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Abstract: This research presents an analysis of the paradigm that involves the collaborative
management in technological environments of architectural and urban planning companies, in the
Brazilian scenario. It associates Administration, Architecture, Engineering and Construction (AEC),
and Behavioural Analysis perspectives. It is based on a review about the influencing factors inserted
in BIM domain as learning process boosters, associating concepts of collaborative networks, project
management, dynamic capabilities and meta-contingencies to discuss a class of problems arising
from the lack of knowledge absorption, which was systematized in the study of management
bottlenecks. The methodological approach, based on Design Science Research, synthesizes
procedures compatible with the general typology of an artefact —a support tool — associated to a
functional analysis. The obtained results highlight seven variables that represent categories of
analysis of the collaborative environment: activities, self-assessment, BIM, decision-making,
information, resources, and values. The main contribution of this research was to develop a
methodological way to complement a partial diagnosis of project process management. It is the first
step to develop an analysis structure that represents the dynamics of a collaborative network and
not just isolated variables.

Keywords: BIM; Collaborative environment; Knowledge; Architectural companies; Management
bottlenecks.

Resumo: Esta pesquisa apresenta uma andlise do paradigma que envolve a gestédo colaborativa
em ambientes tecnoldgicos de empresas de projeto de arquitetura e urbanismo, no cenario nacional,
associando as perspectivas da Administracdo, da Arquitetura, Engenharia e Construgao (AEC) e da
Analise do Comportamento. Parte-se de uma revisdo sobre os fatores de influéncia inseridos no
dominio BIM como impulsionadores de processos de aprendizagem, associando conceitos de redes
de colaboragdo, de gestdo do projeto, de capacidades dindmicas e das metacontingéncias, para
discutir uma classe de problemas oriunda da falta de absorgdo de conhecimento, que foi
sistematizada no estudo dos gargalos da gestdo. A abordagem metodoldgica, fundamentada na
Design Science Research, sintetiza procedimentos compativeis com a tipologia geral de um
artefato, uma ferramenta de apoio associada a uma analise funcional. Os resultados obtidos
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destacam sete varidveis que representam categorias de analise do ambiente colaborativo:
atividades, autoavaliagdo, BIM, decisdes, informagéao, recursos e valores. A principal contribuicdo
dessa pesquisa foi desenvolver um caminho metodolégico para complementar um diagndstico
parcial de gerenciamento do processo do projeto como primeiro passo para desenvolver uma
estrutura de analise que represente a dindmica de uma rede de colaboragdo e nao, apenas,
variaveis isoladas.

Palavras-chave: BIM; Ambiente colaborativo; Conhecimento; Empresas de projeto; Gargalos da gest&o.

1 Introduction

In Architecture, Engineering and Construction (AEC) sector, collaboration and
collaborative work supported by computers are central themes in the discussion about the
management of project companies, whose productive cycle requires extensive
reformulation in the national (Brazilian) scenario. This trend presents an opportunity to
achieve competitive advantages in the sector, advancing the quality of project's productive
process and implementation and strengthening of collaborative networks.

However, in the national scenario, project companies show a slow and fragmented
process of adoption of technologies (Manzione, 2013). It reflects a gap in learning
processes — triggering elements of technological and collaborative environments that
arise and grow over time, but are reinforced by awareness of interactions between
individuals or network “nodes” (Candido & Abreu, 2000; Blumenschein, 2004).

In this context, it is common to attempt to develop the project productive processes
dissociated from its technological tools, whether BIM (Building Information Modelling) focused
on IPD (Integrated Project Delivery) process, or IDDS (Integrated Design and Delivery
Solutions). It reflects the barriers to management systems and the difficulty in advancing the
current technological paradigm (Brandon, 2009; Owen et al., 2010; Manzione, 2013).

It should be noted that these barriers are connected to a class of problems arising from
the lack of knowledge absorption on Brazilian project companies. This issue is
systematized in this research by broaden the study of project process bottlenecks (Fiuza,
2015). This configuration, according to Lacerda et al. (2013, p. 744), starts from a real
problem in a singular socio-technological context, yet it can “[...] enable the generalization
and the knowledge advancement in this area”.

It is also argued that there is a need of research in the field of management, in the
organizational perspective (Ford etal.,, 2003; Lacerdaetal.,, 2013), aiming at the
processes improvement. Lacerda et al. (2013) observe that the construction of artefacts
for problem solving is an appropriate contribution in the area of technology in a variety of
management fields.

On the other hand, this scenario has potential reinforcers, as Manual BIM de Santa
Catarina, a core-document aligned with various standards, among them ISO -
16739:2013, which provides procedures for adoption of building information modelling,
aiming at the parametrization of future auction notices for contracting projects; the
dynamic of project teams formation; and the advantages linked to the new construction
processes inserted in the paradigm pointed out by Kolarevic (2005) in Architecture in the
Digital Age — Design and Manufacturing.

Considering that BIM is a disruptive technology and an agent of change in business
processes, there is an wide adoption of the tool in AEC industry (Eastman et al., 2014;
Fenby-Taylor et al. 2016; Harun et al., 2016; NBS, 2017; Wu et al., 2018). The definition
of BIM encompasses the modelling environment and the model, characterized as a “[...]
process based in shared, integrated and interoperable digital-models” (Manzione, 2013,
p. 36), whose products, the models, are called Building Information Models. The critical
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analysis of the nine guides published from 2006 to 2010 for the implementation of BIM
(Building Information Modeling), conducted by Manzione (2013), has been updated in this
search until 2018, corroborating the premise that there is a gap in the proposition of
structures of management in BIM.

In the meantime, two manuals have been updated: Building Information Modeling Roadmap
(US Army Corps of Engineers — USACE, 2012); and BIM Project Execution Planning Guide and
Templates (Penn State BIM, 2012). In addition, five other books have been added to the list:
Development of IFCs for the Structural Domain, Strategic Work Plan (Applied Technology
Council, Charles Pankow Foundation, and technical team, 2008); AIA Integrated Project Delivery
(the American Institute of Architects - AIA, 2007); The Guia ASBEA boas praticas em BIM
[AsBEA good practices in BIM] (GTBIM, 2015); Indiana University's BIM Proficiency Guide
(Indiana University, 2015); and Manual BIM de Santa Catarina (Santa Catarina's Government,
Secretariat of Planning, GTBIM and colaborators, 2014).

In this context, the main objective of this research is to identify variables that are
compatible with the class of problems systematized by the study of management
bottlenecks - variables that contribute to the development of a future analysis framework
compatible with collaborative technology management in project companies, in the
perspective of Administration, AEC and Behaviour Analysis.

In order to fulfil this objective, the methodological approach is grounded on the context of
Design Science Research, according to Lacerdaetal. (2013), synthesizing procedures
compatible with the typology of the general artifact (March & Smith, 1995; Simon, 1996;
Lacerda et al., 2013). Presenting a single case study in this research, “company A”, converges
to the thought of Flick (2009) about the fact that the beginning is always from a single case
before comparative analysis. Thus, we tried to identify the interrelations between the variables
found in order to observe [...] patterns in data and to develop conceptual categories that allow
to illustrate, confirm or refuse the theoretical assumptions” (Godoy et al., 2012, p. 124). In this
way, case studies can be motivated by conceptual studies, or propose the broadening of
certain concepts, but, above all, they are compatible with Design Science Research by
allowing the artifacts formalization, in a given context, aiming at replications in other
organizations (Van Aken, 2004).

This article is structured as follows: initially, we present a review of the influencing
factors of technological-collaborative environments in AEC, inserted in BIM domain. Then,
there is a contextualization of cooperation and collaboration concepts as drivers of the
learning processes inherent to the class of problems that will be defined throughout the
study of management bottlenecks. Then, we present the methodological procedures,
followed by the application of a support tool called Ferramenta de Apoio ao Processo do
Projeto - FAPP [Support Tool for the Project Process], and associated to functional
analysis. As a result, it can identify the variables from analysis components compatible
with this class of problems. Finally, the main contributions of the research are reported,
exposing their limitations and final considerations.

2 Theoretical framework

In order to develop collaborative networks and strengthen the integration among
agents involved in a project process in BIM domain it is necessary to deal with barriers
related to project process management, technological systems and processes
deployment. Such barriers may have an impact in the perception of the link between
project process, company's competitive strategy and added value of the project (e.g.
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American Institute of Architects, AIA, 2007; Brandon, 2009; Owen et al., 2010; Manzione,
2013; Eastman et al., 2014).

As for the deployment of processes, it is necessary to highlight that the conventional way of
production of projects in Brazilian companies happens by means of CAD processes (Computer
Aided Design), collaborative on certain levels, but not integrated. Yarmohammadi & Castro-
Lacouture (2018) explain that this type of process presents failures in the transmission of project
information, which affect the monitoring and present unstructured data (that do not interact with
the model generated, nor can be automatically read).

However, the understanding of the current paradigm of project production process is not
supported only in CAD logic. It involves cultural, socioeconomic, and technological issues
molded from variations in knowledge absorption, in the development of technical capabilities
and standardization of the various sectors of construction industry, under different contexts
(Gu & London, 2010; Wong et al., 2010; Fellows & Liu, 2013; Manzione, 2013, Eastman et al.,
2014; Wu et al., 2018; Garcia et al.; 2018).

From studies by Gu & London (2010), Eastman et al. (2014), Garcia et al. (2018),
Charef et al. (2018) and Wu et al. (2018), we list some factors that cause BIM under-
utilisation and hamper the progress in this paradigm: the lack of governmental support for
acceleration of BIM implementation; lack of alignment between workers and academics
for dissemination of the tool; perception that BIM is only done to produce fancy three-
dimensional models or for projects of complex functions; unawareness of the coordination
and collaboration between different disciplines; the issue of deal with the initial costs of
BIM implementation (licenses, training and/or hiring experts); implementation of a cycle of
adoption and diffusion of technology without incorporating knowledge absorption as the
initial step.

In this context, the process of absorbing and sharing knowledge - required to drive
technologically the national project companies — is still heterogeneous, fragmented and
perceived as dissociated. The relationship between knowledge absorption and sharing,
observed by Ping Tserng & Lin (2004) and Tomomitsu et al. (2018) in many areas, and Wu et al.
(2018) in the segment of AEC, is present in advanced economies and represent critical factors
for success of an organization. Wu et al. (2018) specify also that the rapid growth in BIM adoption
and implementation in the United States, England and China has resulted in a sustained boost
in global construction industry on the segments of AEC.

Gusberti et al. (2015) point out the knowledge absorption, in the approach “Vision-
Based Capabilities”, as a driving force to unlock existing capacities and create new
abilities (control of BIM tool), configuring new products (in this case, projects). Such
dynamic may also influence patterns of business management (management in BIM)
(Helfat et al., 2007; Savory, 2006; Gusberti et al., 2015).

The studies of Wheelwright & Clark (2011) demonstrate that the development of
products includes activities of combination, establishment of connections and refinement.
Understanding projects as results from technological solutions should, comparably, lead
to connect elements to concepts or principles. In this case, it is essential that the
innovation is linked to sustainability. These connections allow shaping an architecture
inserted in BIM domain in order to fulfil a function that responds to a social demand. For
this reason, the project production process can also be described as a “[...] combinatorial
ability” in which occurs the connection between existing and externally acquired
knowledge (Gusberti et al., 2015, p. 924).

In this perspective, the absorption of BIM learning presents a logic of connectivity
similar to that presented by Kogut & Zander (1992) and Arthur (2010), in which the
activities of aggregate value to the project company occur during the development of
innovative and sustainable technological solutions, following a chain of problem-solving,
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decisions and balance of constraints that will enable the construction of the project,
incorporating the learned processes as part of the company's dynamic.

Keeping in mind the problematic exposed, the central questions of this research
are: (i) how to define a class of problems that is compatible with the current
technological paradigm and (ii) which variables — compatible with this class of
problems — could be identified to parameterize a analysis structure for technological-
collaborative environment of project companies.

In order to answer the first question, it was necessary to investigate the drivers and
constraints of collaborative-technological environments in AEC, inserted in BIM domain,
organizing and expanding them systematically in a study on the class of problems inherent
to knowledge absorption: the management bottlenecks.

In this context, the phenomenon of cooperation and collaboration has been
investigated, but in a fragmented way (Franco, 2007; Parkhe, 1991, Oliver & Ebers, 1998),
which may imply a gap in learning processes on design process management, as a driver
of the networks that emerge and grow over time, but are strengthened by the interactions
between individuals (Candido & Abreu, 2000; Blumenschein, 2004).

Tomomitsu et al. (2018), supported by Kodama (2005), highlight the strategic communities
as triggers for knowledge absorption and dissemination, crediting it to the levels of immersion in
process of collaboration and company values resonance. Similarly, this dynamic happens in BIM
domain in design companies. It may produce innovations, effect predicted by Kodama (2005) in
organizations that are able to form networks.

Various approaches of empirical studies of companies' networks point out paramount
factors for cooperation and collaboration process as business strategy, applicable in this
research, according to Table 1:

Table 1. Aspects of cooperation and collaboration process applicable to project companies.

Important factors in the
cooperation and collaboration
between companies.

Important factors for the collaborative network in
design companies.

Compatibility of objectives (Bronder Alignment of the objectives of the company and the
& Pritzl, 1992; Franco, 2007) projects/ portfolio of projects.

Expectations and demands are converted into project
Partners' needs (Baird et al., 2007) requirements; attributes are translated into performance
requirements.

Mutual trust and commitment Strengthening the collaborative network; Collaborative
(Bhattacharya, Devinney & Pillutla, Approach in design process; Formal and informal
1998) communication channels.

Make it clear which are the systems of authority and
Balance of power and control (Inkpen influence; The alignment of the objectives of the company
& Beamish, 1997) and of the project; Control the arbitrary nature of decisions;
Aspects of management, operation and feedback.

Cultural similarities (Bronder & Pritzl, More flexible companies; Agents acquire the knowledge,
1992; Hennart & Zeng, 2002) skills, techniques, and identification to act as a team.

Balance of forces between the . . e
partners (Bleeke & Ernst, 1991 Analysis of needs of external and internal agents; Individual

Osland & Cavusgil, 1996) and collective consciousness of the influences and impacts

Legal requirements, processes for review and approval by
the public power; Clear identification and update of
technical standards; Compliance with Norma de
Desempenho [performance standards]; Support for
implementation of BIM platform; SNA.

Governmental support (Baird et al.,
2007)
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From Table 1, we discuss potential factors for the design companies to achieve competitive
advantages — in addition to adoption of technological tools, an investment that may be lost or
under-utilized if these factors are not considered, what Eastman et al. (2014) called changes on
the current work paradigm.

This advancement towards BIM domain involves the reduction of interfaces, processes,
protocols and communication (Eastman et al., 2014; Manzione, 2013). Therefore, it is included
in the relation between capacity and ability for technological development. Such relation can be
referenced by the perspective of SNA - Sistema Nacional de Aprendizado [National Learning
System], according to Viotti (1997), with emphasis on learning, allowing for technological change
over time, and later, by the continuous introduction of incremental change.

In this sense, to implement and develop collaborative networks may be a means to have
access to know-how that cannot be produced internally — only in more complex communication
networks, which sustain the conditions for innovation, notably an incentive for learning
processes, which, according to Powell (1990), sustain network ecologies.

Considering it, the identication of variables from the relationships between collaborative
environment bottlenecks will be useful, as they represent part of the existing dynamic in
collaborative networks with a focus on knowledge absorption, allowing understanding how
learning is processed and sustained.

Thus, we started from the study of design process bottlenecks, motivated by the investigation
of the paradigm of learning process in project companies, to enable the construction of a quality
assessment tool called Ferramenta de Apoio ao Processo do Projeto - FAPP [FAPP Design
Process Support Tool] (Fiuza, 2015). This study lists the common factors of the design process
productive cycle and its more representative faults. They are backed by themes such as design
process cycle, quality, rationalization applied to operational and administrative field, and project
management (e.g. Schon, 1984; Beer et al., 1999; Franco & Agopyan, 1994; Melhado, 1994;
Simon, 1997; Austin et al., 2002; Blumenschein, 2004; Boud, Cressey & Docherty, 2006;
AGESC, 2012; Manzione, 2013; Oliveira, 2013).

Broadening the study, the concept of “management bottlenecks” will elucidate technological
and non-technological weaknesses that prevent the absorption of knowledge necessary to move
forward in BIM domain paradigm. These bottlenecks are barriers arising from the lack of training
of agents, extrapolation of schedule, failures in formal and informal communication, excessive
reliance on managers expertise (without the necessary technical support) and fragile articulation
of the project team (who does not know how to behave in network).

These weaknesses may occasionally become potentials, and there is likelihood
that the overcome bottlenecks influence the knowledge absorption and
strengthening of skills, such as collaboration, disseminating information to future
projects and feeding learning processes and the quest for knowledge.

Figure 1 represents the broadening of this study to the field of management,
noting that each company has a technological and collaborative reach that varies
in intensity and also not necessarily the bottlenecks are all solved at the same
time.

Furthermore, each bottleneck will be presented conceptually, in the perspective of
Administration, AEC and CA, applying the concepts of collaborative networks (Jarillo,
1988; Powell, 1990; Saxton, 1997; Candido & Abreu, 2000; Loss, 2007), project
management (Eastman et al., 2014; Manzione, 2013) and meta-contingencies (Malott,
2003; Malott & Glenn, 2006; Glenn et al., 2016).

Thus, the first bottleneck is “technical training in specific fields”, a concept which covers
the concept of technical training as the required behaviour, knowledge, and performance
to perform certain functions, proceeding to investigate such relations in BIM domain.
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Bottlenecks of the Design Bottlenecks of Project management
Process

Gl { — Technical training in specific fields: Company's
Training of 3 technological way over time and business
agents G4 opportunities. Team Capabilities.
G2 C — Interoperability, fragmentation and potential for processes
T S improvement: the Production and performance of
G4 processes, control of scope and change requests.
G3 - of applied rationalisation and
Decision making Technology transfer, improve or build technical skils,
noment G4 incremental innovative activities.
G5 _ Management of the network of collaboration and
P . coordination of projects:
i G4 Culture of collaboration and learning

Figure 1. Expanding the study of bottlenecks. Source: Adapted from Fiuza (2015). Note: The
broadening of this study changed the comprehension of bottleneck G4 (information flow), formerly
analysed separately for project production process. Now, G4 is the structuring element of project

management, whose focus is information management (domain of the process, the project, and
alignment with market for growth and technological solutions).

On team scale, these functions inserted in BIM domain have a relationship with the
transfer of structured data of the project (Eastman et al., 2014; Yarmohammadi & Castro-
Lacouture, 2018) and, specifically, with the ability to connect information across BIM
dimensions and disciplines, analysis of scenarios, extraction of quantitatives, building
modelling and planning (Charef et al., 2018; Garcia et al., 2018).

In the relationship of the team with the manager, such functions are influenced by the
existing leadership, in which the manager responds verbally (formal and/or informal
communication) to project team. The variables that control their behaviour are the result
of a diagnosed problem-situation (the project that needs to meet a social demand). The
manager verbal response represents a stimulus that can be a positive reinforcer. This
functional relationship of variables characterizes a simplified social interaction (social
communication) by means of an authoritative behaviour (Skinner, 1957) with a specific
reinforcer.

On the project company level, these functions are particularly related to management
processes of communication, of risks, and of analysis of internal and external
environments, a context close to the one investigated by Houmanfar & Mattaini (2016).
They analyse the investigation of a problem-situation by correlating it with the interactions
between agents, recognising that coherent verbal networks can influence the decisions of
other agents.

The second bottleneck is “interoperability, fragmentation and potential for processes
improvement”, which represents the diagnosis of fragmentation levels and the potential
for processes improvement, whose focus is on the production and performance of these
processes, control of scope and requests for changes (Prins & Owen, 2010;
Eastman et al., 2014; Garcia et al., 2018; Charef et al., 2018).

This definition encompasses the premise that guides the bottleneck “schedule”, in which,
“[...] the components, activities, services or deliveries [...] must be preceded by planning, based
on the project nature and within the convenient limits” (Fiuza, 2015, p. 50). In this sense,
Manzione (2013) and Eastman et al. (2014) show that collaborative platforms focused on BIM
can reduce communication barriers, bringing together the actual and the desirable schedule,
rethinking the way projects are produced, their relationships and responsibilities.

The third bottleneck presented will be “management of applied rationalisation and
technology”, a concept that covers the impacts of decisions on projects, the treatment of
specific information and the inherent potential for change in decision-making process. In
this case, the focus is on the moments of absorption and selection of R&D technologies,
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training, design guidelines and BIM deployment (AIA, 2007; Eastman etal., 2014;
Garcia et al., 2018).

According to Parolia etal. (2007), in organizational environments the horizontal
coordination provides greater autonomy to decision-making processes and presents
clearly roles and responsibilities. From behavioural perspective, there is a positive
perception of the project team, with a high degree of knowledge transfer, which is
compatible with BIM domain. For Gusberti et al. (2015, p. 923), this horizontal alignment
can be better leveraged if there is a management of capacities, which allows the “[...]
integration, integrated management, and control of abilities according lines of actions”,
making it easier to align design solutions with the knowledge acquired by the designers,
to deliver what the customer needs.

Vertical coordination, from the perspective of the authors, can be analysed in the
relation of the manager with the team. In addition, for Skinner (1957), this is a contingency
that will be shaped by former and consequent events, and with their intrinsic reinforcers
that will select patterns of action. In this case, the reinforcements may be arbitrary,
programmed as bonus or verbal recognition, and also intrinsic reinforcements as success
in a completed task and recognition by peers. For Andery (2010), such schedules of
contingencies have the greatest likelihood of satisfaction, favoring the correspondence
between complexity, clarity, consistency, and the cost of following the rules.

The fourth bottleneck presented, “management of the collaborative network and coordination
of projects”, begins with the premise of individual and collective perception of the agents involved
around common grounds that generate integration (Fiuza, 2015), highlighting the factors that
influence the collaboration of agents to allow changes and organizational learning
(Eastman et al., 2014; Gusberti et al., 2015; Tomomitsu et al., 2018).

In behavioural perspective, collaborative networks are embedded in the approach of
Glenn et al. (2016, p. 13) that treat meta-contingencies as the “[...] relation of contingency
between: (1) recurrences of Interlaced Behavioural Contingencies (CCEs) having an
aggregate product (AP), and (2) environmental selection of events or conditions”.
Therefore, the relationships of contingency between CCEs/PA and the picking-
environment are the meta-contingencies (e.g. Glenn et al., 2016; Malott, 2003; Malott &
Glenn, 2006). In this condition, the actors involved behave in the same technological-
collaborative environment, with or without geographical proximity, influencing each other
in an interlacing of functional relying relationships, whose practices contribute to the
company survival and achievement of competitive advantages.

In this environment, the agents’ interactions represent these relationships, and their
behaviours are the variables that determine them in function of the projects' deliveries.
The final result is the aggregate product (PA), a project that can be empirically observed,
analysed, and evaluated. According to Glenn et al. (2016), it is assumed that there is the
possibility to start new cycles of projects if the PA generated by the competitive advantage
is maintained by cultural practices that strengthen the collaborative network.

Therefore, meta-contingencies describe functional relationships in a level distinct from
the individual level, by keeping in mind the relationships between cultural practices and
their products aggregated into a project company. In this case, the cultural practices of
the design company are influenced by its environmental factors (PMI, 2013). For
Tomomitsu et al. (2018), as certain activities and practices of project management can
foster organizational learning, as the environment and culture of the company can
generate a combination of critical success factors for the diffusion of knowledge.

An analysis of the existing natural contingencies of reinforcement in this scenario is an
interesting exercise and, in this case - although restricted to the organizational
environment — it is valid and reflects the power relations observed by Houmanfar &
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Mattaini (2016) and Holland (2016), when quoting the direct control and the society
reinforcement systems.

In this way, the direct control is exercised by the strategic level of project companies,
technical standards, Brazilian Norma de Desempenho [performance standards]
environmental regulations, certification protocols and guidelines, influence arising from
clients and implemented in project requirements, demands of society, economic
conditions, cultural profile of the construction industry production, resources available on
the market that influence technological solutions adopted, impacts of project on waste
management, buildings sustainability and durability.

In relation to company staff, there is also confrontation with reinforcements based on
acquisition of profit, privilege and personal status, encouraging competition instead of
collaboration, and information secrecy instead of sharing.

Facing the strengthening of the collaborative network as a pressing challenge, the
challenge of Holland (2016) is applicable, questioning how to operate a change in the
management of an environment and with behaviour modification, “[...] so that the work
can be potentially useful in the transformation of man toward a new system of
revolutionary values?” (Holland, 2016, p. 115). For the national design companies, this
“revolutionary” value could be included in the development of collaborative networks, from
the solving of bottlenecks that prevent knowledge absorption.

3 Methodological procedures

This research is inserted in the perspective of Design Science Research, in which,
according to Lacerda et al. (2013), the analysed object's nature is on the organizational
environment of the national project companies. This artificial environment, according to
Simon (1996), investigated from the academic point of view, represents the interface
between an internal environment (project company), a collaborative platform — BIM
domain — and an external environment (market).

The management bottlenecks presented in the Theoretical framework shape what
Lacerda et al. (2013) call the “vocabulary of a domain” and that, in the perspective of
March & Smith (1995), describe a class of problems within this domain (BIM) in design
companies: the knowledge absorption. This study is part of the construction of an artifact
— the FAPP tool — completed and applied for the first time in 2015, in a sample of three
small design companies and two micro design-companies, located in Distrito Federal.

The research has combined primary data sources that relate to the application of FAPP
by means of questionnaires and semi-structured interviews that, according Trivifios
(1987), are tools that start from basic questions, but offer a variety of questions to the
respondent. The sources of secondary data, already collected and available (Yin, 2001),
are related to the literature review conducted and the relations and interpretations of data
in functional analysis.

Item 4.1 — Application, presents the application of FAPP in company A, in 2017, resulting in
a diagnostic representative of the bottlenecks in technical training, a moment of decision-making
and integration between agents. Then, item 4.2 — functional Analysis presents the investigation
on certain organizational practices in the perspective of Behavioral Analysis. Finally, in item 4.3
— Variables and guidelines, we present the variables obtained for the construction of a future
Analysis Framework, using as methodological reference the research made by Loss (2007).

About the participant, a small-sized project-company, according to the legal definition brought
by "[...] art.3°, incisos | e Il, da Lei Complementar n°123, de 14 de dezembro de 2006” (Brasil,
2006), with operation field on architecture and urbanism. Located in Distrito Federal, with national
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coverage, it had already applied FAPP support tool, therefore, the selection criterion was the
interest on the results of the expanded tool. The unit of analysis is the set of behavioural and
operational practices of company A, acting in a collaborative network. The unit of observation is
composed by project team, manager and company shareholders, as informants of the
company’s practices.

3.1 Instrument

FAPP tool has been used, parameterized by the study of design process bottlenecks (Fiuza,
2015). Due to the scope of this article, we present the final interface of the tool (Figure 2) and list,
with no demonstration, its construction steps: identification of the application boundaries
(physical delivery of the project); identification of critical points in project process and its
bottlenecks; characterization of checkers (tangible components for investigation, such as
documents, reports and data from deliveries of each project phase); list of requirements (ABNT,
2005); list of criteria (quantitative profile); application of global scales of attainment/ usage and
degrees of importance (adapted from Beber, 2008); development of diagnostic framework.

It is noteworthy that the formation of these diagnostic frameworks happens through the
application of questionnaires linked to the subgroups shown in Figure 2. Such questionnaires
inform the percentage of items achieved and measured through the degrees of importance and
the check-list of those deliveries and formal or informal activities. This score also classifies the
level that the company has reached: a standard of continuous improvement (75% to 100%), of
quality (50 to 75%), or at the lower limit of quality of project process (up to 50%). FAPP
bottlenecks should be also perceived in degree of importance and operation in the formal
deliveries of each sub-group. It is possible also to analyse separately each sub-group, its
essential and differentiated deliveries or activities (AGESC, 2012; Melhado & Oliveira, 2006),
reinforcing the identification of each process difficulties.

The interface of the cited diagnostic frameworks (final reading of the tool) is represented by
Figure 2:

Project process Quality of project process |
DP I : T i =t i |
13 16| 9 26| Activities
% % % %  |% formal records
% Y% 3 % % _|% important and
Ranking |Ranking Ranking Ranking | very important
% % SRR % %
Gl G3 3 G5 Gl |Improvement
Gl G3 G5 Gl [Weak points
G2 G3 G5 Gl [Strengths
- - ] =]
g 12 |3 g 2
2= 2822 2 2
sag|ag|® ER z 3
SE|SE| = £ = =)
£ o g O = Lo R .2
S oo | © on | = == S 'g
] g s > = D S 5
S g s £ | & s g -9
on & e & | = 32 = 2
s E < E < - 8 )
g g & 3 E
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D1 D2 D3 D7 D11 (Dn) Guidelines

Figure 2. FAPP diagnostic framework. Source: Adaptation of Fiuza (2015). Sub-groups: DP —
documents in the project plan. | — initiation. P — planning; EMC — execution, monitoring and control;
E — closing; | — design process information flow. Il — information flow — feedback. 11l — project team.

IV — project control. V - project presentation standards. VI - VI — Quality management.
Bottlenecks: G1 — technical training. G2 — schedule. G3 — decision-making. G4 — information flow.

G5 - integration between agents. Dn: General guidelines built from the inter-relationships and

inferences established in the construction of FAPP.
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The interface of the diagnostic framework represented by Figure 2 shows the
bottlenecks identified for each subgroup included in the groups “design process” and
“quality of the design process”. It is possible to identify by means of this framework the
following information: (a) a ranking of the bottlenecks that represent weak points and its
location (at which step of design process this fragility is), as well as their compatible
guidelines (Dn); a ranking of the points of improvement of design process, i.e. bottlenecks
that can be positively influenced by strong points and do not need large investments to
contribute to the quality of the process; (c) a ranking of bottlenecks that represent the
strong points of design process; and, finally, (d) a ranking of bottlenecks that represent
strong points of the quality of the design process. In this case, it checks the compatibility
between the values associated with the project process declared by the company and the
values in actual practice on the project process.

Therefore, the logic of the tool is to calculate the percentage difference of formal
records in relation to the activities considered to be important and very important by the
company and, in this way, obtain a ranking in function of the disparities found, listing in
general the most representative bottlenecks tracked in this class of problems.

Were disregarded the columns referring to groups EMC (execution, monitoring and
control), | (design process information flow) and IV (project control), compatible with the
bottlenecks “schedule” and “information flow”, due to this research scope, not affecting
the validity of FAPP tool. Reading these bottlenecks includes their original concepts, plus
technological factors explained in the expanding of this study, in the Theoretical
framework.

3.2 Functional analysis

It is inferred from the studies of Glenn et al. (2016) that the term “meta-contingency”
was used to relations between the environment (company A) and behavior (project team),
operating on a global level. It was considered for this analysis: the project team
performance, former stimulus that influence this performance (opportunity to sell projects
and adopt technologies), and consequences for the company (profit, reputation, quality
and learning).

From Redmon & Agnew (1991) and Glenn et al. (2016) it was assumed that the meta-
contingency exists when: (1) the project team's performance is the object of study; (2) the
consequences of team's collective performance's are identified (events that affect the
team's performance and the very company's performance); (3) a functional relationship
between the team's performance and the influencing factors can be identified and
analysed.

However, some characteristics of meta-contingencies included the investigation of
“‘individual contingencies”, which refer to events that operate on an individual level. For
example, an individual contingency includes an immediate previous stimulus (the
manager who assigned a task to the team) and an immediate consequence (a compliment
of the manager) around an individual response (partial delivery, or discipline associated
with BIM model).

The term “organizational practices” was used for references to answers given by the
team influenced by significant consequences to their success and survival, either for a
specified time (temporary teams that include technicians and consultants and even other
design companies) or conflict resolution on permanent teams.
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4 Analysis and discussion of results

This section aims to present the results obtained by means of two types of analysis
associated: functional analysis and application of FAPP on company A.

4.1 Application

Figure 3 presents the interface of FAPP support tool applied to company A. The
columns corresponding to the bottlenecks “schedule” and “information flow” (in grey) were
not considered in the calculations, because these components can be evaluated
independently:

Project process Quality of project process
DP I P [EMC E I I I v \% VI
13 16 12 9 4 9 9 11 15 16 26| Activities
53.8% 75.0% 50.0% 66.6% 75.0% 44.4% 66.6% 91.6% 80.0% 87.5%| 61.5% % formalrecords
84.6%|87.5% |66.6% 88.8% 100.0%| 66.6% 88.8%|100.0% 80.0% 100.0% 96.1% 7o important and

1° 4° 3° 3° 2° 2° 2° 4° 5° 3° 1°  |very important
30.8% | 12.5% | 16.6% | 22.2% 25.0% 22.2% 22.2% 8.4% | 0.0% 12.5%  34.6%

G3 G2 G5 Improvement
Gl Gl G4 G5 G1 |Weak points
G2 Gl G2 Strengths
E B ] g
gz 8 < 2 % |3 B £ £
o} 2 ? 5 3 ) 153 E S
- B £ I E=} 2 ] = s = o
2 b3 o =] = =4 s = =] o )
2 S en 5} s = < =1 ) o =
= = < =1 o £ - = = @ - o
S & g = 15} = g = 3 o 2 = =
= 3 = s ° = g8 & 2 o 5 s ==
TE| B E g, |7yl 8 |3 6 | g £ g g
b3} .2 151 E O o = o —- = = g o % 2
o &0 o 5 L= o = & s 2 ‘g LS 53 -
£ = a > =] £ '3 & £ 3 £ =] s 2 =]
s = Ay ] 7] = e = [} s 17 15 1 ]
o 3 = & o i ‘s € = o o s g g
s B ] = S = E & = ) s = g =
= ] = Py = = S e b 7]
< =} > ) 4 = g 2 i) - - <
= 5} = = 5} 13} =l = 2 F
Ed 5 |8 2 = 2 £ | B = 8
g g 2 5} = 153 153 2 g =
S - o o = S s
< Q
s %) = =~ 2 (=4 >
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 | D11 (Dn) Guidelines

Figure 3. Partial Diagnosis of company A. Source: Adaptation of Fiuza (2015).

Figure 3 summarizes the following information for the management of project process:
(a) the critical subgroups in terms of disparity (they are considered important or very
important, but not carried out formally). They are “DP” (documents in the project plan) in
1st place, and “E” (closing) in 2nd place, configuring the bottleneck 1. In addition, they
correspond to the guidelines D1 and D5, respectively; (b) the subgroup “P” (planning) is
the 3rd placed in terms of disparity and represents a segment that is balanced, but with
small reflex issues; and (c) the subgroup “I” (initiation) is the 4th placed in terms of
disparity, representing a segment that is balanced and does not configure fragility.

The following data is specially important for quality: (a) critical sub-groups “II”
(information flow - feedback) and “VI” (quality - management of quality) that correspond
to guidelines D7 and D11, respectively; (b) projections of subgroups “llI” (human
resources - team) and “V” (human resources - project presentation standards) that
represent the values associated with projects production, in practice.

In addition, this diagnosis presents partial incompatibility between the project
associated values declared by company A (cost, quality and time, in that order and degree
of importance) and those identified by FAPP — “technical training and technology” and
“aesthetics of design”, in that order and degree of importance.

Considering this result, Table 2 presents the general guidelines proposed for quality
improvement of design process in company A:
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Table 2. General guidelines.

G Compatible Basic guidelines Suggestlon for Sugges‘tlon to
values actions actions' focus
. D1 — Register agents and their Crltlcal_
Project . - . analysis of
G1 assignments, and definition of the Project team :
management g ) the project
responsibility matrix.
team
Lessons learned . . Proyide
) h D5 — Data record of lessons Administration  project
G1 -innovation, . A
o learned from project of documents  guidelines,
training. R&D
Domain of
D7 — Identify the customers' needs; the product
: Market
Focus on Selection of lessons learned research generated
G5 internal client historical data to transform them ¢ and market;
. e R&D, project
and end user into new guidelines; Feedback of proposals of
. process. .
quality management as a whole. technological
solutions.
D11 — Systemic understanding of
Quality, creativity the project process, interactions Quality policy
and technique and interfaces between agents, and the Constant
(constructive activities and environments; relationship concern with
G1 rationalization, Interpretation and application of between meeting the
technical Norma de Desempenho agents and end user
standards, ways  [performance standards], the work needs.

to change).

Constructive rationalization in the

environment.

project.
Source: Adaptation of Fiuza (2015).

4.2 Functional analysis in company A

From the functional analysis in overlay to the application of FAPP it was recorded about
Company A, which has structure defined for production of complex projects: it has
expertise, standardizes its projects deliveries and formally registers the key activities of
the documents of the project plan, which supports the steps of planning and initiation,
even though there are subjectivities in the decision-making.

However, the management of different activities is, in some extent, not formalized,
representing a percentage of high disparity (36.6%) between activities that are formal and
consider important or very important to the whole project process, in particular in subgroup
VI — quality management, having a great influence on technical training in specific fields.
Such activities can add value to the project and to the company because they are aimed
at the needs of management, techniques and, above all, of the end user.

According to Redmon & Agnew (1991), most of the strategies prescribed to change
the individual motivation place the greatest responsibility, explicit or implied, on the
manager. The highlight of the manager's leadership role in company A, present in the
analysis of bottlenecks G1 and G3, converges to this claim, but adds the necessity of
paying attention to manager's former and consequent behaviour, focusing on feedbacks
transmitted by him to the team, since this individual has control over the reinforcers
associated with the performance of the managed team (wages, specific training,
assignment of work, access to time off, etc.), and, by consequence, over the factors that
affect the final outcome of the project.

In relation to such reinforcers, at the level of individual contingency, trying a
productivity factor for performance of routines, such as merit, bonus or supplementary
salaries, would be interesting. Also, several compensation factors, in addition to those
mentioned above, could be used as criteria to define levels of payment, as complemented
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by Muchinsky (1990), mentioning the effort, skill, responsibility and working conditions.
The identification of these factors can be strategic in the reinforcements’ construction.

At the level of meta-contingency, a compensation system can affect many individuals and
strengthen organizational culture patterns in which they are embedded, associated with or in
partnership. In this perspective, the strengthening will be enhanced if the compensation is
planned aiming at the alignment of strategic objectives of projects portfolio and of the company.

Furthermore, preparation of the team in relation to use of historical data and in the process
of knowledge acquisition and dissemination is a strategic action for the advancement of quality
in the management of company A. It is assumed that there is no perception that filling the more
specific gaps and renewing knowledge on technological solutions is important, and it reflects, in
part, in the underutilization of BIM tool. This gap weakens the decision-making and the
transmission of adopted patterns, even if this is a parameter declared by the informants to
evaluate projects' quality.

This statement is confirmed by the highlight of bottleneck G1 as weakness in the “closing”
group, shown in Figure 2, and in the identification of absence of formal records of lessons
learned, and not compatible history of technological solutions. The steps represented by the
subgroups “closing”, “documents in the project plan” and “quality: quality management” are
potential targets for positive reinforcements, with real possibilities of being perceived, since the
diagnosis of FAPP confirms that the record of lessons learned is considered very important by
the project team, but it is not formally conducted.

It would be inaccurate to say that the institution of feedback systems, per se,
guarantees the alignment of individual behaviour with meta-contingencies. To establish a
clear link between individual performance and organization goals, it would be necessary
to focus on the company capacities’ management and the behaviours that are directly
related with partial deliveries, something that could be visualised through a matrix of
responsibilities available in compatible degrees of information for the whole team.

In terms of influence, it is expected that the end user has weight on project decisions and, in
principle, independently of organizational goals. For the company it should be clear that the initial
steps have the lowest cumulative impacts on project costs (PMI, 2013). As the project advances,
requests for changes will increase costs and represent rework. In this case, the variables of
interference and compatibilization of complementary projects can be solved by the use of BIM
platform.

The representation of bottleneck G3 as a point of improvement, in Figure 2, can
also be explained by the linkage between agents, assignments, and technical
reports that guide choices and solutions. It is noted that the security generated by
the managers of project team, with the consultants support, defers the registration
of agents, the concern with feedback (by the adaptation of project's guidelines based
on lessons learned) and the process of change requests.

This dynamic affects the decision-making in management of projects' portfolio,
counting more on the know-how of managers than on technical reports, a weak point
of quality that, in a way, negatively affects partner consultants, who feel underused,
as they could act on a defined scope and collaborate with choices of rationalized
technological solutions. Know-how is a critical component in the rational analysis of
network shapes (Powell, 1990), related to intensive knowledge activities. In addition,
it involves a kind of tacit knowledge that is difficult to codify (Nelson & Winter, 1982;
Teece et al., 1997), largely intangible and highly movable.

It is suggested that the company A formalize the registration of agents and their
assignments from the beginning, and take advantage of the lessons learned in order to
achieve the natural points of improvement represented in Figure 2 (decision-making in the
planning and integration of agents on projects presentation standards). In addition, we
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suggest adherence to integrated solutions process, initially, with complementary projects
and technical procedures.

4.3 Variables and guidelines obtained from categories of analysis

Table 3 summarises the information obtained, assigning categories of analysis from
the tracking of FAPP diagnosis; and positive aspects and weaknesses extracted by
content analysis, from the functional analysis carried out. The four categories that led to
this trace, according to Loss (2007), have been: critical analysis (organisational aspects),
R&D and technological solutions (technological aspects) and end user (human resources
aspects). Only the category “technological solutions” did not had unfolded sub-variables.

Table 3. Variables of analysis' components.

Diagnosis Functional Analysis
Variables G Positive aspects \Weaknesses Sub-variables
Essential activities are Differentiated activities are s
- Activities
formal. informal
" . Small and cohesive With no self-evaluation of .
Critical analysis  G1 Self-evaluation
team. the managers and the team.
Seekcsupportin BIM BIM Underutiization BIM/collaboration

Fragile G3, degrades the

Managers' feeling. performance of G1 with this Decisions
focus.
. G1 . Do not know how to relate
Table & Continued General Technical PP with the bank of Information
training. s
historical data.
Managers' feeling. Application of resources. Resources
Technqloglcal G5  Strong execution stage. BIM - Qollaboratlve BlM/collaboration
solutions Environment

End user G1

Expertise in the market
in which it operates.

Declared values of design
process are not compatible
with the values obtained in
the diagnosis, in order and
degree of importance.

Values

Standardizes deliveries.

BIM Underutilization

BIM/collaboration

Training for the general

Compatibility process is still

BIM/information

development of the fragmented; underuse of .
. modelling
projects. BIM.
Initiation, planning, and Fragile segments:
execution segments monitoring, control and Values

strengthened.

closing.

Thus, the seven variables for the development of a technological-collaborative

environment were identified: activities, self-evaluation, BIM (which unfolds into three
categories of analysis), decisions, information, resources and values (which unfold into
two categories of analysis). Then, the following general guidelines have been identified,
by content analysis (Table 4):

Table 4. Related variables and guidelines.

Variables Sub-variables

Management general guidelines

Activities Formalize the differentiated data.

Gestdo & Produgéo, 27(4), e4764, 2020 15/22



Case study for the development of an analysis structure...

Variables Sub-variables Management general guidelines

Evaluate the project team's and managers' performance in
conflict resolution, resource allocation and individual and
collective physical deliveries.

Self-evaluation

Critical Developing trust between agents. Learning is the result of
analysis sharing and disseminate information, management of
information modelling and tacit and explicit knowledge.
BIM/ The BIM tool is a “tool” to assist in the learning process.
collaboration The focus must be a collaborative environment.
Decisi Adjust design solutions from the project documentation,
ecisions !
lessons learned, and manager feeling.
Information Transform bank of historical data and lessons learned in
R&D requirements to be used as feedback in the next projects.
Focus and investment in technical training, technology,
Resources and project's aesthetics (they are values associated with
PP in practice, and they have room for improvement).
Technological BIM/ Align and link projects decisions with consultants’ technical
solutions collaboration advice.
V. Implement and support policies and strategies to align
alues .
declared values and practised values.
BIM/ . Establish goals for the development of BIM platform.
collaboration
End user __BIM/ Add value to the information generated by PP coordination
information . S8 T
. in BIM - coordination of disciplines.
modelling

Focus and investment in technical training, technology,
Values and project's aesthetics (they are values associated with
PP in practice, and they have room for improvement).

5 Final considerations

This article has presented the foundations for the development of an analysis
framework for architectural design and urban planning companies, compatible with
technological-collaborative management, the BIM domain. In this way, the study of
management bottlenecks was presented building what Lacerda et al. (2013) called “the
vocabulary of a domain” as a support for the characterization and systematization of a
class of problems originated from the lack of knowledge absorption in project companies,
in the segment of AEC in the Brazilian scenario.

In this sense, we highlighted the main concepts of the technological paradigm inherent
to the advancement in BIM domain from three fields of knowledge — Administration, AEC,
and Behavioural Analysis — aligning the configuration of collaborative networks (Jarillo,
1988; Powell, 1990; Saxton, 1997; Candido & Abreu, 2000; Loss, 2007), technological-
collaborative environments (Manzione, 2013; Eastman et al., 2014), and interlacing of
agents in the network (Malott, 2003; Malott & Glenn, 2006; Glenn et al., 2016).

The main contribution of this research focuses on learning and knowledge absorption
processes in project companies, seeking to highlight the gaps in technological-
collaborative environment, and the phenomenon of cooperation and collaboration.
Another important contribution was to expand the study of management bottlenecks by
means of a support tool (FAPP) associated to functional analysis. Thus, it was possible to
identify seven variables (activities, self-assessment, BIM, decision-making, information,
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resources and values), taking as a reference Loss (2007), representing organizational,
technological and human aspects and their respective general guidelines.

However, the associations carried out during FAPP application and functional analysis
does not show causal link between the analysed bottlenecks, but the correlation and
interaction between variables in the perspective of Administration, AEC, and AC.

Also noteworthy is that the application of FAPP identifies fragmented practices of
design process in design companies. It shows that both parallel or sequential strategy
from the current productive model is fragmented, and this productive model is a reflection
of a mental model that is also fragmented.

Thus, the actual progress of BIM technological innovation in socio-technical systems
built in design companies, in network or not, involves convergence and interaction of
technological, procedural and human factors. It assumes, mainly, the advancement on
this fragmented mental model by means of a clear and systemic understanding of shared
production processes, encouraging a learning environment and, particularly, improving
skills in BIM.

In this context, the strengthening of non-technological aspects could be a enabling
factor for the development of collaborative networks in the internal perspective of the
national companies. Providing for more efficient information flow prepares them for bring
about skills in partnerships, a natural trend on the segment, linking service providers,
technical consultants and other companies.

Strategic networks or strategic communities are possible definitions to translate these
associations - investigated as triggers for knowledge absorption and diffusion, uniting
resources for a given period, in order to achieve a goal, e.g., participating in biddings with
BIM project parameters (Jarillo, 1988; Tomomitsu et al., 2018).

The survey corroborates with the studies of Loss (2007) on the relevance of
cooperation and interoperability agreements as influencing factors for the implementation
of environments that establish cooperation, common infrastructures, trust and stimulus to
sources of innovation and exploitation of opportunities, that may, for Kuehnle and
Wagenhaus (2008), benefit SMEs, a important possibility, since most of Brazilian design
companies are inserted in this segment.

Finally, it is recommended, for future studies, the development and implementation of
an Analysis Framework based on the variables identified in studies and analyses that
confirm the compatibility of the general guidelines presented and of the relationships
between the variables in a representative sample. It would be interesting to corroborate
or question the results obtained, in addition to achieve a structure that is relevant to project
companies' actual reality.
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