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Disclaimer

The statements and conclusions contained in this report are those of the
authors. and do not necessarily reflect the views of the Department of
Housing and Urban Devel opment. The authors have made every effort to
verify the accuracy and appropriateness of the report’s content. How-
ever, no guarantee of the accuracy or completeness of the information or
acceptability for compliance with any industry standard or mandatory
requirement of any code, law, or regulation iseither offered orimplied. The
products listed in the report are included only as examples of some avail-
able products. No endorsement, recommendation, or evaluation of these
products or their useis given or implied.



Foreword

Home ownership has reached record highs over the last few years. As a
consequence, home production has also benefited from the tremendous
need for new homes in America's cities and towns. Despite these
demands, the home building industry still lags behind other industries in
technological innovation and adoption—that is, in providing new homes
more quickly and more efficiently while still keeping homes affordable and
of a high quality. New techniques, materials, tools, and organizational
methods are often limited to specific parts of the country among specific
builders because of the obstacles in spreading those ideas nationally.
There is much that can be done, and there is much that all the
participants in the home building industry would like to see done.

Two years ago, HUD began an ongoing research project to address this
crisis While, much of HUD's technological research work looks at the
materials from which homes are built, we realized how important the
processes for construction are for homes and home builders: or, how
houses are built. Ways to automate home construction processes, to
improve construction work flows, and to practically coordinate
construction sites—known as Industrializing the Residential
Construction Site—became a new research focus. In the first year's
effort, Phase I, researchers laid out five areas that best contained the
possibility of transforming the construction site: production integration,
operations integration, performance integration, information integration,
and physical integration

Of these five, HUD chose to first explore “information integration” in
order to see how information exchanges, relationships, and mechanisms
shaped construction operations. As the common denominator on all
construction sites, information is a critical beginning for understanding
integration, and one that HUD believes is central to this ongoing
research. This document, Phase I1: Information Mapping, is the product
of that research, and is one that HUD is proud to publish. It includes
an amazing record and analysis of the information flows and breaks on
construction sites, as well as recommendations for overcoming these
breaks.

Such a comprehensive and integrated approach to information, the basic
building block of any industry’s work, will have dramatic consequences
for all of housing production. This first in-depth exploration of those
processes opens an entirely new approach to helping home builders and
building trades understand how their work is structured, and how it can
be improved. Ultimately, these improvements will also benefit America's
home owners and buyers. Research initiatives and results like those in
this series directly support the home building industry’s future
production capacity and the quality and cost of American homes for
years to come. We invite you to read this report and its precursor. We
also invite you to look out for more advanced research from HUD in this
fied.

Lawrence L Thompson
General Deputy Assistant Secretary for Policy Development and Research
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Chapter One: Introduction to Phase Two of Indug -ializing
the Residential Construction Ste

Softwaretoolsfor managing information abound today. Flat file, relational,
and object-oriented database tools are available in scales appropriate for
managing small, medium and very large sets of information. AsEnterprise
Resource Planning (ERP) tools, large, sophisticated databases have been
the foundation for the rebirth of economic sectors ranging from agricul-
ture to manufacturing. Manufacturing and heavy industries producing
raw materials have along history of intricately studying their processes—
knowing each tenth of a penny saved on a production unit could mean
millions of dollarsin production cost savings.

Theimplementation of these softwaretoolsin theresidential construction
industry, however, has been dow, partly due to the varying scales and
production rates of homebuilders, but perhaps mostly dueto diverse busi-
ness models and practices used by the homebuilding industry. This sec-
ond phase of “Industrializing the Residential Construction Site” focuses
ontheflow, filtering, and timely availability of information at three scales
of homebuilders.

INFORMATION MODELS

At a recent national symposium on information systems for residential
construction, it became quickly apparent that the two primary groups meet-
ing—software developers and builders—had starkly opposing expecta-
tions of which group was going to adapt or reviseits methodology for the
other. The overal tone of the software developers discussions could be
distilled to, “We have this product. It can do these things. If you change
your business practices, our product would solve your prablems.” The
builders’ tone might be summarized as, “Thisis our business practice. It
reflectsthe complexity of our industry. Why can't your toolsdo the same?’

Thismismatch indicatesthe need for mediation. Software devel opers need
an information model to make tools appropriate to the residential con-
struction industry, and the industry needs a translation of its business
practices into the language of information models to successfully imple-
ment these tools across office and field operations.

Information modeling isaprocedurefor representing theinformation poli-
cies, practices, and relationshipsin use by abusiness. Asan explicit record
of intuitive or implicit characteristics that trigger actions and decisions,
theinformation model istherationalization (i.e., theidentification, catego-
rization, and ordering) of the many rule setsin use by employeesin daily
business. Rationalization is a difficult, time-consuming process that has
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not been undertaken by the residential construction industry and thus is
the major obstacle to successful implementation of information technol-

ogy.

Rationalizing the wealth of information on residential construction sites
into an information model would involvetracing out fivelogical compo-
nents; object types, relationships, operations, data el ements, andregula-
tions?
Object types are people, places, things, documents, organizations,
agreements or policies playing a specific role in a business organi-
zation.
Relationships are named associations between two or more object
types which are the result of interaction between object types.
Operations are actions changing the state of the business system
being modeled, such as transactions and events.
Data elements are facts describing the object types or relation-
ships (phone number, name, etc.).
Regulations are rules governing the content, structure, integrity,
and operational activity of the model, expressing high-level policy
constraints.

The following pages describe how these five logical components work
themselvesinto avariety of construction sites and into a variety of infor-
mation processes. These will serve as the first steps to bridging the gaps
between construction means and information needs.

1 Flavin, M. 1981. Fundamental Concepts of Information Modeling. Y ourdon Press,
New York, p. 11.
2 Flavin 1981, p. 12



Chapter Two: Selection of Builders for Case Stucin
|nformation Management

InIndustrializing the Residential Construction Ste, Chapter Four, “Po-
tential Technologies for Industrialization in the Current Home Building
Industry,”* the homebuilding industry was categorized into

small-volumeresidential builders—building fewer than 20
homes per year;

medium-volume builders—Dbuilding up to several hundred
homes per year in regional markets;

high-volume buil ders—building more than 1000 homes per
year, utilizing on-site construction methods, with aregional or
national presence; and

production builders—using off-site fabrication including
modular, manufactured (HUD code), and factory-based
panelizers, undertaking the maority of their work in afactory
environment, and delivering consolidated materialsto sitesin
fewer than 10 deliveriesfrom asinglefactory.

With these categories in mind, this project studies the information flow,
production processes, and information filtering employed by the medium-
volume, high-volume, and production builders because they are likely to
have in place explicit business practices supporting the construction of a
genera information model for residential construction.
Specificaly, builders were chosen based on

annual volume of residential construction,

willingness to cooperate and allow study of proprietary busi-
ness practices and methods,

accessibility to the field researchers, and
state of rule-based processes in place.

1 O'Brien, M., R. Wakefield, and Y. Beliveau, 2000. Industrializing the Residential
Construction Site. U.S. Department of Housing and Urban Development, Office of
Policy Development and Research, Washington, D.C.






Chapter Three: Data Collection Methods for the =2cted
Case Sudy Builders

To study the information flow, information filtering activities, and mile-
stone events and to identify personnel positions that are key information
nodes, data collection methods were varied to adapt to the differences
between corporate policy, focused on process, and field practices, fo-
cused on the process.

Data on overall corporate policieswas collected in direct interviewswith
officersof the corporation. Information gathered in theseinterviewsformed
the road map for subsequent interviews with key managers of each sub-
process. Wherever possible, specific examples of forms, drawings, and
schedules were obtained (See Appendix A).

Data collection on field practices affecting production, scheduling, and
incentives was accomplished primarily through observation and informal
conversation with the site superintendent. These methods yielded greater
guantities of more accurate data but were still limited by the degree to
which the superintendent was able to spend time with the researcher.

Because of the nature of the subject and the finite number of observa
tions, this data collection and its subsequent analysis are meant to be
representative of construction practices rather than statistically accurate
documentation of those practices for the whole industry. As such, they
are afirst attempt at documenting information flows for residential con-
struction.

Observations and interview questions were focused on collecting data to
record:

overall production and monitoring processes at the corporate
leve,

approva and progress milestones,

trigger events in the process,

the mediaemployed in generating the information product from
each stage of the process,

the information products received at each stage of the process,
the specific data elements used by each stage of the process,
instances of information filtering (interpretation, representation,
used by managers,

instances of disconnects in timing, accuracy, or completeness of
information,

instances of disconnects between field practices and scheduling
and corporate palicy,
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instances of redundancies in information, and
corporateincentive programs affecting information flow and pro
duction.

Interviews and observations were conducted between September 2000
and January 2001. Typically, acorporate officer in each firm was contacted
by telephone and asked make an appointment for an introductory visit
wherein aresearcher and principal investigator would describe the project
goals and request interview time with key managers of the production
process and permission to collect examples of forms, drawings, and sched-
ules used in the production process.

The on-site observation visit conducted by aresearcher lasted two to four
days. During this period, the researcher walked through the production
process from purchase through order processing and into the field to
observefield practicesfor scheduling, subcontract coordination, changes,
quality assurance, and closing while recording the data listed above.

Following the on-site observation, the researcher assembled the data to
map theinformation form and flow to the production process. Information
inputs, filtration, and outputs were mapped to the overall process. Any
gaps in the data revealed by the mapping activity were cataloged and
addressed during afollow-up site visit. The production process, informa-
tion used at each stage, information disconnects, trigger events, and mile-
stones were mapped together to develop an overall diagram of theinterac-
tion between field and office processes. For each builder, more detailed
data on one specific aspect of the process (e.g., owner-initiated change or
roof framing) was collected and separately mapped. A narrative describing
the data collection, production process events, information used, cita-
tionsof information filtering, disconnects, and milestoneswaswritten and
attached to the process map. All examples of process forms were num-
bered, keyed to an index map, and filed for future reference.

A ligting of these documents can be found in Appendix A.



Chapter Four: An Analysis of Field Data and/Jbs: 'ved
Potential Information Disconnects

This chapter begins with a discussion of the general methods of analysis.
The first stage of the analysis involved data structuring and integration
using a process map. The second stage studied information filtering and
document use. The final stage identified potential information discon-
nects across the construction system. Sections 4.2 through 4.6 discuss
the analysis and findings for each builder in turn.

DATA STRUCTURING AND ANALYSS

Data was classified into three areas: process data relating to field con-
struction and management of the construction system; documents that
support field construction; and management of the system, and supplier
and component relationships.

A process map was developed for each builder to structure the data and
establish relationshi ps among management, field construction, documents,
and suppliers. Once each process map was developed, it was used to
identify and characterize information disconnects in the construction sys-
tem. These maps:

reveal information paths (both actual and predicted) and therela-
tionships among documents, information, and field construction

permit analysis of filtering of information throughout the con-
struction system, and

provide a point of comparison across builder groups.
BUILDER ONE

Figure 4.1 shows the process map for the Builder One construction sys-
tem. The process map identifiesinformation and material flowswithinthe
system. The main focus of the map ison materials and information neces-
sary to build the structure.

The Builder One construction system uses a component-based assembly
approach. Components are prefabricated in a separate component plant
and then assembled in another plant to form the house module. This
approach enables concurrent construction of components in the compo-
nent plant so that parts can be delivered to the assembly plant as required.
The module assembly plant al so uses concurrent construction of the mod-



Figure 4.1.foldout Process map for Builder One
Click herefor link to map

Figure 4.2. Component order to roof component
workstation.
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ule base—the floor, wall, and roof systems. These systems are then com-
bined before other component assemblies are added in the construction
process.

HOMES

ROOF COMPONENTS ORDER
FOR5;7: 9: 1312 DOUBLE FOLDING ROOF SYSTEMS

PARTS ORDERED BY:

FACTORY NO. BUILDER: M#
MODEL NAME: » UNIT SIZE
DATE ORDERED: DATE NEEDED: TIME NEEDED:

ATTENTION RAFTER FABRICATOR: REFER TO PRODUCTION RAFTER DETAILS

QUANITY DESCRIPTION OF COMPUNENT

FA.  A2PITCHDBL. FOLD RAFTERS:  SGL: DL TPL: FOR _ 12WIDE OR 14 WIDE

FA._ 12 PUICH DBL. FOLD RAFTERS: _SGL:__DBL:_TPL: FOR ___ 12 WIDE OR 4 WIDE

LA IZGABLE RAFTERS | LA (12 GABLE BAFTERS
EA___ 12 PITCH RIDGE DROP-INS—-MEMBERS & ON CENTER
EA, _ /12 PITCH RIDGE DROP-INS-—-MEMBERS @ " ONCENTER

—I'_'.-\. _MIPITCH: __ DEPTH OVERHANGS (T12-167 24" 0C OR ILIE8" 0 192700 ONLY)
EA._A2PITCH: __ DEPTHOVERH -\f\(i_‘_i{'a‘.'llv?ﬁ"-.i-?_-l"t){_' OR 121280 19.2700 ONLY)
EA. 12 PITCH LONG GABLE EXT. . EA “IE_I'I'I'(.'II LONG GABLETXT.
EA._ /12 PITCH SHORT GABLE EXT. LA, 12 PITCH SHORT GABLE EXT,
EA.__/IZTITCH: _ 12 WIDE ; ____ 14 WIDE GARLE FOLD-IN(FOR DBl FOLDING REOF
(COVERWITH ; __ ENERGY BRACE ;8" PLYWD.; _ I2"PLYWD. ;58" SH)
I-'.—-\. _JI2PITCH; _ [2WIDE: 1 WIDE GABLE FOLD-IN [FOR DBL. FOLDING ROUE)

(COVERWITH ; _ ENERGY BRACE ; __ W8 PLYWD.; __IZ2"PLYWD.; 54" SK)

Figure4.1 showsdirect aswell asindirect material and information flows.
Indirect materia flows are those not formally controlled by the produc-
tion/assembly process; for example, components are constructed then
delivered to the staging area until they are ready to be used in the assem-
bly process. Indirect information flows are those not directly involved in
the production process; for example, oral order confirmations, instruc-
tions, and checks.

In the Builder One system, the information “generation” for the building
process occurs at the end of the production-engineering phase. At this
stage, information packets are prepared for al parts of the construction
process. the component plant, modular plant, and the purchasing divi-
sion. The contents of atypical packet are listed in Appendix A. Theinfor-
mation handling processis different for the component operation and the
assembly operation. In the component operation, the plant manager re-
ceives information packets, filters them, and forwards only information
necessary for particular component construction to the appropriate com-
ponent plant workstations. Figures 4.2 and 4.3 show the typical informa-
tion going to a component workstation. Further filtering of thisinforma-
tion occurs at individual workstations. Figure 4.4 gives atypical example
of filtering at theroofing workstation, while Figure 4.5 showsatypical roof
framing plan.

In the module assembly plant, a component set of documents accompa-
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workstation.

Figure 4.4. Typica example of filtering at roof
component workstation.

Industrializing the Residential Construction Site

page 21



nies the module along the assembly line. At each workstation the crew
foreman performsthefiltering, determining which informationisrequired
from theinformation packet for thetask in hand. Figure 4.6 showstypical
information filtering by thewall framing foreman. Figures4.7, 4.8, and 4.9

Figure 4.5. Roof framing plan. [ e 1 =1 20
il I | I O O AN 1
- I: s | %
s g 8 i 1
IR Rmi ‘ ! -:
L . 1
! I:_ c'--nm:.s_.il— S_ B ]
i 1 T = ]
| L Lk
b £ ____.é %
3. i IR
1 o 5 S 1 e ‘
. [

show documents received by the plumbing foreman and filtering by the
foreman for use in those assembly tasks.

OBSERVED SYSTEM DISCONNECTS

Disconnects in the context of thiswork are areas of the construction pro-
cess where information exchange or material flow is not meeting perfor-
mance requirements for the construction system. Disconnects can result
in production delays, errors, rework, and other disruptions. The discon-
nectswereidentified using acombination of field research and analysis of
the process map.

Figure 4.6. Information filtering by wall framing s e - —
foreman. i .

[Wall Framing Information
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Five disconnects were identified in the Builder One system: change order
processing and communication, product pricing, production scheduling,
plumbing/electrical work, and the roofing workstations.

Change orders represent a significant disconnect in the Builder One
congtruction system. Significant rework and waste can occur when a
change order is accepted after the requisite work has been completed.
In the current process, once the original information packets have been
distributed, it takes severa days to process a change order and com-
municate the information to the correct workstations. This delay has
the potential to lead toloss of timeand rework if the change order isnot
received in time. Reducing timefor informing the production process of
changes would considerably aleviate this problem.

Product pricing isanother area of disconnect. Changes, special mate-
ria requests, and nonstandard items take severa hours to process
and price. Establishing partnerships with key suppliers that provide
easy accessto pricing or provide astable price over timewould over-
come this disconnect. This step could streamline pricing and increase
speed and accuracy of pricing to the customer.

A disconnect is aso apparent in production scheduling. The present
system manually produces schedules that are forwarded by office

Figure 4.7. Information filtering from production

order by plumbing foreman.
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Figure 4.8. Information filtering from floor plan
by plumbing foreman.

Figure 4.9. Information filtering from kitchen
details by plumbing foreman.
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mail to every department. These schedules quickly become outdated
as they are based on plant productivity, foundation completions, and
customer requirements. A closer to real-time production scheduling
system would keep departments informed about changes in produc-
tion schedules and enable purchasing agents, component plants, and
module plants to monitor production more closely and better meet
production demands.

Electrical and plumbing trade workstations in the modular plant ap-
pear to be affected by information disconnects. Interviews with crew
foremen in the data collection phase revealed that the filtering pro-
cess of information packets at this station frequently uncover inaccu-
racies or code violations. When a problem isfound, it is rectified in
the module being constructed, and the drawings are modified accord-
ingly. However, these problems are not routinely communicated back



to the engineering department for rectifying in future module de-
signs. A design feedback system would help designers rectify these
problems and reduce the burden on trades people at the workstation.

Theroof framing station suffersfrom a different type of information
disconnect than those described above. Observations of the infor-
mation package and interviews with the foreman revealed afiltering
problemthat resultsin difficulty at thisworkstation. Theroofing crew
must filter through approximately 15 documents to get the informa-
tion needed for construction. The roofing crew requires information
on roof pitch, roof line, and coordination activities with other work-
stations. Such a substantia filtering operation requires considerable
effort that significantly increases the chance of error and causes pro-
duction problemsfor the crew. Significant improvements may be pos-
sible by performing filtering at the design stage and simplifying the
documents used for construction

BUILDER TWO

Figure 4.10 showsthe process map for the Builder Two construction sys-
tem. The process map identifiesinformation and material flowswithinthe
system. The main focus of the map isidentifying information necessary to
build the structure.

In contrast to Builder One, Builder Two does not itself perform any work
on the homes it builds; rather it negotiates contracts with subcontractors
onaproject-by-project basis. Builder Twoistransitioningto usethe” Builder
Program” to manage the construction and delivery of homes. In this pro-
gram, a nearly autonomous “builder” controls two or three subdivision
projects located in the same geographical region. The “builder” handles
the majority of contracts, marketing, and advertising. Each “builder” in
this program essentially becomes a construction company with its own
superintendenting staff, sales staff, secretaria staff, etc. This report con-
centrates on the building process from customer order to turnover of the
house. This process is relatively similar, regardless of the management
system in place at the subdivision level.

The process map indicates the information paths and material pathsin the
ideal system. This system is essentially linear in nature and is based on a
fixed-time, 89-day schedulefor house construction (Figure4.11). Thelin-
ear system requires the builder to place orders with contractors once
particular milestones are reached. The information flows to contractors
and material suppliers using a number of standard documents. For ex-
ample, thejobinitiation order (Figure4.12) recordstheinformation for the
superintendent and subcontractors for a particular house. The Builder
Two information sheet (Figure 4.13) records all options selected by the
customer for the information of subcontractors. Information also flows
through informa communication in the form of superintendent calls to
subcontractors. These informal and indirect information flows are also
indicated on the process map. The two types of information flow in this
system do not necessarily operate together, causing many of the discon-
nects highlighted in the next section.

OBSERVED SYSTEM DISCONNECTS

The 89-day schedule (Figure 4.11) is based on a five-day work week. In
theory, the schedule should alow al those involved in the house con-
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Figure4.10.foldout Process map for Builder
Two. Click here for link to map

Figure 4.11. The 89-day schedule.
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B& Day Schedule FEBRUMRY

Lot
UPDATED [ alals Clasing Day d5-Jan  Of-tan 15-Jan Td-don  f5Jan 6dan  Riedan

1 ]
21-Aug 26Aug 03-Sep (2-Sep O3 Sep C4-Sep (00-Sep

STAKING 1
F EXCAVATION 2 Rvug 2TAug 04Sep 03Sep O4Sep (05Sep 10-Sep
O DIrs FODTINGS 3 25#Aup 28Aug O5S5ep O4-Sep 05Sep 08-Sep 11-Sep
U FOOTING INSPECTION 3 2i-Aug (2-%ep 09-Sep 0B-Sep 08-Sep 10-Sep 15Sep
N POUR FOOTINGS 7 28-Aug 04.Sep 11-Sep | 10-Sep 11-Bep 125wp 17-Sep
O FORMWALLS 8 D02-S5ep O05-Sep 12-8ep 11-Sep 12-5ep 15-Sep 18-Sep
A INSPECT WaLLS 10 D4-5ep 09-Fap 16-Sep 15-5ep 15-5ep 17-Sep 22Sep
T POUR FOUNDATION 11 05-Sep 10-Bop 17-8ep 16-8sp 17-8ep 16-Sep 23-Sep
| WATERPROOF ANDDRAINTILE 14 10:Sep 15-Szp 22-8ep 19-8ep 22-8ep 23.8ep 26-Sep
0 FOUNDATION INSPECTION 14 10-8sp 16-Sep 22-Bep 16-Sep 22.5ep 23-Sep 25-Sep
N BACKFILLIROQUGH GRADE 15 11-Sap 16-Sep 23-Sep 22-Sep 23-Sep 24-5ep 28-Sep
UNDERGROUND PLUMBING 15 11-Sep 16-Sep 23-Sep 22-Sep 23-Sep 24-5ep 29-5ep
5 PLUMEING INSPECTION 16 12-Sep 17-Sep 24-Sap 23-Sep 24-Sep 23-Sep 30-Sep
€ PREP SLAB 16 12Scp 17-Sep 24Scp 23€ep 24-Sep 255ep 20-Sep
H INSPECT SLAB 17 15Sep 18-Sep 25-Eep 24-Gep 25Sep 26Sop 01-Oat
E POUR 5LAB 18 16-5ep 19-Sep 26-Sep 25-Sep 26-Sep 29Gep (2-Out
D WATER/SEWER 10 1T-Sep 22-Gep 29-Sep 26-Gep 20-Sep 30-Sep 03-Oct
U WATERMSEWER INSPECTION 19 17-Sep 22-Sep 29-Sep 26-Sep 29-Sep I0-Ssp 03Ot
L ROUGH LUMBER DROP 20 18-Sep Z3-Sep J0-Sep 29-Sep I0-Sep M-Oct 05-0ct
E SETY STEEL 20 13-Sep Z3-Sep 30-Sep 79Sep I0-Sep M-Oa 060t
20 H8-Sep 23-Sep A-Sep 29-Sep I0-Sep  01-04  05-Oct
15T FLOOR DECK 21 19Sep 24-Sep 01-Oct 20-Sep O01-0ct 0204  O7-Oct
15T FLOOR WAL LS 24 34-Sep 29-Sep 05-Oct 03-Oct 08-Oct 070 10-Oct
2N FLOOR DECK 27 298ep D02.0ct 08-Ocl 08-Oct 08-0cl 10-0d  15:Ocl
2ZND FLOOR WALLS 32 080¢l 06Oct 15-0ct 150t 16-0cl 17-0d 220t
EXTERIOR SHEATHING 35 080c 14-0el  21-0st  20-Oct 21-06i 23-0dd  27-Od
RODF TRUSSES 38 14-0ct 17Ot 24-0¢f 230t 24-0c0 27-0ct 30-Od
F ROCF PLY 38 140t 17-0cl  24-Oet 23-Ocl  234-Oct  27-Oct  30-Ddd
R CORNICEAMINDOWS/EXT. DOORS 38 14-Oct 17-Oct  24-Oct  230ct  24-Oct  27-Oct  30-Od
A BLCCKOQUT/SET STAIRS 47 16-0ct  21-0ct 28-0ct 27-Oot 280t 29.0ct  (3-Now
M INSTALL ROCFING 40 16-0ct 21-0pt  28-0ct 270t 28-0ot 29-Oct  03-Mov
E BARAGE DODRS 42 200 23-0ct 30-0ct 200t 00sl 31-Oci  O5-Nov
ROUGH HEAT 43 21-0cl  24-0ct  31-Oct 30-Oct  31-Oct 03-Mov  08-Nov
5 FIREFLACE 44 220cl 2T-Omt @-Nov 31-Oct O3-Nov Od-Nov QT-Nov
€ ROUGH PLUMBING 45 230cl 28-0ct Od-Nov @-Nov O4Nov OSMov  10-Mov
H FRAME PLUNCH 45 24-0ct  28-Oct  05-Nov Od-Nov O5dov  0B-Mov  11.Nov
E ROUGH ELECTRIC 47 27-0ct  30-Oct  06-Mov  05-Nov 06-Mov  97-Mov  12-Nov
DO ENERBGY SEAL d8 280c  31-Oct  O7-Nov 06-Nov OF-Mov  10Mov  13-Hov
U FIREINSPECTION 48 20-0cl 03-Nov  10-Mov  O7-New 10-Nov  {{-Nov ld-Wov
L INSULATE 46 29001 0%Nov  10-Mov  07-Nov  10-Mov  11-hov * ld-Nov
E INSULATION INSPECTION 51 3Ocl  05Nov  12-Mov 11-Nov 12-Mov 13-Nov  18-Nov
PRE-DRYWALL ORIENTATICN 51 3-Oct 05-MNov  12-Mov  11-Nov  12-Mow  13-Nov  1B-Nav
START SHEETROCK 52 D3-Mov 06-Nov 13-Mov 13-Nov 13-Nov 1d-Nov 19-Nov
BRICKWORK 53 Da-Mov OF-Mov 14-Mov 13-Nov 14-Now i7-Nov 2D-Nov
EXTERIOR FAINT 53 D4-Nov D7-Mov 14-Mov  13-Mov  14-Nov 17-Mev 20-Mov
SHEETROCK COMPLETE 54 05-Mov  1C-Mov  17-Nov  1d-Nov  17-Mov  1B-Mov  24-Nov
TAPE DRYWALL 55 DE-Mov  11-Mov  18-Mov  17-Mov 18-Mow 1B-Mov 25-Nav
SAND DRYWALL &1 14-Mov 18MNov O1-Dec 23MNov D1-Dec 02-Dec 05Dec
ELOWHN INSULATION 62 17-Mow 2(-Mow [0O2-Dec  01-Des D2-Dec D3-Dec 05-Dec
SIDING B2 17-Nov 20-Mow 02-Dec  DM-Dec D2-Dec D3-Dec  03-Dec
INTERIOR PRIME 62 1¥-Mov 2(-Nov (Z-Dec 01-Dec 0z-Dec 03-Dec 0f-Dec
INTERICR TRIM CARPENTRY 64 '9-Mov 25-Nov (4-Dec D03-Dec D4-Dec D05Dec 10-Dec
POINT-UP DRYWALL 66 24-Mov D1-Dec  05-Dec  05Des [02-Dec  DB-Dec 12-Dec
INTERICR PFAINT G8 25-Nov D3-Dec  10-Dec  DS-Dec  10-Dec  17-Dec  15-Dec
INSTALL KITCHEN 59 DM-Dec: D4-Dec 11-Dec 10-Dec  11-Dec  12-Dec  17-Dec
MIRRORS/SHELVING /1 D3-Dez  DB-Dec  15-0ec  12-Dec  15-Dec  16-Dec  10-Dec
F CERAMIC FLODRS/VINYL BATHS 71 03-Dec D2-Dec 15-Dec 12-Dec  153-Dec  15-Dec  15-Dec
| APPLIANGCE DELIVERY 72 D4-Dewc De-Dec 18-Dec 15-Dec 16-Dec 17-Dec 22-Dec
N VINYLHARDWOOD FLOORING 72 04-Dwc D%-Dec 15-Dec  15-Dec 16-Dec  17-Dec  22-Dec
A PLUMBING FINAL ¥3 05Dec 10-Oec  17-Dec  15-Dec  17-Oec  16-Dec  23-Dec
L ELEGTRIC FINAL i4 08-Dmc  11-Oec  18-Dec  17-Dec  18-Dec  18-Oec  29-Dec
HVAC FINAL 75 08.Dec 12-Dec 1%-Dec 18-Dec 18-Dec 22.Dec  30-Dec
5 ROUGH PUNCH-0UT 75 08-Dec 12-Dec  13-Dec 18-Dec 19-Dsc  22-Dec  30-Dec
€ ROUGH CLEAN 75 0GDec 12.Dec. 1%-Dec 18-Dec  18-.Dec  22.Dec  30-Dec
H FINAL PAINT 16 10-Dec 15-Dac  23.Dec  {15-Dec 22:Dac  23-Dec  02-Jan
E CARPET 16 10-Dec  15-Dec 22-Dec 1%-Dec 22.Dec 23-Dec 02-Jan
D PREAVALK INSPECTION 78 12-Dec 17-Dec 39-Dec 23-Dec 29-Dac  30-Dec  0B-Jan
Ll PUNCH-OUT PRE-WALK 79 15-Dec 18-Dec 20-Dec 28-Dec  30-Dec  02-Jan  OT-Jan
L FINAL CLEAN 80 18-Dec  19-Dec O2-Jan 230-Dec 02-Jan 05-fan 0B-Jan
E FINAL INSPECTION 82 18-Dec 23Dsc Of-dan OS-Jan O6-Jan O7-Jan 12-Jan
CUSTOMER CRIENTATION 83 19-Dsc 28-Desc O7-Jan DE-Jan OF-Jan ODB-Jan 13-Jan
SETTLEMENT DATE REVIALK 85 73Dec DFJan O9dan OB.an  D9-dan  12Jdan 15-dan
FINAL CLEAN 86 20-Dec D5-Jan  12-dam  DB-Jan 12-Jan 13-Jam 18Jan
FM RELEASE 8 28Dsc 0%-Jan 12-Jan DB-Jan 12-Jan 13-Jan  {8-Jan
SCREENS & SERVICE 86 29-Dec D02.an 12-Jan D3-dan 12-Jan  13-Jan  16-Jan
FINAL INSPECTIONS &8 0O2-dan D07-Jan 14-dan  13-dan  14-Jan 1B-Jan 2D-Jan
SERVICE PRE-WALK 88 O2Jan D7-Jan 14-Jan  13-Jan 14-Jan  15-Jan 20-Jan
SERVICE SIGN OFF 88 02Jdan  07-Jan  1d-Jan  13-Jan 14-dan  15-Jan  20-Jan
CUSTOMER QRIENTATION 89 8-Jan  08-Jan  18-Jan  14-Jan 15-Jan  1f-Jan  21-Jan

struction to determine the stage of the house and predict future activities
involved in the construction. The schedule, however, is difficult to update
and alter, leading to considerable information disconnection between the
sales office, thefield staff, and subcontractors. It isunclear at any particu-
lar timewhether the subcontractors, for instance, are working from the 89-
day schedule, an informal schedule that rests with the superintendent, or
their own schedule based on gathering direct information from the site.
There is an information disconnect between the management schedule
and the field schedule. Scheduling from the subcontractor’s perspective



JOB INITIATION ORDER

CUSTOMER: — e == . L
PRESENT ADDRESS: - - Figure 4.12. Thejob initiation order.
L} | | - STATE: - — ZIP CODLE: .

HOME PHONE: - HUS PHONE: _ | ik B

SUBINVISION: == ot 7 BLOcK:

BULLDING ADDRESS . B

e T= STALE . - £l CODE: i

MODEL: ELEVATION: - GARAGE: L

ESTIMATED DELIVERY DATE AS OF THL DATE OF THIS CHANGE ORDER:  December 2000
T_ g.° i I |

Datsftime (OPTION # OPTION DESCRIPTION Unit nmﬂ mmﬁea

Dase House
Lot Premium

EXTENSIONS AND EXTRA ROOM
09/13r2000[35060  |Attic Storaos

DAID1/2000[35067  [Florida Reom 1
YDp— ELEVATIONS
l0B/0172000[18004  [Elevation A4
STONE/STUCCQ/SIDING
08/13/2000/89001 $0R-Stone with siding-no stuecco,

stone condllion 2 and stone an

Library side of home whera the Ehe

Lelple window is locabed. Ho

stone Lo be added atb

DOORS AND WINDOWS
1mowtw11 Attium Door in Lisg of Sling Glass

Bonr-Florida Room

MASTER BEDROOM CEILING
08/13/2000|260056 Box Celling Master Bedroom
00/13/2000/26080  |7ak Stalrs wilh Esposed Treads and

Carpel. Runner

Subitotal of Oplions { Page 1
Community: 0571 e
Lot Numbar: ozv Block: 00 Address:
Building: Unit:
Permit Number:
Unit Type: 51065
Par/Rev: Tax#: Buyer Name: HAYES

Figure 4.13. The Builder Two information sheet.

Color Selections: Dats of Last Galor Change. 11/20/00

Ext Color Package: BD-558 Roof:  wWeathered Wood Trim: Beige Pediment

Siding:  White Shutters: Bam Rafier Front Door:

Appllance:  WhiteWhite Stone: Stuceo!  Bormuda Whits

Cabinets:  See Below Brick:

Carpet: Preewinnar #7289 Rice Cake - Araas below

Berber; Hadley #7 18 Tan Chiffon - Fam. Rm. Vinyl: Clty Square #40251 Kitchan, Daylight #40242

Countertops: Beige Pampas #4170-£ Tila: € x & white std. Hardwood: CB321-Natural - Amas Below

General Color Notes: CARPET-Prizewinner Liv. RmvDin Rrstairs/upper hellfall badrooms, HARDWOOD: Kitchen,
Florda Rm. & 13t Fir. Hail. CABINETS: Kitchen StylesTeton/Color=Spice KI5 witirass knobs.,
VANITIES: Clearbrook YWhite wiwhité knobe. FIREPLACE SURROUND. Beige

Recent Changes:
This unit has net had any Change Orders
Special Option Notes {Special Options are numbered 99xxx):

Current Options:
Number Quan.  Description
1 | RBASE HOUSE
o0 Here Kit Abmond‘ Alrmead
] WATERPROOF - ING BSMT
11045 WATERPROOF FLORITIA ROOM

17106 LIGHT VALANCE MASTLR BAT

1
|
|
180035 | ELEVATION 43
15105 | ADDSTUCCO TO ELEY #5
26045 1 WOOD RAILING ¥5 12 WALL
I
|
1
|
1
1
|

auM| FLUMLUZA BEAM W INGROCND BERMT

39022 TWIN WINDOW-5(DE OF HOUSE

Q0001 CHRISTMAS HOLIDAY LIGHT PACKAGE

SO0 DELETE ALL CARPET & PADDING, HARTDWCHIE, & YINYL FLUORING
9003 DELETE STANDARD GAS RANGE ]

NN ALY 2200 LIS FOR BANGE

G005 SURSTITUTE TYPE L COPPER WATER LINES IN LIEU OF FLOGUARD GOLD
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becomes a project-by-project, superintendent-by-superintendent process,
leading to scheduling instability, information disconnection, errors, and
rework. Builder Two ismaking some effort to overcomethislevel of dis-
connection by publishing the 89-day schedule on the web and updating
the schedule on a weekly basis. However, it appears that much of the
disconnection results from the fact that the 89-day schedule does not
accurately represent the field construction process.

The other major area of disconnection results from customization and
changes to the standard house and how these changes move through the
process. Failure to communicate change orders to the field in a timely
manner isthe source of errors, rework, additional costsand delays. Part of
thisfailuremay be dueto thefact that the sal es officeisworking off the 89-
day schedule, but the superintendent isnot. For example, based on the 89-
day schedule, the sales office may think that the kitchen cabinets have not
been ordered or installed and allow the customer to change the kitchen
layout when in fact the kitchen is aready substantially complete. The
other problem results from changes or options not being passed to sub-
contractors at the appropriate time. Thisisatwo-way problem that could
be overcome by having a single, regularly updated source of scheduling
information, changes, options, and building information

BUILDER THREE

Figure 4.14 shows the process map for the Builder Three construction
system. The process map identifiesinformation and material flowswithin
the construction system. Similar to Builder Two, Builder Three does not
perform any actual work on the homes it builds. Builder Three uses an
organization based on a project approach. Each subdivision is managed
by a superintendent who reports to a project manager responsible for
severa subdivisions. Project managers report to the division construc-
tion manager.

The construction system used by Builder Three is based on the same
fixed-time, 89-day schedul e used by Builder Two (Figure4.11), but Builder
Three uses an automated schedule system that provides information to
superintendents and subcontractors. This system uses a “start ling” (re-
corded phone message) that records lot status and a web-based founda-
tion system that records progress on the 89-day schedule. Both of these
automated systems are updated on a weekly basis. The web-based sys-
tem contains the same information that is contained in the Builder Two
schedule but is available for modem access. Subcontractors and superin-
tendents can log on and determine the stage the house is in and schedule
their work accordingly. They can also access other details about the house.

Most of the standard documentsidentified in the Builder Two documents
are used in the Builder Three operation with the added information pro-
vided by the web-based schedule.

OBSERVED SYSTEM DISCONNECTS

Site visits uncovered several disconnects in the Builder Three construc-
tion system, particularly in relation to interactions between subcontrac-
tors and site superintendents and between management and site superin-
tendents. There appear to betwo main causesfor lack of effectiveinforma
tion flow between subcontractors and site superintendents. First, sub-
contractors are brought into the building process before lots are sold or



houses begin construction so that quantities, times, and costs are estab-
lished for “base” models and not particular houses. Most of the homes
Builder Three sells have some degree of customization. Frequently, base
model plans and documentation that each contractor has do not accu-
rately reflect the custom features that have been added during the sales
process. Thereis an apparent disconnection involving communication of
these changes between the sales office, the site, the subcontractor, and
the subcontractor’ s site staff. Disconnects occur at all stages of the pro-
cess, with the potential to result in errors, rework, and additional delays
and costs.

The second disconnect results from a lack of reliability of scheduling
information flowing between subcontractors, Builder Three staff, and the
web-based schedule. Project schedules often deviate from the 89-day
schedule and operate on other schedules. Superintendents then schedule
the operation independently, causing disconnects and undermining con-
fidencein the scheduling system. Subcontractorsthen resort to self-sched-
uling or waiting for acall from the superintendent, resulting in problems
with trade continuity and subcontractorsarriving on site before their work

areais ready.
BUILDER FOUR

Figure 4.16 shows the process map for the Builder Four construction
system. The process map indicates information and material flowsin the
construction system.

The Builder Four construction system differs from those used by other
buildersin two ways. Thefirst isthat the builder never dealsdirectly with
the customer. The customer dealswith arealtor who worksfor adifferent
company, so information passes from the realtor to the builder. The sec-
ond difference is that each housing development is constructed on a
build-to-inventory basis. The subdivision becomes in effect a “site fac-
tory,” where subcontractors move from house to house along a street as
in an assembly line. If the next house on the street has not been purchased
by a customer, a standard plan home will be built on that site. This ap-

SRELMY FLECR FLAN

Figure 4.14.foldout Process map for Builder
Three. Click here for link to map

Figure 4.15. Standard floor plan.
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Figure4.16.foldout Process map for Builder
Four. Click here for link to map

Figure 4.17. List of standard options.
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proach enables the subcontractors to progress smoothly across the entire
subdivision, allowing a highly predictable schedule for the subcontrac-
tors. Customer-initiated changes are approached as if they were remodel -
ing projects with costs for demolition and rework added as part of the
normal cost of the change.

While this approach does not result in the most efficient use of time or
money, it allowsfor rapid build-out of asubdivision project. An additional
benefit of this “site factory” approach is that al the primary subcontrac-
tors are somewhere on the site al thetime, facilitating rapid resolution of
system conflict at the subcontractor level and enabling the site superin-
tendent to focus attention on overall production. This process requires
the availability of sufficient funds to carry the cost of houses in produc-
tion but not yet purchased. This“site factory” process depends on a small
number of model home plans (four) and standardized specifications. Fa-
miliarity with the standard models and specifications allows for highly
informal communications between devel oper, contractor, and subcontrac-
tors. Figure4.16 isacopy of astandard floor plan, and Figure4.17 isacopy
of the standard options. Customization of the home during construction
occurs, but with the underlying pricing assumption that demolition and

5-9: STANDARD OPTIONS - ALL MODELS

ACORDOMINTH STANDARD FEATURES - EXTERIOR
Foundation - Brick (oversizad Colonial)

Exteriar — Beaded Cemplank, Painted Colonia! Willlamsburg Cotars
Windows ~ Deuble Hung, Tilt Sash, Grill berwesn (floss, Insulated, Scraens
Exierivr Dogrs - Insulared

Deck - Salt Treaied Wood

25 year Architectural Roof

Exposed Ageragaie Drivevegy & Sidawalk

STANDARD FEATURES - INTERIOR

Fireplace = Masonry Fireplace ln Greut Roomifexcepr: . Boughed-in for Gas
Lags(lags not included) — (The = ventlexs with marbie surround)

Molding and Trim — Oversized Casing and Base Maiding

Chversize:! Two Member Crown Molding in Dining Boom, Living Room, Graat Xoom & Foper

Two Member Caair Railtng in Lining foam, Living Room, Kitcken Nook Fever and Powder Room

Ceilings — ' Ceilings Dawnstairs (The Kircher is 8°), Coiling Lpstairy #', Smoath
Ceilings Throughouwt

Starrs = {dak Treads, Mainted Risers, Oak Havdrail -

Flooring — Oak Flooring in Fayer, Great Raor, Dinmg Raom, Living Room, Kitchen Powdsr
Room; Ceramie The tnall Full Baths and Unlity raom; Carpet in all Bedrooms
& Second floor Hali

Plumbing - ifaster Bath — Jetted Tud & A Snower ret in Ceramic Tife, Cuitured Maride Duubie
Sink Vanity
Sevom! jloor Batk = Fiergloss ShoserTub Combinaton & Cultured Marbls Sink
Kitehen has Double Stnk and Garbage disposal
Jea-Aaker Hook-up and Coppar Warer Lines

Cubinetr — Ruiyed punel cabinets with Cuxiom Countertops

VAL = Pwn Zane Heating & Cooling: CGay Heat First Floor ¢ Hewi Pumg Second Floor
Gas Hot Water Heaier, Gas Ling Roughed in for Kitcher Range

Appliances - GE White dppliances

’ Self-Cleaning Electriv Runge

G Disirwasher
GE Space-Saver Microware

Elecirice! — Telephone Conneciions in Kitchen, Great Room & Al Bedroams
Catie Connectiony in Great Room amd Muster Bedrooms
Great Room & Al Bedrooms Wired & Blocked, Ready for Ceiling Fan

Additionzi Features — Mirrars in Full Boihrooms, Smoke Deveciors, Garage Door Opener,
dnstatled Afarm System; loored Starage Room un the Secund Floor, 2-Car Garaye,
Puil dawn stairs to aitic

Men: 2, 2000



i-1: CODE COMPLIANCE INSPECTION REQUEST

COUNTY

SQDE COMPLIANCE INSPECTION REQUEETS

LOT#
3320 Landing - Permit #
| DATEITIME DATE OF APPROVED! [
| TYPEOFINSPECTION | CALLED | INSPECTOM | REJECTED NOTES: |
. = =S | EE5
O} = [Fastirg | ozinwpn | caeama A I=sprtins dons v EGS U |
o 1 B
1" Foundaton 1 CE2300 3 Sez notes an “zgan N
= 1
L
[ T Faungatan T E R )
| | |
| 2" Frundgtion 1 TG B Sez noles on =or :
7 Feunastion [ T4Z0G A '
Foating Toe firspinca [ Tenrg El Hes notes on =i
- —————— 1
Framing \ [ RET]) JBR0T0 A i |
Eiecirica R~ | ChR2O A . 1
| Plumzing RA ] G St noins on “npart .
Liechanical =1 g R S04 s on fgEert
canie s R
Ges Rl — oc R S notas on tspen
tiechanical RN & 0520030 CEi21.00 A
Plurmbing R0 & 02,2003 062100 R Seg roleg o rspoit
Gags Rl DSEOMD | OE2e00 A L ) B
Sz |
Plymbmg 1 & 980 em. | OBRI00 Ll
Cnguialicn DEI26T | Cemin0 A Soo noles an repon
LR TS e 0 x T
r‘Fium:‘im —Fimal =, 14 #
A —]
R See notes o0 gl
A
I e 08iz00 &
| Finel T N R L
| Finzl 0B 1FOE00 R | Seenatsson repan
Final 100630 1070200 3] | See nnotes an rApam i
Final 1025 10f27/00 R | 3k ngles o aport —
Fopl®_ 11900 11173,00 A |

rework will beincluded in the cost of all changes.

The system of construction islinear in nature, and information flows are
relatively clear due largely to the familiarity of suppliers and subcontrac-
tors with the standard models. In contrast to other site builders, many of
the subcontractors have a continuous presence on the site and can ob-
serve progress on houses for themselves. Thus, subcontractors rely less
on the information system than would be necessary if dispersed. For this
reason much of the information flow is informal, visual, and somewhat
difficult to capture. The scheduling of deliveries and subcontractor work
are superintendent based, with the superintendent calling in requests on
an as-needed basis.

OBSERVED SYSTEM DISCONNECTS

The repetitive nature and flexibility of area assignments in this builders
construction system resulted in barely detectable disconnects. Discon-
nects, when they occur, are overcome by flexibility in area assgnments.

Areasof potential disconnect, however, liein theinformal method of sched-
uling. Thereisno formal trigger for placing of vendor orders, filing inspec-
tion requests, or making subcontractor assignments. Figure 4.18 shows a
copy of the code compliance inspection requests.

Change orders are another area of disconnect. The linkage between sales,
where the change order usually originates, and the site superintendent,

Figure4.18. Sampleof codecompliancecheck-

list.
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Figure 4.19. Builder Four change order process

map.

Figure 4.20.foldout Process map for Builder
Five. Click here for link to map
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Builder 4 Change Request

K[:_y for Builder 4 W

soen Document
Decision ' Data

b Information Flow

| Sk A By Sasts e g \
| associdned with (e Changs kN

{ Fanck s toeordr b A e
| Dewaloper 1o depost,

who schedules and authorizes work, is somewhat tenuous. The discon-
nect can happen when the superintendent is unaware that a change order
has been issued and fails to take account of that in authorizing work.
Figure 4.19 shows the change order process map.

BUILDER FIVE

Figure 4.20 shows the process map for Builder Five. The process map
includesthe procedures and processes for taking ahome from purchaseto
delivery. While Builder Fiveisasubsidiary of alarger homebuilder, it was
an independent developer until recently. With the new corporate structure
came new corporate information systems. However, the systems that the
larger builder put in place serve mainly as a means of tracking corporate
income and expenditures. That is, they serve to notify the corporate of-
fices of a new contract and track the progress of each house against the
master schedule and cost estimates.

To understand the process map in Figure 4.20, it is useful to describe the
process by which information is created, processed, and distributed to
produce ahouse. Theinitia step is decisions made by the buyer in select-
ing ahouse design, lot, and any options desired. These are communicated
by the sales agent to central office staff for two feedback checks. Thefirst
of these checks is provided by the construction manager, who determines
the house placement on the lot (Ieft- or right-hand design). The second
check is provided by the architect, who checks the house and options for
fit onthe selected | ot and its setback requirements. A determination of fitis
then returned to the sales agent and serves as an authorization to draw up



a contract with the buyer. Information in this feedback loop is sent by fax
to and from the office and is typically accomplished while a buyer waits.
The sales agent then draws up a contract of sale and obtains the buyer’s
signature. The contract isthen submitted to the central officefor approval
and signature by the Director of Sales or Division Manager. Copies are
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<L ey
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Garage 372 5g. 10

Urverall Hmensinns X6l

provided to the sales closing coordinator and the division manager’s ad-
ministrative assistant for processing. The sales closing coordinator ex-
tracts datafor tracking loan approvals and provides a copy of the contract
to the land development administrative assistant. The land development
administrative assistant uses the contract to produce a set of plansfor the
home. The appropriate drawings (design and orientation) are reproduced,
and then al options, including locations, are marked up on the plans by
hand (Figure4.21).

The marked-up plans are then duplicated, and two copies provided to the
buyer for approval. When an approved copy is returned, the plans are
considered final and start packages, which include the plans and contract,
are assembled.

As soon as the closing coordinator receives notification of a loan ap-
proval, the start packages are distributed to purchasing and to the super-
intendent. Purchasing pulls all data from the start package to create the
supplier information sheet (Figure 4.22) and the subcontractor informa-
tion sheet (Figure 4.23). The information sheets identify to each vendor
and subcontractor exactly what materials or work are required for the
house and identify the prenegotiated associated costs. The information

Figure 4.21. Drawings showing hand-marking of

options.
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Figure 4.22. Builder Five supplier information
sheet.

Figure 4.23. Subcontractor information sheet.
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SUPPLIER INFORMATION SHEET

Date: April 14, 2000 | Date Released to Field:
Contract Date: 3/31/00 | Square Feet (under roof): 1691 HSF_
| Development: at #: 1 |
Customer: i | Supervisor:
| House Plan: Boston | Elevation: 8
Garage Side: LH
SPECIFIC OFTIONS:
1) | Add 8x10 Concrete Pad as shown on plan ]
2) | Add Optional Garsge Side Door
3} | Upgrade Kitchen Lo 12x12 Tile
4} | Upgrade Foyer to 8 x 8 Tile
5} | Uparade camet
6] | Upgrade Kitchen cabinets
71 | Add Garage dour opener with remate
8) | Add 3 additional TV outiets
Standard - Unfinished Garage
Standard - Textured walls throughout
SUBCONTRACTOR INFORMATION SHEET
Date April 14, 2000 | Date Released to Fleld:
Development: Lot #: 4
Customer: Supervisor;
House Flan: Easton | Elevation: B
Garage Side: LH
Siding: Coler: Sandstane | Type: Wiyl
Trim: Color: Fure White:
o Weathared Grey
Shutrers: Styler Ralsed | Color shutters/Frant Door: bive {colonkal)
Brick: Color: Smip Balast | Size:
Plumsing: | e | o
FLODR COVERINGS:
Carpet Color: Upgrade - Equinox - Silver 447
IndoeriQutdoor Carpet A - -
Kitchen Flzoring Upgrade to 12212 tile Bergeral - Grout #19 Pewter
Master ﬂ_am Flon.nng .AI:lTbl.(Ql'lg L6095 - Initiatar
Guest Bath Flooring Armetrong 66093 - nitiatar
Powder Room Floaring HJA
Laundry Room Flooring Armetrong 66093 - Initiatar
Foyer Flooring Upgrade 1o B x 8 tile Bergeral - Grout #1% Pewiter |
Other:
CABINETS: Upgrade -rajsed panel white Dover | Knobs:
KITCHEN TOPS! Nevamar-Navy Matrix MR-3-5T
INTERIOR PAINT Bover White | TRIM: Pure White
MARBLE TOP COLOR: WMW | MARBLE TOP LOCATION
ELECTRICAL PACKAGE: EXTERIOR COLOR: ‘White
TOTAL CABLE: 3 TOTAL PHONE: z
APPLIANCES: White
| FIREPLACE aND sURROUND: L




sheets are placed in office mailboxes to be picked up by the subcontrac-
torsand vendors. To expedite construction, purchasingimmediately places
the orders for the trusses and panels, doors and windows, and the lot
survey.

The superintendent is provided copies of the contract, as well as two
copies of the approved plans. One set isto remain in the file in the field
office; the other isfor use by the subcontractors and remains in the house

L o EANCH Superintancent- i
sg.~t.-1319 Style-R Lotk Parmit- Sundivisien- 3
Customer- Slap Date Expocted Artunl  Gain/Loss
Frame 1 Tuesday 616 ]
rame 1| Wods 517
rame X |hursday 5-18
rramE 1 Friday S=13
rame 1 Meonday 5=
Frams 15 | Tussdney 5
eck & Fwll Houl 23 | Wednesday 5-24
sck & relt Rast 24 | Thursday 583 |
2ck & Felt Roof 25 | Friday 5-Z6
ough Plumh 2€ Menday 5-23
ough F1ums 27 Tuesday 5-3 |
Rough EVAL 76 dednesday | 5-3
Ruugh EVAC 29 Thursday -
Rough Electric 30 Friday =
Rough Electric 31| Menday G- 5
Rootine/insulalion 34 | Tupndny B~ B
Insulate Inspectian 35 | Wednesday 6 7 |
Quality Tespection/Fxterior Trim 36 | Thursday i- 3
Quality Ipspection/Extericr Trim 37 Friday - 9
Stock Drywall 38 | Menday -12
Hang Drywall 38 | Tuesday 513
Heng Drywal | 40 Wednosday f-18
Tape & bed 13 | Thursday 3
fapa _E:: 44 | Friday
WA 1 maned 4t | Menday -
rywall SKimmed - ar | luesday - =
rywall Ceilings Stigpled 48 | wednesday o
rywall Sand 4% Thursda G-2
Stock Intericr Trim 50 Friday (5]
Intarier |rim 51 | Monday | & 26
Interier Trim 52 Tuesday =E7
Irterier Trim 53 | Audnesday -28
CanineT Tnstalation L] Thursae -2%
55 | “viday 5=
S Marble Tops 56 | Monday ]
Euteriar nteriar Paint [ Tuesday | -4
Extarigr nterier Paint . 58 | Wednosday | 7. 8
Cutmriar nterior Faint Fel Thursuay | i- &
Extrrine nterior Faint bl | [viday | 7=7
+ Interior Paint 51 Mon day 71
[ er 52 | Tuesday 52
Ceramic Tife / Bath Vinyl £3 Wednesday | F-1
Plunbing Finish | B4 | Thursday -1
Electrical Finish LBn | Friday 7=1
HYAZ Finish | b8 Monday i 3.8
Clean Up / Sweep Out 57 | Tuesday 7-18 I
Kitchen Vinyl 58 | Wednesday =19
Hardware /M1 rrors /Shower aqgrf.f%‘._r,wrmin A0 Thursday | 7-2 |
Carpet 70 | Friday 7-2 |
Carpat 7 HManday 7-2 I
OJrywall Touch - Up | 73 | Twesday | 7-2
final Claan |74 | Wed J 726
Tinnl County Inspection |75 | Ihursday 7-27
Certificate of Uccupancy | 78 Friday 7-28 |
Customer Irspesction 77 | Monday -3
Punch |78 Tuesday 8-
Fuiich | 78 | Wednesday 8
Punch | 80 | rhursday | 8- 3 | | |
Close | 88 | Friday | B-a | | |

until completion. The date that the superintendent is given the start pack-
age then becomes the start date, and the schedule for the house is deter-
mined by the master 80-day schedule, shown in Figure 4.24 During con-
struction, all information used by the subcontractors and vendorsis con-
tained in the cost sheets and the plans. The superintendent monitors all
progress against the schedule and is responsible for notifying vendors
and subcontractors of the dates that materials or work will be required.

OBSERVED SYSTEM DISCONNECTS
Throughout the process from initial sale to construction, there are mul-
tiple instances of redundancies of data entry, duplication of data, and

missed opportunities for automation and electronic distribution of data.

Aswas discussed in the findings, Builder Five has capabilities of online
data transfer and storage with its corporate parent. A large percentage of

Figure 4.24. Daily schedule.
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the data stored on the corporate system is common to all paperwork pro-
duced and distributed throughout the local office, yet few personnel have
access to the database, and the data entered is never extracted for use
locally.

Another observed disconnect occurred very early in the process when
the construction manager must determine house placement and the archi-
tect must determineif a proposed house will fit on alot. When the initial
engineering is performed for the subdivision, house placement can be
built into the site plan; that is, al lots can be designated on the plans asto
whether they will accept a right-hand or left-hand house design. In this
way the sales agent can state with certainty which orientation of house
design must be placed on aparticular [ot without faxing the main officefor
adecison. Likewise, the architect’ sfit check isan exercisein redundancy.
To approve a house on a lot, the architect currently draws the lot in
AutoCAD, draws in required setbacks, and then drags in the house as an
object. While most lots are simple rectangles and the task is quite ssmple,
other lots (especially corner lots and lots on cul-de-sacs) become more
complex, not only in their geometry but in the setback requirements. Thus
considerable time and effort are invested in the process. By providing the
architect (or ideally the sales officesthemselves) with digital filesof al site
plansand all products, a much quicker and more precise method of guar-
anteeing afit could be realized.

As was mentioned above, no electronic data is shared by the various
playersin the process. To further complicate matters, the playerstypicaly
create unique forms and files to display and track common data. This
diversity of documentation makesit difficult for one player to passinfor-
mation along to another, astheinformation must first be extracted fromthe
hard copy, reentered into the new document, and printed for use by the
next player. This process is not only unnecessarily complicated but also
wasteful in terms of time and resources.

Another disconnect comes when the drawings are produced for a pro-
posed house. Current procedure has the land development administrative
assistant pull and duplicate a hard copy of the house plans. On this copy
buyer identification information isadded, along with specificationsfor the

marked

Figure 4.25. Floor plans with options shown and | ‘
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house, including options selected and locations of phone and cable jacks.
To accommoadate this system, all house plans are drawn with all options
on the plans, either as a detail box or as part of the main drawing. It is
therefore necessary to manually mark the plans to indicate whether each
option was selected or not and to approximately locate the communica-
tionsand other items. This system of including adrawing of the option on
the plan and relying on a check mark or strike through to indicate its
inclusion or exclusionisconfusing and proneto human error. For example,
seeFigure4.25. Starting each housewith afresh set of el ectronic drawings
and then including on the drawings only those options selected and elec-
tronically adding special locations for itemswould enable the end user to
better interpret the information contained on the drawings.

When the purchasing department receives a start package, it produces a
set of documents called Vendor Cost Sheets. The sheets spell out to each
supplier and subcontractor the construction start date, the model of the
house and the lot on which it isto be built, all options to be included, all

color and material selectionsapplicableto thevendor, and all prenegotiated
costing for the job. These sheets are placed in a series of mailboxes in
Builder Five' soffices, and each vendor isrequired to check thebox at least
weekly for new sheets. This sheet serves as the only official notification
that the vendor receives as to what is needed and when work isto begin.

A web-based system would serve very well to automate and expedite this
process. With accounts in each vendor’s name, subcontractors and sup-

pliers could check the web-based system for new jobs, forward informa-

tion onto their own people or third-party vendors, and monitor what work
is reported as complete and payables processed.

All payables for Builder Five are processed out of the corporate office.
Invoices are sent to Indianapolis for payment and, once entered into the
system, can be checked by accounting department staff in the Builder
Five offices. The system used by the corporate parent is set up to detect
and reject large deviations in the budget, but deviations of less than 20%
are not flagged by the corporate system. This procedure means that local
personnel must periodically review all accountsfor smaller deviationsand
determine the cause, justification, and whether a back-charge to the ven-
dor isneeded. This step istypically done after the house is completed but
before the books close on it. Therefore, finding information on the devia-
tionscan bedifficult, and getting restitution may beimpossible. Automat-
ing the system so that al deviations are flagged and brought to the atten-
tion of local personnel for verification would greatly reduce the time spent
on this function after construction is complete. The system could still be
designed to pay those payables that deviate less than 20% from the bud-
get but requiretimely explanation for deviationsin excess of 20% of bud-
get.

CONCLUSION

The five series of data, summarized in the information maps and in the
disconnect analysis, provide much fodder for comparative discussions
acrossthe builders. Production differences aside, the primary challengeto
the processes observed in these five builders is change. Round-the-clock
access to current, accurate information describing changes, appropriately
filtered and distributed to all affected partieswould eliminate the majority
of observed disconnects.
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Chapter Five: A Comparative Analysis of the puilde s in
the Case Sudies

In the five builders observed, many commonalities can be traced in the
content of their information aswell asthe methods by which that informa-
tion is generated and shared. These common characteristics, not
surpisingly, are also the primary disconnects that these builders face and
aremost likely representative of al builders maininformation challenges.

PRODUCTION PROCESSES

The buildersin this study al build homes using the same materials pal-
ette—2x4 or 2x6 wall studs, trussesor 2x floor and roof members, oriented
strand board sheathing for walls and floors, and vinyl or brick siding. All
operate on the eastern seaboard of the United States and have product
linesranging from lessexpensive starter housing to larger, more expensive
homes. The builders studied share the same fundamental process:

Model designs are developed based on marketing information.
Models are quantified and priced by each subcontractor and
supplier.

Models are marketed to buyers.

Buyers are allowed to make limited changes.

Production planning begin upon sales contract signing.

A superintendent has responsibility for production.

Schedules are tied to production capacity and cash flow plan-
ning.

Quality assuranceis carried out through additional inspections.

INFORMATION TECHNOLOGY

All of the builders use plans developed in a recent version of computer-
aided design (CAD) software. These CAD drawings are sent to the field
and to suppliers as hard-copy printouts or plots, and when changes are
made, new sets of drawings are generated and distributed to all subcon-
tractors and suppliers. As such, the CAD tools operate as a “digital pen-
cil,” but, asisthe case in much of the design and construction industry ,
not all the capabilities of the CAD software are used to integrate “front
office” sales activity with “back office” order/inventory/scheduling, pro-
duction, or production scheduling (Fallon, 1999),
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Typical usesfor information technology tools are asfollows:

Use of CAD software to generate drawings of models—All of
the builders studied in this project use CAD software to draw
and display designinformation. However, no useismade of para-
metric design, object orientation, or connection to other data
bases. For example, there is no connection of salesinformation
to the CAD system, no automated checking of building regula-
tions, and no connection between design documents and mate
rials supply or production planning.

Use of word processing software to generate contracts, agree
ments, and related forms.

Use of spreadsheets to generate lists, costs, orders.

PROCESS-BASED INFORMATION

The builders in this study depend on similar means of communication to
formally transmit information about the purchase, changes, options, and
schedules to suppliers and subcontractors. A list of document and draw-
ing types is included in Appendix A. Each builder depends on a project
manual of some kind which describesthe model purchased, its orientation
(right- or left-handed or reversed), the lot options purchased, and changes
requested at time of purchase. These areincorporated with the salesagree-
ment and typically forwarded to the engineering/purchasing departments
for feasibility and pricing. When feasibility and pricing are complete, the
sales contract is executed and forwarded to project managers for produc-
tion scheduling/planning. Schedules and production planning documents
aremanually forwarded to al departments. Buildersoffering alimited prod-
uct line operate with fewer documents because the subcontractors have
learned the requirements for each model. As buyer choice increases, the
drawings and documents required to produce each model also increase,
and the filtering of these documents by participants in the building pro-
cess becomes more compl ex.

Nomenclature has become a problem for Builder Three because a model
name is carried over from one year to the next, incorporating changes, so
suppliers/subcontractors cannot determine which model year design they
arepricing or building.

Builder One attaches a full set of drawings, purchase documents, and
quality assurance checklists to the house on the assembly line, so as it
moves from workstation to workstation, there is acomplete reference set
attached. The site-based builders have varying methods of distributing
and updating the project information, varying from the previousy dis-
cussed web-based system to pigeonhole mailboxes for each subcontrac-
tor in the main office. Direct information systemsin place generally func-
tion well for the initial startup of construction. The weakness of all the
direct information systems studied is customer-initiated change orders.

A change order is frequently initiated by the buyer’s contacting the sales
agent to price a proposed change. The sales agent checks the production
schedule to seeif the work has progressed to the stage where demolition
and rework or restocking fees are necessary. Builder Four uses a process



whereitislikely that demolition and rework or restocking will berequired
and prices changes accordingly. This approach covers the cost if demoli-
tion is necessary and seems to be a profit point if the change can be
accommodated without demolition, rework, or restocking.

For most other companies studied, the production schedule in the hands
of the sales agent does not necessarily represent the actual progress of
the construction. This situation is occasionally due to the sales agent
having an out-of-date schedule in hand, but often is due to construction
progressing at a more rapid rate than the standard production schedule
proposed. (See figuresin Chapter 4 for Builders 2 and 5.) Incentive pro-
grams for superintendents/builders completing projects ahead of sched-
ule often mean the sales agent is pricing a change assuming (as the sched-
ulein hand proposed) the work has not progressed, but later the superin-
tendent will learn of the change and have to tell the project manager that
the cost of demalition, rework, and restocking will haveto be borne by the
corporation.

FILTERING

This study documented numerous accounts of information filtering—the
reinterpretation and/or representation of initial information into another
form. Typically, the lead tradesman of a crew has to collect information
from the drawings, specifications, and purchase agreement as they apply
to thework of the crew. For Builder One, the lead framer hasto assemble
the necessary information from the following drawings and text docu-
ments:

Information required fromdrawings

Floor plan Wall locations/dimensions, millwork, door,
window locations

Exterior elevations Window and door heights, overhangs

Framing plan Floor roof framing direction, bearingwall 1o-
cations, girder details, stair locations/dimen-
sions, attic access |ocations/dimensions

Plumbing plan Tub/shower type (spa, stedl tub), access
panel locations

Electrical plan Recessed lighting locations
Information required fromtext sources

Production order Location/code, siding type, wall thickness,
accessibility required

After extracting thisinformation, thelead framer trand atesthe information
into markings on the piece of lumber intended to be the plate, or on the
floor sheathing to locate partitions, door openings, etc. The framing crew
then assembl esthe primary framing, whilethelead framer markslocations
for blocking to support window treatments, cabinetwork, grab bars, etc.

Filtering occurs most often between the superintendent or trade crew
leader and the laborers tasked with executing a specific portion of the
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work. Historically, and confirmed in this study, the filtering task has re-
quired the leader to:

glean piecesof relevant information from multiple sheets of draw
ings and specifications,

check these pieces of information against the change orders to
verify they represent the most current thinking about the project,

verify that the materials, tools, and labor needed to conduct the
work areavailable,

plan the work according to the stages of production,

verify the state of completion of construction and systemsin
close proximity to the work to be done, identify conflicts, meet
with leadersresponsiblefor the conflicting work, arrange resol u-
tion, and

represent these findings in conversation, sketches, and mark
ings on the work-in-progress. During this study, production team
leaders were observed reading the drawings and production or
ders and trandating the information into simple diagrams and
guantities on note paper, which was then attached to the appro-
priate workstation as the day’ s assignment of work.

While not all these tasks can be simplified with the application of existing
information technology, many can be. The conventions of drawing—site
plan, floor plan, elevation, schedules, and details—have been in use for
generations. While these were adequate to support the construction of
single-contract structures, they do not readily lend themselvesto the com-
plexities found in contemporary construction, with dozens of subcon-
tracts and hundreds of suppliers and bidders. Current drawing conven-
tions are organized primarily to support the bidding/pricing process. The
industry formally names them “bid documents.” The successful bid pack-
age is then assembled with the contract forms, named “ contract docu-
ments,” and transferred in multiple copies (recovered from unsuccessful
bidders) to be handed off to the lead builder or construction manager to
executethework.

Drawing conventionstoday (for example, the American Institute of Archi-
tects layer guidelines) do recognize primary subcontracts, grouping the
drawingsinto civil, architectural, mechanical, and electrical sections. Within
each section an effort is made to group the primary information needed by
major subcontracts and suppliers, e.g., windows and doors, finishes, mill-
work, foundations, framing, roofing, plumbing, heating and cooling, elec-
trical power, lighting, communications.

While this conventional organization of information speeds the bidding/
estimating process, it does little to support the actua production of the
work. Intensive effort must be invested by the leader of each subcontract-
ing group to ensure its work will be able to be completed in the most
efficient manner possible.

The widespread adoption of CAD programs by the design and construc-
tion industry and the convention of representing discrete information on



layers which can be made visible or invisible as required at the time of
digital or hard-copy plotting offer new opportunitiesto combineinforma-
tion layersin conventions directly supporting production. Asdigital plots
replace hard copies (“ blue prints”), thefiltering of information to support
bidding, then production, becomesinexpensiveandrelatively smple: “click
on” framing, cabinetwork, plumbing, window treatments, and door and
window schedule and generate the “e-plot” for the framing crew. This
process produces a set of drawings with all and only the information
needed for the framing crew. Development of layer conventions for pro-
duction promise to increase productivity, reduce conflicts, improve per-
formance, and reduce cost. Posting of “e-plots’ on the web with scripted
e-mails sent to any subcontract or supplier affected by achange order has
the potential to ensure each member of the construction team to be up to
date.

INFORMAL COMMUNICATION

Disconnects between business operations were observed in all builders
studied. Frequently disconnection could be found in the communication
between departments such as sales and production related to changes or
between production and design, where documents were frequently incor-
rect, but the person making the correction didn’t have ameans to commu-
nicate the perennial errors to the designers.

The disconnects can be classified as

those pertaining to the “front office” and field personnel, often
revolving around schedules vs. progress,

those pertaining to change orders and schedules aready dis-
cussed, and

those pertaining to feedback for quality improvement.

Generdly, theseare difficultiesin getting the right information to the right
peopleintheright form at theright time, aproblem of linkage. While often
theformal lines of communication and information flow work well across
the departmental structure at the beginning of production, the informa-
tion network is often cited as the problem in adapting to changes during
production. Part of this difficulty is due to the volume of paper accumu-
lated onaproject: itisdifficult for the partiesinvol ved to read through the
whole change, find whether they are involved, verify that the current
change doesn’'t supersede a previous change, then verify that the change
is going to be implemented. Some builders limit design choices and op-
tions and discourage changes, while others have observed that choices,
options, and changes are frequently the keysto sales, particularly at higher
ends of the residential market.

Within departments, informal linesof communication, indirect information
flows, fillsinwheredirect information flowsfail. Sharing officeand com-
mon spaces often make this process work. Depending on these indirect
information flows increases the risk of error (“Did you think | said the
Smythe house? | meant the Smith house!”) and resulting reductions in
trust, faith, and goodwill among the parties involved (“Y ou told me this
change was going to happen. | ordered the material. Now you tell me it
isn't going to be used! Who pays the restocking charge?’).
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Two problems emerge: communicating the informal findings across de-
partmental lines and being able to discern which “update” in the pile of
direct information updatesis the most current.

The use of information management tools, common in manufacturing sys-
tems such as Enterprise Resource Planning (ERP) tools --integrated data-
bases that support front-end sales integration with accounting, purchas-
ing, inventory, personnel, production and distribution activities--were not
found in the organizations studied in this research. The web-based project
information and scheduling tool discussed previoudly is a step in this
direction.

CONCLUSION

The challenges to efficient production processes fell into two broad cat-
egories, information filtering, and information disconnects.

A primary task for superintendents is finding the information that applies
to the specific task at hand, out of all theinformation making up the project,
assembling that information and trand ating the information into theforms
and level of detail appropriate for the personnel actually carrying out the
process. Theseinformation filtering activitiesare usually carried out using
some combination of document and memory-based information seeking.

Somelevel of filtering seemsinevitable. Any proposed information model
must account for the different levels of detail and modes of representa-
tionstailored to each group of users. Combining auto-filtering with ahigh
level of informationintegrity will support ashift away from memory-based
filtering (*We always built them thisway”) and towards the documents as
abasisfor project information.

Disconnects in information flow can be categorized as content type (i.e.,
errors, omissions, and changes) and temporal type (i.e., out-of-date infor-
mation and information not parsed to the schedule or actual state of
progress). Temporal disconnects were the most common type observed
and arethe most likely to be eliminated by the devel opment and implemen-
tation of information models encompassing both the corporate office and
field-based activities.

The proposed map must specifically address the information disconnects
observed in the field by proposing direct connections between discon-
nected domains. While costs related to disconnects and improperly fil-
tered information were not documented as part of thisproject, thereclearly
are costs to the builder, the suppliers, subcontractors, and owners—par-
ticularly related to change orders.

Forging solid information flows between departments, suppliers, subcon-
tractors, and field superintendents is necessary for the development of a
stableinformation model.

The most prominent linkagesto be formed are the foll owing:

Salesto design to production—Thislinkageis needed for two
reasons, access to up-to-date schedules for accurate pricing of
change orders and the full integration of a buyer’s selected
house plan with options and changes.



Production to design/engineering—Chronic errorsin
drawings or designs undermine the belief in the accuracy,
currency, and completeness of the information presented.

Customer servicetodesign to production—Customer service
after the saleis developing from its origins in warranty and
problem resolution into amarketing tool and profit center. The
proliferation of e-mail among buyers hasled anumber of
buildersto include e-mail notifications of regular maintenance
items such as shutting off outside hose bibs, cleaning gutters,
and furnace checkups. Builders are going so far as to establish
permanent web pages for each buyer’s house enabling the
owners rapid access to shingle and siding specifications used
on their house, paint names and types, tile specifications,
furnacefilter sizes, etc. to support the owners in maintaining
and repairing their home (Umlauf-Garneau, 2001). These
“continuous contact” strategies also enable builders to
announce new subdivisions or design offerings, remodeling
services, and contact owners in anticipation of their next
purchase (move up, downsize, retirement village, etc.).

It is of the utmost importance that these linkages be constructed through
acentral datawarehouseto ensurethat all information iskept current. The
common predilection towards construction of informal information paths
can quickly degrade the data integrity and level of integration.

All of the common problems witnessed here give clues as to how an

improved information map and new technologies can be put to use on
residential construction sites of all sizes.

Fallon, K., 1999 http://www.bentley.com/news/commentary/2000ql/kfallon.htm
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Chapter Sx: An Information Model and Proct ;s M oping
for Builder-Specific IT Requirements for the Fu.re

Thischapter formulates ageneralized information model based onthefive
builders presented in Chapter Three, the analysis of these builder prac-
tices in Chapter Four, and assessment of the information flow, points of
filtration, and points of disconnect described in Chapter Five.

SYSTEM GOALSAND APPLICATIONS

Goalsfor abuilder-specific information system differ little from those of
large manufacturers or industrial producers:

Minimize errorsin dataentry.
Minimize redundant data forms and entry.

Make up-to-the-minute data available to all parties needing it
across al information domainsin the enterprise.

Provide this data in the language, representationa form, and
level of detail most effective to the people needing the data.

Provide data rapidly, accurately, and seamlesdy to the normal
work operations of the people needing the data.

Receive progress/updates from field personnel.

Secure this data from unauthorized use.

To achieve these goals, information must be available and understandable
across the many disciplines making up a business enterprise. These disci-
plines tend to be clustered in separate departments (e.g., accounting or
engineering) and are characterized by strong internal operating rules, dis-
tinctiveterminology, distinctive ways of seeing the information generated
internally and well-defined interactions with other disciplinary groups
within the enterprise. These disciplinary groupings aretreated asinforma-
tion domains in this proposal--bounded parts of a business system hav-
ing their own structures for data and specific data elements generated in
the domain.
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Thefollowing proposal for ageneralized information model of the produc-
tion builder processisdivided into six domains of information:

sales/marketing,
design/engineering,
purchasing/inventory control,
production,

customer service, and
corporate management.

Applications of thisinformation system span all domainsof informationin
the builder enterprise. Each information domain must be included in the
system to avoid costly redundancies in data entry and database systems
and to fully implement common terminology across al the information
domainsin enterprise.

ALTERNATIVE SYSTEMS

Given the large number of people and businesses supporting the builder
in the residential construction process, there are two fundamental ap-
proaches to an information system.

The first is a decentralized system where each participant in the process
(individual or domain) constructs a system that is optimized for the data
generated by, the terminology used by, and theforms of information repre-
sentation customary to that participant. The hand-off of information from
party to party requires personnel trained to use the systems, terminology,
and form of representation in use by the party each isreceiving or trans-
mitting informationto. Advantagesof thissystemareit’slow initial cost to
develop, it’ sflexibility in being based in digital or hard-copy forms, and the
ahigh degree of optimization within each domain or business devel oping
it's own system. Disadvantages include higher personnel costs, potential
information trandation difficulties, increased potentia for error in redun-
dant data entry, and difficulty in establishing trust in data integrity.

The other approach is a centralized system following an ERP model. This
system uses a centralized database surrounded by indexes supporting
user groups and filters interpreting data according to the terminology,
forms, and representational conventions of the domain. Advantages of
this system are it’s inherent data integrity, data compatibility, timely ac-
cessto updated information, increased productivity (lesstimeinterpreting
and filtering) and information filtering customized to each domain. Disad-
vantages include higher initial cost in infrastructure and time required to
customize the information model to a specific businesses practices.

For these reasons, the following is proposed as the system to support a
generalized information model.

PROPOSED SYSTEM OVERVIEW

The proposed system (Figure 6.1) has a data warehouse at its center to
make project data available to each information domain in the enterprise.
The database will beindexed by lot, model plan, available options, histori-
cal data, and buyer-specific information. Supporting indexes of suppliers,
subcontractors, and related financial/personnel contacts will also be
housed in the central data warehouse.



The central data warehouse is the key to:

minimizing redundant data entry and associated errors,
providing up-to-date information to all parties,

presenting the datain aform and at alevel of detail most
appropriate to the people viewing/using the data, and

securing the data from unauthorized access.

Data supporting the business activities of each domain will be automati-
caly represented on the digital forms developed to replace the paper
versions currently used.

L ¥

1] Da i =
| Warehouse{ |

The data warehouse will be accessed by each domain through sets of
preestablished queries customized in content and representation to sup-
port the level of detail as authorized according to level of access granted
to the person initiating the query. Thefit between the unique practices of
the enterprise, the level of detail available from the data warehouse, and
accompanying preconfigured queries is essentia to avoid the develop-
ment of ad hoc “workaround” systems. Engineering this fit will require
detailed analysis of each builder’ s enterpriseto tailor the data content and
logical rules governing its use to the way the builder conducts business.
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Figure 6.1. Proposed data system
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PROPOSED SYSTEM MAP

The development of an information system supporting information inte-
gration as described in the preceding scenario requires the precise map-
ping of business policies and practices. This mapping is then trandated
into the five types of logical components which make up an information
model: object types, relationships, operations, data el ements, and regula-
tions. Each component is further described by six subcomponents: name,
definition, data content, data structure, allowable operations, and data
dependencies (Flavin, 1981).

Given the substantial differences in the specific business practices used
by builders, a universal data model addressing the specific terminology,
practices, rules, and relationships is impossible to construct. Figure 6.2
below diagrams the relationships between the six information domains,
their customized information filters and the central data warehouse. All
linkages between the domains occur through the data warehouse. This
arrangement ensuresthat each user isworking with the most current, most
accurate information on the project.

Figure 6.2. Relationships between domains and

the data model
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Based on the data collected, it is clear that asingle model will not be able
to encompass the specific business practices of each builder studied.
Therefore the following diagrams must be considered as afirst effort in
developing ageneralized information model. It isalso clear that complete
datamodeling will require additional in-depth study of each domain within
each building organization and the external connections between the en-
terprise and its customer, suppliers, and subcontractors.

For each of the studied domains, a generic identification of key people,
documents, and objectives has been compiled. A general process narra-
tive, a process diagram, and alisting of key information has been devel-
oped. The information linkages between domains have also been identi-
fied.

CORPORATE MANAGEMENT DOMAIN

Most production builders have in place information systems supporting
corporate management, including accounting, financial, and personnel
subdomains. Data collection and analysis work of this project is focused
on the process of purchasing, customizing and producing a home. Spe-
cific information on personnel, accounting, cash management and profit
planning were not included in the data collection activities of this project.

SALESMARKETING DOMAIN

Processnarrative

The buyer and sales representative review plansfor the modelsand lots
availableinthisparticular subdivision. The objective of thisreviewisto
educate the buyer about quality, availability, design options, and
customization possibilities. Buyer decisions regarding options and
changes are documented on the model plans, and options are added to
the salesagreement. The agreement and model plansarereviewed by the
sales manager, who verifies a general time frame for construction and
routes the annotated model plans and sales agreement to the design/
engineering office. The design/engineering office evaluates the fit be-
tween the model and lot chosen, as well as cost and feasibility of the
desired changes in combination with the options selected. A set of con-
struction drawingsand estimatesis produced and forwarded to the sales
representative. The sales representative and buyer meet to review the
construction drawingsand costsrelated to requested changes, andif all
is satisfactory, the buyer signs a sales contract and makes a down pay-
ment. If further revisions are required, the construction documents are
sent back to design/engineering for further revisions, then reviewed by
buyer and sales representative for approval.

Key people Buyer
Sales representative
Sales manager
Engineering representative

Keydocuments Maodel plan sheets (printed form, three dimensional
moddl)
Optionsinformation sheets (printed form)
Marked-up model plans(manua mark-up of printed plan)
Subdivision plan (printed plan)
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Lot plan (printed plan)

Sales contract (printed form, word processing templ ate)
Down payment contract (printed form, word process-
ing templ ate)

Construction documents with buyers options/revisions

Objectives. Buyer education (extent of customization)
Buyer satisfaction
Sales contract

K ey information findings

Purchaser name

Subdivision and lot purchased

Model plan purchased (name, designator number)
Options purchased (name, designator number)

Changes made (room number/name, description of change, change num-
ber designation)

Purchase price

Deposit amount, date

Down payment amount, date

Financing approval amount, date

Sales representative name

Development manager approval, construction release date
Preconstruction meeting schedule date

Surveyor property description date

Figure 6.3. Genera process diagram of the sales/
marketing domain
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DESIGN/ENGINEERING DOMAIN
Processnarrative

Information exchange in the design/engineering domain is seen in two
distinct phases. During theinitial design/engineering phase, model home
designs are developed in accordance to market trends, engineered for
regulatory compliance across the market region, named (designated),
and added to the builder’ s product line. Once part of the standard prod-
uct line, the design is modified/updated to incorporate option and
changetrendsin the buyersand lessonslearned during production which
offer savings in material, labor, or coordination between subcontracts.
The devel opment of model plans*® fromthe ground up” isnot aregular
occurrence in the design/engineering information domain.

The day-to-day information flow through the design/engineering do-
main istriggered by the interaction between sales/marketing represen-
tative and the buyer in the sal es/mar keting domain. Information initiat-
ing the production of construction documents for a specific buyer on a
specific lot is transmitted to the design/engineering domain in a pur-
chase agreement and a model plan annotated with the options selected
by the buyer and other desired changes as permitted by the builder. A
project file (data record) is initiated, automatically entering informa-
tion from the purchase agreement to appear on the title block for the
production plans.

Buyer

Sales representative

Sales manager

Engineering representative
Consulting engineer
Surveyor

Construction superintendent
Subcontractor foreman

Key people

Keydocuments Model plan sheets

Options information sheets

Marked-up model plans

Subdivision plan

Lot plan

Lot survey

Sales contract

Down payment contract

Construction documents with buyers options/revisions
Specificationg/tables of quantities
Survey/grading plan
Footing foundation plan and details
First floor framing plan and details
Second floor framing plan and details
Exterior elevations
Electrical plan
Mechanical and plumbing plan
Detail sheets
Option sheets
Change order sheets
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Objectives. Description of model as customized and with options
purchased by owner

Code compliance

Budget compliance

Buyer satisfaction

Sales contract

K ey information findings
Infor mation created in thisdomain:

Model plan purchased (name, designator number)
Preset options purchased (name, designator number)
Construction documents with buyers options/revisions

Specificationsg/tables of quantities

Survey/grading plan

Footing foundation plan and details

First floor framing plan and details

Second floor framing plan and details

Roof framing plan and details

Exterior elevations

Electrical plan

Mechanical and plumbing plan

Detail sheets

Option sheets

Change order sheets

Construction documents communicating siting and grading on the se-
lected lot, selected options, and changes requested by the owner are pro-
duced. These drawing files are sent back to the sales/marketing represen-
tative for owner review and acceptance. Once accepted, the drawing files
are distributed to the site superintendent, material suppliers, regulatory
officials, and subcontractors. These documents may be modified and reis-
sued while the house is under construction. Owner-initiated changes be-
gin with the buyers contacting their sales/marketing representative to pro-
pose the change. The sales/marketing representative evaluates the change
against the current construction progress schedule. Based on the progress
status (ordered/installed), the sales/marketing representative forwards the
change to design/engineering for review and costing. Design/engineering
forwards the cost to the sales representative for buyer approval. Upon
receiving buyer approval, design/engineering assembles the documents
necessary to carry out the change and forwards them to purchasing/in-
ventory control for reissue to the affected suppliers, building officias,
subcontractors, and site superintendent.
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PURCHASING/INVENTORY CONTROL DOMAIN
ProcessNarrative

The release for construction notice generates a production schedule
which takes into account the time frame for materials and products de-
livery fromsuppliersand the availability of subcontractor labor forces.
The purchasing agent verifies cost, availability and delivery of custom
items, generates purchase ordersfor all items, and reports any changes
in availability of labor and materialsto the project manager for sched-
ulerevision.

After thisinitial process, the major activity in the purchasing/inventory
control domain is pricing products and materials required for owner
initiated changes.

To conduct the work of this domain, the purchasing agent communi cates
with:

the sales representative for owner initiated changes,

the design/engineering domain for materialsand product quan-
tities

the subcontractorsfor each labor operation,

the project manager for schedul e updates and status reports,
the customer service domain for final product recordsand war -
ranty issues.

Key people Buyer
Sales representative
Sales manager
Engineering representative
Consulting engineer
Surveyor
Construction superintendent
Subcontractor foreman

Activity in the purchasing/inventory control domainislargely shifted out
of office of the builder and into the subcontractor and supplier offices.
Theform, frequency, and degree of formality of the information flow be-
tween builders and their subcontractors/suppliers varies widely from
builder to builder.

Keydocuments Releasefor Construction notice
Construction/progress schedule
Sales contract
Construction documents with buyers options/revisions
Specificationg/tables of quantities
Survey/grading plan
Footing foundation plan and details
First floor framing plan and details
Second floor framing plan and details
Exterior elevations
Electrical plan
Mechanical and plumbing plan
Detail sheets
Option sheets
Change order sheets



Objectives

Timely purchaseand J T delivery of materialsand prod-
ucts necessary to construct the model as customized
and with options purchased by owner

Budget compliance
Schedule compliance
Buyer satisfaction
Sales contract closing

K ey information findings

Purchase orders
Schedule revisions
Cost revisions
Product specification listing for project-specific “home
page” (autofiltered for owner)
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PRODUCTION DOMAIN
Processnarrative

The release for construction notice generates a production schedule
which takes into account the time frame for materials and products de-
livery fromsuppliersand the availability of subcontractor labor forces.
The construction is assigned to a site superintendent who updates the
schedul e, resolves questions and conflicts, coor dinates changes, secures
regulatory approvals, and administers the buyer education program.

The major activity in the production domain is updating each subcon-
tractor on the progress of the work, its state of readiness for the next
subcontractor operation, and the state of regulatory approvals. Minor
activitieschallenging theoverall processinclude owner-initiated change
orders, delays due to subcontract labor shortages, and delays due to
weather.

To conduct the work of this domain, the superintendent communicates
with

the sales representative to the owner for changes,

the owner directly at interim and final walk-through inspec-
tions,

the purchasing/inventory control domain for material and prod-
uct deliveries,

the subcontractorsfor each labor operation,

the building regulatorsfor inspections and certifications,

the project manager for schedul e updates and status reports,
the design/engineering domain for change resolution, and
the customer service domain for closeout and warranty issue

Key people Buyer
Sales representative
Project manager
Engineering representative
Consulting engineer
Surveyor
Building officia
Construction superintendent
Subcontractor foreman

Keydocuments Construction/progress schedule
Lot survey
Sales contract (printed form, word processing templ ate)
Construction documents with buyers options/revisions
(printed form of CAD file)
Survey/grading plan
Footing foundation plan and details
First floor framing plan and details
Second floor framing plan and details
Exterior elevations
Electrical plan
Mechanical and plumbing plan
Detail sheets
Option sheets
Change order sheets



Objectives: Timely construction of model as customized and with

options purchased by owner
Budget compliance

Buyer satisfaction

Code compliance

Sales contract closing

K ey information findings
Purchase orders

Schedule revisions
Cost revisions

Product specification listing for project-specific “home page” (autofiltered

for owner)
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CUSTOMER SERVICE DOMAIN
Processnarrative

In the customer service domain, the information linkages between the
buyer the company and the house exist. The process begins with the
buyer looking at marketing materials, including house packages, lot
availabilities, and available options. Once the sales contract is signed,
an individual customer index to the data warehouse is created, giving
the customer access to the original agreements, plans, and schedules
and keeping the customer informed throughout construction. As con-
struction begins, the customer, superintendent, and sales agent meet
onsite to review the staked-out location, model, orientation, and op-
tions purchased. During construction, the superintendent will organize
a site visit with the owner to review the framing and systems rough-in.
Prior to completion, the superintendent will organize a meeting with the
owner and customer servicerepresentativeto identify any items needing
correction or adjustment prior to the closing. After the closing, the cus-
tomer index provides the customer with archival information on the
house asbuilt. It also includes access to product information including
maintenance details, system operations description, and service repre-
sentative contacts.

Key people Buyer
Sales representative
Sales manager
Engineering representative
Consulting engineer
Surveyor
Construction superintendent
Subcontractor foreman

Keydocuments  Construction documentswith buyers' options/revisions
Survey/grading plan
Footing foundation plan and details
First floor framing plan and details
Second floor framing plan and details
Exterior elevations
Electrical plan
Mechanical and plumbing plan
Detail sheets
Option sheets
Change order sheets
Product description/supplier list
Product warranty information
Product operation/maintenance information
Systems operations description
Seasonal maintenance description
“Home pagefor life” configuration
Service representative contact information
Closing documentation
Dataarchivingin historical index

Umlauf-Garneau, E. 2001. “Home on the Web,” Professional Builder, February, 81—
84.



\":"Is/ Notleas

Pranuct iPropecl Wasa

[ERTES

Y

Product, Drawings,
Specification, Archivolo -
Ownere: Specific Home Page

Dovenloads
[HEY

CSD;:::" e Mern Gumplotion from the
Rep L ‘\\ Prefinal |nspection

j

Customer Services o [
Domain N |
I wepririon I
‘;I Fina Inspecin I=
 E—|

PROPOSED SYSTEM PROCESS

Application of the model to the process of purchasing, customizing, con-
structing, and occupying anew homewould generally proceed asfollows:

Model home designs are developed through an iterative process in which
they are digitally passed back and forth between the sales/marketing,
design/engineering, purchasing/inventory control, production, customer
service, and corporate management domains.

Themodd’ sdatafiles are presented to each domain differently, according
toitsindividual practices. For example, the sales/marketing domain sees
the model house plan as a three-dimensional graphic, with walk-through
capability. The design/engineering domain sees the model as a three-
dimensional graphic, aswell asaset of two-dimensional plans, elevations,
and details. The purchasing/inventory control domain sees the plans as
lists and quantities of materials and products drawn from the supplier
index in the data warehouse. The production domain sees the model as a
set of two-dimensional drawings linked to a schedule of suppliers and
subcontractors. The customer service domain sees the model as a three-
dimensional graphicwith product lists, specifications, and warranty infor-
mation. The corporate management domain sees the model as a three-
dimensional graphic with a compressed schedule, total cost, and profit-
ability projection.

Subdivisions and available lots incorporating survey data, requirements
for setbacks and other zoning limitations, and lists of compatible models
and orientations are indexed to present each domain with only the data
needed about any given lot. A separate index provides ready accessto the
corporate management domain for inventory and cash flow management.

Figure 6.7. Customer service domain general
process model
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With model designs and available lots present in the data warehouse,
salesymarketing personnel present the three-dimensional models to the
clients; digitally mark up the models with options and desired level of
customization; and enter name, lot, options, etc. into a buyer-specific in-
dex. Options selected are automatically priced, as are any additiona costs
due to adaptations required for each lot, and a production schedule is
generated. Customizing features not included in prepriced options are
forwarded through the data warehouse to the design/engineering domain
for feasibility, to production for schedule adjustments, then to the pur-
chasing/inventory control domain for pricing, and back to sales/marketing
for buyer acceptance.

Upon agreement on cost, options, and schedule, the project is released for
production by the digital signature of the project manager. This release
automatically triggers a series of events: the purchasing/inventory group
receives a purchasing list and schedule, the production group receives a
production schedule, the project-specific subcontractor vendors receive
their production schedule, and the buyer’ s web page—showing schedule,
their specifically adapted model, product list, and schedule of opportuni-
ties for change—is initiated and updated as the production proceeds.

On site, having been notified through their subcontractor-specific web
page that the project has been released for production, the surveyors
arrive to stake out the house. When a late afternoon thunderstorm inun-
dates the lot, the superintendent pushes the production schedule back
one day by clicking a box on his cellular persona digital assistant. All
suppliers and subcontractor-specific web pages are updated with this
schedule change to maintain just-in-time delivery of materials and labor.

A few days later, the owners look in on their specific web page, observe
images of the framing and foundation, and note that the building official
has inspected the framing. Their page tells them that this is the last day
possible to change the kitchen cabinet order without a restocking charge.
The same day the drywall subcontractor looks at his web page and sees
that the house has passed inspection and that the drywall has been deliv-
ered. The most recent plan change has been posted to the web page; the
drywall subcontractor prints it and heads to the site.

Two days later, with an open crew in his production buffer, the electrician
checks his web page to seeif they can begin final trim on the house. The
progress schedule tells him the drywall has been hung, but is not yet
taped or painted. He looks to another house on his page and finds it is

ready to rough in.

The owners contact their sales agent through their web page and set up a
meeting to discuss achangein the patio. The sales agent opensthe project-
specific web page and notes there are only two days before thetile for the
patio will be ordered and that the patio lights have been shipped. During
the meeting the owners increase the size of the patio and change it to a
Southwestern motif. The sales agent uploads the marked-up three-dimen-
sional model to the data warehouse as a desired change. Uploading as a
desired change automatically putsahold onthetile order, calculatesanew
cost for thelarger patio, requests pricing for the Southwestern motif lights
(not in the usual option list), and calculates arestocking fee for the mate-
rialsin hand (the lights) through the purchasing/inventory control group.
The pricing arrives the next business day and is passed on to the owners,
who accept al the changes but the new lighting. Plans are automatically



updated and issued to the web pages of the specifically affected subcon-
tractors, materials are ordered, and the schedule for the house is pushed
back three days. The web pages for al remaining subcontractors and
suppliers are automatically updated with the revised schedule, contract
amounts, and plans.

With the house nearing completion, the owners are invited via their web
page and e-mail to make the final inspection. They walk through with the
superintendent, their sales agent, and customer service representative.
With a short list of minor items to complete, they schedule the closing
date. Two days prior to the closing, the owners are notified that al the
items have been corrected, verifiable with digital photos of the corrected
items on their web page. The customer service representative schedules a
date to familiarize them with the operating systems and regular mainte-
nance items on the house and to personalize the level of interaction be-
tween customer service and the owners via their web page. The owners
ask for automatic e-mail notices for winter weather preparations and fur-
nace filter changes but decline e-mail notification of special offers on
replacement filters, light bulbs, and new subdivision developments.

Threeyearslater, one of the toilet flush valves seemsto be stuck partially
open. The owners open their web page, find the part number and name of
alocal supplier (automatically updated from the vendor index in the data
warehouse after the last supplier closed down), and place an order for the
new part. It arrives the next day. The owners download the step-by-step
pictogramsfor replacement from their web page.

CONCLUSION:

These generalized information maps of the essential domains of informa-
tion found in the production builders studied in this project map the key
parties, their actions, and the objects used to complete those actions
during the purchase, design, production, and post-closing services ren-
dered during the house acquisition process. The development and appli-
cation of an ERP type of model such asthis promisesto reduce the amount
of labor entering redundant data, reduce the errors associated with redun-
dant data entry, increase the response time of the business to changes,
increase the pricing accuracy of changes, decrease the contingency costs
associated with change to customers, improve accuracy and reduce re-
work associated with filtering, scheduling, and communication related
errors.

These are afirst effort towards the construction of ERP type systems for
production builders. As such they are limited in the level of detail neces-
sary to fully describe the internal logic used by the parties involved in
each action.
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Chapter Seven: Conclusions and Recommendati¢ 1s

SUMMARY OF FINDINGS

The implementation information technology in the residential construc-
tion industry has been dow, partly due to the varying scales and produc-
tion rates of homebuilders, but perhaps mostly due to diverse business
models and practices used by the homebuilding industry. This second
phase of Industrializing the Residential Construction Site focused on
documenting the flow, filtering, and disconnects observed in information
flows from five production builders and develops a generalized informa-
tion model for residential construction.

Field observations documented sophisticated communication channels
in the homebuilding enterprises studied in this research. Where impedi-
ments were present in the designed flow of information, the builders
personnel had developed “workarounds’ to prevent slowing production.
Aslong astheenterpriseis staffed with intelligent, committed individual s
capable of efficiently working around impediments, production proceeds
inarelatively smooth manner.

The most commonly observed challenge to a smooth production process
was change. It is clear that change, regardless of the information domain,
presented challenges to the designed information flows, communication
channels, and people responsible for completing the house. Buyer-re-
guested changes, initiated in the sales and marketing domain, are priced
based on the assumption that the project is progressing at the pace indi-
cated on the model 90-day schedule, while incentive programs motivate
field personnel to proceed faster than the schedul e, resulting in inaccurate
pricing and progress delays. The loss of trust in the accuracy of informa-
tion contributes to a decreasing use of the project documents as a basis
for construction. Tradition, memory, and pattern replaceinformation, lead-
ing to errors in installation of materials and products and slowing the
diffusion of new technologies.

Field observations of this small sample of production builders revealed
two categories of information-related impediments to increased produc-
tion efficiency. We have named these impediments“ information filtering”
and “information disconnects.”

Information filtering is a responsibility that usually falls on the person
responsiblefor thetask at hand. The responsible person must know where
to find the necessary information, where to find the most current version
of thisinformation, and the appropriatelevel and form of representation of
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thisinformation required to have the work group complete itstask. For a
field superintendent, this could mean assembling information from dozens
of pages of drawings, specifications, and faxes. Once the needed informa-
tion is collected, this superintendent has to make an informed judgment
regarding its accuracy and consistency, weaving the changes into what is
known about the status of material orders, progress of the work, expecta-
tions of regulatory inspectors, and availability of labor. The superinten-
dent must then represent the information to the purchasing agent, build-
ing inspectors, and crew in ways each will understand. Finally, the super-
intendent must reinterpret the physical manifestation of thework and com-
pare it to the desired outcome as described in text and drawings.

These complex filtering tasks were generally well conducted by the field
personnel observed during the data collection phase. It is clear that many
of theminor errorsleading to delay, cost, and reduction of the productivity
of these people responsible for achieving tasks could be resolved by
prefiltering information. The information presented to peoplein this pro-
duction process should support their communications with their crews
allow them to focus their time and energy on accomplishing the task.

Theinformation system model for residential construction places specifi-
cally configured filters between the data warehouse and each user in an
information domainto present all theinformation necessary for their work,
interminology and formsfamiliar to them.

Field observation and data analysis revealed two types of disconnectsin
theflow of information: content and temporal. Examples of content infor-
mation disconnectsare errors, omissions, and changes. Temporal informa-
tion disconnects— the more common type encountered—are instances of
the available information not accurately describing the state of project
progress.

Temporal information disconnects are the most likely to be eliminated by
the devel opment and implementation of information modelsthat link cor-
porate office and field-based activitiesto a central datawarehouse. With a
central data warehouse as the hub of information, all parties accessing
information will be working with the most up-to-date information avail-
able. Thisinformation model will significantly impact the enterprise’ sabil-
ity to accurately price, schedule, and carry out change orders.

Project datain the central datawarehouse isthe solid linkage between the
domains of information. The solidity of the linkage between tenuously
linked or fully disconnected domainsis based in atrust that the informa-
tion is accurate and up to date.

Based on observed disconnects, the most prominent linkagesto be formed
are;

Salesto design to production—Thislinkageis needed for two
reasons, access to up-to-date schedules for accurate pricing of
change orders and the full integration of a buyer’s selected
house plan with options and changes.

Production to design/engineering—Chronic errorsin drawings
or designs undermine the belief in the accuracy, currency, and
completeness of the information presented.



Customer servicetodesign to production—Customer service
after the saleis developing from its origins in warranty and
problem resolution into amarketing tool and profit center. The
proliferation of e-mail among buyers hasled anumber of
buildersto include e-mail notifications of regular maintenance
items such as shutting off outside hose bibs, cleaning gutters,
and furnace checkups. Builders are going so far as to establish
permanent web pages for each buyer’s house enabling the
owners rapid access to shingle and siding specifications used
on their house, paint names and types, tile specifications,
furnacefilter sizes, etc. to support the owners in maintaining
adrgs ri rgtha r home(Um af-Garneau, 2001) These
“continuous contact” strategies also enable builders to
announce new subdivisions or design offerings, remodeling
services, and contact owners in anticipation of their next
purchase (move up, downsize, retirement village, etc.).

SUMMARY OF THE PROCESS MAP

Based on field observations of designed information flows, filtering ac-
tivities and information disconnects, the proposal for ageneralized infor-
mation model of the production builder process is divided into six do-
mainsof information:

sales/marketing,
design/engineering,
purchasing/inventory control,
production,

customer service, and
corporate management.

Thesedomainsarelinked to acentral datawarehouse through information
filters that extract the information necessary to the work of the domain,
represent it in terminol ogy and formsthe domain users are accustomed to,
and save updates made in the domain back to the information warehouse
(Figure6.2, p. 50). Key personnel, their actions, and the things supporting
their role (forms, drawings, construction) are mapped in relation to the
process flows observed in five production builders studied (Figures 6.4—
6.7, pp. 52-63).

Applications of thisinformation system span across al domains of infor-
mation in the builder enterprise. Each information domain must be in-
cluded in the system to avoid costly redundancies in data entry and data-
base systems and to fully implement common terminology across all the
information domainsin enterprise.

STEPSIN THE RIGHT DIRECTION

It should be noted that many builders, including those observed in this
study, are already taking steps towards implementing information sys-
tems and production processes to counteract their existing information
disconnects. Many of these include concepts described in the overall
process map.
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WEB-BASED SCHEDULING

One of the builders studied currently uses web-based production sched-
uling for each home produced. This site supports the production process,
allowing for access to current change orders and schedules any time
around the clock. The site reduces production losses to a subcontractor
caused by premature arrival of acrew to a particular home site. The costs
for such “dry runs’ is absorbed by the subcontractor and built into the
overhead costs for each project. Elimination of “dry runs’ through web-
based scheduling is enabling increased productivity and profitability. Ul-
timately, the web-based information systemisintended to allow the super-
intendent to spend less time on the phone, increasing productivity. The
secure Site is accessible to the superintendent/builder, subcontractors,
suppliers, and project and corporation managers involved in production.
The site enables each home, model design designation, buyer option, and
production schedule to be viewed online. Production scheduling is ini-
tially structured on an 80- to 90-day schedule with incentivesto superin-
tendents/builders who complete construction with buyer satisfaction in
shorter time periods. Construction progress is reported to the web sched-
ule, enabling all subcontractors and suppliers access to more current in-
formation about each house.

SITE FACTORY

Another builder in the study is treating the overall development like an
assembly line—only the subcontractors move from lot to lot instead of

working in stationary work stationsasin aproduction line. Thisapproach
requiresthe financial capacity to carry the cost of building ahouse even if

there is no buyer at the time of construction. The advantages are in or-

derly progression of subcontractors from excavation to foundation to
framing to finishes with systems woven into each stage. This processis
very similar to that developed by the Levitt brothers in the post-war

Levittown communities. Likethe Levitt communities, thisbuilder offersa
small set of designs (six) to the buyers, enabling ahigh degree of familiar-

ity (simple enough for each subcontractor to keep designsin their heads)

honed through frequent repetition. With all the subcontractors on the site
each day, system and process conflicts are readily resolved. The resulting
benefit ishighly efficient production with minimal conflicts between sub-

systems (and subcontractors), resulting in a higher quality product at a
lower price.

This approach requires a rapid turnover of constructed units to keep
financing overhead low, alimited number of design models offered to the
buyer, and buyers who will pay the costs of demolition and rework to
customizetheir homes.

ON-SITE MANAGEMENT/PRODUCTION INTEGRATION

Builder One operates a state-of-the-art modular manufacturing facility.
Having management and production present on the same site has allowed
for the refinement of the production process. Components and subassem-
blies are precut and assembled to alow “just-in-time” delivery to the pro-
ductionline. The combination of traditionally organized planinformation



and extensive customization of the product mean the leaders of the trade
crews must extensively filter the information to provide their crews with
only theinformation germaneto their trade.

PROPRIETARY SOFTWARE

Builder Five is a subsidiary of a national homebuilding corporation. As
such, it isrequired to keep the corporate headquarters up to date on con-
tracts, construction starts, and closings. The corporate headquarters has
aproprietary database system into which Builder Five inputsinformation
on the home buyer, model, lot, sales price, and closing date. Builder Five
does not extract data electronically from this system for its own project
information but instead inputs the datamanually into its own contract and
production process forms. Redundant data entry admits error in terminol-
ogy and spelling as well as transposition of data between contracts. The
larger opportunity lost in redundant data entry into spreadsheets and
word processing files is the ability to track trends in buyer trends, costs,
change orders, productivity, with integrated dataanalysiscommonin larger
industries.

3-D MODELING FOR SALES

Builder One is the only builder in this study to implement three-dimen-
sional visualization toolsin each of itssaleslocations. Virtual modelsare
toured, modified, and purchased in sales centers that also include repre-
sentative prototypes to enable the buyer to conduct firsthand inspection
of the houses. The virtual modelsare the only three-dimensional represen-
tations of the house in the owner sees. After the initial sales meeting and
contract signing, the buyer is presented with two-dimensiona drawings
for verification of options and specific engineering of changes.

At thistime the three-dimensional models are not linked to the CAD files
made to support production activities. This stage of separation between
“front office” sales activities and “back office” production activities is
similar to the earliest 1989-1994 stages of e-commerce: customers could
see the catalog, but orders and production controls were not integrated
with purchases.

Parametric modeling—thelinkage of three-dimensional model swith two-
dimensional plans—shows great promise in integrating sales and change
order modifications with production drawings. Object orientation—the
use of graphic objectswith “intelligence”—shows similar promiseininte-
grating the production drawings with purchasing, inventory, and produc-
tion capacity scheduling.

CONCLUSION: ROLES AND RESPONSIBILITIES OF KEY
PLAYERS

Successful implementation of information systems that depend on appli-
cation beyond management layers must not add to the challenges of pro-
ducing the house. Specific tasks related to updating information in the
system must be simply accomplished at alevel of detail that isappropriate
to the actual use of the system. Recognition of the inherent differencesin
the focus of office-based (process-orientated) vs. the field-based (action-
oriented) activities of the builder enterprise must underpin any
enterprisewide information system devel opment.
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As such, future research must be sureto ook at the waysin which current
production methods, means, and information exchanges affect the adop-
tion of new information technology systems.

Next steps toward the development of information systems to underpin
theindustrialization of the residential construction site include:

. the development of more detailed information maps and
prototype application of information technology to specific
bottleneck activities to evaluate potential costs and
benefits;

. the investigation and documentation of greater detail in
event triggers used in the field for planning, staging, and
deployment of labor by superintendents and subcontractors;
and

. the development and testing of prototype processes and
tools to digitally link field progress to central schedules.

If the goa of this study has been to bridge the gaps between information
system requirements and actual construction practices, then the informa-
tion maps studied here and the overall map presented are stepsin theright
direction. The incorporation of these ideas into the actual production of
houses and into the culture of current American residential construction
will be the true test. Any purported benefits will be achieved only then.



Appendix A: List of Documents Used in Study

BUILDER 1

Production Drawings:
12/12 folding roof
7/12 folding roof
roof detail
fireplace detall
first level electric
firstlevel plan
second level plan
floor plan print resolution
folding rafter detail
folding rafter
front elevation
left elevation
rear elevation
right elevation
gable end detail
girder splice detail
insulation procedure
oakstairs detail
plumbing schedule
production procedure
roof framing plan print resolution
roof framing plan screen resolution
walk out bay detail

Production Forms:
drywall order
fixtures order
roof componets (longitudinal) order
insidetrim order
roof componets (gable) order
material handling
plant floors
plumbing fixtures order
roof compontets order
shingle order
tow motor schedule 1
tow motor schedule 2
wall componets order

Production Order Forms:
form1
form?2
form3
form4
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Contract Of Sale
request to produce
form1
form?2
form3

Quality Control Forms
form1
form?2
form3
form4
form5

Overlays— Electrical
first level electric
panel schedule
production order

Overlays—Plumbing
plumbers
plumbing fixtures
plumbing schematic
production order

Overlays—Roof Framing
roof framers
production order

Overlays—Wall Framing
wall framers
walk out bay detail

BUILDER TWO

Customer Order Documentation List
CIS-Customer | nformation Sheet
PA —Purchase Agreement 1 of 5
PA —Purchase Agreement 2 of 5
PA —Purchase Agreement 3 of 5
PA —Purchase Agreement 4 of 5
PA —Purchase Agreement 5 of 5

Processing Documentation List
BECAW — Building Energy Conservation Act Warranty
CDSD-Community Data Sheet Disclosure
COAD - Concession Addendum
COR —Change Order Request 1 of 3
COR —Change Order Request 2 of 3
COR —Change Order Request 30of 3
CR—Condominium Rider
CUN — Customer Notice (for change orders)
DIS- Disclosure Statement
POS— Public Offering Statement & Power of Attorney
RCA — Radon Contingency Addendum
SAC — Sales Agreement Checklist
SOA — Special Option Addendum



Engineering Documentation List

CIS-Customer Information Sheet
COR —Change Order Request 1 of 3
COR —Change Order Request 2 of 3
COR —Change Order Request 3of 3
CS- Construction Schedule
CSS—Color Selection Sheet

EL S—Electrical Layout Sheet 1 of 2
EL S—Electrical Layout Sheet 2 of 2
FP—Flooring Plan 1 of 2
FP—Flooring Plan 2 of 2

FSS— Fooring Selection Sheet
HBS—House Bible Sheet

J O-JabInitiation Order 1 of 2

J O-JabInitiation Order 2 of 2
PEP—PermitPlan

SOA — Special Option Addendum

Contractors Documentation List
CS— Construction Schedule
FP—Flooring Plan 1 of 2
FP—Flooring Plan 2 of 2
HBS—HouseBible Sheet
PEP—Permit Plan
PO —Purchase Order
SUBA — Subcontract Agreement 1 of 2
SUBA — Subcontract Agreement 2 of 2

Production Schedule
Job Initiation Documentation List
CS - Construction Schedule
JJO—JobInitiation Order 1 of 2
JJO—JobInitiation Order 2 of 2

Sub Contractors’ and Vendors' Documentation List
COR —Change Order Request 1 of 3
COR —Change Order Request 2 of 3
COR —Change Order Request 3of 3
CS- Construction Schedule
CSS—Color Selection Sheet
EL S—Electrical Layout Sheet 1 of 2
EL S—Electrical Layout Sheet 2 of 2
FP—Flooring Plan 1 of 2
FP—Flooring Plan 2 of 2
FSS— Fooring Selection Sheet
HBS—House Bible Sheet
J O—-JabInitiation Order 1 of 2
J O—-Jab Initiation Order 2 of 2
PEP—Permit Plan
PO — Purchase Order
SOA — Special Option Addendum
SUBA — Subcontract Agreement 1 of 2
SUBA — Subcontract Agreement 2 of 2
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Feedback & Archival Documentation List

CBTCR - Community Building Times Comparison Report

CSR —Community Status Report

GPA —Gross Profit Analysis
HBS—HouseBible Sheet
SPRF—SalesPriceRelease Form 1 of 6
SPRF—SalesPriceRelease Form 2 of 6
SPRF—SalesPriceRelease Form 3 of 6
SPRF—SalesPriceRelease Form 4 of 6
SPRF—SalesPriceRelease Form 5 of 6
SPRF—SalesPriceRelease Form 6 of 6

BUILDER THREE

Land Acquisition/Site Survey Report
Plan Types for Lots

SitePlan Drawing #1

SitePlan Drawing #2

Lot Status Sheet #1
Lot Status Sheet #2
Lot Status Sheet -Blank

Customer Information Sheet (JO)
Addendum to Basic Agreement of Sale#1
Addendum to Basic Agreement of Sale #2
Color Selection Sheet

Construction Information

Memorandum

Addendum to Basic Agreement of Sale#1
Addendum to Basic Agreement of Sale #2
Purchase Order for Options/Changes #1
Purchase Order for Options/Changes #2
Purchase Order for Options/Changes #3
Purchase Order for Options/Changes #4
Purchase Order for Options/Changes #5
Building Status Sheet #1

BUILDER FOUR

Pre-defined Sales Packet

S-1 Artist Rendering

S2SteMap

S-3Detailed SiteMap

S4 SalesListing

S5 The Avery
S5-1 The Avery — Standard
S-5-1-A1 Foundation Plan & General Notes
S-5-1-A2Floor Plans
S-5-1-A3Elevations
S-5-1-A4 Sections & Details
S-5-1-A5Electrical Plans

S-5-2 The Avery — Opposite Hand
S-5-2-A1R Foundation Plan & General Notes
S-5-2-A2R Hoor Plans



S-5-2-A3RElevations
S-5-2-A4R Sections & Details
S-5-2-A5R Electrical Plans
S-6 The Brandon
S-6-1 The Brandon — Standard
S-6-1-A1 Foundation Plan & General Notes
S-6-1-A2 Floor Plans
S-6-1-A3Elevations
S-6-1-A4 Sections & Details
S-6-1-A5Electrical Plans
S-6-2 The Brandon — Opposite Hand
S-6-2-A1R Foundation Plan & General Notes
S-6-2-A2R Hoor Plans
S-6-2-A3RElevations
S-6-2-A4R Sections & Details
S-6-2-A5R Electrical Plans
S7TheChelsea
S-7-1 The Chelsea— Standard
S-7-1-A1 Foundation Plan & General Notes
S-7-1-A2Floor Plans
S-7-1-A3Elevations
S-7-1-A4 Sections & Details
S-7-1-A5Electrica Plans
S-7-2 The Chelsea— Opposite Hand
S-7-2-A1R Foundation Plan & General Notes
S-7-2-A2R Hoor Plans
S-7-2-A3RElevations
S-7-2-A4R Sections & Details
S-7-2-A5R Electrical Plans
S-8 The Darden
S-8-1 The Darden — Standard
S-8-1-A1 Foundation Plan & General Notes
S-8-1-A2Floor Plans
S-8-1-A3Elevations
S-8-1-A4 Sections& Details
S-8-1-A5Electrica Plans
S-8-2 The Darden — Opposite Hand
S-8-2-A1R Foundation Plan & General Notes
S-8-2-A2R Hoor Plans
S-8-2-A3RElevations
S-8-2-A4R Sections & Details
S-8-2-A5R Electrical Plans
S-9 Standard Options All Models

Listings, Inspections & Certificates
SS-1 Supplier/ Subcontractors
CCIR-1 Code Compliance Inspection Requests#Lot 13
CCIR-2 Code Compliance Inspection Requests#Lot 11
COUO-1 Certificate of Use and occupancy
SPL-1 Standard Punch List

Change Request Procedure

CRP-1 Customer Change Request
CRP-2 ChangeAlternative
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CRP-3 Change Request to Devel oper

CRP-4 Approved Change Request — Electrical
CRP-5 Approved Change Request — Electrical
CRP-6 Approved Contract Changes

Construction Packet

CP-1 Standard Pre-defined Packet

CP-2 Approved Change Listing

CP-3 Authorized Work Changes

CP-4Hardwood Flooring

CP-5 Garage Doors Approved Work Order
CP-5-1 Garage Door Devel oper approval
CP-5-2 Garage Door request for approval

CP-6 Deck Change

CP-7 Paint Selection
CP-7-1 Paint Selection

CP-8 Plumbing Changes
CP-8-1 Plumbing Fixture selections
CP-8-2 Plumbing Change

CP-9Electrical Changes
CP-9-1 Electrical Standard
CP-9-2 Electrical changesfrom Standard
CP-9-3 Electrical Light Placement
CP-9-4 Electrical -Outlet/Switch | ocation changes
CP-9-5Electrical change- Cable
CP-9-6 Electrical change- Phone
CP-10HVAC
CP-10-1 HVAC change— Thermostat
CP-10-2 Fax of written approval for change
CP-11 Appliances
CP-12 Cabinetry

BUILDER FIVE

Sales Documents

B5S01 - Guest Registration Card —front
B5S02 - Guest Registration Card - back
B5S03 - Pinehurst background information
B5S04 - Salesofficeinformation

B5S05 - Development Site Map

B5S06 - Standard Features

B5S07 - Letter re standard features

B5S08 - Standard features July 2000
B5S09 - Product sheet front

B5S10 - Product sheet back

B5S11 - Modd pricing

B5S12 - Optionspricing

B5S13- Lot availability and premiums
B5S14 — Marked/signed Product sheet
B5S15 - Change order request form

B5S16 - Change order signed

B5S17 — Change order signed product sheet
B5S18 - Buyer information sheet

B5S19 - Pre-construction meeting record



Construction Documents
B5CO01 - Boston -electrical plans
B5CO02 - Boston -elevations
B5C03 - Boston -floor plans
B5C04 - Boston -wall section details
B5CO05 - Lot survey

Administrative Documents
B5A01 - Corp Database Screen Capture
B5A02 - Contract Tracking Spreadsheet
B5A03 - Planstransmittal cover letter
B5A04 - Corporate schedule
B5A05 - Truss/panel contract
B5A06 - Supplier information sheet-a
B5A07 - Supplier information sheet-b
B5A08 - Pricing sheet example 1
B5A09 - Pricing Sheet Example 2
B5A 10 - Pricing sheet example 3a
B5A 11 - Pricing sheet example 3b
B5A 12 - Pricing sheet example 3c
B5A 13- Pricing sheet example4a
B5A 14 - Pricing sheet example4b
B5A15 - Pricing sheet example5
B5A 16 - Pricing sheet example 6
B5A17 - Homeowner’ smanual cover
B5A 18 - Homeowner’ smanual index 1
B5A19 - Homeowner’ smanual index 2
B5A20 - Homeowner’ smanual index 3
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Glossary of Terms

AutoCAD: Computer aided design software, with applicationin architec-
ture and engineering.

ChangeOrder: A written order to contractor, sign by owner and designer,
after the execution of the contract authorizing a change in the work.

DataElements: Individud piecesof information that make up theinforma-
tionflow.

Dry Runs. Refers to lost time on a construction project derived from
delays that impede subcontractors to carry out specified tasks on a previ-
ously specified date.

Direct MaterialsPath: Informationflowsformally controlled by thepro-
duction/assembly process

Direct Information Path: Information flowsdirectly involvedinthepro-
duction process.

e-plot: Plansand drawingscreated in adigital medium.

Enter priseResour ce Planning: Information management toolscommonly
used in manufacturing systems.

Hard Copy Plot: Plans and drawings created on traditional written or
paper-based mediums.

High Volume Builders: Contracting firms that build more than 1,000
homes per year utilizing onsite construction methods with a regiona or
national presence.

Information Model: A procedure for constructing an entity relationship
diagram that formally represents the policy and procedures in use by a
business.

Information flow: Systematic transmittal of written documentswithin a
pre-established system.

Information filtering: Moments during the information flow in which
information is interpreted and modified and transmitted further on the
information flow process.

Information Technology: Computer aided technology in genera

Information Node: The point at which different information paths con-
verge in a system.

Indirect Information Path:  Information flows that are not directly in-
volved in the production process.
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Indirect MaterialsPath: Information flowswhich are not formally con-
trolled by the production/assembly process.

Milestone Events: Activitiesthat signify that commencement or ending of
essential events in a construction schedule.

Medium VVolumeBuilders: Contracting firmsthat build up to several hun-
dreds of homes per year in regional markets.

Object-Orientated database: Attributetraditional databaseinformation
and specification information to data el ements.

Object-Oriented CAD: Attribute traditional database information and
specification information to object drawings.

Parametric design: Thelinkage of three-dimensional models with two-
dimensional plans. In an ideal system, it indicates information paths and
materia paths.

Production builders: Construction companies that use off-site fabrica-
tion, including modular and factory based panelizers undertaking the ma-
jority of their work in afactory environment.

ProcessMap: A graphical representation of data, document, management
and field relationships.

Regulations: Usually arule promulgated by administrative agency pursu-
ant to authority delegated to it by legidation.

Site Factory: Construction site that use assembly line production type.

Small VolumeBuilders: Contracting firmsbuilding fewer than 20 homes
per year.

Trigger Action-Event: A set of circumstancesthat set up achain of events.

Web Base System: Software or administration toolsthat useaworld wide
web or internet platform.
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