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ABSTRACT

The future is unknown and unknowable. In the fatéhis reality, planning tries to
assure an outcome certain. The “Oops Simulationdp&) models the dilemma
experienced by every planner: “Should | spend n(tiree, money, resources) to
improve my plan or go forward with what | have andre likely suffer an “Oops™?
This problem is the sort Civil Engineers face whging to decide how many soil
samples to collect to assure the foundation desih be sufficient and most
economical. This sort of problem is faced at eVerel in project planning: “How
much effort is it worth to assure weekly work plsn100% planning reliable? At
what level of precision — week, day, hour, minut&3% unlikely that anyone on the
project could answer such a question because #rereo many possible immediate
and longer-term interactions with unknown conseqasn This simple 9-card
simulation can be used in research and teachirgjuidy the cost and benefits of
planning under uncertainty both in “economic” anoifan decision making terms. At
the extreme, there are two strategies in Oops Gajndo planning, the “Guts Ball”
approach where the cost of planning is lowest @idaf an “Oops” is highest; and
2) Risk averse where the investment is made inngtgnuntil there is no risk of an
“Oops.” In a third and more realistic approach,dgment” the decision to plan rests
on an analysis the risks and likely outcomes in sheation at hand. The paper
explains the simulation and its application in tlassroom and as a platform for
research into planning effectiveness, decision-n@kind complexity.
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INTRODUCTION

Projects are conceived, designed and constructeélicer needed capability in the
face of uncertainty. Risk, the possibility of haan “the combination of uncertainty
and the potential severity of loss that arisess)ai every turn as people establish
needed outcomes, plan and organize the necessarysraed wherewithal, and take
action. Risk is identified and reduced in the ceust planning (including design and
engineering) as people consider hazards and toesecuences, apply discipline-
based knowledge and lessons from experience, taliet analyze information, and
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decide choosing one alternative over another. Bwt imuch planning is enough
given the ineffable reality that the future is uom and unknowable?

Every project manager and planner at every leveédathis dilemma as they
balance the cost of additional planning againstéiection of risk. While the cost of
additional planning is easy to measure, the cogaibfres great or small is difficult
and often impossible to conceive, predict and eg#mThis is the sort of problem
posed when deciding on the number of core sammesad to determine the soil
conditions prior to foundation design. The “perfeciswer” may not be knowable
until long after construction is complete. And 8teategy might change based on the
immediate evidence from any sample.

The paper first reviews literature related to theue of planning and then
introduces “The Oops Game” (OOPS), invented by Mié&hVorster and Gregory
Howell, as a model of the planning dilemma for bigtlching and research.

PREVIOUS RESEARCH ON THE VALUE OF PLANNING

The value of planning has been studied in a nurabfelds such as socio-economics,
world development, operation research, corporatenagement, and business
venturing (Blumstein and Cassidy 1973; Brada efl@83; Bock and Hoberg 2007,
Camillus 1975; Gruber 2007). However, accordinguo knowledge, little research
has been done in quantifying the cost and valuémpiroving the reliability of
decision making and planning for construction pectge Austin et al. (1999) studied
the value of detailed and reliable planning in deghase. They stated that common
planning practice takes little account of the idisciplinary and iterative nature of
the building design process and this leads to apcomised design process
containing inevitable cycles of rework. Subsequeritiey proposed Analytical
Design Planning Technique (ADePT) to generate tiogept-specific models in an
acceptable time scale. However, they did not gfyatite value of planning in design
phase or measure the value of the proposed teanniqu

Work on the value of planning in construction phassmainly done in the field of
Lean Construction. Ballard and Howell (1998) gagldeover 450 weeks of Percent
Plan Completed (PPC) data from seven different @ongs and found they had an
average PPC of 54%; thus illustrated the lack dfldity in the construction
industry. As a result, Ballard (1994) created ttestLPlanner System® (LPS), in
which the Last Planner (typically a foreman) depslthe weekly work plan by using
a 6 week look-ahead process to ensure constranmiccessful task execution are
identified and removed, and limiting work assigtedeady work within the capacity
of the crew. The benefits of using LPS® have beainly investigated in terms of
improving PPC (Ballard 2000, Ballard et al. 1996]I&d and Howell 1998, Kim and
Jang 2005). Howell et al. (2001) suggested thataripg planning reliability from
50% to 70% improves productivity by a significami@unt between 10 & 30%. But
to our knowledge little work has been done to usiderd and quantify the
relationship between the investment in planning d@hd return in improved
performance using empirical project safety, duratiad cost data.

PLAYING RULESFOR OOPSGAME

OOPS can be managed by one person and it is esigiethree. When roles are
assigned, one player, the “Project Manager” annesitice choice for each card. The
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Superintendent handles the cards moving them astdd. “Project Controls” assures
the rules are followed and keeps score. All pgréinis should watch for errors. The
aim of the simulation is to complete a nine-camjgut as shown in the Figure 1.
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Figure 1: A Nine-Card Project

Figure 2 shows the locations for cards and the tcostove a card from one location
to the next. The cost of each move is recordedherstore sheet. Play begins with all
cards shuffled and face down in the “Yard”.
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The GAME

Figure 2: Configuration and Scoring

1. The top card is turned face up and placed in itstipm on the project and a mark
placed in the “Build” column on the score sheet.

2. The next and all subsequent cards may only be attd#w project if they share
an adjacent edge with a card already on the proariner to corner connections
are not allowed. For example, if the first card wlzes 3, then only cards 2 and 6
may be placed directly on the project.

3. Before each of the remaining cards is revealed Pitogect Manager makes the
decision either to “Build” or “Plan” and announdes

« If “Plan” is announced, the top card is turned camed placed in “Planning”
and a mark is made in the “Planning” column ondbere sheet. The cards
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face up in “Planning” are moved to the project wlieshares an adjacent
edge with a card already on the project. In thergta above, if the 3 was
drawn first and the 2 second, then the 2 should Heimmediately placed
on the project.

« If “Build” is announced the top card is turned owerd a mark is placed in
build on the score sheet. If the card turned okiares an adjacent edge with
a card already on the project - the 2 or 6 as engkample above. Then
place the card on the project.

» If the card turned over does not shareadjacent edge with a card already
on the project, place the card on in Oops, and & inathe “Oops” column
on the score sheet. The card remains face up irs @Qopl a card on the
project shares an adjacent edge. Then it is brougl the project.

4. Before making and announcing the next choice, veWie situation to assure any
cards “Planning” or “Oops” that share an adjacatgechave been added to the
project.

5. The simulation is complete when all 9 cards ar¢éherproject.

6. “Project Control” assures that cards are placed aiien they meet the shared-
edge criteria and are placed in the correct lonaffdne “Superintendent” assures
the score is correctly recorded. Table 1 showsnapteted score sheet. Figure 3
and 4 show the process for “Plan” and “Build”.

Table 1 Sample Completed Score Sheet

Week Build | Plan | Oops
1 1
2 1 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
Sum 7 2 1
Outcome Cost 1 2 3
Extension 7 4 3
TOTAL COST 14

CLASSROOM SIMULATION AND DISCUSSION

Once the class understands the OOPs simulaticanibe used to explore a variety of
issues related to planning and strategy. Demomstthé management of the
simulation and rules to the class by playing a feuwnds in public. Once the rules are
well established, have each three-person team edentile simulation 10 times with
the no planning “Guts ball” strategy. Collect andspthe scores in a simple
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histogram to display the range of outcomes, thguieacy of each outcome and the
average performance.

Then have teams complete 10 rounds using a “RisksaV strategy and
collecting the same data. (People using simulatmag a form of OOPS too. Take
the time to assure students know how to managesitnelation each time the
situation changes.) In the Risk-averse strateghar'Ps chosen until there is no risk
of “Oops” because all remaining unused cards wilre an adjacent edge with cards
already in place. For example, there is no risaroDops if the 2, 5 and 8 cards are in
place. Check on each team during the simulatioragsure they are following
instructions.

When all teams have completed their play, postlteesand have the teams
compare the results from risk averse with thosenftGuts ball.” Then open the
discussion to the larger group and discuss botin #malysis of the results, and the
implications for real life.

» Students learn more when they discover the pattenusissues raised by
OOPS. A carefully designed post simulation conwesais useful but it
should not prevent or limit open discussion. Bdgirasking what patterns are
apparent both in data and what they have learnedtahe simulation. The
data will reveal that the range of outcomes isaovaer under the risk-averse
strategy and average performance is better thamtbduced by “Guts ball”
given the cost of planning and consequences of @ps @stablished at the
outset.

e “Guts ball” will usually produce both the best andrst outcomes. Ask why
they might choose one or the other. Then shiftisoavering what they have
learned about the simulation itself and its managemlListen for any
observation about the patterns they see relatedirdiecard revealed. If not
raised by participants, the instructor should beppred to direct their
attention to the importance of early cards. Whewmer card is drawn first,
only 2 cards out of 8 will share an adjacent e@yecontrast, 4 cards of 8 will
share an edge if the center card, the “5” is chdisen The instructor should
also consider using these questions to shape sleasdiion: Which strategy in
average results in lower cost of completion forpghgect? Does it match their
anticipation?

* Which strategy has a more predictable outcome? NVkitategy has lower
variance in outcomes?
* Which factors can change the lower costing stratemgy one to another?

* How would changing the cost of Planning, BuildingdaOops impact the
results? For example if the cost of an Oops werg kv or on average 3 but
randomly varied.

INJECTING COMPETITION: A FIRST STEP TOWARD REAL LIFE
PROJECT MANAGEMENT

Real managers bring their experience, history aadkdrounds to bear as they
manage projects. In real life, managers may be dmtihageous and risk averse but to
neither of the extremes experienced in OOPS. Usefitst step toward real life to
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explore the behavior and results of decisions madenanagers in a competitive
environment. Give each team $10 as capital andchaltlenge them to increase it by
their management skill. (It is usually better td nge real money as most colleges
and universities have restrictions on gambling.pl&ix that all teams interested in
bidding must pay a dollar to bid, a sort of an aated only the team with the low bid
will be allowed to play. Allow time for the teams decide what they will bid and to
submit their “sealed” bids in writing along withettdollar for the costs expended in
bid preparation. The team will make money if theiver the project for less than
bid and will have to pay for any overruns. Flipancto choose the low bidder in case
of a tie. Turnover the first card and ask for tlekioice and record the results. Repeat
the bidding and performance process several tim@d U is clear that the
competitive environment is provoking them to taksks that compromise their
ability to survive. Stop when this point is obvioasd shift the conversation to
explore the potential consequences of resourcénandial constraints on decision
making in general and safety in particular (Dekk@t1).

Shift the conversation to explore how the simulati® and is not like real life.
Certainly, an Oops is always possible and risk lbarreduced by gathering more
information and sometimes by waiting until moreommhation is available. But unlike
real life, the probability of Oops is rarely knowmith any precision and the
relationship between the investment and cost ofethiction is neither known nor
fixed. Turn the discussion to focus on the pro@ess practice of risk reduction. Ask
guestions about what they could do in real lifdetarn more before deciding. Real
life rarely gives firm statistics for failure or éhnature and magnitude of the
consequences. Rather, people make assessmentis, thaly shape and ground their
opinions more or less well. Explore how changing pinobability of a failure and the
magnitude of the consequences might change theiceh The aim here is to bring
consideration of probability and consequencesécstirface in order to develop their
ability to ground their assessments with the beRirmation available. How they
might discover information about the probabilitydamonsequences in various
circumstances. How they might make their choicethef consequences of an Oops
was doubled or the cost of information reduced bacéor of 10.

Ask students for examples from their lives whereytiplay OOPS every day —
where do they take steps of one sort or anothexdace risk? They might leave early
for the bus, keep extra cash on hand, keep thiipleene fully charged etc. Return
to the simulation; How much would they be willing play to select the first three
cards in the deck, or to order the cards? What avthey pay at the beginning of the
game for a cards that could be placed anywherbematrix/

Real Life Reflections and Implications:

« How does this game relate to reality? Provide exemmf causes in
construction that may prevent timely execution ahties.

* How do you interpret the following statistics?

1. Maximum cost for each strategy? The difference betwthe maximum
cost and the average cost for the strategies mmrede amount of
possible cost overruns.
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2. The average cost of strategies? In the long renditierence between the
two cost averages is the amount of savings thatcamegain using the
lower average cost strategy.

3. The standard deviation of the results? A lower ddath deviation in cost
shows a more predictable performance. This reitghii performance will
result in more reliable bid estimates and subseatyeiill help reduce the
contingency cost that is considered in the estisnate

4. What activities would you consider as examples &m-card game
(predictable probability of Oops)? Also provide eydes for 9 and 16
card games (higher probabilities of Oops).

5. In real life what factors impact the cost of PlanpiBuilding and Oops?

6. If you are in a decision making position for a pijhow might you think
about the choice between planning and building invaxiety of
circumstances? What factors will you consider inrygecision?

CONCLUSIONS

The Oops simulation raises a fundamental questioproject management: how
much planning is an enough? The answer alwayssstatth “it depends”. It depends
on how much an Oops will cost, who will pay, andvhmuch the risk can be reduced
by more planning. The choice to “plan” vs “buildégends on the probability of
having an Oops given the amount of planning thatarafford. It gets harder for us
to answer the question in the very real uncertaimldy We can never know for
certain of the costs and probabilities of failuféie Oops simulation provides us a
platform to capture those elusive concepts andioelkships.

There are many remaining questions can lead toimégyesting and useful future
research. The directions for the future researclude: 1) Human reaction to fixed
and variable consequences with the same consequenaverage, changing the cost
of information — it would be interesting to testcdmasing information cost and
increasing consequences on each draw; 2) OOPS tmuldsed to explore how
people act differently in the face of an risk. T$imulation could be played where
people know there is a fixed cost of an Oops susctwa dollars more than planning,
and an average cost of an Oops of two dollars bahge of outcomes from O cost to
four dollars. In this situation people who suffer @ops would spin an arrow with
equally probable out comes of 0, 1, 2, 3, and 4 fypothesis would be that people
are more risk averse in the face an uncertain ougcthan a fixed outcome of the
same average amount; and 3) Explore the effecowipetition and cooperation by
having 2 or more teams playing separately or comgiand allowing cards from one
to fit on another project.

REFERENCES

Austin, S., Baldwin, A., Li, B., and Waskett, P9@B). “Analytical design planning
technique: a model of the detailed building degigmcess.’Design Studigs20 (3)
279-296.

Ballard, G. (1994). “The Last PlannerProc. of Conference of the Northern
California Construction InstituteLean Construction Institute, Monterey, CA, 1-8.

Learning / Production Planning and Control



Howell and Liu

Ballard, G. (2000). “The last planner system ofduction control. PhD thesis
Dept. of Civil Engineering, University of Birminghm Birmingham, U.K.

Ballard, G., Casten, M., Howell, G. (1996). “PAR& case study.Proc. IGLC-4
Birmingham, UK.

Ballard, G., and Howell, G. (1998). “Shielding pumtion: Essential step in
production control.’J. Constr. Engrg. And MgmtASCE, New York, NY, 124(1)
11-17.

Blumstein, A., and Cassidy, R. G. (1973). “Benett analysis of family planning.”
Socio-Econ. Plan. Sg¢i7 (1) 151-160.

Bock, S., and Hoberg, K. (2007). “Detailed layol&rming for irregularly-shaped
machines with transportation path desigfEtropean Journal of Operation
Researchl177 (2) 693-718.

Brada, J. C., King, A. E., and Schlagenhauf, D(1B83). “The benefits of long-term
developmental planning: an estimat&/orld Developmentl1(11) 971-979.

Camillus, J. C. (1975). "Evaluating the benefitsfmfmal planning systems.” Indian
Institute of Management, Ahmedabad.

Dekker, S. (2011). “Drift into failure.Ashgate Surrey, United Kingdom.

Gruber, M. (2007). “Uncovering the value of plarmiim new venture creation: A
process and contingency perspective.0f Business Venturing2 (6) 782-807.
Kim, Y., and Jang, J. (2005). “Case Study: An aggiion of Last P lanner to heavy

civil construction in Korea.Proc. IGLC-13 Sydney, Australia, 405-411.

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



The Oops Game: How Much Planning is Enough?

Learning / Production Planning and Control



Howell and Liu

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



