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The paper consists of a description of target value design and its component phases, project definition 
and designing to targets, a review of key projects in the development of TVD and the performance of 
TVD projects, an account of commercial terms, current research to further develop the methodology, 
and finally a conclusion and recommendations for future research. 

1.1 Target value design 

Target value design is the name given to the adaptation of target costing to construction projects by 
Macomber, et al. [2007].  Process benchmarks for TVD were published by UC Berkeley’s Project 
Production Systems Laboratory in 2005, with a revision in 2009 [Ballard 2005b], [Ballard 2009]. TVD 
is used to structure and manage the project definition and design phases of construction projects with 
the goal of delivering value to customers within their conditions of satisfaction, which typically 
include cost and time, but may include other conditions as well.  
TVD begins in the project definition phase, starting with the development of a project business case 
and culminating in a funding decision. Subsequent to funding, the focus of TVD shifts to the process 
of designing to targets; i.e., what the client wants in order to accomplish their purposes, and the 
conditions that must be met in order for that value to be realized. After design is complete, TVD 
continues steering toward targets in preparation for and during construction, with emphasis on process 
design and execution. 

1.1.1 Project definition 

At the heart of TVD is the practice of setting project budgets based on the worth to the client of the 
asset to be constructed. Ability to finance may be a limiting factor, requiring a reduction of the budget 
below what the client is willing to spend, resulting in the client’s allowable cost for the project—what 
they are both willing and able to spend to get the asset.   
As shown in Figure 1, the next step is to benchmark the project market cost, expressed as an interval 
estimate. If the allowable cost (AC) is greater than or equal to the upper end of the interval estimate, 
the project budget is set equal to AC. If AC is below the upper end of the interval estimate, the project 
budget is set at that upper end. 
When there is a gap between what the client’s allowable cost and the market cost, a decision must be 
made if to proceed with the project. That happens in two steps. The first is a subjective assessment by 
the client as to whether or not the gap can be overcome without modifying the project scope, what is to 
be designed and constructed, or if an alternative scope meets their business requirements. If the 
decision is made to continue, the next step is to engage the key members of the project team to 
validate the client’s business case; i.e., to decide if the gap can be overcome, or perhaps to identify or 
develop better means for accomplishing client purposes than in the current project business case.  
For building projects, the team typically consists of the architect, key design engineers, the 
construction manager, and key specialty contractors. In the case of a hospital, the structural engineer, 
mechanical engineer, and electrical engineer would usually be on the team; along with the steel 
fabricator and erector (or the corresponding concrete specialists), the mechanical contractor, and the 
electrical contractor. Others may be appropriate, depending on the specifics of each project. 
Team members are engaged on professional service contracts, paid from an expense account. If the 
project is eventually funded, these expenses can be capitalized. The pre-agreement among the client 
and the project team members is that the budget will be the boundary between painsharing and 
gainsharing (see Figure 2). A fixed fee will be negotiated with each company on the project team, with 
some or all that fee at risk. If the actual cost of the project, adjusted for any approved change orders, 
exceeds the budget, the fees of team members will be used to pay that cost overrun up to the pre-
agreed percentage, which has thus far been 25%-100%. This provides the client money to pay for 
roughly a 10% budget overrun, but any costs in excess of that amount must either be recovered from 
insurance or borne by the client. Obviously, clients will enter into this type of arrangement only with 
companies and individuals they trust, both as to competence and character.  
As opposed to trying to pay the least for each project, the client relies on gainsharing incentives to 
drive innovations in performance, which has proven effective in reducing costs over time.  
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1.1.2 Designing to targets 

The following recommendations regarding Designing to Targets are from the 2009 P2SL Process 
Benchmark for TVD: 

1. Target scope and cost are allocated to cross-functional TVD teams, typically by facility 
system; e.g., structural, mechanical, electrical, exterior, interiors,  

2. TVD teams update their cost estimates and basis of estimate (scope) frequently. Example from 
a major hospital project during the period when TVD teams were heavily in design: estimate 
updates by each cluster at most every three weeks. 

3. The project cost estimate is updated frequently to reflect TVD team updates. This could be a 
plus/minus report with consolidated reports at greater intervals. Often project cost estimates 
are updated and reviewed in weekly meetings of TVD team coordinators and discipline leads, 
open to all project team members. 

4. Co-location is strongly advised, at least when teams are newly formed. Co-location need not 
be permanent; team meetings can be held weekly or more frequently. 

Substantial changes in roles and behaviors are required from conventional, amounting to a 
cultural change and requiring strong and dedicated leadership. As an example, consider Sutter 
Health’s 5 Big Ideas: 

1. Collaborate, Really Collaborate: It’s not enough to ‘play nice’ and be polite. What’s wanted is 
to work together productively, making the best use of everyone’s capabilities. 

2. Optimize the Whole: As opposed to the reductionism traditionally seen in work breakdown 
structures, recognize that not all parts of a project can be optimized simultaneously, 
consequently, it’s necessary for money to be able to move across organizational and 
contractual boundaries in search of the best project-level investment. 

3. Tightly Couple Learning With Action: Lean is a learning system in which learning comes from 
experiments (intended deviation from process) and from breakdowns (unintended deviation 
from outcomes).  

4. Projects as Networks of Commitments: Most people take their promises seriously. If they did 
not, human collaboration would be impossible. Yet promises are neither solicited nor made in 
traditional project management. Plans are mutual commitments among those whose actions are 
specified in the plan. Commitments are made person-to-person between ‘suppliers’ and 
‘customers’, creating a web that can be modeled as a logic network. 

5. Increase Relatedness: Effective collaboration is conditioned by trust and confidence, which in 
turn are generated by reliable behavior (not least, doing what you say you will do; keeping 
your promises) and by seeing others as people like and unlike yourself.  

1.2 How TVD differs from traditional construction practices 

Basing project budgets on estimates of the worth of the asset to be constructed has not been widely 
practiced in the construction industry, perhaps in part because of differences in project organization 
from product development. When a Toyota or a DuPont develop new products, that is largely done by 
their own employees. When they build a new process plant, that is largely done by contracting for 
design and construction services from third parties. This transaction context and organizational 
boundaries have contributed to an adversarial relationship between the parties, and a corresponding 
reluctance on the part of the buyer to reveal what they are willing to spend, fearing the plant’s cost will 
be inflated.  
Engaging key members of the project team to validate the buyer’s business case has been equally rare. 
This may also be rooted in the contracting relationship between the parties, with the buyer not trusting 
the suppliers to act in the buyer’s interest. As noted above, the prospect of painsharing, suffering 
reduced project profit margin, aligns the commercial interests of buyer and suppliers, and prevents the 
project team endorsing a project business plan that cannot be delivered.  
Designing to targets might be assumed to be standard construction industry practice, but the facts are 
otherwise. Common practice is rather for design to proceed without cost or schedule feedback for 
rather long intervals of time, resulting in rework of the design to get back on budget or program, or 
even reductions in quality or scope of the asset to be constructed.  
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Cross functional design teams, the elemental organizational unit during the design phase of 
construction projects, are also uncommon in the industry. Common practice is rather for the various 
design specialists (architects, structural engineers, mechanical engineers, etc.) to operate at arm’s 
length, meeting only to assess status and agree next steps, and not to co-create design. Even more 
rarely are constructors brought into the design phase as full-fledged members of the design team, 
valued for the relevance of the design criteria they embody, as opposed to serving as cost estimators or 
as reviewers of design documents already produced to assess buildability.   
Contractual and organizational features of Target Value Design are directed to aligning commercial 
interests and integrating the project organization to support these changes in practice. Methods and 
tools are also critical in this regard, among them nD models (commonly referred to as Building 
Information Models in the building sector of the construction industry) set based design, A3 reports 
and Choosing by Advantages.  
The use of computer modeling has a long history in the industrial sector of the construction industry, 
but only within the last ten years has its use spread throughout all sectors. In some regions of the 
world, even complex projects are being designed in 2D, but those exceptions are rapidly shrinking.  
Set based design was identified as a key to Toyota’s product development success in papers by Ward 
et al. [1995] and Sobek et al. [1999]. Toyota was found to produce more prototypes and to keep them 
alive longer than their competitors, yet to complete projects faster and produce better quality and more 
product variety. This led Ward et al. to title their 1995 paper “The 2nd Toyota Paradox” and to propose 
a radical reduction in rework as the solution to the puzzle. Practitioners of Target Value Design have 
published a number of papers on the application of this set based approach to construction projects; 
e.g., [Mar 2012] and Parrish et al. [2010].  
A3 reports and their role in the decision making process has been well described in the literature, and 
has been taken up largely intact by those using Target Value Design (see [Sobek and Smalley 2008] 
and [Shook 2008]). An addition to product development practice is the use in construction of 
Choosing by Advantages, a method for  evaluating and selecting from alternatives with multiple 
criteria [Suhr 1999]. The method is integrated into A3 consensus decision making, providing support 
for recommendations.  

2. Performance of TVD projects 
There has been as yet no comprehensive identification of TVD projects nor collection of performance 
data, so we are limited when evaluating their performance. Table 1 lists 16 TVD projects, 13 of which 
have measured their actual or projected cost performance to be 15% under the market benchmark. 
In the remainder of this section, three TVD projects are described that were critical in the development 
of the methodology. 

2.1 U.K. Ministry of defense housing projects  

The first application of target costing to construction appears to have been the U.K. Defence 
Ministry’s two housing projects reported in Nicolini et al. [2000]. That attempt to apply target costing 
is said to have failed because the U.K. contractors had so lost touch with making, as opposed to 
buying, that they no longer understood cost, but only price [Nicolini et al., p. 318].  

2.2 Tostrud Fieldhouse project 

The first successful application of target costing in construction appears to have been the Tostrud 
Fieldhouse Project at St. Olaf’s College in Northfield, Minnesota; with Boldt Construction as the lead 
company in a design-build contract structure, and completed in 2002 [Ballard and Reiser 2004]. The 
funds for the project were donated by the Tostrud family, so there was relatively little focus on target 
setting. However, the project did provide valuable experimentation in designing to targets.  The 
following recommendations from the 2009 P2SL TVD Process Benchmark were initially validated on 
the Tostrud Fieldhouse Project: 

1. The cost, schedule and quality implications of design alternatives are discussed by team 
members ( and external stakeholders when appropriate) prior to major investments of design 
time. 
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Table 2. Worth/Cost model (from Ballard & Reiser 2004) 

 
Comparative evaluation of projects is difficult because the number of variables potentially impacting 
performance are so numerous, with multiple interdependencies difficult to understand. This case 
provides one of the best opportunities for comparative evaluation. Carleton College, another small 
liberal arts college in the same city, had built a similar facility only two years earlier. As shown in 
Table 3, comparison revealed that St. Olaf’s Fieldhouse took 10 months less to design and build, at 2/3 
the cost per square foot compared to Carleton’s Recreation Center.  

Table 3. Fieldhouse comparison (from Ballard & Reiser 2004) 

 St. Olaf 
Fieldhouse 

Carleton College Recreation 
Ctr 

Completion Date August 2002 April 2000 
Project Duration 14 months 24 months 
Gross Square Feet 114,000 85,414 
Total Cost (incl. 

A/E & CM fees ) 
$11,716,836 $13,533,179 

Cost per square foot $102.79 $158.44 

2.3 Sutter Fairfield medical office building 

Sutter Health committed to deliver its capital program using Lean Project Delivery in late 2003. In 
2005, the first application of target costing was made on Sutter Roseville’s Acute Rehabilitation 
Center Project, resulting in on-budget performance in a period of very strong price inflation. This 
outcome reversed the previous trend at Sutter Roseville Medical Center, where the three previous 
projects had to return to the Sutter Health Board of Directors between two and four times for 
additional funds. This outcome encouraged further development of the TVD methodology, which was 
next used on the Sutter Fairfield Medical Office Building Project. 
As shown in Figure 4, benchmarking against similar completed projects, the market cost for the 
Fairfield facility was estimated to be $22 million. A target cost was set at $18.9 million (in this case, 
target cost was set equal to the allowable cost). The cost at completion was $17.9 million; 
approximately 19% under market. 

Legend: Const TOTAL D-B TOTAL Project:
per SF per SF Location:

Worth (Target) #DIV/0! #DIV/0! Phase of Design:
Current Estimate 101.06 105.86 Date:

Construction Owner Reserves Escalation 
Construction 

TOTAL
Design-Build 

TOTAL NOTES:
Bldg. Type:

11,178,100 343,115 11,521,215 12,067,681 Target (SQFT)

Incl Design at $504,886+41600 114,000

SITE WORK BUILDING
Floors:

594,500 10,583,600

Site GC OH&P SHELL INTERIOR MECHANICAL ELECTRICAL SPECIAL GENERAL

4,334,488 1,710,386 1,111,402 794,890 706,862 1,925,572

G10 Site Prep, 
Demo & Excav

A10 Foundation 
A20 Basement

C10 Interior 
Construction

D20 Plumbing
D5010 Service 
and Distribution

E10 Specialties & 
Equipment

Z1010 Project 
Administration

146,500 1,006,004 528,427 85,927 739,390 492,534 425,179

G20 Site
Improvements

B10 
Superstructure

C20 Stairs D30 HVAC
D5020 Lighting & 
Branch Wiring

E20 Furnishings 
Fixed/Movable

Z1030 General 
Conditions

373,000 1,218,797 62,639 824,160 34,000 585,832

G30+40 All 
Utilities

B20 Exterior 
Closure

C30 Interior 
Finishes

D40 Fire 
Protection

D5030 Security 
Comm/Data

F10 Special
Construction

Z1060 Fee

75,000 2,007,061 1,069,320 109,740 89,520 326,787

G90 Other Site 
Structures

B30 Roofing D10 Conveying
Testing and 
Special Mech

D5090 Other 
Electrical

F20 Selective 
Demolition

Z20 Risk and 
Contingency

102,626 50,000 91,575 55,500 90,808 587,774

Fieldhouse Expansion

Single story plus mezzanines

St. Olaf College Northfield MN

June 21, 2001
Schematic Target

Recreational

Worth/Cost Model
Value Engineering Study
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that of risk pool members, there is a risk that they will not devote the same level of effort, and thus be 
constraints on project performance. 
As illustrated in Figure 2, targets for performance improvement, whether in cost or value delivered, 
are not expressed in project budgets, but rather in separate targets, supported by 
gainsharing/painsharing agreements. Project performance is judged relative to budgets and schedules. 
Setting budgets and schedules as stretch goals has traditionally been done in pursuit of paying least 
cost, but increases the risk of project failure. TVD provides an alternative means for continuous 
performance improvement without unnecessary risk, and creates the means, integrated teams with 
aligned commercial interests, for reducing the probability of risk events occurring.  
The budget (this could also or alternatively be the schedule, a sustainability rating such as LEED 
points, or other condition of satisfaction) is the boundary between painsharing and gainsharing in a 
TVD arrangement. Setting that boundary based on the client’s allowable cost incurs the least risk. It 
cannot be reduced without violating the client’s business case. If cost at project completion is greater 
than budget, the design and construction companies in the risk pool sacrifice some or all their fees to 
pay the overrun. If the project is completed below the budget, members of the risk pool increase their 
fees by some percentage of the cost underrun.  
This limits the cost risk borne by service providers and provides the client a financial buffer equal to 
the sum total of fees at risk, perhaps 5-10% of total project cost. Admittedly, the client bears the risk 
of catastrophic loss; cost overruns greater than the fee buffer and any applicable insurance. No TVD 
projects to date have exceeded their budgets, hence there is no empirical data on the risk clients are 
assuming. The TVD methodology involves a change in strategy, from risk shifting to collaborative 
mitigation of the probability of risk events occurring. However, TVD has a short history and there will 
undoubtedly be failed TVD projects that will test the industry’s acceptance of this new approach to 
project delivery3. 

4. Whole life target value design 
Research is now underway to further improve the effectiveness of the TVD methodology by extending 
it to whole life costs and benefits of the constructed assets [Ballard 2008]. The costs involved in 
construction projects range from the cost for designing and the cost of constructing (together 
amounting to the capital or first cost), then the cost to operate and maintain the physical facility 
(commonly referred to as life cycle costs), and finally the costs and benefits of asset use. Figure 6 
illustrates the differences in relative costs, strongly suggesting that design should be oriented to life 
cycle and whole life costs, and certainly to whole life benefits, which must be sufficiently large to pay 
for all the costs and allow for profits.  
However, potential returns on investment are compelling only if the investment can be made. Hence, 
getting the most from available funds is essential for delivery of greater value to customers.  
This whole life TVD research has as its objective reducing the constraints on value generation. That is 
to be accomplished by 1) allowing project budgets, allowable costs, to change during design in 
response to the forecast impact of design alternatives on whole life costs and benefits, and 2) by 
developing means for financing these investment opportunities. The projects within the research 
program are: 

1. Develop and validate methods for modeling whole life costs (operations cost models) that can 
be used to determine allowable costs. 

2. Develop and validate methods for benchmarking market costs that are more accurate than 
current methods.  

3. Develop and validate methods for linking product models to operations cost models to 
forecast the impact of design alternatives on whole life costs and benefits.  

                                                           
3 BAA’s Terminal 5 Project at Heathrow Airport posed the risk of catastrophic loss at the corporate level. The 

estimated cost for the project approached the net worth of BAA. Their response was to assume all risk, set 
the project budget generously (so it actually contained financial contingency), and agree to split cost savings 
with their framework suppliers. Critics claim they spent more than they should have, but the project was 
completed within budget and catastrophic loss was avoided.  



DESIGN

4. D
c
i
i

5. Con
Construc
product 
managem
differenc
al. [2002
construc
construc
Target v
healthca
the cour
Current 
construc
Delivery
underwa
greater v
welcome
Future r
construc
specific 

Referen
Ballard, 
annual co

               
4 Integrat

cost-
organ

N ORGANISA

Develop and
can be adjus
include desc
industry sect

clusion 
ction project
developmen

ment can be
ces. Behavio
2] may well 
ction and in
ction projects
value design
are. Two ano
rse of proje
research is 

ction industry
y4 [Cohen 2
ay under the
value for cu
e. 
research is 

ction’s produ
customer(s) 

nces 
Glenn (2005

onference of th

                     
ted Project De
-reimbursable 
nizational inte

ATION AND M

d validate me
sted to the all
criptive resea
tors and proj

Figure

ts using the 
nt methodolo
e beneficially
oral differenc

be the resul
n repetitive 
s have traditi
n is a projec
omalous and 
ct execution
underway t

y sectors an
2010] that h
e title, Whol
stomers and 

also needed
uct developm
in specific c

a). “Construc
he Internation

                       
elivery is char

contracts w
egration.  

MANAGEME

ethods for fin
lowable cost
arch to assess
ect types. 

e 6. Relative

target value
ogies such as
y applied to
ces noted in t
lt not of the 
manufactur

onally been 
ct manageme
beneficial fe

n, and 2) pr
to extend its
nd to other 
has been mo
le Life Targ
for service 

d on the o
ment, which 
circumstance

ction: One Ty
nal Group for 

racterized by 
with fixed f

ENT 

nancing these
ts that result 
s financing o

e costs (from

e design met
s target costi
o the manag
the literature
 ineluctable 

ring, but ra
structured an
ent methodo
eatures of TV
rojects are c
s application
project deliv

ost frequentl
get Value D

providers. C

opportunity 
is predomin
s.   

Type of Proje
Lean Constru

a single cont
fees, limited 

e investment
from innova

options and o

m Evans et al

thodology h
ing, concurre

gement of co
e, such as tha
differences 
ther the res
nd managed.
ology that h
VD projects 
completed s
n beyond he
very approa
ly used on 
esign, to red

Collaborators

to learn ab
nately dedica

ect Production
uction, Sydney

tract signed by
risk for se

t opportunitie
ative design a
obstacles in d

l. 1998) 

ave been pre
ent engineeri
onstruction p
at reported by
between pro
sult of diff
 
as been wid
are 1) estim
ubstantially 
ealthcare and
ches than th
TVD projec
duce the ob
s in these re

bout ‘mass 
ated to the d

n System”. P
y, Australia. P

y all compani
ervice provid

es, so projec
alternatives. 
different con

 

resented to s
ring and supp
projects desp
y Zika-Vikto

oduct develo
ferences in 

dely adopted
mated cost fal

under mark
d education 
he Integrated
cts. Research
bstacles to g
esearch initia

customizatio
delivery of v

Proceedings of
Pp. 29-36. 

ies on the pro
ders, gainsha

21

ct budgets 
This will 

nstruction 

show that 
ply chain 
pite their 
orsson, et 

opment in 
the way 

d in U.S. 
lls during 
ket costs. 

to other 
d Project 
h is also 
enerating 
atives are 

on’ from 
value to a 

of the 13th 

oject team, 
aring, and 



 DESIGN ORGANISATION AND MANAGEMENT 22 

Ballard, Glenn (2005b). “P2SL Report: Current Best Practice in Target Costing”. Project Production Systems 
Laboratory, University of California, Berkeley, November 18, 2005. Available at p2sl.berkeley.edu 
Ballard, Glenn (2008). “The Lean Project Delivery System: An Update”. Lean Construction Journal, 2008. 
Available at leanconstructionjournal.org. 
Ballard, Glenn (2009). “P2SL Report: Current Benchmark in Target Costing”. Project Production Systems 
Laboratory, University of California, Berkeley, November 28, 2005. Available at p2sl.berkeley.edu 
Ballard, Glenn and Paul Reiser (2004). “The St. Olaf College Fieldhouse Project: A Case Study in Designing to 
Target Cost”. Proceedings of the 12th annual conference of the International Group for Lean Construction, 
Elsinore, Denmark, August, 2004. 
Cohen, Jonathan (2010). Integrated Project Delivery Case Studies. American Institute of Architects, New York, 
59 p. 
Cooper, Robin & Regine Slagmulder (1997). Target Costing and Value Engineering. Productivity Press, 
Portland OR. 379 p. 
Evans, R., Haryott, R., Haste, N., and Jones, A.(1998). “The long term costs of owning and using buildings”. 
Royal Academy of Engineering: London 
Lichtig, William A. (2006). “The Integrated Agreement for Lean Project Delivery”. Construction Lawyer, 
Volume 26, No. 3, Summer 2006, American Bar Association 
MacNeil, Ian R. (1985). “Relational Contract: What We Do and Do Not Know”. Wisconsin Law Review, 1985, 
pp.483-526  
Macomber H., Howell G., and Barberio J. (2007). “Target-Value Design: Nine Foundational Practices for 
Delivering Surprising Client Value.” The American Institute of Architects, Practice Management Digest. 
Accessed 03/15/2009.  
Mar, David (2012). “Newnes, L.B., A.R. Mileham, W.M. Cheung, R. Marsh, J.D. Lanham, M.E. Saravi and R.W. 
Bradbery (2008). “Predicting the whole-life cost of a product at the conceptual design stage”. Journal of 
Engineering Design, 19(2), 99-112   
Nicolini, D. & C. Tompkins & R. Holti & A. Oldman & M. Smalley (2000). ”Can Target Costing and Whole Life 
Costing be Applied in the Construction Industry?”: Evidence from Two Case Studies. British Journal of 
Management, Vol. 11. 
Shook, John (2008). Managing to Learn. Lean Enterprise Institute, Cambridge, MA, 138 p. 
Sobek, Durward K. II and Art Smalley (2008). Understanding A3 Thinking. CRC Press, Boca Raton, FL, 165 p. 
Sobek, Durward K. II, Allen Ward and Jeffrey K. Liker (1999).  “Toyota’s Principles of Set Based Concurrent 
Engineering”. Sloan Management Review, Winter 1999, pp. 67-83 
Suhr, Jim (1999). The Choosing by Advantages Decision Making System. Quorum Books, Westport, CT, 293 p. 
The Boldt Company (2008). “Sutter Health Fairfield Medical Office Building”. The Boldt Company, May 2008. 
Tommelein, Iris T., Glenn Ballard and Hyun Woo Lee (2011). “Progress Report on Task 4: Develop Target 
Value Design and Delivery Process to Incorporate Energy Efficiency Metrics”. Dept. of Energy research 
project: Incorporating Energy Efficiency into Mortgage Underwriting, April 30, 2011 
Ward, Allen, Jeffrey K. Liker, John J. Cristiano and Durward K. Sobek II (1995). ”The 2nd Toyota Paradox: 
How Delaying Decisions Can Make Better Cars Faster”. Sloan Management Review, Spring 1995, pp. 43-61 
Zika-Viktorsson, Annika, Svante Hovmarkb and Stefan Nordqvist (2003). “Psychosocial aspects of project work: 
a comparison between product development and construction projects”. International Journal of Project 
Management, 21, pp. 563–569 
 
Dr. Glenn Ballard 
University of California Berkeley, Berkeley, USA 
Telephone: 415-710-5531 
Email: ballard@ce.berkeley.edu 


