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Abstract. This paper proposes a multidisciplinary framework for robust plan-
ning and decision-making in dynamically changing engineering construction
projects. The aim is to facilitate 'optimal’ levels and 'trade-offs' between the ma-
jor factors affecting decision-making throughout the project phases, to manage
design changes and other disturbances, and to generate the maximum possible
value. Offshore shipbuilding case analysis is applied to refine the model and to
illustrate its value in decision-making.
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1 Introduction and Motivation

One-of-a-kind specialized vessel construction is specific for European offshore ship-
builders. To achieve economic sustainability and compete with price-focused ship-
builders, combining quality with cost effective productivity and agility to meet
customer changes throughout the construction process, is key. In this context, the
minimization of the use of resources and the reliable adherence to a tight schedule is
challenging. The dynamic dependencies, the production processes and the involved
resources are complex. Frequent changes in design and legal regulations lead to con-
tinuous adjustments in planning, procurement and execution, and define the grade of
uncertainty to be dealt with on a daily basis. Deviations in judgment that depart from
the standards of logic and accuracy [12] may also worsen uncertainty and the process
of decision-making. These characteristics trigger the need for competences, skills and
tools to manage the disturbances and optimize the output.

Despite the growing number of issuant solutions, many of them ignore important
characteristics of real systems; e.g. advanced design and engineering taking place
concurrently with production [18]. As such, many solutions lack the flexibility neces-
sary, and are therefore perceived to be difficult to apply in practice. Industrial state-
of-the-practice shows to be largely disconnected from the theory, and is more-or-less
based on intelligent rules-of-thumb [6]. And even when methods are known and do
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apply (e.g. LEAN), the success of implementation relies heavily on the human beha-
vior [14]. Lack of trust between supply chain partners, incentive misalignment, natu-
ral risk aversion, human limitations in working memory [15] and social motivations
[29] are just a few behavioral issues that can negatively impact operational success.
Even the most sophisticated technology requires judgment on design and input va-
riables. Finally, high performance teams often demonstrate unique solutions that are
not visible within engineering solutions [7], and network based project organisations
are not captured by existing project management literature [18]. These challenges
motivate the connection of the operational element (planning & managing tasks and
resources, utilizing control functions) and the behavioral/social elements within a
single framework, to facilitate robustness in decision-making and planning. Although
these two elements are intertwined, the traditions in the construction industry and
academic literature are to treat them separately with different focus [7].

The remaining of the paper is organized as follows. Theories to connect and rele-
vant literature is discussed in Section 2. The proposed conceptual model for robust
decision-making is presented in Section 3. Case specific applications to prove the
proposed model's usefulness and a list of research paths that serve to further validate
the developed framework are given in Section 4, along with the conclusion.

2 Multidisciplinary Literature Study

This section highlights best practice and shortcomings in different research streams
discussing robust planning and decision-making in engineering construction projects.
This field is mainly steered under QMS or LEAN production principles. Most ad-
vances stop, however, at the connection of classical project management theories and
techniques with lean production methodologies (originally established within the
context of repetitive production), and the integration of these with innovations in in-
formation technology and ERP systems to improve information availability and quali-
ty. Despite the common understanding on 'uncertainty' and 'judgment' being major
elements of construction projects, it is not clear how these are treated in existing
project management literature [10]. Lean theory - as a fundamental management
philosophy using whatever methods and tools that fit the purpose to deliver customer
requirements with no waste [4] - attempts to treat variability on a conceptual level; as
opposed to Earned Value Management, a second widely applied project planning
approach [8]. It is, however, unclear how this is done operationally. Recent advances,
suggesting improvements and the triangulation of different methodologies exist
though; see for example [8] and [13]. Lack of a structured integration of 'uncertainty'
and 'judgment' into the on-going discussions, however, potentially limits the success
of existing approaches. For recent behavioral discussions in operations see [11] and
[6]. Flyvbjerg in [9] addresses the bias of over-optimism and the planning fallacy in
risk assessment in quality control in projects. Relevant project management and plan-
ning &control theories, their shortcomings and potential behavioral gaps - providing
the motivation of this multidisciplinary approach to robust planning and decision-
making in construction projects - are summarized by Table 1.
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Table 1. Relevant theories, their shortcomings and potential behavioral gaps

Theory of project Intentions Shortcomings and possible Chosen
behavioral gaps references
Theory of Lean PM Generate the maximum Lack of explicit discussion on [2], [4],
Project possible amount of value  'uncertainty' and 'judgment’; [10], [18]
Management Sequencing choice affected by [19, 20,
individual prejudice; 21],

Concurrency in design, engineering
and execution is not treated

PM under To explicitly reflect the May underweight downside risk [16],[22,
uncertainty factual reality at all aversion; 23], [26,
project phases 27]

Theory of Scheduling Minimize expected High complexity schedules, thatare  [17], [24]
project under lateness; Create flexible  not followed due to bounded [28],
planning & uncertainty | schedules rationality;
control Last Planner | Lean Construction's main  Fails to properly connect higher and [3, 4, 5],

System (LPS) | tool for making design lower level plans; [8], [13]

and its and construction Biased interpretation of the LPS

derivatives, processes predictable; assignment release rules;

like Lean Samples are taken randomly, and

Project humans are not good randomizer;

Planning Worker differences increase task

(LPP) variability

Earned Value | Maximal earned value; Assumed independence between [8], [25],

Management activities and cost accounts (leading [30]

Effective integration of to subjective interpretation);

key aspects of a project Earned-value priority when releasing
(budget control and tasks - fails when time-to-market
schedule) and flow are critical;

3 The Framework Proposed to Facilitate Robust
Decision-Making in Dynamically Changing
Construction Projects

The framework is generated by an initial case study research for scope definition and
the multidisciplinary literature study presented in Section 2. It is built around the
typically critical factors that affect robustness in construction project planning and
execution, and the understanding on how the behavioral element is affecting these
throughout the project phases. The following example from the case shipbuilder at-
tempts to indicate the major aspects to be captured by a multidisciplinary framework:
Extensive grade of tacit knowledge and collaboration networks "built on trust" impact
strategic decisions on the design flexibility offered to the customers during the con-
struction process. Flexibility in design is, then, affecting tactical level engineering&
production planning decisions. Flexibility in project scheduling in offshore shipbuild-
ing potentially means modeling hundreds of activities, complex dependency patterns
and a large number of activities with uncertainty; schedules that are difficult to follow
due to bounded rationality (even when we disregard the complexity of developing
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such plans). The state-of-practice is more like judgmental adjustments of determinis-
tic solutions provided by some standard software. Such multilevel interactions, in-
volving both automated and judgmental processes, trigger the connection between the
engineering and human elements. Although the importance of the human element is
recognized, neither judgmental decision-making nor the discussion on the tradeoff
between automated and judgmental processes throughout the project phases has so far
become an integrated part of how project planning is commonly done.

Having a starting point in [1], this paper assumes the major factors affecting deci-
sion-making to be information availability and solving capability. The authors in [1]
define efficient management of logistics planning as efficient resource allocation
across planning ability and information gathering. The authors state that if for
instance a company enters into a supply chain collaboration which dramatically im-
proves information availability, or if the company implements new optimization soft-
ware, the production possibility curve (in a microeconomic point of view) will shift.
The underlying motivation for such actions is to increase the overall productivity
since a state of inefficiency arises when there is a mismatch between the level of in-
formation availability and solving capability: hence resource utilization and exploita-
tion is not optimal. The major aim of the framework is to enable the development of
robust solutions, by ‘understanding’ and consciously facilitating optimal levels and
tradeoffs of information availability and solving capability at all project phases.
Information availability (IA) is defined here as objective information, factual and
observable for the decision maker; such as, legal regulations, market and customer
data, supplier data, production times, guidelines from the owners on the grade of risk
to be taken, etc. Objective information is the same for multiple reporters, close to the
universal truth, and as such, helpful for decision-making. Interpretation and judg-
ment transforms objective into subjective information. The authors in [1] did not fo-
cus on the human element, and hence lose the differentiation between objective and
subjective information. While most decision-makers know that poor quality data fed
into a computer results in poor output, few question the quality of judgments when the
input information is good. This belief is opposed to recent research showing that there
is substantial bias in judgments [15]. Solving Capability (SC) summarizes over ana-
lytical and critical thinking skills to evaluate problems and to make decisions, creativ-
ity and lateral thinking skills, experience, competence and tacit knowledge held by the
individuals, 'language' as communication strategies, the ability to form high perfor-
mance teams for generating innovative solutions, organisational traditions, and the
decision methods and tools (design, engineering planning methods& tools, informa-
tion technology, others).

Figure 1 illustrates the conceptual multidisciplinary model proposed, summariz-
ing over the factors identified to affect robust planning and decision-making. To clari-
fy, planning and decision-making are interrelated, and to some extent discussed
interchangeably, but with some distinction. Decisions can be made without planning,
but planning cannot be done without decision-making since it is an embedded feature
of planning. In an ideal setting the aim is objectively rational decision-making (in fact
the correct behavior for given objective information in a given situation). However, it
cannot be assumed that humans are able to 'see and interpret' the full picture of a
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problem. Compared to the task complexity the human-centered information-
processing capacity is limited, and humans are adaptive [15] and at best subjectively
rational. The goal of modeling is to bring decisions as close as possible to subjective
rationality; however, models also require human decisions on design and input va-
riables. Their appropriateness in a given situation depends on the decision-maker's
knowledge and aspiration level. In summary, the impact area of the human beha-
viour is substantial, as highlighted by the model on Figure 1. The objective informa-
tion is subject to interpretation and prediction. The interpretations and predictions are
also constrained by the sophistication level of the information technology.

HUMAN BIAS & FRAMING (in information processing and in decision-making)
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Fig. 1. Conceptual model for robust planning and decision-making

Concluding the section, developments of robust solutions can be summarized by
improvements in either information availability or solving capabilities. In construc-
tion projects, decision-making & planning differ along the project phases; as also
information availability and solving capabilities differ. It is generally known that
information availability is low at the start of the project, while the impact of changes
is relatively low. Towards the end of the project life-cycle uncertainty reveals, but the
ability to influence/change is low. If the conditions for maneuverability (i.e. flexibili-
ty) are not created on a higher level, unexpected events and variation orders potential-
ly lead to process disturbance with high adaptation costs. Some of the answers to the
challenges to be solved have embedded options on different levels of the project life-
cycle (from product architecture, to engineering, planning and execution). The in-
depth understanding on how decisions, information and solving capability changes
during the project life-cycle is, as such, crucial for the project's success; and a central
message in this paper. To enable this understanding, the general framework provided
by Figurel is further developed to capture the project phase-specific aspects and the
major connections across phases; not presented here due to space limitations. In the
validation process, the offshore shipbuilding case allowed first to refine the model
and, then, to prove the model by more-or-less known examples. A future step is to
illustrate process improvements, by applying knowledge from the proposed model.
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4 Model Discussion in Offshore Shipbuilding and Conclusion

On a general level, the proposed framework facilitates adequate levels and trade-offs
between judgmental and automated decision-making to reflect strategic orientation
and competitive advantage. For example, recognizing that social capital is a critical
'asset' in enabling the competitive advantage of the case shipbuilder (i.e. design flex-
ibility throughout the construction processes), extended focus is to be given to im-
proving SC; by mapping the social preconditions for operational excellence to design
policies that enable further success, and by integrating judgment into the decision
processes (particularly in engineering and production planning, where judgmental
adjustments have high impact). On the other hand, when the social capital is not criti-
cal for the competitive advantage, focus on automated decision-making is crucial.

Below we clarify how the knowledge deduced from the proposed model contri-
butes to increased robustness in decision-making. This is done by applying shipbuild-
ing specific examples for different uncertainty handling cases - for ex. late changes in
strategic equipment specifications, like engines. Uncertainty can be risk or opportuni-
ty, and is defined by the probability of occurrence and its impact if it occurs. IA
directly affects probabilities, while SC drive both impact and probability. Case I
handles the situation where the probabilities of a particular uncertainty are changed
(that is, improved IA). The probability of changes in engine specifications can be
reduced by front-end loading supplier strategies, before basic design takes place; con-
cretely, by defining the 'minimal information' needed to release a particular engineer-
ing activity. This task is judgmental, and prone to bias in data interpretation. Case 2
handles situations where the outcome of the different states is changed, by implement-
ing actions that affect SC. The negative impact of changes in engine specifications
can potentially be reduced on many levels: On a strategic level, building the vessel
differently to handle different engine types (e.g. platform based architecture); on a
tactical level, planning the vessel differently to enable alternative sequencing in engi-
neering and execution (planning with and without embedded uncertainty gives struc-
turally different solutions); in execution phase, search for the social preconditions
that enable maneuverability to handle variations. Case 3 handles the situation where
the decision process itself is changed, by affecting SC. Changed design and project
management strategies, and explicit integration of the human element, are leading to
changed decision processes. Case 4 is a special situation of Case 3, and refers to in-
creased decision frequency; affecting both SC and IA. An extreme situation of this
case is when decisions are broken down to a level where the impact of taking the
wrong decision is rather low compared to the overall wealth of the company; hence,
the decision-maker can take a risk neutral attitude. Such cases assume that corrective
actions can be taken for the next decision period. The Last Planner System in [3],
implemented in the context of a shipbuilder, can be seen as a case utilizing this oppor-
tunity. The danger of maneuvering in the wrong direction (often systematically) still
exists, however.

Concluding the paper, in-depth understanding of how information availability and
solving capabilities change during the project life-cycle, what are the 'optimal' levels
and trade-offs between these, and how the human and social elements affect these, is
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crucial for a project's success. The proposed framework facilitates the development of
this understanding to enable robustness in decision-making. The following ongoing
research activities, within the context of the case shipbuilder, aim to illustrate process
improvements by applying the proposed model: (i)Uncertainty planning in Lean Con-
struction; (ii)Organisational network and behavioral studies to identify how social
capital and micro level behaviour (like motivation, trust, risk attitudes, cognitive
overloading) influences solving capabilities and macro-level decision-making; and
(iii)Cognitive bias in project planning; (iv)Front-end-loading supplier strategies.
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