pushing deci sion making
responsibility down to the lowest |evels of the organization-
energizes the talents of everyone

The result is a flat organization structure that facilitates
cross-functional comunication. This elimnates layers of bureau-
cracy (or what some people call “hardening of the categories” or
“functional silos").

The activities of the world-class conpany are linked to form
what Dick Schonberger calls a chain of customers. Each activity
in the conpany has a customer-the next activity in the process
Each activity is dedicated to serving its customer. This forns a
chain that ends with the paying Custoner.'
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

TOTAL QUALITY MANAGEMENT (TQM)

e« TOM IS A WAY TO GET ALL EMPLOYEES FOCUSED ON THE
REQUIREMENTS OF THE CUSTOMER

« BASIC CONCEPT IS THAT THROUGH TQM IT IS POSSIBLE TO
ACHIEVE DEFECT FREE PRODUCTS MOST OF THE TIME

« TOM ENSURES CUSTOMER SATISFACTION BY INVOLVING ALL
EMPLOYEES DEVELOPING IMPROVED PROCESSES WITHIN A
COMPANY TO CONSISTENTLY PRODUCE AND DELIVER
PRODUCTS THAT MEET OR EXCEED THE CUSTOMERS
QUALITY EXPECTATIONS

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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NN 74 _ 4.0 __ g AN
TOM (Continued)

e CONVENTIONAL U.S. MANAGEMENT HAS BECOME A SIMPLE
SUM OF THE PARTS

e TQM OBJECTIVE IS TO MAKE THE WHOLE GREATER THAN THE
SUM OF THE PARTS

LINIVFRSITY OF MICHIGAN TRANSPORTATION RFSFARCH INSTITUTF
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TQM (Continued)

® CONVENTIONAL MANAGEMENT EMPHASIZES
PLANNING

I

DIRECTING

CONTROLLING

CURRENT BEST MANAGEMENT PRACTICE EMPHASIZES
PEOPLE ORIENTATION
TRUST
TEAMWORK
OPENNESS
EMPOWERMENT
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TOM - EMPLOYEE BENEFITS

e JOB ENRICHMENT
e INCREASED) JOB SATISFACTION
e INCREASED TRUST

e DEVELOPMENT OF TEAM SKILLS

« ENCOURAGES INNOVATION

INIIN/FNDCITNY, N AMIALIIAAN THOhANCDADTATIANAN DECCADALL INICTITILITE




bl

NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

TQM - COMPANY BENEFITS

® IMPROVED CUSTOMER RELATIONS
® FORCES DECISION MAKING DOWN TO APPROPRIATE LEVEL
® IMPROVED COMMUNICATIONS

® INCREASED TRUST RESULTS IN BETTER WORK RELATION SHIP
AND ACCEPTANCE OF NEW IDEAS/CHANGES

® IMPROVED PERFORMANCE FROM TEAMWORK
® IMPROVED EFFECTIVENESS
® REDUCED COSTS

® REDUCED ERRORS AND REWORK

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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TOM COMPONENTS

* MISSION AND VISION

VOICE OF THE CUSTOMER

* VOICE OF THE BUSINESS

0 CORE COMPETENCIES

IMPLEMENTATION OF TQM PLANS
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

VOICE OF THE BUSINESS

® THE VOICE OF THE BUSINESS DETERMINES THE CONSTRAINTS
AND OPPORTUNITIES WITHIN WHICH THE COMPANY OPERATES

® EXTERNAL
ENVIRONMENTAL ECONOMIC FINANCIAL
TECHNOLOGICAL  SOCIAL/CULTURAL POLITICAL
DEMOGRAPHIC LEGAL/REGULATORY SUPPLIERS
CREDITORS |

® INTERNAL
EMPLOYEES MANAGERS SHAREHOLDERS

DEPARTMENTS

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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CORE COMPETENCIES

« THE FOUNDATIONS OF COMPETITIVENESS

« THE COLLECTIVE CAPABILITIES THAT A COMPANY SHOULD
DEVELOP AND MAINTAIN TO ENABLE IT TO COORDINATE
DIVERSE PRODUCTION SKILLS AND INTEGRATE MULTIPLE
TECHNOLOGIES

* ANALYSIS OF A COMPANY’S CORE COMPETENCIES PROVIDES
AN INDICATION OF HOW THEY ARE ALIGNED WITH THE
COMPANY'’S BUSINESS PLAN AND STRATEGIC OBJECTIVES
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Figure I-1. Team-Centered Total Quality Management
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Deming Wheel
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Figure 4-3. Deming Wheel,
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Define Unit
Mission

Identify Activities,
Functions, and Output
(i.e., Products and
Services

Use Feedback to
Improve and Replan

Act

Prioritize
for Top-Priority
Products and
Services

Seek Customer

Feedback
Check

Implement Plan
to Deliver
Quality

Identify Customer(s)
of Priority Products

identity Customer
Needs in
Customer Language

Set Plan to
Meet Needs

Translate
Customer Needs to
Department
Language

Set Quality
Indicators

Utilize
Quality-improvement
Teams to Address
Quality Issues
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Seven Tools

THE SEAMLESS ENTERPRISE

Cause & Effect diagram

Pareto chart TT——

Checksheet [

Histogram
Scatter diagram
Control chart

Various graphs

Y

Seven NewTools | Relations diagram

Figure 6-4 The Seven Old Tools and the Seven New Tools

KJ method (affinity diagram)
Systematic diagram

Matrix diagram

Matrix data analysis method
Process decision program chart
Arrow diagram
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TOTAL DEVELOPMENT PROCESS
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

SEAMLESS ENTERPRISES

SEAMLESS ENTERPRISES USE CROSS-FUNCTION MANAGEMENT
AND CONTINUOUS LEARNING TO ENABLE TQM TO BE
SUCCESSFUL

CROSS-FUNCTION MANAGEMENT IS NOT THE SAME AS CROSS-
FUNCTIONAL TEAMS ALTHOUGH C-F TEAMS CAN BE MANAGED
BY IT

WITHOUT CAREFUL MANAGEMENT, CROSS-FUNCTIONAL TEAMS
CAN REPLACE FUNCTIONAL STOVEPIPES WITH CROSS-
FUNCTIONAL STOVEPIPES

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE

—
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SEAMLESS ENTERPRISES (Continued)

CROSS-FUNCTION MANAGEMENT IS WOVEN THROUGH THE
VERTICAL FABRIC OF A COMPANY'S ORGANIZATION
STRUCTURE WITH COMPANY WIDE HORIZONTAL AUTHORITY

CROSS-FUNCTION MANAGEMENT IS NOT AN ADAPTATION OF
THE “TWO BOSS” MATRIX MANAGEMENT

SEAMLESS ENTERPRISES DELIBERATELY BUILD A STRUCTURE
AND A PROCESS THAT ENABLES HORIZONTAL
COMMUNICATIONS ACROSS THE COMPANY. THIS EMPHASIS
ON “LATERAL COMMUNICATION” IS THE CORE TO WHAT
MAKES A COMPANY “SEAMLESS”




8: FOUR-FIELDS MAPPING

Product development is very easy. But we have made it very hard
for cultural reasons. It should be one system, one team, one set of
decisions.,Don Clausing (MIT)

Four-fields mapping is one of the most elegant and productive
techniques used by cross-function teams. It allows the members
to determine in advance not only who does what and when, but
also the flow of information, or who needs to know what when.
This collaboration is a critical feature of a cross-function process.
From the start, it forces team members to specify how they will
identify and communicate customer requirements systematically
both across vertical departments and suppliers.

Cross-function process mapping does not resemble any of the
common who-what-when techniques such as time-driven GANTT
schedules, work-breakdown structures (WBS), or PERT charts.
All these tools, while they are useful for narrowly prescribed rea-
sons, fall short in one significant way. None of these tools depicts
horizontal relationships or the sharing of information essential to
making companywide teaming work. This works against concur-
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FOUR-FIELDS MAPPING

rency; the tools encourage compartmentalization of tasks and, in
turn, sequential management. Anyone who has drawn a GANTT
chart will quickly recognize this. It is only illusory that a total
process can be managed through the financial or scheduling con-
trol of single activities. In reality there is little disciplined man.
agement going on because events are rarely linked other tha,
through designated hand-offs. The tools perpetuate chimneylike
task management.

The cross-function process map (see Figure 8-1) integrates four
“Information” fields:

1. The value-adding team members from all involved vertical
chimneys

2. The breaking down of an activity into logical phases;
clearly specified entry and exit criteria marking beginning
and end points of each phase

3. Tasks to be performed and events such as decisions are
work flow with special effort to depict horizontal concur-
rency and information sharing between team members at
given points in time

4. Clearly delineated guidelines, regulations, or standards
that are uniformly applied by all team members to ac-
tivities and events

1. THE TEAM MEMBERS

2. THE PHASES: - —— | 4. STANDARDS
With entry/exit criteria | A L = Listed for
3 —— | eachtask
B 3. THE TASK FLOW
C Y
Y D

Finire 81 Fnilir-fielde man
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The creation of a four-fields map is a unique and distin
guishing feature of cross-function management, one the au-
thor first encountered at Komatsu. The making of these maps
helps stimulate the lateral communication that is widely acknowl-
edged as a major shortcoming of conventionally managed com-
panies. Generic four-fields “maps” are created by a corporate
knowledge team to control quality, cost, or product develop
ment processes; these are used as blueprints from which work-
ing teams can customize actual day-to-day implementation pro:
grams.

Four-fields maps are useful as a management resource bur
also as an organizational learning tool. As each map captures the
learning of a prior effort, it becomes the departure point for the
next effort. This contributes to a continuous—improvement pro
cess in a format that is easily communicable and transferable
among teams.

A four-fields map depicts the process necessary to achieve ¢
particular end result. Like a highway map that depicts the genera
interstate system and also has the blowup of a street layout ir
a city, a four-fields map is hierarchical in its detail. It shows ¢
whole process at the highest level of generality and also window:
into detailed elements. A well-managed company will eventually
develop a book of corporate process maps, each one describing
process methods, procedures, experiences, and relevant testing
techniques.

Constructing a four-fields map may be the most creative
communication exercise carried out by a companywide cross
function team. Just the act of taking together, which is done
surprisingly little across chimney boundaries, is a revelation. “It
iIs not unusual for the relationship between Design and Man-
ufacturing personnel to be somewhat adversarial,” says Larry
smith of Ford Motor Company. “Not long ago a Design Engi-
neer (at Ford) stated ‘Most product problems are a result o
too much manufacturing variation.” A typical Manufacturing re:
sponse, ‘The Design is not robust.’” It is an interesting exer
cise to ask Manufacturing and Design Engineers to identify the
significant key characteristics of their product. On one partic
ular occasion the two groups came up with totally differen
lists: one group not aware of why the other considered the lis
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RE-ENGINEERING

® "RE-ENGINEERING IS THE RADICAL REDESIGN OF STRATEGIC,
VALUE-ADDED BUSINESS PROCESSES, AND THE SYST. EMS,
POLICIES, AND ORGANIZATION STRUCTURES T HAT SUPPORT
THEM, TO OPTIMIZE THE WORK FLOWS AND PRODUCTIVITY IN
AN ORGANIZATION," (MANGAN ELLI, 1994).

® THE EMPHASIS ON STRATEGIC AND VALUE-ADDED PROCESS
REDESIGN IS SO THAT ONLY THE PROCESSES THAT ARE OF
ESSENTIAL IMPORTANCE TO AN ORGANIZATION ARE GIVEN
CONSIDERATION.

® THE BASIC TENANTS OF RE-ENGINEERING IS THAT IT USES
"DISCONTINUOUS THINKING", THAT IS IDEN TIFYING AND
ABANDONING THE OUTDATED AND FUNDAMENTAL
ASSUMPTIONS, OLD PARADIGMS, THAT UNDERLIE CURRENT
OPERATIONS.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




RE-ENGINEERING (Continued)

® IT IS A HOLISTIC APPROACH EMPOWERING PEOPLE AND
LEVERAGING TECHNOLOGY.

® RE-ENGINEERING IS NOT AN APPROACH THAT IS UNDERTAKEN
WITH ENTHUSIASM. MOST COMPANIES UNDERTAKE IT
BECAUSE COMPETITION IS THREATENING THEIR SURVIVAL.

® TO CLAIM THAT U.S. SHIPBUILDERS MUST UNDERTAKE
RADICAL CHANGE IN THE WAY THEY WORK MAY APPEAR

EXTREME, BUT IT IS BASED ON TWO FACTS:
1. THERE IS NO OTHER APPROACH THAT WILL PROVIDE

THE QUANTUM LEAP IN PERFORMANCE IMPROVEMENT

THAT IS REQUIRED.
2. IT HAS BEEN SUCCESSFULLY ACCOMPLISHED BY A

NUMBER OF U.S. COMPANIES.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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RE-ENGINEERING (Continued)
.WORK PROCESS CHANGE AND TECHNOLOGY BREAK THROUGH

ARE NOT NEW.

« WHAT IS NEW IS THE SYSTEMATIC METHOD FOR ACHIEVING

SIGNIFICANT IMPROVEMENT THROUGH WORK PROCESS
CHANGE AND THIS IS WHAT RE-ENGINEERING DOES.

« RE-ENGINEERING BECAUSE OF ITS RADICAL NATURE, EVEN

MORE SO THAN INCREMENTAL CHANGE, REQUIRES A
DISCIPLINE AND FRAMEWORK WHICH CAN CLEARLY AND
REASONABLY PRESENT THE CASE FOR THE PROPOSED
CHANGES.

« NO ONE IN THEIR RIGHT MIND IS GOING TO "BET THE
COMPANY” ON AN IDEA, NO MATTER HOW GOOD IT IS.

IRIIN/IFAIT\ A RAIALIILAAR TRAARMACAANTATIAR AFFARALL IRIOTITL T
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RE-ENGINEERING (Continued)

LESSONS LEARNED FROM MANY SUCCESSFUL AND SOME

UNSUCCESSFUL IMPLEMENTATIONS ARE:

. TOP MANAGEMENT MUST BE WILLING AND COMMITTED TO
APPLY CHANGES TO THEIR OPERATION,

MUST HAVE CLEAR AND MEANINGFUL VISION BEFORE YOU
~ START CHANGING,

[ THERE ARE MORE RESISTORS THAN SUPPORTERS OF THE
CHANGES, SO TOP MANAGEMENT SPONSORSHIP IS
ESSENTIAL,

IT WONT BE EASY SO PERSEVERANCE IS A MUST

CHANGE AGENT WILL PROBABLY BEAN OUTSIDER OR, IF
WITHIN THE COMPANY, A RADICAL, AND

RADICAL IMPROVEMENT IS POSSIBLE. IMPROVEMENT
FACTORS OF 3 TO 5 ARE ATTAINABLE AND A FACTOR OF 30
HAS BEEN ACHIEVED.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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Reengineering and Process Continual
Improvement

Project Preparation ‘(

Y

Plan

Identify Customer and
Supplier Requirements

Y

Develop Indicators

Develo;; Process Reengineer
Mgmt System <€| process

Implement the Process
Management System |

Do

[

Check Process Continual

Improvement

and

Standardize
Act and Replicate

© 1994, McDERMOTT, INC.
TOM and ABC/ABM, Page 25



'Reengineering,’ or
Evolution Through
Violent Overthrow

improvement in the airborne race.

They grew organically, evolving through mutation and selection until they
represented an ideal bureaucratic manifestation. They took the most time, em-
ployed the most people and added the least value. For years, thunderous plodding
tended to obscure the swift and innovative. Then reengineering swept across the
economic landscape like the comet that crushed the unsuspecting dinosaurs with
itsiridium-laden core. The landscape cooled. The time of the dinosaurs was over.
The thunderous plodders sank into the tar of histoy, waiting to be culled from the
muck for examination by MBAs in 10 or 20 years.

Reengineering’s violent metamorphosis left communicators, technologists, inno-
vators and adapters reborn in its wake. The remaining dinosaurs, transformed by
the sudden evolutionay burst, clambered skyward. Their once ground-clad claws
talonized and pointed toward the less fortunate of their old species. With their final
demise, the talons turn once again introspective, fostering continuous measurable

Dan Rasmus

Western Regional Edtior
LaBrea Tar Pts, Calif.

eengineer what?’ you may
h ask. “We didn’t engineer it

in the first place!” The sci-
ence of evolution presupposes ran-
dom, uncontrolled events. Much
of our management, and almost all
of our systems, evolved like amoebae
in the pre-Cambrian sea. Re-
engineering asserts human control
over the evolutionary process; it crafts
and molds, examines and extricates.
Reengineering represents the genetic
engineering of management, an
opportunity to arrest and direct the
future.

Design the redesign

Because we failed to engineer in
the past, the word reengineering is
somewhat of a misnomer. Re-
engineering combines the exploration
and rediscovery of the business with
solid methods for eliminating work
that adds no value to the product.

Reengineering methods are not
new. Robert Seltzer, president of Meta
Software, Cambridge, Mass., sees
reengineering as using “ something
verv old—the methnds and annrnach

of systems engineering . . ..people.
machines, processes, and how they
interact.”

Many companies find themselves
confounded by the myriad of
efficiency-improving programs in the
marketplace. Besides reengineering,
these include Total Quality Control,
Continuous Process |mprovement,
and Continuous Measurable Improve
ment, to name a few. Rick Belmonte,
senior manager in the Los Angeles
office of Peat MarWick Main's Nolan
Norton subsidiary, thinks people try
to make these ideas “either/or”
propositions. Instead, Belznonte en-
courages his clients to see that “new,
redesigned processes are there to be
continuously improved.”

Unlike some of the other methods,
which can be tackled at department
levels, reengineering involves the
whole company. Seltzer advocates a
focus on the business enterprise, with
an emphasis on financia impact and
benefits. But, he says, “People must
want to participate. It's not just a
way for financial people to squeeze
dollars.”

Belmonte adds to the business.
management focus an effort to
“stretch” goals. The classic “stretch
goa” was to put a man on the moor
by the end of a decade. That forced
“out-of -the-box thinkina” that actu-

ally made it happen. Goals inspire
people to think of new solutions, to
examine problems from different
angles.

On the practical level, Seltzer points
out that you should be ready to “de-
liver success in six to eight weeks, no
matter how large the project. Build
the business process and deliver
suits, then scale up. But first nail down
a success that everyone agrees is a
success.”

Some companies are trying to insti-
tutionalize reengineering approaches.
John J. Holton, Unisys vice president
of Strategic Accounts Marketing, in-
troduced the “Unisys Seven Com-
mandments of Reengineering” at the
National Financial Managers Confer-
ence held in May. The commandments
are

1. Thou shalt formulate and under-
stand your objectives.

2. Thou shalt plan.

3. Thou shalt insist on working with
experienced systems integrators.

4. Thou shalt be open.

5. Thou shalt not automate junk.

6. Thou shalt listen to the end-user.

7. Thou shalt not view new possi-
bilities based solely on your
organization's current skill set:
reengineering means reeducation and
challenging your team to stretch and
grow.

Like Belznonte and Seltzer, Holtc
emphasizes creative thinking and
work reduction before turning to au-
tomation. “All of this [reengineezing],"
Belmonte states, “should take place
in an atmosphere of true leadership,
risk-taking and empowerment.”

Driving the technology Wagon

At arecent conference in the Los
Angeles area, it appeared re-
engineering had overstimulated some
vendors' thinking. One sign read:
“Reengineer Your Processes Through
Imaging.”

Technology, rightly or wrongly, of-
ten drives reengineering projects. E
technology should not overshadow
the methods of work simplificati
new process design, or improving
people skills. “Technology she
stimulate the thought process,” says
Belmonte.

No single technology will reengineer
the process. Some companies are sell-
ina client/server concents as re-
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engineering tools—and they are, but
not in and of themselves. Any tech-
nology that increases productivity or
saves money should be on a short list
of things totry.

Technology should begin to make
its impact early in the solution phase
of aproject. It isagood ideato invite
technology experts to ask things like:
“What would happen if we scanned
in those documents?’ or, “Couldn’t
we use an expert system for that?’
Without an early emphasis on new
technology, some potential solutions
may be overlooked.

A tremendous advantage

| spoke with Ron Antinoja, project
manager with Bechtel Software, San
Francisco, at the 1992 American As-
sociation for Artificial Intelligence
Conference. He asked, “What is the
difference between a methodologist
and a terrorist?’

Slightly befuddled, | answered, “I
don’t know, what?’

“You can negotiate with a terror-
ist,” Ronreplied. Those of you who
have dealt with a hard-core IDEF or
Structured Analysis and Design fa-
natic will understand Ron's joke.

Methodologies add structure to
reengineering projects. IDEF, because
of its close ties to the military com-
munity, leads the charge for
reengineering in aerospace. Unfortu-
nately, IDEF is often used to docu-
ment “as-is’ processes for new con-
tracts instead of being used to focus

the reengineering efforts of the com-
pany. Reductions in the military bud-
get and IDEF's increasing acceptance
iﬂ the commercial world may change
that.

IDEF diagrams are " a tremendous
advantage,” Seltzer states, over com-
peting methods. “They are easy to
read. Simple rules govern the graphi-
ca layouts. People learn IDEF syntax

Many companies find
themselves confounded
by the myriad of
efficiency-improving
programs in the
marketplace.

in avery short time. One company
team learned to read |IDEF diagrams]
in aclassin two hours.”

Many methodologies concentrate
on an information-systems view of
the world. Everything is either a pro-
cess or data. Input data, transformed
by a process, become output data to
storage or to another process.” IDEF
can also document inputs and out-
puts, but it takes in controls and
mechanisms, too. Use of the method
ensures that if too many pieces of
paper are used in managing a pro-
cess, thiswill soon be apparent.

Often, someone's first exposure to
IDEF is by way of presentation of
hundreds of pages of diagrams. Ac-
cording to Seltzer, that approach
doesn’t make much sense.

“Don’t go into too much detail un-
less what you are looking at is impor-
tant.” Detail should be taken in small
chunks, and examined by people who
understand the process under
scrutiny.

To validate the model, Seltzer en-
courages his clientsto “look at one
areawithin a project, take a subset,
and then test, simulate and imple-
ment some changes.”

The old and the new

The IDEF methodology extends
well beyond the analysis diagram
known as IDEFO. Older accompany-
ing methods include IDEF1 and
IDEFIX for data modeliig. New
methods, some till in development,
add simulation, object-oriented de-
sign, process flow descriptions, on-
tology development and design ra-
tionae. The contract for development
of the newer technologies was
awarded to Knowledge Based Sys-
tems (KBS), College Station, Texas,
as part of the Integrated Concurrent
Engineering project supported by the
U.S. Air Force.

Having robust modeling tech-
niques, however, doesn’'t make good
models. Seltzer reminds us that “ mod-
els are not reality, but abstract repre-
sentations. Models must be validated

PHASE 1

INITIATE

PHASE 2

ANALYZE

PHASE 3

« Develop vision
« Model the business

quality

processes

« Measure service
« Evaluate business

« Assess infrastructure
and information
technology support

« Redesign business

processes improvement plan process solutions
« Develop infonnafion « Develop « Implement
technology implementation plan information
requirements i

q . Set performance technology solutions
o Assess measurements « Manage change
organizational/

infrastructure impact

PHASE 4

« Establish continuous

* |dentify information
technology solutions

PHASE 5

« Implement business

* Review
implementation

Diagram from Dun & Bradstreet Software illustrates business reengineering process in which corporate wide work-flow processes are completely
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for their given focus and purpose.”

Therefore, Seltzer first has his teams
show the model to people who know
the process and ask if it is right. Once
the model is confirmed, the teams
ask for feedback on relationships be-
tween tasks and time, thereby gath-
ering behavioral detail, including
concurrency. They then use Meta
Software’s Design/CPN Colored Petri
net system—a graphicaly based
simulation technology for perfor-
mance evaluaion and validation test-
ing of large, complex models that in-
volve concurrency-to simulate the
IDEF process model. They pump in
real data and chart model results
against actual results. The final model
includes sophisticated graphic and
numeric analysis to prove if a model
isvalid, or to see how changesto a
model affect the future state of af-
fairs. When the model’ sresults are
close to the actual ones, they know it
is explicit enough to be used to dem-
onstrate how the process really
works.

Seltzer adds, “Good simulations let
you test .a hypothesis. How much
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money will it save? How much will it
cost to implement?’ IDEF doesn't take
the modeling process into the sys-
tems design realm-at least not yet.
IDEFIX creates data models, but
IDEFO models don't generate details
like structured pseudocode, found in
more systems-oriented methodologies
such as information engineering. The
object-oriented extensions should
combine process with data more
tightly, but relational data bases and
other solutions will require methods
outside the IDEF family for actual
computer system implementation.

Tooling up

Most reengineering  methods
evolved as paper models, not as com-
puter programs. Now a wide variety
of tools exists for PCs, Apple
Macintoshes and workstations. The
most popular tools constrain your cre-
ativity to the rules and syntax of the
methodol ogy.

Meta Software’s Design/IDEF
implements the IDEFO and IDEFV/IX
methodol ogies. It runs on both the
Macintosh and IBM PC under Win-

,,,,,,,,

captures the why and whoj

"‘u g ..,t¢~’ -

dows. IDEFO diagrams consist of a
series of boxes with lines and arrows
that represent inputs, outputs, con-
trolsand mechanisms. Design/IDEF
supports menus for creating all ele-
ments and ensures model consistency
through interactive alerts for syntax
violations. It includes dl the elements
to create accurate, complete and es-
thetically pleasing diagrams in a con-
strained drawing environment.

KBS approaches IDEF graphically,
but from a functional viewpoint. The
KBS tool AIO develops diagrams
from functional descriptions of the
models.

A built-in drafting knowledge base
incorporates illustration rules to gen-
erate diagrams automatically. David
Rice of KBS says this method “en-
forces the modeling rules. By han-
dling the drawing, AlO lets analysts
concentrate on system modeling, not
on the placement of boxes or the style
of fonts.” AlO uses artificia intelli-
gence (Al) representation methods to
capture the relationships in the
model.

AIO Professional includes a
hypertext note feature, multiple
model integration and graphic out-
put that supports PostScript for
Macintosh or Windows publishing
programs. KBS sells a personal ver-
sion of AlO with fewer features and a
limited model size. Similar tools for
IDEF1 and IDEFIX are also available
from KBS. The persona versions of
the KBS products integrate com-
pletely to support the company’s
team concept of model devel opment.

Both Al0 and Design/IDEF contain
dictionary functions. AlO creates its
dictionary automatically from the
analysis process. Design/IDEF
requires end users to construct the
dictionary.

Others in the act

One of the most unique applica-
tions at AAAI-92 came in the form of
DECmodel from Digital Equipment
Corp. (DEC), Marlboro, Mass.
DECmodel incorporates symbolic
representation from Al with practi-
cal simulation. It employs a highly
graphical Motif interface that allows
domain experts and DEC modelers
to create models quickly.

If you are the president of the com-
pany, inventory control looks signifi-
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puller in a warehouse. The object-ori-
ented background of DECmodel eas-
ily displays multiple logical views of
the same process. DECModel’ s use of
Al and graphical interfaces synthe-
sizes techniques and methods for im-
proved process modeling.

As with any endeavor, the tool you
choose is not as important as the
thinking that goes into the model.
IDEFO is a paper technique enhanced
and hastened by computers, but it is
by no means dependent on them.
Dynamic modeling, though possible
without a computer, is too slow to be
meaningful without one. The integra-
tion of design, analysis and execution
models promises to enable speedier,
more accurate and more meaningful
model building for business manag-
ers and executives.

A basic principle

At some point, you may hear the
cry “If I've reengineered it once, I've
reengineered it a thousand times!”
Hank Holland, president of Dun &
Bradstreet Software, Atlanta, is con-

cerned that “business reengineering
may sound like a lofty concept.” He
reassures his customers, “Actualy, it
is a basic principle to evaluate your
primary business, and then look at
how that primary business could
function better, regardless of the

As with any endeavor,

the tool you choose is

not as important as the

thinking that goes into
the model.

methods or procedures already in
place.”

Like so many new business drivers,
whether they be called business pro-
Cess reengineering business process
improvement or business process re-
design, reengineering relies on firm

management support and an open,
creative atmosphere.

After looking at a D& B Software

study on reengineering, Terry Rapoch,

vice president of corporate systems

and planning at Rogers Communica-
tions, Toronto, commented, “ This sur-
vey makes clear that people feel busi-
ness must continue to evolve in order
to survive and reengineering is sim-
ply another way to describe this evo-
[utionary imperative.”

That returns us to brontosaurus,

hadrosaurs and iguanodons. The
globalization of the economy, the rise

of the Pacific Rim, the unification of

Europe and the dissolution of the

Soviet bloc have disrupted post-World
War |l economic assumptions with
an impact equal to the Cretaceus/
Tertiary boundary catastrophe that
rocked the mammals into dominance.
But unlike the dinosaurs, our way of
doing business need not succumb to
random natural events: Our destiny,
remember, lies in the intricate pattern
and exquisite detail of the human
mind. &
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ABSTRACT

Change has been a watchword for U.S. shipyards
for many years and change has taken on many different
meanings as shipyard technology and management
techniques have evolved. A recent survey *of severa
major shipyards around the world indicates that all
shipyards recognize that change is required to compete,
but they have not been able to overcome some of the
important barriers to change that are necessary to
increase their profitability.

The purpose of this paper is to introduce change
as a pathway to growth through process reengineering
and organization transformation. Using a framework of
proven management tools and techniques. the phases
and steps of successful  reengineering  and
reorganization procedures will be matched to specific
issues facing U.S. shipyards today. Finally. recent
experience with reengineering and reorganization in
other industries will be used to identify opponunities
that can be incorporated to help shipyards change.

REENGINEERING |S THE FIRST STEP IN
IMPROVING A FIRM’S PERFORMANCE

With reengineering being the current choice of
CEOS for creating large-scale process change. its
fundamentals and techniques are commonly known in
allindustries. The successes and failures of new process
implementation are not well known. The shipyard
survey shows that most shipyards have identified
process improvements, but few have indicated that they
have successfully implemented the changes. Thc
uncertainty of the success or failure of the process
improvement actions does show that the changes lacked
one of the most important elements of reengineering
and reorganization, an accurate performance
measurement system (Figure 1). Experiences in other
industries show that if a new process is delined and

1 Conducted by Mercer Management consulting In
April 1995
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implemented properly, the performance metrics
established as part of reengineering will provide early
indications of its success or failure.

New production techniques over the past 30 years
have helped shipyards improve the productivity of their
work force and shorten the building cycle of most
ships. During their involvement in Naval construction,
most U.S. shipyards incorporated some of these
productivity improvements to reduce construction
costs. but they have yet to employ them effectively in
commercia production. The shipyard survey indicates
that shipyards have tended to focus on incremental
process improvements, namely cost reduction and
quality initiatives (Figure 2). Because these initiatives
lacked clear customer focus and vision for the business,
as well as a framework to guide process change, they
did not deliver the kind of quantum leaps in
performance normally associated with true process
reenginecring.

How broadly is the performance measurement
system applied in your compsny?

very broadly 'R
29~ . S
SENEA  Not broadly
. L A 9%
Mive aco Caton N
@ .
Average !
apphicatcn
14% Some
application
14%
Figure 1




Purposes for Process Change Initiatives

8 Reduce costs
| Dlimprove quality
| B8 Increase customer satisfaction
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Not Some Average . More Very
Important Importance Importance Important Important
Responses
Figure 2

The survey (Figure 3) also shows that shipyard
management is not focused on improving company
performance through growth. While there is strong
agreement that real growth is difficult in the industry,
growth appears to be a low priority as part of company
strategies.

The framework for performance improvement and
growth includes three significant steps for achieving
sustained improvement and profitability (Figure 4). We
will address the first two steps in this paper. With the
products of successful process reengineering and
organization transformation in place, shipyard
managers will be able to reassess their growth potential.

CORPORATE PERFORMANCE IS
CHALLENGED ON MANY FRONTS

The external pressures on corporate performance
include competition, customer service requirements,
government regulations and changing technology. All
of these forces have a direct impact on the internal
processes in any industry. Shipyards clearly face most
of these challenges.

External pressures on U.S. shipyards

Competitive pressures: Competition no longer
comes from a few other U.S. shipyards submitting
proposals for Navy shipbuilding and repair contracts.
When competing for Navy work, bid strategy- was

Company Growth

@ Real growth is achievable in any industry l
W Real growth is difficult in my industry
O Growth is top priority for my company

g 60%
| 50%
1=4
2 40%
n N
& '30% - m—
poud
S 20% -
§ 10% - S—
& 0% -
Strongly Disagree Agree Strongly
disagree Agree
Responses
Figure 3
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Steps to Improved Performance

Business reinvention
to seize future opportunities

» Exploit new capabilities
» Rethink the value chain
* Reinvent the business

Organizational transformation
to build new capability

* Develop new management systems, models, and behaviors
* Align organization with processes
» Unleash people potential .

Process reengineering
to achieve process excellence

« Align processes with customer values/needs
o Streamline flows
* Capitalize on technology and partnerships

Figure 4

focused on how the competition might respond to the
request for proposal (RFP) and not on the customer.
Now, competition for commercial work comes from
foreign shipyards as well as other U.S. shipyards. It is
further complicated by the need to seek out customers
instead of always being on government bidders lists.

Customer service gaps. Who are these new
customers and who defines value for them? U.S.
shipyards need to determine where and how to interface
with the new commercia customers. They also need to
know how to attract and retain them.

Regulatory changes. Shipbuilding and repair will
always be subject to national and international
regulations. The whole subsidy question \vill remain
complex and unresolved for as long as nations continue
to support their shipbuilding industries. Federal
assistance for the industry will vary from
administration to  administration.  Environmental
regulations and agreements have had significant impact
in recent years and will remain a dominant force in
shipbuilding decisions. If a shipyard organization is not
tuned to handling these regulatory changes as part of its
normal routing, it will not survive.

Changing technology: Changes in vessel designs.
new construction techniques, advances in automation
and robotics, and information management have
usually been the forte of progressive shipyards around

the world. U.S. shipyards have not always been the
leader in new technology, but they have eventually
incorporated the changes whenever they fit into the
Navy contracts.

In addition, shipyards face challenges internally

Processes:  EXxisting processes have been
developed for warship construction and repair. Many of
the required processes for commercial work do not
exist in U.S. shipyards and other processes are not
focused on the new customers. As a result, the existing
processes are too costly and take too long to complete.

Organization: Many existing organizations are
too large for efficient communication and execution.
They are bureaucratic, hierarchical, and not aligned
with business strategy or processes. Most of the roles
and responsibilities are not clear and the typical
hierarchical shipyard organization fails to push
responsibilities down to the value adding managers in
the processes.

Technology: There is too much reliance on
manua methods and the information systems that do
exist often do not support flexible processes. Decades
of relying on government work has also limited the
ability to update plants and equipment. There has aso
been a failure of management to fully commit to
improved technology.
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internal Problems

Processes
* Fragmented functions
» Redundant activities

» Delays and bottlenecks

*High costs

* Peaks and valleys during work processes

* Lack of documented procedures
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Changes
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Changing

Service Gaps
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« Inflexible systems
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« Inadequate systems suppost of busfness astivities .

« Too many manual processes .
» Large backlog in systems development
« Uneven appreciafion of wchnology s potentml

Technology

Figure 5

Figure 5 illustrates pressures facing shipbuilding
and repair.

PROCESS REENGINEERING

Process reengineering is a structured approach to
change. It is designed to achieve a quantum leap in
business performance and position by redesigning core
processes to better serve customers. The authors have
successfully reengineered shipyard processes that
integrate many of the process improvement techniques
that have become familiar to those organizations that
have worked with Total Quality Management,

Concurrent Engineering, and other Continuous Proces:
Improvement programs. While these other program:
have improved many components of shipyar
organizations and brought new recognition to the
concept of employee empowerment, they often fail t
focus their extensive efforts toward a commor
measurable goal of corporate profitability and growtt
(Figure 6). Furthermore, we have found that the many
different” process improvement programs compete fo
valuable personnel assets and often have conflicting
goals in many corporations.

What impact have support processes had on:
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@ Organizational effectiveness ?

60%

50%

40%

30%

20%

Percent of Respondents

10%

0%

———
p—
(=]

No impact Some Average More Significant
impact impact impact impact
Responses
Figure 6
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Management of the changes that are introduced
through reengineering requires adoption of several
basic principles (Table I). Continuous review of these
principles will help stimulate the creative and “out-of-
the-box” thinking that is necessary for successful
reengineering efforts, as well as keep the focus on
customer value and satisfaction as key drivers of
reengineering implementation. A methodology which
incorporates these principles utilizes 12 basic steps in
four phases to thoroughly define, design and implement
the new process. The four-phased approach to process
reengineering begins with mobilizing resources and
ends with implementing reengineered processes based
on customer requirements. Throughout the project, the
shipyard must address process, organization, and
lechnology issues. In addition, procedures for effective
communication and management of change must be
implemented during all four reengineering phases and
beyond. Figure 7 illustrates an effective incorporation
of the 12 steps in the four phases of reengineering.

Phase 1; Mobilization

The ground work for reengineering is laid during
the mobilization phase. It begins with the devel opment
of support for change at al levels of the organization.
Workshops and training sessions are conducted with
the senior management coordinating committee and
individual reengineering team members. During these

first few sessions it is important to:

. Identify and leverage related initiatives
. Ensure management commitment
. Establish a communications plan

B .. . Tabletl
Principles of Process Reengineering

Base the process design on Customer Value.

View the business as a set of processes that cut
horizontally across the company and its affiliates
to serve the customer.

Think broadly, considering how technology,
people, and processes act together and
separately to influence change.

Don't be constrained by tradition. Be open and
willing to learn from best practices both inside
and outside the organization and the industry.

Look at the full value chain, taking into account
the role of distributors, suppliers, and customers.

Focus resources where real value is created.
Consider outsourcing work that could be better
performed externally.

Build a foundation for continuous improvement by
tracking and communicating progress and
rewarding results.

The Phases Of Process Reengineering

Mobilization Assessment Redesign Implementation
1. Build 4. Analyze
AR T TN AT foundation for customer . "
Baice ki successtul requrements "5 Setdesin
o A o g goals and
2. Select currsat 12. Pilot {est and
- - 9, Create future et
I Organization processes for performance design follout
resngmeeing 6. Conduct %
3 i ' banct . 10. Document

case for

P feengineering 7. Analyze change
lfechno!ogE efforts businass

leverage

Figure 7
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Once the reengineeri.ng teams are trained and are
working from a common base, they can start selecting
processes for reengineering. These sessions will require
management interviews, development of diagnostic
techniques, careful prioritization of processes, and
focus on the company’s strengths and opportunities as
well as any existing process gaps.

The selection of processes to be reengineered will
allow the reengineering teams to begin to prepare the
overal project work plan and prepare high-level
process maps. As with any large project involving
personnel from all elements of the organization, the
success or failure of the project will be determined by
the care and effort that is put into the mobilization
effort. The follow-on phases will depend on how well
the support network and culture for change are
established at the very beginning of the reengineering
effort. Several mobilization issues that are specific to
shipyards are identified in Tables 11 and IlI.

The conversion from military to commercial
construction and repair processes represents additional
special mobilization issues for U.S. shipyards. When
the reengineering team develops the high-level process
map they will have to compare existing military
oriented processes with those required for commercial
work.

Phase 2: Assessment

The second phase of process reengineering
requires a careful assessment of the existing process
and the customer requirements. Baselines and
benchmarks will be established, current performance
measured and performance targets defined during the
assessment phase. The reengineenng teams will mag
existing processes and use various analytical techniqu
to measure and verify the cycle time of each process.
By the end of the assessment phase. the teams must
have a clear understanding of the customel
requirements and where the current processes fail t
meet the performance targets.

U.S. shipyards must be especially careful to
address the specific assessment issues that have caused
implementation problems during previous
reengineering efforts (Table IV).

Phase 3: Redesign

The reengineering teams must move “out-of-the-
box” during the redesign phase in order to create new
processes that will make quantum leaps to new
performance targets. However, a structured procedure
must be followed to ensure that the basis for the new
design is well documented. It will be the reengineering
team’s responsibility to present and obtain management
buy-in for the new process. Thev will have to
thoroughly demonstrate the benefits relative to costs.

Redesign issues that U.S. shipyards face are

Senior management must make a

profound commitment to change.

e Marketing versus Reality

Consider the results of previous
TQM initiatives.

¢ Reengineering will help to link many of these previous quality
improvement projects

* Focus on quality issues that meet customer expectations

Explore the possibilities of Maritech
or other assistance, but...

Can you wait that long?
Will it get you where you need to be?

Be sure the team(s) selected * Production
represent a cross-section of the ¢ Engineering
organization, including: e Finance

e Quality

o Material

Do some up-front education (jf
required) on brainstorming, quality,

and customers. *
task

All reengineering team members and management should have an
equal understanding of the techniques and tools

Defining customer requirements (internal & external) is not an easy

Be sure the teams understand the
time commitment.

e Primary team members shoulid consider reengineering their primary
responsibility for the duration of the project

e The initial reengineering and associated reorganization should be
accomplished in the shortest possible time period

| b
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.. Tableilf -
- During mobilization,
the Reengineering Teams will have to consider processes that:
Are the same for both || Are radically altered to Do not currently exist but
7 military and suit commercial must be created to support
¥ commercial contracts commercial construction
v 7 . ¥
® Sandwich construction
Examp{es ® Pipe shop ® Steel assembly e Coordination with joiner
® Steel fabrication ® Pre-outfitting contractor
e Super block construction
v [ 2
— Ensure no capacity — Process —A perfect opportunity to
constraints reengineering is leap-frog the competition
— Look to world well-suited to this ~Be sure the benefits
.. standards for category justify the costs
Implications performance —Radically new processes
— Use technology to may indicate that there is -
quickly close a need to revisit other
performance gaps processes to ensure a
good “fit”

similar to other industries, but because of the strong ties
to traditional building techniques, establishing
aggressive performance targets and breaking out-of-
the-box are particularly challenging. Specific issues are
shownin Table V.

Phase 4: Implementation

The implementation of the new processes will
provide the first real test of how well the shipyard
organization, management and employees are ready to

accept change. To make the quantum jumps in
performance, al levels of the organization must be
involved in the implementation of the reengineered
processes. The new tasks and responsibilities for
implementation will affect every function in the
shipyard (Table VI).

Planning for implementation of reengineered
processes should be similar to any new shipbuilding
project. It will require training workshops and planning
meetings to introduce the new processes and the

" Table IV :
Assessment issues for shipyards - .

Be sure you know who the customers .
are and how they think.

‘your customers define “value”

Clearly communicated and quantifiable
strategy

Detailed and organized knowledge of how

Many U.S. shipyards are a long way .
from having activity-based costing.

Difficult to find current process metrics

Personnel are not comfortable with rigorous
performance metrics and analysis

field trips, and it requires:

Be sure your benchmarks are truly e Look to other industries for best practices

best-in-class. e Establish aggressive benchmarking
procedures

Benchmarking is a formal, rigorous, e  Thought time

and analytical process, notaseriesof | e  Money

Leverage points (cost drivers) should .
be considered in the context of the .
business mix to retain flexibility.

How do they fit corporate strategy?
Are they related to value added activities?
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Performance targets must be
aggressive (since the industry isn't
used to quantum anything).

targets
Internal performance targets must be aggressive too

Getting people to think “outside-the-
box” is enormously challenging.

Old hierarchies and walls are hard to break down

Establish team membership to reflect applicable
demographic and cultural issues.

Data to support the cost-benefit
analyses will be even harder to collect
than the current process metrics.

Well documented assumptions may be required

Be conservative when preparing estimates and always
use a “Test of Reasonableness”

Pull out quick fixes and implement.

Nothing succeeds like success!

Don't hesitate to make obvious improvements, it will help
to establish the new culture

Don't dismiss or discourage at this
point - the teams must have complete
freedom to design optimal processes.

At this stage of reengineering, creativity may not be as
high as at the start

Reaffirm objectives and customer requirements

Get senior management feedback and
buy-in regularly.

It's absolutely necessary for the reengineering of
complex shipbuilding processes.

Reengineering must receive high priority at all levels of
management to be effective.

Prioritize opportunities based on
cost/benefit analyses.

Priorities will shift as cost/benefit analyses are
completed.

Thoroughly prepared cost/benefit analyses are very
important to properly evaluate shipyard growth
opportunities.

performance measurement tools that will be used.
Many portions of the process may require pilot testing
before they are fully refined. A detailed implementation

schedule will be required to help minimize start-up
delays and costs.
Shipyard reengineering does not end with

Tabte Vi
jmplementation issues for shipyards.

Don't be afraid to pilot-test |
redesigned processes. .

Prove the costs/benefits (they're probably more positive than you thoughtt)
Find even better ways to do things.

Avoid automatically giving ]
priority to big capital items. | 4

Payoff 1s usually not as attractive
These items can reduce flexibility if not thoroughly studied and understood
e Harder to get approved by senior management, board, shareholders

Don't let opportunities that |
were not the “cream” be
forgotten. .

Less attractive opportunities for reengineering are still important links in
the overall shipbuilding process

Investment constraints may force the use of lower priority opportunities.

Establish a Project or .
Implementation Team, and | o
design clear responsibilities
and milestones for
implementation.

Design clear responsibilities and milestones for implementation.

The Implementation Project Team should have at least an equal status
with any shipbuilding or repair project.

This is not the end of .
reengineering! .

process

Implementation can take years, especially to see significant results
Senior management must continuously reinforce commitment
e Don't let the first commercial contract distract teams from continuing the

|2t
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Aligning Structure, Processes, and Culture with Strategy

implementation of the new processes; provision must
be made for continuous improvement. Many of the
same tools and techniques used during the mobilization,
assessment, and redesign phases will be incorporated to
continually refine the processes.

The performance measurement system for each
new process must be integrated into routine shipyard
management productivity and cost control procedures.
With effective change management and continuous
process improvement mechanisms in place, areas for
process improvement can be quickly identified and
action taken without disruption to the overall
shipbuilding process.

ORGANIZATION REDESIGN AND
TRANSFORMATION

Aligning Structure, Processes, and Culture with
Strategy

Given company differences in alignment across
the dimensions of corporate performance, organization
change solutions must be customized to each particular
situation. Company performance can be depicted as a
pyramid with corporate culture at the bottom, strategy
at the top and the processes and organization structure
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Articulate Clear Direction
» Strategy-Based Action Planning
:\Sht:;:% l?;;ﬁlﬁ::g: Create Commitment to Direction
STRATEGY « Strategy Communication
) + Change Management Programs
« Strategy Models
Establish Structural Alignment
« Organization Design
« Customer Franchise Management > Measure Performance
« Team-based Organization Development STRUCTURE "« Benchmarking
Vi « Customer Satisfaction
Measurement
Enhance Process Effectiveness « Horizontal Management Systems
« Customer-Driven Process PN
Reengineerin — PROCESSES
« Work lg\ctivity /g\nalysis Improve People Management
« Cost Economics * Human Resources
Z Infrastructure Assessment
ya . Mar!agement Education and
Manage the Change Process Action- Leaming Programs
» Change Readiness RE
» Communication Strategy cutty
« Change Management
Figure 8

joining the top and bottom in a well defined
dimensionally correct entity (Figure 8).

The strategy must articulate clear direction to
establish the core competencies and focus all efforts
toward selling the resulting products, even if it is no
longer a whole ship. It must also ensure that al internal
customer expectations are aligned to overall process
improvement. The survey (Figure. 9) indicates that
shipyards do not effectively communicate company
strategy to process stake-holders.

The organizationa structure must be aligned and
consistent with the processes, facilities, skills, and work
force assignments to meet customer needs. The

organization must support  continuous process
improvement and change.
Process effectiveness ~ Will be enhanced by

performance measurement systems properly designed
to reinforce a continuous process improvement plan.
Measured success in one element of the
shipbuilding/repair process should be traceable to
performance improvement in the overall process.
Change must be considered a constant in a
growing enterprise. Without the ability to manage it.
the growth may be in the form of a step function
instead of a smooth upward curve. Since shipyard
growth curves are relatively shallow, any slow downs
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How well do you think company strategy is understood by:

I@Middie management?
[@BOther employees?

80%

70%

80%

50%

40%

30%
20%

Percent of Respondents

10%

0% -

Not well A little

or loss of profit as a result of poorly planned process
change could be disastrous. Initially, process
reengineering and organizationa realignment may
mean disruption to normal productivity. However, if
the reengineering and organizational adjustments are
planned and implemented correctly, any future changes
should only result in improved performance with full
value realized from any associated startup costs.
Organization redesign and transformation need to
take place in conjunction with, or immediately after, the
first fill-blown reengineering activity. The core
principles of organization redesign (Table VII), like the
guiding principles for reengineering, include
. Organization aligned with the corporate
strategy,
. Employee empowerment at all levels, and;
. Customer focus

These principles provide a basis for evauating
organization alternatives.

Better

Some
Responses

Very well

Figure 9

Organizational Redesign and Transformation at
U.S. shipyards should be considered a priority

Shipyard organizations are not currently
aligned with processes (whether optimal or not).
Tradition remains strong in the industry. Regardless of
how many times a shipyard has introduced elements of
change, the overall construction process remains tied to
traditional shipbuilding technology. The change
elements have helped to improve the productivity of
key components in the overall construction process, but
most of the process control features have not changed.
As shown in Figure 10, the mgjority of the survey
respondents did not feel that their organizations
supported the two key elements of process
improvement: the company’s goals and objectives an
worker empowerment.

Shipyard decision making takes place at the
top. Process knowledge is in the hands of the process
participants and not senior management. In fact, senior

How welldoes yourcompany's current
organization support: ;
wmCom pany;s overallgoals and objectives R

,l COEmpower management and workers ?

{77

45% :
2 40% ———
s 35% 4+—m—m—m—ur-—— - -
§ 30% 4—o— . - .
o
g 25% - - - -
£ 20% f4— ——
e 15% . L
§ 10% - [
© 5% P |
a
0%
Not Poor Average Better Very
Well Well

Responses
Figure 10
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Table
Core Principles Organization Redesign

VII

Structure should support
strategy.

. The company’s organization structure should be closely aligned with
its major mission and strategic objectives.

« Structure and policy should permit decisions to be made at the lowest
practical level to enhance their timeliness and responsiveness to the
external environment.

Organizations should have the
fewest levels possible.

. Fewer levels provide for better communication, faster decision
making, greater adaptability to change, more satisfying jobs, and
increased productivity.

Managers should manage.

« Professional management is a full-time job.

7 Full-time managers achieve effective deployment of resources,
minimize overlaps of responsibilities, and focus on building the
organization’s human resources.

Managers should have
appropriate spans of control.

« Every managerial job should be assigned a span of control standard,
based on the mix of work performed.

Z Full spans of control provide meaningful management jobs and permit
clearer delegation of authority and responsibility.

« Small spans require more managers, increase costs, and add steps to
the decision-making process.

Work should be focused on

related activities. their work.

« Employees should be able to see natural beginnings and endings to

« An individual’'s work should comprise tasks that are naturally related.

The majority of work activity
should directly support the
organization’s mission.

« Work activities fit into four classifications: key ( activities that fulfill the
organization’s mission or produce its defined output), managerial,
administrative, and secondary.

7 Organizations devoting less than 70 percent of their time to key
activities are usually compromising their potential.

Organizational analysis aimed at
increasing efficiency and
effectiveness should start at the
bottom.

are provided.

« Designing an organization that can effectively achieve its strategy
requires starting at the bottom, where products are made and services

managers are often the last participants to accept
change and throw off traditional building methods.
While they may push for more productivity in the
engineering and production shops, they will just as
easily accept that the traditional barriers between
engineering and production cannot be tom down.

When was the last time senior management
considered the internal customers of the shipbuilding or
repair process? They have probably responded to
various requests for process improvements within
individual departments, but have left the departments to
work out their own intradepartmental differences. As a
result, the shipyard may have a very productive
Production Department and an efficient Engineering
Depatment but a relatively  non-productive
shipbuilding process. While focusing on marketing of
the shipyard and wooing external customers, senior
management is ignoring the internal customers and
process holders.

Senior managers will profess that they know the
shipyard customers best. However, that knowledge is

usually imperfect and based on broad market analyses
or arequest for proposal received in the mail from a
ship owner. Because of their lack of commercial
shipbuilding and repair experience, U.S. shipyards
often fail to respond to the customers' needs and
values. Shipyard planners spend al of their time trying
to respond to acommercial RFP asif it wereaUS
Navy specification and may not recognize what the ship
owner is seeking in a business relationship.

Current shipyard organizations are too heavy,
dueto reliance on government programs. Despite
recent efforts to shake off reliance on the US Navy,
large, bureaucratic organizations have become part of
the shipyard way of life. Previous organization changes
have followed the path of process improvement within
the individual departments and avoided the critical path
of overal organizational change.

Excessive organizations manifest themselves
particularly in administration and engineering.
Dependence on government programs is usually
reflected in the addition of new administrative or
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engineering functions to meet the latest change in
government specifications. Unfortunately, older, out-
dated functions are not eliminated at the same time.
Organizational change to meet specific government
specifications and imposed structure removes the
organization’s focus from its core competencies. As a
result when government contracts are no longer
sufficient to support the U.S. shipbuilding industry, any

attempt to adapt the old organization to commercial
work may be very unprofitable.

Current shipyard organizations have an
unbalanced mix of skills to support commercial
contracts. Recent U.S. shipyard experiments with
process improvements have retained the skills used to
produce or repair Navy ships, without viewing their
overall organization as an opportunity to satisfy the
needs and values of commercial ship owners. Current
labor skills and facilities may be too light in steel
construction and too heavy in electronics and sheet
metal to be competitive with other shipyards. Similarly,
the planning skills required for effective commercia
construction programs are different from those required
for Naval construction.

Most modern organizational concepts have not
even been considered, much less implemented. With
the focus on TQM and process improvement concepts
such as horizontal management and self-directed work
teams have been overlooked. In most organizations, it
will be very difficult to implement reengineered
processes if a process driven reorganization is not
considered. Reengineered processes depend on
effective spans of control, worker empowerment and
“whole” jobs, al of which are lacking in many
shipyards. The traditional approaches to shipbuilding
and dependence on government contracts have
encouraged function-oriented organizations instead of
process controlled organizations, thus, associated work
teams are controlled by a hierarchical management
pyramid, instead of being tailored for the processes that
they are performing..

Shipyard reward systems are behind the times.
Without process oriented work teams and a horizontal
organization to support customer-focused processes,
shipyards have lacked a frarnework to develop effective
reward systems for their workers. This is supponed by
results from the shipyard survey. As shown in Figure
11, 50%. of survey participants noted that there was
little or no link between performance measurement and
their incentive and compensation systems. An
additional 140%. considered that there was only average
application  of performance measurement to
compensation.

A properly reengineered process will incorporate
quantifiable performance measurement systems, able to
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track performance of each self-directed work team in
the process and continuously show how well the work
team supports overall shipyard productivity. The same
system is readily available to be used for worker
performance evaluations and compensation plans.

Performance Measurement, Incentive, and
Compensation Systems

Very broadly
23%

Not broadiy

More application
7%

Figure 11

THE PATHWAY TO WORLD CLASS
PERFORMANCE

Once processes are reengineered to meet customer
expectations and implemented in an organization that
supports the new processes, the shipyard should enjoy:

. Greater competitive strength;
. Improved organizational flexibility; and,
. Improved employee morale and capabilities.

They should also be in a position to continue to
qguantify and track these benefits as part of the
performance measurement system established with the
improved processes.

Greater Competitive Strength Through Reduced
Cost and Cycle Time

Greater competitive strength should be realized
through significant cost and cycle time reductions,
improved product quality and service levels, and
increased capability to meet customer needs. By
focusing efforts on activities that deliver value, the
shipyard can eliminate process activities that waste
valuable operating dollars and increase the process
cycle time. Redesigning across the fill value chain aso
provides the opportunities to establish partnerships with
suppliers and customers to further reduce costs and
cycle time.

By focusing the entire organization on delivering
quality and service levels that meet customer needs
(internal, external and across organizational
boundaries), a shipyard can perform at the levels
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necessary to compete in the world market. By
establishing easily measured processes during
reengineenng, the shipyard can ensure maintenance of
desired quality and service levels. The performance
measurement  system  will also permit quick
identification and implementation of corrective actions.
Competitive strength also depends on customer
retention. With the reengineered processes and
supporting organization aligned with customer values
and needs, the shipyard will be in a better position to
receive follow-on contracts and attract new customers.
When processes and the organization are focused
on core competencies, the shipyard will be in a position
to successfully compete in its defined market. Processes
will support productivity improvements and cost
reductions; the organization will be flexible and
capable of adapting to customer’s reguests and
expectations as well as the ever changing market place.

Improved Organizational Flexibility Through
Cross-Functiona Coordination and Culture Change

The flexibility of an organization can be measured
by its ability to support cross-functional coordination
and cultural acceptance of change. Cross-functional
coordination and involvement in shipyard processes
brings improved communication and capability to make
changes faster. The principle function of the new
flexible organization will be to define, redesign. and
implement the changes necessary for continuous
process improvement without disruption of the overall
process.

Reengineering efforts are action-oriented and
resultin change. Improvement is continuously sought:
making change an accepted and desired part of the
culture will be easier when the organization is designed
to support effective processes. When the organization is
defined by the shipbuilding and repair processes. it will
be able to respond to changes in technology and
modifications to the customer’s expectations The
shipyard's processes will be able to support design
changes with minimal disruption in production
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Improved Employee Morale and Capabilities
Through Process Directed Work Teams

Reengineered processes are dependent on open
communication and a flexible organization that
encourages more proactive involvement in meeting
customer needs, broader jobs with  greater
empowerment, and improved  effectiveness  in
managing work processes. Communication improves

through interaction among individuals from different

functions in the organization. Reengineering success
provides - motivation for continued improvement.
Organization structure and technology must support.
rather than hinder, the processes.

The organization must focus on the common goal
of meeting customer needs and then receive feedback
from performance measures. The roles and
responsibilities of all shipyard personnel are defined to
support the shipyard processes and customer needs,
making it easier and less ambiguous to deliver value.
With appropriate roles and responsibilities, each person
knows where they fit into the shipyard processes and
how their performance affects the quality and service
delivered to the customer.

Processes with greater worker empowerment will
have reduced cycle time because they will require
fewer hand-offs and decision delays. The employees
\vill acquire multi-functional skillsand there will be an
increased emphasis on learning and improvement:
performance measurement and reward systems must be
consistent with the new job structure.

LESSONS LEARNED FROM REENGINEERING
PROJECTSIN U.S. AND FOREIGN SHIPYARDS

This paper has put forth afratnework of concepts

and techniques for process reengineering and
organization transformation that have been successfully
used in other industries. This experience can be
summarized in Table VIII by afew simple “do’s and
don'ts.” that shipyard management should consider
when developing a strategy for change.
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Get started now - radical change takes years to
implement fully.

Staff the teams with rising stars (who are
seemingly too busy to ever be able to afford the
time).

Encourage the teams to “think by walking
around” - conference rooms are not conducive to
creative thinking.

Involve all levels of the organization, including
hourly workers and union officials, right from the
start.

Consider using an outside change agent (after
all, it's not one of your core competencies).

— Faster cycle time

— Greater integration across the fire

—  More likelihood of buy-in at all levels

— Focused and enthused

reengineering teams - they tend to intimidate and

stifle out-of-the-box thinking.

Don't expect people who are not trained analysts

to become instantly proficient - give teams the

support they require.

Don't think that radical change:

— Happens without a plan

~ Can be done just like building a ship

— ls intuitively obvious, so it will get done
“automatically”

Don't think that reengineering is only about

automation and other big capital projects - the

biggest bangs can come from some very small

bucks!
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_VSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVAN CED TECHNOLOGY

VIRTUAL ORGANIZATIONS

. THE VIRTUAL ORGANIZATION GREW OUT OF PACKAGING

LEAN MANUFACTURING, FLEXIBILITY AND AGILITY

« THE VIRTUAL ORGANIZATION RECOGNIZES THAT MOST
PRODUCTS INVOLVE THE ASSEMBLY OF MANY PARTS MADE BY

OTHER COMPANIES

« THE VIRTUAL ORGANIZATION ENABLES A GROUP OF

COMPANIES TO FORM TOGETHER IN SOME FORM OF
PARTNERSHIP IN ORDER TO BE COMPETITIVE IN MARKETS

WHERE AGILITY IS REQUIRED OR CAN BE A COMPETITIVE
ADVANTAGE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

VIRTUAL ORGANIZATIONS (Continued)

® | EAN MANUFACTURING ANALYSES A COMPANY'’S OPERATIONS,
DETERMINES IT'S CORE COMPETENCIES AND SEPARATES THEM
FROM OTHER “PERIPHERAL” JOBS. IT THEN CUTS THE CORE
COMPETENCE STAFFING TO THE BONE AND OUTSOURCES THE
PERIPHERAL JOBS TO OTHER COMPANIES, USUALLY ONES
WITH SIGNIFICANTLY LOWER WAGE RATES

® THE VIRTUAL CORPORATION CAN DEVELOP SUPERIOR
PRODUCTS DUE TO THE INVOLVEMENT OF THE BEST
TECHNOLOGY IN THE TOTAL DESIGN

® IN MANY WAYS THE OFFSHORE PLATFORM INDUSTRY HAS
USED A FORM OF VIRTUAL ORGANIZATIONS FOR YEARS




VIRTUAL ORGANIZATIONS (Continued)

e THE BIGGEST PROBLEM FOR COMPANIES THAT WANT To

BECOME PART OF A VIRTUAL ORGANIZATION IS CHANGING
FROM THE SUB-CONTRACTOR MENTALITY TO THE
PARTNERSHIP

o« A SUB-CONTRACTOR HAS MINIMAL RISK. A PARTNER SHARES
COMPLETELY IN RISK

o THISREQUIRES A TRUST BETWEEN THE PARTNERS THAT IS
NOT GENERALLY FOUND BETWEEN SHIPBUILDERS AND THEIR
SUPPLIERS OR SUB-CONTRACTORS

e FOR IT TO WORK IN US,NEW LEGAL VEHICLES WILL NEED To
BE DEVELOPED

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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S NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

CHARACTERISTICS OF A VIRTUAL
ORGANIZATION

® MUST BE THE ULTIMATE IN ADAPTABILITY

® QUICK TO SEE AND CAPTURE OPPORTUNITIES

® OFFER EXCELLENCE IN CORE COMPETENCIES

® UTILIZE APPROPRIATE AND WORLD CLASS TECHN OLdGY
® MUST BE BORDERLESS OR SEAMLESS IN PERFORMANCE

® HIGH TRUST BETWEEN PARTNERS

—
IINTVFEFRKITY OF MICHICARN TDANCDNAD T A TIMRT TRAINOT 2 w1 ot i mmmm—m—



CHARACTERISTICS OF 3
'A NEW CORPORATE MODEL ;.

" future: The Virtual Corporation. It's a temporary neé-~. " -
work of companies that come together quickly' to expicit ™.
fast-changing opportunities. In a Virtual Corporation,

+-Compaties can share costs; sllk, and access to global 7 1127

:nharkets, with-each partner-contributing what s: bestsg; I

trat. Here are the key attributes of such an-orgatizdtihin jo

At bayediR v

—
-

FREDERICK CHARLES

98 BUSINESS WEEK/FEBRUARY 8, 1993 COVER STORY




ORPORATIO

THE COMPANY OF THE FUTURE WILL BE
THE ULTIMATE IN ADAPTABILITY
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ou know the problems.
They’re the stuff of
Management 101. If
you run a big, complex compa-
ny, you battle every day to get
things done faster. If you're at
the top of a small one, you
often struggle to find the re-
sources to make a difference.

In today’s world of fast-mov-
ing global markets and fierce
competition, the windows of op-
portunity are often frustrating-
ly brief. Few companies boast
the in-house expertise to quick-
ly launch diverse and complex
products in different markets.

Ever hear of the virtual cor-
poration? Before you roll your
eyes, think again. In the view
of many leading business think-
ers, what sounds like just an-
other bit of management-con-
sultant cyberspeak could well
be the model for the American
business organization in the
years ahead.

The virtual corporation is a
temporary network of indepen-
dent companies—suppliers, cus-
tomers, even erstwhile rivals—
linked by information technol-

ogy to share skills, costs, 4
access to one another’s m
kets. It will have neither cq
tral office nor organizati
chart. It will have no hierarc}
no vertical integration.
Instead, proponents say t
new, evolving corporate mo¢
will be fluid and flexibl
group of collaborators tl
quickly unite to exploit a speg
ic opportunity. Once the opp)
tunity is met, the venture W
more often than not, disba
“It’s not just a good idea,” si
Gerald Ross, co-founder
Change Lab International,
consulting firm in Greenwi
Conn. “It’s inevitable.”
TIME STRETCHER. In the concej
purest form, each compa
that links up with others to d
ate a virtual corporation will
stripped to its essence. It
contribute only what it rega
as its “core competencies,”
buzz phrase for the key ¢
bilities of a company. It
mix and match what it d
best with the best of other e
panies and entrepreneurs.
A manufacturer will ma

BUSINESS WEEK/FEBRUAR®




facture. while relying on a product-de-
sign outfit to decide what to make and
on a marketing company to sdll it. “Most
companies put undue emphasis on own-
ing, managing, and controlling every ac-
tivity," says Richard C. Marcus, the for-
mer chief executive of retailer Neiman
Marcus, who is now a partner in a con-
sulting firm that models itself along vir-
tual-corporation lines. “If something was
worth doing, you did it yourself. But
there’s just not enough time in the day
to manage everything anymore.”

For proof that many companies are
starting to feel the same way, look to
the growing number of strategic alli-
ances. American Telephone & Telegraph
Co. used Japan’s Marubeni Trading Co.
to link up with Matsushita Electric In-
dustria Co. to jumpstart the production
of its Safari notebook computer, de-
signed by Henry Dreyfuss Associates.
MCI Communications Corp. uUses partner-
ships with as many as 100 companies to
WIN major contracts with large custom-

The virtual corporation may now exist
mainly in the imaginations of a few busi-
ness thinkers and theorists (page 103),
but similar structures have long charac-
terized severad industries. In businesses
as diverse as movie making and con-
struction, companies have come together
for years for specific projects, only to
dissolve once the task is done. The lever-
aged-buyout firm of Kohlber? Kravis
Roberts & Co. forms virtual-style combi-
nations when it assembles lawyers, ac-
countants, and investment bankers to do
a specific deal.

What's different now is that large cor-
porations have begun using elements of
the virtual concept to gain access to new
markets or technologies. Apple Comput-
er's long-standi nﬂ strategy of partnering
is a key reason the company’ s revenues
?er employee, at $437,100, are nearly

our times those of competitor Digital
Equipment Corp. and more than twice
those of IBM. Lacking the capacity to
produce its entire line of PowerBook

If It becomes widespread. the virtual
model could become th-e most important
organizational innovation since the
1920s. That was when Pierre S. Du Pent
and Alfred P. Sloan developed the princi-
ple of decentralization to organize giant,
complex corporations. Even the spate of
corporate downsizings in the past decade
has failed to bresk the vertical chains of
command typical in most large compa-
nies. Massive layoffs of middle manag-
ers have led to fewer layers of manage
ment but have left essentially the same
organizationa structures.
SUPERHIGHWAY.Already, though, joint
ventures and strategic alliances are blur-
ring the traditional hierarchies and
boundaries that characterize this largely
obsolete moddl. Customers are helpin
to create and develop new products an
services. Competitors are embracing one
another to enter new markets or make
products they can’t produce on their
own.. “It's a way to gain scale without
mass,” says David Nadler, founder of

era. 1eM, Apple Comput-
er, and Motorola are us-
ing an interfirm alliance
to develop an operating
system and microproces-
sor for a new generation
of computers.

EARLY GLIMPSE. Partner-
ing-the key attribute of
the virtual corporation-
will assume even greater
importance, says James
R. Houghton, chairman
of coming Inc. Corning
may be the most success-
ful U.S. company at put-
ting together alliances.
[ts 19 partnerships, ac-
counting for nearly 13%
of earnings last year,
have let the company de-
velop and sell new prod-
ucts faster, providing
size and power without
the bulk. *More compa-
nies are waking up to the
fact that aliances are

‘More

companies are
waking up to
the fact that
alliances are
critical 1o the

future’

HOUGHTON

CHAIRMAN, CORNING

New Y ork-based Delta
Consulting Group Inc. Ul-
timately, these greater
levels of cooperation
among competitors, su
pliers, and customers will
create so much overlap
that it will be tough to
determine where any one
company ends and anoth-
er beg?:ns.

Technology will play a
central role in the devel-
opment of the virtual cor-
poration. Roger N. Na-

el, operations director
or Lehigh University’s
lacocca Institute, envi-
sions aworld in which
technology could make
the creation of virtual en-
terprises “as straightfor-
ward as connecting com-
ponents for a home audio
and video system by dif-
ferent manufacturers.”
He foresees a nationa in-

critical to the future.” Houzhton says.
‘Technologies are changing sofast that
nobody can do it al alone anymore.”
But today’s joint ventures are little
more than an early glimpse of the highly
adaptable, opportunistic structure of the
future. “When we talk about virtual cor-
porations today, we're mainly talking
about aliances and outstanding agree-
ments: says John Sculley, chairman of
Apple Computer Inc. “Ten or 20 years
from now, you'll see an explosion of en-
trepreneuria industries and companies
that will essentialy form the rea virtual
corporations. Tens of thousands of virtu-
al organizations may come out of this.”

notebooks, for example, Apple turned to
Sony Corp. in 1991 to manufacture the
least-expensive version. It was an obvi-
ous pairing, melding Apple’'s easy-to-use
software with Sony’s manufacturing
skills in miniaturization. A year
later, after salling more than 100,000
Sony-made models, Apple ended its
agreement

The linkage served its purpose to get
an entry-level product out swiftly. Simi-
larly, a'small company, TelePad Corp. of
Reston, Vs, is using collaborations with
more than two dozen partners and sup
pliers to bring its new pen-based com-
puter to market.

formation infrastructure linking comput-
ers and machine tools across the U.S.
This communications superhighway
would permit far-flung units of different
companies to quickly locate suEleers,
designers, and manufacturers through
an information clearinghouse. Once con-
nected, they would sign “electronic con-
tracts’ to speed linkups without legal
headaches.

_Teams of people in different compa-
nies would routinely work together, con-
currently rather than sequentially, via
computer networks in real time. Artifi-
c[al-lnteIIiPence systems and sens nq de-
vices would connect engineers directly to
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the, production line. “Such
confederations can be the
American answer to the
Japanese keiretsu, but a
more powerful and flexible
version,” believes Nagel.
If power and flexibility
are the obvious benefits of
the virtual corporation, the
model has some real risks,
too. For starters, a compa
ny joining such a network
loses control of the func-
tions it cedes to its part-
nerswho may drop the
ball. Proprietary informa-
tion or technology may es-
cape. And the structure
will pose stiff new chal-
lenges for managers, who
must learn to build trust
with outsiders and manage
beyond their own walls.
Still others are wary of
the concept because it con-
ures up the idea of the
ollow corporation, the
term coined to describe
companies that have bol-
stered profits by abandon-

‘Ten or 20
from now,
you'll see a

industries o
companies’

JOHN
SCULLEY

CHAIRMAN, AP}

ing manufacturing and out-sourcing pro-
duction to plants in low-wage countries.
Much of the thinking about the virtual
corporation, however, comes from ex-
perts at the lacocca Institute who have
examined the decline of U.S. manufac-
turing. They believe the idea-coupled
with computer-aided design and flexiile
manufacturing-could keep jobs in the
U.S. In their view, rapidly formed virtu-
a corporations composed of the best of
everything will have the competitive ad-
vantage. .

‘rosust. A growing number of compa-
ny chiefs agree. One is James C. Mor-
gan, chief executive of Applied Materials
Inc., which makes the equipment to man-
ufacture semiconductors. Applied’s suc-
cessis baaed on a collaborative web of
suppliers and customers. Each partner
specializesin dogggdpart of a system
very well, so Applied doesn’t have to do
everything well. *It's easier to manage a
bigger business if others are managing
pieces for you,” explains Morgan.

Many large corporations are using the
virtual concept to broaden their offer-
ierg?s to customers or produce sophisticat-

products less expensively. MC1, the
long-distance telephone company, has al-
lied itself with an array of partnersto
offer customers “one+stop shopping” for
al their communications needs, includ-
ing helping customers finance their
equipment purchases. “Our partnerships
make us a more efficient competitor
with a more robust set of product offer-
ings,” says Daniel F. Akerson, mcr's
preaident.

A centra part of MCI'S strategy is to

match its core competencies in network
integration and software development
with the strengths of other companies
making telecommunications equipment-
The upshot: MCI doesn't have to spend
its own capital to fund research and de
velopment for hardware, leaving more
resources for what it does best. MCI'S
aliances alow it to offer customers a
package of hardware and services baaed
on the talents, skills, and resources of as
many as 100 other companies. “If we
had to do it on our own, it would cost us
at least $300 million to $500 million a
year in extra expenses. says Akeraon.
The virtual concept is also providing
muscle and reach for some smaller com-

panies and entrepreneurs. A
most vocal advocates is Ron O
veteran of Xerox Corp. and A
puter who had an idea for a
n-based computer. Two yea:
aunched TelePad, which has |
ouse design talent, a handfu
neers, and no manufacturing p
computer was designed and co-
with GVO Inc, a prominent :
design company in Palo Alto,
Intel Corp. swat team was bro
work out some engineering ki
Several other companies h:
oped software for the product.
maker is collaborating with T
develop the portable power su

‘I think it's a
business buzz
phrase that's
meaningless.
It's appetizing,
but you get
nothing out of it’

ANDREW
GROVE

CHAIRMAN, INTEL

to manufac
computer, tl
ny is using
pacity at an
in Charlotte,
paychecks f
employees a
by an outs
Automatic 1
cessing Inc.
part, Oklewi
his experiens
ing compute
government,
tential cust
the product.

His virtu:
zation avoi
Oklewicz ¢
“vertical ra
the inefficie
costs of ver
gration—an
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advantage of the best effort of world-
class partners to bring his product to
market faster. Through more than two
dozen collaborations, Oklewicz figures
heisleveraging hia puny work force
into more than a thousand highly trained
staffers in design, engineering, manu-
facturing, and distribution. That Intel
en?ineering team, for example, took
only one week to solve problems
Oklewicz believes his company would
have spent as long as five months on.
‘We couldn’t hire thiskind of talennt,” he
saYs. “The hiring alone would have
killed us.”

Of course, since TelePad is dependent
on so many partners, it has ceded direct
control of nearly al its operations. Does
that bother the founder? Not at all. “I
can go to sleep at night confident that

«hips shows the potential hazards. Wor-
ried that it couldn’t make the sizable
iinvestments to retain its lead in this im-
jportant and growing market, Intel
ssigned up the two Japanese companies
1o make flash chips for it. But nve Semi-
«cconductor Co. had trouble getting its
llime up and running last year just as the
imarket was taking off.

Asaresult, Intel couldn't get al the
«chipsit could sell, and its share of the
market dropped nearll)( 20 points in one
year. Although he till believes in col-
llaboration, Intel Chairman Andrew S.
iGrove is no fan of the virtual corpora-
tion. “I think it's a business buzz phrase
that's meaningless. he says. “It's appe
tizing, but you get nothing out of it”

Critics aso point to 1BM'sexperience
fin creating its first personal computer in

virtual corporation a readlity, the concept

poses new challenges for management.

Before companies can more routinely en-

g_ e in collaboration, they must build a
igh level of trust in each other.

The current clutch of strategic alli-
ances and joint ventures could help here,
too, since they give companies a track
record of cooperation. “People who think
they can screw each other because we're
going to terminate six months later are
missing the point because what we're
building is aweb of trust and shared
understandings,” says John Seely
Brown. Brown heads Xerox' Palo Alto
Research Center, which recently devel-
oped New products jointly with Sun Mi-
crosystems Inc.

WIN-WIN DEALS. Thevirtual corporation
will demand a different set of skills

IBM knows how to make this
product, rather than worryin
whether | made the right capit
investment or hired the right
people,” he says.

The idea has broad implica-
tions for service businesses, too.
Consider InterSolve Group Inc.,
a Dallas-based management-con-
suking firm that consists largely
of four partners. For any given
assignment, InterSolve assem-
bles "just-time” talent to solve
problems or implement strat
gies for clients that range from
ismto First Interstate Bancorp.
Once ajob is complete, the con-
sulting team disbands. “One of
the founding principles of our
firmis that we would assemble
and disassemble teams for
work," says Edward R. McPher-
son. ‘We can bring the right tal-
ent to fit the assignment as op-
posed to using talent already In
inventory. We don’'t have to
warehouse staff or specialists.”

InterSolve's recently complet-

A HANDBOOK FOR
VIRTUAL MANAGERS

Todav's alliances have taught managers @ tew kovlessens
that showdd help when the virtual corporation cuicrees:
MARRY WELL Chooxc the night partners for the nght
reasons—becanse they are dependable, can be trusted,
and offer the best products or services

PLAY FAIR |

DAJA RUOZ AULEN & HAMILTON INC

'y sk muost offer a win-win opportunty

for evervone, even if the outcome isn't alwian s suecess-

parties
OFFER THE BEST AND BRIGHTEST P’ut \our hest people
into these relationships. I%s the castest wav to tell vour
partners vour limk with them s important
DEFINE OBJECTIVES \VWhen vouask the guestion,
“what's in it for me?” vou should have a guick and ready
answer, Know what vou and vour partners will be get-
ting out of the virtual enterprise
BUILD A COMMOR INFRASTRUCTURE [ nul networksand
stindards 1et corporations talk to cach other across the
street or across the ocean, mformation systenrs must at
least communicate with carrent and potential pariners

from al managers, proficiencies
not unlike those that distinguish
the best venture capitalists.
They’ll have to build relation-
ships, negotiate “win-win” deals,
find the right partners with com-
patible goals and values, and pro-
tide the temﬂorar organization
with the right balance of free-
dom and control. That won't be
easy. “All of us are comfortable
operating in a known environ-
ment” says John Vaughan, a di-
visional vice-president at w/a-
Com, an electronic-components
maker based in Burlington,
Mass., which is joining with at&r
and others to create new prod-
ucts “All the politics are local,
and all the management is per-
sonal. But this new model means
you have to be more open in
dealing with outsiders. To some
people, that sounds like fun. To
others, it will be hel.”

So common will collaborative
work become that some gurus
are already advocating the cre-

ed assignment for First Interstate, for
example, saw the creation of four teams
of 26 experta led by McPherson, who
had met only one of the team members
before the assignment. The group
squeezed nearly $14 million in annual
savings out of First Interstate’s back-
room operations. “ The advantage is you
get specialists to work on your prob-
lerns says Hayden B. Watson, a senior
vice-president at First Interstate. “AS
long as you keep their activities coordi-
nated, you're going to get a lot more
result for the money you spend.”

One of the big drawbacks to the virtu-
a corportion B that it spells the loss of
control over some operations. A partner-
ship among Intel and Japanese compa-
nies nve Semiconductor and Sharp to
make products called flash memory

1981. To get into the market quickly, the
computer giant relied on a pair of outsid-
ers for the key technologies: Intel for
microprocessors and Microsoft Corp. for
the operating software. At first 1BM
won widespread praise for its unprece-
dented decision to develop a major prod-
uct by forming partnerships with others
outside its corporate walls. But the ap-
preach also meant that iew’sSystem
wasn't proprietary, and isv Soon found
that it had created a market it could not
control. Hundreds of clone makers
emerged with lower prices and better
products. _

The more entangled companies be
come, the more chances there will be for
them to stumble. Besides the technologi-
ca hurdles of information highways and
networks of partners that will make the

ation of a new corporate position. Le-
high's Nagel suggests that companies
appoint a “vice-president for external in-
teractions” who would oversee the doz-
ens or hundreds of linkups that he be-
lieves will exemplify the organization of
tomorrow. Among other things, this cor-
porate officer would monitor the oufflow
of technology to make sure that the
company doesn't inadvertently lose the
capahility to compete.

A vice-president of virtuality? That
would certainly be an irony-corpora-
tions may respond to this idea, so anti-
thetical to structure and hierarchy, by
creating a new dlot for it in their hierar-
chical structures.

By John A. Byrne in New York, with
Richard Brandt in san Francisco, Otis
Port in New York, and bureau reports
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idea boasts many fa-

thers. So it is with the
virtual corporation. These
days, a whole cadre of man-
agement thinkers lays claim
to the term, and to each of
them it means something
slightly different.

To Jan Hopland, a Digital
Equipment ﬁhp. executive
who probably coined the
phrase, it describes an enter-
prise that can marshal more
resources than it currentlg
has on its own, using collab

like victory, every good

boundaries.

To Roger N. Nagel, a management
guru who has crisscrossed the country
giving about 50 presentations on the
Idea in the past 12 months, it largely
means using technology to execute a
wide array of temporary alliances with
others in order to grasp specific mar-
ket opportunities.

To William H. Davidow and Michael
S. Maone. authors of The Virtual
Corporation, the phrase is a catchall
that encompasses a dew of manage-
ment buzzwords and ideas from em-
powerment to just-in-time inventory
technigues. Indeed, the pair have so
broadened the term “virtual” that it
virtually means “virtuous.”
aposTLEs. Whatever the precise defini-
tion, all these business futurists, and
severd others, agree on one thing The
virtual corporation is the management

rations both inside and outside its |

THE FUTURISTS WHO FATHERED THE IDEAS

metaphor. It was real,
wasn't quite real.”
Managers eager tc
about what’s virtu
what isn't are unlikely
much help from Da
and Maone's book, pu
last October. The pz
the term so broadl’
their book reads li
overview of manag
trends—everything
customer focus to total
ty management. No r
Malone says he now
calls from company

MALONE AND
DAVIDOW: IF
COMPANIES
FAILTO ADAPT,
THEU.S.IS
DOOMED

we
et
Mnstitute, be-

lieves that a company’s
desirability as a partner “will be a stra-
tegic reguirement to remaining com-
petitive.” Davidow, a Silicon Valley
venture capitalist, maintains that the
U.S. “will be a post-industrial version
of a developing country” if it fails to
be aleader in forming virtual corpora-
tions by the year 2015. _
‘Why virtual Theterm hasits Or'-
gins in the computer |ndustr¥l-but
not as you might think, in the phrase
“virtua readlity.” Instead, it derives

when the term “virtu

model of ‘tomorrow. With

from the early days of computin

business becoming more
global and more complex
every day, many more part-
nerships are likely to
emerge among companies
and entrepreneurs.

In their collective view,
today’y’oi nt ventures, stra-
tegic alliances, and out-
sourcing represent only the
first trickle of what will he
come a torrent of spontane-
ous partnerships. These will
be aided by high-speed com-
munications networks, com-
mon standards for swap

LERIGH'S NRAGEL

memory” described a way
of making a computer act
as if it had more storage
capacity than it realy pos-
sessed. The virtual corpora-
tion will seem to be a single
entity with vast capabilities
but will really be the result
of numerous collaborations
assembled  only  when
they're needed.

Hopland, who plots strat-
egy for bec'sinformation-
technology business, began
using the term “virtual en-
terprise” about five years
ago when he was a member

ping desig?< drawings and L
other work-in-progress, and informa-
tional data bases that will make it easi-
er for companies to locate partners.
The virtual corporation’s apostles
are hardly shy about assessing the im-
port of their notion. Nagel, operations
director of Lehigh University's lacocca

of a B-school research team exploring
manag?ement changes in the 1990s. “It
was clear we were entering an age in
which organisations would spring up
overnight and would have to form and
reform relationships to survive,” says
Hopland.” ‘Virtua' had the technology

who are so enthusiastic about the
that they want to transform the
organizations into virtual corpor
srereotvees . T hat will be easie
than done. Despite all the talk ¢
technology will facilitate the
corporation, there are some ol
ioned obstacles to overcome. Fc
era, changes in antitrust policy ¢
tellectual-property laws mi
necessary to spur cooperation i
companies. —

Those recom-
mendations are
among a series
that emerged
from a 1991
study by atask
force at Lehigh
co-chaired by
Nagel and Rich-
ard K. Dove, an
Oakland (Calif.)
consultant. A
former execu-
tive at Interna-
tiona Harvester
Co. and an ex-
pert in manufac- | 232 HOPLAR
turing systems, Nigel also ma
that executives will have to
against a couple of “perr
stereotypes.”

The first of these is the tende
managers to devalue work peri
by outsiders. The second is t
American notion that doing som
alone is superior to doing it as |
a group. “Companies have to
stand the value of sharing resou
make the idea work,” says Nag
their part, Nagel and his fellow
ers are generally happy to crec
another for their respective co
tions. So here’s one example, af
of management gurus practicing
they preach.

By John A. Byrne in Ne:

DEC'S HOPLAN

COVER STQRY

|36

BUSINESS WEEK/FEBRUARY



Elements of Agile Shipbuilding

Four key elements of Agile Shipbuilding:

Four key elements of agile shipbuilding are:
1. Enriching the customer

2. Cooperating to enhance competitiveness
3. Organizing to master change /uncertainty
4. Leveraging people and information

Each of these four elementsis explained in
brief in the following paragraphs.

1. Enrich the customer

An agile company in the shipbuilding
value adding chain is one that is perceived by
its customers as enriching them in asignificant
way. The products and services of an agile
shipbuilder /component supplier are perceived
by its customers as solutions to their,
individual, problems. The package of goods
and services that the customers buy are only
means of implementing these solutions. The
solutions are what the customers are paying
for. The price these customers are willing to
pay is afunction of the perceived value of the
solution pOrovided. This creates new marketing
strategies and opportunities for shipyards to
consider, and demands a reconceptualization
of what a shipyard actually sells.

2. Cooper ate to enhance competitiveness:

Cooperation, internally and with other
companies in the shipbuilding value adding
chain, is an agile shipbuilder’s operational
strategy of first choice. The end is bringing
agile transportation solutions (ships) to market
as rapidly and as cost effectively as possible.
One strategy for achieving thisisto utilize
existing, most efficient resources regardless of
where they are located and who owns them.
Cross-functiona teams, empowerment,
reengineering,  virtual  companies and

13
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partnerships even with direct competitors are
all means employed by agile shipbuilders to
leverage resources through cooperation.

3. Organize to master change /uncertainty:

An agile shipbuilding company is
organized in away that allows it to thrive on
change and uncertainty. It allows rapid
reconfiguration of human and physical
resources. Thereisno single right structure or
no singleright size. The goal of very rapid
concept-to-cash time (or, world class design
and build time) implies innovative, flexible
organization structures that enable rapid
decision making by distributing managerial
authority. Personnel who are motivated and
knowledgeable enough to convert change and
uncertainty into new opportunities for
company growth are thereby empowered to do
0, routinely and rapidly.

4. Leverage people and information:

In an agile company, ‘top management
nurtures an entrepreneurial environment that.
leverages the impact Of people and information
on operations. People- what they know, the
initiative they show, the skills they posses, and
information- are the diffrentiators among
shipyards. Therefore, lifelong workforce
education and training is integral to agile
shipbuilding operations. It constitutes an
investment in future prosperity, and not a cost
to be assigned to current overhead expenses.

A Working Draft
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Infrastructure

Shipbuilding Value Adding Chain (VAC):

Every firm is a collection of activities that are
peformed to design, produce, market, deliver
and support its products and services. These
activities can be represented in the form of a
chain. Every firm also procures at |east some
products (raw materials, components) and
services from other firms (suppliers). These
suppliers in turn procure some products and
services from their suppliers.  The same
applies upstream to customers of each firm. In
any industry, chains of organizations and
activities that add maority of the value can be
easily identified. These are called value
adding chains (referred as VAC) . From a
shipyard's perspective, a typical value adding
chain would comprise of owner /operator,
design agent, finance provider, yard,
classification agency and major suppliers (such
as engine, electrical, HVAC, etc.).

Evolving dynamics of a generic value
adding chain in an agile environment:

In a traditional environment of mass
production, members of a value adding chain
(departments within a company, as well as
companies within a chain) were decoupled and
insulated from each other. Warehouses
separated factories, inventories insulated
processes, and processes isolated products.
This system was managed by managing
inventory and was measured by product
focused metrics (cost /product, units /hr, etc.).
Naturally, this arrangement was static, or,
capable of only a slow change.

In the emerging agile environment, the
members of a value adding chain are getting
increasingly coupled.  In many industries,
notably auto, after tearing down bureaucratic,

190

interdepartmental waiis an d integrating
processes within a company, the action has
moved to tearing down artificial barriers.
between companies and integrating thi
processes within a value adding chain. In
static world of slow change, this type of
coupling leads to ‘Lean Manufacturing’
paradigm. However, as the pace of changein
the market place quickens, the technological
advances gain exponential momentum and
customer expectations follow the suite, the
couplings within the value adding chain
become dynamic, or, capable of quick change.
Factories and processes become dependent on
each other, management must manage by
managing processes and managing processes
together, and measure by process focused and
not product focused metrics.

In a typical mass production world, the
production resources define the product which
leads to a marketing plan to reach the
customer. This can be depicted as follows:

Production — Product  — Marketing  — Customer
resources I '

In the world of agile competition, the customer
works with ateam which pulls in resources
from a virtual organization to create the
customized solution.

|  Solution <« Resources < Team <« Customer |

In this new world,
aproduct becomes a platform,
acustomer becomes a subscriber,
asupplier becomes an associate,
asale becomes a continuing transaction,
.the supplier provides an enriching, total
solution; and
. Reward is by customer-perceived value.
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Need for a value adding chain synergy
enabling infrastructure for the industry:

It is clear that the traditional industry
infrastructure is no longer adequate or
appropriate to successfully compete in this
new, global market place. Each member of the
shipbuilding value adding chain-
owner/operator, financier, shipyard, design
agent, classification agency, and major
suppliers needs to invest in and deploy new
tools, systems, and procedures to co-exist, co-
operate and compete in an agile world.

The following pages of this report outlines
items that need most and immediate attention.
Dedling with the items in this list will
automatically address the infrastructure
requirements of an agile shipbuilding industry.

For each particular order, different firms
within the shipbuilding industry will come
together to form avalue adding chain specific
to that order. For the next order, the
membership of the value adding chain may or
may not be the same. To achieve a world class
performance for every contract, a value adding
chain synergy enabling base infrastructure,
common across the industry, and mutually
shared and accessed by all, isrequired. This
infrastructure will alow every value adding
chain to seamlessy form, function and
dissolve in the least amount of time. The key
elements of this infrastructure transcend
beyond specific orders and specific firms.
These elements must be viewed as a pre-
requisite, a set of key characteristics that must
be in place and key conditions that must be
met in order for any company to exist and
function in an agile US shipbuilding industry
of the 21 st century.

Key elements of the infrastructure:

A progressive mind set: People of all levels,
al functions, from all firms in the industry

must share amind set of mutual trust, open
information sharing and teaming. Also, a good
understanding of core competencies, zero
tolerance for waste and rework of any kind,

and an optimistic, ‘can-do’ spirit, at the
management level will help. This mind can be
cultivated over time only through concerted,
persistent efforts in training and via teamwork.

Partnering enabling systems. In order to
enable various companies to rapidly form
some sort of partnership and closely work
together to integrated the value adding chain,
some legal, accounting and other types of
standards and procedures must be in place.

Networ ked information systems: In order to
utilize synergy of the value adding chain,
people must be able to and empowered to
communicate with each other, irrespective of
who they work for. All companies must have
access to networked communication systems,
and must routinely exchange data in mutually
compatible digital formats on areal time basis.

Product and process design and simulation
tools: Another key element of rapid concept
to cash cycle is the use of key enabling
technologies. These include 3-D modeling,
CAD/CAM, design based simulation and
many other. Such tools need to be commonly
available and accessible not only to a select
few but to all members of the value adding
chain.

A structured, eectronic knowledge base:
Compared to global competition, the Us
shipbuilding industry is lagging in commercia
experience. Various members of the industry
have been making serious individual efforts
(benchmarking, foreign alliances, other) to
overcome this handicap. It is possible to
integrate all current and new knowledgein a
structured, electronic data base and make it
available, perhaps or a fee, to contributing
companies or to those in need.

14|
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTIN G ADVANCED TECHNOLOGY

UNDERSTANDING CHANGE

® IN THE PAST DECADE, 30 MILLION AMERICANS HAVE BEEN
DISLOCATED BY RESTRUCTURING

® COMPANIES STILL ANTICIPATE THAT THEY WILL NEED TO
REDUCE THEIR WORKFORCE BY 15% (LEAN AND MEAN)

® THE FORTUNE 500 COMPANIES HAVE AXED 3.2 MILLION JOBS
SINCE 1980

® IN THE PAST 5 YEARS 12000 U.S. COMPANIES HAVE CHANGED
OWNERSHIP

® ABOUT 70 % OF MERGERS FAIL

. UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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Jci NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

UNDERSTANDING CHANGE (Continued)

® MOST PEOPLE AND COMPANIES DO NOT WELCOME CHAN GE

® CHANGE MUST BE MANAGED. IF LEFT TO ITSELF YOU DONT

KNOW HOW IT WILL END AND YOU PROBABLY WILL NOT LIKE
THE DESTIN ATION

® SOMETIMES CHANGE IS UNDERTAKEN ONLY WHEN SURVIVAL
IS THREATENED

® OUTSIDE EVENTS USUALLY "TRIGGER" CHANGE, SUCH AS:
COMPETITORS MAKE A CHANGE
CUSTOMERS DEMANDS/EXPECTATIONS CHANGE
LEGISLATION CHANGES
HUMAN RESOURCE AVAILABILITY
EMPLOYEE EXPECTATIONS

. UNIVERSITY Oi“ MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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UNDERSTANDING CHANGE (Continued)

® FOUR TYPES OF CHANGE

1. CHANGES IN TECHNOLOGY
INTRODUCTION OF CAD/CAM/CIM
NEW PRODUCTION PROCESSES
NEW FACILITIES

2. CHANGES IN PRODUCT .
FROM MILITARY TO COMMERCIAL SHIPS

3. ADMINISTRATIVE CHANGES .
ORGANIZATION STRUCTURE CHANGES
NEW MISSION STATEMENT
NEW PERFORMANCE APPRAISAL SYSTEM

4. CHANGES IN HUMAN RESOURCES
ORGANIZATIONAL BEHAVIOR INTERVEN TION S

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




Incremental Change Radical Change

Continuous - | Frame-breaking
progression | III burst
Maintain, i Reach new
equilibrium equilibrium
Affect : Transform
organizational -lll- entire -
part : organization
Through normal Create
structure and new structure
management .lll- and
processes management
New : Breakthrough
technology | ] ~ technology ~

Product lll New products
improvement create new

markets

Source: Based on Alan D. Meyer, James B. Goes, and Geoffrey R. Brooks, "Organizations in Disequilibrium Environmenta

and Industry Revolutions; in George Huber and William H. Glick (eds.) Organizational Charge andRedesign, (New York C
University Press, 1992); and Harry S. Dent Jr.,“Growlh Through New Product Development;SmallBusiness Reports, Nov
1990,30-40.

Transparency 93 (Exhibit 8.1)

Incremental Versus Radical Change
| 43 @ 1992 west Publishing Company
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MANAGEMENTS INABILITY TO RECOGNIZE NEED FOR CHANGE

MANAGEMENTS INABILITY TO RECOGNIZE BENEFITS

LACK OF COORDINATION AND COOPERATION

RISK SEEN TO BE TOO HIGH

PERSONAL RESISTANCE 10 CHANGE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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0

WHY PEOPLE RESIST CHANGE

« PAROCHIAL SELF-INTEREST

« MISUNDERSTANDING

« FEAR OF THE UNKNOWN - FEAR OF FAILURE
« DIFFERENT ASSESSMENT OF NEED

« LACK OF TRUST BETWEEN THEM AND MANAGEMENT

« THREAT TO JOB SECURITY

 INERTIA - COMFORT WITH CURRENT SITUATION




Table 15-1: Methods for Reducing Resistance to Change

Approach

Education + Communication

Participation + Involvement

Facilitation + Support

Negotiation + Agreement

“4icit yﬂﬁcic -
Coergitn
C y (/

/s

Source: Reprinted bégermission of the Harvard Business Review. An exhibit from “Choosing Strat
hlesinger, March/April 1979. Copyright © 1979 by the President and Fellows of Harvard Collegs; all rights reserved.

Leonard A.
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Wherethereisalack of
information or
inaccur ate information
and analysis.

Where the initiators do not
have all the information
they need to design the
change, and where
others have considerable
power to resist.

Where people are resisting
because of adjustment
problems.

Where someone or some
group will clearly lose
out in a change, and
where that group has
considerable power to
resist.

wher e &t tactics will
~ work orare to
expensive.

Where ;?dfﬁ essential,
and the change initiator§”
JSess considerablé”
A

power.

- PR IL]

Once persuaded, people
often will help with the
implementation of the
change.

People who participate will
be commited to
implanting change,
and any relevant
information they have
will be integrated into
the change plan.

No other approach works
as well with adjustment
problems.

Sometimes it is a relatively
easy way to avoid major
resistance.

It can be-relatively guick
_and inexpensive s6iution

- a PV

- speedy and can
oyetcome any-Kind of
~ Tesistance:
e

s N .- o
2 Advantages -, i S Sl
) Tds r e el

sl kad * 1Tl AR A R

y

L ] B EIRCYS

Can bevery
time-consuming if many
people are involved.

Can be very
time-consuming if
participators design an
inappropriate change.

Can be time-consuming,
expensive, and still fail.

Can betoo expensive in
many cases if it alerts

others to negotiate for
compliance.

an lead to futdid

people angfy at the

ies for Change” hy John P. Kotter and
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HOW TO INCREASE CHANCE OF SUCCESS

PLAN AND MANAGE THE CHANGE

COMMUNICATE NEED FOR CHANGE BEFORE IMPLEMENTING
ANY CHANGES

MINIMIZE THE NEGATIVES AND MAXIMIZE THE POSITIVES

INVOLVE THE PEOPLE WHO WILL BE IMPACTED BY THE
CHANGE IN THE CHANGE PLANNING AND PROCESS

USE CHANGE TEAMS

PUT A RESPECTED MANAGER IN CHARGE OF THE CHANGE AND
BUILD TRUST

MAKE SURE YOU DO NOT DESTROY TRUST BY STUPID ACTIONS

MAINTAIN PERCEIVED FAIRNESS IN DEALING WITH ALL
EMPLOYEES

VISIBLY REWARD THOSE WHO SUPPORT THE CHANGE




_

LI PREPARATION

Before the change, whenever possible, follow these steps:

[] Prepare your employees. Let them know what is happening ahead of time.
Telling them too far ahead of time is not always better (for example, telling
people 8 months before a change only leaves time for anxiety to buildup).

_] Describe the change as completely as vou can.How do you see the
change affecting individual employees and the work group as a whole?
Identify who will be most affected and approach them first.

Ll Research what happened during the last change. Does your group have
a positive history of their ability to manage change, or was the last change
traumatic? Learn from past experience and let this background influence your
current actions.

[1 Assess the organizational readiness of your am. Are they ready to
undertake a change? An organization or group that isn't mentally and
emotionally prepared will tend to stay in denial, rather than accept the
change and move on.

[] Don't make additional changes that aren’t critical. people need all the
stability they can get during change. Don’'t change the payroll dates, the
working hours or cafeteria procedures when you are making large-scale
organizational changes. Change the most important things one at a time.

winas 1¢ axrem mnSeirenr

js3




Take clear, flexible action to accomplish these goals:

L] Provide appropriate training in new skills and coaching in new values and
behaviors.

Encourage self-management. Inform each person that he or she is
accountable for some aspect of the change

Give mor e feedback than usual to ensurethat people always know where
they stand.

Allow for resistance. Help people let goof the “old.” Prepareto help those
having special difficulty making the adjustment.

Give people a chanceto step back and take a look at what is going on. Keep
asking, “Is the change working the way we want it to?”".

Encourage people to think and act creatively.
Look for any opportunity created by the change.

Allow for withdrawal and return of people who are temporarily resistant.
Don’t cross off people asirretrievable.

Collaborate. Build bridges from your work group to other work groups. L
for opportunities to interface your activities.

O C OoCco o o d

Monitor the change process. Conduct surveys to find out how employees are
responding to the change.

Share the gains:

O create incentives for special effort. Celebrate those who lead the change.

Give one-time bonuses to groups who have come through the change
smoothly.

O ceebrate by creating public displays that acknowledge groups and
individuals who have helped make things happen.

| C4-



HANDOUT 79-1

DI NOSAUR BRAI NS

Directions: Select any one of the following figures and use it to describe your basic mindset or paradigm as
far os change is concerned. To which animal would vou compare your thing and why? If you prefer, you
can describe your manoger basic mindset toward change. (You need not reveal Which mindset you are de
scribing-yours or the boss’s.)

a2,
17

ea

206
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HANDOUT 17-1
THE FEAR FACTOR

Eliminating fear is obviously easier said than done. But identifying how the fear makes us feel and is
the circumstances that prompt a certain kind of fear-this is fairly easy to do. From such understanding.
ore born “feelings” that move us away from fear and into wisdom.

Look at the following types of fear. For each, think of a work related circumstance that can ev
kind of fear. If possible, think of one thing that can be done to improve the circumstance. Use .Perst
periences or hypothetical ones.

2. Consternation.

3. Wo
4. Anxiety
5. Dread

6. Nervousness

7. Revulsion
8. Dismay
9. Awe

10. Hesltation
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ROSABETH moss KANTER

hisisatime of his-
torically unprece-
dented change for
most _corpora-
tions. The auto
and steel indus-
tries are in turmoil
because of the ef-
fects of _forag_n
competition. Fi-
nancial services
are undergoing a
revolution. Telecommunications
companies are facing profound and
dramatic changes because of the
breakup of AT&T and greater com-
petition from newly organized long-
distance carriers. Hedlth care orga-
nizations are under pressure to cut
costs and improve services in the
face of government regulation and
the growth of for-profit hospital
chains.

Chan%e, and the need to manage
it well, has always been with us.
Business life is punctuated by neces-
sary and exPected changes: the in-
troduction of new toothpastes, regu-
lar store remodellings, changesin
information systems, reorganiza-
tions of the office staff, announce-
ments of new benefits programs,
radical rethinking of the fall product
line, or a progression of new senior
vice-presidents. .

But as common as change is, the

This article is excerpted from Kanter's
new corporate education videotape,
Managing Change-The Human Di-
mension. Which iS available from Good-
measure, Inc., P. O. Box 3004, Cam-
bridge, MA 02139. Copyright C 1984
Goodmeasure, Inc.

people who work in anh organization
may still not like it. Each of those
“routing’ changes can be accompa-
nied by tension, stress, squabblmg,
sabotage, turnover, subtle under-
mining, behind-the-scenes footdrag-
ging, work slowdowns, needless po-
litical battles,, and a drain on money
and time-in short, symptoms of
that ever-present bugaboo, resist-
ance to change.

If even small and expected
changes can be the occasion for de-
crease in organizational effective-
ness, imagine the potential for disas-
ter when organizations try to make
big changes, such as developing a
new corporate culture, restructuring
the business to become more com-
petitive, divesting losing operations
and closing facilities, reshuffling
product divisions to give them a
market orientation, or moving into
new sales channels.

Because the pace of change has
speeded up, mastering change is in-
creasingly a part of every manager's
job. All'managers need to know how
to guide people through change so
that they emerge at the other end
with an effective organization. One
important key is being able to ana-
lyze the reasons people resist
change. Pinpointing the source of the
resistance makes It possible to see
what needs to be done to avoid
resistance, or convert it into com-
mitment to change.

As a consulting firm, Goodmea-
sure has worked with the change-
related problems of over a hundred
major organizations. We have dis-
tilled a list of the ten most common
reasons managers encounter resist-
ance to change, and tactics for deal-
ing with each.

1. LOSS OF CONTROL

How people greet a change has to
do with whether they feel in control
of it or not. Change is exciting when
it is done by us, threatening when it
is done to us.

Most people want. and need. to.
feel in control of the events around
them. Indeed, behind the rise of
participative management today is
the notion that ‘“ownership” counts
in getting commitment to actions,
that if people have a chance to partic-
ipate in decisions, they feel better
about them. Even “involvement in
details is better than noninvolve-
ment. And the more choices thatt are
left to people, the better they feel
about the changes. If al actions are
imposed upon them from outside,
however, they- are-more likely to
resist.

_ Thus, the more choices we can
give people the better they’ll feel
about the change. But when they
feel out of control and powerless,
they are likely not only- to feel
stress, but also to behave in defen-
sive, territorial ways. | proposed in
my 1977 Men and Women of the
Corporation that, in organizations a
least, it is powerlessness t hat  “cor-

.Tupts, " not power. When people feg]

powerless, they behave in petty,
territorial ways. They become rules-
minded, and they are over-control-
ling, because they're tryi nqhto grab
hold of some little piece of the world
that they do control and then over-
manage it to death. (One way to
reassert control is to resist every-
one else’s new ideas.) People do
funny things when they feel out of
control, but giving people chances
for involvement can help them feel

52 MANAGEMENT REVIEW
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Making employees feel good
about change is a challenge

for today’s managers.

more committed to the changein
question.

2. EXCESS UNCERTAINTY

A second reason people resist
change is what | call the “Walking Off
A Cliff Blindfolded Problem’—too
much uncertainty. Simply not know-
ing enough about what the next step
is going to be or feel like makes
comfort impossible. If people don't
know where the next step is going to
take them, whether it is the organi-
zational equivalent of off acliff or
under atrain, change seems danger-
ous. Then they resist change, be-
cause they reason, “It's safer to stay
with the devil you know than to
commit yourself to the devil you
donut,”

Managers who do not share
enough information with their em-
ployees about exactly what is hap-
pening at every step of a change
process, and about what they antici-
pate happening next, and about
when more information will be com-
ing, make a mistake, because
they're likely to meet with a great
deal of resistance. Information
counts in building commitment to a
change. especially step-by-step sce-
narios with timetables and mile-
stones. Dividi n? a big change into a
number of small steps can help make
it seem less risky and threatening.
People can focus on one step &t a
time, but not a leap off the cliff; they
know what to do next.

Change requires faith that the
new way will indeed be the right
way. If the leaders themselves do
not appear convinced, then the rest
of the people will not budge. Another
key to resolving the discomfort of
uncertainty is for leaders to demon-
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MANAGING CHANGE

strate their commitment to change.
Leaders have to be the first over the
cliff if they want the people they
manage to follow suit. Information.
coupled with the leaders actions to
make change seem safer, can con-
vert resistance to commitment.

3. SURPRISE, SURPRISE!

A think reason people resist
change is the surprise factor. People
are easily shocked by decisions or
requests suddenly sprung on them
without groundwork or preparation.
Their first response to something
totally new and unexpected, that
they have not had time to prepare
for mentally, is resistance.

Compantes frequently make this
mistake when introducing organiza-
tional changes. They wait until all
decisions are made, and then spring
them on an unsuspecting population.
One chemical company that has had
to reorganize and frequently lay peo-
ple off is particularly- prone to this
error. A manager might come into
work one day to find on her desk a
list of people sheis supposed to
inform, immediately, that their jobs
are changing or being eliminated.
Consequently, that manager starts
to wonder whether sheis on some-
body else’slisL and she feels so
upset by the surprise that her com-
mitment to the organization is re-
duced. The question, ‘Why couldn’t
they trust me enough to even hint
that this might happen?’ is a legiti-
mate one.

Decisions for change can be such
a shock that there Is no time to
assimilate or absorb them, or see
what might be good about those
changes. All we can do is feel threat-
ened and resist-defend against the
new way or under tmine it.

Thus, it is important to not only
provide employees with information
to build a commitment to change, but
also to arrange the timing of the
information’s release. Give people
advance notice, a warning, and a
chance to adjust their thinking.

4. THE “DIFFERENCE”
EFFECT

A fourth reason tpeo le resist
change is the effect of difference’—
the fact that change requires people
to become conscious of, and to ques-
tion, familiar routines and habits.

A great deal of work in organiza-
tions IS Simply habitual. In fact, most
of us could not function very well in

54 MANAGEMENT REVIEW

life if we were not engaged in a high
proportion of ““mindless™ habitual ac-
tivities-like turning right when you
walk down the corridor to work, or
handling certain forms, or attending
certain meetings. Imagine what it
would be like if, every day you went
to work, your office was in an entire-
ly different place and the furniture
was rearnrtged. You would stumble
around, have trouble finding things,
feel uncomfortable, and need to ex-
pend an additional amount of physical
and emotioml energy This would be
exhausting and fattguing. Indeed,
rapidly growing high-technol OQK
companies often present people wit

an approximation of this new-office-
every-day nightmare, because the
addition of new people and new tasks
is ubiquitous, while established rou-
tines and habitual procedures are
minima. The overwork syndrome

and “burn-out” phenomenon are ac- .

cordingly common in the industry.
Oneanalogy comes from my
work on the introduction of a person
who is different” (an “O”) in agroup
formerly made up of only one kind of
person (the “X’s"), the theme of
Goodmeasure's production, A Tale
of “O.” When agroup of Xs has
been accustomed to doing things a
certain way, to having habits and
modes of conversation and jokes that
are unquestioned, they are threat-
ened by the presence of a person
who seems to require operating in a
different way. The X's are likely to
resist the introduction of the O, be-
cause the difference effect makes
them start feeling self-conscious, re-
quires that they question even the
habitual things that they do, and
demands that they think about be-
havior that used to be taken for
granted. The extra effort required to
“reprogram” the routines is what
causes resistance to the change.
Thus, an important goal in manag-
ing change is to minimize or reduce
the number of “differences’ intro-
duced by the change, leaving as.
many habits and routines as possible
in place. Sometimes managers think
they should be doing just the oppo-
site-changing everything else they
can think of to symbolize that the
core change is really happening. But
commitment to change is more likely
to occur when the change is not
presented as a wild difference but
rather as continuous with tradition.
Roger Smith, the chairman of Gen-
eral Motors, launched what | consid-

er one of the most revolutionary
ﬁ_erlods of change in the company.s
istory by invoking not revolution.
but traddition .’l.m going to take this
company back to the way Alfred
Sloan intended it to be managed:”
Not only do many peopleneed or
Prefer fanuhar routines, the! also
[

ke familiar surroundings. Matntain- .

ing some familiar sights and sounds,
the things that make people feel
comfortable and at home, isve~
important in. getting employees
commitment to a change.

5. LOSS OF FACE

If accepting a change means ad-
mitting that the way things
donein the past was wrong, people
are certain to resist. Nobody fikes
losing face or feeling embarrassed in
front of their peers. But sometimes
making a commitment to a new pro-
cedure, ﬁroduct, or program carries
with it the implicit assumption that
the “old ways” must have been
wrong, thereby putting alJ the adher-
ents of the “old ways’ in the uncom-
fortable position of either looking
stupid for their past actions or being
forced to defend them-and thereby
arguing against any change.

The great sociologist Erving Goff-
rnan showed that people would go to
great lengths to save face, even
engaging in actions contrary to their
long-term interest to avoid ernbar-
assment.

1 have seen a number of new chief
executives introduce future strate-
gies in ways that "put down”. the
preceding strategies, thus making
automatic enemies of the members
of the group that had formulated and
executed them. The rhetoric of their
speeches implies that the new
?a_\i ns strength only in contrast to the
ailures and flaws of the old way—a
kind of Maoist “cultural revolution”
mentality in business. “The way
we' ve been managing is terrible,”
one CEO says routinely. He thus
makes it hard for people who lived
the old ways to shed them for the
new, because to do so is to admit
they must have been “terrible’
fore. While Mao got such confes-
sions, businesses do not.

Instead, commitment to change is
ensured when past actions are put in
perspective-as the apparently right
thing to do then, but now times are
different. This way people do not
lose face for changing just the oppo-
site. They look strong and flexible.

we

wa

be



_ thenew date.

people take a small step first.

_ quirements.

can do it.

_ serve as models.

gy change requires,
« Av

excitement about the future.

BUILDING COMMITMENT TO CHANGE

Z Mow room for participation in the planning of the change.
Z Leave choices within the overall decision to change.
ZProvide a clear picture of the change, a “vision” with details about

ZSbilware information about change plans to the fullest extent possi-
e

* Divide a big Change into more manageable and familiar steps; let
* Minimize surprises; give people advance warning about new re-

Z Allow for digestion of change requests-a chance to become ac-

. customed to the idea of change before making a commitment.

z Rgﬁemedly demonstrate your own commitment to the change.

» Make standards and requirements clear-tell exactly what is ex
gected of people in the change.

» Offer positive reinforcement for competence; let people know they

* Look for and reward pioneers, innovators, and early successes to
Z Help people find or feel compensated for the extra time and ener-
oid creating obvious “losers’ from the change. (But if there are
some, be honest with them-early on. )
* Allow expressions of nostalgia and grief for the past—then create

—Rosabeth Moss Kanter and the staff of
Goodmeasure, Inc.

ones that are supposed to have the
answers.

We have to be sensitive enough in
the management of change to make
sure that nobody feels stupid, that
everyone can ask questions, and that
everybody has a chance to be a
learner, to come to feel competent in
the new ways.

They have been honored for what
they accomplished under the old
conditions, even if it is now time to
change.

6. CONCERNS ABOUT
FUTURE COMPETENCE

Sometimes people resist change
because of persona concerns about
their future ability to be effective
after the change Can | do it? How
will I do it? Will I make it under the
new conditions? Do | have the skills
to operate in a new way? These
concerns may not be expressed out
loud, but they can result in finding
many reasons why change should be
avoided. _

In local telephone companies, em-
ployees have been told for years that
they would be promoted for one set
of reasons, and the workers had
developed one set of skills and com-
petencies. It is very threatening for
many employees to be told that, all
of a sudden, the new world demands
anew set of competencies, a new
set of more market-oriented entre-

preneurial skills. Nobody likes to.

look inadequate. And nobody, espe-

ciadly people who have been around a
long time, wants to feel that he or
she hasto *'start over again” in order
to feel competent in the organiza-
tion.

It is essential, when managing a
change, to make sure that people do
feel competent, that there is suffi-
cient education and training available
so that people understand what is
happening and know that they can
master it—that they can indeed do
what is needed. Positive reinforcem-
ent is even more important in man-
aging change than it isin managing
routine situations.

In addition to education and train-
ing, people also need a chance to
practice the new skills or actions
without feeling that they are being
judged or that they are going to look
foolish to them colleagues and peers.
They need a chance to get comfort-
able with new routines or new ways
of operating without feeling stupid
because they have questions to ask.
Unfortunately, many corporations |
know have spent alct of time making
executives and managers feel stupid
if they have questions: they’re the

7. RIPPLE EFFECTS

People may resist change for rea-
sons connected to their own activi-
ties Change does sometimes dis-
rupt other kinds of plans or projects.
or even persona and family activities
that have nothing to do with the job,
and anticipation of those disruptions
causes resistance to change.

Changes inevitably send ripples
beyond their intended impact. The
ripples may also negate promises the
organization has made. Plans or ac-
tivities seemingly unrelated to the
core of the change can be very im-
portant to people. Effective "change
masters’ are sensitive to the ripples
changes cause. They look for the
ri pﬁl es and introduce the chan?e
with flexibility so that, for example,
people who have children can finish
out the school year before relocat-
ing, or managers who want to finish
a pet project can do so, or depart-
ments can go through a transition
period rather than facing an abrupt
change. That kind of sensitivity
helps gtei)eople on board and makes
them committed, rather than
resistant, to the change.

8. MORE WORK

One reasonable source of resis-
tance to change is that change is
simply more work. The effort it takes
to manage things under routine cir-
cumstances needs to be multiplied
when things are changing. Change
requires more energy, more time,
and greater mental preoccupation.
~ Members of project teams creat-
ing innovation put in a great deaf of
overtime on their own, because of
the demands-and the lure-of cre-
ati g{i somethi n% new. During the
breakup of the Bell System, many

managers worked 60 or 70 hour
weeks during the process, not see-
ing their families, simply because of
the work involved in moving such a
large system from one state to an-
other. And the pattern is repeated in
corporation after corporation.
Change does require above-and-
beyond effort. It cannot be done

1 60

APRIL 1985 55



MANAGING CHANGE

automatically, it cannot be done
without extra effort, and it takes
time. There is ample reason to resist
change, if people do not want to put
in the effort. They need support and
compensetion for the extra work of
change in order to move from resis-
tance to commitment.

~ Managers have options for pro-
viding that support. They can make
sure that families are informed and
understanding about the period of
extra effort. They can make sure
that people are given credit for the
effort they are putting in and reward-
ed for the fact that they are working
harder than ever before—rewards
ranging from cash bonuses to special
trips or celebrations. They can rec-
ognize that the extra effort is volun-
tary and not take it for granted, but
thank people by providing recogni-
tion, as well as the additional support
or facilities or comfort they need.
While an employee is working hard-

to get them a quiet air-conditioning
%stem despite years of complaints

out summer noise levelsin the
factory. Until he listened to them
and responded to their grievance, he
could not get their commitment to
his change plans.

Sweeping away the cobwebs of
the past Is sometimes a necessity for
overcoming resistance to change. As
long as they remain aggrieved, peo-
ple will not want to go along with
something we want. Going forward
can thus mean first going back—
listening to past resentments and
repairing past rifts.

10. SOMETIMES THE
THREAT IS REAL

The last reason people resist
change is, in many ways, the most
reasonable of all: Sometimesthe
threat posed by the changeis areal
one.

Sometimes a change does create

RATE INCLUDES MANUAL ELEMENTS.

Change is never

entirely negative:

it's also a tremendous oppor-

tunity. But

there's always some

|oss.

er, it certainly helps to know that
your hoss is acknowledging that ex-
tra effort and time.

9. PAST RESENTMENTS

The ninth reason people- resist
change is negative, but it Is a reality
of organizational life-those cob-
webs of the past that get in the way
of the future. Anyone who has ever
had a gripe against the organization
is lik ﬁ to resist the organization
telling them that they now have to do
something new.

The conspiracy of silence, that
uneasy truce possible as long as
everything remains the same and
Beo e can avoid confrontations, is

roken when you ask for change.
Unresolved grievances from the past
rise up to entangle and hamper the
change effort. One new plant manag-
er at Honeywell was surprised by
resistance to a Cﬁallty-of-work-llfe
program, which he thought the
workers would like because of the
direct benefits to them. Then he
discovered that the workers were
still angry at management for failing

winners and losers. Sometimes peo-
gle do lose status, clout, or comfort
ecause of the change. It would be
naive to imagine otherwise. In fact,
managing change well means recog-
nizing its political redlities.

The important thing hereisto
avoid pretense and false promises. If
some people arc 80| ng to lose some-
thing. they should hear about it ear-
ly. rather than worrying about it
constantly and infecting others with
their anxiety or antagonism. And if
some people are going to be let go or
moved elsewhere, it is more humane
to do it fast. .

We al know the relief that people
feel. even people who are being told
the worst, at finally knowing that the
thing they have feared is true. Now
they can go ahead and plan their life.
Thus, if some people are threatened
by change because of the redlities of
their situations, managers should not
pretend this is not so. Instead, they
should make a clean break or a clean
cut—as the first step in change,
rather than leaving it to the end.

Of course, we all lose something

in change. even the winners. Even
those of us who are exhilarated
about the opportunity it represents,
or who are choosing to participate in
anew era that we think is going to be
better for our careers, more produc-
tive and technologically exciting, as
many of the changes in American
corporations promise to be.

~ Change is never entirely nega-
tive: it is also a tremendous opportu-
nity. But even in that opportunity
there is some small loss. It can bea
loss of the past, a loss of routines,
comforts, and traditions that were
important, maybe a loss of relation-
ships that became very close over
time. Things will nat, in fact, be the
same any more.

Thus, we al need a chance to let
goof the past. to *“mourn” it. Rituals
of parting help us say goodbye to the
people we have been close to, rather
than just letting those relationships
dip away. “Memoria services, " “eu-
Ic()e?ies, " or events to honor the past
help us let go. Unfortunately, those
kinds of ceremonies and rituals are
not eIgiti mate in some companies.
Instead, people are in one state, and
the next day they have to move to
another state without any acknowl-
edgement of the |oss that is in-
volved. But things like goodbye par-
ties or file-burning ceremonies or
tacking up the company’s histor?/ on
bulletin boards are not just frills or
luxuries; they are rituals that make it
easier for people to move into the
future because their loss is acknowl-
edged and dealt with.

Resistance to change is not irra-
tional it stems from good and under-
standable concerns. Managers who
can analyze the sources of resistance
are in the best position to invent the
solutions to it—and to manage
change smoothly and effectively.

There may be no skill more im-
portant for the challenging times

Rosabeth Moss Kanter is the author
of the current management bestseller,
The Change Masters. Innovation
and Entrepreneurship in the Ameri-
can Corporation. She is also chair-
man of the board of Goodmeasure,
Inc. and an advisor to many Fortune
500 companies. Kanter is currently
on leave from Yale, where sheis a
professor of sociology and of organiza-
tion and management in the School of
Management.

(To order reprints see p. 32).
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FUNFPEN

Can [Es Become
Flasters Of Change?

By D. Scott Sink, P.E.
Virgima Polytechnic Institute
and State University

he term “change master”
'E' seems to have been coined by

Rosabeth Moss Kanter, author
of a beSt-selling book entitled: The
Change Masters: Innovation for Pro-
ductivity in the American Corpora-
tion. It is an interesting and timely
term, and this outstanding book is
filled with insights into critical chal-
lenges American managers face rela-
tive to managing complex organiza-
tions in the '80s and "90s. Kanter is.a
sociologist by training. Her book has
been a bestselier.

In 1979, William T. Morris wrote
and published a book entitled /mple-
mentation Strategies for Industrial
Engineers. It also was an excellent
book about change and how the IE
can play a critical role in managing
change. It received 11E's book of the
year award. Morris is an industrial
engineer by training. The book,
unfortunately, was not a best seller,
even among IEs.

My somewhat critical thesis in this
article is that the IE profession is
slowly being mastered by change.
The number of IEs who have read
Change Masters is probably deplor-
ably few. Only approximately 700
copies of Morris’s book were sold.
Reading these books isn’t going to
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make anyone a change master, but it
is a start. Their popularity—or,
apparently, lack of popularity—
among IEs indicates to me that not
many of us see change mastering asa
role of our profession.

The number of practicing IEs who
read anything about the behavioral
sciences or management, from repu-
table sources, is I suspect very small.
Seminar audiences I have polled in
recent years have indicated a general
unfamiliarity with motivational theo-
ries that are less than 30-or so years
old. The IE student who is exposed to
industrial psychology. sociology, or-
ganizational development, organiza-
tional behavior, or for that matter,
one good course on management
while in college is a rarity. The lack
of exposure to and awareness of cur-
rent motivation theories and tech-
niques, a knowledge of which is fun-
damental to understanding how to
manage change, clearly indicates to
me a real lack of interest in and
background for change mastering.

The IE profession has over the

_past ten years or so characterized

itself using such told statements as,

. “Changemasters of business and

industrv, industrial cnginecrs are
uniquely trained and experienced in
management of the ‘big picture’.™
The 1E is described as “the systems
integrator,” “the productivity engi-
neer,” etc. I wish these were fair and

0019-8234,/85%03.00/0

valid claims. [ believe the truth is the
following:

® The profession of industrial engi-
neering has evolved through at least
three reasonably distinct stages that
can be broadly labeled:

O Scientific management.

O Operations research.

O Systems engineering.

[ believe that, broadly speaking,
these terms characterize periods in
our profession’s evolution and major
focuses within these periods. I am not
suggesting that scientific manage-
ment and operations research are
only a part of our past. Evolution ina
discipline is a cumulative process of
refining, adding, modifying, combin-
ing and enhancing tools, methodolo-
gies, techniques, concepts and theo-
ries associated with that discipline.

. Note that a true management per-
spective is a part of our roots. but
that it has slowly but surely almost
disappeared from our present. The
truth is that our discipline, for all
practical purposes, ignores current,
salient, pragmatic management is-
sues. Our profession has developed
good technological and quantitative
technique balance, but we have
extremely poor sociological, behav-
ioral, organizational-and qualitative
balance. In Megatrends author John

" Naisbitt’s terms. we have “high tech

without high touch.” You can't be a
change master without both.

The business schools have system-
atically raided our curriculum. The
undergraduate curricula in IE do
not, I would argue, uniquely train the
student to manage the “big picture.”
Most 1Es are myopic, narrowly
trained and oftentimes a little arro-
gant relative to their skills in com-
parison to the skills and capabilities
of other disciplines. The bottom line
is that I do not believe most IE
students are uniquely trained to
become change masters.

o The IE function in most American
organizations is poorly postured and
not particularly powerful, and there-
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Figure 1. Ten-Year Plan for Change in American Organizations
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fore has tended not to play a very
major role in strategy formulation
for the critical socio-technical
changes that are taking place. The
|E function in most companies has
not evolved beyond the role of effi-
ciency expert, standards establisher
and maintainer, methods analyst—
the scientific management stage.

Many |E functions have not grown
or evolved because of lack of leader-
ship. Our discipline has an image
problem internally and externally.
We tend not to have a crystallized
perception of who we are or what we
can do.

|E managers, most critically, must
have this crystallized vision if they
areto lead the function within their
organizations. | find |IE departments
in magjor US firms being managed by
people who don't even have IE
degrees. Management evidently has
an image of what it wants |E to be
and hires someone who will conform
to that image. Asaresult, thereisa
tremendous disparity from company
to company in terms of how the |E
function is viewed and utilized.

| also do not believe that the prac-

ticing |1E is experienced in the man-
agement of the big picture. Most
practicing IEs, if they have IE
degrees (many do not have formal
degrees), carry with them to indus-
try, business and government the
same myopic, fragmented, highly
disciplinary views of the world that
academia presents to them. The IE
function in America, in general, is
not a change master function.

American business and industry
face severe challenges in the '80s
and ‘90s. Change, adaptability,
responsiveness and flexibility will
become key words. The competitive
environment isand will continue to
be dynamic, turbulent, risky and
extremely challenging. Those organi-
zations that can innovate in response
to their environment will survive.
Those that can’t will not likely sur-
vive.

There is definitely a need for
change masters, and the question to
be addressed here is how the IE
profession can begin to fulfill that
needed role. We will begin by exam-
ining some major challenges facing
American business and industry in

the'80s and ‘ 90s.

Figure 1 depicts two orge
tions, A and Z. The pyramid ¢
left, organization A, represents
ical American organization in
ture, policy, procedures and
cesses. We depict only sketchy
lights of how this type of-orge
tion is structured and functic
probably looks and sounds a | ¢
your organization.

The pyramid on the right, o
zation Z, represents a fairly at
American organization in stru
policy, procedures and process

Organization A was highly ¢
priate and successful in the 194
the competitive environmen
technology evolved in the ' 6C
‘70s, its structures and pra
became less and less effective.

Organizations and industrie
fronted with gtiff international
petition were forced to deal wit
reality first. Many recognize
challenges but could not adapt
ly enough.

The number of American
nesses that can and will succes
adapt is, unfortunately, much



han the number that will fail.

The stimuli driving this necessary
change, evolution or, as some seeiit,
revolution are primarily technology,
world competition and world market-
places, and underlying sociological
changes in the character and compo-
sition of the American work force.
Here are two examples | hope will
convince you that these forces of
change are major and must be dealt
with in a proactive fashion.

Let me give you $100,000 to invest
(long term) in company A or compa:
ny Z (see Figure 1). Let's assume
they are equivalent organizations
(i.e., same size, same product, same
competition, etc.) except for their
obvious structural and management
process differences.

The deal is that you and | will split
the long term returns from this
investment. Where will you put the
investment? Most who are asked say
company Z. Why? Typical responses
are: it will outperform company A
over the longer term: it will adapt
and respond to challenges and oppor-
tunities more quickly; it has dele-
gated planning, problem-solving and
decision-making to the lowest appro-
priate levels, company A is reactive
and company Z is proactive.

Hidden'in the logic of these
responses is an awareness, which |
find very common among American
unions, employees, staff and manag-
ers, that the world is changing and
that our organizations must adapt
and evolve. | believe we are aware of
and understand the stimuli for
change in the '80s and '90s. | am not
sure that our management or the IE
knows how to manage this change
effectively.

How do we become an organiza-
tion of the future? Many of our
organizations have become factories
of the '80s. They have bought the
new technology. How do we move
from being a factory of the '80s to
being an organization of the '80s?

It has been suggested that if your
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Table 1: IE Roles Comparison

Traditional |E Roles

Change Master Roles

Expert, solution provider
Data gatherer

System designer
Problem-solver

Data analyst

Technique application
Challenger

Decision maker
Consultant

Acceptant listener

Structured group process provider

Teacher, skill developer

Facilitator

Data gatherer

Collaborator, team member ‘°

Team leader, situational |eader

Challenger

Participative management system
designer

Catalyst

Design team leader

competitive edge is only technology,
it is not a comfortable one. Y our
competition can buy the new technol-
ogy and install it rather quickly.
However, if your competitive edge- is
a well developed and integrated
socio-technical system, an organiza-
tion Z, that blends effective structure
and management process with appro-
priate technology, thisis areal com-
petitive edge that can only be devel-
oped, not bought.

My second example is an actual
case study of an organization that
planned for and executed a change
strategy designed to move it from a
company A to a company Z. The
organization manufactures integrat-
ed circuit chips. There are 2,700
employees (white and blue collar) in
the plant.

In 1971, the plant began to plan
for and develop a participative man-
agement process. From 1971-1975,
the strategy or plan called for foun-
dation laying, development, aware-
ness, training and infra-structure
building. The overall goal of the
processisto involve all employees
(management, staff and line work-
ers) in proactive planning, problem-
solving and decision making. Groups
are expected to develop proposals for
ideas for performance improvement.

The plant was broken down into
approximately 360 groups of eight to
10 persons each. In 1977, six years
after process initiation, the first pro-
posals were solicited. In 1978.26,543
proposals were submitted. In 1979,
47,347 proposals were submitted. In
the second half of 1980, 112,022
proposals were submitted and 98,347
(87.8%) were implemented.

The plant in this example is Japa-
nese, but easily could have been Ger-
man, or French, or American. This is
our competition. These are the stim-
uli for change. If we donut manage
change, we won't be around.

Change and change masters

Change is an inevitable and criti-
cal fact of lifein the’80s and ' 90s.
We see dll kinds of organizations in
the midst of numerous technological
and management related interven-
tions. Not many are well planned,
but there at least is alot of activi-
ty.
We know that change is often
resisted because it is painful, threat-
ening, uncertain, misunderstood,
costly, different. We know that to
manage change successfully, one
must recognize that individuals,
groups, organizations and even pro-
fessions will probably.. need to
progress or be moved through at least
three stages that encompass the fol-
lowing:

ZSage 1: Awareness that there is a
need to change, that there is pain,
that there is cognitive dissonance.

» Sage 2: Willingness to change;
knowledge of what to change; skills
to change; and commitment to
change.

» Sage 3. Execution of change
paying the price of effective imple-
mentation.

A change master has to under-
stand these stages and to develop the
interpersonal skills necessary to han-
die them. Morris addresses this in

presenting his phases of client change

(chapter 2, pages 35-58). Kanter
speaks to this concern throughout



her book; but also specifically in Morris suggests that professional
chapter 2, pages 37-65. The bottom  “students” (i.e,, change masters)
line for any kind of change or inter-  progress through three distinct stages
vention, even—indeed, perhaps most  of development:

critically-the most capital inten- 1) The analytical stage—in which
sive, is managing the behavior necess  we learn basic facts, theories, tech-
sary to support the change. niques, models and approaches. This
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stage relative to the technical si
our profession occurs in high s
and college. Relative to behav
and management issues it r
takes place for most IEs, and h
lies amgjor roadblock we must
come if we are to become effe
change masters. Without a
behavioral science foundation
cannot become a successful ch
master.
2.) The problem-solving stage
which we take basic knowledge,
niques, theories, etc., and apply
in a complex, imperfect, hi
uncertain and dynamic world.
stage begins, for most |Es, with
senior design project and should
tinue as their careers progress i
“real world.” However, again
quality of problem-solving is h
dependent upon the balance o
able to bring to the behavioral
technical sides of problems. Wi
technically sound solutions that
be or aren't implemented effecti
We see politically nonastute IE
to force good solutions on unwi
clients.
3.) The client-centered stage-
which we begin to realize tha
effective implementation of a(
sion or solution to a problem dey
upon two things: (a) the quali
the decision or solution, and (b
acceptance of the decision or sol
by the people who will have to ir
ment it.

successful change  me
progress through these stages:
disciplined, aggressive formal
informal educational process. |
IEs leave college with a relati
weak foundation for entering
progressing through stages 2 ai
Most practicing IEs do mail
their technical skills (whic
enough of a challenge today)
neglect development of stages -
3.

Table 1 depicts traditiona |E
and compares and contrasts |
with change master roles. Wk



Table 2: Expertise and Techniques

Traditional |E Areas of
Expertise and Techniques

|E Areas of Expertise and
Techniques for the
'80s and '90s
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measurement

Operations analysis,
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path-goal theory application

Socio-technical systems
design

Management support

. Systems design,
" development, and facilitation

Capital productivity
management

Manufacturing systems
management, productivity
management

Quality management (total)
Strategic planning, action

planning and effective
implementation of productivity
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CARFENTER

management processes and
efforts

1. REMOVE LADDER ON (LapDp Corporate finance, cost

accounting, organizational

BER | ANMFR AFR: X o/-F development, industrial

psychology, sociology,
organizational behavior,
design

some overlain but also some distinct
differences in roles. The end results
or goals don’'t change significantly,
but the process by which the profes-
sional (IE/change master) achieves
the result does change.

Change master skillsinclude the
ability to diagnose a given system or
situation and to develop a response
that is appropriate to that particular
situation. This is a more sophisti-
cated approach, but it is also more in
tune with the times. The traditional
skills of the consultant, expert, solu-
tion provider are still required, but
are applicable in certain situations
only.

The new skills of the acceptant
listener, client facilitated designer
and structured group process provid-

er will need to be added to one
repertoire. The change master must
develop the ability to diagnose
given situation (what is being man-
aged, who is managing and what we
should be managing with—see Ku
stedt, 1985) and to determine the
necessary stages of evolution towards
effective implementation. He or she
must know when to push versus when
to lie back and let people “incubate,”
or process, the changes taking place;
learn how to create ownership
solutions and decisions; become
mature and wise enough to maria,
the process and keep ego remove
from content; believe that there are
many paths to the same solution and
that the one, the client feels most
comfortable with will probably
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the most effective: and learn how to
administer quality control in an
unobtrusive but effective fashion.

IE role in transition

Table 2 compares traditional IE
areas of expertise and techniques and
what one might call the IE areas of
expertise and techniques that are
necessary to support the organization
of the future (organization Z). At
first glance, the distinction between
the two lists might appear to be
purely semantic.

The areas of expertise on the right
in many cases represent advanced
stages of development of those areas
listed on the left, or advanced sophis-
tication relative to specific tech-
niques and their application. In other
cases, the lists differ in scope and
focus. For instance. quality control
versus total quality management
incorporates the need to practice the
lessons we taught the Japanese about
how you achieve quality.

In some cases, the areas on the
right represent a need for expanded
knowledge and skill development on
the part of the IE. This will very
likely need to happen at the graduate
level, in continuing education situa-
tions or through a self-teach mode.
Performance and productivity mea-
surement, strategic planning pro-
cesses, organizational development,
socio-technical systems design and
management support systems design
are all advanced topics requiring
continuing professional development
beyond the traditional IE undergrad-
uate degree.

The 1E professional must bring
new and expanded knowledge and
skills to the organization of the ’80s
and '90s if he or she is to play a
prominent role in the evolution that
is occurring in American business
and industry. The needs for and
demands placed on the IE function
are changing.

I believe that the IE has a unique
educational background that would

ol L orep R p s

Figure 2: Professional Mode-Client Change Matrix
(Adapted from Morris, 1979)

Professional

Stages of Change

Modes of
Functioning

Awareness

Willingness,
Ability

Effective
Implementation

Delegative |Delegator

Acceptant
Listener

Facilitator

Structured
group
process

“provider

(NGT)

Participative }Participator

Collaborator,
team
member -

Data gatherer

Consultative | Consultator

Challenger

Teacher, skill
spin-off, skill
developer

Expert, solution

Autocratic provider

Problem-solver

Decision maker

support a more prominent IE role in
the exciting changes that will have to
take place in the American organiza-
tion. However, I also believe that IE
curricula, particularly at the gradu-
ate level, must undergo a correspond-
ing evolution (or revolution) in order
for the IE profession to respond to
these challenges.

I, for one, do not sense the felt
urgency to reexamine old beliefs, old
perceptions of what it takes to com-
pete. old techniques and approaches
as will be necessary to cause change
in IE higher education. We are sim-
ply reacting to symptoms. failing to
proactively analyze and plan for how
we should educate the IE of the '80s
and "90s.

A specific example of an attempt

by an IE academic department to
begin to address these needed curric-
ula reforms is the newly designed
management systems engineering
graduate concentration at Virginia
Tech. Management System Labora-
tory Director Kurstedt designed and
developed the program to address
many of the changes envisioned for
American organizations over the
next ten years.

The program builds on a solid
engineering undergraduate degree by
strengthening an IE undergraduate’s
basic engineering knowledge and by
broadening the industrial engineer-
ing knowledge and skills of mechani-
cal engineers, electrical engineers,
chemical engineers, etc. All students
in the concentration take nine hours
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the most effective: and learn how to
administer quality control in an
unobtrusive but effective fashion.

|E rolein transition

Table 2 compares traditional |E
areas of expertise and techniques and
what one might call the |E areas of
expertise and techniques that are
necessary to support the organization
of the future (organization Z). At
first glance, the distinction between
the two lists might appear to be
purely semantic.

The areas of expertise on the right
in many cases represent advanced
stages of development of those areas
listed on the l€ft, or advanced sophis-
tication relative to specific tech-
niques and their application. In other
cases, the lists differ in scope and
focus. For instance, quality control
versus total quality management
incorporates the need to practice the
lessons we taught the Japanese about
how you achieve quality.

In some cases, the areas on the
right represent a need for expanded
knowledge and skill development on
the part of the IE. This will very
likely need to happen at the graduate
level, in continuing education situa-
tions or through a self-teach mode.
Performance and productivity mea-
surement, strategic planning pro-
cesses, organizational development,
socio-technical systems design and
management support systems design
are al advanced topics requiring
continuing professional development
beyond the traditional |E undergrad-
uate degree.

The IE professional must bring
new and expanded knowledge and
skills to the organization of the '80s
and '90s if he or sheisto play a
prominent role in the evolution that
is occurring in American business
and industry. The needs for and
demands placed on the |E function
are changing.

| believe that the |E has a unique
educational background that would

Figure 2: Professional Mode-Client Change Matrix
(Adapted from Morris, 1979)
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support a more prominent |E role in
the exciting changes that will have to
take place in the American organiza-
tion. However, | also believe that |E
curricula, particularly at the gradu-
ate level. must undergo a correspond-
ing evolution (or revolution) in order
for the IE profession to respond to
these challenges.

I, for one, do not sense the felt
urgency to reexamine old beliefs, old
perceptions of what it takes to com-
pete. old techniques and approaches
aswill be necessary to cause change
in |E higher education. We are sim-
ply reacting to symptoms, failing to
proactively analyze and plan for how
we should educate the | E of the '80s
and '90s.

A specific example of an attempt

by an |IE academic department to
begin to address these needed curric-
ula reforms is the newly designed
management systems engineering
graduate concentration at Virginia
Tech. Management System Labora
tory Director Kurstedt designed and
developed the program to address
many of the changes envisioned for
American organizations over the
next ten years.

The program builds on a solid
engineering undergraduate degree by
strengthening an |E undergraduate’ s
basic engineering knowledge and by
broadening the industrial engineer-
ing knowledge and skills of mechani-
cal engineers, electrical engineers,
chemical engineers, etc. All students
in the concentration take nine hours



MANUAL METHODS

377. MAKE READY STAGING BRACKET FOR (TRANSPORTING) WITH HAND AT TANK (OR
WAY) CARPENTER
PER STAGING BRACKET OFG: 3 02-FEB-82 .
REPRESENTS ELAPSED TIME
% REPRESENTS GETTING BRACKET READY TO BE..
% ...TRANSFORTED TO TANK OR BULKHEAD
% CARPENTER IS LOCATED EITHER ON THE WAY..
% ...OR IN TANK AT THE MATERIAL (BIN-1)
CARP-3 BEGINS AT BIN-1

[ g

CARP-3 GET+PLACE WITH BEND BRKT FROM BIN-1 TO BIN-1

CARP-3 GET+PLACE WITH REND BOLT FROM TOOLEROX-1 TO BIN-1 AND INSE
BOLT IN BRKT

CARP-3 FASTEN NUT AT BIN-1 4 WRIST-TURNS USING HANDS

CARF-3 GET+PLACE BRKT FROM BIN-1 TO BIN-1 ( PILE UFP BRKTS FOR
TRANSFORTATION )

Dol

379. SET-UP STAGING BRACKETS ON BULKHEAD WITH WRENCH AT TANK CARFENTER
FER STAGING BRACKET OFG: 3 01-FEB-82
REPRESENTS ELAPSED TIME
% REPRESENTS PUTTING UP A BRACKET ON AN...
X +..EXISTING STAGING CLIP
CARP-1 BEGINS AT TANKTOP

CARF~1 GETHHOLD WITH BEND BRKT FROM TANKTOF TO CARP-1
CARP-1 LOOSEN NUT AT RRKT-1 4 WRIST-TURNS USING HANDS
CARF-1 REMOVE BOLT FROM BRKT-1 ( BRKT. ) TO CARP~1

CARP-1 GET+PLACE RRKT FROM CARP-1 TO RRKT-1 AND INSERT BOLT
CARP-1 FASTEN NUT AT BRKT-1 13 WRIST-TURNS USING HANDS

CARP-1 FASTEN NUT AT BRKT-1 4 ARM-STROKES USING WRENCH-1 ASIDE °
CARP-1

7 CARP-1 WALK TO BRKT-2 ¢ TO DO NEXT BRKT )

o~ Ol
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Guidelines for Managing
Organizational Change

Strategies and tactics that you can use when faced with the
inevitable: your organization’s continuing evolution.

Stan Wheeler
Manufacturing Consultant
EDS Corp.
Southfield, Mich.

between two points is a straight

line, the journey from an inef-
fective to an effective organization
may follow a more meandering path,
encumbered with unforeseen obstacles
that often include an organization’s
own corporate culture. To successfully
navigate such a perilous course re-
quires a clear understanding of the
pitfalls that can otherwise jeopardize
the organizational change process.

What does it mean to say we have to
“manage the organizational change
process?” It entails directing efforts at
improving the bottom-line perfor-
mance of an enterprise. It implies sup-
port by training, transition to com-
mon systems, and organizational re-
alignment and rationalization initia-
tives, where appropriate.

Until fairly recently, most enter-
prises initiated change as a reaction to
a crisis. Today, the predilection to
manage by reacting that once domi-
nated Americanbusiness is being pre-
empted by a higher incidence of
proactive change initiatives. However,
the increasing recognition that to sur-
vive is to be proactive must be sup-
ported by a formal continuous im-
provement process for managing
change.

The reward for successfully manag-
ing change is a sustained competitive
advantage for improved market reach,
better product quality, and improved
cost structure.

E ven though the shortest distance

Important prerequisites

Three prerequisites are essential to
implementing change strategies for
improved organizational effective-
ness. First, top-level management
must be committed and demonstrate

~

32 June 1832 Manufacturrg Syste™s

direct involvement. Second, a formal
continuous improvement process, as
was already mentioned, must be in
place. Finally, values that recognize
the importance of the individual and
the need for teamwork to solve prob-
lems must be adhered to.

Many companies use consulting ser-
vices for help in facilitating the change
process. Organizational change con-
sultants brought from outside the
company must understand the
manufacturer’s business to be able to
offer objective insights into the dy-
namics of the operation that may not
be readily apparent to those on the
“inside.”

Even if an internal “champion” of
the change process knows what kinds
of changes need to be made, he or she
may not be aware of many of the tech-
niques of effective change implemen-
tation. In other instances, companies
look to consultants in hopes of over-
coming internal resistance to change
or even to shield the champion from
the potentially adverse reactions of
peers, subordinates or management.
And if a project goes sour or recom-
mendations for change are rejected,
the consultant, rather than the cham-
pion, takes the heat.

To implement a change process a
consultant examines and assesses the
effectiveness of business practices and
plans, accounting procedures. intor-
mation systems, and organizational
structure and culture. The focus can
then be brought to bear on areas that
include education, facilitation. moti-

- vation, project planning, and imple-

mentation of specific recomimenda-
tions. Throughout the change pracess,
the consultant will continually “test
the waters” of the organizational cul-
ture to determine how much change it
can endure at any given time. Match-
ing implementation recommendations
to the organization’s cultural climate
is essential to an effective change
process.

Steps to effectiveness

Changing an organization to im-
prove effectiveness involves several
steps that allow definition and deployv-
ment of the following: a business plan
that matches up well with the pro-

. posed organization; a methodology for

evaluating and selecting new technol-
ogy; a process for managing new prod-
uct programs; an organizational struc-
ture properly aligned with support-
ing functions and those assigned to
carry them out; and training svstems
needed to support the new orga-
nization’s mission.

Figure 1 lists characteristics of inef-
fective and effective organizations. In
fact, these are only a few of the manv
attributes that can be discussed in re-
lation to every function within an or-
ganization. Itis also important to note

FIGURE 1
INEFFECTIVE ORGANIZATION EFFECTIVE ORGANIZATION
o Distant from customer + Bonded with customer
o Cost-driven o Profit-driven
« Traditional costing o Activity-based costing
e Standalone R&D * R&D linked with markeling
« {nappropriate measurements/rewards o Effective measurements/rewards
» People viewed as costs * People viewed as assets
« Firefighting  Continuous improvement
* Quality taught * Quality practiced
o Technology as a ‘What' » Technology as a ‘How’
o Excessive rework and delays » Minimal rework and delays
« Excessive lead time o Lead time satisfies customer
¢ Information viewed as cost o Information viewed as asset
* Proliferation of systems » Common systems
e Standalone systems « Integrated systems

[y '



MANUAL METHODS

383. SET-UP (ACCESS) LADDER ON BULKHEAD WITH HAND AT TANK CARPENTER
PER LADDER OFG: 3 0i1-FEB=82
REFPRESENTS ELAPSED TIME

REPRESENTS PUTTING UP AN ACCESS LADDER..

++.ON THE BULKHEAD SO THAT THE CARPENTER

...0AN CLIMR TO THE NEXT LADDER .~

ALSO INCLUDES CLIMBING UF AND DOWN THE..

+++ LADDER.

AVERAGE NUMRER OF RUNGS = 12
REF-1 BEGINS AT TANKTOP

D“*“ii‘-**

CARP-1 GET+PLACE WITH BEND LADR FROM TANKTOP TO LBR
CARF-1i SLIDE ( CLIMR=UP } t ADDER AT LNR ¢ 12 RUNGS ) PF 12 ( 1)

e 3oay T
cARP-1 PULL ( CLIMB-DOWN ) LADDER AT LDR ( 12 RUNGS ) PF 12 ( 1

12 ( 3 4 ) T

[

o

385, FOSITION (SECURE) (ACCESS) LADDER FOR
WIRE ROPE) AT TANK CARPENTER
PER LADDER OFG: 4 03-FEB-82

REPRESENTS ELAPSED TINME

% KEPRESV&TE EEFHDTMP IQBQER Tn QTAGINGCOO

%X +++BOARDS USING WIRE ROPE

cARP-1 BEGINS AT LBR

JD

1 CARP-1 GET+MANIPULATE WIRE-ROPE AT LDR ( PUT AROUND BOARDS AND

LADDER. )
2 CARF-1 TWIST WIRE-ROPE AT LDR USING PLIER-1 ASIDE TO CARP-1

386. MAKE READY STAGING PLANK FOR (TRANSFORTING) WITH HAND AT TANK (OR V

MACBIEAMTEDR
CARFERTER

PER STAGING FLANK OFG! 3 02-FEB-82
REPRESENTS ELAPSED TIME

% REPRESENTS GETTING BOARD ON BOLSTERS SO
X ..,THAT THE CRANE CAN TRANSPORT IT
CARF-3 BEGINS AT BIN-1

1 CARP-3 GET+SLIDE BOARD AT LU-PILE ARD ARJUST ¢( ©ON BOLSTERS )
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MANUAL METHODS

acT_ |l:- CTARTAMD F'

SET= STAGING FL ON STABING BRACKET WITH HANR AT TANK CARFPENTER
PER BOARﬁ oFG: 3 02 FEB—82

REPRESENTS ELAFSED -TIME

* REPRESENTS SETTING UP BOARDS BETWEEN....

t ...BRACKETS.

*x TWO MAN OPERATION?

X CARFENTERS ARE LOCATED AT TWO DIFFERENT

% . .BRACKETS. THEY BOTH LIFT THE BOARD....

X +.TOGETHER AND SLIDE IT INTO POSITION.

% IN THIS ANALYSIS CARPENTERS ARE LOCATED

X ...0N THE LEVEL BELOW THE BOARDS.
A

[}
i3]
o
»
»
2z
=
")

CARF-i BEGINS AT BRKT-1

{ CARF—14CARP-2 GET4SLIDE WITH 1 STEP BOARD AT BRKT-1 AND ALIGN

2 CARP-1 WALK TO BRKT-2 ¢ TO DO NEXT SECTION OF BOARDS, CARP2 ALSO
MOUES TO ANOTHER BRACKET )

389, SET-UF STAGING PLANK ON STAGING BRACKET WITH HAND AT TANK CARFENTER

FER BOARD OFG: 3 02-FEB-82

REFRESENTS ELAFSED TIME

% REPRESENTS SETTING UP BOARDS BETWEENs.+ss
% ..+.BRACKETS.
X TWO MAN OPERATION?
X CARPENTERS ARE LOCATED AT TW0O DIFFERENT
% ++.BRACKETS. THEY ROTH PICK-UP THE BOARD
X +.TOGETHER AND SLIDE IT INTO POSITION.
% IN THIS ANALYSIS CARPENTERS ARE LOCATED
¥ ...0ON THE SAME LEVEL AS THE BOARDS.
CARP-1 REGINS AT BRKT-1

1 CARP-1+CARP-2 GET+SLIDE WITH BEND WITH 1 STEP BOARD AT BRKT-1 AND
ALIGN g

2 CARP-1 WALK TO BRKT-2 ( TO DO NEXT SECTION OF BOARIS, CARF2 ALSO
MOVES TO ANOTHER BRACKET )
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MANUAL METHOLDS

390. SET-UP STAGING PLANK ON STAGING BRACKET WITH HAND AT TANK CARPENTER
FER STAGING PLANK OFG: 4 02-FEB-82
REPRESENTS ELAPSED TIME
x REPRESENTS SETTING UP ROARDS ERETWEEN....
% ...BRACKETS.
X ONE MAN OPERATIONS
% USUALLY OCCURS WHEN CRANE CANNOT PILACE..

BAADTY N
¥ ...BOARD ON BRACKETS.

CARP-1 BEGINS AT BRKT-1

1 CARP-1 GET4+MANIPULATE WITH BEND BOARD AT BRKT-2 AND ALIGN RETURA

BRKT-1
2 CARF-1 GET+POSITION WITH BEND BOARD FROM TANKTOP TO BRKT-1 AND €

391. MAKE READY STANCHIUN FUKR
. CARPENTER
PER STANCHION OFG! 3 02-FEE-82
REPRESENTS ELAPSED TIME
¥ REPRESENTS GETTING STANCHION READY TO BE
¥ ..+.TRANSPORTED.
CARP-3 BEGINS AT LU-FPILE

1 CARP-3 GET+FLACE WITH BEND STAN FROM BIN-2 TO BIN-2

393, SET-UP STANCHION IN STAGING BRACKET WITH HAND AT TANK CARPENTER
PER STANCHION OFG! 3 02-FEB-82
REPRESENTS ELAPSED TIME
¥ REFRESENTS PUTTING STANCHION IN THE«see.
¥ ...BRACKET SLEEVE.,
CARP-1 BEGINS AT BRKT-1

CARP-1 GET+PLACE WITH BEND STAN FROM TANKTOF TO EBRKT-1 AND INSEF

- -l

CARP-1 WALK TO BRKT-=2 ( DO NEXT STANCHION )

(% Mo
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MANUAL METHODS

(2]
~0
&>

. MAKE READY HANDRAIL FOR (TRANSPORTING) WITH HANDI AT TANK (OR WAY)
CARPENTER

PER HANDRAIL OFG:! 3 02-FER-82
REPRESENTS ELAPSED TIME
% REPRESENTS GETTING HANDRAIL ON BOLSTERS

X ...S0 THAT THE CRANE CAN TRANSPORT IT
CARP~3 BEGINS AT BIN-2

{ CARF-3 GET4+SLIDE HANDRAIL AT HR-PILE AND ADJUST ( ON BOLSTERS )

396, SET-UP HANDRAIL ON STANCHION WITH HAND AT TANK CARPENTER
PER HANDRAIL OFG: 3 02-FEB-82
REPRESENTS ELAPSED TIME
x REPRESENTS PUTTING HANDRAIL INTO THE....
X .+ EYELETS ON THE STANCHION
X INCLUNES ACTION DISTANCES NEEDEDN FOR....
% .. .ALIGNING THE HANDRAIL
X WELDING OF THE HANDRAIL CONNECTIONS WILL
X

«+..BE DONE IN A SEPARATE SUB OPERATION
CARF-1 BEGINS AT BRKT-1

1 CARP-1 GET4SLIDE WITH BEND HANDRAIL AT BRKT-2 AND ALIGN ( THRU 2

4

EYELETS ON THE STANCHIONS AT. BRKT1 & BRKT2 ) RETURN TO BRKT-1 FF 2
( 45 6)

2 CARP-1 WALK TD BRKT-2 (¢ DO NEXT SECTION )
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MANUAL METHODS

397, SET-UP HANDRAIL (END PIECES) ON HANDRAIL (AND BULKHEAD)Y WITH HAND &
TANK CARPENTER
PER HANDRAIL OFG: 4 02-FEB-82
REPRESENTS ELAFSED TINME

X REPRESENTS PUTTING HANDRAIL (END PIECES)

¥ ...AT THE END OF A STAGING LEVEL

% WELDING OF THE HANDRAIL (END PIECES)....

¥ .. .CONNECTIONS WILL RE DONE IN Aveserons

3 ...SEPARATE SUB OPERATION

CARP-1 BEGINS AT BRKT-1

CARP-1 GET+HOLD WITH BEND HANDRAIL FROM TANKTOP TO CARFP-1
PTIME 1.02 M ( CUT HANDRAIL INTO 2 PIECES WITH ELECTROIE )
CARP-1 GET+PLACE 2 HANDRAIL ( END FPIECES ) FROM CARP-1 TO0 BRKT-!

(AR

398. TEAR DOWN HANDRAIL dN BULKHEAD WITH TORCH AT (CENTER) MID TANKS AN

Vo1DS CARFENTER
FER HANDRAIL OFG! 3 04-FEB-82
REPRESENTS ELAFSED TIME
% REPRESENTS TEARING DOWN HANDRAIL IN A...
X ... .CENTER TANK. HANDRAIL IS THROUN TO A
X ...MATERIAL FILE ON THE TANKTOP.
X CARPENTERS REMOVE 2 HADNRAIL REFORE.....
X .., .MOVING TO NEXT SECTION.
CARP-1 BEGINS AT BULKHEAD

1 CARP-1 PULL TORCH FROM BULKHEAD TO BRKT-1

» CARP-1 OPERATE TORCH AT BRKT-i PTIME 0.26 M ( BURN OFF HANDRA
3 CARP-2 GET+HOLD HANDRAIL FROM BRKT-1 TO CARP-2 SIMO
4 CARP-2 HOLD4THROW HANDRAIL FROM CARP-2 TO MATL-FILE
S

CARP-1 AND CARP2 WALK TO BRKT-2 F 1 / 2 :
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UNDERSTANDING VARIATION

® SHIPBUILDERS ARE AWARE OF STATISTICAL PROCESS
CONTROL(SPC) THROUGH ITSUSE IN ACCURACY CONTROL

®* HOWEVER, THEY DO NOT APPEAR TO BE AWARE OF ITSREAL
USES

®* SPC WAS ORIGINALLY DEVELOPED AS A MANAGEMENT
DECISION TOOL NOT JUST A PRODUCT QUALITY CONTROL

®* EVERY PROCESS HAS NATURAL LIMITSAND THEY CANNOT BE
CHANGED UNLESS THE PROCESS IS CHANGED

® SPC APPLIED TO BUDGET/MAN HOUR VARIANCE REPORTS MAY
SHOW THAT THE CHANGESIN THE VARIANCES ARE WITHIN
THE NATURAL PROCESSLIMITS OF THE PROCESS USED

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE



NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

UNDERSTANDING VARIATION (Continued)

* MANY REACTIONS TO APPARENT SIGNALS IN TRADITIONAL

VARIANCE ARE WRONG. APPLICATION OF SPC TO THE SAME
DATA WOULD SHOW THIS

°* MANAGING A COMPANY BY MEANS OF MONTHLY REPORTS | S

LIKE DRIVING A CAR BY WATCHING THE ROAD IN THE REAR
VIEW MIRROR (Myron Tribus)

* NEVER THE LESS THIS IS WHAT MOST MANAGERS DO




NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

UNDERSTANDING VARIATION (Continued)

® DR. WALTER SHEWART, WHO DEVELOPED spc, HAS TWO
RULES FOR PRESENTATION OF DATA, NAMELY;

[1] DATA SHOULD AL WAYS BE PRESENTED IN SUCH A WAY
THAT PRESERVES THE EVIDENCE IN THE DATA FOR ALL
PREDICTIONS THAT MIGHT BE MADE FROM THESE DATA

[2] WHENEVER ANA AVERAGE, RANGE, OR HISTOGRAM 1S
USED TO SUMMARIZE DATA, THE SUMMARY SHOULD NOT
MISLEAD THE USER INTO TAKING ANY ACTION THAT THE
USER WOULD NOT TAKE IF THE DATA WERE PRESENTED
IN ATIME SERIES

® THESE TWO RULESWERE SUMMARIZED BY D. WHEELER AS
FOLLOWS:

NO DATA HAVE MEANING APART FROM THEIR CONTEXT

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOL OGY

UNDERSTANDING VARIATION (Continued)

D. WHEELER FURTHER NOTES THAT:
NO COMPARISON BETWEEN TWO VALUES CAN BE GLOBAL

MANAGEMENT REPORTS ARE FULL OF LIMITED
COMPARISONS

GRAPHS MAKE DATA MORE ACCESIBLE TO THE HUMAN
MIND THAT DO TABLES

NUMERICAL SUMMARIES OF DATA MAY SUPPLEMENT
GRAPHS, BUT THEY CAN NEVER REPLACE THEM

M AAIADLIIA AN TRRANONARNTATIAN AFOFARALL INIOTITLITE




NSPR SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

UNDERSTANDING VARIATION (Continued)

PLANS, GOALS, BUDGETS AND TARGETS ARE ALL
SPECIFICATIONS

COMPARING MANAGEMENT DATA TO PLANS, GOALS, ETC,, IS
A FOLLOW ON DIRECTLY FROM THE MANUFACTURING
PRACTICE OF COMPARING PRODUCT MEASUREMENTS WITH

SPECIFICATION LIMITS

: THISLEADS TO A BINARY VIEW DUE TO THE FACT THAT THE
OUTCOME OF COMPARISON WILL BE EITHER FAVORABLE OR

UNFAVORABLE

WORKERS WITH FAVORABLE MEASURES GET PRAISE WHILE
THE OTHERS ARE PENALIZED

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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440,

SECTION 3
MANUAL METHOD'S

WELD STAGING BRACKET (CLIF) ON EULLKHEAD (OR ANY STRUCTURE) WITH 81
ELECTRODE AT ANY TANKS AND VOIDS (SHIP) WELDING

PER 100 CLIPS OFG?: 3
WELD TO MEET SAFETY RERUIREMENTS. RATE PER 100 CLIPS. RATE INC

MANUAL ELEMENTS.

{ WELD VERTICAL 3/8° FILLET WELD (10* PER CLIP) WITH 10X OVERMWELI
USING 6011 3/16 ELECTRODE OR COMPARABLE (7018 5/32).

WELD LADDER (CLIP) (SECURES LADDER) ON BULKHEAD (OR ANY STRUCTURE)
STICK ELECTRORE AT ANY TANKS AND VOIRS (SHIP) UWELDING

PER 100 LADDERS OR 400 CLIPS OFG: 3
WELD TO MEET SAFETY REQUIREMENTS. RATE PER 100 LADDERS- (400 CL.

RATE INCLUDES MANUAL ELEMENTS.

{ WELD VERTICAL 3/8° FILLET WELD (4* PER CLIP) WITH 10% OVERWELD
4011 3/16 ELECTRODE OR COMPARABLE (7018 S5/32).

WELD HANDRAIL (CONNECTIONS) ON STANCHION WITH STICK ELECTRODE AT ¢
TANKS AND VOIS (SHIP) WELDING
PER 100 FIECES OF HANDRAIL OFG:! 3
WELD TO MEET SAFETY REQUIREMENTS. RATE PER 100 FIECES OF AHNDRi
(AUG. 1 CONNECTION EACH). RATE INCLUDES MANUAL ELEMENTS.

1 WELD HORIZONTAL 1/4° FILLET WELD (S* PER CONNECTION) USING 601
ELECTRODE OR COMFARABLE (7018 5/32).

PAGE 97



Ing

'ER LADDER OFG: 3 0S5-FEB-82
REPRESENTS ELAFSED TIME
% REPRESENTS CARFENTERS CLIMBING UF AND...
¥ ...00WN LADDERS TO REMOVE STAGING.
X AVERAGE LADDER SIZE = 12 RUNGS.
ARF~-1 BEGINS AT LDR

Many years ago, David Chambers found the following time series
on the wall of the office of the president of a shoe company. Here was a

simple and powerful presentation of data in context. The caption on the.
vertical axis was “Daily Percentage of Defective Pairs.”

X ... PILE ON TANKTOP TO DECK (GOING THRU
X ...MANHOLE).,

2 MAXIMUM NUMBER OF HANDRAIL IN LIFT = 6
CARP-3 BEGINS AT TANKTOF

CARP-3 GET4SLIDE HANDIRAIL ( ONTO BOLSTER ) AT MATL-PILE
WINCH-OPER PUSH WINCH-DOWN PROCESS ( TO TANKTOP ) F 1 / 6

WINCH-OFER LODSEN ( =SWING ) CABLE WITH BEND AT MENHOLE 5
ARM~-STROKES USING HANDS F 1 / 6

WINCH-OPER THROW CABLE FROM MENHOLE TO CARP-3 F 1 / é

CARP-3 GET+MANIPULATE WITH BEND CARLE AT MATL-FILE ( HOOK AROUND
HANDRAIL > F 1 /7 6

4 WINCH-OPER PUSH WINCH-FREE FROCESS ( CLEAR OBSTACLES ) F 1 / é
7 WINCH-OPER PUSH WINCH-UP PROCESS ( TO MENHOLE ) F 1 / 6

O D) =

(L

Intrigued, David asked the president why he had the graph on the
wall. The president condescendingly replied that he had the chart on the
wall so he could tell how the plant was doing.

David immediately responded with “Tell me how you’'re doing.”

Evidently no one had had the temerity to ask the president this,

because he paused, looked at the chart on the wall, and then said “Waéll,
some days are better than others!”



other function of the raw data While there are several different types C
control charts, they are all interpreted in the same way, and they all reves
different aspects of the voice of the process.

Not only does the control chart define the voice of the process, it alxt
characterizes the behavior of the time series. Occasionaly one wil
encounter a time series which is well-behaved: such time series are pre
dictable, consistent, and stable over time. More commonly, time serie
are not well-behaved: they are unpredictable, inconsistent, and changing
over time. The lines on a control chart provide reference points for use ir
deciding which we of behavior is displayed by any given time series..

If atime series displays unpredictable behavior, then the underlying
process which gives rise to the time series is said to be “ out-of-control.”
On the other hand, a process “will be said to be in control when, througt
the use of past experlence we can predict, at least within limits, how the

R e L L s

4 WINCH-OFER THROW CABELE FROM Thus, the essence of statistical contro
IS predictability, and the opposite is also true. A process which does no
display a reasonable degree of statistical control is unpredictable.

This distinction between predictability and unpredictability is impor-
tant because prediction is the essence of doing business. Predictability i<
agreat asset for any process because it makes the manager’s job that muct
easier. When the process is unpredictable, the time series will be unpre-
dictable, and this unpredictability will repeatedly undermine all of-oul
best efforts. In fact, attempting to make plans using a time series which is

unpredictable results in more frustration than success. Prediction re-
1 CARP-3 GET+FLACE WITH REND RRKT F

DeAan

The control chart in Figure 2.6 shows atime series which consists o
67 consecutive points. The fact that the time series remains within the
computed limits, and the fact that there is no obvious trend, nor any long
sequences of points above or below the central line, suggests that this pro
cess may display a reasonable degree of statistical control. If the time
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Two | Knowledge is Orderly and Cumulative

September October November December

Figure 2.6: Control Chart for Daily Percentage of Defective Pairs -

series continues to display this behavior, then we will naturally become
more confident about using the past to predict the future. In this case,
while the process has averaged 18.7% defectives, the daily values have
varied from a low of 8% to a high of 29%. Based on this control char, it
would appear that unless the process is changed in some fundamental way
the plant will continue to produce anywhere from 7% defectives to 30%
defectives, with a daily average of about 19% defective.

Notice how the control chart has helped to interpret the data. First
the chart is used to characterize the behavior of the data—are they pre-
dictable or not? Second, the control chart allows the manager to predict
what to expect in the future—the voice of the process!

Finally, notice the difference between the president’s interpretation of
these data and the interpretation based on the control chart. Some days
only appeared to be better than others! 37 days were “worse than average”
(i.e. above 18.7%), and 30 days were “better than average,” but the process
shows no evidence of any changes during the past 67 days! In truth, both the
“good” days and the “bad” days came from the same process. Unless, and
until, this underlying process is changed in some fundamental manner,
the president will continue to plot values which average about 19% defec-
tive. Looking for differences between the “good” days and the “bad” days
will simply be a waste of time.

/éf



Understanding Variation / Managing Chaos

MATERIAL COSTS

This example tells the story of a traditional improvement effo
considers several different measures of activity together. As before
Monthly Report format for presenting results had obscured the big
ture. The use of control charts allows one to collect the multiple sti
together and gain the needed perspective.

At one time Department 13 had material costs which amounted 1
percent of their production costs. During what we shall call Year C
project team was formed and given the job of reducing the material
in Department 13,

During August of Year One, a process change was made which
designed to reduce the materia utilization. Following this change
average material cost per 100 pounds of material dropped from $2:
to $208.20.

During March of Year Two, another process modification
implemented. During the next four months the material cost droppt
an average of $205.37 per 100 pounds produced.

In July of Year Two a change was made in the formulation ¢
material used in Department 13. This change resulted in an awvi
material cost of $201.22 per 100 pounds produced. One month late
project team and Department 13 got an award for these successful
reductions.

Finadly, in January of Year Three, Department 13 changed sup
for some of their raw materials. This resulted in an average materia
of $198.45 per 100 pounds produced.

Against this background the monthly report for July of Year -
showed the following values for Department 13:
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Material Costs Per 100 Pounds

Year Jan Feb Mar Apr May Jun Jul Ay Sep O Nov  Dec
One 21479 21522 21479 21436 21651 21371 21679 21608 20834 20876 20667 208.34
Two 21043 20667 20613 20613 205.11 204.09.202.09 201.89 20169 20149 201.09 199.09
Three 198. 69 197.89 198.09 199.68 198.88 197.70 198.29

Figure 5.6: Material Costs for Department 13
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Figure 5.7: X-Charts for Material Costs

The material costs are shown in Figure 5.7. The gaps in the record
correspond to the changes made by the project team. The effectiveness of
these changes can clearly and easily be seen on this graph.

The limits shown with each segment are the Natural Process Limits
for individual values. The moving ranges used to obtain these limits are
not shown in the interest of keeping the graph from becoming too busy.
By comparing the limits for one segment with the running record of
another segment one can see that the changes made by the project team
did result in definite and real reductions in the material costs.
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Manhours Per 100 Pounds
Year Jan Fb Mr Apr My Jun Ju Aug Sep Oct Nov Dec
One 387 38 390 395 392 38 392 390 402 395 401 3%

Two 401 400 406 410 407 409 426 424 427 426 426 429
Three 443 445 447 447 451 443 445

Figure 5.8: Manhours for Department 13
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Figure 59: X-Charts for Manhours Per 100 Pounds

The manhours per 100 pounds of product are shown in Figure 5.9.
The gaps in the record correspond to the changes made by the project
team. The limits for each segment were computed using the moving
ranges for that segment, even though the moving range charts are not
shown in this figure. |

The graph in Figure 5.9 shows that there have been increases in thc
number of manhours per 100 pounds of product. Each and every change
made by the project team had the effect of increasing the actual labor content
of the product.

The small amount of month-to-month variation in this time series
makes it easy to interpret this graph. Placing Natural Process Limits on
cach segment just makes it clearer that these incremental increases are
real.

The production volumes are shown in Figure 5.11. The gaps in the
record correspond to the changes made by the project team. The limits
shown were computed from the first cight values and their moving

189
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Production Volumes

(thousands of pounds)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
One 39.1 387 388 397 423 433 420 444 423 413 369 383
Two 40.1 404 365 418 405 391 352. 375 347 397 379 364
Three 39.1 360 355 346 368 350 345 -

Production
Volumes (X)
g

Figure 5.10: Production Volumes for Department 13
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Figure 5.11: XmR Chart for Production Volumes

ranges. The first eight values suggest an upward trend for the production
volumes. However, following the first process change, and continuing
through the subsequent changes, there is a downward trend in the pro-
duction volume. In addition to the two large transition ranges, the
moving range chart shows three other out-of-control ranges. These three
values suggest three additional changes in the level of production in
Department 13. If these were deliberate changes made by management,
then there is no need to look for assignable causes. If these changes were
surprises, then there is something to be gained by looking for the
assignable causes behind these shifts.

Thus, the production volumes are down while the manhours per 100
pounds are up—a classic description of declining productivity—totally
buried in the figures in the Monthly Report.

190
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Energy and Fixed Costs
(per 100 pounds)

Year Jan Feb  Mar  Apr May  Jun Jul Aug  Sep Oct Nov Dec
One 896 908 897 925 950 912 921 932 944 960 98 975
Two 974 996 1002 1005 1034 1032 1019 1019 1033 1057 1087 1033
Three 1082 1061 1092 1112 11.18- 1116 1134 ) :

Figure 5.12: Energy and Fixed Costs for Department 13
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Figure 5.13: Running Record for Energy and Fixed Costs

The energy and fixed costs are shown in Figure 5.13. The gaps in the
record correspond to the changes made by the project team.

The energy and fixed costs have risen as expected. In fact, the run-
ning record shows a fairly straight line sloping upward. Note the differ-
ence between this graph and the graph for manhours per 100 pounds.
The slope of the points extends across the gaps. There is no suggestion of
a step increase at the gaps like there was with the manhours data.

The sloping line shown was drawn by connecting the average of the
first three values with the average of the last three values. The average of
the first three values was plotted above February of Year One, while the
average of the last three values was plotted above June of Year Three.

19/
. 93



Total Production Costs
(per 100 pounds)

Year Jan Feb Mar Apr May Jun Ju Aug  Sep Oct Nov Dec
One 281.80 282.80 28226 28256 284.81 280.73 284.30 283.90 278.08 277.61 276.64 277.34
Two 28233 28239 279.08 279.73 27854 277.81 27831 277.80 278.21 277.78 277.99 275.92
. Three 28039 279.70 280.53 28232 282.22 279.74 280.83 ‘

Figure 5.14: Total Production Costs for Department 13
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~ Figure 5.15: XmR Chart for Total Production Costs per 100 Pounds -

The total production costs are shown in Figure 5.15. The gaps in the
record correspond to the changes made by the project team. The limits
shown are based upon the first eight values and their moving ranges.

The first process change resulted in a definite drop in the total pro-
duction cost, although inflation of other costs had eroded these gains by
the first two months of Year Two. The second process change caused
another drop in the total production cost. Finally, even though the final
change at the beginning of Year Three did reduce the material cost, the
increases in the other costs have offset this gain. Still, all in all, they are
doing better than they were at the beginning of Year One, or ar least it
would appear that way from these data.
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While the total cost data and the material cost data look good, and
the energy costs look pretty much like they should look, there are some
indications of trouble in the time series for manhours and production
volumes. All of these measures are computed for Department 13. Un-
fortunately, Department 13 does not use its own stuff, and therefore it
has no way of assessing the quality of its product.

The figures developed from the records in Department 13 cannot
take the quality of the product into account. This makes all of the cost
figures suspect, because they are based on pounds shipped, not pounds
converted into usable product in Department 14.

Department 14, on the other hand, keeps careful track of théir suc-
cessful conversion rate. Among the problems that can occur in Depart-
ment 14, the major cause of scrap is “will not mold.” The category has
been shown to be most directly affected by the quality of the component
supplied by Department 13.

The percentages of scrap (by weight) due to “will not mold” are
shown in Figure 5.16, and the values are plotted in Figure 5.17.

Percentage of Material Lost Due to “Will Not Mold”

Year Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
One 27 20 16 18 21 27 16 24 45 40 29 34
Two 45 43 77 72 84 63 113 108 105 128 98 119
Three 163 176 146 155 179 158 148

Figure 5.16: Scrap Percentages for Department 14
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Figure 5.17: X-Charts for Scrap Percentages for Department 14

The Natural Process Limits are shown for each segment in Figure
5.17. While each segment stays within its own set of limits, each seg-
ment, beginning with September of Year One, is out-of-control relative
to the preceding set of limits. This means that each and every signal in
these data correspond to one of the changes made by the project team in
Department 13. .

This negative impact of the project team’s efforts was not seen because of
the artificial boundary created by the “departments” and the subsequent
partitioning of the management data. While everyone was minding their
own department, no one was minding the store.

If we delete the pounds of scrap produced in Department 14 from the
total amount of product produced in Department 13, then the data for
Department 13 will tell a different story. We begin by taking the total
production costs and scaling them to reflect the scrap rate due to “will
not mold.”



Five | But You Have to Use the Right Data

Honest (Actual) Production Costs
(per 100 pounds of usable product)

Year Jan Feb Mar Apr May Jun Jul  Aug  Sep Ot Nov Dec
One 289.62 287.96 286.85 287.74 290.92 28852 28892 290.88 291.18 289.18 284.90 287.10
Two 295.63 295.08 30236 30143 304.08 29649 313.77 31144 310.85 318 56 308.19 - 313 19
Three 334.99 33944 32849 334.11 343.75 3322 329.61

Figure 5.18: Honest Production Costs for Department 13

350

340

330

320

310

300

Honest Production Costs ( X)

290

llllllllllllll'llllllllllllllllllllllll

280
JFMAM)] J ASOND]J FMAM)])JASOND] FMAM] ]

YEAR ONE YEAR TWO YEAR THREE

Figure 5.19: X-Charts for Honest Production Costs for Department 13

Figure 5.19 shows the net value to the company of the changes made
by the project team in Department 13. They effectively increased the
total cost of the finished product, and they got an award for doing it!
One cannot help but recall Dr. Deming’s first theorem : “No one gives a
hoot about profits—if they did they would be interested in learning better
ways to make them.”
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What if the changes had not been made? Whar if Department 13
had done nothing? The total cost per 100 pounds of usable product may
be estimated as follows. _

Assume that Dept. 13 continued to use the same process, with the
same supplier, and without the modifications in material usage or formu-
lation. Assume material costs go up 5 percent each year. Allow for the
increases in wages and the increases in energy costs which are known to
have occurred. Assume that the scrap rate in Dept. 14 averages the 2.1
percent shown by the first eight months of Year One, and assume that the
labor content of the product stays the same as it was at the beginning of
Year One. These conditions will result in the estimated total production
costs shown in Figures 5.20 and 5.21.

The company would have come out ahead if they had kept the pro-
duction system which was in place at the beginning of Year One and sent
the project team for a two-year, expense-paid vacation in Cuba.

The second tragedy of this story is that the managers had too much
invested in the “improvement” effort to admit thar it had been a failure.

: Actual Costs per 100 Pounds
330 - ~a

320
310 w

Estimated Costs

300 -
3 per 100 Pounds

290'5W

280 -

Cost Per 100 Pounds

JFMAM]J J ASOND)] FMAM] ] ASOND]J] FMAM]J )
YEAR ONE YEAR TWO YEAR THREE

19¢ Figure 5.20: Actual Costs versus Estimated Costs
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Estimated Total Production Costs
(per 100 pounds of usable product)

Year Jan Feb Mar Apr May Jun  Ju Aug  Sep Oct Nov Dec
One 289.62 287.96 286.85 287.74 290.92 28852 288.92 290.88 289.26 290.35 291.48 29234
Two 295.25 29640 297.41 29838 299.61 30054 301.36 - 30231 303.41 304.62 305.89 30631
Three 309.78 31054 311.85 313.04 314.09 31507 316.25

Figure 5.21: Estimated Production Costs for Department 13

Therefore, the messenger who revealed the effect of all these “process im-

provements” soon took a job at another company.
There are several morals to this story.

* A manager must look at the whole picture, not just the narrow slices
provided by the departmental figures. The arrificial boundaries cre-
ated by departments can distort both the data and the system.

e Good accounting practices for a whole company may be inappropri-
ate when applied on a departmental level. Trying to micro-manage
and micro-account can result in severe distortions of the data.

® When it comes to pleasing our customers, the important figures are
unknown and unknowable. It is dangerous to run a company using
only the visible figures. ' o

* Some figures have the seeds of distortion built-in. One transporta-
tion department was tracking the “transportation utilization effi-
ciency.” If someone decided to make this number look better, they
could simply wait until they had full loads before shipping any prod-
uct. Of course this would have a negative impact upon the figures for
on-time shipments, and would result in unhappy customers, but it
would certainly make the utilization numbers look good.

* The optimization of each department will always result in a plant
which is suboptimal. The optimization of the whole system will
require that some departments be operated suboptimally. However,
by encouraging competition between managers, most organizations
make it impossible for departments to cooperate for the good of the
company.
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MANUAL METHODS
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UNDERSTANDING THE TRADE DEHCITS

The U.S. Trade Deficits for the first ten months of 1987 are given in
Figure 2.7. In this period the deficit got worse (increased) relative to the

nteceding mongh_siy times  and it imonroved (decreased) anlwthrestimes

While the year started with a deficit of $10.7 billion, by October this had
worsened to a deficit of $16 billion. Surely this is justification for gloom

and doom.
.
E /\/K\/

Jan Feb Mar Apr May Jun Ju Aug Sep Ot
107 130 114 115 125 141 148 141 126 160

Trade Deficits
1

Figure 2.7: Time Series Graph for U.S. Trade Deficits, 1987

As each of these values was reported in the news media they would be
invariably accompanied by statements like “the U.S. trade balance deficit
increased (or decreased) last month to a value of — billion dollars.”
According to the news, the trade balance is always increasing or
decreasing, It hardly ever stays the same. But how much of this churning
around is signal, and how much of it is just noise?

We begin by placing the data for 1987 on a control chart. The use of
one year’s worth of data is essentially arbitrary, but we have historically
used the calendar to arbitrarily sub-divide all sorts of time series, and we
shall, no doubt, continue to do so in the future. There is nothing magic
about the use of a year’s worth of data.

26
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Trade Deficits
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Figure 2.8: Control Chart for Monthly U.S. Trade Deficits in 1987

The average deficit for 1987 was 12.75 billion dollars. Using the
technique which is described in the next chapter, it can be seen that,
based on the amount of month-to-month variation, the deficit could vary
from 8.32 billion to 17.18 billion without representing a real departure
from the average of 12.75 billion.

The chart in Figure 2.8 shows no evidence of a sustained trend. The
deficits are not systematically getting better, nor are they systematically
getting worse. For the year as a whole, this chart shows no clear-cut evi-
dence of change. Some months appear to be better than others, but this
chart indicates that it will be a waste to analyze any one month to see
what is different from preceding months. One should treat 2// the
months of 1987 as if they came from the same system.

The data for 1988 are shown in Figure 2.9 below. These values could
be plotted against the limits shown in Figure 2.8 above. This is done in
Figures 2.10 and 2.11.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1988 10.0 114 7.9 9.5 80 11.8 105 11.2 9.2 10.1 104 105

Figure 2.9: Monthly U.S. Trade Deficits, 1988 ($ billions)
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Figure 2.10: Control Chart for U.S. Trade Deficits, 1987-early 1988

Figure 2.10 shows that by March of 1988 there was definite evidence
of an improvement in the deficit. The March value is below the lower
limit of 8.32.

Before a single month can be said to signal a change in the time series
that single value must go beyond one of the two limits, This happens in
March of 1988. Now that one has definite evidence of a change, how
does one interpret the char? One method is to look at the sequence of
points adjacent to the out-of-control point which are also on the same
side of the central line as the out-of-control point. This sequence is
shown in Figure 2.11. The interpretation of this sequence could be
expressed as follows. A change is clearly indicated in March of 1988—it
may have begun as early as November of 1987—and it continued
throughout the rest of 1988.

Trade Deficits

JFMAM] J ASOND ] FMAM]J] JASOND
1987 1988

Figure 2.11: Control Chart for U.S. Trade Deficits, 1987-1988
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Thus, there is definite evidence that the trade deficit improved dur
1988, compared with 1987. One could now re-compute limits for 1¢

and use them to evaluate further monthly values for signs of impro
ment or deterioration.

THE SECOND PRINCIPLE
FOR UNDERSTANDING DATA

Shewhart’s Control Chart Approach to the analysis of datais m
powerful than either the Specification Approach or the Average Va
Approach. It also is fundamentally different. Instead of attempting
attach a meaning to each and every specific value of the time series,
control Chart Approach concentrates on the behavior of the underlyi
process. Itis, therefore, more fundamental and more comprehensi'
Thisiswhy the control Chart Approach yields more insight and gree
understanding than the Specification Approach or the Average Va
Approach.

The Control Chart Approach uses the time series to define the vc
of the process. It also gives the user away to know whether it is saf
extrapolate into the near future. Moreover, whenever it is reasonable
make this extrapolation, the control chart also defines the range of val
that one is likely to see in the near future. The Specification Approz
and the Average Vaue Approach do none of these things.

The Control Chart Approach does all of these things because it tal
variation into account. Variation isthe randomaria’ miscellaneous com
nent that undermines the simple and limited comparisons. The “noi¢
introduced by variation is what confuses and clouds al comparist
between single values. Until one can alow for the noise in atime seri
one cannot fully understand just what may be indicated by a single val
|s the current value a“signal” that something has changed, or does
current value differ from the historic average by nothing but “noist
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHN OLOGY

ACTIVITY BASED COSTING (ABC)

A METHOD OF MEASURING THE COST AND PERFORMANCE OF
ACTIVITIES AND COST OBJECTS.

ABC EMPOWERS MANAGERS AND OTHER USERS WITH THE
INFORMATION AND TOOLS TO IMPROVE BUSINESS
PERFORMANCE

ASSIGNS COST TO ACTIVITIES BASED ON THEIR USE OF
RESOURCES AND TO COST OBJECTS BASED ON THEIR USE OF
ACTIVITIES

ABC RECOGNIZES THE CAUSAL RELATIONSHIP OF COST
DRIVERS TO ACTIVITIES

ACTIVITY IS THE DESCRIPTION OF WORK THAT OCCURS IN AN
ORGANIZATION AND CONSUMES RESOURCES

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

ACTIVITY BASED COSTING (Continued)

® COST OBJECT IS THE REASON FOR PERFORMING AN ACTIVITY
SUCH AS TO MAKE A PRODUCT OR SERVE A CUSTOMER

® COST DRIVER IS AN EVENT OR CAUSAL FACTOR THAT
INFLUENCES THE LEVEL AND PERFORMANCE OF ACTIVITIES
AND THE RESULTING CONSUMPTION OF RESOURCES

® NON-VALUE ADDED ACTIVITY IS AN ACTIVITY THAT IS JUDGED
NOT TO CONTRIBUTE TO CUSTOMER VALUE

® CONVENTIONAL COSTING SYSTEMS DO NOT ASSIST
MANAGEMENT TO MAKE WORLD CLASS DECISION MAKING

® IN FACT, CONVENTIONAL COSTING METHODS OFTEN CAUSE THE
WRONG DECISION TO BE MADE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




ACTIVITY BASED COSTING (Continued)

® CONVENTIONAL COST SYSTEM
BASED ON APPROACH THAT PRODUCTS CONSUME COSTS

USES HISTORICAL AND DERIVED INFORMATION

NOT SUITED TO MEASURING FLOW OF WORK WHICH MOVES
ACROSS DEPARTMENT BOUNDARIES

® ACTIVITY BASED COSTING

BASED ON APPROACH THAT ACTIVITIES CONSUME
RESOURCES AND PRODUCTS CONSUME ACTIVITIES

USES PREDICTIVE AND CAUSAL INFORMATION

CAN BE USED TO MEASURE CROSS DEPARTMENT FLOW OF
WORK

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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ACTIVITY BASED COSTING (Continued)

® ExAMPLES OF ABC TERMS

ACTIVITY RELEASE ENGINEERING DRAWING

FUNCTION ENGINEERING

PROCESS DESIGN

ACTIVITY THE PROCESS OF DESIGNING THE SYSTEM,

DEFINITION SELECTING THE COMPONENTS,
PREPARING AND ISSUING THE DRAWING

INPUTS SPECIFICATIONS AND DESIGN STANDARDS

OUTPUTS DRAWING

OUTPUT NUMBER OF DRAWINGS PER WEEK

MEASURE

COST DRIVER QUANTITY AND QUALITY OF MATERIAL




ACTIVITY BASED COSTING (Continuec])

* TRACE, ASSIGN AND RECORD ACTIVITY COST TO A PRODUCT

* IMPROVE COST BY IDENTIFYING NON-VALUE ADDED
ACTIVITIES

* MAKE VISIBLE THE CAUSES OF COMPLEXITY THAT DOES NOT
CONTRIBUTE TO CUSTOMER VALUE

* FOCUS AND MONITOR CONTINUAL COST IMPROVEMENT

°* PROVIDE MEANINGFUL INFORMATION FOR PRODUCT DESIGN
AND DEVELOPMENT DECISIONS

BY MIRRORING MANUFACTURING PROCESS, DESIGNERS AND
PRODUCTION MANAGERS CAN EASILY DETERMINE HOW DESIGN
CHANGES WILL AFFECT PRODUCT COSTS

L
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Figure 2-8. The importance of overhead cost. The relative importance of direct labor

and overhead have changed over 150 years. Thus, the focus of yesterday’s cost
systems on direct labor must give way to cost systems that focus on overhead.
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ABC as % of

Conventional Cost
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500 -
400
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:
200 =
-
100
0
High Volume Low Volume
Low Variety High variety
Products

Figure 1-1, ABC as a percent of conventional cost. Product costs reported by con-
ventional systems often differ substantially from the more accurate activity-based
costing (ABC) results, as shown in this comparative example from a Northern
Telecom assembly plant. Using the conventional costing data can result in severe
errors in product strategies.




‘World
' Class

Designed
Products

Figure 3-1. Rocks and sharks lee submerged rocks problems and opportumte
are hidden from view. ABC information helps reveal and identify the problem rocks,
improve competitive position, and avoid getting eaten by sharks.




Cost Assignment View

Resources

Process View

= l Performance
Cost Drivers Activities Measures

I Cost Objects I

Figure 4-2. The ABC model. Activity-based costing has come a long way in a short
period of time. Once thought of as just a better way of costing products, ABC now
has more points of focus and additional uses. Cost and nonfinancial information

work together to yield strategic and operational insights.

2l
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Cost Assignment View

Resources

Resource Cost Rcspurce
Process View Assignment Drivers
| . >| Performance
Cost Drivers Measures

Activity Cost Activity
Assignment Drivers

Cost Objects

Figure 5-1, ABC building blocks. Activity-based costing comprises several building
blocks. The building blocks in the vertical dimension work together to assign cost
from resources to activities and from the resources to the cost objects. 'I:he buﬂding

Y
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THE MOUNTING COMPETITIVE CRISIS -~

Selling something for Jess than it costs cah be common sense.
Or it can be the wrong move.
There are all kinds of " on/cents" reasons for selling a
product or service at a loss. Retailets, for example, often under-

price a selected product temporarilys. They use this underpriced -

product as a "loss-leader” tp—’ﬁoost customer traffic through the
store. The basic premise is that increased ic generates greater
overall sales volume.

Nobady stays in business long by selling products for less th
ey cost. Yet this is exactly what more and more manufacturers

To put the problem into a dollar-
consider this one simple example. It’s one of many from companies
that have implemented activity-based costing (ABC).

The company made a product at a cost of $2 per unit. Or, at
least, that'’s the product cost the company’s conventional costing
system assigned. So management wisely priced the product for a
nice "profit" at a competitive $4 per unit.

But guess what. There was no profit on the product. In fact,
each sale resulted in a $498 loss! It was as if the company was

213
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wrapping dollar bills around the product each time it was shipped
to a customer.

They had their priorities wrong. The company was devoting its
energy to the wrong customer. The right customer was served by
someone el se.

The company was also devoting little effort to cutting the cost
of this product. In redlity, there were many opportunities to
improve.

Now you are probably saying to yourself, “How could this be?

Simple. At a $4 price, the low sales volumes of this proc
failed to cover its costs of production and distribution by a wide
margin. A more appropriate ABC study revealed that the product
actually cost $500-not $2-to make and distribute.

That's a 25,000% product costing error!

It would be nice if this example was an isolated product
costing aberration. But it's not. Costing inaccuracies-and other
strategic errors-are quite common when companies with a variety
of products, or high overhead, use conventional cost systems.
While these inaccuracies typically aren’'t as dramatic as 25,000%,
they can still be quite significant.

The curve in Figure 1-1 shows a profile common to many
companies. Notice that the “true” cost of many products-primarily
the low-volume, high-variety ones-is 1% to 600% greater than the
conventional cost. High-volume, lower-variety ones error in the
other direction. Their “true” cost drops by 10% to 80%, which is
perhaps an even more significant correction for highly competitive

TOTAL EO

Substantial costing inaccuracies in either direction lead to
unintentional competitive mistakes. Pricing errors lead to
economic losses. Producing and selling the wrong products (to the
wrong customers) weakens the company in the marketplace.
Focusing cost reduction efforts on the wrong products and the
wrong costs makes it difficult to compete with low-cost offshore
producers.

You can't afford competitive mistakes-especially in today’s
global economy. Y ou need every advantage you can get to compete
with Japanese, German, and other tough competitors, including
U.S. companies. Cost systems that send you the wrong signals can
put you on a crisis course from which recovery is difficult.
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cost. Each time a unit of the product is manufactured, it’s assumed
that cost is incurred.

This assumption does make sense for certain types of cost. For
example, the cost of activities performed directly on the product
unit, such as direct labor, fits this assumption.

Direct labor activities are performed directly on a valve,
housing, circuit board, or other product unit. If the number of
units produced goes up, more units must be assembled, and the
cost of direct labor will go up, too.

The assumption doe not work, however, with activities that
aren’t performed directly o the product units. For example, some
activities are performed on batches of products. When you set up
a machine to produce a type of products you produce a batch of the
parts rather than an individual unit. Conventional cost systems
deal with units, not batches.

Other activities are performed by product type. When you
change engineering specifications on aproduct, for example, all
future product units are affected, not just a single unit. Again, this
doesn’t into the unit methodologies and assumptions ¢
conventional costing.

The correct assumption-one that fitswhat'srealy  happen-
Ing-is that activities cause costs, and products (and customers)
create the need to perform activities. But this assumption reruires
a very different type of cost system, as the next Chapter shows

or now, let’s continue our investigation of why conventional
cost systems report inaccurate product costs. Fundamentally, it's
because they try to assign cost directly to product units rather
than to activities first, then from activities to product units.

Figure 2-2 isacase in point. Products A and B are different.
Product A is a mature product. Its technology is quite simple. As
a result, it requires little inspection effort. But it does require
quite a lot of direct labor for assembly

In contrast, Product B isanew product. It's a complex product
that requires a lot of inspection time, though the amount of |abor
required to assemble it is less.

The conventional cost system assigns overhead cost to
Products A and B using direct labor hours. Direct labor hours is
a measure of activity that is performed directly on each unit of A
and B. It's a'so a commonly used costing measure in conventional
cost systems.
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Figure 2-2. Conventional costing breaks down when products differ. Direct labor

Product A Product A
100 units Lt gonventional: _
1 inspection hr. 3 x $120 = $360/100 = $3.60 [
3 direct labor hrs. O/H ABC: Ade 5
1x$100 = $100/100 = §1 | = | ¢ &
Ofiy Tom, e 3L oy -&3
Product B - Product B
100 units LAx Conventionat— i
5 inspection hrs. - 2 x $120 = $240/100 = $2.40) , |-
2 direct labor hrs. 9/)y ABC: “
. 5x$100 = $500/100 =85 | = |70 4
O\W Trms QL LI = 2
Inspection Overhead =  $600
Cost per direct labor hour =  $120
Cost per inspection hour =  $100

hours, for example, do not accurately measure the cost of inspecting Products A and .

B.

The problem here is that inspection effort is determined by the
relative complexity of the products, not by the amount of direct
labor. In fact, direct labor is negatively correlated with complexity
in this example.

Product A, the simpler product, requires less mspectlon effort .

than B, but more direct labor time. Product A is, therefore,
overcosted in the conventional cost system. Product B, which -
requires more inspection effort but less direct labor time, is,
therefore, undercosted.

What if we assign cost based on the number of inspection
hours? Would that be a better measure?

The number of inspection hours required for each product
measures the inspection effort directly. Thus, it provides a more
accurate measure of how each product consumes the cost of this
activity. (Inspection hours provides an example of the type of
measure used in activity-based costing, or ABC, as the next
Chapter explains.)

The extent of conventional costing inaccuracy can be demon-
strated by calculating the inspection cost of each product. The
results of this are shown in Figure 2-2. Notice that Product A’s
cost falls by 72%, and Product B’s cost increases by 108%. The
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relative cost of the two products is the reverse of what it was
before. .

The example in Figure 2-2 is typical of the inaccuracies
reported by conventional cost systems. When inaccuracies are
removed by introducing an ABC system, it's quite common to see
shifts in cost ranging from drops of 10% to 30% to increases of
geveral hundred (or even thousands) of percent. Not surprisingly,
such large shifts in cost lead to drastic reappraisals of product mix
and pricing strategy.

Is it better to be reasonably right, or precisely wrong? If’
ou use a conventional cost system, it may be hard to believe that
your product costs are inaccurate by such orders of magnitude.
But it’s probably true. y

Conventional cost systems often report the cost/of'products to
a penny. For example, the cost of a oduct may be
958637. Carrying product costing to such precision
the power of computers ;d the accountant’s
traditional desirefor exactness.

It's a brave manager who challe
precise number. But Reep in mind that precision doesn’t necessarily
mean accuracy. Computers always compute with great precision. ‘
But if you put in inaccura numbers or use the wrong computa- .
tional methodology, all you- is precision without accuracy.

So how much should you\trust the $5.258637- that your
conventional cost system gives y 2 Too often the first digit is
wrong. Worse yet, the decimal point\is often in the wrong place,
too.

s the accuracy of such a

Which companies are most likely to have large inaccuracies in
reported product costs? It's those with large’amounts of overhead
and high diversity.

In recent years, the importance of overhead has increased
tremendously. Knowledge workers, particularly emgineers and
software specialists, have displaced much of the direct\Nabor force
in many plants. In some cases, overhead outside the plant—engi-
neering, marketing, and distribution—~has increased to where it
exceeds direct labor. Figure 2-3 illustrates this trend.

The more overhead there is, the greater the chance foxr 95
dictartion in reported costs. As a rule of thumb, overhead that

. . TR |
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WHAT IS CONCURRENT ENGINEERING?

Concurrent Engineering (CE) is a misnomer in that it has always covered
more than "engineering." At its outset it was the concurrent design of the
product and its manufacturing processes. It has grown to include all product
processes from the cradle to the grave.

Like Just-In-Time, CE is a philosophy not a technology. It uses technology to
achieve its goals.

The main objective of CE is to shorten time from order to delivery of a new
product at lowest cost and highest quality. It does this by using a parallel
rather than sequential process for the different functional parts of the product
design. This is accomplished through the use of multi functional teams.

CONCURRENT ENGINEERING APPLICATION AND IMPLEMENTATION FOR U.S. SHIPBUILDING

IS



The ABC Model 91

Designing new products
Cost drivers
« number of customer specifications
* classification of products
Performance measures
» number of tangible shapes
» number of changes in shapes
 average design time
Designing new tools
Cost drivers
» number of new shapes
» number of changes in shapes
« classification of products
« volume of production
Performance measures
« number of changes in specifications
» number of new drawings
« average design time
Manufacturing new tools
Cost drivers
« number of new drawings
» classification of products
« number of changes in specifications
Performance measures
» number of tools
» number of changes in tools
« elapsed tooling manufacturing time

Figure 4-8. A product development process at Dayton Extruded Plastics. These
three activities work together to develop products and related tooling to meet
customer specifications. The performance of each activity is linked by common cost
drivers and performance measures.
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WHAT IS CONCURRENT ENGINEERING?

The generally accepted definition of CE was prepared for the Institute of
Defense Analysis (IDA) in 1986, and is:

Concurrent Engineering is a systematic approach to the integrated,
concurrent design of products and their related processes, including
manufucture and support. This approach is intended to cause the
developers, from the outset, to consider all elements of the product life
cycle from conception through disposal, including quality, cost,
schedule and user requirements.

CONCURRENT ENGINEERING APPLICATION AND IMPLEMENTATION FOR U.S. SHIPBUILDING
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WHAT IS CONCURRENT ENGINEERING?

The definition which I like was given to me by Dr. Ralph Wood and is:

All functions work as a team in parallel, plan early, validate ofien and
maintain oversight of product life cycle decisions within their control

Another simple definition, also from Dr. Ralph Wood is:

Concurrent Engineering is systems engineering performed by cross
SJunctional teams

CE is customer, process and team focused. While "customer” obviously
means the purchaser and user of the product, it also means the company

internal users of the output from the different process involved in producing
the product. - -

CONCURRENT ENGINEERING APPLICATION AND IMPLEMENTATION FOR U.S. SHIPBUILDING

14




DEFINITIONS

DESIGN
INTEGRATION OF A PRODUCT'S LIFE CYCLE ATTRIBUTES

PROCESS

AN ORDERED SEQUENCE OF STEPS PERFORMED FOR A GIVEN
PURPOSE, SUCH AS MATERIAL ORDERING PROCESS

METRIC

A QUANTITATIVE MEASUREMENT OF A SYSTEM, COMPONENT OR
PROCESS TO DETERMINE THE DEGREE TO WHICH IT POSSESSES A
GIVEN ATTRIBUTE

CONCURRENT ENGINEERING APPLICATION AND IMPLEMENTATION FOR U.S. SHIPBUILDING
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Figure 2.1 ~ Product Design Processes
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CONCURRENT ENGINEERING
WHATS IN A NAME?

CE

SE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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CE IS NOT NEW

HAS BEEN USED BY MANY
COMPANIES IN MANY INDUSTRIES
TO VASTLY IMPROVE
PERFORMANCE

IS IMPLEMENTED BY MANY
COMPANIES BECAUSE THEY
NEEDED TO CHANGE TO SURVIVE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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INTTOAUCTION oo g e
argue that they have been practicing concurrent engineering for
a long me. and to varying degrees, they are right.

Concurrent Engineering Time Line

bt DARPA bagurs study
\a design prachcss  Xerox nvests 10 improve concumrency
1§79 vsforsgn 10 benchmarung 1 the Gesn procass 82
N\ Ccompetion  Ce3KN practces
Uneversity Group™ study 12/36

Ford creatss IDA stucy Navy “Best Practicss™ document 3/86

Ford Suppler { (et CALS) oALS

Institite ‘81. poiy offics forms 10/86
Becomes Draper Labs study begins 10/36
Amancan Suppher

{EEE R&M & CAE workshop senes starts 8737
DARPA workshop raported cesuts 12/87

Instrtuns on . Py e
Tagoetn Rasiad FI&M 2000 study published 10737
wﬂ""m ‘ CALS Summer Study on R&M integraton 4/87-12/27
REM study for compiex electronic sysiems 12787

REM lnrbatves
(RAMCAD, URP) 85 N » o TINCALS
. S . Implementaton memo /38
CALS publsshes p\ ' Tl T 1A report R-338
: - . “Concurrent Engeenng”

a3ued 12/88

CALS reports 003, 004, 005
10 be published n 1991

CALS report 002 “CE for Mecharcal Systsms®
k%

CALS/CE Task Group forms 10789

Oraper Labs ssues report on Japanese
Miy. Technology 629

Trade & ndustry publczhons
(Forbes & Business Week) 4/50

HISTORY OF CONCURRENT ENGINEERING

In the 1980s, companies began 1o feel the effects of
three major influences on their product development:

* Newer and innovative technologies

* Increasing product complexities

* Larger organizations

Companies were forced to look for new product

development methods. One of the most significant events in the
concurrent engmneerng time line took place in 1982, when the
Defense Advanced Research Projects Agency (DARPA) began a
study to look for ways to improve concurrency 1n the design
process. Five years later, when the results of the DARPA study

were released. they proved to be an imponant foundation on
which other groups would base further study.

2.2
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CUSTOMER FOCUSED
PROCESS FOCUSED
CROSS-FUNCTIONAL TEAMS
COLLABORATION

INTEGRATED AND CONCURRENT
PERFORMANCE



CUSTOMER FOCUSED

CUSTOMER IS ANYONE INVOLVED IN THE
PROCESS

A CUSTOMER IS USUALLY ALSO A
PRODUCER

IN THE CE ENVIRONMENT SOME PEOPLE
PREFER TO USE STAKEHOLDER THAN
CUSTOMER TO AVOID OBVIOUS CONFUSION

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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PROCESS FOCUSED

THE DESIGN OF THE PROCESSES REQUIRED
TO ENGINEER, MANUFACTURE, TEST AND
SUPPORT THE PRODUCT ARE DEVELOPED
ALONG WITH THE DESIGN OF THE PRODUCT
THUS ASSURING THAT PROCESS NEEDS ARE

CONSIDERED IN THE DESIGN RIGHT FROM
DAY ONE



CROSS-FUNCTIONALTEAMS

(Working with allies, enemies and other strangers. Glen Parker

A TEAM COMPOSED OF INDIVIDUALS FROM
DIFFERENT DEPARTMENTS (SKILLS) WITHIN A
COMPANY WHOSE CONTRIBUTIONS ARE ESSENTIAL
IN ACHIEVING OPTIMAL PRODUCT DEVELOPMENT

CROSS-FUNCTIONAL TEAMS SUCCESSFULLY
COMBINE SKILL-SETS THAT NO SINGLE INDIVIDUAL

POSSESSES

CROSS-FUNCTIONAL TEAM MEMBERS ARE OF
EQUAL STATUSIN THE TEAM AND ARE REQUIREDED
TO PARTICIPATE NOT MERELY ATTEND

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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COLLABORATION
(Shared Minds)

COMMUNICATION

COOPERATION

COMPLETE SHARED INFORMATION



NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

INTEGRATED AND CONCURRENT
PERFORMANCE

INVOLVES ALL PRODUCT AND PROCESS DEVELOPMENT
PARTICIPANTS, INCLUDING INTERNAL AND EXTERNAL
CUSTOMERS: FINAL USER
MARKETING
DESIGN
PLANNING
SUPPLIERS
PRODUCTION
TEST

IN A TEAM ENVIRONMENT FROM START TO FINISH OF
THE DESIGN OF THE PRODUCT AND ITS
MANUFACTURING PROCESSES

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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CRITICAL ELEMENTS OF CONCURRENT ENGINEERING

Customer Focus - Understanding of the customer requirements and expectations
- Methodology to capture and deploy customer requirements
- Constant attention to customer satisfaction; and
- Rapid assessment and accommodation of new priorities
Process Focus - Documentation of process capabilities and metrics

- Understanding of the value chain and linkages with the customer and
supplier value chains

- Modeling of process work flows

- Identification and control of critical process events and parameters; and
- Relentless pursuit of process improvement

Strategies for team formation and
development

- Representation of all relevant (internal & external) life cycle perspectives in
the product development process from the early stages,

- Rational for team assignment

- Team training

- Team launch procedures

- Team performance measures

Accommodation of teams within
the organization

- Physical or virtual collocation

- Career paths for members of cross functional teams

- Team recognition and incentives

- Management directive describing team responsibilities, authority, and
accountability

- Operation of teams as strategic business units in organization's value chain;
and

- Removal of organizational barriers to effective teamwork

Management systems

- Risk (uncertainty) management

- Integrated master planning and scheduling
- Value based resource allocation

- Cost/schedule control systems

- Technical performance monitoring; and

- Program based budget authority

Mechanism for rapid product
assurance

- Adoption of standards

- Adoption of robust design principles

- Application of computer aided design and simulation tools; and
- Use of rapid prototyping tools

- Adoption of off-linc and on-line quality control methods

Agility

- Ability to respond gracefully to change
- Effective use of technology
- Corporate memory

Leadership of senior management

- Leadership role model

- Commitment to the resolution of issues at the lowest level

- Commitment to support CE throughout the transformation cycle; and
- Relentless pursuit of improvement

-~ Resource allocation

Discipline

- Training, experience, practices that correct, mold, strengthen, or perfect
- Systematic, willing, and purposeful attention to assigned tasks
- Collective, shared approaches to problems and decisions

- Common methodoloEies. measures, knowledEe for aEBroaching tasks

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE

256




2

ASNE PROFESSIONAL DEVELOPMENT WORKSHOP ON CONCURRENT ENGINEERING

CRITICAL ELEMENTS OF
CONCURRENT ENGINEERING

IN ADDITION TO THE CRITICAL ELEMENTS LISTED IN THE
TABLE THERE MUST BE ENABLING TECHNOLOGIES SUCH AS
SYSTEMS AND TOOLS FOR:

THE SHARING OF INFORMATION.
COMMUNICATING.

COORDINATING.

CAPTURING DESIGN HISTORY.

INTEGRATING COMPUTER TOOLS AND DATABASES.

ANOTHER CRITICAL ELEMENT IS THE ABILITY TO CAPTURE
AND DOCUMENT CURRENT PRODUCT CHARACTERISTICS,
PROCESSES AND COMPANY ORGANIZATION (STRUCTURE
AND POLICIES). THEN IT MUST BE POSSIBLE TO DEVELOP
THE DESIRED PRODUCT CHARACTERISTICS, PROCESSES
AND THE REQUIRED ORGANIZATION.

THAT IS, WHAT AND HOW THINGS ARE DONE TODAY AND
WHAT AND HOW THEY SHOULD BE DONE IN THE
IMMEDIATE FUTURE. THIS IS ESSENTIAL IF ANY
IMPROVEMENT IS TO BE ACHIEVED.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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MANUAL METHODS

WHY USE CONCURRENT ENGINEERING

To successfully enter the global commercia shipbuilding market U.S.
shipbuilders must change their approach to enable them to produce a high
quality, competitive cost ship in the shortest possible time.

Cost reductions of 30 to 50% and similar design and build cycle reductions
are necessary.

While the introduction of improved shipbuilding technigues, such as zone
design and construction, and improved shipbuilding process by utilizing the
Build Strategy approach, have resulted in a narrowing of the gap between
U.S. and best foreign shipbuilders, they are not enough.

They are smply trying to catch up with a moving target. Something needs to
be done to propel the U.S. shipyards to at least the level of the best
competition and then to find and sustain a competitive advantage over them.
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CONCURRENT ENGINEERING BENEFITS

DEVELOPMENT TIME
ENGINEERING CHANGES
TIME TO MARKET

OVERALL QUALITY

DOLLAR SALES

RETURN ON ASSETS

30-70% REDUCTION

65- 90%  REDUCTION
20-90% REDUCTION

200- 600% IMPROVEMENT
20 -110% IMPROVEMENT
5- 50% IMPROVEMENT

20 - 120% IMPROVEMENT

BATH IRON WORKS CORPORA"
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MAJOR CHALLENGES

CE DEMANDS SI GNI FI CANT AND FUNDAMENTAL
CHANGE I N THE WAY PRODUCT DEVELOPMENT 1S

MANAGED

MANAGERS PREVI OUS EXPERI ENCE PROBABLY
HAS NOT' PREPARED THEM FOR SUCH A CHANGE

WH LE THE USE OF CE | S I NCREASING THE
TRADI TIONAL “PASS | T OVER THE WALL"
APPROACH TO PRODUCT DEVELOPMENT |S STILL
THE MOST COMVON
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MAJOR CHALLENGES (Continued)

CE TYPI CAL CHANGES REQUI RE MOVI NG FROM
 DEPARTMENT FOCUS TO COVPANY FOCUS

. DI RECTED | NDI VI DUALS OR GROUPS TO
COACHED TEAMS

| NDI VI DUAL | NTERESTS TO TEAM | NTERESTS

. AUTOCRATI C MANAGEMENT TO LEADERSHI P
W TH EMPONERED FOLLOVERS

. DI CTATED DECI SI ONS TO CONSENSUS
DECI SI ONS

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

IS IT RIGHT FOR YOU?
CE I'S NOT | MPLEMENTED EASI LY

T

| T REQUI RES SUCH A SI GNI FI CANT EFFORT AND
CHANCE BY ALL LEVELS OF MANAGEMENT AND
EMPLOYEES THAT I T IS SAFE TO SAY THAT IT IS
NOT' SU TABLE FOR EVERYONE

| F A COVPANY HAS TRIED TO | MPLEMENT TQM
AND FAILED, THEN CE IS PROBABLY NOT' FOR
THEM EI THER

LHININV/ERQTY NE MICHICAN TRANCDNRTATION PEQEAPRCH INCQTITIITE
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ARE YOU READY?

ONCE THE DECI SION | S MADE TO | MPLEMENT CE
| T IS NECESSARY TO SEE I'F THE COVPANY | S
READY

'S THE COVMPANY CULTURE, PRACTI CES AND
TECHNOLOGY SU TABLE FOR THE
TRANSFORM NG CHANGES THAT ARE REQUI RED?

A NUMBER OF ASSESSMENT TOOLS HAVE BEEN

DEVELOPED TO ASSI ST COMPANY' S TO
DETERM NE | F THEY ARE READY

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




2. CE READINESS ASSESSMENT

Successful CE implementation requires the commitment of the managerial and technical
staff. Once the commitment 1o CE is made, a strategy may be charted. The first step in this
strategy is the assessment of the current status of the organization vis-a-vis the management
practices and organizational culture and the state of the enabling technology. This is the
aim of conducting a CE readiness assessment with process and technology components.

A number of assessment models already exist in literature:

* Software Engineering Institute's (SEI) Capability Maturity Mode! (CMM) (3.4}

 CALS/CE Electronic Systems Task Group's CE readiness assessment (5];

*  Mentor Graphics Approach to CE readiness assessment [6);

. ?_/Ilf.lcol:’n Baldrige Natonal Quality Award Criteria for organizational assessment

; an

» Navy's Best Practices Templates (8].
SET's CMM model defines five levels of process maturity and may be used for process
capability analysis and process mazurity assessment. This mosiel is specific 1o software
engineering, does not emphasize technology, and Jces not include yuantifiable mermics as
part of the assessment model. The CALS/CE model defines four levels of organizational
improvement and follows a two Step process. In the first step, the CE needs of an
organization are determined based on nine influencing factors. Then, the atmributes of the
CE approach needed are determined - this involves looking at four categories, organizaton,
communication infrastructure, requirements, and product development methodology. The

2
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CALS/CE model is quitc cumbersome and no clear distinction is made between process
issucs and technology issues. Mentor’s approach incorporates assessment as well as
specification of a CE implementation plan. An assessment is conducted along the same
four dimensions as the CALS/CE group's approach. A "Methods matrix" is then applied to
determine an organization's CE needs. This is followed by creating a "Dimensions map"
that highlights the differences between the existing status and the needs. Then, the
"Priority roadmap” helps in configuring an implementation plan. In the Total Quality
Management (TQM) arena, the Baldrige criteria are used for an assessment and these focus
on Leadership, Process, Customer satisfaction, etc.. The Navy's Best Practices Template
focuses on the defense acquisition and production process.

The approach developed at CERC, and presented next synthesizes ideas from all the above
assessment mechanisms. CERC's model is intended to be product independent.

2.1 Process Assessment

Based on the Software Engineering Institute’s software engineering process maturity model
[4]}, a five stage CE Process Maturity Model is postulated. Process maturity indicates the
quality of the process and the consistency with which it is applied. The five stages! of CE
process maturity are listed and briefly described in Table 1. The five stages are further

qualified in Appendix A. The characteristics corresponding to the different types of teams
are defined and elaborated upon in [9].

1. Ad-hoc This stage is characterzed by ili-definea proceduras and controls ano by 1
Chantir taame tha! do nnt understand their assignments nor Low 12
operate etiectively. Management of the product development process is

not appueda consistently in projects, and modem tools and techiiuyy are
not used cansistently, i at all.

2. Repaatable Standard methods ang practicas are used for monitoring progress,

requiremaents changaes, cost estimation, etc. The procaess Is repeatable.
False teams may exist at this stage.

3. Charactenzed The process 1s well characterized and reasonably well understood. A
sernes of organizanonal and procaess improvemsnts have oeen
implemented. There s a group responsible for implementing ano
monnonng the product development process. Conflict resolution 1s the
ptincipal focus of product devsiopment teams.

4. Managed The process is not only characterized and understood but 1s aiso
quantdied, measured. and reasonably wall controlled. Tools to controt ano
manage the process are used. The uncertainty concerning the process

outcoms 1s reduced. True teams are used in the product development
procass.

5. Optimzzing A high cegree of control is used over 1he process and ihare i1s a major
focus on sgndicantly and continually improving opaerations by using
process metncs and le isons learned.

Table 1 = CE Process Maturity Stages

Notice the choice of words for the names of the stages. The names suggest that an organization can
arain any of the first four stages and move on to the next stage. On the other hand. an organization

cannot proceed beyond the fifth stage. The name of this stage "Optimizing"” has a connotation of
continuous improvement.
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2.2 Technology Assessment

Similar to the process maturity stages, Stages concerning the introduction and utilization of
advanced tools and technology may be identified. Two stages, Inefficient and Basic, are
defined in [3] in the context of software development. This classification is a bit coarse for
our purpose; therefore. three stages (Basic, Intermediate, and Advanced) for different
technology areas are considered, see Table 3. The number of stages is restricted to three
because, one, since the technology is rapidly advancing a finer classification can cause the
assessments to change frequently, two, since a number of factors are involved fine

distinctions into a large number of categories is hard to make, and three, an odd number of -
stages is helpful in scaling the responses.

1. Basc Technology for increasing individual productivity. Underutilization and
inefficient use of technology. Minimal use of computers and computer-
based tools.

2. Intermedaiate Modsrate use of proven technologies for increasing group eliectiveness.

3. Advanced Utilization of state-of-the-art technoiogy which is kept current. Conscious

assimilation of tachnology into the work culture. Technology mediated
group work,

Table 3 - CE Technology Maturity Stages

‘Lhe technology under consideration for CE is essendaily computer-based, and the tools are
divided into two categories: Application Tools and Generic Services. Application 1eols arc
application-specific computer-based tools that assist in product definition based on life-
cycle considerations. Generic services, that support virtual tiger teams, fall under the
following categories:

 Communication services, e.g., networking, mulimedia communication:

» Coordination services, e.g., on-line project monitoring, constraint management;

* Information Sharing services, ¢.g., shared product models, electronic design

notebooks; and

* Integration services, e.g., data and tool wrappers. ‘
Tools developed to implement each of these services often rely upon the technology in
more than one area. For example, a tool for team coordination will utilize the

communication services as well as the availability of shared data, an information sharing
service.

A description of these three stages for application tools and each of the generic services is
presented in Appendix A. There may be an overlap in the specification of the stages for the
technologies, ¢.g., the specification of stages for coordination services depends upon the
categorizaton of the communication services. The definition of the stages is not fixed:
what is an Advanced stage today may be considered an Intermediate stage in the funre.

2.3 Process-Technology Interaction

The position of a product or project group in an organization with respect to process
practices and the utdlization of tools and technology is caprured in Figure 1. The result of a
sample assessment is shown by dots (which have been connected). The process
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assessnent i s conducted based on the critical elements of CE and the technol ogy
assessnent 1S cenducted in the application tools and each of the generic service categories.

The information captured in Figure 1 gives an idea of the current status of the product
devel opment processes and can provide pointers to the inprovenent path to be taken. In
particular, one can determne what strategic (process-oriented) and tactical (tool-oriented)
deci sions need to be made to inplement CE practices. The decisions should aimto advance
the technology enployed by the organization along the stages and to ensure a balance in the
advancc. The balance is crucial because, for exanple, one cannot have good coordination
without effective communication, and the effective usc of advanced application tools
requires sound communication and information sharing services.

g Management
w Product systems  Accomodation
g assurance of teams
-4 Agility Team assignment
o nd development
Leadership ‘ :Jré:::ss
\/‘_._j\
Rigcipline \ Cui:stomer
focus
Integration Application
> tools
L]
O
-d
o
g Information ADVANCED L
3 sharing Communication
- Coordination

Figure 1 - CE Assessnent Diagram
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

CE IMPLEMENTATION

0

HAVING DETERMINED HOW READY YOU ARE, THE
ASSESSMENT CAN BE USED TO DECIDE WHAT
STRATEGIC (PROCESS ORIENTED) AND TACTICAL
(TOOL ORIENTED) STEPS MUST BE TAKEN

THE COMPANY'S EXISTING CULTURE,
TECHNOLOGY, ORGANIZATION AND
OPERATIONAL METHODS WILL ALL NEED TO BE
REALIGNED TO SUPPORT THE NEW PROCESS

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE




FOUR BEST PLOPLE TO GIVE THE BEST POSSIELE. |
CHANCE FOR SUCCESS
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7 Concurrent Engineering Implementation

Activities I * Monitor Process * Metrics
‘ Improvement
 Determine Customer
Value / .
e Launch Teams Deployment * Multifunctional Teams
. * IPD Tools & Services
. E\ommn& to Cgl.?.l:'ge /  Computer-Based
 Assess Capabilities icati
* Develop Vpision Readiness * CE Meter Applications
Plan -
/ * Change Management Strategy
* Define -
Context | Awareness | | /0o Tutorials
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CE BARRIERS TO IMPLEMENTATION

AS WTH ANY ATTEMPT TO | MPLEMENT CHANGE,
I T IS HELPFUL TO KNON WHAT ARE THE
BARRI ERS

OTHER CE | MPLEMENTERS HAVE EXPERI ENCED
THE FOLLON NG BARRI ERS:

LACK OF TOP MANAGEMENT COMMITMENT AND SUPPORT

LACK OF CE KNOWLEDGE AND EXPERIENCE

NO CROSS-FUNCTIONAL TEAMING EXPERIENCE

PERCEIVED THREAT TO FUNCTIONAL MANAGER POSITION AND
AUTHORITY

MANAGEMENT WILL NOT DELEGATE

TOO MUCH INTERNAL POLITICS AND INTERDEPARTMENT CONFLICT
LACK OF TRUST

ASSIGNING BLAME MORE IMPORTANT THAN RESOLVING PROBLEMS
UNSUITABLE ORGANIZATION CULTURE

UNABLE TO GET DOWN STREAM DEPARTMENTS INVOLVED UP FRONT

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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ASNE PROFESSIONAL DEVELOPMENT WORKSHOP ON CONCURRENT ENGINEERING

IMPLEMENTATION
LESSONS LEARNED

LESSONS FOR SUCCESS

THE REASON OR NEED FOR THE CHANGE TO CE
SHOULD BE SHARED WITH ALL PARTICIPANTS.

ASSURE THAT ALL PARTICIPANTS HAVE A
COMMON UNDERSTANDING AND DEFINITION OF
CE.

GAIN PERSONAL EXPERIENCE BY PERFORMING
PILOT PROJECTS.

CAREFULLY SELECT PILOT PROJECT. IT SHOULD
BE MEANINGFUL, VISIBLE AND ACHIEVABLE IN A
SHORT TIME.

BUILD ON PILOT PROJECT SUCCESS BY FORMING
MORE PILOT PROJECT TEAMS AFTER EACH
SUCCESSFUL PILOT PROJECT COMPLETION.

USE ENTHUSIASTIC SUCCESSFUL TEAM MEMBERS
TO ASSIST FALTERING TEAMS AND CONVERT
DOUBTERS.

SELECT BEST PERSONNEL FOR PILOT PROJECT
TEAM(S).

254
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LESSONS FOR SUCCESS (Conti nued)

. | NSTI TUTI ONALI ZE SUCCESSFUL CE
| MPLEMENTATI ON. ENSURE CE BECOMVES PART OF
THE SHI PYARD CULTURE.

) SELL THE APPROACH FROM THE TOP DOMW - THE
VI SION HAS TO COVME FROM THE TOP. HOWEVER,
| MPLEMENTATI ON MUST BE FROM BOTH THE TOP
DOWN AND THE BOTTOM UP. COVM TMENT MJUST
BE SHARED FROM THE TOP TO THE BOTTOM

) USE ACE STEERI NG COW TTEE FOR TOP/ M DDLE
MANAGERS VWHO CAN BECOVE CE CHAMPI ONS.

. USE A MEMBER OF THE STEERI NG COWM TTEE AS
THE SPONSOR FOR PRODUCT TEANMS.

o PRODUCTI ON ROLE MJST BE CLEARLY DEFI NED
UP FRONT TO PREVENT PRODUCTI ON FROM
SI MPLY EXTENDI NG THEI R CUSTOVARY “ DESI GN
REVI EW ROLE.

e TRAIN CRGOSS- FUNCTI ONAL TEAMs NOT
FUNCTI ONAL  GROUPS.

e TRAINNNG OF TEAMS | N TEAM SKI LLS MJST BE
COVPLETED BEFORE TEAM STARTS ON THE
ACTUAL PRODUCT DESI GN PROCESS.

UNFVERSITY OF M CH GAN TRANSPORTATI ON RESEARCH [ NSTI TUTE
188
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LESSONS FOR SUCCESS (conti nued)

THE ORGANI ZATI ON STRUCTURE MJST BE
CHANGED TO FI'T AND SUPPORT THE CE PROCES!

LET THE NEW CE TEAM'S) VI SI T ESTABLI SHED
TEAMS TO SEE THE RESULTS AND HOW OTHERS
APPLY CE.

FUNCTI ONAL MANAGERS MUST BE TRAI NED FC
THEI R NEW ROLE.

FUNCTI ONAL MANAGERS SHOULD BE | NVOLVED
DEFI NIl NG THEI R NEW RCLE.

REWARD SYSTEM MUST ENCOURAGE TEAM
SUCCESS AND NOT | NDI VI DUAL PERFORMANCE.

USE FREQUENT TOP MANAGEMENT REVI EWS T(
KEEP THEM | NVOLVED | N PROCESS AND SHARE
OMERSHI P OF DECI SI ONS.

BOTH CUSTOMVER AND MAJOR SUPPLI ERS MUST
| N\VOLVED AS FULL TEAM MEMBERS.

DEVELOP AND GET MANAGEMENT AND TEAM
AGREEMENT ON METRI CS THAT NMEASURE
PRODUCT AND PROCESS QUALI TY AND
PERFORMANCE BEFORE THE PRODUCT DESI GN
COVMENCES.

92 ¢
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LESSONS FOR SUCCESS (conti nued)

TEAM MUST DEVELOP | TS OPERATI NG PROCESS
BEFORE STARTI NG PRODUCT DESI GN PROCESS.

TEAM GOALS AND OPERATI NG BOUNDARI ES MUST
BE CLEAR

TEAMS MJUST CONTI NUALLY MEASURE HOW THEY
ARE PERFORM NG AS A TEAM

USE A COVPREHENSI VE CE | MPLEMENTATI ON
PLAN FOR EACH PILOT PRQJECT UNTIL CE IS
| NSTI TUTI ONALI ZED IN THE SH PYARD.

ESTABLI SH SH PYARD W DE GUI DI NG PRI NCI PLES
AND VALUES.

UNI VERSI TY OF M CH GAN TRANSPORTATI ON RESEARCH | NSTI TUTE-
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THINGS TO AVA D

PARTI AL | MPLEMENTATI ON OF CE. MJST SELE
A SLI CE THROUGH THE COWVPLETE

ORGANI ZATI ON | NVOLVI NG AS MANY OF THE
DEPARTMENTS AS PCOSSI BLE FOR THE TEAM
RATHER THAN JUST A FEW “| MPORTANT”
DEPARTMENTS.

CHANG NG TOOLS AND | NFORMATI ON W THOUI
REQUI RED PROCESS CHANGES.

MANAGEMENT UNDERSTATI NG EXTENT OF
CHANGE REQUI RED TO SUCCESSFULLY
| MPLEMENT CE.

FAI LURE TO REMOVE/ REPLACE PROBLEM
MEMBERS | N CE TEAMS.

MANAGEMENT SENDI NG M XED SI GNALS ABOUT
CE - SAYI NG ONE THI NG BUT DO NG ANOCTHER

MOCKERY OF DELEGATED AUTHORI TY BY
MANAGEMENT OVER- RI DI NG TEAM DECI SI ONS.

FUNCTI ONAL MANAGERS CONSTRAI NI NG CROSS-
FUNCTI ONAL TEAM MEMBERS BY | NSI STI NG TH
BE CONSULTED BEFORE THEY MAKE DECI SI ONS.
| GNORI NG THE CUSTOMERS.

| GNORI NG THE SUPPLI ERS.

5%
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| MPLEMENTATI ON  FRAMEWORK

OTHER | MPLEMENTERS OF CE HAVE ESTABLI SHED
PROCESSES THAT ENCOMPASS MANY OF THE LESSONS
LEARNED LI STED ABOVE. COMBI NI NG THESE PROCESSES

PROVI DES A FRAMEWORK FOR A CE | MPLEMENTATI ON
PLAN.

1. TRAIN TOP MANAGEMENT - CE AND TEAM
DYNAM CS/ SKI LLS.

2. ESTABLISH CE STEERI NG COW TTEE.

3. SELECT POTENTI AL TEAM MEMBERS.

4. TRAIN POTENTI AL TEAM MEMBERS AND
FUNCTI ONAL MANAGERS - CE AND TEAM
DYNAM CS/ SKI LLS.

5. PERFORM CE READI NESS SELF- ASSESSMENT.

6. DETERM NE REQUI RED CHANGE/ | MPROVEMENTS
TO BE READY TO | MPLEMENT CE.

/. GO - NO GO DECI S10N.

8. I N TIATE REQUI RED ORGANI ZATI ONAL AND
CULTURAL CHANGES.

9. ASSIGN A STEERI NG COW TTEE MEMBER AS PI LOT
PROJECT SPONSOR

UNI VERSI TY OF M CHI GAN TRANSPORTATI ON RESEARCH | NSTI TUTE
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| MPLEMENTATI ON  FRAMEWORK

(Cont i nued)
10. SELECT PILOT PRQJECT.
11. CREATE CROSS- FUNCTI ONAL TEAM
12. TEAM DESI GNS TEAM OPERATI NG SYSTEM
13. CURRENT PRODUCT PROCESS CAPTURED AND
ANALYZED BY TEAM
14. TEAM DEVELOPS TEAM METRI CS.
15. TEAM DECI DES CE TOOLS TO BE USED.
16. TEAM DEVELOPS PI LOT PRQJECT PLAN.

17. TEAM PRESENTS GOALS, METRICS AND PLAN TO
SPONSCR AND THEN STEERI NG COW TTEE.

18. PERFORM REGQULAR SELF- ASSESSMENTS OF TEAM
PERFORMANCE AGAI NST SELECTED GOALS, METRI CS
AND THE PLAN.

19. APPLY “LESSONS LEARNED’ TO OTHER PRQJECTS
TO CONTI NUALLY | MPROVE THE CE PROCESS.

UNI VERSI TY OF M CHI GAN TRANSPORTATI ON RESEARCH | NSTI TUI
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METRI CS

A METRI C CONSI STS OF TWO OR MORE MEASUREMENTS OR SI NGLE DATA
PO NTS. FOR EXAMPLE, PRODUCT DESI GN MANHOURS | SA
MEASUREMENT, BUT THE COVPARI SON OF CURRENT PRODUCT DESI GN
MANHOURS TO PREVI OQUS PRODUCT DESI GN MANHOURS 1S A METRIC

THE LACK OF COVMONLY ACCEPTED CE PROCESS, LACK OF
VEASUREMENT STANDARDS OR EVEN NORMs AND THE MULTI - FACETED

| NTERFACE COWPLEXITY OF CE, ADD TO THE ABOVE PROBLEMS TO MAKE
THE DEVELOPMENT AND USE OF CE METRI CS VERY DI FFI CULT.

ONCE THE METRICS ARE DEVELOPED I T | S STILL NECESSARY TO DECI DE
HOWN THE | NFORVATI ON W LL BE COLLECTED, THE METRI CS COMPUTED
AND THE RESULTS USED. ALSO, FOR SPECI AL METRI CS DEVELCPED BY A
SHI PYARD, THE QUESTI ON OF VALI DATI ON MUST BE ANSWVERED.

NOT W THSTANDI NG THESE PROBLEMS W TH METRICS, |IT IS BETTER TO
HAVE | NVALI DATED METRI CS THAN NO METRICS. AS THE METRI CS ARE
APPLI ED OVER TI ME THEY CAN BE REFI NED.

UNI VERSI TY OF M CH GAN TRANSPORTATI ON RESEARCH | NSTI TUTE
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CE METRI CS

MJUST ADDRESS THE BASI C TENANTS OF CE

. | NTEGRATED PRODUCT AND PROCESS DESI GN
« CONCURRENT PRODUCT AND PROCESS DESIGN
- MEET CUSTOMER REQUI REMENTS

 USE  CROSS FUNCTI ONAL TEAMS

CONSENSUS DECI SI ON  MAKI NG

RATH | RON WRKS CORPORATI (NI
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VETRI CS SHOULD BE:

- SIMPLE
« EASILY OBTAI NED

« OBJECTIVE - D FFERENT PEOPLE ASSI GN SAME
VALUE TO THE METRI C

« VALID - MEASURE WHAT | S | NTENDED

« ROBUST - INSENSI TIVE TO SMALL CHANGES | N
PRODUCT OR PROCESS

« PROVIDE A BASI S FOR PREDI CTl VE PROCESS
MODELI | NG

BATH | RON WORKS CORPORATI ON
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USEFUL NMEASUREMENTS ARE:

CUSTOMER SATI SFACTI ON,

PRODUCT COST,

TIME TOMARKET,

PRODUCT DESI GN MANHOURS,

PRODUCT DESI GN TI M,

PROCESS DESI GN MANHOURS,

PROCESS DESI GN TI MES,

NUMBER OF ENG NEERI NG CHANGES,
DURATI ON OF TI ME CHANGES,

MANUFACTURI NG  MANHOURS,

MANUFACTURI NG Tl ME,

NUMBER OF QUALI TY DEFECTS,

PRODUCT DESI GN MANHOURS FOR REWORK,
PROCESS DESI GN MANHOURS FOR REWORK,
MANUFACTURI NG MANHOURS FOR REWORK,

FUNCTI ONAL | NTEGRATI ON - NUMBER OF
FUNCTI ONS | NVOLVED | N PRODUCT DESI GN

TIME TO REACH TEAM CONSENSUS,

NUMBER OF MEETI NGS TO REACH CONSENSUS,
TEAM COWM TMENT, AND

NUMBER OF NEW PRODUCTS LAUNCH PER YEAR

L6t
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TYPI CAL METRI CS

MEASUREMENTS CAN ALL BECOVE
METRI CS BY COVPARI NG CURRENT
VALUE W TH PAST VALUES.

OTHER CE PROCESS METRI CS ARE;

CONCURRENCY | NDEX,
COVMON UNDERSTANDI NG RATI G
TEAM DI SPERSI ON | NDEX,
REQUI REMENTS STABI LI TY,
PROCESS RESPONSE,
MANAGEMENT | NVOLVEMENT,
PLAN COWPLI ANCE,

z COVMUNI CATI ON | NDEX,
CONFLI CT | NDEX, AND

| NFORMATI ON SHARI NG | NDEX.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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A SUCCESSFUL CONCURRENT
ENG NEERI NG DESI GN PROCESS

| NCLUDES THE FOLLOW NG

« AN AUTOMATED LINK AMONG DESIGN ENGI NEERI NG,
MANUFACTURI NG, AND THE LOGI STICS PROCESSES AND
FUNCTIONS IN ORDER TO FACILITATE THE TRANSFER OF
TECHNI CAL | NFORMATI ON.

« DATABASES OF PRODUCT DEFINTION, CONFI GURATION, AND
LOGE STICS DATA THAT ARE SHARED AMONG THE VARI QUS
DI SCI PLI NES.

« SOFTWARE TOOLS THAT SUPPORT THE | NTEGRATION OF
COVMPUTER- AIDED ENG NEERING ANALYSIS TOOLS WTH THE
COMPUTER-AIDED DESIGN FUNCTION. TH'S |IMPLIES THE
EXISTENCE OF COVPONENT PART LIBRARIES, MATERIALS
CHARACTERI STI CS DATABASES, AND COMPONENT PERFORMANCE
CHARACTERI STI CS DATABASES.

« THE CAPABILITY TO DI STINGJ SH BETWEEN VAR QUS
CATEGORIES OF DESIGN DATA (WORKING  SUBM TTED,
APPROVED) AND TO PROVIDE DATA TRACEABILITY THROUGH
QUT VAR QUS DESI GN | TERATI ONS.

« THE ABILITY TO RESTRICT ACCESS TO DESI GN DATA BY
UNAUTHORI ZED PERSONNEL, WH LE PROVIDI NG REMOTE ACCESS
TO DATA BY THE CUSTOMER

« THE CAPABILITY TO DEVELOP A COWREHENSIVE PRODUCT
MODEL OF THE SH P COVPONENT SYSTEM

« THE CAPABILITY TO MANAGE AND RAPIDLY COVMUNI CATE
DESI GN  AND CONFI GURATI ON  CHANGES.

UNIVERSITY OF MICHIGAN TRANSPORTATION EESEARCH INST ITUTIOE

V66



NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

ENABLI NG TOOLS

ENABLI NG TOCLS ARE DI VI DED | NTO TWO CATEGCORI ES, NAMELY;
APPLI CATI ON TOOLS AND GENERI C SERVI CES.

APPL| CATI ON TOOLS ARE APPLI CATI ON SPECI FI C COVWUTER BASED
TOOLS THAT ASSI ST | N PRODUCT DEFI NI TI ON.

GENERI C SERVI CES SUPPORT TEAMS | N THE FOLLOWN NG
CATEGCRI ES:

COMMUNI CATI ON SERVI CES - NETWORKI NG, MJLTI - MEDI A
COMMUNI CATI ON.

COCRDI NATI ON SERVI CES - ON-LINE PROQIECT MONI TORI NG,
CONSTRAI NT  MANAGEMENT.

| NFORVATI ON SHARI NG SERVI CES - SHARED PRODUCT MODEL,
CORPCRATE  IEMORY.

| NTEGRATI ON SERVI CES - DATA AND TOOL WRAPPERS.

(a4
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COMPUTER SUPPORT

COMPUTER SUPPORT IS ESSENTIAL FOR MOST CE
APPLICATIONS AS CE INCREASES THE NUMBER OF
ACTIVITIES THROUGH GREATER DECOMPOSITION OF THE
WORK AND INCREASES THE COMPLEXITY OF THE
PARALLEL PERFORMANCE OF THE WORK INTERFACES.

COMPUTER SUPPORT FOR CE HAS FIVE BASIC ELEMENTS,
NAMELY;

INTEGRATING TOOLS AND SERVICES
CAPTURING CORPORATE HISTORY
SHARING INFORMATION
COORDINATION OF THE TEAM

COLLOCATING PEOPLE AND PROGRAMS

THE OBJECTIVE OF ALL THESE ELEMENTS IS TO PROVIDE A
DECISION SUPPORT SYSTEM TO HELP TEAMS MAKE AND
RECORD DECISIONS.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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COMPUTER SUPPORT

( Cont i nued)

THE LARGE NUMBER OF CAD/ CAM TOCLS USED I N THE
IPRODUCT DESI GN PROCESS ARE NOT CURRENTLY
I NTEGRATED.

IDI FFERENT DEPARTMENTS | N THE SAME COWMPANY USE
IDI FFERENT SYSTEMS, DI FFERENT TERM NOLOGY AND
IDI FFERENT DATABASES.

THEREFORE, AN ESSENTI AL NEED FOR COWMPUTERS | N THE
(CE PROCESS IS TO FIND A WAY FOR THE | NDI VI DUAL TOOLS
TO | NTERACT AND COOPERATE.

THE | NTEGRATED CE COMPUTER ENVI RONMENT W LL
(CONSI ST OF THE VARI QUS CAD/ CAM TOOLS AND AN
ENVELOPI NG FRAMEWORK

THE FRAMEWORK GUI DES DESI GNERS THROUGH THE
COVPLETE PRODUCT DESI GN PROCESS SO THAT THEY CAN
EFFECTI VELY ACHI EVE A DESI GN W TH THE H GHEST
QUALI TY I N THE SHORTEST TI ME AND LOAEST COST.

UNI VERSI TY OF M CHI GAN TRANSPORTATI ON RESEARCH | NSTI TUTE
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CE ENABLING SOFTWARE TAXONOMY

Information Computer Coordination | Tool Integration Tools Corporate
Management Mediated Memory
Communication
- Data Modeling |- E-Mail - Shared - Standards - CAx - Annotation
Decision Models
- Version - Desktop - Translators / - Design forx |- Argumentation
/Configuration |[Conferencing |- Shared Task  |Wrappers
Management Structure - Simulation - E-mail
- Shared - User Database
- Legacy Data  |Applications -Requirements | Interfaces - Spreadsheets
Sharing (WYSIWIS) Management - Meeting
- Document . |[Minutes
- Standards - Group Decision|- Progress Production -
Support Assessment Systems [ndexing and
- EDI Retrieval
- Consensus
Building - Results Capture
- Team
Structuring
- Calendering
and Scheduling

CERC
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CE COST BENEFIT

ACTUAL COST BENEFITS OF CE ARE NOT
WIDELY SHARED

ONE PARTICULAR STUDY SHOWED BENEFIT/
COST RATIOS RANGING FROM 2.8 TO 8.6

EXPERIENCE HAS SHOWN THAT COST BENEFIT
GROWS OVER PRODUCT LIFE CYCLE

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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CE IN SHIPBUILDING

NSRP SP-8 CE STUDY

1Ll

MID-TERM SEALIFT PROGRAM
- ENGINE ROOM ARRANGEMENT MODELLING

NAVY ACQUISITION IPPD STUDY

LPD 17 PROGRAM

DoDD DIRECTIVE 5000.1 & INSTRUCTION 35000.2
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

CE OVERVIEW SUMMARY

CE IS A PROVEN APPROACH TO REDUCE COST AND DESIGN AND
BUILD CYCLE

CE CAN BE USED BY U.S. SHIPBUILDERS TO ASSIST THEM ACHIEVE
INTERNATIONAL COMPETITIVENESS IN COMMERCIAL
SHIPBUILDING

HOWEVER, OTHER COUNTRIES ARE BEGINNING TO USE IT AS
WELL AND SOME SAY THEY ARE UTILIZING IT BETTER BECAUSE
OF THEIR LESS INDIVIDUAL COMPETITIVE AND ADVERSARIAL
CULTURES THAN IS COMMON IN THE U.S.

IT REQUIRES SIGNIFICANT CHANGES THAT U.S. SHIPYARDS MAY
NOT BE WILLING TO UNDERTAKE. SHIPYARDS ARE WELL KNOWN
FOR THEIR TRADITIONALISM AND THIS WILL BE A MAJOR
BARRIER TO OVERCOME.

IT IS HOPED THAT THIS WORKSHOP CAN PLAY A PART IN
BRINGING THIS ABOUT.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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NATIONAL SHIPBUILDING RESEARCH PROGRAM

TEAMS

IMPLEMENTING ADVANCED TECHNOLOGY
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ALL FOR ONE AND ONE FOR ALL

SHI ELD

Key for shield design: ﬁ
area 1 = Wite something you excel at doing.
area 2 = Draw a picture representing d

a one-time peak performance.
area 3 = Wite your credo or key value you live hy. .
area 4 = Draw a synbol of your favorite leisure activity.
area 5 = Describe in words one of your hidden qualities.

103




"ONE FROM COLUMN A AND ONE FROMCOLUMN

BELI EFS QUI Z

Instructions: Place a check mark in appropriate col ums according to-your beliefs. Add notes to
aid in team discussion later.

A | B | C
team can t eam nust t eam nust not es
change live with influence
3 | | outsiders
j to act

L opriorities

2 corporate climte

3roles within the team

4 relationships between
t eam nenbers

5 competencies of team nembers

6 operations

7 facilities

8 systens

9 suppliers/vendors

10 custoners

AL 129
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

TEAMS AND TEAMWORK

TEAMS AND TEAMWORK NOT THE SAME

TEAMWORK DOES NOT REQUIRE TEAMS
AND OCCURS WHEN INDIVIDUALS IN A
GROUP BEHAYVE IN A COOPERATIVE
MANNER WITH OTHER INDIVIDUALS FOR
THE BENEFIT OF THE GROUP AS A WHOLE

A TEAM IS A GROUP THAT VISIBLY SHARES
A COMMON PURPOSE, AND RECOGNIZES IT
NEEDS THE EFFORT OF EBERYONE OF ITS

MEMBERS TO ACHIEVE THE PURPOSE.

UNIVERSITY OF MICHIGAN TRANSPORTATION RESEARCH INSTITUTE
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COMPARISON OF TEAM TYPES

TEAM CE TEAM TASK TEAM TIGER TEAM
PARAMETER
OBJECTIVE Product delivery Task Completion Problem solving and
proposals
ORIENTATION Design for life cycles | Ensure task Solve the problem
(proactive) requirements met (reactive) '
(reactive)

RESPONSIBILITY | Deliver product to Complete task within | Recommend and
realistic specifications | budget and on time implement solutions
at low cost in
minimum time

AUTHORITY At team level Functional managers | Team leader
and designers
LEADERSHIP Facilitate, coordinate, | Coordinate Coordinate, direct
FUNCTION spokesperson
DURATION Product development | Short term for each Short term, for time
from proposal to task and then disband | to solve problem
disposal
STRUCTURE Cross functional Single function teams | Cross functional
teams addressing working on single teams solving a .
product processes function task specific problem




Characteristics of Effective and Ineffective Teams

Effective
| nformation
Flows freely up, down,
si deways
Full sharing
Open and honest

Peopl e rel ationships
Trusting
Respectfu
Col | aborative
Supportive

Confl'i ct
Regarded as natural, even
hel pf ul
On issues, not persons

At nospher e
Open
Nont hr eat eni ng
Nonconpetitive
Participative

Deci si ons
By consensus
Efficient use of resources
Ful | conmm t nent

Creativity
More options
Sol ution-oriented

Power base
Shared by all
On conpetence
Contribution to team

Mot i vation
Conmi tment to goals set by
t eam
Bel ongi ng needs satisfied

More chance for achi evenent
t hrough group

Rewar ds
Based on contribution to

group
Peer recognition

I neffective

Fl ows mainly down, weak
horizontal l'y

Hoar ded, withheld

Used to build power

I nconpl ete, mxed nessages

Suspi cious and partisan

Pragmatic, based on need or
liking

Conpetitive

W t hhol di ng

Frowned on and avoi ded

Destructive

I nvol ves personal traits and
notives

Conpartrmental i zed
[ntimdating
Cuar ded

Fragmented, closed groups

By mgjority vote or forcing
Enphasi s on power
Confusion and di ssonance

Controlled by power
subgroups

Enphasi s on activity and
i nput s

Hoar ded

O politicking, alliances
Pragmati ¢ sharing
Contribution to power source

Going along with inposed
goal s
Coercion and pressure

Personal goal s ignored
i ndividual achievenent val ued
wi t hout concern for the

group

Basis for rewards unclear
Based on subjective, often
arbitrary appraisals

281



NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

gy y"

Team Selection Process

Prbgram Management (Proposal) Team
 Leadership abilities
» Customer awareness

Systems Engineering Team
o Life-cycle expertise

Product/Process Teams

» Technical expertise
» Willingness

© 1992. CERC and CESD Session 2, Page 3 of 19
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NTU Satellite Network - Concurrent Engineering Processes and Strategies- August 12,1992

Team Menber Qual 1ties

 Respected for technical expertise and
experience

- Unsel f1sh, open-m nded
contributor and eval uator
e Mentors and supports others

e Handl es conflict wthout getting “personal’

o Self-disciplined (on time, on budget)

~  © 1992, CERC and CESD Session 2, Page 4 of 19
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MASTERI NG MASTERY

PRI NCI PLES OF MASTERY

Al'l team nenbers are capabl e of excellence.

The instructional process can be changed to inprove |earning.

I'ndividual differences have an inpact especially on learning time and
instructional quality.

Learning to learn is a key to higher levels of competency.

Assessnent of learning nust be continuous and fed back into the instructiona
devel opnent process.

I'ndividual s need opportunities to demonstrate success.

Team training must be designed for individuals according to |earning objectives
for each individual

Jobs must be systematically analyzed. Measures indicating conpetent
performance nust be established for critical tasks within jobs

Learners nust know what the performance standards are and instructors nust
design instruction to lead individual learners to achieving those standards.

HOW TO DEVELOP A SKI LLS- BASED LEARNI NG Pl AN -

Anal yze a job according to “people-data-things” analysis.

Assign a weight (easy, medium hard) to each task within the job.

Set a quantitative criterion of skill performance for each task

Design an evaluation instrument for each person that neasures achievenent
for each task according to the established criteria.

Develop a “Need to Know' matrix for the teamincorporating all of the results of
the above analyses. Use this as a bhasis for developing individual team

menbers through a tailor-mde skills-based |earning program



NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Oanership
‘Understanding - of assignment

'Responsibility - to carry out assignnent

Authority - to make decisions and commit
r esour ces

Accountabi [ ity - for customer val ue

Z Skills - to handle enpowerment and
responsibility

Incentives - for know edge and team
per f or mance

&
W\

@ 1992, CECR and CESD) Session 2, Page 6 of 19
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Membership Commitment

Core
o Attends all reviews
» Participates in all team decisions
» Source for team's "corporate knowledge"

Resource
» Attends reviews as requested
» Provides information supporting particular
team decisions

/79
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Roles

Leader
e Plans, coordinates, follows-through
« Directs, observes, coaches, supports
» Monitors performance, leads improvements

Scribe
« Records team's corporate history
» Upholds team's communication plan

Rat-Hole Protector
» Signals deviation from topic



MANAG NG CONFLI CT AS THE
TEAM LEADER

There will be tinmes when a conflict between two nem
bers of the team prevents each nenber from being fully
effective-and keeps the team from moving forward.
Try to resolve the confiict quickly by asking each party
to the dispute to respond to the followng statenents in
private. Ask themto use only positive statements—
nothing “finger pointing” such as “He should stop
doing. . . ." Then bring the two together and help them
| ook for ways to boil their responses down to objectives
that both of themcan agree with. Finally, show what
has to be done to satisfy those objectives, who does
what, and when.

.| Dbelieve that he (she) should:

He (she) believes that | should:

.| believe that | shoul d:

.He (she) believes that he (she) shoul d:

28
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NTU Satel[ite Network - Concurrent Engineering Processes and Strategies- August 12,1992

Group Decision Mking

.Decision by Authority
.Decision by Mnority

.Decision by Myority Vote

.Deci sion by consensus

.Deci sion by Unani mous Agreenent

01992, CERC and CESD

{S1e
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12,1992

Team Nor ns

. Be Open

* Be Honest

* Be Focused

. Thi nk

@1992, CERC and CESD

Team

Cooperate  Respect
Trust Communi cat e
Share Participate

Consensus 1S Precious ‘

Session 2, Page 10 of 19
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Difficult Behavior
e The Clam

 The Distractor
e The Rambler

» The Hog

» The Bully

e The Clown

© 1992, CERC and CESD Session 2, Page 11 of 19
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NTU Satellite Network- Concurrent Engineering Processes and Strategies- August 12,1992

Team Staffing Practices

Team Sel ection Options
.Assi gnment by program organi zati on
.Recommendat i on/ refusal by team

Team Cont i nuat i on
.Team di schar ges nenber

.Team reconmends discharge to higher
authority

ihe,

@1992, CERC and CESD Session 2, Page 12 of 19
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Communications Plan

e Needs

* Flow Model

» Meetings

 Off-Line Discussions

« Communications Technology

» Archive/Configuration/Retrieval/Authorization

IS0
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team's Strategic Plan

Vision - what we want to become or be

known for
Mission - what we want

to do

Objectives - where we will win

Goals - how we want to be measured

Strategies - how we will

win

Initiatives - tasks we wi|

1 perform

st

Integrated with Program/Product Plan

© 1992, CERC and CESD

" Session 2, Page 14 of 19
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NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Launch Strategies

» Launch real teams on real projects

e Practice team culture and management
while doing real work as a team

» Employ IPD tools to develop real program
plans |

» Produce lessons learned and next steps for
"Monday morning"

(sl
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© 1992, CERC and CESD

NTU Satellite Network - Concurrent Engineering Processes and Strategies - August 12, 1992

Team Development

Directing

-~ N

Supporting  Observing

\ S

Coaching

Conflict
Resolution

Session 3, Page 18 of 18

IAYS
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Trai ning

o Training is mandatory for successful |PD/ CE inplementation
— Before program start
—During program execution
eTraining is essential at several levels
— Managenent
— Team | eaders
— Team nmenbers

eTraining is necessary in several
areas, e.g.,

— | PD/ CE process
— Team bui | di ng
— H gh performance team principles
— Team based design

- Quality function depl oyment D .
91 : :.I.y.l.: I I N | p y (Q: ) o l’ S

/s
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Training (Cont’d)

« Time and resource allocation often |acking because training
needs are not properly prioritized

— Proposal phase: Too busy doing the proposal
- Pre-Contract: Spent all the noney on the proposal
— Post-Contract: Too Busy executing the contract

o« Pay now. ..or pay later!

4

LOCKHEEDMARTIW

259 28
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_ASNE_PROFESSI ONAL _DEVELCPMENT WORKSHOP_ON__CONCURRENT _ENG NEERI NG

TEAM LESSONS LEARNED

THE FOLLON NG LESSONS LEARNED ON TEAMS SHOULD BE
USED VWHEN DEVELOPI NG CE TEAMS | N A SHI PYARD:

CLEARLY DEFI NE HOW TEAMS FIT | NTO THE
ORGANI ZATI ON.

TELL THE TEAM VWHY CHANGE | N APPROACH | S
BEI NG MADE.

USE YOUR BEST PEOPLE ON THE EARLY TEAMS TO
| NCREASE PROBABI LI TY OF SUCCESS.

MAKE SURE TEAM MEMBERS REAL|I ZE THAT TEAM
SUCCESS IS THEIR NUMBER 1 PRI ORI TY.

G VE THE TEAM ADEQUATE TRAI NI NG I'N
NECESSARY SKI LLS.

SET BROAD OVERALL GOALS.

MAKE SURE FUNCTI ONAL MANAGERS ARE CARED
FOR DURI NG THE DI FFl CULT TRANSI TI ON PERI OD.




ASNE PROFESSIONAL DEVELOPMENT WORKSHOP ON CONCURRENT ENGINEERING

TEAM LESSONS LEARNED

(CONTINUED)
GIVE THE TEAM TIME TO DEVELOP INTO A TEAM.

ACCEPT THE FACT THAT ORIGINAL MEMBERS
MAY NOT BE ABLE TO FORM A TEAM AND BE
PREPARED TO REPLACE SOME MEMBERS
QUICKLY.

MAINTAIN TEAM MEMBERSHIP THROUGH THE
DURATION OF THE PRODUCT DEVELOPMENT

MEASURE TEAM PERFORMANCE NOT INDIVIDUAL
PERFORMANCE.

REWARD TEAM NOT INDIVIDUALS.

TEAM PROBLEMS INCLUDE INEFFECTIVE TEAM
MANAGEMENT, LACK OF TEAM SKILLS AND LACK
OF TEAM EXPERIENCE. THESE CAN ALL BE
REMEDIED BY EDUCATION AND TRAINING.

IT IS MANDATORY THAT A SIGNIFICANT
EDUCATIONAL PROGRAM BE UNDERTAKEN TO
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ASNE PROFESSIONAL DEVELOPMENT WORKSHOP ON CONCURRENT ENGINEERING

TEAM LESSONS LEARNED

( CONTI NUED)

KEEP TEAMS FOCUSED ON MEETI NG CUSTOVERS
(1 NTERNAL AND EXTERNAL) REQUI REMENTS.

USE MUTUALLY AGREED METRICS TO MONI TOR
TEAM PERFORMANCE.

USE A TRAI NED FACI LI TATOR TO HELP TEAMS
DEVELOP.

HAVE TEAM DEVELOP CE PLAN FOR ACCEPTANCE
BY THE TEAM SPONSOR PRI CR TO COVMENCI NG
ACTUAL PRODUCT DEVELOPMENT.

MANAGEMENT MJUST UNDERSTAND CE APPROACH
AND EMPOVNER THE TEAMS.

KEEP TEAMS RELATIVELY SMALL - 6 TO 12
VEMBERS.

MAKE SURE THAT TEAM UNDERSTANDS THAT ALL
MVEMBERS MUST ACCEPT PRCODUCT OWNERSHI P.

302
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SEVEN SHADES OF GRAY

Instructios: Place a check mark on the scale indicating your belief about tthe strength/anmount/goodness
of each characteristic that should be found in an organization that supports enpowered

t eam

Key: 7 is high; 1is low

+7654321 -
inconsistency @@==00l z_ consi stency
individwalty confornity
discontinuous change @~ __ __ __ _______ __ incremental change
flexiblity 0 '_ rigidity
centers of power 00 o__ __ chains of command
istenlng 0 telling
persuading @@ ordering
sharing infoomaton ___ __ ____ __ protecting infomation
budget flexibility e budget rigidity
anbi guous assignments e e — single-focus assignments
shared recognition i ndi vi dual recognition
informl e e formal
avaliable sequest ered

303
251




| SSUES | N MANAGI NG TECHNI CAL TEA

AND GROUP

Bui |l di ng Hi gh Performing Engi neering

Project Teams

Hans J. Thanhain

David L. W/I enon

Abstract. This article sunmarizes four year of research into the drivem and
barriers of effective teambuilding in engineering work environnents. A sinple

i nput-output model is presented for organizing and analyzing the various factors
whi ch influence team performance. The field survey results supported by
conflation analysis indicate that team performance is primarily associated wth
six driving forces and six barriers which are related to: |eadership, job content,
personal needs,, and general work environment. Specific recommendations are
nmade.

PROCE

TEAM BUI LDI NG DEFI NED into an integrated, effective work unit. In
transformtion process, the goals and energie
Team buiding is the process of taking a collec-  individual contributors merge and support

tion of individuals with different needs, bhack-  objectives of the team

grounds, and expertise and transformng them The basic concept of team building d:
—_ back in history for a long time as summarize

‘ right @1987 IEEE Reprinted with perm ssion ot -
from 1 EEE 1gransggi):tions on Engi r?eerin8q7 ManagePrent, VoI, ~ the listing of chronol ogical devel opment s
EM34, No. 3, pp. 130-137, August 1987. bel ow. However the onset of nodem team bui

304



SECTION |V

ing came with the evolution of multidisciplinary
managenment techniques and contenporary orga-
nization forns such as the matrix. Wth these de-
vel opments, traditional bureaucratic hierarchies
declined and horizontally oriented teans and
work units hecame increasingly inportant

Today, team building is considered by many
managenment practitioners and researchers to be
one of the nost critical |eadership qualities that
determnes the performance and success of nul-
tidisciplinary efforts. The outcome of these proj-
ects critically depend on careful ly orchestrated
group efforts, requiring the coordination and in-
tegration of many task specialists in a dynamc
work environment with complex organization in-
terfaces. Therefore, it is not surprising to find a
strong enphasis on teamwork and team buil ding
practice among today's managers, a trend which
we expect, will continue and most |ikely intensify
for years to cone.

Some milestones in the evolution of team
buil ding and key contributors to the devel op-
ment of its concepts are shown bel ow:

Denonstrated abil-

4000 BC Egyptians .
ity of formally or-

gani zing and
controlling work
groups.

| 1500 AD Niccol o
Machi avel |

Early explanation of
work group struc-
ture and function-
ing. (The Prince).
Formal organi zation
of work groups in
bureaucratic, hierar-
chal structures
Autocratic behav-
or,

Understanding of
group dynamcs and
behavior in organi-
zations. Translation
of established

.1930' s Sloan, Myo

Bernard .

1950 s Simon, Lewin

Davis, Drucker

302

I'ssues in Managing Technical Goups and Project Teans

1960's  MGegor, Likert, theories from indi-
Carzo. Katz, vidual's to work
Schein. Lawrence, ?roup settings.
Lorsch, Jewkes, ncreased managerial
Bl ake, Mouton, interest in team
Fiedl er building and need
for effective team
work. Japanese
| essons.
| 1970's Bennington, Dyer, Specific field studies
Ki dder of technical team
+1980's  Quchi, Thamhain, work. Attempts to
W enon. characterize drivers

and barriers of high
team performnce
Theory devel op
ment .

ENG NEERI NG TEAM BUI LDI NG TODAY

Team building is inportant in any environment
whi ch requires the coordination and integration
of multidisciplinary activities. It is especially cru-
cial ina technical environnent where projects arc
often highly conplex and require the integration
of many functional specialties in an often uncon-
ventional organizational setting such as the ma-
trix. To manage these multifunctional activities,
it is necessary for the managers and their |ead
engi neering personnel to cross organizationa
lines and deal with resource personnel over
whom they have little or no formal authority. Yet
another set of challenges is presented by the con-
temporary nature of the engineering organiza-
tion wth its horizontal and vertical lines of com
muni cation and control, its resource sharings
anong projects and task teams, nultiple report-
ing relationships to several hosses, and dual ac-
countabtities

Managing technical projects effectively in
such dynam ¢ environments requires the under-
standing of organizational and behavioral vari-
ables and their interaction. It is further necessary
to foster a clinate conducive to multidisciplinary

205



ftans J. Thamhain and David L. Wilemon

team building. Such a team nust have a capacity
for innovatively transformng a set of technica
objectives and requirements into specific prod-
ucts, system concepts, or services that conpete
favorably against other available alternatives

BASIS OF TH S REPORT

The team building concept is not entirely new,
as shown in the text insert on evolution, but its
application to systematic efforts within a per-
manent organizational framework-rather than
temporary work setting-is relatively recent.
Starting with the evolution of formal project or-
ganizations in the 1960's, managers in various
organi zational settings have expressed increasing
concern and interest on the concepts and prac-
ices of nultidisciplinary team building. Re-
ponding to this interest, many field studies have
been conducted investigating work group dy-
namcs in a general context contributing to the
heretical__and practical understanding of _team
wilding 2 ¢ 13, 14. 18. 0. 3% However, few studies
specifically focus on the process and criteria of
bui [ ding effectivc high-performng engineering
»ams.!%- 19 24.37 Because of this special need and
interest the authors have organized and con-
ucted a series of studies over the last four years.
These field studies anal yzed some 30 conpani es
involving over 500 engineering professionals in-
uding 37 managers. All of these conpanies
are U S based and were managers as high-tech-
noogy businesses. The data were gathered pri-
rarily by means of interviews augmented by
iort questionnaires. The results are documented
five research papers Iisted bel ow

skill requirements for engineering program
managers*’,

professional needs analysis of engineering
personnel versus performance?,

analysis of barriers to teamwork and poten-
tial effects on project performance®,

206

4. determnation of team performance nea-
sures and their drivers and barriers, sone
performance correlates®,

5. a nodel for devel opi ng hi gh-perform ng
project teams.”

This article is an attenpt to summarize and inte-
grate the findings fromour research and to es-
tablish a conceptional framework for effective
team building in an engineering/tcehnol ogi ca
work environnent.

Originally, a broadly stated proposition was
defined to quide our research. It is restated here
to focus this paper and to help in guiding the dis-
cussi on:

P. Engineering team performance is asso-
ciated with drivers and barriers related
predomnately to 1) leadership and 2) a
professional ly stinulating work environ-
ment .

MODEL FOR TEAM BU LDI NG

The characteristics of a project teamand its ulti-
mate performance depends on many factors. Us-
ing a systems approach, Figure 1 provides a sim
ple model for organizing and anal yzing these
factors. It defines three sets of variables 1) in-
puts such as resources and objectives, 2) outputs
of the workgroups such as the teamresults or the
team characteristics, and 3) influences toward ef-
fective teamwork such as |eadership, job con-
tent, personal goals, and work environment. Al
of these variables are [ikely to be interrelated in
a complex, intricate form However, using the
systens approach allows researchers and man-
agenment practitioners to break down the com
plexity of the teamwork process which trans-
forms resources into specific results under the
influence of managerial, organizational, and
other environnental factors. Furthernore, the
model can provide a framework for studying

303



SECTION 1V

IRFLUENRCES

Issues in Managing Technical Goups and Project Teans

o TZAN CHARACTERI

e LEADERSKIP 4
e JOB CONTENT
e PERSONAL GOALS
© WORK ENVIRONMENT
NN
DRIVERS BARRIERS
I\ 2 _
neurs: 4} voRx Trawm _J ouTrUTS:
© RESOURCES e RESULYS
o ORJECTIVES (TRANSFORMATION PROCESS)
{b —
FIGURE 1.

Affected by a Variety of Drivers and Barriers

team characteristics and performance at various
phases of a project life cycle. Such an investiga-

tion has been initiated by the authors. It wll in-
clude the followng project phases: 1) Project
Definition and Planning, 2) Project Start-Up, 3)
Main Phase, and 4) Project Phase-Qut.

FACETS OF TEAM PERFORVMANCE

Coviously, each organization has their own way
to measure and express performance of a project
team However, in spite of the existing cultura
and philosophical differences there seens to be a
general agreement among engineering managers
on certain factors which are included in the char-
acteristics of a successful technical project team
In fact, over 90 percent of the 500 engineering
professional s interviewed over the last four years
mentioned three measures as the nost inportant
criteria for measuring team performnce

1. technical success,
2. on-tine perfornance,
3. on-budget/wthin resource performance.

Further, over 60 percent of those who identi-
fied these three neasures, ranked themin the
above order.

304

The Transformation of Resources and Objectives into Results Is

When describing the characteristic of an ef-
fective, high-performng engineering team man-

agers point at

the factors summarized in Figure

2. These managers stress consistent|y that a high-

performng engineering teamnot only produces
technical results on time and on budget but is

also characterized by specific task- and people-
related qualities as shown bel ow

Task- Rel at ed
Qualities

« oriented toward
technical Sucess
o Comtted to the

project result-ori-
ented attitude:

« i nnovat |ve and cre-

ative:

- concern for quality

« Wllingness to

change project plan

If necessary

o ability to predict
trends

« on-time perform
ance;

« On-budget perform

ance.

Peopl e-Rel at ed
Qualities

« high involvenent,

work interest, and
energy;

- capacity to sdve

conflict:

« good comuni ca-

tion;
- good teamspirit;

o mtual trust;
. self- developnent of

team nenbers:

. effective organiza-

tional interfacing;

« high need for

achi evenent

2077




. Hans J. Thamhain and David L. Wilemon

JOB/RESULT-ORIENTED CHARACTERISTICS
(ODIRECT MEASURE OF PROJECT PERFORMANCE)

L

TECHNICAL SUCCESS

ON-TIME, ON-BUDEGET
.| PERFORMANCE

COMUITTED,
RESULT-ORIENTED

CONCERN FOR QUALITY

WILLINGNESS
TO CHANGE

a.s

R.6 /
ABILITY TO R
PREDICT TRENDS

PEOPLE-ORIENTED CERARACTERISTICS
(INDIRECT MEASURE OF PROJECT PERFORMANCE)

HIGH INVOLVEMENT,

P.1
, HIGH ENERGY
P.2

CAPACITY TO SOLVE
CONFLICT

GOOD CONNUNICATIONS

MUTUAL TRUST

\ P.6 MEMBERSHIP
_p.7

SELF-DEVELOPMENT
\ p.8

EFFECTIVE
[ ORGARIZAT'L INTERFACE

MIGH MEED FOR
ACHIEVEMENRT

FIGURE 2. Characteristics of an Effective Engineering Team

In fact, some quantitative analysis, per-
formed during previous studies®- %, shows a sta-
tistically significant association* between the
above teamqualities and team performance at a
confidence level of p =95 percent or better. Spe-
cifically, these measures yielded an average rank-
order correlation of 7 = 0.37. Moreover, there
appears to be a strong agreement between the
two professional groups, 1) managers and 2)
project team nembers, on the inportance of
these characteristics, as measured via a Kruskal-
Wl lis analysis of variance by ranks at a confi-
dence level of p = 95 percent.

The significance of determning team per-
formance characteristics is in two areas. First, it
offers some clues as to what an effective team
environment |ooks like. This can stimulate

*For method and references to statistical modes see Ap-
pendix.
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thoughts of how to foster a work environnt
responsive to the needs of the people and con
cive to teambuilding. Second, the results al

us to define measures and characteristics of

effective team environment for further stud

such as the subsequent discussion on drivers ¢
barriers toward team performnce.

DRI VERS AND BARRI ERS OF H GH
TEAM PERFORVMANCE

In 1983 and 84, additional management insig
was gained by an investigation of drivers a
barriers to high team performance (see 31 a
35). Drivers are factors associated with the prc
ect environnent that are perceived to be enhar
ing team effectiveness, while barriers are pe
ceived to be inpeding team performnce.
listing of the principal drivers and barriers
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perceived by project professionals is shown
bel ow:

Drivers, Enhancing Barriers, |npeding
Project Performnce Project Performnce
| Professionally stim Different interests

ulating and chal - and priorities

lenging work; anong team mem
| Professional growth bers;

potential; « Unclear project ob-

jectives
« Role conflict and
| Good overal | direc- pover struggle
tion and |eadership; anong team mem
| Tangible rewards; bers;

| Freedom to choose,
deci sion making;

| Mitual trust, secu- « Excessive changes
rity, and open com of project scope
muni cations; spec, schedule and
| Proper experience budget ;
and skills; « Lack of team defi-
| Sense of accom nition and struc-
plishnent; ture

| Good i nterpersona
relations anong
team nenbers and
with management
| Proper planning;

« Wong capabtities,
poor selection of
project personnel

« Lacking commt-
ment from team

| Sufficient resources: menbers or man-
| Low i nterper sonal agement
conflict, o Low credibilty of
project |eader;
- Poor communi ca-
tions;
«Poor job security.
Furthermore, studies conducted by Gemmill,
Thamhain, and WIemon between 1974 and

1985% 31-3 showed significant correlations and
i nt er dependenci es anong wor k- envi ronment a

factors and team performance. These studies in-
dicate that high team performnce involves four
primary issues; 1) managerial |eadership, 2) job
content, 3) personal goal s and objectives, and 4)
work environment and organi zational support.
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In addition, a recent followup study by Tham
hain (in part reported in®) used the above ty.
pology to col lect data and categorize over 60
influence factors which were mentioned by engi-

neering managers as drivers or barriers toward
high team performance. The actual correlation
of these influence factors to the project team
characteristics and performnce* provided some
interesting insight into the strength and effect of
these factors. One of the inportant findings vas
that only 12 of the 60 influence factors were
found to be statistically significant.** Al other

factors seemto be much less inportant to high
team performance. Specifically, the findings,
summarized in Figure 3, indicate that the six

drivem which have the strongest positive associa-
tion with project team performance are

* Interesting and stinulating work,

| Recognition of acconplishment (of individ-
ual or tean,

. Experienced engineering management per-
sonnel,

. Proper technical direction and |eardership

« Qualified project team personnel, and

| Professional growh potentia

whale the strongest barriers to project
formance are:

team per-

« Unclear project objectives and directions

o Insufficient resources

« Pover struggle and conflict

o Uninvolved, disinterested senior manage-
nent,

« Poor job security

« Shifting goals and priorities.

It is furthermore interesting to note that the
six drivers not only correlated favorably to the

sKendall Tan rank-order correlation was used as a mea-
sure of association. For method and references to statistical
models see Appendix.

*sSratistical significance was defined at a confidence
level of 95 percent or better.
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ORIVERS:

D1 Interesting Work

D2 Recognition/Accomplishment
N3 Experienced Eng Msnager

D4 Good Direction & Leadership
DS Quurlified Team Tersonnel

D6 Professional Growth

—2C —

BARRIERS

Bl Unclestr Objectives

82 Insufficieat Resources

83 fPover Struggle & Coaflict
84 Uninvolved Managemeat

8S Poor Job Security

86 Shifting Goals & Priorities

Tt

PEOPLE-ORIERTED

Pl  Iavol rement snd Energy

P2 Capacity to 8olve Conflict
P3 CTommiiicstions Effectiveness
P4 Team Ipirit

PS Mutue! Trust .

P68 Nembe 'ship Self-development
P7 Interlace Effectiveness

-P8 HRigh ichievement Needs

RESULT-ORIENTED

Rl Techn (cal Success

R2 On-Ti e Performance

R3 On-Bu iget Performance

R4 Comm ment & Result-Orieatationm
RS Ianovition & Creativity

R6 Conce'n for Quality

R7 Willi \gness to Change

R8 AbLI1l1:y to Predict Trends

CHNARACTERISTICS

CHARACTERISTICS

~ =

PRQIECT TEAM PERFORMANCE

FIGURE 3. Major Drivers and Barriers toward Project Team Performance

direct measures of high project team perform
ance, such as technical success andon-time/on-
budget performance, but also were positively as-

sociated with the 13 indirect measures of team

performance shown in Figure 2. The six barriers
have exactly the opposite effect. These findings
provide some quantitative support to previous
exploratory field studies by the authors.’ ¥
What we find consistently is that successful orga-
ni.zations pay attention to the human side. They
appear effective in fostering a work environment
“conducive to innovative work, where people find
the assignments challenging, |eading to recogni-
ion and professional growth. Such a profession-
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ally stinulating environment also seems to |ower
comuni cation barriers and conflict, and en-
hances the desire of personnel to succeed. This
seems to enhance organizational awareness as
wel| as the ability to respond to the often chang-
ing project rquirenents

In addition, a winning team appears to have
good |eadership. That is, management under-
stands the factors crucial to success. They are
action-oriented, provide the needed resources
properly direct the inplementation of the proj-
ect, plan, and help in the identification and res-
olution of problems in their early stages

Taken together, the findings offer support
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for the propositions P advances earlier and re-
stated here somewhat modified and more specifi-
cally in two parts

The new team menbers are usually selected from
functional resource departments led by strong in-
dividual's who often foster internal conmpetition

Pl The degree of project success seens pri-
mrily determned by the strength of six
driving forces and six barriers which are
related to: 1) leadership, 2) job content
3) personal needs, and 4) the genera
work environnent.

P2. A professional |y stinulating team envi-
ronment, characterized by 1) interesting
challenging work, 2) visibility and rec-
ognition for achievenents, 3) growh
potential, and 4) good project |eader-
ship, is strongly correlated with project
success. It also leads to |ow perceived
conflict, high commtnent, high in-
vol ved personnel, good communi ca-
i ons, change-orientation, innovation
and on-time/on-budget performnce.

Taken together, the findings show that to he ef-
fective in organizing and directing a project
team the |eader nust not only recognize the ro-
tential drivers and barriers but also know when
inthe life cycle of the project they are nost |ikely
to occur. The effective project |eader takes pre-
ventive actions early in the project [ifecycle and
fosters a work environnent that is conducive to
team buil ding as an ongoing process.

The effective teambuilder is usually a socia
architect who understands the interaction of or-
gani zational and behavioral variables and can
foster a climte of active participation and nini-
mal dysfunctional conflict.. This requires care-
fully developed skills in |eadership, admnistra-
tion, organization, and technical expertise. It
further requires the project leader's ability to in-
volve top management to assure organizational
visibility, resource availability, and overall sup-
port for the new project throughout its life cycle.

It is this organizational culture which adds
yet another challenge to project team buil ding.
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rather than cooperation. In fact, even at the indi-
vidual contributor level, many of the highly in-

novative and creative people are high individual.
istically oriented and often admt their aversion
to cooperation. The challenge to the proj
manager is to integrate these individuals into a
teamthat can produce innovative results in a sys-
tematic, coordinated, and integrated effort to ac-
conplish the overal | project plan. My of the
problens that occur during the formtion of the
new project teamor during its lifecycle are nor-
mal and often predictable. However, they pre-
sent barriers to effective team performance.
They nust be quickly identified and dealt with

The fol lowing section offers speceific suggestions.

RECOMVENDATI ONS FOR ENG NEERI NG
TEAM MANAGERS

A number of recommendations have been de-
rived fromthe broader context of this study
whi ch can potentially increase the project mn-
ager's effectiveness in building high performng
t eans.

1. Barriers: Project managers must under-
stand the various harriers to team devel opnent
and build a work environment conducive to the
tean s motivational needs. Specifically, manage-
ment shoul d watch out for the followng barri-
ers: 1) unclear project objectives, 2) insufficient
resources and unclear funding, 3) role conflict
and power struggles, 4) uninvolved and unsup-
portive management, 5) poor job security, 6)
shifting goals and priorities

2. The Project Cbjectives and their inpor-
tance to the organization needs to be clear to al
personnel who get involved with the projeet. Sen-
lor managenent can help develop a "priority im
age” and communicate the basic project paramet-
ers and managenent quidelines.
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3. Management Conm tnent: Project man-
agers nust continuously update and involve their
managements to refuel their interest and commt-
ment to the new project. Breaking the project
into smaller phases and being able to produce
short-range results frequently, can be inportant
to this refueling process

4. Image Building: Building a favorable im
age for the project, in terms of high priority, in-
teresting work, inportance to the organization
high visibility, and potential for professional re-
wards is crucial in attracting and hol ding high-
quality people. It is also a pervasive process
whi ch fosters a climate of active participation at
all levels; it helps to unify the new project team
and mnimzes dysfunctional conflict.

5. Leadership Positions should he carefully
defined and staffed at the beginning of a new
program Key project personnel selection is the
joint responsibility of the project manager and
functional management. The crediblity of proj-
ect |eaders among team menbers, with senior
managenent, and with the program sponsor is
crucial to the leader's ability to manage the
milti-disciplinary activities effectively across
functional [ines. One-on-one interviews are rec-
onrnended for explaining the scope and project
requirements, as well as the managenment philos-
ophy, organizational structure, and rewards

6. EFfective Planning early in the project life
cycle will have a favorable inpact on the work
environnent and team effectiveness. Since proj-
ect managers have to integrate various tasks
across many functional |ines. Proper planning
requires the participation of the entire project
team including support departnents, subcon-
tractors, and managenent. These conprehensive
activities, which can be performed in a specia
project phase such as Requirements Analysis,
Product Feasibility Assessnent, or Product/
Project Definition, usually have a number of
team building benefits.

7. Involvement: One of the side benefits of
proper project planning is the involvement of
personnel at all organizational levels. Project
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managers should drive such an invol venent,
least with their key personnel, especially dur
the project definition phases. This involvene
wll lead to a better understanding of the task 1
quirenents, stimulate interest, help unify t
team and ultimately lead to conmtnent to t
project plan regarding technical performnc
timng, and budgets.

8. Project Staffing: Al project assignnen
shoul d be negotiated individually with each pr
spective team menber. Each task |eader shou
be responsible for staffing his or her own ta
team Where dual-reporting relationships are
volved, staffing should be conducted jointly
the two managers. The assignment intervi
shoul d include a clear discussion of the specif
task, the outcome, timng, responsibilities, r
porting relation, potential rewards, and inpo
tance of the project to the conpany. Task assig
ments shoul d be made only if the candidate
ability is a reasonable match to the position r
quirenents and the candidate shows a healt
degree of interest in the project

9. Team Structurc Mnagement needs to d
fine the hasic teamstructure and operating co
cepts early during the project formation phas
The project plan, task matrix, project charte
and policy are the principal tools. It is ther
sponsibility of the project manager to comun
cate the organizational design and to assure th
all parties understand the overal| and interdisc
plinary project objectives. Clear and frequel
comuni cation with senior management and tl
new project sponsor becomes critically inpor
tant. Status review neetings can be used for fee
back.

10. Team Building Sessions shoul d be cor
ducted by the project manager throughout tt
project lifecycle. An especially intense effor
mght be needed during the team formatic
stage. The teamis being brought together in
rel axed atmosphere to discuss such questions as

« Howare we operating as a tean? \hat i
our strength? Were can we inprove? Wa
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steps are needed to initiate the desired
change?

o \Mhat problems and issues are we likely to
face in the future? Vhich of these can be
avoi ded by taking appropriate action now?
How can we “danger-proof” the tean?

I'1. Team Commitment: Project managers
should determne [ack of team member commt-
ment early in the life of the project and attenpt
to change possible negative views toward the
project. Since insecurity is often a major reason
for lacking comm tnent, managers should try to
determne why insecurity exists, then work on re-
ducing the teammenbers’ fears. Conflict with
other team nmenbers may be another reason for
lack of commitnent. It is inportant for the proj-
ect leader to intervene and nediate the conflict
quickly. Finally, if a team menber's professional
interests may lie el sewhere, the project |eader
shoul d exam ne ways to satisfy part of the team
menber’s interests by bringing personal and
project goals into perspective

12. Senior Management Support: It is criti-
cally inportant for senior management to pro-
vide the proper environment for the project team
to function effectively. Here the project |eader
needs to tell managenent at the onset of the pro-
gram what resources are needed. The project
manager’ s relationship with senior managenent
and ability to develop senior management sup-
port is critically affected by his or her-credibtity
visibility, and priority inage of the project

13. Organization Devel opment Specialists:
Project |eaders should watch for changes in per-
formance on an ongoing basis. If performnce
problens are observed, they should be dealt wth
quickl'y. If the project manager has access to in-
ternal or external organization devel opment spe-
cialists, they can help diagnose team probl ems
and assist the teamin dealing with the identified
problens. These specialists can also bring fresh
i deas and perspectives to difficult, and some-
times emotional |y conplex situations.
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14. Probl em Avoi dance: Project |eaders
should focus their efforts on probl em avoi dance
That is, the project |eader, through experience
shoul d recogni ze potential problems and con-
flicts at their onset and deal with them before
they become big and their resolutions consune a
large anount of time and effort

A FINAL NOTE

I'n summary, effective teambuilding can be a
critical determnant of project success. Building
the engineering teamfor a new technical project
I's one of the prime responsibilities of the pro-
gram | eader. Team building involves a whole
spectrum of managenent skills to identify, com
mt, and integrate the various personnel from
different functional orgatitions into a single
task group. In many project-oriented engineering
organi zations, teambuilding is a shared respon-
sibtity between the functional engineering man-
agers and the project manager, who often reports
to a different organization with a different supe-
rior,

To be effective, the project manager must
provide an atmosphere conducive to teamork.
Four major considerations are involved in the in
tegration of people from many disciplines into an
effective team 1) creating a professionally stinu-
lating work environment, 2) good program | ead-
ership, 3) providing qualified personnel, and 4)
providing a technnically and organizationally sta-
ble environment. The project |eader must foster
an environnent where the new product team
menbers are professionally satisfied, involved
and have mutual trust. The more effectively
project |eaders develop team menbership, the
higher is the quality of information exchanged,
including the candor of sharing ideas and ap-
proaches. It is this professionally stimlating in-

vol vement that also has a pervasive effect on the
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teams ability to cope with change and conflict,
and | eads to innovative performance. By con-
trast, when a member does not feel part of the
team and does not trust others, information will

not be shared willingly or openly. One project
| eader enphasized this point: “There’s nothing
worse than being on a team when no one trusts
anyone else. . . . Such situations lead to ganes-
manship and a | ot of watching what you say be-
cause you don’t want your own words to bounce
back in your face. . . ."

Furthernore, the greater the teamspirit,
trust, and quality of information exchange
among team menbers, the more |ikely the team
will be able to develop effective decision-making
processes, make individual and group commt-
ment focus on problem solving, and devel op
self-forcing self-correcting project controls.
These are the characteristics of an effective and
productive project team

Over the next decade we anticipate inport-
ant devel opments in team building which wll
lead to higher performance [evels, increased no-
rale, and a pervasive comitnent to final re-
sults. Areas which should be further investigated
include 1) applicability of our findings to ergi-
neering teamwrk in general, 2) the differences
and sinlarities to nonengineering teams, 3) addi-
tional studies into team performance and their
correlates, and 4) studies of team performnce at
various project life cycle stages. These are just a
few of the areas that deserve future study, and
we hope that this paper will stinulate additiona
thoughts and research activity.

This paper summarizes several inportant as-
pects of teambuilding in an engineering environ-
ment. It should help both the professional in the
field of engineering mnagement as well as the
schol ar who studies contenporary organiza-
tional concepts to understand the intricate rela-
tionships between organizational and behaviora
elements. It also provides a conceptional frame-
work for specific research and situational analy-
sis of engineering teanbuilding practices
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APPENDI X: STATI STI CAL MEASURES
AND RANK- ORDER CORRELATI ON

Associ ation hetween Team Characteristics
and Team Perf or mance

The association was measured by utilizing
dall's Tau Rank-QOrder Correlation and Part
Rank- Order Correlation. First, projects \
rank-ordered by managers according to their
formance. Then the various factors descrit
the team characteristics were each rank-ord
by both managers and team members accor(
to their strength. Finally, the Tau Coeffici
and their significance were calculated for
association. For mthematically procedure see

The Kruskal-Vallis One-\ay Analysis

of Variance by Ranks

The Kruskal -Vl lis analysis is a test for dec
whether K independent sanples are from diff
ent populations. In our study the test verifies
both managers and other project team ment
believe in essentially the same qualities t
should be present within an effective, high |
formng project team

Correlation of Drivers and Barriers

to Team Performance

Project team menbers were asked to rate e
of the influence factors, shown as Drivers
Barriers in Figure 3. The rating neasured
presence of each of these factors in the team
vironment, using a five-point scale ranging f
“strongly agree” to “strongly disagree.”
team rankings based on these scores were t
correlated against the team rankings based
Performance (P and R scores) as perceived
senior managers (R-scores) and project manag
(P-scores). While the correlation factors in Ta
1 are based on the perception of managers
team menbers as indicated respectively, all f
tors were measured as a perception of both,
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fact showing a reasonably high statistical concur-
rence. Finally, those influences which correlated
predom nately positive were characterized as
drivers, those that correlated predom nately neg-
atively were characterized as barriers. The |abel -
ing of the variables in Table 1 is according to Fig-
ure 3, the statistical significance is indicated as
follows: 7 = 0.25 indicates a 95-percent confi-
dence level (p =< 0.05), and 7 = 0.35 indicates a

99-percent confidence level (p =< 0.01).
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

DAILY LOG

The purpose of this daily log is for you to pick out and record the
most personally significant experience of the day and what you
learned from it.

This will involve reflecting on:

e  what experience during the day was most significant to you
personally

e  why this was personally significant

e  what you learned from it

e  any actions you propose to take as a result

Of course, you need not restrict your record to only one experience.

You can also use the daily log to record your thoughts, ideas, insights
and feelings. This may include reflections on what worked and what
did not work (and why) and ideas for possible improvements. It may
include reflections on the relevance of the course experiences 10
activities and experiences outside of the course.




NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

DAILY LOG

DAY 1

WHAT WAS THE MOST PERSONALLY SIGNIFICANT EXPERIENCE?

WHY WAS THIS PERSONALLY SIGNIFICANT?

WHAT DID YOU LEARN?

WHAT ACTIONS WILL YOU TAKE OR PROPOSE AS A RESULT?

ALSO RECORD ANY OTHER THOUGHT, IDEAS, INSIGHT AND FEELING
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECEANOLOGY

DAILY LOG

DAY 2

WHAT WAS THE MOST PERSONALLY SIGNIFICANT EXPERIENCE?

WHY WAS THIS PERSONALLY SIGNIFICANT?

WHAT DID YOU LEARN?

WHAT ACTIONS WILL YOU TAKE OR PROPOSE AS A RESULT?

ALSO RECORD ANY OTHER THOUGHT, IDEAS, INSIGHT AND FEELING
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

| COURSE EVALUATION

We would be very grateful for your feedback on the course. Please

Two copies are provided so that you can keep a copy of your
evaluation. Thank you! '

complete this evaluation form and return it at the end of the course.

THE MOST HELPFUL THINGS I LEARNED FROM THE COURSE ARE:
1.

2.

3.

WHAT I LIKED BEST ABOUT THE COURSE WAS:

WHAT I DISLIKED MOST ABOUT THE COURSE WAS:

RECOMMENDATIONS FOR FUTURE COURSES

ANY OTHER COMMENTS?

NAME (OPTIONAL)
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

|  COURSE EVALUATION |

We would be very grateful for your feedback on the course. Please
complete this evaluation form and return it at the end of the course.
Two copies are provided so that you can keep a copy of your
evaluation. Thank you!

THE MOST HELPFUL THINGS I LEARNED FROM THE COURSE ARE:
1.

2.

3.

WHAT I LIKED BEST ABOUT THE COURSE WAS:

WHAT I DISLIKED MOST ABOUT THE COURSE WAS:

RECOMMENDATIONS FOR FUTURE COURSES

ANY OTHER COMMENTS?

NAME (OPTIONAL) |
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NSRP SP-9 PANEL SHORT COURSE ON IMPLEMENTING ADVANCED TECHNOLOGY

PERSONAL ACTION PLAN

In the light of your thinking and activities during this course, what are now your

principal related targets or goals? Write the top three in order of priority:
1.

What actions will be necessary for you to achieve these targets or goals?

Your actions Other people's action
1.

For each of your three targets or goals, write below something that would be

visible evidence that you had achieved them:
1.

2.

3.

Enter the dates that you plan to complete each of your targets or goals:
1.
2.
3.

NAME: DATE:
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