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alternatives). The chart on the right provides more detailed information on the
performance of individual alternatives with respect to specific objectives. For instance, for
the “Car Solar” option shown in the figure, the alternative was composed of both
photovoltaic arrays and electric cars, and predictably, the data shows a high score for
research potential, partly as a result of the interaction the design team denoted in previous
steps. This view of project value helps designers to summarize the many levels of prior
analysis. Since design - and especially conceptual design - is an iterative process, the
explicit documentation of each step will help designers return to their original analyses and
refine their initial intuitions as new information arises.
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Figure 8. Step 9 of MAID

In sum, combining strengths of different design tools, MAID provides one framework for
designers to creatively and explicitly engage in conceptual design, at once looking at
integrated design solutions and integrated engineering views.

5 Validation

In order to test MAID’s power and generality, we created simple database software in
conjunction with a user interface that allows repeatable use and storage of data.

We will look at two case studies for our validation: the California High Speed Rail and the
Stanford Green Dorm projects. After describing the background for each, we describe our
application of our metrics to the existing conceptual design processes and compare those
results with charettes that use the MAID methodology with students and professionals
familiar with these projects.

5.1 Background

As part of this proposed route of the California High-Speed Rail, the High Speed Rail
Authority (CHSRA) required a station to be placed either in Palo Alto or Redwood City. In
September 2008, Palo Alto proposed undergrounding the existing tracks, in hopes of selling
“air rights” above the existing right-of-way to offset the increased cost of tunneling (Dong,
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2008). Our analysis of this conceptual design process has resulted in two pitfalls that
showcase shortcomings in current practice.

First, Palo Alto narrowed the solution space one decision at a time, considering different
and non-explicit sets of project objectives at different points in the process. Faced with two
decisions (the choice of above or below ground trains in conjunction with either high or
low-density development along the right-of-way), the city had essentially four alternatives
to consider. Instead of evaluating each with respect to an agreed upon set of project
objectives, Palo Alto chose the underground option for reasons of noise and aesthetics, and
subsequently, based on that imposed constraint, chose high-density development for
reasons of cost (extra retail space would help pay for the tunnel). In reality, both decisions
had consequences for both of these sets of objectives. For example, it is likely that the
amount of development needed to offset the cost of tunneling would need to be of greater
density and building height than existing Palo Alto zoning ordinances created for aesthetic
and noise reasons similar to those that prompted the initial decision to underground the
tracks in the first place. Without a systematic method for exploring this solution space,
Palo Alto over-constrained the trade space with a decision lacking explicit rationale and
potentially resulting in rework (in the form of many community and city council meetings)
later in the design process.

Second, given the proposal from Palo Alto and a less daring proposal from Redwood City,
the CHSRA was forced to choose between an underground train and high density
development in Palo Alto as compared to an above-ground train with lower density
development in Redwood City. Of course, by dividing the decision into three topics
(location, grade, and density), it becomes clear that the solution space is again over-
constrained. It might be possible, for example, to put an underground train in Redwood
City. In fact, given the town'’s busier and denser central business district, the higher density
needed to offset tunneling costs might fit better in Redwood City than in Palo Alto (Martin,
2009). Although this may seem obvious, design processes that too quickly narrow solution
spaces during conceptual design produce trade spaces that the lack the explicit analysis
and rationale that might lead to such a conclusion.

Launched in November 2003, the Department of Civil and Environmental Engineering at
Stanford University endeavored to build an “evolving”, “influential”, “flexible”, and
“desirable” environmentally sustainable facility both for student housing and faculty
research (Stanford Green Dorm 2006). The group’s admirable initial description of project
goals should be noted, especially as they will relate to subsequent observations about the
actual design process. As part of Feasibility Study (EHDD, 2006) from August 2005 to
March 2006, Green Dorm designers needed to select a combination of options (i.e. an
alternative) for the project and then demonstrate that it could be built to meet project
requirements. It should be noted that the Feasibility Study Team was not explicitly tasked
with finding a “best” alternative. However, this is not the explicit task of the MAID
methodology either. MAID encourages the explicit exploration of a large number of options
and objectives. Thus, it is relevant that without an explicit conceptual design framework,
the Green Dorm Team neglected to consider many potential combinations of options and
their effect on many objectives.



18

The project team generated two potential alternatives, called “Baseline Green” and “Living
Lab.” Given the vast number of topics and options involved in the decision, exploring only
two alternatives does not allow room for much exploration. Although the constituent
options involved were innovative, the exploration of fortuitous combinations was not. In
fact, given documented information and the names of the two alternatives, it seems as
though there were only two factors the creation of the trade space - novelty of technologies
and cost - when, as discussed above, the design team had explicitly noted at least four in
their initial meeting. The baseline option minimized cost at the expense of novelty, while
the living lab option maximized novelty at the expense of rising costs. Furthermore, by
taking an “all or none” approach on this axis, designers neglected to consider possible
combinations that could satisfy a broader range of project value (expressed on other,
implicit “axes”).

In fact, analysis performed by students in a “Goals and Methods of Sustainable Design” class
at Stanford tool formally calculated the value of some possible different alternatives. Using
the same method as was used to evaluate the “Living Lab” against the “Baseline Green”
alternative by Haymaker and Chachere (2006), the students found a “Solar Electric”
alternative with higher overall project value (Corcoran et al., 2008). By eliminating certain
technologies with high costs and overlapping energy production functions, this alternative
maximized tradeoffs between research potential, cost, and environmental benefit, thereby
achieving greater value. Although this work lacks the necessary precision and rigor to
draw complete conclusions, it seems a more systematic MAID methodology may provide a
path to finding such alternatives.

5.2 Testing and Results

For the scenarios described by the High Speed Rail Project and the Stanford Green Dorm,
we gave MAID software to students with knowledge and experience on the specific design
problem. As initial tests, these charettes are not meant to prove conclusive data about the
consequences of MAID on final designs, but rather, are meant to provide evidence of the
power and generality of the method to satisfy our proposed metrics as they relate to the
three engineering views.

For the high-speed rail project, we presented users with a design scenario consisting of
three topics, each with two options: Location (Palo Alto or Redwood City), Separation of
Grade (Above-Ground or Below-Ground Train), and Density of Development (High or Low
Density). In this design problem, eight potential alternatives exist, and we take as an ideal
set of objectives the fifteen already gathered as part of student projects at Stanford, using
MACDADI to engage and consult stakeholders (Roedel et al.,, 2009).

Currently, two documented proposals and analyses relating to this design problem exist:
the aforementioned proposal by a visionary group in Palo Alto (named “Process 1”), and
the second, an improvement on that analysis by those students at Stanford who developed
the project objectives (“Process 2”), but lacked the MAID method. Given the complicated
nature of existing design projects, we take for data purposes only analyses explicitly
mentioned in design documents. The data from these two case studies, in addition to that
gathered during charettes with MAID, are presented in Table 3. Information on time and
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interactions analyzed help to form a more holistic conception of MAID and are presented
for that scenario, but such data is not available for prior processes.

DSS| 0OSQ Time (hrs) | 1Q 1IGQ

Process 1 1/8 ~1/15 - - -
Process 2 2/8 15/15 - - -
MAID 8/8 | 5.5/15 1.25 1.00| 4.33/5

Table 3. Results of Charettes for High-Speed Rail Project

Data shows evidence for three main points. First, MAID facilitates exploration of a greater
number of project alternatives, as its DSS value is much greater than that of prior
processes. Second, although the 0SQ value of the MAID process is less than in the case of
Process 2, this is a direct result of constraints of time, not constraints or limitations of the
process. By devoting more than one hour to the charette, designers could have easily
achieved greater exploration of the objective space in line with improvements in DSS.

Third, and perhaps most notably, values for IQ and IGQ suggest designers’ ability to note
interactions proved very important. Not only did designers note interactions for all
possible combinations of options, but they also noted that each interaction impacted a very
high number of project objectives. In all charettes, designers chose to note interaction
effects for 100% of potential interactions, and for each of these interactions, they recorded
consequences for an average of more than four out of five project objectives. These
numbers give further credence to the idea that interactions between options are important
in the minds of designers and that they can be explicitly expressed in the deign process.
Furthermore, these interactions between deserve attention in the flow and value view,
exactly as provided in the MAID methodology.

In the case of the Stanford Green Dorm, we organized two charettes that tackled different
topics and options. The first dealt with energy production and site considerations, and the
second considered mechanical systems, structural systems, and the inclusion of a living
laboratory within the building. Data is complied for the existing process (before MAID) and
for the charette (with MAID). Results are presented in Table 4 and Table 5.

In this data, we see very similar results to the High Speed Rail charettes. Use of MAID
shows notable increases in DSS, demonstrating appreciable increases in number of
alternatives explored. Furthermore, we continue to see high levels of IQ and 1GQ, showing
further evidence that this added ability to explore interactions’ impact on a variety of
project objectives proves important to designers.
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DSS 0SQ | Time (hrs) 1Q 1GQ

Without MAID 216 ~2/12 - - -

With MAID 6/6 3/12 1.25 100% | 1.5/3

Table 4. Results for Green Dorm Charettes: Energy and Site Decisions.

DSS 0SQ | Time (hrs) 1Q 1GQ

Without MAID 2/12 ~2/15 - - -

With MAID 12/12 3/15 1 100% | 2.6/3

Table 5. Results for Green Dorm Charettes: Mechanical, Structural, and Programming Decisions.

In conclusion, charettes show increases on two different projects of five metrics that relate
to the three engineering views. Data shows that the MAID methodology facilitates a wider
exploration of the solution space, both in terms of options and objectives. Most notably,
MAID’s ability to note interactions and their effect on project objectives proves useful, at
least in terms of the amount of attention given to that step by designers. We now turn to its
main contribution to theory.

6 Claimed Contribution

We claim as a contribution to AEC design theory the development and creation of a flexible
and explicit conceptual design methodology that satisfies all the requirements in Table 1 by
synthesizing existing methods that do not fully manage such views. MAID’s contribution to
design theory is relevant given Ballard’s and Koskela’s (1998) call for more conclusive
testing of hypotheses surrounding the effect that management of three engineering views
can have on design. Such testing requires methodologies that demonstrate such
management. Thus, by providing one example of such a synthetic methodology, MAID
makes an important contribution to design theory.

7 Practical Impact

This paper has defined an observed problem in the AEC industry, formulated a framework
with which to solve it, developed a methodology and accompanying software, and then
tested that software against proposed metrics and design requirements. We conclude with
a discussion of the potential impact of the methodology and possibilities for future
research.

Integrated design is a complicated process. No methodology - and certainly not one
performed in a few hours - will completely and accurately analyze building systems.
Nonetheless, design theory holds that using practical value models for conceptual design, in
conjunction with management of conversion and flow views, can increase design
knowledge and eventually lead to better buildings (Keeney & von Winterfeldt, 2007b,
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Ballard & Koskela, 1998). Further research is needed to prove this conclusively in our case,
although current research suggests possibilities for potential impact.

First, MAID increases the number of alternatives explicitly considered by designers,
aligning with current thinking that quality is large part a function of quantity of potential
designs considered (Sutton, 2002, Ipek et al., 2006), especially in light of increasing design
complexity (Haymaker et al., 2008).

Second, MAID increases the number of objectives explicitly considered during conceptual
design, and research by Green (1994) suggests that such value management techniques
result in large increases in project value. Furthermore, Green holds that early project team
coalescence around explicit objectives helps create a culture of cooperation and “buy in”
that proves very useful in all stages of design. For purposes of overcoming obstacles
presented by local task responsibility (Ballard & Koskela, 1998) and weak cooperation
(Clausing, 1994) that emerge from traditional conversion views of engineering, this
provides immense value in its own right.

Third, MAID increases the number and specificity of interactions explicitly identified by
designers during conceptual design. These interactions occur between options and tasks
assigned - through breakdown structures - to disparate design disciplines that may
struggle to collaborate otherwise on key areas of interaction where value may lie (Rechtin,
1991).

We conclude with a return to our original example of “Tunneling Through the Cost Barrier”
illustrating how MAID can systematically help designers find Amory Lovins’ synergistically
superior design. MAID’s primary contribution to existing work is its explicit analysis of
interactions and their effect on project objectives. Thus, using MAID software with and
without this feature, we will calculate the value of potential alternatives for Amory Lovins’
house. Our very simple conceptual design scenario consists of the following topics and
options (Figure 9, Top). Our objectives for the project are those that Lovins mentions:
energy efficiency and cost.

Using Lovins’ own explanations, we rated these options and their interactions using MAID.
Results of our value calculations appear in Figure 9 (bottom), with the least energy efficient
options appearing at the left and more energy efficient options at the right of both graphs.

In this case, MAID can indeed help to tunnel through the cost barrier. In the top graph,
which represents value calculations without the use of interactions, it is clear that the best
performing alternatives are not the most energy efficient, and in fact, moving from left to
right, designers looking to make improvements might stop at the second alternative when
they find that value decreases for the third. Under the theory of diminishing marginal
returns, these are exactly the results that Lovins cites in his discussion. In the bottom
graph, which represents value calculations that take interactions into account, it is clear
that the most energy efficient options on the right of the graph also provide the best value.
Even in this simple scenario, MAID’s explicit method for integrated design proves powerful
in giving systematic guidance for generating creative and valuable design alternatives.
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Figure 9. Results of MAID Analysis of “Tunneling Through the Cost Barrier”

7.1 Conclusion

Even as we note our preliminary successes in tunneling through existing barriers in AEC
design, we acknowledge that integrated design presents more of a challenge than simply
calculating numbers in different ways. In many cases, the specific output of such methods
may be less significant in relation to the discussion that they help to motivate. When
conducted in efficient and practical ways, communication among multidisciplinary teams
can almost always produce better built environments.. Simply by their very existence,
structures that facilitate this communication can help take advantage of these important
opportunities. Through our careful creation of one of these frameworks, we hope to have

contributed to this important effort.

Most Efficient
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