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Problem Studied and Importance (Purpose)

Organizations develop different methodologies for product creation, customization, and
improvement. Over time, the best-known methods and practices are established and standardized
for new product development. However, to enhance performance and outcomes, customization is
typically needed and requires additional time and effort, requiring a steep learning curve. An
operational planning methodology for projected outcomes of multiple scenarios is Agent-Based
Modeling and Simulation (ABMS). A source of information regarding possible outcomes and
suggestions on how to structure and configure the organization, supports strategy building in
organizations. Knowledge-based process support methods like ABMS are key in terms of tactic

and strategic resource allocation, staffing, policy creation, and management of technology.



Methods (Design/Methodology/Approach)

An agent-based model (ABM) was developed representing the design management organizational
function consisting of four autonomous agent types, their actions, and interactions. Types of agents
included: designers, design managers, customers, and sales and marketing staff. The objective is
to assess the aggregate emergent behavior of the design management organization. Agent
characteristics data was acquired from service and manufacturing firms of multiple industry
sectors with research questionnaires. A model of design-related agents was developed and a
NetLogo simulation included outputs such as units sold by the simulated organization. Workflow
layout and flow for three simulation loops was also validated with seasoned design managers with
a Delphi-based process stage ranking methodology. Simulation approach included an empirical
pre-validation and sensitivity analysis for two variables, based upon scenario building: designer
experience, and number of simulation cycles between new product development committee
meetings. Time scale of the simulation, number of units sold levels, and overall behavior were

calibrated using sales data from an electronics manufacturing firm.

Key Findings

The simulations indicated responsiveness in organizational behavior when customer satisfaction
drops due to lack of fitness to specifications. This behavior resulted in reversing negative trends
in units sold. Also, both units sold and sales performance (profit) at the end of the product cycle,
were found to have a better performance when new product development committee meetings
were scheduled every 30 simulation cycles, for both junior and experienced in-house designers.

Simulation cycles, or simulation iterations, were correlated one-to-one to calendar days through



the calibration process. Variability in units sold performance was reproduced from a real sales

dataset, through product defects (unfitness of specifications/features to customers or end-users).

Research Limitations/Implications

The assumptions in this work are derived from interviews with topic experts. Limited validation
was performed, and this will be extended in future work. Unless sector-specific data from
organizations is used to parametrize the model, precision on the scenario creation phase is low.

Precision is key for consultants and policy makers to propose industry and regional strategies.

Conclusion and (Practical) Implications

This model provides guidance on how to configure new product development teams, modify
designer hiring processes, schedule product development committee meetings, and plan customer
feedback collection. The results on the responsiveness of the organizational model to product
signals and customer insights are promising for prediction analysis of product update frequency
planning, resource allocation, life-cycle stage analysis. This work also extends design
management methodologies into modeling and simulation approaches based on frameworks
developed from empirical case-studies, providing decision-makers a straightforward way of
presenting practical scenarios for the design management function, the product, and the

organization.
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Business-oriented organizations use innovations to maintain a share in the market, created by
human agents that may be inside or outside the organization (Gomes & Wojahn, 2017; O’Reilly
& Tushman, 2008; H. Zhang & Vorobeychik, 2019). These agents adopt, compare, exchange, and
create knowledge and products. Design and New Product Development (NPD) as processes
through successful variations of form and function in products create value and improve financial
performance (Borja de Mozota, Valentine, & Nelson, 2016; Chiva & Alegre, 2007; Veryzer &

Borja de Mozota, 2005).

Although the term #"'0$5/(:&/&5"™:"/'"  was introduced in the mid-sixties in the United Kingdom
(Best, 2006), a practice-based descriptive model was only introduced two decades later (Gorb,
1986). This model included two key design elements that later were applied in different NPD
processes: 0-"%b2and #":)/0".&™  (Gorb, 1986). Modern terms related to these concepts are found
in the #"'0$5/('3%/U$/Bramework, such as #'2%/"and -.)")',-"  (Glen, Suciu, Baughn, & Anson,
2015; Gloppen, 2009). Design as a manageable process and a discipline, later improved based on
the development and growth of analytic and practical disciplines like marketing and strategy (Q.
Sun, Williams, & Evans, 2011). The research field of design management emerged when business

managers chose between outsourcing design services or improving their internal design function,
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routines, and processes (Borja de Mozota, 2006; Borja de Mozota et al., 2016; Bruce, Cooper, &
Vazquez, 1999; Bruce & Morris, 1994). The business and societal values of design have only
increased and adapted to economic cycles and industry trends for the last forty years reinforcing

the ties between design and management (Borja de Mozota, 2018).

However, even with the support of quantitative methods, strategy management and design
management fall short on analyzing emergent phenomena associated with the autonomous
behavior of organization members or teams (Bonabeau, 2002b). The use of Agent-Based Models
(ABMs) has become a method to approach to these complex systems and analyze emergent

patterns based on the interactions of the organizational components (Z. Sun et al., 2016).

The research problem of this project addresses the major issues regarding organizational efficiency
in design management. This efficiency is related to the task assigning and design team structure
for NPD. Although a description of the design function, tasks, and attributes has been made at a

macro level, the combinational effects have not been studied.
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The scope of this research includes the development of an agent-based model and a simulation
approach to the new product development process from the design management standpoint. An
agent connection topology for a product improvement activity within the NPD process will be
simulated using this framework and aggregate dynamics will be reported. This connection between
NPD and design management can be seen in Figure 1. Results of the simulations will provide
analytical conditions for the evaluation of possible emergent behavior in the system that could

match product and design team interactions.

The proposed research addresses the following research questions:
¥ How to minimize the number of design cycles?
¥ How to address the major issues regarding efficiency in design management?

¥ How to calibrate and validate with experts a simulation model for design in NPD projects?

16



And the project aims to achieve the following research objectives:
¥ Build profiles of interactive design-related entities in organizations
¥ Model Interactions based on a set of rules
¥ Simulate the Model under different settings of parameters

¥ Validate Scenarios and simulation outputs with topic experts

"#4¥# 5,678'67,019%*701!6*%!$%&%0()*

Solving the deficiency of comprehensive organizational behavior studies to support product
development decision-Making, project management for design, and the design management
process. Also, overcome subjectivity in the evaluation of aggregate behavior based on case studies
providing a novel, generalized, and replicable modeling approach. Finally, develop a model useful
to small and medium businesses to rethink their design capability avoiding costly reprocessing,

delays in time-to-market, increasing customer retention and overall performance.

"H# ;,06(7-<67,08!,=16*0806&L 1+(,>%)6

The developed agent-based model allows design management professionals to have a better
perspective on the level of coordination of new product development process involving design,
engineering, and operational activities and how it enhances business performance and innovation
capability. Organizations will be able to manage better their resources, rethink their team

architecture, mobilize resources, select support technologies and structure their innovation or

17



design capability before they start product design projects or when improving new product
development processes already in place. This work extends design management research into
modeling and simulation approaches based on already established frameworks developed from

different empirical case-study research done in the last forty years.
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This section aims to bring any reader, additional to foundational definitions on the themes of this
work, a context of the application of ABM in socio-technical systems in which value created is
represented by new products or services. Overlapping between design management, new product
development, and agent-based modeling is explored through the literature selection. Also, a gap
has been identified on the use of ABM for design management research, and, the expansion to
NPD activities on this knowledge crossroad is the motivation for this research effort. After the
selection of the methodological approach, it was defined the search and review should focus on

three main themes shown on Figure = The knowledge gap was meant to be verified on the

intersection of these three themes.
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Development and improvement of products, whether they are tangible goods or services, always
trigger a set of different organizational processes. The scale and sophistication of the processes
can vary depending on the size of the organization, maturity and industry. To run those processes
properly and remain competitive in the market they attend, organizations often develop routines
and skills to configure their competences (D. J. Teece, 2010). These competences include a
different type of resources and knowledge to build or improve business models based on their

products or value propositions (D. J. Teece, 2018).

Teece (2010) defines a business model as the conceptual layout of the resources, organizational
architecture, and capabilities that a company uses to create value and how it delivers such value to
its customers to be monetized. A series of inputs and outputs, represented by resources, sales,
profits or capital, are transformed by single units at the company and business unit levels, are part
of an interconnected architectural micro-structure that work under evolving financial and industrial
contexts (Betz, 2002). Therefore, a business model not only links processes and technologies as a
system, but also interdependent innovation activities developed by members of the organization
often mediated by the use and development of technology (Betz, 2011). This activity, resource,
and process interconnection is mediated by tangible resources such as goods, raw materials, or
equipment and intangible resources such as knowledge and brand recognition to fulfill the

objectives of an organization (Amit & Zott, 2015; Barney, 1991; Du Plessis, 2007).
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Additional to business model frameworks, other methods have been used to gain some
understanding of the phenomena associated with complex human behavior regarding
organizations, migrating from internal-external analysis models to the acknowledgement of the
role of internal resource configuration in the success or failure of organizations that create or use
intensively technology (Barney, 1991; Byers, Dorf, & Nelson, 2014; Pei Breivold & Rizvanovic,

2018).

Competitiveness and competitive advantage rely not only on the effectiveness of value delivery to
customers and how this is converted into revenue. In addition, they rely on how sustainable
business routines are and how the organization adapts itself to external and internal change,
learning from market and business environment dynamics with the effective use of technology
(Hitt, Ireland, & Hoskisson, 2016). Hence, developing a set of organizational strategy analysis
skills with direct influence in the layout of business models is key to protect any competitive
advantage as many elements of these models can be imitated (D. J. Teece, 2010). Such skills are
part of a refinement process that increases profitability through the use of flexible resource
architectures and adaptable processes (Ferndndez-Mesa, Alegre-Vidal, Chiva-Gomez, &

Gutiérrez-Gracia, 2013; Hitt et al., 2016; D. Teece & Leih, 2016).

This framework of capabilities make part of the concept of dynamic organizational capabilities
that includes four main categories: the capacity to become aware of opportunities and threats,
create value effectively, grow sustainably using knowledge, and flexibly reconfigure tasks,

resources, and activities (Pavlou & El Sawy, 2011; D. J. Teece, 2007). There is a limitation in
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research and practice to determine how connected are the use of resources and all-new processes
when an organization innovates, particularly in more traditional sectors (Easterby-Smith, Lyles, &
Peteraf, 2009). However, there is evidence that organizational skillsets and routines regarding
value creation and delivery through a given business model not only can be developed as dynamic
capabilities but are linked to new product development processes, technological solutions and

creative activities (Acklin, 2013; Dell’Era & Verganti, 2010; Hack, Prause, & Maknyte, 2013)

4#:# A%&T7CO!;'3'-7767%&!"011A%&7CO0!ID%'1%(&*73

Although, skill development and routine interiorization could be part of a creative solution-seeking
process, the only component of the organization able to do both is the human element represented
in a team. Organizations develop capabilities according to their sector, size, vision and market
challenges, in main categories that have been listed by Easterby-Smith, Lyles, & Peteraf (2009):
idea generation, innovativeness, NPD, marketing, and process development. Overall, this means
that among the dynamic capabilities that can be integrated to the operational capabilities, those
related to creativity, knowledge flow, change management, and adaptation should be considered
strategic (Easterby-Smith et al., 2009). Technology is a modulating factor to capability building
enrichment in the creative processes, however is limited by the motivational, leadership and

cognitive processes of the design or NPD team members (Bonnardel & Zenasni, 2010).

Learning routines and encouraging technological ambidexterity in exploration and exploitation,

contributes to create more attractive value propositions and interaction with market agents (Candi,
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2007; Chou & Kimbrough, 2016). Therefore, capability absorption through skill development and
constant evaluation of effectiveness is crucial for a successful NPD and design processes’ outcome
(Bonnardel & Zenasni, 2010; Chouki, Borja de Mozota, & Persson, 2018). Miller & Moultrie
(2013) propose that although there is a series of commonly accepted key design or project roles,
the way design leaders and design managers assume those roles is different. As skills related to
design and creative activities can be non-technical and specialized (Gehani, 2011), regardless the
level of expertise they achieve there is a need for designers to embrace change management, vision
establishment, and leadership as part of the whole skill-building process for them to become

leaders (Galli, Pino A., & Suteu, 2017; Miller & Moultrie, 2013).

Design leadership makes the difference between a process-oriented organization and an innovation
culture organization like Best, Kootstra, & Murphy (2010) propose as the core idea of their
maturity model. Each factor described has levels of development of the design management
capability. A factor such as benefits planning and awareness can be developed in four levels: no
use of design management, design management as project, design management as function, and
design management as culture. To become a sector or technology leader, an organization must
share languages, values, concepts and knowledge compatible with the designed value proposition
(Best et al., 2010; Gehani, 2011; Gloppen, 2009). Process evolution must be a constant and the
design process can be adapted to make explicit those specific design-related dynamic capabilities
applied to robust but efficient workflows (Marquez Cafizares & Haces Atondo, 2017).
Nevertheless, innovation management provides a sandbox-type of space to find a balance in design
and technological ambidexterity to boost the restructuration of processes and architectures

(O’Reilly & Tushman, 2008).
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As organizations create and deliver value, they must find new ways to fulfill the demands of
customers. Design, if managed effectively, is often a strategic alternative to bring higher value to
the market and achieve commercial or missional objectives (Best et al., 2010; Hertenstein, Platt,
& Veryzer, 2005). Success in the product development is often related to the internal management
of the functions involved in this process including design (Bruce & Morris, 1994). Borja de
Mozota (2006) supports the idea that acknowledging design only as a creative process integrated
into the innovation management pipeline leaves behind the potential benefits of a function with its
own organizational resources that can be managed strategically to create value. Design
management as part of the value creation management system of an organization has four main
powers: brings differentiation, provides product architecture integration, it is a transforming

element, and can be considered a good business practice (Borja de Mozota, 2006).

As a relatively new and evolving discipline, Erichsen & Christensen (2013) bring to attention that
conceptual practical contributions come not only the diversity of fields involved, but also from the
discipline cross-talk intrinsic to design. In just one decade of design management research, they
found a conceptual shift from design application and process, to policies and strategies. Design as
a mean of value creation has been supported then on four pillars or main sub-themes: the
acknowledgment of design not only as a business-support activity, the opportunity of design being

a source of theoretical knowledge, the degree of benefit of design to businesses, and the
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effectiveness in the evaluation of internal and external design sources (Erichsen & Christensen,

2013).

The role in innovation management for obtaining successful products has been discussed by Borja
de Mozota (2003) and connected to the competitive advantage provided by design. Organizations
have different design strategies based on a mix of three types of competences: design as a
management, design as a resource, and design as an economic factor (Borja de Mozota, 2003).
Design strategy implementation within the innovation management process is closely related to
the multilevel learning and multifunctional learning the discipline of design (Canada, Mortensen,
& Patnaik, 2010; Takeuchi & Nonaka, 1986) This learning ability is the source of functional
integration in companies, improving coordination between business units, meaning that design is
a process that can be managed and improved in organizations (Borja de Mozota, 2003; Bruce &

Bessant, 2002; Bruce et al., 1999).

Moreover, design is both a driver and enabling factor for value exchange and not only value
creation. Value exchange provides support for the identification of external knowledge acquisition
options, business opportunities, and possible partnerships for innovation generation (Gerlitz &
Prause, 2017). Design-driven innovation additionally supports feature creation and cost-related
processes with the development of intangible asset and building product meaning (Verganti, 2009).
In a model proposed by Acklin (2013), design management and the value of design to achieve
organizational goals should be interiorized and assimilated by all team members in all levels. There
are three main design management capabilities: design leadership, socialization of design

knowledge, and design management (Acklin, 2013). A three-capability model for design
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contributing to build competitive advantage impacting the resource base (Acklin, 2013) matches
the dynamic capabilities framework proposed by Teece (2007): sense opportunities and threats,
seize opportunities, and manage both threats and opportunities to adapt proposing new business

models and obtaining better business performance based on innovation outputs (D. J. Teece, 2007).

4#B# A%&7C0!5'0'C%/%06!5,1%.&!"01!1G%@!+(,1<)6!A%8%.,3/%06

The user-centric nature of design calls to incorporate multidisciplinary elements and principles to
fulfill a need under uncertainty conditions, encouraging constant validation and iterations of the
solution or value created (Glen et al., 2015; Pals, Steen, Langley, & Kort, 2008). To avoid
redundancies in the NPD process or the lack of convergence in the value creation, different models
and frameworks have been developed to provide managers and researchers a map to navigate the
design management process. (Acklin, 2011; Borja de Mozota, 2006; Maciver, 2011; Marquis &

Deeb, 2018; Q. Sun et al., 2011; Wynn & Clarkson, 2018).

Most of these models and frameworks have been created using the case-study method over a
handful of companies based on information collected in interviews. There are exceptions like the
work from Chiva & Alegre (2009) using a correlation analysis empirical study in which subjective
levels on a Likert scale were collected as data to validate hypothesis related to the interconnection
between variables. This methodology was early piloted by these researchers on the ceramic tiles
sector (Chiva & Alegre, 2007). The conceptual framework for this model comes from the five

design skill types identified by Dickson et al. (1995) for high-growing firms: basic design skills,
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specialized and technical skills, involvement of customers and suppliers, organizational change

management, and innovation skills (Chiva & Alegre, 2009; Fernandez-Mesa et al., 2013).

An initial approach to design management model building is to adapt and give meaning to models
used to support strategic analysis and planning. A theoretical approach was used by Q. Sun et al.
(2011) using as starting point the compatibility of design with management and strategic levels
and how this is implemented by more tactical and practical processes like NPD and project
management. They define design as the core of the strategic response to build competitive
advantage in the marketplace. The starting point of this model is Porter’s five competitive forces
(Porter, 1998) as a base to extract and highlight design-specific concepts or activities already
present in this type of competitive analysis methodology. Competitive forces’ value chain
integration and their coupling with the creation of competitive advantage was explored on previous
works (Borja de Mozota, 2003). This model underscores the importance of knowledge coming
from the interaction with suppliers and the clients’ design requirements for the value creation
outcome in the NPD process. An empirical evaluation of this model was made collecting the
impressions of a panel with managers from the UK and China on which areas and activities they

emphasize their design strategy (Q. Sun et al., 2011).

A model based on the designer competencies and skills was developed by Bruce et al. (1999). It
displays a process flow for the design management framework grounded on three key design
stages: sourcing, briefing, and evaluation. The model was evaluated interviewing general
managers of small British companies part of a design counseling program, comparing their

practices with the model (Bruce et al., 1999). An expanded application of this model can be found
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in a work by Iduarte & Zarza (2010) for the Latin American context. The researches expanded the
activity list on each one of the three stages proposed by Bruce et al. (1999) and re-mapped the
design process stages into concept, development, and final design (Iduarte & Zarza, 2010).
Another comprehensive and holistic model was developed by Hack, Prause, & Maknyte (2013)
combining conceptual background from different fields and empirical evidence creating a multi-
stage, NPD coordinated, design management process for branded products. The model starts from
a resource and capability base modulated by environmental factors. This capability base is
transformed by the design organization as it creates profitable value using technology, later using
an emotional connector with the customer like the brand to build competitive advantage (Hack et
al., 2013). A refinement to this framework came later with the introduction of product acceptance
and validation stages at the end of the model’s workflow as well as two types of agents: internal

team members and external mentors, consultants, or knowledge brokers (Gerlitz, 2016).

Conceptual crossings were also discussed by Borja de Mozota (2006) providing a more solid
theoretical support to the design management discipline. The author proposed a matrix intersecting
the elements of what design and management are believed to be, to make a case for the mindset
shift designers should have regarding business management and how design becomes a strategic
asset. To find common ground between designers and managers, an adaptation of the Balanced
Score Card (BSC) from Kaplan & Norton (1996) was implemented. All four perspectives of BSC
were translated into a self-assessment question for design practitioners and the quadrants display
four key elements about design: it creates differentiation, it improves innovation and NPD
performance, it provides an expanded organizational vision, and it is considered a source of profit

(Borja de Mozota, 2006). Most of these elements were previously identified by the same author
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on a different study in which most of the companies self-identified their design management
process as a support activity to the value chain. After those companies, were the most innovative
and client-oriented companies having higher awareness of the market environment (Borja de

Mozota, 2003)

Other types of design management models have the purpose of being sector-specific applications
relying on process and theoretical frameworks already tested and validated in business
environments. Multiple-phase NPD processes are used on several studies to measure the activity
of design and how teams interact internally and with the whole supply chain (Fernandes,
Cavalcanti, & De Andrade, 2017; Powell, 2006). Value chain and supply chain integration are
considered fundamental for companies in NPD models. Although market orientation is a vital
method for product development and design, not all companies work closely with their customers
or suppliers instead of using market research as the only product definition methodology (Cooper,
Edgett, & Kleinschmidt, 2004), however, there is evidence that marketing-external design has
influence on the outcome of NPD processes (Hemonnet-Goujot, Manceau, & Abecassis-Moedas,
2019). Integrations of innovation cycles, agile methodologies, and external consultant knowledge
compatible with design management frameworks are reported in literature as hybrid systems-
oriented models for software NPD (Zapata-Roldan, 2017). Also, other systems paradigm based
models have been developed including learning phenomena and a stronger NPD outcome feedback
into the design sourcing phase (Wolff, Capra, Dutra, & Borja de Mozota, 2016) or a phase costing
variable-analysis for scheduling, collaborations resources, quality requirements, and design
specification (Marquis & Deeb, 2018). Likewise, retrospective and systemic approaches have been

used to analyze successful products and their trajectories from different levels of technology
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performance and product meanings to model the required organizational and knowledge

architectures on the NPD process (Dell’Era, Altuna, Magistretti, & Verganti, 2017).
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Although the new product development process often is described as a linear or circular process,
it was discussed by Chiva-Gomez (2004), that it is more complex than any traditional NPD model
because of the diversity of activities, knowledge sources and outcomes. This complexity multiplies
when this system of processes and resources, interacts with a complex environment like the
marketplace. Adaptation of members and interaction topologies are required to obtain a certain
degree of stability using product design management in the NPD process. Stimuli of the external
adaptive system found inside and outside the organization force the need for adaptation (Chiva-
Gomez, 2004). As a baseline concept evolution is a constant while adaptiveness depends on the
system (Nikolic & Kasmire, 2013). Mathematical models have been used to describe and predict
with some limitations the dynamics of variables in different complex adaptive systems (Garcia,
2005; Kiesling, Giinther, Stummer, & Wakolbinger, 2012). For a modeling tool to be successful
in representing a complex adaptive system it must be a complex adaptive system itself (Nikolic &
Kasmire, 2013). Alongside with other aggregate models, strictly mathematical approaches leave
out the heterogeneity and complexity of socio-technical systems, especially those related to
consumer behavior like diffusion or adoption, or other social phenomena (Dijkema, Lukszo, &

Weijnen, 2013; Garcia-Valdecasas Medina, 2011; H. Zhang & Vorobeychik, 2019).
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Agent-based Modeling provides a different approach to complex adaptive systems through the
analysis of autonomous units on a system governed by decision-making rules and interactions
(Garcia, 2005; Macal & North, 2010). The goal of ABM as Bonabeau (Bonabeau, 2002b)
elaborates is to describe a system using its components, in this case, entities called agents. These
agents can interact with other agents or their environment on repetitive interactions (Macal &
North, 2010). As Bonabeau (2002a) described, there are three main benefits of using ABM as a
modeling approach: capturing emergent phenomena, describing the system in a more natural way,
and flexibility. From the emergence perspective, a simple rule followed by a set of agents causing
small local actions, can create notable collective behaviors exposing non-linearities and
heterogeneity. Agents describe and represent individual entities that can be conceptually
associated with real entities and may be added or removed from the model according to the

scenarios to be simulated or the sensitivity analysis to be applied (Bonabeau, 2002a).

Although sharing the same conceptual framework there is a difference in purpose and tools
between ABM and Agent-Based Systems, more specifically Multi-Agent Systems (MAS). MAS
were created to support computational application development and deployment for business or
organizational operations, which also can be embedded in software as part of hardware devices

applications (Juan, Ou-Yang, & Lin, 2009; J. X. Wang, Tang, Song, & Jiang, 2009).

Macal (2016a) summarizes the characteristics of Agent-based Modeling and Simulation (ABMS)
as a field of research. Also, highlights the absence of proper analysis of human behavior or
interaction abstraction on other modeling alternatives. ABM has found application opportunities

in most disciplines, among people with little or no simulation experience, who address the question
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on how to model instead of how to solve, and perform in contexts where there is a need of new
tools to expand the capabilities of discreet event simulation (Macal, 2016b). However, this method
has limitations regarding the arbitrary assigning of agent behavioral rules and the need of empirical
data to feed into the models for validation in human-technical or socio-technical systems (Rai &
Robinson, 2015). Some of these limitations are compensated by the low costs of ABM simulation-
based experiments and the causal explanations on social systems’ phenomena (Garcia-Valdecasas

Medina, 2011).

In the ABM paradigm, agents are the smallest element possible and interrelated reactive entities
that often are part of a computer program. Agents are the representation of physical or abstract
entities and their environment, with the capability of interacting both with other agents and their
environment following rules bound to an objective (Jennings, 2000; Nikolic & Kasmire, 2013).
An agent state can be assigned or acquired and change with chronological time or with the
progression of an independent variable of choice. State changes are independent from other agents

unless they interact or obtain new information from the environment (Nikolic & Kasmire, 2013).
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The starting point of the discussion about the application of ABM to systems to human-technology
interaction is the existence of emergent behavior in social phenomena. Non-linear complex social
phenomena are often hard to study using equation-based models falling short in representing the
isolated response of an individual that is part of social systems with enough level of abstraction

(Garcia-Valdecasas Medina, 2011; Gomez-Cruz, Loaiza Saa, & Ortega Hurtado, 2017). Equation-
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based models rather represent the “collection of components” and interactions as a single

conceptual unit (Jennings, 2000).

Moreover, authors like Ahrweiler (2017) show the level of the limitations of simulation methods
for social systems. Those limitations include the level of evolution of social contexts, the presence
of features hard to observe from the interactions, non-linearities, and the non-homogeneity of
initial conditions for each experiment. Although social planning or prediction of the aggregate
behavior in ABM is almost impossible, simulation provides a better understanding of the
complexity of interactions when it is supported by empirical research results for calibration. Agent-
based models are not history-friendly formal models as those described by (Malerba, Nelson,
Orsenigo, & Winter, 1999) using the path from empirical evidence to explanations of the system.
ABM uses a path from the acknowledgement of complexity of the system through experiments

and assumptions to later collect evidence on emergence and dynamics (Ahrweiler, 2017).

ABM has been applied to socio-technical systems analysis, definition, improvement, and policy
formulation (Grubic, Varga, Hu, & Tewari, 2020; London & Sheikh, 2019). Even crossings
between modeling and framework abstract modeling methodologies like UML have been explored
(Bersini, 2012). In organizational studies ABM has been used in topics such as operations and
logistics, human resources, organizational behavior, strategy and decision making, research and
development, marketing, and education management (Gomez-Cruz et al., 2017). A work on a
marketing application by Rand & Rust (2011) re-structured an ABM framework to include the
specificities of product adoption decision, similar to the work of T. Zhang & Zhang (2007) using

a motivational and trait model to study special conditions for purchase decision-making. Other
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applications addressed energy technologies adoption using a combination of Multi-criteria
Analysis (MCA) and Geographic Information System (GIS) supported ABM (Rai & Robinson,
2015). Tactical responses to consumers’ adoption of lighting technologies and products were also
evaluated using ABM (Chappin & Afman, 2013), and distribution channel decision-making

(Rosales, Whipple, & Blackhurst, 2019) were also evaluated using ABM.

Other areas of application with more robust systems and agent boundaries exceeding the limits of
individuals, expand modeling frameworks to groups and complete organizations as agents. One
case is the study reported by Ahrweiler (2017) in which research organizations in Europe part of
a funding program for research projects subject to public policies and regulations, were modeled
to evaluate the response of stakeholders to the intellectual property outcomes of these research
agents. Applications on public policy can also be found on the electricity generation sector
simulating the response of system agents connected to the power grid regarding demand and price
modulate by variations in carbon dioxide emission credits price (Chappin & Dijkema, 2013). A
special case of these large-scale policy-oriented systems having multiple contributions to
knowledge, is the study of innovation diffusion in terms of consumer adoption, product promotion
effectiveness and social influence on the adoption decision whether it is a consumer product or a

knowledge product (Ahrweiler, 2017; Kiesling et al., 2012; H. Zhang & Vorobeychik, 2019).,

The complexity of NPD processes (Bonabeau, Bodick, & Armstrong, 2008) has been also
addressed using the ABM approach in terms of the complex decision-making process involved
and the number of interactions using behavioral factors such as cognitive ability, cognitive effort,

and resistance to change (Giannoccaro & Nair, 2016). Other authors link the ambidexterity of
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improvement or creation of products with sales performance under conditions of variable demand
(Chou & Kimbrough, 2016). Multi-company scenarios for the modeling of innovation diffusion
(Garcia, 2005), technology diffusion (Zaffar, Kumar, & Zhao, 2014), product customization (Chiu
& Tsai, 2020), and computationally approaches to task assignation optimization in the design
stages of NPD have been also reported (Ahmad, Mourshed, Yuce, & Rezgui, 2016; Cao, Zhu, Cui,

& Tan, 2008; Lee, Lim, Lee, & Kim, 2019; X. Zhang, Zhang, Li, & Schlick, 2012)
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After reviewing the design management models and frameworks including those of Sun et al.,
Borja de Mozota, and Acklin (Acklin, 2011; Borja de Mozota, 2003; Q. Sun et al., 2011), a set of
variables were selected relevant to the knowledge flows and interactions that occur during the NPD
process. These variables also were crossed-analyzed with the variables and measurable factors
related to organizational innovation capabilities (Guan & Ma, 2003; Lai, Lin, & Wang, 2015) as
part of the NPD process. A data collection instrument was designed to measure the variables and

outline an agent-based model as shown in the second step of Figure 3.

Existing Empirical Model ) )

Design Data on Agent Profile Development Simulation
Management Design and Building Netlogo
Frameworks NPD (Survey) (Agent Map) ( 90)
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We will consider an organization as a boundary-defined, goal-oriented, evolving sociotechnical
system. This system develops skillsets and routines, that through acquisition, use and
reorganization of resources, creates and delivers value to different stakeholders. Hence, the
creation of value requires a combination of resources as a combination of technology, knowledge,
and skills to bring a competitive value proposition to the market. This combination happens often
in organized and well-planned processes. However, different stages or knowledge and resources
flows may occur spontaneously through the development of organizational activities.
Organizations develop specific routines and activities related to the creation of new solutions,

products or knowledge. The analysis shown in the first stage of the process in Figure 1, included
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a handful of relevant works encompassing both technological capabilities, and design
management. Commonalities were found on the categories of each framework and a set of six
main categories was obtained to be the base of variables, questions, and analyses. A summary of

the category sorting is found on Table 1.
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Strategy Sensing Innovation Organization: Innovation: Assimilation: Results Design
decision Strategy Differentiation Connecting process
and design with triggers
competitiveness | strategy and
processes
Organizing Seizing: Product | Capital Organization: Knowledge Acquisition: Design Design
architectures and Structure management: Value and assumptions | organizational
business models Input and resources function
Research assessment
Resource Seizing: R&D: Talent Design project Organizational: Design Design
enterprise management Design project process and
boundaries management management | project
management
Manufacturing | Seizing: Manufacturing | Environment: Environment: Design
complements Uncertainty Policy, services
and platforms economy, sourcing
technology, and
social
assessment
R&D Transforming: R&D R&D: Implementation: | Transformation: | Maturity Research and
decentralization Technology External Value creation knowledge
resources and through design management
services for Design
Marketing Transforming: Marketing Environment: Knowledge Exploitation: Absorption Staff and
co-specialization Stakeholders management: Implementing organizational
Output and design structure
value delivery resources and
capabilities
Learning Transforming: Learning
learning,
knowledge
management,
and corporate
governance

An additional framework that connects the socio-technical system and knowledge outputs from
technology was used to make the categorization analysis adapted from (Sheikh, Tenney, London,
& Zapata-Roldan, 2020). Starting from the method selection for this research project, as set of

specific technology management were identified and included as part of the organizational
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activities/routines to be analyzed, to be later modeled and simulated on the selected research area.

A Description of this general technology management master framework is shown in Figure 4.
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The instrument used was a questionnaire consisting in 24 multiple-choice questions and 5 open-
ended, and it can be found in Annex A. Questions were formulated based on measured variables
of previous studies on design management model building, and innovation capabilities (Acklin,
2011; Q. Sunetal.,2011; C. hsien Wang et al., 2008). These variables such as knowledge sourcing,
or functional units’ names, were expanded and adapted to the regional context of the group of
organizations. For the purpose of this work, the survey methodology included both an interview
and a questionnaire research instrument applied to individuals deemed experts. The experts worked
for 12 organizations in the metropolitan area of Medellin, Colombia. The first inclusion criterion
for the experts was having design management responsibilities. These experts worked for

organizations that have hired a designer over the last year. Lastly, the organizations had an active
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product design project. A profile of the organizations and respondents is shown in Table 2, and the
numbers on the first column will be used to make reference to the organizations in following
sections. Organizations were chosen from a proprietary database belonging to the Professional
Services Office of a local University in Medellin. It was known before-hand they had a designer
or marketing manager that was an alumnus or alumna, and this person complied with the inclusion
criteria. However, compliant survey respondents were not restricted to this population as the

organization was free to select the respondent individual. Out of 37 organizations contacted, 12 of

them completed the questionnaire and were included in the analysis.
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Within the scope of this work, six questions from the whole set of the questionnaire were required
to assess the status of the design teams and NPD processes in the surveyed organizations to build

the agents of the model. The rest of the questions were more for demographics purposes and helped
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to populate the characteristics, and behavior of the interactive parties involved in design processes

in organizations.
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The organizations were asked how they name the area responsible for design processes. This is
important to name the design management related agent and outline its possible actions and
triggers. Five out of twelve companies already have already a design unit declared, followed by
three out of twelve managing design from the marketing function. Figure 5 shows the distribution
of denominations and supports the concept of a consumer-centered process based on the main

sources for the design requests: consumers and marketing / sales managers.
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On the design sourcing side, organizations were asked about what options they have to access
design services and where they find first-hand knowledge to improve products or develop new
ones. It was expected for organizations to have in-house designers; however, organization #11

(Natural Park Management) hired a design intern. Interns in this context are considered
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outsourcing, doing so still complied with the inclusion criterion. In Figure 6 outsourcing is the
second source of design services. Client information, creative sessions, and external analysis are
found to be key to gather information, aligned with the )--).'C/ $',(0"/0$/5 capability of design

and that is shown in Figure 6.
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One of the open-ended questions asked respondents to elaborate on the role composition of the
NPD committee. This committee meets regularly to discuss projections and assign tactical design
or front-end related tasks related to significant improvements in products. Table 3 summarizes the
responses. Regardless the type, sector, or size of the organization, a marketing manager has a seat
on the NPD committee for the surveyed organizations. However, the presence of marketing
managers and no design managers may show that the design decision-making process is often

being handled by the marketing function.
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A second open-ended question provided information on the number and nature of the steps each
organization follows to develop new products. Products and value propositions of organizations
were different; therefore, not all followed the same product development steps. A generic list of
ten steps or activities was compiled in Table 4. These ten steps provided a more inclusive list of
NPD activities based on the responses of the survey applicable to several industrial sectors. NPD
activities within the scope of this work, are defined as the steps declared by the design function as
key to the process of value creation and delivery through a product or service. A similar task-based

design structure for activity distribution was already proposed by Eppinger et al. on a seminal work

(Eppinger, Whitney, Smith, & Gebala, 1994).
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Based on the responses of the organizations, a set of agents was defined representing the main role
categories found on the reported NPD team compositions. These teams were composed of a design
manager, marketers or sales representatives, and designers. At the beginning and the end of the
generic NPD process, customer-based contact marketing actions feed information to the design
process. It will be assumed that organizations that hire designers at least have a baseline level of
design capabilities connected to their dynamic capabilities. This linkages is the base to find
measurable variables with foundations on dynamic, design, and technological capabilities to build

the agents of the model as shown on Figure 7.
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Four agents have been proposed for the model and their function in the model is to represent real
entities of the organization, either one individual or a small team with a well differentiated function
under the design-driven innovation organizational model proposed by Verganti (Verganti, 2008).
A simplified version of the block representation of agents with a single example and the

connections map can be seen in Figure 8.
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AGENT TYPE

e Attributes
e Actions
e Triggers

CUSTOMER

e o o o o o

Number of Products Owned

Time of Product Experience

Level of Satisfaction with Product
Provide Feedback About Products
Return Defective Products

Buy Products

Switch Brand

Is Product Out of Spec?

Is There a Highly Satisfied
Customer? (Word of Mouth)

Their profiles include attributes, actions, and triggers. Design leadership will be considered
compatible to different functional roles; therefore, a marketing manager could be represented by
the design manager agent. The “marketing and sales” agent is proposed to be less strategic and
more tactical and customer oriented. Figure 9 illustrates the agent map. A proposal for the
relationship of these agents to the dynamic capabilities according to Teece (D. J. Teece, 2007) is

presented and extracted from the analysis of literature and the NPD committee compositions of
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the surveyed organizations.

DESIGNER

||___—_—_—‘1_ ______

| | MARKETING / SALES

CUSTOMER

DESIGN MANAGER | |
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DESIGNER

Time of Design Experience
Am | a Freelance Expert?
Number of Active Design Task
Run Primary Research

Design Process (Product
Improvement)

Design Request from Design
Manager

Is There a Freelance Expert in

AN
LEGEND

Agent

o Attnbutes
o Actions
o Tnggers

MARKETING / SALES

CUSTOMER

the Team?

DESIGN MANAGER

Has Authority from General
Manager?

Request Product Improvement
Hire Designers and Experts
Schedule NPD Committees
Request Product Feedback
Reports

Customer Satisfaction Level
Units Sold

Time of Experience Collecting
Customer Feedback

Report Defective / Out of Spec
Products

Collect Feedback and Write

Report

Run Market Research
Warranty Requests
Customer Service Feedback
Volume

Units Sold

T

Seizing Capability

Managing Capability

o Number of Products Owned

o Time of Product Experience

o Level of Satisfaction with
Product

o Provide Feedback About

Products

Return Defective Products

Buy Products

Switch Brand

Is Product Out of Spec?

Is There a Highly Satisfied

Customer? (Word of Mouth)

Sensing Capability
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Based on the Agent map outlined in Figure 9, a computational approach to the model was
implemented. Both triggers and actions provided the interaction rules. For simplicity purposes and
because of the scale of the agent-based simulation to be implemented, a tool such as NetLogo that
includes an Integrated Development Environment (IDE) (Macal & North, 2010) met the basic

requirements.

Four simulation loop blocks are shown in Figure 10 and a full flowchart of the simulation model

containing details on these blocks is shown in Figure 11.
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: Main Product Purchase and Customer Satisfaction
Simulation Agent: [ Customer]
¢ lteration

New Customers and Churn
Agent: [ Marketing ] and [ Customer ]

Staffing
: Agents: i
[ Marketing ]
i Product Improvement
and
[ Design
Manager |

The computational application included a level of randomness in the simulation applied to
customer-base growth, customer churn, purchase likeliness, level of success of improved design,
and product defects. Product defects considered in the model are those non-critical quality
problems such as cosmetic defects or non-functional quality issues not entailing liability.
Functional-related quality it is assumed to improve when the product is improved by the design
function in coordination with the technical area of the organization. This correlation between

quality and design management was first proposed by Ahire & Dreyfus on a seminal work (Ahire

& Dreyfus, 2000).
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The customer base grows using word of mouth of satisfied customers and decreases when the
customer satisfaction level drops below a set value, or when satisfied customers acquire a value
proposition from a different organization and switch. A designer can make a decision that affects
negatively product’s acceptance, which could happen randomly. The risk of low product
acceptance can be reduced with better market and customer research; however, this effect is not
considered in the model. A customer’s satisfaction level decreases when they return defective
products, or the improvement level of the product does not match the expectations when it is out

of specifications or features are not attractive.

Four simulation loops are part of the simulation model. A full flowchart containing details on these
loops is shown in Figure 11. First loop (vertical, left) is the main simulation loop that makes the
simulation run or stop and branches to other three loops that stop when the simulation ends. The
second loop (horizontal, top) increases or decreases the number of units sold depending on the
probabilities of purchase and return arbitrarily set. Third loop (horizontal, center) increases or
decreases the number of customers depending on word of mouth customer acquisition and the
switching rate to other organizations respectively. Finally, the fourth loop (horizontal, bottom)
includes both the hiring process of designers and the product improvement cycle. The flowchart

in Figure 11 also includes a list of the configurable parameters in the simulation environment.
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All the branched processes are activated by the simulation iteration process that runs every

NetLogo computational cycle called “tick” until termination conditions are met. Probabilities

associated with customers, purchases, product defects, and the success of product improvement

processes were assigned arbitrarily but were tested empirically to keep the model within the

boundaries of validity and scale. During any given design cycle, external expert designers can

increase the design capability up to 25% compared to the 15% in-house designers can achieve. A

design cycle is defined as the series of tasks done in between two NPD committee meetings.
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The following assumptions were made regarding the agents and the model for the simulation:

¥

The company starts the first iteration with a prototype or feature-limited product, and after
the first NPD committee if average customer satisfaction is below a defined threshold, the
design team develops a new product with better or new features.

Although NPD involves engineering or more technical development activities, the model
focuses on only the design function having a coordinating effect.

Design and marketing managers will not react to the evolution of the number of units sold
in the simulation within the scope of this work.

Price as a factor and sales volume as a metric were not used in model to simplify the
simulation and make the model more inclusive to different types of business models.
Pricing analysis and market research are expected to be part of the improvement process
run by the design function although are parameters in NetLogo.

Social networking, brand, or more complex peer customer motivation effects are not
considered in the model although the word-of-mouth reach can be parametrized.

On every iteration of the simulation the design manager approves design requests made on
the last iteration (last NPD committee meeting).

Iteration counting has the sole purpose of making the simulation evolve.

The NetLogo interface including a parameter selection panel and a variable monitoring dashboard

is shown in Figure 12 and the code can be found in Annex D. Agents are represented by human-

shaped figures and can be identified by their color: design manager in orange, person responsible

of the marketing / sales function in yellow, in-house designers in magenta, external expert
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designers in white, experienced customers in green, and new customers in blue. A design cycle is

defined as the series of tasks done in between two NPD committee meetings.

The green and blue agents at the right side of the black area are the customer base, and the
interconnected agents to the left side are the design function team. In the graphical interface,
customer agents have a tag with their satisfaction level with the product from zero to one. Through
interaction on several simulation iterations the satisfaction level is different for each customer;
however, because they design a product for the majority of the customer base, the improvement
level of products achieved by designers is only one value for all customers. The scope of this
project does not consider tailor-made or unique products in the modeling or the simulation. Every
time customer agents buy a product, which may happen only once per iteration, their exposure to
the product and the organization increases. This is registered in a simulation counter called “brand-

experience” and can be considered the customer’s experience time with the brand.

Simulation Control

- [ — | N — |
UL U Product unit-price 503.82 | unit-mfg-costs 110.30 | portfolio-percent 20.0
Setup Go o LG Parameters || 5 1 | | o ——
purchase-p  0.100 | qual-def-percent 2.74
i —
max-iterations 1820 Elnanclals)
549000 o M Mfg Costs
. . 0 T Revenue
Design Side 0 1950 7 M salaries
— Customers (Count) e
action-threshold 0985 | 519 e
[ — e
designer—expertise_50 | Market Side yal I
— ! —
N | — Q
— - 0 2190
designer-impr-level 10 | injtial-market-size 199 0
ﬁﬁ | 0 1950 Profit
| ——
expert-impr-level 25 | prospects-perce... 10.0 Average Customer Satisfaction (Normalized Arbitrary Units) 318000 Profit
e e 0
| ——
i 5 F I 292533
1
churn-percent  10.0 units
- 0.903
VManagement Side -—'m 0 1950 0 1056
P y 2190
igg nire-designers? | e | Specifications Fitness (Percentage) 0
disatisf-threshold 0.80 | 100 Snecslkiness)
ic‘g NPD-Process _ 95
of Churn
I —— 4 .
npd-interval 30 . A palalies
poe e 13 83206
[ — 0 1950
t-b
(Jexpentzbonys NN 000]| Design Side (Counts)
N (— 10 [ Designers
manager-salary-month 7000 [ Design Cycles
— — M Experts Hired
designer-salary-month 5500 Ml Design Tasks
npd-time-per-week 15 | @ . —'r 1955
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A group of experienced design project leaders from Latin American industry were contacted to
evaluate the flow on 3 of the 4 loops of the simulation model. Out of 11 members total pool, 5 of
them agreed to have a videoconference call. They represent different sectors and diverse

disciplines of design. Their profiles are shown in Table 5.

7/>" QIE&,2#:'11,2);/:#5/3#,.15'1#$.18/./$'8'.31'9-'&31) |

Expert! | Country Sector Roles! Qualification: | Qualifications: Organizational
Years of Areas of Design Function
Experience! Specialty! Specialty!
P2 *&C-6<! 1086,$<.-6! @G7!>#._#%6&$! | RPS! D$<A:6,178)-%.! H.AZ)$-#017&)-%.!
SH#AQ#S&I# . Al
#440-#.68)!
A&)-%.!
R ; <0<=L-#! ;<) =88l 5 $8,-(&! RPS! /5,-),127/%! 78)%.!
; &8#=-6! 7-586,<9!
D$<A:6,)!
™ ; <0<=L-#! U-,65&. Q#$&! 7&(&0<4=¢4. ! RPS! H.AZ)$-#0078)%.! | 7&)-%.!1#.Al
D$<A:6,)! 7-$86,<$! FH$+&,- %!
i ; <0<=L-#! 9:§.-,:8&l#. Al E&.-<§! RPS! H.AZ)$-#0178)%.! | 7&)-%.!
H.,88-<817&)-%.! | 7&)-%.4&$!
W ; <0<=L-#! " A- %Al 5 $8,-(&! PX! H.,&8-<$17&)-%.! E,$#,8%1!
H.,88-<§17&)-%.! | 7-886,<§!

They were presented a slide with a process flow, and they were asked: Would you place any of
those stages on a different place? Why? Would you remove or replace any of those stages? If so,
what would you include? Their responses were registered and later compiled on a matrix, counting
how many of the respondents chose an option, or wanted to remove the stage, counted then as a
“Not Applicable” (N/A.) Each responses matrix has the presented process flow chart on the first

row on Table 6 to Table 8. A column is added to each matrix with the consensus recommendation.
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The asterisk marks those options that were suggested by at least one respondent to be removed,
and the options to be included are referenced with lowercase roman numbers on the
recommendation column. If a suggested stage matches any of the presented stages, it will be

identified with the letter associated with such stage.

Feedback from experts regarding loop number 2 from Figure 10 is presented on Table 6. This was
the most consistent in sequence, and the recommendations included adding a communicational
element to a first stage or part of stage A. Also, making a follow-up to the customer service
provided. Probably a more personalized approach to customer service, instead of a simple analysis

of reports on defective products and guaranties.
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Product Purchase Process

B.
A. Prospective C. D. E. F.
N Customers Follow-up on "
Prospective . ; Evaluation of Measure
Customer Requirement Defective Customer Customer

TP and Products and i " :
Identification Specification Guaranties Service Satisfaction

Assessment

Buying
Experience
Evaluation

1st 2nd | 3rd | 4th Sth 6th 7th | N/A | Recommendation
A. 6 |6 (! R R R R |R O)VIH)
B. R 6! 6! R R (! R R S)
C. (¢ |R (! 2l R R R |R A)
D. R R R (! 6l (! R O B)W
E. R R R (! (! 6l R o X)W
F. R R (! R 6! R 6! R !
Other 6! R R R R 6! (! R !
Suggested | i. Brand value proposal.
Stages i. Communication parameters establishment.

E. Customer Service satisfaction measurement and follow-up.

!
!
!
On the customer side, stage A. was used as to confirm if this loop was connected with NPD committee

meetings. There was no consensus and B. was a stronger option for the second stage of the loop.

Recommendations on loop 3 on Figure 10, included a branding exercise to measure how perception of the
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brand could affect the satisfaction with products, and a later stage placed as fourth to have a better
understanding of market segments an how to tackle communication with customers, between distributors
and end-users, and among customers/end-users. The order of the remaining stages was not changed and

both recommendations can be implemented on stages B. and C.
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Customer-base Building Process

B.
Evaluate customer
brand experience

reports

C.

Assess the word-of-
mouth reach and
customer network

A

Call for an NPD
Committee Meeting

D.

Measure customer
network conversion

st 2nd 3rd 4th Sth N/A Recommendation
A (! 6! (! (! R R O)IVB)IVI#)
B 6! 2! R R R R A)VIH##)
C R R 2! (! (! R B)W
D R R (! (! 6! Fu !
Other 6! R R 6! R (! !
Suggested | i. Assessment of customers’ brand top-of-mind and familiarity.
Stages ii. Customer profiling and segmentation for delivery channel
options.

!
i
On the product improvement and development loop, number 4 on Figure 10, the staffing loop was
included as a decision-making element in two stages like shown in Table 8. In this case based on
the recommendations, there was a strong case to make specification-fitness focus groups earlier in
the process. Task/workload assessment is not considered as important, although it had some

support, simultaneously an expert suggested removing both stages related to designers’ activities

and tasks review. One explanation is that if there is a design request, roles and responsibilities are
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clear during the design cycle, and hiring experts is only seen as a topic-related matter that is only

considered when there are no skills or knowledge inside the design team.
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Product Improvement and Development Process
C.
c "?‘ Rel\?i.ew Haglreosg(;gus B Maie a Asse:s the
o B | S | | measwelives | ) |anainiang | B | Sooand | || nesdol
C&neﬁgllétee cgrzplfalntt.s specifications to v{_jork_load of improvement designers or
ing anpmz:é S|va e(;:;’ set g{: t?;,s lesigners request experts
Ist | 2nd | 3rd | 4th | 5th | 6th | 7th | N/A | Recommendation
A 6 |(! [ |[R [R [R |R [R o)l
B 6 |(' |6 |[R [R [R |R [R A)IVH)
C R 2270 [ [R |[R [R S)!
D R |[R [R [( 6 [ B)WI/.5I")W
E R [R [R [( |6 [6 [R X)IVHH)
F R [R [R [ [ [ | !
Other ¢ IR [R [ |R [ [(C !
Suggested | i, Ideation and improvement opportunity search.
Stages D* and F* Outsourcing need assessment.
ii. Detail design, prototyping, and supplier selection.
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To show the response of the model, a set of three consecutive program runs in NetLogo are shown
in Figure 13 for two cases. The first one when there is no customer feedback or product
improvement/development. The second one when all agents interact to integrate customer
feedback into the product improvement, resources are allocated, and experts are hired when design
tasks level reaches a threshold. A parameter called “Base-line Improvement Factor” is introduced
to denote the base-line capacity of the design team to improve products, which is related to the

level of in-house designers’ expertise.

A second performance-related parameter used was “Minimum Acceptable Average Customer
Satisfaction” representing how low the management will let average customers’ satisfaction drop
before they take action and make a design request in the next NPD committee. Table 9 shows the
set of parameters used to obtain the simulation for the results presented in Figure 13. Three metrics
are relevant to evaluate the aggregate performance behavior of the NPD process derived from the
complex interaction of agents: customer-base size, units sold (product adoption), and average

customer satisfaction.
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PARAMETER INITIAL | RANGE UNITS
VALUE

Number of Maximum Iterations TXXX! Fi/! H,&$#,-<.)!
Number of Initial Customers PXX! Fi/! /%6 ,)!
(Prospects)
Interval of NPD Committee RWX! Fi/! H,&$#,-<.)!
(Iterations)
Baseline Improvement Factor YW! WXIZyw! /5L-,$481!
(Designer Experience Level)
Minimum Acceptable Average XTYW! XI[zZIPY | /SL-,$#61!
Customer Satisfaction

Although each run of the simulation will have a different evolution of the variables, some patterns
emerge. On the customer base side, when the design management organization is not collecting
feedback and turning it into design insights customers satisfaction will drop more quickly as shown
in Figure 13(f). The likeliness of purchase will decrease because product is out of specifications.
This could mean features or performance are not as expected. Figure 13(b) shows how the
customer base will deplete even before reaching the 3,000 iterations limit if there is no NPD
process; whereas feedback collection and product improvement after the first NPD committee

reverts the trend on Figure 13(a).

One emergent phenomenon identified during multiple simulation runs is that a sudden drop in
average customer satisfaction because of a randomness-related quality problem, may improve
customer retention, encourage growth of the customer base, and increase sales. This happened

after a subsequent improvement iteration that triggered the hiring process of a second in-house
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designer. Some other simulation runs, an external expert designer was also hired. The phenomena
is shown in Figure 13(a), (c) and (e) in the simulation run plotted with a dashed line. The drop in
average satisfaction occurs after 1,000 iterations and the system reacts after 2,000 iterations.
Although in terms of increasing units sold is not that effective, the response of the system increased

notably the customer base and indeed reverted the trend.
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Jumps in average customer satisfaction shown in Figure 13(f) are related to randomness in the

customer churn for low-satisfaction customers, which affects the average value.
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To make a comparison between diverse situations a design team can subjected to, all parameters
of the model were fixed to a setting shown in Figure 12. Only two parameters were changed to
evaluate six different scenarios: Interval of NPD Committee meetings, and designers base-line
experience. Other three parameters are shown in Table 10 as standard parameters and scale
indicators. Two specific situations will be included in the scenarios: A broad difference in baseline

designer experience level, and three different committee meeting intervals.
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MAIN PARAMETERS UNITS Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
Number of Maximum
H,&$#,-<.)! PPXX! PPXX! PPXX! PPXX! PPXX! PPXX!
Iterations
Number of Initial
/%6 ,)! PXX! PXX! PXX! PXX! PXX! PXX!
Customers (Prospects)
Interval of NPD
H,&8#,-<.)! " # " # S S &% &%
Committee (Iterations)
Baseline Improvement
Factor (Designer /3L-,$481! "Oott &'# 'Ot &'# 'Ot &'#
Experience Level)
Minimum Acceptable
Average Customer /5L- $#$1! XIY\! XY\! XY\! XY\! XY\! XIY\!
Satisfaction
!
>20 @% VP! V! VRX! VX! il VR[!
Average Units Sold
>?0 @BB RYPI ! RYWI P! RYT! !
>?0 @% AR\[X! APPL[JV! AY] ]w PPV_YTP!! AT\WWR!! PPV_VP[!!
Average Profit -
>?0@BB | Arpngn | Appy Pyl AL\ PUVI! AP[LR\P! ALTUXVI! APT X]X!
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The simulation was run multiple times for a single scenario, obtaining a number for each metric

every time the simulation reached the number of iterations. This whole cycle is called a “game”,

and the compilation or results is called a simulation space for the scenario. Therefore, data for each

scenario is composed of multiple games. For the purpose of demonstrating the response of the

system, metrics for a hundred games will be recorded and statistics will be calculated. As two

extreme cases for the designer baseline proficiency, those will be taken as positive (+) and negative

(-) simulation scenarios. A “business as usual” (BAU) scenario requires specific data fed from a

single sector, and there will be as many BAUs as companies and sectors there are. Traces for the

maximum, average, and minimum values for a set of games in a scenario are displayed in Figure

14 for the “profit” metric and Figure 15 for the “cumulative units sold” metric.
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From the comparison it can be observed that product performance is lower when a junior designer

is in charge of the improvements and re-design after introduction in the market. One interesting
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finding is that the relationship between design cycle length and performance is not proportional
and depends on the experience of the designers. If there is a junior designer, on the average
response a 30 day cycle seems to be better than 14 or 90. For experience designers, the shorter the
cycle, the better in the profits side of the scenarios, because they can respond faster with better
improvement performance when re-designing products, and will get to a better product in the first
number of iterations. Although, from the units sold perspective that is not the case and response is
very similar to a junior designer. Probably the customers in the system are slow to respond, to a
better product and recommend to others, displaying certain level of inertia. This customer inertia
could be happening simultaneously to a better acceptance and specifications fitness because

quality standards are kept the same.

Units Sold After 1,100 days
(100 Simulation "Games" per Cycle Length)

700
600 _ o °
c — —
. 500 BB Junior (Max)
__________________ - .
% 400 e e --B-- Junior (Avg)
2 w00 —_— . —a— Junior (Min)
P I —_— i
g Experienced (Max)
5 --B-- Experienced (Avg)
100 B —&— Experienced (Min)
0
14 days 30 days 90 days

Design Cycle Length (Not on time linear scale)

"#EUN&B)A,8-/1&#1,.1,2!11#8%:/3#,.1,%3+,8'112 &4AZ\ #31!*,:5[18'3&#+134'18,5".12,&!?15#22'&'. 3188#33" |
8' '3#.$12&'C%" . +#/15! 6!5'1#$.'&!1'9-'&#' . +':";"1 |

62



E## 27/<.'67,0!).7-('67,0 !

To test the validity of the simulation and calibrate de response of the metrics, a comparison to real-
life data must be made. Real life brings two key opportunities: Metric and time scale validation.
With a time-series of any known metric the amount of iterations per day, week or month can be
established if there is a match with the simulation outcome. An open access sales numbers dataset
for the leading TV brand in Bangladesh (Ambia, 2016) was used for this purpose. Although the
source of the dataset was known (Walton Technology, Inc.) the products were recoded, so specific
models could not be related to data. Over one hundred models were included in a database by the
compilator —a manager within the company— comprising sales from 2014 through 2016. Five
models were selected because their sales behavior in time presented differentiated trends. Five
time series corresponding to the same number of models can be found in Figure 16. Model M98
was picked because it displays an adaptive behavior and a response to a change by the company

around month 17, and they were able to improve their sales outcome considerably.

Validation Dataset for 5 Walton TV Models
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After a first inspection of data there is a behavior evolution which nature can be deducted because
there are two extreme situations. On the lower side of sales performance there is a saturation
behavior, that may be attributed to three possible causes: obsolescence, serious quality issues, or
product cannibalization that outdated product features. In any of these cases, the specification

fitness of the product to customers is compromised.

A controlled way to achieve this behavior in the NetLogo model simulation is create a systemic
quality defect that makes the product unfit to the customers, either discouraging purchase or
causing a large number of returns. Three quality defects percentages were found to reproduce the
effect seen on the five products selected: 1%, 2.74% and 9%. An extra level was added to show an
almost ideal scenario of high specification fitness: 0.01% or six-sigma levels, keeping in mind
these are not products used on critical processes or activities that require more stringent standards.
A prospective customer base between 130 and 220 was found suitable and reproduced the sales
levels at the end of an arbitrary number of 720 iterations, to be close to the number of days in 24

months. A chart presenting the simulation generated data is shown in Figure 17
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As model M98 was of interest out of the selected TV sets of the dataset, because it presented an
adaptive behavior it was assumed it was the only case in which there was a product development
process after the introduction of the products in the market. Therefore, the NPD process could be
activated in the simulation to find that emergent behavior. A dozen runs were made with the
following parameters: Prospect base size = 220; prospect conversion percentage = 10%; word-of-
mouth reach = 10; churn percent = 10%; purchase probability = 0.1; quality defects percentage =
2.74%; minimum satisfaction index (threshold) = 0.98. Results of the simulation runs are presented

on Figure 18.
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12 Simulation Runs for M98 Product Scenario
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A friendlier representation of a busy chart like the one on Figure 18 is taking the maximum value,
the minimum value, and calculating the average of all runs, no matter the number of games of the
set. This strategy is very similar to the display of scenarios on the previous section and displays a
probable solution space for the simulation under the parametrization used. A side-by-side
comparison of simulation scenario for product M98 and the original real-life dataset is shown in
Figure 19, and a responsive behavior on the average plot line, similar to the behavior of product
MO8 is displayed. Also, compared to product M29 in Figure 17, there is a better performance and

emergent improved behavior on the units sold metric.
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Under the simulation conditions, an aggregate behavior related to the improvement in the design
process was observed as a reactive action of the organization to an increasing number of
dissatisfied customers. Dissatisfaction can be related to team errors, including designer mistakes
that ultimately affect adversely total time of the product development project, introducing re-
processing which is a phenomenon already reported by Zhang et al. (X. Zhang et al., 2009). Hence,
the number of customers and units sold are indirect metrics of the performance of the design unit
to improve the product acceptance in the market. Adding a feedback data collection process of the
customers’ perception of the product features, quality, and functionality, also has a positive effect
in product acceptance in the simulated model. The validation of the positive effect of a customer-
centered NPD process over the overall performance of products was part of the research objectives

and has been already described in literature (Hertenstein et al., 2005).

The ABM-based simulation shows the variation on the design capacity and allows the qualitative
evaluation of the level of responsiveness of designers and the whole design function as an adaptive
system. Compared to the results obtained by Jafari Songhori et al. (Jafari Songhori, Tavana, &
Terano, 2019), adaptiveness and responsiveness rely on the agent organizational structure, and not
only on diversity of teams of each NPD function represented by agents. Simulation handles the
design function’s tasks performed by the different types of agents and the possibility of setting

initial conditions, triggers, and actions provided enough flexibility to adapt the agent-based model
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to the design management framework. Similar adaptive behavior has been reported in literature,
linked to market dynamics and the ambidexterity on the NPD approach of the organization (Chou

& Kimbrough, 2016).

Reading sales in an organization and comparing with the simulation results can trigger agile
product improvement processes, that can be combined with prediction analysis. These analysis
and processes have implications in quality, resource allocation, and product updates, and related
decision-making. Information to take action can be found through social media analysis and fed in
models like the one proposed. This model and simulation become a tool that can provide
information on life-cycle stages, triggering frequent updates, and it can be based on a diversity of
product signals and metrics. This model allows the organization to take action rearranging,

reassessing and recalling products, based on customer insights on product acceptance.
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The developed agent-based model brings a framework to design tangible goods and services.
Simulation scenarios allow design management professionals to have a better perspective on the
level of coordination on the NPD process combining design, engineering, and operational
activities. Empirical explorations in the simulated model and the model itself provide opportunities
to find alternatives to enhance business performance and design capability, and explanations on
what factors cause changes in the innovation outcomes. Parametric approaches to simulation using
sector-specific data from organizations will provide precision on the scenario creation phase,

useful to consultants and policy makers to propose industry and regional strategies.

The assessment of aggregate behavior through simulation will provide guidance to managers on
different processes such as setting hiring rules, customer feedback collection, or selecting NPD
time intervals. Guidance based on simulation will contribute to an overall improvement of the
design organization and its design capabilities. The results on the responsiveness of the
organizational model to product signals and customer insights, are promising for prediction

analysis of product update frequency planning, resource allocation, life-cycle stage analysis.
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The modeling approach developed contributes directly to the body of knowledge of strategic

management of product development. As both model and simulation deal with the complex
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analysis of the systems involved, they are a suitable framework to build grounded theory. This
theoretical construction requires the proposition of sector-specific hypothesis and parameters to
build scenarios to be analyzed. Also, a product and service taxonomy can be applied to the
theoretical analysis using the same model proposed. This work also extends design management
theory into modeling and simulation approaches based on frameworks developed from empirical

case-study research done in the last four decades.
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This research used a general model based on general design management models. This is a
limitation of the current model. More research is required to provide additional details on the
agents and the model to test the validity of the agent map in different industries. The definition of
agent profiles can benefit from further research on single industrial sectors, and new types of agents
may be identified for specific design intensive industries. The Agent-Based Modeling and
Simulation (ABMS) method can be compared to other modeling and simulation methods such as
system dynamics, artificial neural networks, or fuzzy networks. Future work will include the
assessment of the advantages or limitations of each method for the case of the design management
framework applied to NPD processes. The assumptions in this work are derived from interviews

with topic experts.

Limited validation was performed, and this will be extended in future work. Also, some
phenomena like customer churn or product defects were introduced in the simulation. A more
rigorous assessment of the complexity and variables that make up such phenomena is subject to
ongoing research. Real data from different industries and from longitudinal studies such as sales
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data, design project development statistics, and customer satisfaction surveys could be used to
enhance the calibration and accuracy of the model. Moreover, feeding customer feedback from
different sources, including social media, to train and fine-tune Machine Learning and Artificial
Intelligence modules connected to the simulation loops, is a technical possibility that can be

explored.

72



"2",2*1%154: '

Acklin, C. (2011). The Absorption of Design Management Capabilities in SMEs with Little or
No Prior Design Experience. K).#"0, 6(4). Retrieved from
https://archive.nordes.org/index.php/nl3/article/view/90

Acklin, C. (2013). Design Management Absorption Model: A Framework to Describe and
Measure the Absorption Process of Design Knowledge by SMEs with Little or no Prior
Design Experience. B."&'$>$'",(&/#(S/)>&'$)/(+&I&5™:"' , =H2), 147-160.
https://doi.org/10.1111/caim.12022

Ahire, S. L., & Dreyfus, P. (2000). The impact of design management and process management
on quality: an empirical investigation. V)C./&4()2(W-".&'$)/0(+&/&5":"I" , 6X5), 549-575.
https://doi.org/10.1016/S0272-6963(00)00029-2

Ahmad, M. W., Mourshed, M., Yuce, B., & Rezgui, Y. (2016, August 1). Computational
intelligence techniques for HVAC systems: A review. 2C$4#$/5(;$:C4& 'S singhua
University Press. https://doi.org/10.1007/s12273-016-0285-4

Ahrweiler, P. (2017). Agent-based simulation for science, technology, and innovation policy.
;%$"/"):".$%0, 66H1), 391-415. https://doi.org/10.1007/s11192-016-2105-0

Ambia, A. (2016). TV Sets Forecasting | Kaggle. Retrieved April 21, 2020, from
https://www .kaggle.com/nomanvb/tv-sales-forecast

Amit, R., & Zott, C. (2015). Crafting Business Architecture: the Antecedents of Business Model
Design. ;'.&"5%$%(O/'"-."/"C.03%-(V)C./&4 G4), 331-350.
https://doi.org/10.1002/sej.1200

Barney, J. (1991). Firm Resources and Sustained Competitive Advantage. V)C./&4()2(

+&/I&5™"" , 6@1), 99—-120. https://doi.org/10.1177/014920639101700108

73



Bersini, H. (2012). UML for ABM. V)C./&4()2(E.'$2$%3$8&4(;)%3$"$"0(&/#(;)%$&A(;$EHR'S)/
https://doi.org/10.18564/jasss. 1897

Best, K. (2006). !"0$5/(:&/&5":"I" ¥ (:&/&5%$/5(#"0$5/(0".&™5,1(-.)%"00(&/#($:-4":"'&'$)[
AVA Academia.

Best, K., Kootstra, G., & Murphy, D. (2010). Design Management and Business in Europe: A
Closer Look. !"0$5/(+&/&5":"]  '(7">$"F, =6(2), 26-35. https://doi.org/10.1111/j.1948-
7169.2010.00062.x

Betz, F. (2002). Strategic Business Models. O/5%/"".$/5(+&/&5":"I'(V)C./I&4 , 6<1), 21-28.
https://doi.org/10.1080/10429247.2002.11415145

Betz, F. (2011). +&/&5%$/5(""%3/)4)5$%&4($//)$RZ(%):-"$'$>"(&#>&/'&5"(2.):(%3&/5Wiley.

Bonabeau, E. (2002a). Agent-based modeling: methods and techniques for simulating human
systems. 8.)%""#$/50()2('3"(K&'$)/&4(E%&#":,()2(;%$"/%"0()2('3"([/$"#(;'&"0()2(E:" $%&
GG(;C--4(Auppl 3), 7280—7287. https://doi.org/10.1073/pnas.082080899

Bonabeau, E. (2002b). Predicting the unpredictable. \&.>&.#(?C0$/"00(7">$"FXH3), 109-116,
134. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/11894379

Bonabeau, E., Bodick, N., & Armstrong, R. W. (2008). A more rational approach to new-product
development. \&.>&.#(?C0$/"00(72$"F XL(3), 96-102, 134. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/18411967

Bonnardel, N., & Zenasni, F. (2010). The Impact of Technology on Creativity in Design: An
Enhancement? B."&'$>$',(&/#(S/)>&'$)/(+&/&5""I" , 6G2), 180-191.
https://doi.org/10.1111/j.1467-8691.2010.00560.x

Borja de Mozota, B. (2003). Design and competitive edge: A model for design management

excellence in European SMEs. !"0$5/(+&/&5":"/'(V)C./I&4 , =(1), 88—103.

74



https://doi.org/10.1111/J.1948-7177.2002.TB00014.X

Borja de Mozota, B. (2006). The Four Powers of Design: A Value Model in Design
Management. "0$5/(+&/&5™:"/'(7">$"F , 6@2), 44-53. https://doi.org/10.1111/.1948-
7169.2006.tb00038.x

Borja de Mozota, B. (2018). Quarante ans de recherche en design management : une revue de
littérature et des pistes pour I’avenir. ;%$"/%"0(!C(1"0$5/6(7), 28-45. Retrieved from
https://www.cairn.inforevue-sciences-du-design-2018-1-page-28.htm

Borja de Mozota, B., Valentine, L., & Nelson, J. (2016). The Value of Design Research. N3"(
I"0$5/(V)C./&4 6@G2), 187-193. https://doi.org/10.1080/14606925.2016.1129238

Bruce, M., & Bessant, J. R. (2002). !"0$5/($/(9C0$/"0€(0".&"5$%($//)>&'$)/('3.)C53(#"0$5/
Design Council/Prentice Hall.

Bruce, M., Cooper, R., & Vazquez, D. (1999). Effective design management for small
businesses. "0$5/(;'C#3$"0, =H3), 297-315. https://doi.org/10.1016/S0142-694X(98)00022-
2

Bruce, M., & Morris, B. (1994). Managing external design professionals in the product
development process. N"%3/)>&'$)/ 6<9), 585-599. https://doi.org/10.1016/0166-
4972(94)90041-8

Byers, T. H., Dorf, R. C., & Nelson, A. J. (2014). N"%3/)4)5,(R"/'C."0Z(P.):(S#"&(")(O/".-.$0"
(4th ed.). McGraw-Hill Education.

Canada, A., Mortensen, P., & Patnaik, D. (2010). Design Strategies for Technology Adoption.
I"0$5/(+&/&5™"'(7">$"F , 6X4), 32—-41. https://doi.org/10.1111/.1948-
7169.2007.tb00092.x

Candi, M. (2007). The role of design in the development of technology-based services. "0$5/(

75



;'C#$"Q =X6), 559-583. https://doi.org/10.1016/J.DESTUD.2007.04.004

Cao, D. X., Zhu, N. H., Cui, C. X., & Tan, R. H. (2008). An agent-based framework for guiding
conceptual design of mechanical products. S/"./&'$)/&4(V)C./1&4()2(8.)#C%'$)/(7"0"&.%3
<L(9), 2381-2396. https://doi.org/10.1080/00207540701737724

Chappin, E. J. L., & Afman, M. R. (2013). An Agent-Based Model of Consumer Lighting. In
ES"/' NA&O"#(+)#"443/5()2(;) Yo" %3/$%&4(;,0" @p. 181-200). Dordrecht: Springer
Netherlands. https://doi.org/10.1007/978-94-007-4933-7 6

Chappin, E. J. L., & Dijkema, G. P. J. (2013). An Agent-Based Model of CO2 Policies and
Electricity Generation. In E5"/* N&O"#(+)#"443$/5()2(;) Yo" %3/$%&4(;,0" @p. 201—
219). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-94-007-4933-7 7

Chiu, M. C., & Tsai, C. H. (2020). Design a personalised product service system utilising a
multi-agent system. E#>&/%"#(O/5$/"".$/5(S5/2).:&'$%0A 101036.
https://doi.org/10.1016/j.2e1.2020.101036

Chiva-Gomez, R. (2004). Repercussions of complex adaptive systems on product design
management. N"%3/)>&'$)[ =<9), 707-711. https://doi.org/10.1016/S0166-
4972(02)00155-4

Chiva, R., & Alegre, J. (2007). Linking design management skills and design function
organization: An empirical study of Spanish and Italian ceramic tile producers.
N'%3/)>&'$)[ =@10), 616-627. https://doi.org/10.1016/J. TECHNOVATION.2007.05.015

Chiva, R., & Alegre, J. (2009). Investment in Design and Firm Performance: The Mediating Role
of Design Management. V)C./&4()2(8.)#C%'(S//)>&'$)/(+&/&5":"', = (4), 424—-440.
https://doi.org/10.1111/j.1540-5885.2009.00669.x

Chou, C., & Kimbrough, S. O. (2016). An agent-based model of organizational ambidexterity

76



decisions and strategies in new product development. B):-C'&'$)/&4(&/#(+&'3":&'$%&4(
W.5&/$]&'$)/(N3").,, =X(1), 4-46. https://doi.org/10.1007/s10588-015-9195-8

Chouki, M., Borja de Mozota, B., & Persson, S. (2018). Les compétences des designers en
question : quelle alchimie ? +&/&5":"/'(NE>"1$. , G@l), 63.
https://doi.org/10.3917/mav.099.0063

Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (2004). Benchmarking Best NPD Practices—
. 7"0"&.%8"%3/)4)5,(+&/&5":"[" , <@®), 43-55.
https://doi.org/10.1080/08956308.2004.11671662

Dell’Era, C., Altuna, N., Magistretti, S., & Verganti, R. (2017). Discovering quiescent meanings
in technologies: exploring the design management practices that support the development of
Technology Epiphanies. N"%3/)4)5,(E/&4,080("(;'.&"5%$%(+&/&5":"/, =G2), 149—-166.
https://doi.org/10.1080/09537325.2016.1210785

Dell’Era, C., & Verganti, R. (2010). Collaborative Strategies in Design-intensive Industries:
Knowledge Diversity and Innovation. 1)/5(7&/5"(84&//$/5 , <A1), 123-141.
https://doi.org/10.1016/J.LRP.2009.10.006

Dickson, P., Schneier, W., Lawrence, P., & Hytry, R. (1995). Managing Design in Small High-
Growth Companies. V)C./&4()2(8.)#C%'(S/)>&'$)/(+&/&5":"I', 6X5), 406-414.
https://doi.org/10.1111/1540-5885.1250406

Dijkema, G. P. J., Lukszo, Z., & Weijnen, M. P. C. (2013). Introduction. In E5"/" N&0"#(
H)#'44%$/502(;) %0 PN "%3/$%&4(;,0":@p. 1-8). Dordrecht: Springer Netherlands.
https://doi.org/10.1007/978-94-007-4933-7 1

Du Plessis, M. (2007). The role of knowledge management in innovation. V)C./&4()2(_/)F4"#5"(

+&I&5™"" , 66(4), 20-29. https://doi.org/10.1108/13673270710762684

77



Easterby-Smith, M., Lyles, M. A., & Peteraf, M. A. (2009). Dynamic Capabilities: Current
Debates and Future Directions. ?.$'$03(V)C./&4()2(+&/&5":"/, =H S1-S8.
https://doi.org/10.1111/j.1467-8551.2008.00609.x

Eppinger, S. D., Whitney, D. E., Smith, R. P., & Gebala, D. A. (1994). A model-based method
for organizing tasks in product development. 7"0"&.%3($/(0/5%/"".$/5(1"0$5/L(1), 1-13.
https://doi.org/10.1007/BF01588087

Erichsen, P. G., & Christensen, P. R. (2013). The Evolution of the Design Management Field: A
Journal Perspective. B."&'$>%",(&/#(S/)>&'$)/(+&/&5":"' , ==2), 107-120.
https://doi.org/10.1111/caim.12025

Fernandes, R. Q. K., Cavalcanti, V., & De Andrade, A. M. (2017). Design management in the
toy industry: Case studies on design insertion for the development process in Brazilian toy
companies. ;'.&"5$%(!"0$5/(7"0"&.%3(V)C./&8H3), 230-240.
https://doi.org/10.4013/sd1j.2017.103.05

Fernandez-Mesa, A., Alegre-Vidal, J., Chiva-Gomez, R., & Gutiérrez-Gracia, A. (2013). Design
management capability and product innovation in SMEs. +&/&5":"/'(1"%$03$)/ , J6(3),
547-565. https://doi.org/http://dx.doi.org/10.1108/00251741311309652

Galli, F., Pino A., B., & Suteu, I. (2017). Adaptive Thinking for Design Leadership. Coaching
adaptive capabilities to empower next visionary leaders. N3"(1"0$5/(V)C./&4=Hsupl),
S4183-S4196. https://doi.org/10.1080/14606925.2017.1352917

Garcia-Valdecasas Medina, J. I. (2011). La simulacion basada en agentes: una nueva forma de
explorar los fendmenos sociales. 7">$0'&(00-84&(#"(5>"0'$5&%3$)/"0(;) %e8H8% &OAL
https://doi.org/10.5477/cis/reis.136.91

Garcia, R. (2005). Uses of Agent-Based Modeling in Innovation/New Product Development

78



Research. V)C./&4()2(8.)#C%'(S//)>&'$)/(+&/&5":"', =<(5), 380-398.
https://doi.org/10.1111/j.1540-5885.2005.00136.x

Gehani, R. R. (2011). Individual Creativity and the Influence of Mindful Leaders on Enterprise
Innovation. V)C./&4()2(N"%3/)4)5,(+&/&5":"'("(SI)>&'$)/ , L(3), 82-92.
https://doi.org/10.4067/S0718-27242011000300006

Gerlitz, L. (2016). Developing a Design Management Model for Innovating SMEs in the Context
of Regional Smart Specialisation. 7"0"&.%3($/(0%)/):$%0(&/#(?C0$/"00Z(B"/".&4(&/H#(
0&0™.J(OC.)-", X2). Retrieved from http://rebcee.cu/index.php/REB/article/view/91

Gerlitz, L., & Prause, G. (2017). Design Management As a Driver for Innovation in SMEs.
_SIHEP(+&I&S""I'(T">$"F , 6(5), 41-59.

Giannoccaro, 1., & Nair, A. (2016). Examining the Roles of Product Complexity and Manager
Behavior on Product Design Decisions: An Agent-Based Study Using NK Simulation. SOOO(
N.&/0&%'$)/0()/(O/5$/™" . $/5(+&/&5™"" , LA2), 237-247.
https://doi.org/10.1109/TEM.2015.2510031

Glen, R., Suciu, C., Baughn, C. C., & Anson, R. (2015). Teaching design thinking in business
schools. N3"(S/"./&'$)/&4(V)C./I&4()2&/&5""I'(O#C%&'S)/, 6A2), 182—192.
https://doi.org/10.1016/J.1JME.2015.05.001

Gloppen, J. (2009). Perspectives on Design Leadership and Design Thinking and How They
Relate to European Service Industries. !"0$5/(+&/&5":"/'(V)C./1&4 , <(1), 33-47.
https://doi.org/10.1111/j.1942-5074.2009.00005.x

Gomes, G., & Wojahn, R. M. (2017). Organizational learning capability, innovation and
performance: study in small and medium-sized enterprises (SMES). 7">$0'&(#"(

E#:$/$0'.8bC) , J=(2), 163-175. https://doi.org/10.1016/J.RAUSP.2016.12.003

79



Gomez-Cruz, N. A., Loaiza Saa, 1., & Ortega Hurtado, F. F. (2017). Agent-based simulation in
management and organizational studies: a survey. OC.)-"&/(V)C./&4()2(+&/&5":"I'(&/#(
?C03%$/"'00(0%)/):$%66L(3), 313-328. https://doi.org/10.1108/EIMBE-10-2017-018

Gorb, P. (1986). The business of design management. !"0$5/(;'C#$"0, @2), 106—110.
https://doi.org/10.1016/0142-694X(86)90023-2

Grubic, T., Varga, L., Hu, Y., & Tewari, A. (2020). Micro-generation technologies and
consumption of resources: A complex systems’ exploration. V)C./&4()2(B4"&/".(8.)#C%'$)/
=<@119091. https://doi.org/10.1016/j.jclepro.2019.119091

Guan, J., & Ma, N. (2003). Innovative capability and export performance of Chinese firms.
N"%3/)>&'$)! =A9), 737-747. https://doi.org/10.1016/S0166-4972(02)00013-5

Hack, A., Prause, G., & Maknyte, L. (2013). Design Management and Branding for SMEs:
Experiences from the DesignSHIP Project. In T. Muravska & G. Prause (Eds.), OC.)-"&/(
SI"5.&'$)(&IH(?&A4'$%(;"&(7"5$)/(;' CHE(Y/$>".0$'MC0$/"00(8&.'/".03%-('3.)C53("'3"(
N.$-4"(\"43$Q(E--.)&%3*(R)4C:"(®P*129-148). BWV Berliner Wissenschafts-Verlag.

Hemonnet-Goujot, A., Manceau, D., & Abecassis-Moedas, C. (2019). Drivers and Pathways of
NPD Success in the Marketing-External Design Relationship. V)C./&4()2(8.)#C%'(
SIN>&'$)/(+&/I&5""I" , AL(2), 196-223. https://doi.org/10.1111/jpim.12472

Hertenstein, J. H., Platt, M. B., & Veryzer, R. W. (2005). The Impact of Industrial Design
Effectiveness on Corporate Financial Performance. V)C./&4)2(8.)#C%'(S/)>&'$)/(
+&/&5™"" ,=H1), 3-21. https://doi.org/10.1111/j.0737-6782.2005.00100.x

Hitt, M. A., Ireland, R. D., & Hoskisson, R. E. (2016). ;".&"5$%(:&/&5":"I" ¥ (B):-"'$'$>"/"00(
N&:-d(e4)9&4%]&'$)/(B)/%"-'0 (12th ed.). Cengage Learning.

Iduarte, J. T., & Zarza, M. P. (2010). Design Management in Small- and Medium-Sized Mexican

80



Enterprises. !"0$5/(S00C",G=L(4), 20-31. https://doi.org/10.1162/DESI_a 00041

Jafari Songhori, M., Tavana, M., & Terano, T. (2019). Product development team formation:
effects of organizational- and product-related factors. B):-C'&'$)/&4(&/#(+&'3":&'$%&4(
W.5&/$]&'$)/(N3").,, 1-35. https://doi.org/10.1007/s10588-019-09302-8

Jennings, N. R. (2000). On agent-based software engineering. E.'$2$%$&4(S/"44$58% ),
277-296. https://doi.org/10.1016/S0004-3702(99)00107-1

Juan, Y.-C., Ou-Yang, C., & Lin, J.-S. (2009). A process-oriented multi-agent system
development approach to support the cooperation-activities of concurrent new product
development. B):-C".0("(S/#C0'.$&4(T6$/".$/5 , J@4), 1363-1376.
https://doi.org/10.1016/J.CIE.2009.07.004

Kaplan, R. S., & Norton, D. P. (1996). Linking the Balanced Scorecard to Strategy. B&4$2)./$&(
+&I&5""I(7">$"F , AGl), 53-79. https://doi.org/10.2307/41165876

Kiesling, E., Giinther, M., Stummer, C., & Wakolbinger, L. M. (2012). Agent-based simulation
of innovation diffusion: a review. B"/'.&4(0OC.)-"&/(V)C./&4()2(W-".&'$)/0(7"(&.%3=H2),
183-230. https://doi.org/10.1007/s10100-011-0210-y

Lai, W. H., Lin, C. C., & Wang, T. C. (2015). Exploring the interoperability of innovation
capability and corporate sustainability. V)C./&4()2(?C0%$/'00(7"0"&,.%084), 867-871.
https://doi.org/10.1016/j.jbusres.2014.11.043

Lee, H., Lim, J., Lee, K., & Kim, C. O. (2019). Agent simulation-based ordinal optimisation for
new product design. V)C./&4()2('3"(W-".&'$)/&4(7"0"&.%3(;)%ED3), 502-515.
https://doi.org/10.1080/01605682.2018.1447250

London, J., & Sheikh, N. J. (2019). Building a socio-technological innovation system for african-

american owned enterprises: Calibrating the agent-based model. In 8SB+ON(=H6M(

81



8).'4&/H#(SI".1&'$)/I&4A(B)/2"."1%" () (+&/&5":"I'()2(O/5%/"".$/5(&/#(N"%3/)4)5,Z(
N'%3/)4)5,(+&/&5":"I'($/('3"(T).4#()2(S/"44$5"/'(;,0":01(8.)%""#$/50. Institute of
Electrical and Electronics Engineers Inc. https://doi.org/10.23919/PICMET.2019.8893718

Macal, C. M. (2016a). Everything you need to know about agent-based modelling and
simulation. V)C./&4()2(;$:C4&'$)6H?2), 144—156. https://doi.org/10.1057/j0s.2016.7

Macal, C. M. (2016b). Everything you need to know about agent-based modelling and
simulation. V)C./&4()2(;$:C4&'$)6H?2), 144—156. https://doi.org/10.1057/j0s.2016.7

Macal, C. M., & North, M. J. (2010). Tutorial on agent-based modelling and simulation. V)C./&4(
)2(;$:C4&'$)[ <(3), 151-162. https://doi.org/10.1057/j0s.2010.3

Maciver, F. (2011). Comprehending the Evolving Leadership Role of the Consultant Designer in
the New Product Development Process in Mature Product Categories. !)%").&4.
https://doi.org/10.21427/D7460H

Malerba, F., Nelson, R., Orsenigo, L., & Winter, S. (1999). “History-friendly” models of
industry evolution: the computer industry. S/#CO0"'.$&4(&/#(B).-).&"(B3&/5"X(1), 3—40.
https://doi.org/10.1093/icc/8.1.3

Marquez Caifiizares, J. C., & Haces Atondo, G. (2017). An approximation to the design process
as a dynamic capability in manufacturing small and medium enterprises: A multiple case
study. ;".&"5%$%(!"0$5/(7"0"&.%3(V)C./&8H2), 105-116.
https://doi.org/10.4013/sd1j.2017.102.03

Marquis, J., & Deeb, R. S. (2018). Roadmap to a Successful Product Development. SOOO(
O/5%/"" . $/5(+&/I&5™:"I'(7">$"F , <L(4), 51-58.
https://doi.org/10.1109/EMR.2018.2884275

Miller, K., & Moultrie, J. (2013). Delineating Design Leaders: A Framework of Design

82



Management Roles in Fashion Retail. B."&'$>$',(&/#(S/)>&'$)/(+&/&5":"' , =H2), 161-
176. https://doi.org/10.1111/caim.12024

Nikolic, I., & Kasmire, J. (2013). Theory. In E5"/* M&O"#(+)#"44%/5()2(;) o) "% 3/$%&4(;,0":0
(pp- 11-71). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-94-007-4933-
72

O’Reilly, C. A., & Tushman, M. L. (2008). Ambidexterity as a dynamic capability: Resolving
the innovator’s dilemma. 7"0"&.%3($/(W.5&/$])&'$)/&4(?"3&>8X 185-206.
https://doi.org/10.1016/J.RI0B.2008.06.002

Pals, N., Steen, M. G. D., Langley, D. J., & Kort, J. (2008). Three Approaches to Take the User
Perspective Into Account During New Product Development. S/™./&'$)/&4(V)C./1&4()2(
SIN>&'$)/(+&I&5™"" , 6403), 275-294. https://doi.org/10.1142/S1363919608002023

Pavlou, P. A., & El Sawy, O. A. (2011). Understanding the Elusive Black Box of Dynamic
Capabilities. !"%$0%)/(;%$"/%0'@=<(1), 239-273. https://doi.org/10.1111/j.1540-
5915.2010.00287.x

Pei Breivold, H., & Rizvanovic, L. (2018). Business Modeling and Design in the Internet-of-
Things Context. In =H6X(SOOO(66'3(S/"./&'$)/&4(B)/2"."/%"()/(B4)C#(B):-C'$/5(
fBIW[!'g (pp. 524-531). IEEE. https://doi.org/10.1109/CLOUD.2018.00073

Porter, M. E. (1998). B):-"$'$>"(0".&"5,Z(N"%3/$hC"0(2).(&/&4,]$/5($/#CO(&/#(%):-"'$").0 .
Free Press.

Powell, N. B. (2006). Design management for performance and style in automotive interior
textiles. V)C./&4()2('3"(N"Q'$4"(S/0'$G@ ), 25-37. https://doi.org/10.1533/j0ti.2005.0166

Rai, V., & Robinson, S. A. (2015). Agent-based modeling of energy technology adoption:

Empirical integration of social, behavioral, economic, and environmental factors.

&3



O/>$.)/:"I'&4(+)#"44$/5("(})2'F&." , @HI63-177.
https://doi.org/10.1016/J. ENVSOFT.2015.04.014

Rand, W., & Rust, R. T. (2011). Agent-based modeling in marketing: Guidelines for rigor.
S/".1&'$)I1&A(V)C.1&4()2(7"0"&. %3 ($/(+&. U"'$EX3), 181-193.
https://doi.org/10.1016/J.IJRESMAR.2011.04.002

Rosales, C. R., Whipple, J. M., & Blackhurst, J. (2019). The Impact of Distribution Channel
Decisions and Repeated Stockouts on Manufacturer and Retailer Performance. SOOO(
N.&/0&%'$)/0()/(O/5$/"".$/5(+&/&5™"" , LL(3), 312-324.
https://doi.org/10.1109/TEM.2018.2835653

Sheikh, N. J., Tenney, D., London, J., & Zapata-Roldan, F. (2020). N"%3/)5,(+&/&5":"/'(
+&0".(P.&:"F).U( f[/-C94$03"#g Bridgeport, CT, USA.

Sun, Q., Williams, A., & Evans, M. (2011). A Theoretical Design Management Framework. N3"(
I"0$5/(V)C./&4 6<(1), 112-132. https://doi.org/10.2752/175630610X12877385838885

Sun, Z., Lorscheid, 1., Millington, J. D., Lauf, S., Magliocca, N. R., Groeneveld, J., ...
Buchmann, C. M. (2016). Simple or complicated agent-based models? A complicated issue.
O/>$)/:"I'&A(H)#"44$/5("(})2'F&." , XL 56-67.
https://doi.org/10.1016/J. ENVSOFT.2016.09.006

Takeuchi, H., & Nonaka, I. (1986, January). The New New Product Development Game.
\&.>& #(?C03$/"00(7">$"H37-146. Retrieved from https://hbr.org/1986/01/the-new-new-
product-development-game

Teece, D. J. (2007). Explicating dynamic capabilities: the nature and microfoundations of
(sustainable) enterprise performance. ;'.&"5$%(+&/&5":"/'(V)C./I&4, =X13), 1319-1350.

https://doi.org/10.1002/smj.640

84



Teece, D. J. (2010). Business Models, Business Strategy and Innovation. 1)/5(7&/5"(84&//$/5 ,
<A2-3), 172—-194. https://doi.org/10.1016/J.LRP.2009.07.003

Teece, D. J. (2018). Business models and dynamic capabilities. 1)/5(7&/5"(84&//$/5 , J6(1), 40—
49. https://doi.org/10.1016/J.LRP.2017.06.007

Teece, D., & Leih, S. (2016). Uncertainty, Innovation, and Dynamic Capabilities: An
Introduction. B&4%$2)./$&&/&5""I'(7">$"F , IN4), 5-12.
https://doi.org/10.1525/cmr.2016.58.4.5

Verganti, R. (2008). Design, Meanings, and Radical Innovation: A Metamodel and a Research
Agenda. V)C./&4()2(8.)#C%'(S/)>&'$)/(+&/&5":"", =J(5), 436-456.
https://doi.org/10.1111/j.1540-5885.2008.00313.x

Verganti, R. (2009). "0$5/ M.$>"/($//)>&'$)/Z(B3&/5$/5('3"(.C4"0()2(%):-"$'$)/(9,(.&#$%&44,(
$/)>&'$/5(F3&'('3%/50(:"&/. Harvard Business Press.

Veryzer, R. W., & Borja de Mozota, B. (2005). The Impact of User-Oriented Design on New
Product Development: An Examination of Fundamental Relationships. V)C./&4()2(8.)#C%!'(
SIN>&'$)/(+&/I&5""I' , ==2), 128-143. https://doi.org/10.1111/j.0737-
6782.2005.00110.x

Wang, C. hsien, Lu, I. yuan, & Chen, C. bein. (2008). Evaluating firm technological innovation
capability under uncertainty. N"%3/)>&'$)[ =X6), 349-363.
https://doi.org/10.1016/j.technovation.2007.10.007

Wang, J. X., Tang, M. X., Song, L. N., & Jiang, S. Q. (2009). Design and implementation of an
agent-based collaborative product design system. B):-C".0($/(S/#CO0'., , LH7), 520-535.
https://doi.org/10.1016/J.COMPIND.2009.03.001

Wolff, F., Capra, A., Dutra, F., & Borja de Mozota, B. (2016). Double-Loop Design

&5



Management Model. In =H'3(!+SZ(E%&#":$%(!"0$5/(+&/&5":"['(B)/2"."I%" (p. 11).

Wynn, D. C., & Clarkson, P. J. (2018). Process models in design and development. 7"0"&.%3($/(
O/5%/".$/5(1"0%$5/ , =@2), 161-202. https://doi.org/10.1007/s00163-017-0262-7

Zaffar, M. A., Kumar, R. L., & Zhao, K. (2014). Impact of interorganizational relationships on
technology diffusion: An agent-based simulation modeling approach. SOOO(N.&/0&%'$)/0()/(
O/5%/" . $/5(+&/&5™:"I" , L&(1), 68—79. https://doi.org/10.1109/TEM.2013.2259495

Zapata-Roldan, F. (2017). Design capabilities in software innovation settings. In 8SB+ON(=H6I(
8).'4&/#(S/".1&'$)/I&4A(B)/2"."1%" () (+&/&5":"I'()2(O/5%/"".$/5(&/#(N"%3/)4)5,Z(
N"%3/)4)5,(+&/&5":"'(2).("3"(S/".%)/"%"'#(T).4#1(8.)%""#$/50 .
https://doi.org/10.23919/PICMET.2017.8125394

Zhang, H., & Vorobeychik, Y. (2019). Empirically grounded agent-based models of innovation
diffusion: a critical review. E.'$2$%$&4(S/"44$5" /%" (7I=H'"F; 707-741.
https://doi.org/10.1007/s10462-017-9577-z

Zhang, T., & Zhang, D. (2007). Agent-based simulation of consumer purchase decision-making
and the decoy effect. V)C./&4()2(?C0%$/'00(7"0"&,. 1438), 912-922.
https://doi.org/10.1016/J.JBUSRES.2007.02.006

Zhang, X., Luo, L., Yang, Y., Li, Y., Schlick, C. M., & Grandt, M. (2009). A simulation
approach for evaluation and improvement of organisational planning in collaborative
product development projects. S/"./&'$)/&4(V)C./1&4()2(8.)#C%'$)/(7"0"&.%&01 3), 3471
3501. https://doi.org/10.1080/00207540802356770

Zhang, X., Zhang, S., Li, Y., & Schlick, C. (2012). Task scheduling behaviour in agent-based
product development process simulation. S/"./&'$)/&4(V)C./&4()2(B):-C™.(S/"'5.&"#(

+&/C28%'C.$/5J(10), 914-923. https://doi.org/10.1080/0951192X.2011.596223

86



1))-2'"

IRB Exemption Request Survey Annex

@H#3%9-1'A3-#$2*))12%- '

Project: A Design Management Agent-Based Model for New Product Development

PI: Felipe Zapata-Roldan (PhD Candidate in Technology Management)

School of Engineering

ENGLISH VERSION

SPANISH VERSION

INFORMED CONSENT (Based on UB HRP-574
Template)

|

74].=112 &I++'-3#.$134#11#. 48B!

|

74'1-%&-,1'1,2134#11&'1'/&+4!-&, '+31#113,1+4/&/+]
15! [I:<F' 341 13/3'1 2! -&,+11'1"! 8'34,51! a!
8'34,5,,$#'11/.5!34'#&!8/./$'8'.31#.1,&$ | #F/3#,.1
&'$/I85#.$!34'1#8-&,,'8'.3"1+&'/3#,.!/.5!5";":,-8'.3!
21-&,5%+31)1 74# &N/ & +41-&, '+31>1#81+, 5%+3'5
><I "™:#-'l b/-13/ W,:5/.! /1! /! E4B! *3%5'.3! /3! 34'l
\#;'&1#3<!,21S&#5$'-,&3)!C,%!/&'1#.;#3'513,1-/&3#+
#.1 34#1) &'1'/&+4! -&, '+3! >'H% ! /&' -/&3! 2! /!
>01#.'1113/81&"/3'5!3,15'1#$.1-&,+'11'11#.1<,%&! &
1118/./$'& ).

|

C,%&! -/&3H+#-I3H134#11 &'1'/&+41 13%5<!#1!;,:%.
C,%! 8/<!+4,,1'.,31 3,1 -/&3#+#-/3)1 J21 <,%! 5'+#5'1 3
-|&3H+#-13'1#.134#11&'1'1&+41 1%&;'<"1<,%! 8/<! O#3
131/.< 13#8)1J21<,%!5"+#5'1. 313, 1-/& 3#+#-/3'1#.134#1!
[&I#21<,%10#3458/0!2& ,8!-/&BH#$!/3/.<!3#8"1<,%
O#t::1.,31>'-" [:#F'5) |

|

T4 -8, +'5%& #.;,: 11 2#:#.$1 1.1 1.1 1%8&;'<! 34/3!
O#::1 3/="1 /--&,9#8/3"<! DG! 8#.%3'1)! ¢, %&! &'1-,.1'
O#::1>'1+, . 2#5' 3#/:1/.510'15,1 ., 31 +,::'+31#5' . 3#2<#.$!

#.2,&8/3#,.1 1%+4! /11 <,%&! ./8"1'8/#:1 /55&'11! ,QE]

CONSENTIMIENTO INFORMADO

!

d&/+#/11-,&!/+'-3/&1:/'#.;#3/+#d.)

!

O:l /& '131 2,&8%:/&#,! C%'l +,.3#."1 6Q
-&'$%.3/171 %13'5"1 #.#+#.1 1%! -/&3#+#-/+#e.
'"13%5#,! 51 +/&/+3'&#F/+#e.! 51 '13/5,! &' :
-&,+'1,1°1:,11813,5,11a!8'3,5,:,$9/1!<!:/1$'13#e.!
5'113,115'.3&,!5':/11, &$/ #F/+#,.'1"1+,.1&'1-'+3,!
N8 &+& +#e <15'1/&&,::,15'-&,5%+3,1)!
!

T,1! &'1%:3/8! 5" '13/1 +/&/+3'&#F/+#e.l <1 5/
"3&"#13/1! &'+,:'+3/5/1! 1'&h.! [./#F/5,1! +,8,!
-1&3'5'1%.1-&,<'+3,15' l#.;'13#$/+#e.!-/&3'15%./
3'1#115,+3,&/:15":/\ #;'&1#5/5!5' 1 S&#5%$'-,&3)

!
T/I'.3&"#13/15%5/&h!8'.,155'1DG!8#.%3,1!<!"'13
#.4:9<115,15T 1 " +9%'13/)! XL +%/:Co%H
8,8'.3,! -0’5 5'1#13#&! 5" -/&3#+#-/&! '] 13/
#.;'13#$/+#e.11#.1-'&_%o#+#,1/:$%.,)

!

7,511 ;11 5/3,11 &'+,:'+3/5,1! 1'&h.! 3&/3/5,1! 5
2,&8/" +,.2#5' +#/:! <! 1#! 4%>#'&' :%$/&! /!
-%>#+/+#e.’! 1'4/&h! 5'1 2,&8/1 /$&'$/5/! <!
/., #8#F/I5/)L,15%5" .I'.1+,.3/+3/&.,1!".1+/1,!
3/:1513".'&15%5/11+,.1&'1-'+3,1/:1-&,<'+3,)!

!

87



/55&'11)! 74" 1%&;<C%'13#,.1! 0#::! >'l />,%3! ¢
8%:3#-¥r4 #+'1 /51 G! ,-'. Y.5'51/.10'&! &'$/&5#.$!
<,%8&!5'1#$.!-&, '+3!'9-'&#'.+)
!
It O#::! 5,1 ,%&! >'13! 3,! ="-I <,%&! #.2,&83#,.!
+,.2#5".3#/:)10::15/3/1#1113,&'5!#.1/1-/110,&5!-&,3'+3
"'+3&,.#+12,&8/3)!17 4':-1-&,3'+31<,%& !+ 245" 3#/:#34
34" 1%&;'<1! O#::! ., 3! +,.3/#.1 #.2,&8/3#,.! 34/3! 04
-'&1,.1: <5 . 3#2<1<,%)174'1&'1%:31!,2!134#1113%5<
2%1'5!2,&! 1+4,:/&:<!-%&41,.:<! /.51 8/<! >'1 14/&'5!
O#34N\#;'&1#3<!,21S&#5$'-,&3!&'-&'1".3/3#;'1)
!
J2!<,%! 4/ [ <! C%'13#,.1! />,%F'R'1'/&+4! 13%55
-'11"+,.3/+312F/-/3/&i8<)>&#5%'-,&3)'5%!
!
74#1! &'1'/&+4! 4/1! >".! &"#0'5! [++,&5#.$! 3,
\#;'&1#3<!,21 S&#5%'-,&3! IMS!-&,+'5%&&"&'1'/ &+
#.;,:#.$14%8/.11%>_'+31)!
!
XTXATMLIATAJL*XL7UIE:/1"1%'+3! <,%&!+4 #+
>".0) !
!
A#+=#.9!,.13'1k/$&"k!>%33,.I>":,01#.5#+/3'1134/3U!
!
1'<,9%!4/;'1&'/5134'[>,:"1#.2,&8/3#,. !
I'<,%!:,:9%.3/&#:<1/$&"!3,!-/&3#+#1/3'
['<,9%Y/&"/31:'/1316(!<'/&1!, 25" |
|
J21<,%!5,!.,310#14!3,!-/&3#+#-/3"1#.134'1&'1'/&+4'1
1N 5+ ) -[&3HHH-I3#,.] ><! +#+=#.$!! 34"
k5#1/$&"k!>%33,.)
!

ol /$&"!

o! B#1/$&"

|
A&5#/:8'.3" |
|
"D/-I3NH.; ! 134$/5,8IE&H /]
2" #-)FI-13/1%->)'5%)+, !
|
!
>>> THIS PART MUST BE INCLUDED TO
COMPLY WITH THE COLOMBIAN LAW
ON ELECTRONIC PERSONAL DATA
PROTECTION (NATIONAL LAW 1581/2012)
AND THIS TEXT BELOW IS A STANDARD
DISCLAMER  FROM  PONTIFICIA
BOLIVARIANA UNIVERSITY<<<
|
T/ \#'&1#5/5! E,.3#2#+#/1 S, #/&H.N +8,!
&'1-,.1/>:'1 51 3&/3/8#.3,1 5'1 3,11 5/3,1! C%'l /!
3&/f1! 5 8'5#,11 5#$#3/'1! || 2g1#+1! .11 4
“&8#3#5) [:8/+./&1 | 5 /C%':, 1! C%' -,&!
&'2&H5,11 4811 #.+:%6#5,1 .| 9%'138&/1! >/1'1!
5/3,1°1".14968-:#8#'.3,15' :1'13/>+#5,!- &1 /1!
L&8/11#$.3'1UI T'<! (GP(! 5' 6R(6'! <! B'+&'3,!
(PNN!5'16R(?! 5' -/t M-m>:#+/1 5 A2 8>#/1 1
1, #+#3/11%/%3, &HF/+e.1-1&/\834&Y:8/+ /& !
+H#8+%:/&) <! %1/&! 1%1! 5/3,1! '&1,./"11 1'$
"13/>1+#5,1 .11 Z@/. %/ #.3'&.,15' -, :g3# H11 <!
- & +'5#8#.3,11 -/&/! "I 3&/3/8#.3,! 5'! 5/3,1!
“&1,/M1) C%' %5 1'&! +,.1%:3/5, '
433-Uaa000)%->)'5%)+,a5/3,1-'&1,./'1al *#! 3
#.CY%H 3% 5+, /11 1' -%'5'] + 8% #+/&! +,.!
2" #-)FI-I3/1%->)'5%)+,! *%1! 5/3,1! Lj! 1'&h.!
%1/5,11 +,.1 2#.'11 51 8&+/5', 1 1 +,8 '&+#/:'1l <
1'&h.!1 3&/3/5,11 5" 8/.'&/! AL"IBXLAJOT! - &!
38/3/&1'15'1%.1-8,<'+3,15'1#.; 13#$/+#E.)
|
NO+'-3/1 /11 +, 5#+#,/11 5 +, 2H#5' +#/#5/5! <!
- [&3#+#-1&)" 11" 13%5#,0
|

ol *g

ol L !
|

(1

7<-'1,21 &%/ #F/3#,.
o! E&#;/3"alE%:#+
o! d,;/'&.8.3IM:/3'5 !
ol L,. ¥&,2#3
o! j34&U!pppppppphp

L/3%&/:'F/15':/'8-&'1/ !
ol E&#/51
o! d%>'&./8'.3/1alX13/3/:1alX.3'!
5'1+'.3&/:#F/5]
ol @#93/
ol *#.h#8,51:%+&)
o! |3&/'pppPPPPPPPPP
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6! | *#F' 7/8/q,15":/I'8-&'1/ !
o! *8/ :! o! @#+&,
o! @'5#%8 o! E'C%'qgf
o! T/&$' o! @'5#/./!
o! B,1L,3l/--< | o! d&/.5'!
o! j34'&U!pppppAp ol L, /-#+/!
o! | 3&,(!ppppppPpPpPPPPPP
2| 7<-1,21-&,5%+31 7#-,15"-&,5%+3,1
o! @/.%2/+3%&'5!$,,51 o! S#.'118/.%2/+3%&/5,1
o! ",5lals';'&/$'1 ! o! O:#8.3,11alS>#5/1
o! B'1#$.1*&;#+'1! o! *'&#+#,115'1B#1'q!
o! A#3#F.I*&#+'11Hd,;'&.8".3*'+3,&I! o! *&#+#,11/:1+#%5/5/.,IH1'+3,&!$,>#'&.,
o! 14,'1/al*%--#'& ! o! B#13&#>%+#e.lal@/<,&#13/
o! MS3/#! o! A8&+#/#F/+#e.lal™ 3/lalM'3/#:1al
o! A,.1%:3/.+4 @#.,&#1B/
o! X5%+/3#. o! *&#+#,11'8-&'1/&#/:'1I<IA,.1%:3,&Y/
o! A, .3.3lal@'5#/'H.'01-/-'&1"18/$/F#.'1"! o! X5%-+/+#é.
>, $1°1I'3+)! o! A,3.#51al@'5#,11H&";#13/"-'&#e5#+
o! O%5#,#1%/:1+, .33 H2AB=#.$"! >, $'1'3+)1
/5;'&3#1'8".3°, &7 ! o! E&,5%+3,11/%5#,#1%dA 4.
o! *230/&"a!B#$#3/:!E&,5%+311H$/8'11/--1"] -%>:#+#5/5!,17M
0'>1#3'1"1'3+) o! *230/&'alE&,5%+3,1I5#$#3/:'"11H_%'Y
[--17V1#3#,110'>"1'3)H
D | A#3k A#H%5/b
|
a | *3/3! B'-/&3/8'.3, |
|
SECTION 1 - DESIGN MANAGEMENT PARTE 1 - GESTION DEL DISENO
K | J.1<,%&!,0.10,&51°14,010,%:5!<,%!52#."|BX*JdLo! | X.!11%1!-&,-#,1!3f&8#.,B-:#C%'IC%f!'.3#'.5'11%
J1134'&'/15#22€!10#34!175';":,-8'.3[0!B, '11#3! &9/ tF/+#e - &BI*Xrj)Ins/<!/:$%./!
[--:<I13,11'&;#+'1d S5#2'&' +#/1+,.125'1/&&,::,[oIn*''93#'.5']
3/8>#IN1'&;#+#,1b
N B,'11<,%&!, &$/ #F/3#,.14/;' |\ 1-'+#[#F'5/&'['al%.8! | nT/|,&$/.#F/+#e.!+%'.3/1+,.1%.1h&'/!
_%13!12,&!5'1#$.0 "1-'+#/#F/5/!'.I"13'8/I5'15#1'q,0 !
ol c1! ol *d
ol L, ! ol L, !
! !
P | 14#+41,2134'2,::,04£.815,!<,%8&!,&$/ . #F/3#,.1%1'104".!| nO!+%h:!,1+%h:"115':/111#$%#'.3'1!,-+#,."1!

5'1#$.11'&;#+'11/&'1&'CY%#&'50
J.¥,%1'15'1#3.1-&,+'11
j9631,%&+#.$10#3415'1#$.1+,.1%: 3/.+<IP#4§
s#&'12&"/.+'&1
SH&'I5'1#$.'&11# .5#&'+Bi#! 1,%&+H.$I

J-'.1+,8-"3#3#,.1 !
A,8-'3#3#,. 1I><I#.;#3/3#,)
j22#+#/IM"B1

!
!
!
[
VL I3, !
!
!
!
[

j34'&U!ppppppppip

[+%5"1/:1&'C%'&#&!1'&;#+#,115'15#1'q,0

I E&,+'1,I5'15#1'g,1#.3&.,IH#.M¥,%1'l!

I 7T'&+'&#F/[+#e.1+,.I'8-&'1/1!
HA3&/3/+#e.l+,.1,-'&/+#e.1'93'&./I !

I 7T'&+'&#F/+#e.1+,.15#1'g/581!
728&"/.+T !

I J.1,%&+#.$1HA, . 3&/3/+#e.l+,.] -'&/+#e
#.3'&./

I J.,/+#e l/>#'&3/!

I A, +%&1,1!/>#&3,11H-m>:#+,11

&9



A,.+%&1,11+'&&/5,11H-,&#.;#3/+He.|
TH+#3/+#e.

! j3&/!pppppPPPPPPPPPPRP
Q | J1B4'&'/).) &S/ #F/3#,.18'8>'&!&'1-,.1#>:"12,&!34'] nX9#13"".1:/V, &%/ #F/+#e.1%./'-'&1,./"".+/&$/5/!
5'1#8$.1-&,+'11d '1-'+g2#+/8'.3'15:13'8/15'15#1'q,0 !
ol c1! ol *¢d
ol L,! ol L,!
|
(R | 741&,:"1,2134#1!1-'&1,.14+/.1>"15'1+&#>'51/1U X:1+/&$,1513/1-'&1,./13#"."1/:$%./15":/1!
ol @/.I1%$'& 1#$%#'.3'115". ,8#./+#,.'1U
o! B-%3<!@/./$'&! ol d&'.3'!
ol "E! o! *934'&'.3'!
ol B#&'+3)& ol M+'-&'1#5'.3'!
o! A, &5#./3,& o! B#&'+3,&H/I
ol *%-'&;#1,& o! A, &5#./5,&H/
ol T/5&! o! *0%-'&;#1,&HlV
ol A.1%:3/.3 ol Tg5'&
o! 0O.:<13 ol A,.1%:3,&HVI
o! A4#2'B'1#3$.'& o! O.:#13l
o! j34'&U!'ppppppp! o! B#1'g/5,&H/!_'2
o! j3&,'ppppppppPPPPPAP
((! ] B,"1134/&''34#11-'&1,.1#11&'1-.1#>:"12,&!14/;1] <! nX:!Ih&'N'C%':#5'&/'13/!-'&1,./'3#'."/:$%./'5']
,21342,:: 0#.$15'1+&#-3#,.1U J1V1#$%#'.3'115'. ,8#./+#,."10!
o! B'1#%.! o! B#l'qg,!
ol J..;/3#,. ! ol J.;/+#e. !
o! @/&="3#.% o! @'&+/5'1al@/&="3#.5%
ol A&/3#; ol A&/3#:/
o! X.$#."&#.$! o! J.$#&g/
ol *'11 ol AS8&+# ]
o! MtB ! o! JVB
o! S&/.5#9% o! S&/.5#9%
o! *3&/3'$& o! X13&/3'$#/
o! E/.#3$! ol E:'[+#e. !
o! B}:,-8.3 ! o! B'1/&&,:,!
o! j34'&U!pppppppppp o! j3&/UbpppppppppppAp
|
(6! | 14#+418'8>'&!,&!8 '8>'&1!,2134'13'/81/&'! Nu%#f.!,1C%#f.'115'.3&,!5":'C%#-,!alh &'/ 11"

&'1-,.1#>:"12,&!./:<F#.$!-& 5%+3!#.2,&8/3#,.0
| S%1#.'111j0.'&!
I dU81@1I$& !
I AEL&IO&N@].I$'& !
| \#31@/./$'& !
| T#.1alS&/.51al0++,%.3!@/./$&
L A+3#,1al@/&="3!@1./$'8
I 0./:<131dD11#13A3
I BY:-'&lalE&,$&/88'& !
I J.3&!
! j34'&U'ppppprr!

,+%-/.15"-&,+'1/&!,1#.3'&-&'3/&!:/1#.2,&8/+#e.!
5'1-&,5%8!$".'&/5/0 !

E&,-#'3/&#,

d'&'31$".'&/: |
*0>1$'&'.3'11,15#&'+3,&'115'Th&'/
v'2'115'15'-/&3/8'.3, !
v'2'115'Tg. Nal@/&+/'alA%'. 3/
V'2'15'A,++#e lal@'&+/5,!
O./:#13/11al0%9#:#/&'1
B'1/&&,::/5,&'11alE&,$&/8/5,&'L
E&/+3#+/.31
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! j3&,U!pppppp

(?! | J1134'&"/.1'9- :#+#31/.51=.,0!-&,+'1112,&!#5'/1/.5! NX9#13".1%-&,+'1,!15'+:/&/5,!5'-&#,&#F/+#e <!
8/&="3!,--,&3% #3#'1!1":"+3#,!0 1'++#e15'1#5'/11al,-,&3%.#5/5'119'
ol c1! 8'&+/5,!"11%! &%/ #F/+#e.d
ol L,! ol *g¢
! ol L,!
!

(D! | J1134'&"/1.'0!-&,5%+3!,&!-&,5%+3!#8-&,;'8".3! nX9#13'1%.1+,8#3fIC%"11'l&'m./1-/&/1-&,-,.'&!
+,88#33" 134/31%1'11+%13,8'&!2"5>/+=12,&8!34"1 | 1,:%+#,.'1'1.%";,1!-&,5%+3,1!,18'_,&/1
8/&='30! (&1 &M18'&+/5,1,1/11%11+:#".3'1b

ol c1! ol *d

ol L,! ol L,!
! !
!

(G | 14/3! 8'8>'&1!,2134') &%/ #F/3#,.1/&'1#.134#1] nu%fl+/&$,113#'.".1/11-'&1,./1!C%'+,.2,&8/.!":!
+,88#33"0! +,8#3folH*#!. |- #+/1- &12/;,&1#.$&'1'LaCl
! PPPPPPPPPPPPPPPPPPPPPPPRPP
PPPPPIPPPPPPPPPPPPPPPPIP ! .

SECTION 2 - PROJECT MANAGEMENT PARTE 2 — GESTION DE PROYECTOS

(K! | B,'"1I<,%&!,&$/.#F/3#,.14/;'1/'8'34,512,&!-&,5%8 n*%!,&$/ #F/+#e.|3#'.'/:$%./18'3,5,:,$g/!-/&/!
1-'+#2#+/3#,.1$/34'&#1$0 N5'2# #+#te  1'13/>+#84#'.3,1,1:",/.3/8#'.3,!5'!

ol c1! "1-'+#2#+[+#,.'1189-&,5%+3,0
ol L,! ol *d
! ol L,!
!

(N!' | E:'/1" 5'1+&#>"134"1-&,+'11!13,1$/34'&!-&,5%+3! B'1+&#>/1-,&!2/;,& In+%h:1'111%!-& ,+'5#8#'".3,!
1-'+#2#+/3#,. 11#.1<,%&! &%/ #FI3#,. -1&N5'2# #& 1'13/>:'+'&1,1:",/.3/&!

! "1-'+#2#+/+#,.'115'-&,5%+3,!".11%! ,&$HHHe.d
PPPPPPPPPPPPPPPPPPPPPPPHPP PPPPPPPPPPPPPPPPPPPPRP
|
(P! | B,'1I<,%&!, &%/ #F/3#,.1%1"/.<!13,,:1,&!8'34,5,:,$<! n\1/.! /:$m.1#.13&%8".3,!,!8'3,5,:,$g/!-/&/!
2,& EMjvXAT7I1"'+3.0 ! -&i#,&#tF/+#e I1<I1"'++#e 15T EMjcXAT7j*d
I *j7 ! I @/3&#B"O !
I X9-'&31 I A.1%:3,&g/1+,.1'9-'&3,1
I EX*7XT! I O.h#1I#1IEX*7AT
I OskE! I O.h:#1#1!_'&h&Q%t#H+,
Io*+' [&#,1] I O.hi#1#1!- &1+ /&#11
I E&N2/1#>#:#3<I*3%5#'1 I X13%5#,1!5'-8/+3#>#:#5/5
I "#./.+#/11011'118".3! I O.h#1#112#./ +#K,
I *3/3#13#+/:1@'34!51 I @f3,5,1"13/5g13#+,1
I E,&3'&wW1!"#;"" &+I1 I "%'&F/11+,8-" 3#3#,11
I S/:/.+'5*+ &'5IA/&5 | I S//.+'5*+ &'TAI&S !
I j34" &U!ppppppppppibpp I j3&,U!ppppppppppbp
|
(Q | B,'1I<,%&!, &%/ .#F/3#,.1%1"*7OBOMB!5'1#$.! n*1&#%$'.1-,&18'3,5,:,$9/1X*7XLBOM!-/&/!

-&, '+318/./$'8'.318'34,5,.,$#'10 !
ol cl!

$'13#e.15'-8,<'+3,115'15#1', 0
ol *g
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ol L ! ol L,!
! !
6R | J2!<,%&!/. 183,134 &";#,%1!1C%'13#,.10/1lyc'Iw’! | *#1:/1&'1-%'13/!/:/1/.3'&#,&!-&'$%.3/12%'! -, 1#3#
=11 +31118/ . <1<, %& ), &%/ #F/34#,.1%1'U -, &!12;, &1 ++#,.1:$3%. /15" /111 #3$%#".3'1!
| E@QNYE@Sjz ! ~-+H,.1U!
I jL\ABJ ! | E@QNYE@Sjz !
I T, $#+1"&/8'0,&=! I jL\ABJ !
I JE@O I @/&+,!:e$tH,
| EB@Q I JE@O
I J7JT | EB@Q
I T/.1@'34,5,;,$#'1 ! I J7aT
I *#OI*#$8/! I @'3,5,,$g/1IT"/.1-/&/'5'1/&&,::, !
I J*!6(GRR I *#OI*#$8/!
I HMOBI!M/-#5!0--:#+/3#,.1B";":,-8'.3 ! I J*!6(GRR
I HM\EI'M/3#,.:\#2#'5!E&,+'11 I HMOBI!B'1/&&,::,!Mh-#5,15'l
I HEMJLAX!@B&, '+311JL!A,.3&,::'5! O-:#+/+#,.'1!
X.#&,.8'.31 ! I HM\EI'E&,+'1,\#2#+/5,IM/+#,./]
I j34'&U!ppppppdp I HEMJLAX!6I'E&,<'+3,1!"1X.3,&1!
A,.3&,:/5,1!
! j3&/U!pppppppp
6(! | B'1+&#>"134'113"-1!<,%&!,&$/.#F/3#,.12,::,0113,1-:/.1| B'1+&>/"19%.1:#13/5,!5"-/1,11+,.1'+%3#;,1°1:/!
#8-:'8".371/.51+,.3&,:1&'1,%&+'1)! 2,&8/,1-&,+'5#8#".3,1C%'1%3#:#F/11%!
! &P #F[+HHe &V &N > U= #2#+[+#e.
PPPPPPPPPPPPPPPPPPPP! AV +%+#e 1< 1+,.3&,:15':,11&'+9%6&1,1)
|
PPPPPPPPPPPPPPP
|
66! | ]4'&'34'15'1#$.1&'C%'131!+,8'12&,8d nB'5,.5'"-&,;#."1:,1!' +/&$,1!5'5#1'q,0 !
I O&'@/.1$'&1'H,34'&18.1B'1#$.!/.5! I v'2'115'h&'N'5#2&".3'11/1:/115'IB#1'q,!,!
@/&="3#. 4 @'&+/5', !
I @/&="3#.$!,&/:"11@/./1$'&1! I vi2'L1I5#&'+3,&!5h&''5'@'&+/5',,!
I B'1#3.!1@/./1$'& ! A,8'&+#:!
I d.'&1@/./$'&"'@/./1$'&! & E&'1#5'.3 ! I v2'L15#&'+3,&!5Th&'B'IB#1'q, !
I T,$#13#+11A4/#.1E/&3!'&1 I B#&'+3,&!$.'&/:71$'&'.3',1-&'1#5".3'15']
I *0h--#'&1 A& #FI+#el
I A&, &I3#;TA# .31] I B#13&#>%#5,&'1!,!+/5"./1:,$g13#+/
I X.5¥%01'&1+,.1%8'&!,&!+%13!8'& I E&,;"5,&11,1+/5'./1511%8#.# 134,
I A#H.3'14+,&,&/3#;,1
bA#H.312#.171+,.1%8#5,&!,1%1%/RH#,
67 | B,'1134'11/8'-'&1,.134/31&'C%'13!34'15'1#$.]_,>! nX:18#18,!/$'.3'"1C%'!".+/&$/!":15#1'q,!"LIC%#".!
[-&,;'1 3'1,%3+,8'0! [-&%'>/1":15#1'q,!12#./:d
ol cl! o! *d
ol L,! ol L,!
! !
60 | ]4/31,2134' 2,::,0#.9!5,+%8'.3118/="11/I5'1#$ .! nA%h.5,!1'+,.+&'3/1%.!".+/&$, 1 +%H1 !5, 1!

&'C%'13!,22#+H#/:.0
I

1#$%#'.3'115,+%8".3,111'1$".' &/ 1-/1&/I# #+#/&)/!
" '+%+#e.15"1-&,<'+3,b
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A/1%/:1X9+4/.$'"H*@*1)4/310--"1J@"'3+)!
X8/#:!

*#%$.'51T'33'&!1,&!@'8, !

S&#21B,+9%83!

@"3#.$'L,3'1!
T'$/:1B,+%8'.3!HA,.3&/+3!,&!0%$&"8".3I!
E%>:#+!B,+%8'.3!,2M"E!*":'+3#,.|[E&,+'11
j34'&Upppppppph

I L#.$%.,!

I \I18.1/ "#.2
8".1/_'&#/"'+3&e #+/1'3+)l

A &&'\""+3&e #+!
A/&3/1,18'8,&/.5,12,&8/:12#&8/5,
S&#'P

O+3!
B,+%8".3,l:'$/:IH+,.3&/3,,!1+,.;" #

L3/,
! j3&,U!ppppppppipp

, &8/ IH*@*"1]4/31/--"!

O+3/I-m>#+/1,1&'1,:%+#e.I511""++#e.!

NA,8,!-:/ #2#+/1:/15%&/+#e. 1<I1'+%'.+#/15':/1!

6G | s,015,1<,%!1+4'5%:"/.5!-:/.1 - &, '+31/+3#;#3#'10
I M,%$4!X13#8/3#,.!HL,!M'+,&5I 5#2'&'.3'11/+3#;#5/5'115"1-&,<'+3l0
I O+3#;#3<IT#13!HS,/&5IL,3'>,,="1'3+)l I X13#8/+#e.11%> '3#;/IH1#.1&'$#13&,1
I *+4'500:"|B#/$&/8!H7#8"#." | @#.58/-1"! I T#13/5,I'1+&#3,!5'/+3#3tBIH".1%.!
715113+ 3/>:'&,1"1%.1+%/5'&.,"1'3+)]
I *-&'/514"3 1J.+:%5#.%5!",&8%:/1 | B#/$&/8/+#e.l:#>&'I5'+&,.,$&/8/1!
I 7#8"#."@/./$'8'.3%,230/&' ! H8/-/118".3/:'1 7 1+/1#::/11<1F >:/17I'3+))
| @#+&,1,23!E&, '+3!H,&!*#8#:/& E&,5%+3 I s, /15'1+h:+%:,!+,.12e&8%:/1!-/&/11%8/
I XME 5L 113#8-,11
I j34'&U!ppppamp! I *230/&"-/1&/":9."/115 "13#'8-, !
| @#+&,1,23'E&, '+3!H,!1#8#:/&'1l
I XME
! j3&/Upppppppppppp
SECTION 3 - PRODUCT MANAGEMENT PARTE 3 - GESTION DEL PRODUCTO
6K | 14'.134'15"1#3.1/&'/!-&,;#5'11#.2,&8/3 #.13,!134'1/&'" | B%&/.3'"11%8#.#13&,!5'1#.2,&8/+#e.!/1h&'/!
#8-:'8".3#.$a8/.%2/+3%&#.$!34'-&,5%+37104/3!-/&3 '.+/&$/5/!5':/I#8-:'8".3/+#e. Inu%f!-/&3"15" /!
34'#.2,&8/3#,.1."511+,&&'+3#,.1! &!#8-&,;'8".30 | #.2,88/+#e.1&'C%#'&'1+,&&'++#,.'11,18" ,&l10
o! 0O:l ol 7,51
ol @,13!,21J3 o! T/8/<,&gl!!
o! *8'E/&3! o! O:$%.h
ol O*g/. :I"&/+3#,] o! \./189.#8/1-/&3" |
ol L. ! o! L#.$%./!
6N | s,0I'22#+#' . 31#11<,%&!, &P/ #F/3#,.13,1/++'RL1-+3! | nu%f13/.I"2#+#'.3''1!:/! &S/ #F/+#d-/&/|/++'5'&!
&":/3'54#.2,&8/3#,.0'HE:'/1'1+4'+=134"12,:: O#.$!?! N:1#.2,88/+#e.1&'2'&'.3'/:! -&,<'+3,0'HE,&!2/;,&
C%'13#,.11 &' #1/&V: /1 1#3%#' .3'11?1 -+#,.11
6N/ | 7,1&"#'0'#8-:'8".3/3#,.a8/.%2/+3%&#.$!#.2,&83#,.! | O:1&"#1/&!:/\#.2,&8/+#&/&/'#8-:'8".3/+#e.!
<,%&!,&$/ #F/3#,.)/++'111#31#.U [++'5'/11 #.2 &8/+#e. " U
ol @#.9%311 o! @#.%3!1
o! s5,%&1 o! s,&/1!
o! OIB/kL&@,&" o! \.15g/,!18h1 !
ol ON'=,&@,& ! o! \./11'8/.'18h1 !
I
6N*| 7,1+ &&'+3152'+3115'3'+3'5!>'2,&'134'1-&,5%+38@M! | O:1+,&&p#&!'&&,&'115'3'+3/5,11/.3'1!5'!

34'18/&="31<,%&!, &$/ #F/3#,.1/++'111#.2,&8/3#,.1#.U
ol @#.%31
o! s,%&1

+,8'&+#/ #F[+#e |/++'5'1/1:[\#.2 &8/+#e.!'"U

o!
o!
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Prior to data collection from experts a review is required by Institutional Review Board (IRB) at

the University of Bridgeport as explained on the University’s internal portal as follows:

“The UB Institutional Review Board (IRB) is responsible for the review and approval of all
research using human subjects at the University of Bridgeport. Such research activities must be
approved by the IRB PRIOR to the collection of any data or conducting any experiments.

The IRB meets four times a semester on set dates to review faculty and student proposals for all
research involving human subjects at the University of Bridgeport, in compliance with the U.S.
Department of Health and Human Services' Code of Federal Regulations 45 CFR 46. If you are
not sure about the status of your proposed research, contact the IRB administrator for an initial
discussion. Note: An IRB Co-chair will make the category determination for proposed research:
exempt, expedited, or full-board review.”

Source: https://myub.bridgeport.edu/academics/gsr/irb/Pages/default.aspx (Private Website)

However, there is a note related to minimal risk research that could be exempt of the full IRB

review process:

“Your proposed research may qualify for exemption. Exempt studies are determined by an IRB
appointee. If you think your research may be exempt, complete and submit 1) UB HRP-215 FORM
Request for Exemption Updated Jan 2019 and 2) a copy of your CITI Training Completion

Certificate to irb@bridgeport.edu”

Source: https://myub.bridgeport.edu/academics/gsr/irb/Pages/default.aspx (Private Website)
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It was defined that this project can be subject to exemption and the request form including the

information described in Error! Reference source not found., the CITI certification, and a copy o

f the questionnaire (Annex A) were sent to the IRB representative. Authorization was requested

to collect data in Connecticut and the Antioquia Region in Colombia.

Administrative
Information and
Exemption
Category Self-
Assessment

o Title

¢ Principal
Investigator

e Funding

e Exemption
according
section
§46.104(d)(2)
for survey
procedures in
which disclosure
of responses
outside of
research would
not reasonably
place subjects at
risk of criminal
liability or be
damaging to the
subjects'
financial
standing,
employability,
educational
advancement,
or reputation.

Study Design,
Methods, and
Procedures

¢ Type of Study

eSummary of the
study including
purpose and
research
questions

¢ Contribution to
the field
knowledge

¢ Active collection
of data

¢ Data collection
locations

"#3%EARIMS!'9'8-3#,.! &'C%'13!#.2,&8/3#,.)

Participants,
Recruitment, and
Compensation

e Estimate
number of
participants

e Age range

¢ Categories of
participants

e Recruiting tools

eInclusion and
exclusion
criteria

e Describe if there
is any
compensation

*Time
commitment of
participants

Privacy and
Confidentiality,
and Financial

e Access to
personal
identifiers by
team members

eDoes the
Principal
Investigator,
any Co-
investigator, or
immediate
family member
have financial
interest on the
research?

The request was sent to the IRB Representative based on the process shown in Error! Reference s

ource not found. and the exemption was granted. Exemption a copy of the exemption letter can

be found in Annex B.
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CITI
Training

* Researcher’s Certificate Expires 10/08/2022

According to 45 CFR §46 the
SEIf'asse_Ssment of project was classified in the
IRB Review Level 104(d)(2) category for exemption

e Form UB HRP-215

o CITI Training Certificate

¢ Copy of Survey

¢ Template of Electronic Consent

Submission of
Exemption
Request

¢ Administrator Provides
Feedback

¢ Adjustments are made

IRB Administrator
Reviews Request

IRB Exemption

Letter

"#$%8EA()M'L'/&+4!/.5!'34#+11IMS!+,8-#/.+'1-&,+'1112,&!134'1V#;'&1#3<!, 21 S&#5$'-1&3)
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EXEMPTION DETERMINATION
October 232019

Felipe Zapata-Roldan
School of Engineering
University of Bridgeport

Dear Mr. Zapata-Roldan:

On October 23rd 2019, the IRB determined that your proposed study meets the criteria for
exemption:

Type of Review: Exemption Determination
Project Title: A4 Design Management Agent-Based Model for New Product
Development
Investigators: Felipe Zapata-Roldan
Exemption: 45 CFR 46.104(d)(2)

Exemption Category (2) Research that only includes interactions involving

Description:  educational tests (cognitive, diagnostic, aptitude, achievement),
survey procedures, interview procedures, or observation of public
behavior (including visual or auditory recording) if at least one
of the following criteria is met: (i) The information obtained is
recorded by the investigator in such a manner that the identity of
the human subjects cannot readily be ascertained, directly or
through identifiers linked to the subjects; (ii) Any disclosure of
the human subjects’ responses outside the research would not
reasonably place the subjects at risk of criminal or civil liability
or be damaging to the subjects’ financial standing, employability,
educational advancement, or reputation.

Sincerely,

_ ot —

Mark H. Pﬁcher Ph.D.
Director, Health Sciences Inter-professional Research
IRB Administrator

CC:  Nasir Sheikh, PhD

60 Lafayette Street * Bridgeport, CT 06604 + Tel: 203.576.4819 « E-mail: irb@bridgeport.edu
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links-own [

weight |

;; AGENTS AND GLOBAL VARIABLES
breed [ designers designer |

breed [ managers manager |

breed [ marketers marketer |

breed [ customers customer |

globals [units

returns
regular-feedback
design-counter
experts
specs-fitness
total-costs
total-revenue
total-salary
lost-customers

;; AGENTS ATTRIBUTES AND TRIGGERS
turtles-own [

age

designers-own [

design-tasks
freelance?
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org-experience

managers-own [

management-tasks

marketers-own [

feedback-tasks
marketing-task-overload

customers-own [

overall-satisfaction
new-customer?
initial-customer?
products-owned
brand-experience

;; SET-UP PROCEDURES
to setup
clear-all

set-default-shape designers "person”
set-default-shape managers "person"
set-default-shape marketers "person"
set-default-shape customers "person"”
setup-agents

setup-links
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set design-counter 0

set specs-fitness random-normal 60 10
set total-revenue 0

set total-costs 0

set total-salary 0

set lost-customers 0

reset-ticks

end

to setup-agents
create-designers 1 [
set xcor random-normal -9 2
set ycor 6
set size 2

set color magenta
set freelance? 0

create-managers 1 [

setxy -9 -6
set size 2
set color orange

create-marketers 1 [

set xcor -3

set ycor random-normal 0 2
set size 2

set color yellow
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create-customers initial-market-size [

setxy (3 + random 43) (random 30 - 15)
set size 2

set color gray

set overall-satisfaction 1

set new-customer? 0

set initial-customer? 1

end

to setup-links
connect-all managers marketers
connect-all designers marketers
connect-all managers designers
end

to connect-all [ nodes1 nodes?2 ]
ask nodesl1 [

create-links-with nodes2 |
set weight random-float 0.2 - 0.1

]
]

end

;; calculation PROCEDURES
to-report avg-cust-satisf []

report (sum [ overall-satisfaction ] of customers) / (count customers)
end

to-report returns-units-ratio []
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report (returns / units)
end
to-report profit []
report (total-revenue - (total-costs + total-salary))
end
;; RUNTIME PROCEDURES

to go

;; Iterations related

tick
;;write-data

if count customers =1 [
;;write-data
write-financials
stop

]

if ticks = max-iterations [
;;write-data
write-financials
stop

]

if profit <0 and ticks > 365 [ stop ]

;; Agent actions

buy
build-customers
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cap-specs-fitness

ifelse NPD-Process = true [
if ticks mod npd-interval = 0 [npd-committee]
] [ set specs-fitness (designer-expertise * random-normal 1 0.05)

]

ask designers [
set org-experience org-experience + 1
set total-salary total-salary + ((designer-salary-month / 30) * (portfolio-percent / 100) * (npd-
time-per-week / 40))
if (freelance? = 1) and (specs-fitness >= 92) and (org-experience > npd-interval) [die]
;;ifelse (freelance? = 1) [set org-experience org-experience + 1 set total-salary total-salary +
(expert-salary-month / 30)] []

]

ask managers [
set total-salary total-salary + ((manager-salary-month / 30) * (portfolio-percent / 100) * (npd-
time-per-week / 40))

]

;; Reports

ask turtles [set age age + 1]

end

to write-data

;; File I/O related
file-open "units.txt"

file-flush
file-write units

file-open "customers.txt"
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file-flush
file-write count customers

file-open "avg-cust-satisf.txt"
file-flush

file-write avg-cust-satisf
file-close-all

end

to write-financials
file-open "units_end.txt"
file-flush

file-write units

file-open "profit_end.txt"
file-flush

file-write profit

file-close-all

end
;; AGENT PROCEDURES
to buy

ask n-of (count customers * (prospects-percent / 100)) customers [

if random-float 1 < (purchase-p * (specs-fitness / 100)) [

set units units + 1

set total-revenue total-revenue + unit-price
set total-costs total-costs + unit-mfg-costs
set products-owned products-owned + 1

105



set color green

;; Customers gain experience when they buy products
set brand-experience brand-experience + 1
if overall-satisfaction > 1 [ set overall-satisfaction 1 ]

]

;; Returns (Random quality problems)
if random-float 1 > (1 - (qual-def-percent / 100)) and (products-owned > 1) [
set returns returns + 1
set units units - 1
set total-revenue total-revenue - unit-price
set overall-satisfaction overall-satisfaction * (1 - (random 30 / 100))
set label overall-satisfaction
set label-color white
set label precision overall-satisfaction 2

end

to npd-committee

if sum [design-tasks] of designers > 3 [
if hire-designers? = true [

hire-designer

]

ask designers [set design-tasks 1]

]

ask marketers [set feedback-tasks 0]
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if (avg-cust-satisf < action-threshold) and (specs-fitness < 95) [
ask managers [set management-tasks management-tasks + 2]
get-feedback

design-process

]

ask designers [

ifelse (freelance? = 1) [set org-experience org-experience + 1 set total-salary (total-salary +
expert-bonus)] []

]

end
to get-feedback
ask n-of (count customers * 0.1) customers [
set regular-feedback regular-feedback + 1

set overall-satisfaction overall-satisfaction + 0.2
if overall-satisfaction > 1 [ set overall-satisfaction 1 ]

end
to design-process

set design-counter design-counter + 1
if design-counter =1 [

set specs-fitness random-normal designer-expertise 30
cap-improvement

]

if design-counter > 1 [
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repeat count designers |
ask designers [

if freelance? = 0 [ set specs-fitness specs-fitness * (1 + random-float (designer-impr-level /
100)) set design-tasks design-tasks + 1 ]

if freelance? = 1 [ set specs-fitness specs-fitness * ((1 + random-float (designer-impr-level /
100)) + random-float 1 + random-float (expert-impr-level / 100)) set design-tasks design-tasks -

1]

]
cap-improvement
]
]

end
to hire-designer

if count designers = 1 [
ask one-of designers |
hatch 1 [
set xcor random-normal -6 2
set ycor 6
set size 2
set color magenta
create-links-with marketers
create-links-with managers
set design-tasks 0
set freelance? 0
set age 0
set org-experience 0
]
]
]

if (min [org-experience] of designers > 0) and (specs-fitness < 96) and (count designers = 2) and
(avg-cust-satist < 0.99) and (count customers > (initial-market-size / 2)) [
ask one-of designers [
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hatch 1 [

set xcor random-normal -10 2
set ycor 6

set size 2

set color white
create-links-with marketers
create-links-with managers
set design-tasks 0

set freelance? 1

set age 0

set org-experience 0

set experts experts + 1

]

end

to build-customers

if random-float 1 <= ((specs-fitness) / 100) [
ask one-of customers [

if (overall-satisfaction > disatisf-threshold) and (products-owned > 2) and (brand-experience >
30) [

hatch wom-reach [

setxy (3 + random 43) (random 30 - 15)
set size 2

set color sky

set overall-satisfaction 1

set new-customer? 1

set initial-customer? 0

set brand-experience 0

set products-owned 0

set label overall-satisfaction
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set label-color white
set label precision overall-satisfaction 2
set age 0

]

;; Customer churn
ask customers [ if overall-satisfaction < disatisf-threshold [
set lost-customers lost-customers + 1
die ] ]

ask n-of round (((churn-percent / 100) * count customers)) customers [ if brand-experience >
churn-exper-days [

set lost-customers lost-customers + 1

die ] ]

end
to cap-improvement

ifelse experts = 1 [if specs-fitness > improvement-cap [set specs-fitness improvement-cap]] [if
specs-fitness > (improvement-cap - 3) [set specs-fitness (improvement-cap - 3)]]

end
to cap-specs-fitness
if specs-fitness < 0 [set specs-fitness 0]

end
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