Three Pathways to Highly Energy Efficient Buildings: Assessing

Combinations of Teaming and Technology
Hoda Homayouni!; Carrie Sturts Dossick P.E, M.ASCE?; Gina Neff3

Forthcoming in Journal of Management in Engineering

https://doi.org/10.1061/(ASCE)ME.1943-5479.0000883

Accepted for Publication 9 September 2020

Abstract

Highly energy efficient (HEE) buildings require a whole-system approach to building design.
Scholars have suggested many tools, techniques, and processes to address the cross-disciplinary
complexities of such an approach, but how these elements might be best combined to lead to better
project outcomes is yet unknown. To address this, we surveyed architects associated with 33 AlA-
COTE award-winning projects on the social, organizational, and technological elements of whole-
system design (WSD) practices. We then used fuzzy sets-Qualitative Comparative Analysis
(fsQCA) to analyze the interdependencies among those elements. We found three distinct pathways
for design and construction of HEE buildings: information-driven, process-driven, or organization-
driven. We also found that HEE buildings share some conditions for success, including having
shared goals, owners’ engagement in the design process, and frequent and participatory inter-
organizational meetings. Our findings can help practitioners strategize and make decisions on

incorporating WSD elements associated with their project types. Moreover, these results provide a
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launch pad for scholars to investigate complementarities among elements facilitating the design
and construction process of HEE projects.
Key words: whole system design, energy efficient buildings, Building Information Modeling,

Integrated project teams, fuzzy sets- Qualitative Comparative Analysis.

Introduction

Buildings in the United States account for 41 percent of total energy consumption and almost
40 percent of CO2 emissions (U.S. Green Building Council, 2016). Designing buildings with higher
energy performance requires a “whole system” approach to optimizing everything from
architectural programming and systems , to the structural, mechanical, and electrical systems of a
building, and can be expanded to include behavioral change at different scales. To achieve this, a
highly cross-disciplinary approach is required to consider various passive and active strategies in
technical and social domains. This signals the need to shift from traditional sequential design and
construction processes toward a more integrated approach. The successful implementation of these
integrated processes requires new skills, outlooks, and resources (Kibert, 2016; Yudelson, 2008).

While the industry makes this shift, research has established the value of inter-organizational
collaboration to the whole system approach (7 group & Reed, 2009) and the utility of Building
Information Modelling (BIM) to facilitate integrated processes (Krygiel & Nies, 2008). Many
studies have addressed the benefits, risks, and challenges of adopting these new practices(Azhar,
2011; Chien et al., 2014; Ghaffarianhoseini et al., 2017; Kovacic & Miller, 2014; Seyis, 2019),
rendering them as promising approaches to facilitate Whole System Design (WSD). However, the
required adaptation of people and processes to the new practices makes it challenging for
organizational leaders to take the leap in making such major technical, social, and organizational

changes. Moreover, some techniques, if not used within the right context, can have zero or negative
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effect on the outcome (Greckhamer et al., 2008). As organizational scholars argue, effective
promotion of change within organizations structure, people, tasks, or technologies requires
considering the effects of change on all other components (Cherns, 1976). This can be made
feasible by creating typologies of cases in which the effect of the new change on other components
can be studied based on the lessons learned from previous cases of the same type (Miller, 1996).
Might we also be able to help design and construction project teams strategize for successful
implementation of energy goals, by creating successful project types?

To answer this question, we used a novel approach to analyze causal complexities within
architectural projects. The analysis revealed three distinct pathways in achieving Highly Energy
Efficient (HEE) projects with respect to WSD tools and processes. This enables practitioners to
identify the causal pathways that best matches their project settings, and better strategize to
incorporate WSD elements that complements their already established processes. Moreover, the
novelty of the incorporated approach opens new doors for Architecture, Engineering, and
Construction (AEC) researchers to study configurations of project-related processes and
organizational structures, revealing new potential strategies to achieve success.

The paper proceeds as follows. The literature review below summarizes past research into
the elements of WSD and shows the need for research into the complex causal relationships
between WSD elements and HEE building design. After explaining the research method and how
we implemented it in this study, we present the research results that show the necessary WSD
elements and causal pathways in achieving HEE buildings. Lastly, we will explain implications of

our findings, reflect on our study’s limitations, and discuss future directions.
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Literature Review: Antecedents of Energy Efficient Building Design

In order to model pathways to project success, we first review the research on what makes
successful whole-system and energy efficient building design. Below we identify 1) contextual, 2)
Contractual, 3) social and organizational, and 4) tools and technological factors that scholars have
identified as contributing to successful project. We use this literature to identify what elements to
test in our later comparative analysis.

Contextual Elements

We refer to contextual elements as the opportunities and challenges that exist within the
environment of project during the design phase that can influence energy efficiency of building
projects. These contextual factors include programming factors which include project size, project
type and owner type (Molenaar et al., 2014); as well as project complexity which consists of
financial, technical and temporal complexities involved with the project (Cicmil & Marshall,
2005). Research suggests that as project complexity grows, so does the need for a more integrative
and whole system approach to address the free exchange of information needed at the early stages
of project development (Azari & Kim, 2016).

Other contextual elements include context readiness which arises from the team capabilities
and experiences (Nofera & Korkmaz, 2010), owners’ investment in and strong commitment to the
project energy goals and related processes (T. Ahmad & Aibinu, 2017; Korkmaz, 2007; Krygiel &
Nies, 2008; Pitt et al., 2009b), as well as governmental conditions such as building regulations,
taxes and levies, energy efficiency incentives and penalties available (Korkmaz, 2007; Pitt et al.,

20094).
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Contractual Elements

Due to their complexity, energy efficient buildings face challenges in implementation such
as cost overruns and schedule delays. These indicate a greater need for finding the right delivery
method that facilitates inter-organizational collaboration (Raouf Ayman M. & Al-Ghamdi Sami
G., 2019). Studies show that contractual settings affect whole-system approach and achievement
of project energy efficiency goals in four main ways: 1) selection of a more integrated type of
delivery method (single vs. split contracts); 2) timing of involvement of builder and trades (early
vs. at the end of the design process); 3) selection of a flexible pricing method (open book vs. close
book); and 4) selection of a qualification based procurement method (prequalification vs. open call)
(Molenaar et al., 2014).; provision of shared incentives; limitation of litigation, liability wavers
between key participants, and addressing conflicting obligations in the contract are other ways to
facilitate whole-system approach using contracts (I. Ahmad et al., 2019; Robichaud &

Anantatmula, 2011; Thomsen et al., 2009).
Social and Organizational Elements

Social and organizational elements that contribute to WSD and to achieving energy targets
share many techniques and strategies, including facilitating collaborative decision making
(Korkmaz, 2007). Collaborative decision-making benefits construction projects in general—and
energy efficient buildings, in particular—»by removing both physical and incentive-based obstacles
to sharing information to improve the building quality (Allen. et al., 2005), by decreasing loss of
construction time and resources (MacLeamy, 2004), and by aligning the design and construction
teams towards a shared goal (Allen. et al., 2005).

Successful collaborative decision making for achieving energy efficient buildings can be

facilitated by six major elements:
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1) Commitment to shared project energy goals(7 group & Reed, 2009; Dossick & Neff, 2008;
Nofera & Korkmaz, 2010); 2) Frequent and effective communication (Bechky, 2003; Homayouni
et al., 2010; Jarvenpaa & Leidner, 1999, 1999); 3) performing joint operations and engaging in
others’ activities through design charrettes, co-location, or other formal and informal
communication channels(Ashcraft, 2011; Boland et al., 2007; Jarvenpaa & Leidner, 1999; Yoo et
al., 2006); 4) Performance-led design iteration (7 group & Reed, 2009; Y. Lu et al., 2020) 5)
interpersonal skills and attitudes toward teamwork such as accountability, commitment, fulfillment
of mutual obligations, compromising, no-blaming culture, and co-learning attitude (Homayouni et
al., 2010; Y. Lu et al., 2020); and 6) fostering trust in data, people, and the collaboration processes
(Askay & Spivack, 2010; Axelrod & Dion, 1988; Cahill et al., 2003; Jarvenpaa & Leidner, 1999;
Lau & Rowlinson, 2009; Meyerson et al., 1996).

Tools and Technological elements

Tools facilitating energy efficient building design include energy or green building rating
systems, which can push project teams for more integration, innovation, and sustainable design.
Without having a whole-system approach, however, pursuing some credits within such systems
might have an actual negative effect on the overall project sustainability goals (Reed & 7 Group,

2009).

BIM technologies are also important for facilitating team integration and supporting WSD
and energy efficient building design (Francom & Asmar, 2015; Jin et al., 2017). BIM technologies
help teams achieve energy efficiency goals through analysis of design and construction decisions
that affect energy efficiency (Krygiel & Nies, 2008; Wong & Fan, 2013; Zanni et al., 2013), by

reducing many risks associated with the uncertainty and complexities of energy efficient systems
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and processes (Azhar et al., 2012; Sacks & Barak, 2008), and by promoting collaboration and

coordination in early stages of design process (Eastman et al., 2011; Mahalingam et al., 2015).

BIM facilitates WSD approach through 1) inclusiveness of all data related to design,
manufacturing, construction, commissioning, management and operation of facilities (Harty, 2005;
Messner et al., 2006); 2) visual representation of data, facilitating distributed cognition and
interpretation of data among team members, organizing and sustaining cross-disciplinary
participation, facilitating web-based communication, easing the exploration of opportunities, and
enabling designers to informally represent their deliverables with minimal time and effort (Bechky,
2003; Ewenstein & Whyte, 2009; Harty, 2005; Henderson, 1991; Maher et al., 1996; Whyte et al.,
2008); 3) convenience of data retrieval by collecting information from unrelated systems and make
it commensurable and coordinated through standardization of formats and processes, facilitating
automatic document/data exchange (Harty, 2005); and 4) reliability of data and processes (Allen.

et al., 2005).
Complementarities Between HEE Project Elements

Even though the elements of WSD are all shown to have a positive impact on achieving HEE
buildings individually, it is not yet known how this impact changes while they are used with other
WSD and contextual project elements. Finding complementarities among these elements can help
ensuring that the elements are implemented within the right settings. Within organizational and
social science, numerous studies indicate that social and organizational systems can be best studied
in configurations, i.e., varying combinations of characteristics that usually occur together (Milgrom
& Roberts, 1995; Miller, 1993, 1996).

This concept is especially effective for studying systemic change. Within AEC industry,

implementation of BIM technologies have introduced a technological change, which requires
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alignment of people, structure, processes and culture within related organizations (Tulenheimo,
2015). This alignment (unlike the process of implementing CAD systems) is a disruptive process
requiring new organizational systems (Ramilo & Embi, 2014). As an example, introduction of new
BIM technologies may place more workload on informal roles, such as go-to people for
information and advice about digital technologies. Combined with other relationships these may
create a new informal social network within the organizations(Bonanomi et al., 2019).
Implementation of BIM technologies, on the other hand, changes related organizations towards
adopting looser and flatter work structures, including more roles of building service and fewer
design-related professionals, and changes the collaborative processes towards a more front-end
load communication approach (Lu et al., 2020).

Adoption of BIM technologies is also interdependent with the architecture firm size. Studies
show that large firms experience fewer challenges compared to small firms. However, the type of
challenges that architectural firms face, varies based on their size. The biggest struggles for large
organizations tend to be process barriers such as performance of digital tools and disintegration of
3D models to multiple sources, while the greatest barriers in small architectural firms tends to be
organizational such as support of staff and managers for digital innovations and willingness to
adopt change (Ramilo & Embi, 2014). After all, adoption of new BIM technologies can enhance
organizational effectiveness and organizations can also facilitate adoption of the technology by
creating a conducive atmosphere (I. Ahmad et al., 2019; Homayouni et al., 2010).

Formation of trust within team members is also shown to have a complementary relationship
with other WSD elements, affecting how team members deal with behavioral and environmental
uncertainty (Wang et al., 2019). Control provisions within contracts increase competence-based
trust within team members while reducing goodwill-based trust (Malhotra & Lumineau, 2011). (Wang

et al., 2019). Contractual control systems, on the other hand, form a complementary relationship
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with competence-based trust, while acting as a substitute for the good-will based trust (Wang et
al., 2019). There is also a complementary relationship between trust formed after the contract
award and term specificity and adaptability of the contract, while contract enforcement and the
trust formed afterwards are shown to be substitutes (Yan Ling & Zhang Lihan, 2020). Trust is also
influenced by the level of project complexity raised from external uncertainty, but not the level of
organizational and Technical complexity (Lu et al., 2016).

Selection of WSD elements such as project delivery methods, level of team integration, and
group cohesion is too affected by project contextual factors.(Leicht et al., 2016; Schaufelberger &
Holm, 2017). Upon selection of the right delivery method, selection of the contractor with
characteristics that best match the delivery method, in terms of communication skills, experience
with similar project types, ability in financial management, and design capability becomes
important for achieving project success (Liu et al., 2016). Arrangement of contracts, in terms of
contractual control, coordination, and adaptation is also influenced by contextual factors and plays
a role in managing project complexities (Gao et al., 2018). In fact, most contextual and WSD
elements within the design process of HP buildings are interdependent, as all such complementary
relationships are shown by Lu et al in a matrix showing co-occurances (Lu et al., 2020).

Yet, researchers have focused little attention on finding the complementarities among
multiple contextual and WSD elements, creating typologies of successful energy efficient projects.
Closing this research gap is critical, since understanding these causal mechanisms would support

successful design of energy-efficient buildings.

Method

We used fuzzy sets-Qualitative Comparative Analysis (fsSQCA) to cluster elements of

successful HEE buildings. This method offers a well-developed technique for qualitative and
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holistic comparative analysis among cases allowing the researcher to define variables, called causal
conditions in QCA analysis, based on theoretical and substantive knowledge about the cases
(Ragin, 2000; Zadeh, 1965). FsSQCA method is considered a well-suited method for analyzing
causal complexity in social, organizational, and technological aspects of construction projects
(Homayouni et al., 2011; Jordan et al., 2011).

In performing fsQCA analysis we look for two main set-relationships: necessity and
sufficiency. The necessity test looks for the causal conditions that in almost all cases their
membership values are superset of the outcome condition. This means identifying shared causal
conditions among cases with a shared outcome. Sufficiency test, on the other hand, is a search for
causal conditions or combination of causal conditions that in almost all cases their membership
values are subset of the outcome condition. This means examining cases with specific combinations
of causal conditions to see if they exhibit the same outcome (Ragin, 2009 pp. 17-25).

Two main measures explain set-relationships in fsSQCA analysis both in necessity and
sufficiency tests: Consistency and Coverage. Consistency measures the proportion of the cases in
the subset that are members of the superset. Thus, the higher the consistency, the stronger the set
relationship (Ragin, 2000, p. 113). Schneider and Wagemann (Schneider & Wagemann, 2012) have
recommended using a consistency threshold of 0.9 or above. Coverage, on the other hand, measures
the degree in which subset “covers” the superset. In necessity tests, this means how much the causal
condition is relevant to the outcome condition. In sufficiency test, this means how much the causal
combination accounts for the outcome, leaving room for other causal combinations to cover the
outcome. Coverage and consistency sometimes work against each other in social phenomena.
Complex causal relationships, involving more causal conditions are more likely to achieve a high

consistencies with low coverage (Ragin, 2009 pp. 54-68)
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The steps we took in this work included 1) Defining conditions; conducting a survey and
reviewing case studies to Measure the conditions; 2) Calibrating the outcome condition by
analyzing the projects’ energy efficiency data;3) Calibrating the causal conditions to determine the
“necessary” conditions for achieving HEE buildings,; 4) Calibrating the causal conditions for
sufficiency tests, entailing examining what elements had to be included in each causal condition,
and how they needed to be measured to help create the distinct “causal pathways”; and 5)
Constructing the truth table and looking for the causal pathways to successful outcomes: what
combinations of elements, clustered together, led to successful HEE projects. These steps are

detailed in the sections below.
Defining and Measuring the Causal Conditions

To define the causal conditions, first, we identified main elements contributing to HEE
building design from the research literature as shown in Fig 1. We then designed a survey to
measure the extent these elements were implemented in projects with high energy-efficiency goals.
For each condition, we asked multiple questions on individual and team levels to ensure we have
captured various aspects of the element, to minimize the overall chance of error resulting from mis-
interpretation of terms, and to have enough information for calibration and recalibration of the
fuzzy sets (see below). For instance, to assess the level of Frequent & Effective Communication,
on individual level, we asked if people were effective communicators, and on team level, we asked
if there were participatory, well-run, and successful inter-organizational meetings, if
communication among different companies were effective, if people could easily get in touch with
others from different companies, if there were misunderstandings among them, and finally if they
understood the challenges of other companies’ scopes (See supplemental materials for the survey

questionnaire).
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<Insert Fig 1. about here>

We chose a set of High Performance (HP) projects with awards from the American Institute
of Architects/Committee On the Environment (AIA/COTE) as the study population, due to
availability of case studies for these projects. This allowed purposive selection of cases to ensure
diversity in causal and outcome conditions (Schneider & Rohlfing, 2016), in addition to providing
a context for gaining familiarity with the cases and using the available data for construction and re-
construction of the conditions. We sent the survey to 150 architects associated with 70 projects
between 2005 and 2013 and received 33 responses associated with 33 different projects. We
reviewed and coded the case studies of these projects for elements related to the projects contextual
factors, their approaches to energy efficient building design, and the buildings’ energy performance
results (See supplemental materials for results of the survey questionnaire as well as the case-study
analysis). In Fig. 1 we show how each element in our model derives from survey or case study,
and how together with other elements they build various aspects of the main conditions. In addition,
we have shown the interdependencies among these conditions with regards to achieving projects’
energy efficiency goals as explained in previous section, and based on the authors’ empirical
knowledge.

Calibrating the Outcome Condition: Buildings’ Energy Efficiency

The next step was calibration of the outcome condition called HEE buildings (set name
hee.buildings). Energy efficient buildings may possess various features spanning from single
discipline related strategies such as having efficient HVAC systems, LED lighting fixtures, etc. to
features requiring inter-disciplinary collaboration such as use of passive energy design strategies,
and cross-disciplinary collaboration where creative ideas emerge considering both social and

ecological sustainability goals (Stock & Burton, 2011).
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In this study, however, our focus was only on the resulted energy efficiency of buildings, and
thus for calibration of the outcome condition we used the reported values related to energy
performance of the study population. However, converting these values to a single value, which
represent energy performance of the cases, and is comparable across cases, posed two challenges.
First was the inconsistencies within and across energy performance codes and rating systems used
to report the energy performances (i.e., mainly the use of operational versus asset ratings and the
multiplicity of codes and code updates). Second was comparing building energy efficiency on the
basis of total energy consumption, rather than net energy performance, which accounts for energy
produced by on-site renewable sources. We tackled these challenges through a series of procedures
described by Homayouni (Homayouni, 2015). Ultimately, all reported energy consumption was
converted to a number equivalent to Home Energy Rating System (HERS) for residential projects
and Zero Energy Performance Index (zEPI) scores for all other building types (New Building
Institute, 2018; RESNET, 2019). The fuzzy set intervals were then drawn using natural breaks in
these data (Homayouni, 2020a). Table 1 shows the final calibration of the outcome condition for

all buildings in the study.

<Insert Table 1. here>
Alternative approaches were considered, including using natural data clusters to perform
separate calibrations of buildings using asset ratings rather than operational rating systems. None
of the alternatives made a substantial change in the overall conclusions of the study. Based on the
presented calibration method, successful HP projects (HEE buildings) are defined as projects with
HERS/zEPI scores of 70 or less. Since energy codes and targets are getting more stringent over
time, repeating this study for more recent project most likely would translate to choosing a lower

Cross-over point.
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Calibrating Causal Conditions

The next step was calibrating data gathered from the survey and case studies for all the
elements (Homayouni, 2020b). Given the nature of the award-winning HP projects and the
population study of this project, all having reported high values for WSD elements, the survey
results were skewed to create a more meaningful set-intervals for the fSQCA analysis. Table 2
shows the final calibration of conditions that were part of either necessity or sufficiency test results.

<Insert Table 2. here>

Necessity Analysis

Next step was running the necessity test for all the calibrated conditions, one at a time, to
find the ones that are shared across all HEE buildings. The following causal conditions appeared
as necessary for achieving HEE buildings (with consistency threshold of 0.9): inter-organizational
trust, fulfillment of mutual obligations, conducting participatory and successful inter-
organizational meetings, having easy inter-organizational access and effective communication,
close working relationships among architects and engineers, architects involvement in
construction processes, overall successful inter-organizational collaboration and having shared
goals among participating organizations (Table 3).

<Insert Table 3. here>

The relatively low coverage values in all necessary conditions can be contributed to the trivial
nature of the relationship between the outcome and causal conditions. Since all projects in the
study population were identified as successful, appearing many of the WSD elements as superset
of the outcome, is somewhat trivial. This means that the survey respondents reported high values

for the necessary conditions in all buildings (as shown in Table 3), and many of the conditions that
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signal high level of collaboration is most probably required in all projects and not only the HEE
buildings.

Reviewing the case-studies also showed all the projects had ambitious energy goals from the
outset. Although we did not have enough information about the energy targets to be able to convert
them to fuzzy sets, the general availability of such goals needs to be considered in interpreting the
sufficiency tests.

Sufficiency Analysis

One limitation of using QCA methods for running sufficiency analysis is that they restrict
the number of conditions that can be tested. Thus, we started the analysis by working on four main
conditions of contextual complexity, integration facilitation in contracts, advanced tools, and
social and organizational integration (Fig. 1), looking for combinations of conditions that
construct a causal pathway in designing HEE projects. We initially defined and calibrated the fuzzy
sets for these main conditions, using all relevant factors depicted in Fig. 1. However, we later
refined these factors to the conditions depicted in Table 4. based on the following reasons: 1)
Removing the necessary conditions; 2) Removing the conditions for which we could not find
enough data i.e. performance led design iteration (Such conditions were later considered in finding
common themes among the typologies as will be explained in Implications section) 2)
Recalibration of the fuzzy sets during the course of going back and forth between theory and
examination of cases to bring/remove different dimensions into the sets when the analysis called
for it. (Schneider & Wagemann, 2010) (i.e. removing the “rating systems” from the set of
“advanced tools™) 3) Dividing the main condition to two separate elements where the contributing

factors did not work in the same direction in constructing the typologies (i.e separating “contract
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pricing method” from the “contract delivery method”); 4) Removing the conditions that were not
distributed homogenously over time within the BIM-related factors.

We used Boolean algebra to quantitatively combine the values of constructing elements
(showed in Fig. 1) to create the final six main causal conditions (Table 4).

<Insert Table 4. here>

The next step was building the truth table (Ragin, 2009, pp. 23-25). After populating the
property space with cases of HP projects, the research team identified the projects with the same
combination of causal conditions. Next, the homogeneity of the cases was verified, meaning that,
if the cases with the same solution term were not comparable and were not cohere enough to
construct a type, the team refined the causal conditions and reconstructed the property space until
the cases fit into homogeneous groupings (Ragin, 1999). This procedure also resulted in
elimination of three cases from the study, due to underlying conditions that did not align with the
rest of the population (i.e. retrofitting as oppose to new construction). Appendix A show the

distribution of cases within the truth table, with final conditions and their final calibrated values.
Results: Pathways to HEE Buildings

As shown in Table 5., three distinct causal pathways to HEE buildings emerged from
analysis of the truth-table, considering the consistency threshold of 0.9. We call these pathways A)
Information-Driven, B) Process-Driven, and C) Organization-Driven projects. The set of
conditions that we identified in each pathway suggest tangible configurations of factors that work
together for achieving successful projects. project leaders may choose to follow these pathways
based on contextual conditions of their projects to maximize their chance of achieving success.

<|Insert Table 5. Here>
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Each pathway has four INUS conditions, which are described by Mackie (Mackie, 1974)
as “Insufficient but Necessary parts of a condition which is itself Unnecessary but Sufficient”
for the occurrence of the outcome. This means that INUS conditions are necessary parts of a
causal pathway that itself is sufficient but not necessary for achieving the outcome condition. In
other words, these elements work together in complex, interdependent ways, even if any one

element on its own is not sufficient for achieving the outcome.
Information-Driven Projects

One pathway to achieving high level of energy efficiency was what we call information-
driven, and we found four INUS conditions that clustered in this pathway. These conditions (as
indicated by Table 4 and Table 3) are:

1) Reliable Teams. This indicates that team members from collaborating organizations

reliably fulfill their mutual contractual obligations and exceed these obligations to

collaborate in an environment of trust.

2) Flexible pricing method. This points towards the continuous involvement of the owner

and design team through the construction phase to ensure complete translation of the design

ideas, as well as convenience of applying changes to the design throughout the construction.

3) Reliable BIM technology use. This indicates that designers working on projects with BIM

have access to, work with, and share 3D+ information cross-organizationally, and they also

trust and rely on this information.

4) Inter-organizational scope understanding. This shows that team members develop

awareness about other people’s scopes of work, including their obstacles and limitations.
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As Table 5 shows, about one-third of cases are explained by this combination of conditions.
In all the information-driven cases, the “solution term,” or this configuration of factors, was
sufficient for reaching HEE buildings.

What is striking here is how BIM implementation and inter-organizational scope
understanding are compliments in information-driven pathways. This finding suggests that gaining
access to information on the scope of other team members’ work through BIM technology is not
itself effective unless team members deepen and expand their understanding of the entire project.
The case studies on the AIA/COTE projects show that developing this understanding depends on
people’s openness to learning from and educating one another. This holistic mindset is critical to
effective use of the reliable information provided by advanced digital technologies.

Another key finding is that the team dynamics created both using BIM technologies and team
members’ holistic mindset makes teaming dynamics more complex. This complexity entails a new
social and organizational framework for team members’ interactions such that contractual
obligations among team members is no longer sufficient for projects with ambitious energy targets.
In these successful projects, team members “surpassed” their contractual obligations in order to

succeed.
Process-Driven Projects

We named the second causal pathway process-driven. Process-driven projects have the
following four INUS conditions: 1) integrated delivery method; 2) flexible pricing method; 3)
Reliable Teams; and 4) absence of reliable BIM technology use. This solution term is present in
about one quarter of all the projects we studied, and in 94 percent of the process-driven projects, it

proved to be sufficient for achieving HEE buildings.
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Process-driven projects set up the right process for organizational integration, which entails
using a construction delivery process that facilitates collaboration of the construction and the
design team, as well as a flexible pricing method that accrues this collaborative environment.
Interestingly, relying on contractual obligation alone does not seem to be enough for achieving
HEE projects in this pathway too. These collaborative processes seem to lead to HEE buildings
only if team members surpass their contractual obligations to one another. Here, team member
attributes such as reliability, and willingness and ability to exceed contractual obligations help in
promoting trust in other team members and in the new collaborative processes (see Table 4 and
Table 3).

From the work on information-driven projects we found a complementary relationship
between r.bim and scope.u conditions in information-driven projects. This complementary
relationship remains true in process driven projects as well, and is the key to understanding why
~r.bim condition has emerged as an INUS condition here: Dropping ~r.bim from this causal
mechanism, would result in the following combination of conditions: i.delivery* f.pricing*
mreliable.t. This indicates the following solution term i.delivery* f.pricing* reliable.t* r.bim*
~scope.u would be a successful pathway to HEE buildings too. But, as shown in the truth table,
this cannot be true (See the appendix). In other words, process driven projects do not work well if
they do have access to reliable BIM technologies, but without having a whole-system mindset that
comes from understanding challenges and obstacles of other peoples’ scope of work. They, on the
other hand, work perfectly well with presence of both reliable BIM technology use and team
members’ awareness of others’ scope. However, since this later pathway is explained in
information driven projects, we define process driven projects strictly as those that do not rely on

BIM technologies.
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Organization-Driven Projects

The third causal pathway in achieving HEE buildings is organization-driven, and it has four
INUS conditions: 1) Architectural firm maturity (more than 20 years of experience and more than
50 staff members); 2) Integrated delivery method; 3) Reliable Teams and 4) Absence of reliable
BIM technology use. This solution term was present in 40 percent of the studied population, and in
96 percent of organization-driven projects, it was sufficient for achieving high level of energy
efficiency.

Well-established architectural firms in this pathway provide the leadership and
organizational resources and capacity required for working on new approaches to energy efficient
design. In organization-driven projects there is early involvement of the construction team through
integrated delivery methods. Again, working with reliable teams who surpass their contractual
obligations seems to be an important condition in activating this causal mechanism. This can be
linked to the highly collaborative and unconventional process of decision making in process driven
projects which requires team members to surpass their contractual obligations and dedicate more
time and effort to the decision-making processes.

The interpretation of the absence of “reliable BIM technology use,” requires a close attention to
the constructs of this condition (bim.design* bim.share* change.m* d.accuracy) and the
membership distribution of each construct within the cases. This investigation reveals that most
architectural firms in this pathway used BIM tools for internal purposes, and shared their models
with the collaborating companies, but relied on traditional contracts to address information
exchange liability concerns (indicated by absence of change.m condition). Thus, an alternative
hypothesis could be that BIM technologies itself (bim.design* bim.share* d.accuracy) can be

implemented with organization-driven projects, but including the liability concerns about BIM
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applications (change.m) seems to not have been worked with this causal mechanism. In other
words, including the BIM liability concerns in the contract seems to have been evoking a causal
mechanism different from organization driven in which people trust and rely on a well-established
architectural firm rather than the terms of the contracts. Further investigation is needed to test this
hypothesis.

Another hypothesis could be similar to what we assumed in information driven projects
regarding the required co-presence of r.bim and scope.u conditions for achieving HEE projects,
since on none of the cases studied did the presence of reliable BIM technology use and scope
understanding appeared in lieu of absence of reliable BIM technology use (reliable.t* i.delivery*
a.maturity* r.bim* scope.u= HEE.buildings). Further data collection and analysis is needed to test

this hypothesis.
Implications: Strategizing to Achieve HEE Buildings

This study unraveled three different causal pathways for achieving high level of energy
efficiency, in addition to revealing the necessary conditions for achieving HEE buildings (Table
3). While the three conditions of architectural firm maturity, flexible pricing method, integration
of delivery method, and in many cases reliable BIM technology use are either given or chose based
on the projects’ direct needs, this study can help project leaders and practitioners in SiX ways:

1) Implementation of the necessary conditions is recommended for all projects aiming to
achieve HEE buildings.

2) In the case of information driven projects, the emphasis needs to be put on strategies that
help with inter-organizational scope understanding. Examples include educating the team, holding

design charrettes, and co-location.
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3) For companies aiming to implement BIM technologies for the first time, the information-
driven pathway shows the most promise in successful implementation of the technology.

4) In all three typologies working with reliable teams has emerged to be an INUS condition,
indicating the importance of exceeding contractual obligations and reliability of project team
members.

5) Lessons learned from studying the cases within the three typologies can be followed by
project leaders. These lessons, as separately analyzed for each pathway include:

e Information-driven projects: early and extensive use of 3D modeling, design iterations
based on energy simulation results, and holding pre-bid conferences addressing energy
goals and construction team’s responsibilities for achieving those.

e Process-driven projects: adopting strategies that help the team with setting a collaborative
process between the design and construction teams. Such strategies include educating the
construction team early on, selecting the construction team based on their experience with
HP buildings, and using construction teams’ experience in adjusting projects’ energy
goals.

e Organization-driven projects: focusing on architecture firm’s leadership skills in
providing energy goals for the team, assigning project champions, and educating others.

6) Although inter-organizational trust was emerged as a necessary condition for achieving
HEE buildings, we found that the approaches in building and maintaining trust was different in
each pathway, requiring attention from project leaders:

¢ In information driven projects, inter-organizational trust is mostly developed based on
team members’ trust in the digital information and related work processes. The top

strategies to maintain team members trust in this pathway include tailoring contract
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clauses to address BIM related liability issues, developing project specific BIM execution
plans, providing technical resources for training staff and providing back-up services for
problem resolution.

e In Process driven projects, formation of trust is mostly based on contractual agreements,
and their ability to clearly assign tasks and responsibilities, as well as adequately
balancing allocation of risks and rewards, so that the team members conflicting
obligations to their scopes, projects, and organizations are addressed in the contract. In
addition, in this pathway trust can be formed based on prior successful relationships, and
therefore strategies such as partnering, and using negotiated procurement methods can be
highly effective.

¢ In Organization driven projects, formation of trust usually starts from people’s trust in an
already established and successful working relationships within the architectural firm and
is maintained through frequent inter-organizational meetings, and pro-active
communication at interpersonal and inter-firm levels. Building on prior successful

relationship, also plays a major role in in this pathway.

Limitations

Our research has several limitations. First, while many energy efficient buildings are available to
study, we focused only on AIA/COTE winning projects. This means that there may be differences
between other energy efficient projects and AIA/COTE projects that we cannot account for in this
research design. Second, within the chosen set of AlA-awarded projects, only the projects awarded
between 2005 and 2013 were selected, and with the development of BIM technologies we would
suggest further analysis going forward. Third, we only studied buildings within the United States,

to ensure a baseline for comparing their measures of energy efficiency, and because global
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approaches to teaming and technology would be missed in our data collection strategy. Forth, we
surveyed project architects, and as such the results reflect their points of view on the projects.
Finally, contacting the project architects only once through the survey and using case-studies for
better understanding the projects and refining causal conditions also posed some limitations in
working with QCA method, but we tried to compensate for this issue by selection of more cases
and relying more on probabilistic rather than deterministic criteria when conducting cross-case

analysis as suggested by Ragin (2000 p. 195).

Conclusion & Future Work

Designing HEE buildings require optimization of buildings based on many criteria, affecting
their energy consumption. Because traditional linear design methods fall short in facilitating such
integrated processes, new WSD approaches are emerging. AEC scholars have identified factors
that facilitate WSD approaches, but not every project can implement all the techniques at once.
Moreover, some techniques, if not used within the right context, can have negative effects on the
outcomes. This indicates the need for more studies to find the patterns of complementary factors
that influence successful design of HEE buildings.

Scholars working on energy efficient projects have started to focus on bivariate relationships
among elements that may facilitate energy efficient design, but no other extensive study to date has
been conducted to work on clusters of complementarities to reveal causal pathways that lead to
HEE projects. Using an fsSQCA approach to analyze complementarities among causal conditions
facilitating energy efficient design, we identified the conditions that are necessary for achieving
HEE buildings. These include having ambitious and shared energy goals, conducting successful
and participatory inter-organizational meetings, close working relationships among architects and

engineers, and an overall collaborative decision-making environment.
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More importantly we show how there are three distinct causal pathways for designing HEE
buildings: information-driven, process-driven, and organization-driven. Although, validation of the
three types of projects we identified here will require future work, this study set forth a direction
for pursuing similar studies on working with causal complexities within AEC projects.

For practitioners, our research suggests that project leaders may be able to better strategize
in positioning their projects among different styles or approaches to teaming, technology choices,
and building and maintaining trust based on their project’s contextual settings and limitations. This
study is novel in that it systematically examined what combinations of technology and teaming
work best together, as evidenced by successful projects. Practitioners would do well to take note
of the suggested strategies that we show work well in each once they positioned their projects as
information-driven, process-driven or organization-driven.

Future studies may build upon this work by studying more recent projects, discussing the
results with other practitioners to verify the proposed typologies, and by studying the relationship
between BIM implementation and team members’ understanding of others’ scope of work on
process driven and organization driven projects. We suggest that studying how projects follow—
or deviate from—information-driven, process-driven, or organization-driven pathways would give
insight on how organizations develop new strategies for achieving ambitious energy efficiency

goals.
Appendix

Table 6 demonstrates the observed cases in the truth table as well as the rows that were used
for counter intuitive and counterfactual tests as referred to in the paper.

<|Insert Table 6 here>
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Fig. 1. Elements affecting buildings’ energy efficiency design, their inter-relationships, and associated
method of data collection.

Table 1. Calibration of the outcome condition

Membership in the set of Final HERS/ zEPI Membership score in Number of
“hee.buildings” Scores “hee.buildings” set Cases
Completely in the set 19-55 1 7
More in than out of the set 58-70 0.67 14
More out than in the set 82-86 0.33
Completely out of the set 90-105 0 8
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Table 2. Calibrating raw data

Causal Conditions Set name Set Intervals & Membership Scores
Design Bid Build: 0; Design Bid Build with a CM and
. . multiple prime contracts: 0.2; Invited Bid: 0.30; Federal
Integration Level of Delivery - . . . .
Method i.delivery government small business set aside/ Negotiated Bid:
0.4; CM@ Risk: 0.7; Design Build: 0.9; Modified
IPD/Negotiated Contract: 1
Flexibility of Contract Pricing - A .na. .
Method f.pricing Lump Sum: 0; GMP: 0.9; Cost Plus: 1
Very Successful:1; Somewhat Successful: 0.67;
Inter-Organizational Collaboration  i.colab Neutral:0.33; Very Unsuccessful-Somewhat
Unsuccessful:0
People sharing similar goals for the project: Completely
Shared Goals s.goals agree:1; Mostly agree: 0.67; Neutral: 0.33; Mostly &
Completely disagree: 0
Participat Inter-O izati | . Participat ti
articipatory In er rganizationa b.meetings ar ICIF)a ory mee |ngs.among
Meetings different companies
Successful Inter-Organizational . . .
. s.meetings Successful meetings among companies
Meetings
Reliability of Project Team Members t.reliability Project team members being reliable
Effective Communications among e.com Communications among partner
Partner Companies ’ companies being effective
ingi h with oth i .
Easy Inter-Organizational Access i.access Getting in t°f‘° with other companies Always: 1;
without problem Usually: 0.67;
Architects & Engineers Close ae.close Engineers work closely with architects Sometimes:
Working Relationships ’ & ¥ 0.33;
Inter-Organizational Trust Trust.o Trust other companies’ actions S ll\ldever_o
eldom:
Inter-Organizational Scope Understanding challenges and
. scope.u .,
Understanding obstacles of other companies’ scope
Fulfill | obligati
Fulfillment of Mutual Obligations mutuality ulfilled mutu.a ob |gat|orTs among
partnering companies
Exceeding Contractual Obligations  contract.e Collapqratlng companies exc.eed.lng
the minimum contractual obligations
T , ing inf .
Team Members Trust in Digital Data  d.accuracy ee.zm members trus’Flng Information
in shared electronic documents
Sharing Digital Information Across bim.share Shared across companies: 1; In house only: 0.33; There
Organizations ) were no digital files: 0
Inclusion of Liability Concerns
Across Companies Within Change.m Yes:1; Partly/ | don’t know: 0.33; No: 0
Contractual Agreements
Digital 3D+ Representation of data . . . )
During the DD Phase bim.design Used:1; Not-used: 0
Architectural Firm’s Number of a.number 0-10 people: 0; 11-20 people:0.33; 21-50 people: 0.67;
Employees ' 51+ people:1
Architectural Firm’s Age at the Time 1-10 years: 0; 11-20 years: 0.33; 21-30 years: 0.67;
. . a.age
of Project Completion 31+years:1
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Table 3. Necessary conditions for achieving HEE buildings

Necessary Conditions Set Name Consistency Coverage
Inter-Organizational Trust Trust.o 0.941176 0.643287
Fulfillment of Mutual Obligations mutuality 0.944118 0.642257
Participatory Inten.r-OrgamzatlonaI p.meetings 0.970000 0.583924

Meetings
Successful Inter-Organizational Meetings s.meetings 0.946471 0.631476
Effective Communications e.com 0.925882 0.650145
Easy Inter-Organizational Access i.access 0.931765 0.621908
Architects & Engn.'leers.CIose Working ae.close 0.961176 0.617069
Relationships

Inter-Organizational Collaboration i.colab 0.982353 0.59136
Shared Goals s.goals 0.941176 0.640000

Table 4. Coding scheme for calibration of the causal conditions used for sufficiency analysis

Conditions Set Name Calibration Mechanism (Boolean functions)
Architectural Firm Maturity a.maturity a.number* a.age
Flexible Pricing Method f.pricing
Inter-Organizational Scope scope.u
Understanding
Reliable Team reliable.t contract.e* t.reliability
Reliable BIM Technology Use r.bim bim.design* bim.share* change.m* d.accuracy
Integration of Delivery Method i.delivery

Table 5. Solution terms with coverage and consistency values

Type Solution Terms Raw Unique Consistency

Coverage Coverage

A r.bim*scope.u* reliable.t *f.pricing 0.301525 0.178430 1.000000
B i.delivery*f.pricing* reliable.t*~r.bim 0.267081 0.076228 0.934783
C a.maturity* i.delivery* reliable.t*~ r.bim 0.398645 0.188594 0.955345

Total 0.671937 - 0.973017
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Table 6. The truth table

Typology

c 2]
2 £ 3

s ? o > - L =2 )
2 3 s £ ¢ 2 &8 3 B
S,E 5 35 3 % £ £ H st
o8 o = a = = ® 2 I © 3

1 0 1 1 1 1 1 3 1 1.00 Type A

2 1 0 0 0 1 1 3 1 0.97 Type C

3 1 0 1 1 1 1 2 1 0.92 TypeB&C

4 1 0 0 0 0 0 2 0 0.51 Type A - Counter intuitive

5 0 1 1 1 0 1 2 1 1.00 Type A

6 0 0 1 1 1 1 2 1 092 Type B

7 0 0 1 1 1 0 2 0 0.81 -

8 0 0 1 0 0 1 2 0 0.39 -

9 0 0 1 1 0 0 2 - 0.96 Undetermined

10 1 1 1 1 1 1 1 1 1.00 Type A

11 1 1 0 1 1 0 1 - 1.00 Undetermined

12 1 0 1 1 1 0 1 - 0.91 Undetermined

13 1 0 1 0 1 1 1 1 097 Type C

14 1 0 1 0 0 1 1 0 0.60 -

15 0 1 1 0 0 1 1 0 0.67 -

16 0 1 0 0 0 0 1 0 0.45 Type B & C- Counter-intuitive

17 0 0 1 0 1 0 1 0 0.83 -

18 0 0 1 0 0 0 1 0 0.44 Type B- Counter-intuitive

19 0 0 0 1 1 1 1 1 091 Type B

23 1 1 1 1 0 1 0 1 - Type A- Counter-fact

28 1 1 1 0 0 0 0 0 - Type B- Counter-intuitive counter-fact
29 1 1 0 1 1 1 0 1 - Type B counter-fact

34 1 1 0 0 0 0 0 0 - Type B- Counter-intuitive counter-fact
38 1 0 1 0 0 0 0 - - Type B- Counter-intuitive counter-fact
39 1 0 0 1 1 1 0 1 - Type C- Counter-fact

43 1 0 0 0 1 0 0 - - Type A- Counter-intuitive counter-fact
46 0 1 1 1 0 0 0 0 - Type C — Counter-intuitive counter-fact
49 0 1 1 0 0 0 0 - - Type B- Counter-intuitive counter-fact
50 0 1 0 1 1 1 0 1 - Type B- counter-fact

53 0 1 0 1 0 0 0 0 - Type C- Counter-intuitive counter-fact
63 0 0 0 0 1 0 0 0 - Type C- Counter-intuitive counter-fact
64 0 0 0 0 0 0 0 0 - Type C- Counter-intuitive counter-fact
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