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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. 
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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 
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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-"%$2, and #":)/0'.&'"  (Gorb, 1986). Modern terms related to these concepts are found 

in the #"0$5/('3$/U$/5 framework, such as #"2$/" 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. 

 



!

16 
 

 

"#$%&'!( )!*+,-'!./&&,0#.$!-&,+'11!2,&!34'!-&,-,1'5!&'1'/&+4)!

 

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? 
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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#! 5,678'67,0!9%*701!6*%!$%&%'()*!

 

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. 

 

"#:#! ;,06(7-<67,0&!,=!6*%!$%&%'()* !+(,>%)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 
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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 (Fernández-Mesa, Alegre-Vidal, Chiva-Gómez, & 

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%&7C0!;'3'-7.767%&!'01!A%&7C0!D%'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, 



!

23 
 

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 (Márquez Cañizares & 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). 
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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, 



!

27 
 

specialized and technical skills, involvement of customers and suppliers, organizational change 

management, and innovation skills (Chiva & Alegre, 2009; Fernández-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, Günther, 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; García-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 (García-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 

(García-Valdecasas Medina, 2011; Gómez-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 (Gómez-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. 
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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 
decision 

Organization: 
Strategy 

Innovation: 
Differentiation 
and 
competitiveness 

Assimilation: 
Connecting 
design with 
strategy and 
processes 

Results Design 
process 
triggers 

Organizing  Seizing: Product 
architectures and 
business models 

Capital Organization: 
Structure 

Knowledge 
management: 
Input and 
Research 

Acquisition: 
Value and 
resources 
assessment 

Design 
assumptions 

Design 
organizational 
function 

Resource Seizing: 
enterprise 
boundaries 

 R&D: Talent Design project 
management 

Organizational: 
Design 
management 

Design 
project 
management 

Design 
process and 
project 
management 

Manufacturing Seizing: 
complements 
and platforms 

Manufacturing Environment: 
Uncertainty 

Environment: 
Policy, 
economy, 
technology, and 
social 
assessment 

  Design 
services 
sourcing 

R&D Transforming: 
decentralization 

R&D R&D: 
Technology 

Implementation: 
External 
resources and 
services 

Transformation: 
Value creation 
through design 

Maturity Research and 
knowledge 
management 
for Design 

Marketing Transforming: 
co-specialization 

Marketing Environment: 
Stakeholders 

Knowledge 
management: 
Output and 
value delivery 

Exploitation: 
Implementing 
design 
resources and 
capabilities 

Absorption Staff and 
organizational 
structure 

Learning Transforming: 
learning, 
knowledge 
management, 
and corporate 
governance 

    Learning  

 

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. Sun et al., 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 Medellín, 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 Medellín. 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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Organization Size Sector Respondent Profile (Background) 

1 Large Beverages Marketing Analyst (Graphic Designer) 

2 Large Furniture Components Chief Designer (M.A. in Furniture Design) 

3 Large Retail Marketing Manager (Business Administrator) 

4 Large Textile Products Chief Designer (Textile Designer) 

5 Medium Corporate Professional Services  Marketing Analyst (Business Administration) 

6 Medium Natural Park Management Marketing Manager (Business Administration) 

7 Medium Lighting Products R&D Director (Industrial Designer) 

8 Small Toys and Experience Design General Manager (Product Design Engineer) 

9 Small Expo and Fair Interior Design Operations Manager (Architect) 

10 Small Advertisement General Manager (Product Designer) 

11 Small Interior Design Chief Designer (Industrial Designer) 

12 Small Healthcare Architectural Systems Chief Designer (Industrial Designer) 

 

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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Org. 1 2 3 4 6 10 

N
PD

 C
om

m
itt

ee
 M

em
be

rs
 

Area Director General 
Manager 

Marketing 
Manager 

Marketing 
Manager 

Marketing 
Manager 

General 
Manager 

Marketing 
Manager  

Marketing 
Manager 

Marketing 
Analysts 

Chief Designer Operations 
Manager 

Creative 
Director 

Sales 
Manager 

Sales 
Manager 

Retail 
Analysts 

Sales Managers Sales 
Manager 

Marketing 
Manager 

Innovation 
Director 

Chief 
Designers 

POP Strategy 
Analysts 

Designers Senior Park 
Guides 

 

 Marketers  Communications 
Analysts 

Design Intern  

   Interns   

 

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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Organization 1 2 3 4 8 9 10 11 12 

Marketing action X X    X X   

Needs / Specifications Collection X  X X X X X X X 

Ideation / Estimates X X X X  X X X  

Analysis (Feasibility) X X X X X X X X  

Analysis (Project Approval) X X X X X X  X  

Design   X X X X  X X 

Send to Production / Manufacturing X X  X  X X  X 

Final Approval / Testing    X  X  X X 

Logistics / Delivery    X  X   X 

Feedback  X X    X   
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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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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 

the surveyed organizations. 
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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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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. 
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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. 
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Expert Country Sector Roles Qualification: 
Years of 
Experience 

Qualifications: 
Areas of 
Specialty 

Organizational 
Design Function 
Specialty 

1. Mexico Electronic 
hardware and 
appliances 
design 

R&D Manager 21+ Product Design Industrial Design 

2. Colombia Consumer 
Ceramic 
Products 

Creative 
Director 

21+ Artist (B.A.) Design 

3. Colombia Kitchenware 
Products 

Development 
Director 

21+ Industrial Design Design and 
Marketing 

4. Colombia Furniture and 
Interior Design 

Senior 
Designer 

21+ Industrial Design Design 

5. Colombia Branding and 
Interior Design 

Creative 
Director 

10 Interior Design Strategy 

 
 
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. 

 
7/>:'! K)!*#8%:/3#,.!:,,-!-&,+'11!-4/ 1'!&/.=#.$!><!'9-'&31U!E&,5%+3!-%&+4/1')!

 
 1st 2nd 3rd 4th 5th 6th 7th N/A Recommendation 
A. 6! 6! ( ! R! R! R! R! R! O)!V!#)!
B. R! 6! 6! R! R! ( ! R! R! S)!

C. ( ! R! ( ! ?! R! R! R! R! A)!
D. R! R! R! ( ! 6! ( ! R! ( ! B)W!
E. R! R! R! ( ! ( ! 6! R! ( ! X)W!
F. R! R! ( ! R! 6! R! 6! R! ") !
Other 6! R! R! R! R! 6! ( ! R! !
Suggested 
Stages 

i. Brand value proposal. 
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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 1st 2nd 3rd 4th 5th N/A Recommendation 
A ( ! 6! ( ! ( ! R! R! O)!V!S)!V!#)!
B 6! ?! R! R! R! R! A)!V!##)!
C R! R! ?! ( ! ( ! R! B)W!
D R! R! ( ! ( ! 6! ( ! !
Other 6! R! R! 6! R! ( ! !
Suggested 
Stages 

i. Assessment of customers’ brand top-of-mind and familiarity. 
ii. Customer profiling and segmentation for delivery channel 
options. 

!
!
!
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. 

 

 

 

!
7/>:'! P)!*#8%:/3#,.!:,,-!-&,+'11!-4/1'!&/.=#.$!><!'9-'&31U!E&,5%+3!#8-&,;'8'.3!/.5!5';':,-8'.3) !

 
 1st 2nd 3rd 4th 5th 6th 7th N/A Recommendation 
A 6! ( ! 6! R! R! R! R! R! O)!

B 6! ( ! 6! R! R! R! R! R! A)!V!#)!

C R! ?! ( ! ( ! R! R! R! R! S)!

D R! R! R! ( ! 6! ( ! ( ! ( ! B)W!/.5!")W!

E R! R! R! ( ! 6! 6! R! R! X)!V!##)!

F R! R! R! ( ! ( ! ( ! ( ! ( ! !

Other ( ! R! R! ( ! R! ( ! ( ! ( ! !

Suggested 
Stages 

i. Ideation and improvement opportunity search. 
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 

VALUE 

RANGE UNITS 

Number of Maximum Iterations 3000 N/A Iterations 

Number of Initial Customers 

(Prospects) 

100 N/A Agents 

Interval of NPD Committee 

(Iterations) 

250 N/A Iterations 

Baseline Improvement Factor 

(Designer Experience Level) 

95 50 - 95 Arbitrary 

Minimum Acceptable Average 

Customer Satisfaction 

0.95 0.6 - 1 Arbitrary 

 

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. 

 
 

7/>:'! (R)!E/&/8'3'&1!2,&!1#8%:/3#,.!1+'./&#,!>%#:5#.$)!

MAIN PARAMETERS UNITS Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Number of Maximum 

Iterations 
Iterations 1100 1100 1100 1100 1100 1100 

Number of Initial 

Customers (Prospects) 
Agents 100 100 100 100 100 100 

Interval of NPD 

Committee (Iterations) 
Iterations !" # !" # $%# $%# &%# &%#

Baseline Improvement 

Factor (Designer 

Experience Level) 

Arbitrary '%# &' # '%# &' # '%# &' #

Minimum Acceptable 

Average Customer 

Satisfaction 

Arbitrary 0.98 0.98 0.98 0.98 0.98 0.98 

 

Average Units Sold 
>?0 @A% 415 468 420 460 337 426 

>?0 @ABB 291 555 295 551 293 543 

Average Profit 
>?0 @A% $82,860  $116,674  $97,775  $114,931  $78,552  $114,416  

> ?0 @ABB $66,587  $168,159  $68,154  $166,281  $67,504  $163,070  
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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. 
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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. 

 

"#$%&'!(K)!*/:' 1!.%8>'&1!2,&!6D!8,.341!,2!G!]/:3,.!7^!1'3!8,5':1)!
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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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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 

M98 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. 

 

H#4#! K*%,(%67)'.!P/3.7)'67,0&!=,(!K%)*0,.,CB!5'0'C%/%06!

 
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. 

 

H#:#! D7/76'67,0&!'01!M<6<(%!Q,(R!

 
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. 
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!
 SECTION 1 – DESIGN MANAGEMENT PARTE 1 – GESTIÓN DEL DISEÑO 

K! J.!<,%&!,0.!0,&51`!4,0!0,%:5!<,%!5'2#.'!BX*JdLo!
J1!34'&'!/!5#22'&'.+'!0#34!Z5';':,-8'.3[o!B,'1!#3!
/--:<!3,!1'&;#+'1o!

X.!1%1!-&,-#,1!3f&8#.,1!'9-:#C%'!C%f!'.3#'.5'!1%!
,&$/. #F/+#e.!-,&!BJ*Xrj)!ns/<!/:$%./!
5#2'&'.+#/!+,.!Z5'1/&&,::,[o!n*'!'93#'.5'!
3/8>#f.!/!1'&;#+#,1o!

N! B,'1!<,%&!,&$/.#F/3#,.!4/;'!/!1-'+#/:#F'5!/&'/!a!%.#3!
_%13!2,&!5'1#$.o!

o! c'1 !
o! L, !

!

nT/!,&$/.#F/+#e.!+%'.3/!+,.!%.!h&'/!
'1-'+#/:#F/5/!'.!':!3'8/!5'!5#1'q,o !

o! *g!
o! L, !
!

P! ]4#+4!,2!34'!2,::,0#.$!5,!<,%&!,&$/.#F/3#,.!%1'!04'.!
5'1#$.!1'&;#+'1!/&'!&'C%#&'5o!

� ! J.Y4,%1'!5'1#$.!-&,+'11!
� ! j%31,%&+#.$!0#34!5'1#$.!+,.1%:3/.+<!2#&81!
� ! s#&'!2&'':/.+'&1!
� ! s#&'!5'1#$.'&1!#.5#&'+3:<!H#.1,%&+#.$I!
� ! j-'.!#..,;/3#,. !
� ! j-'.!+,8-'3#3#,.1 !
� ! A,8-'3#3#,.1!><!#.;#3/3#,.!
� ! j22#+#/:!M"E1!
� ! j34'&U!pppppppppp!

nO!+%h:!,!+%h:'1!5'!:/1!1#$%#'.3'1!,-+#,.'1!
/+%5'.!/:!&'C%'&#&!1'&;#+#,1!5'!5#1'q,o!

� ! E&,+'1,!5'!5#1'q,!#.3'&.,!H#.Y4,%1'I!
� ! 7'&+'&#F/+#e.!+,.!'8-&'1/1!

HA,.3&/3/+#e.!+,.!,-'&/+#e.!'93'&./I !
� ! 7'&+'&#F/+#e.!+,.!5#1'q/5,&'1!

Z2&'':/.+'[ !
� ! J.1,%&+#.$!HA,.3&/3/+#e.!+,.!,-'&/+#e.!

#.3'&./I!
� ! J..,;/+#e.!/>#'&3/ !
� ! A,.+%&1,1!/>#'&3,1!H-m>:#+,1I!



!
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� ! A,.+%&1,1!+'&&/5,1!H-,&!#.;#3/+#e.I!
� ! T#+#3/+#e.!
� ! j3&/!pppppppppppppppp!

Q! J1!34'&'!/.!,&$/.#F/3#,.!8'8>'&!&'1-,.1#>:'!2,&!34'!
5'1#$.!-&,+'11o!

o! c'1 !
o! L, !

!

nX9#13'!'.!:/!,&$/.#F/+#e.!%./!-'&1,./!'.+/&$/5/!
'1-'+g2#+/8'.3'!5':!3'8/!5'!5#1'q,o !

o! *g!
o! L, !

(R! 74'!&,:'!,2!34#1!-'&1,.!+/.!>'!5'1+&#>'5!/1U!
o! @/./$ '&!
o! B'-%3<!@/./$'&!
o! ^E !
o! B#&'+3,&!
o! A,,&5#./3,&!
o! *%-'&;#1,&!
o! T'/5'& !
o! A,.1%:3/.3!
o! O./:<13!
o! A4#'2!B'1#$.'&!
o! j34'&U!pppppppp!

X:!+/&$,!5'!'13/!-'&1,./!3#'.'!/:$%./!5'!:/1!
1#$%#'.3'1!5'.,8#./+#,.'1U!

o! d'&'.3' !
o! *%>Y$'&'.3' !
o! ^#+'-&'1#5'.3' !
o! B#&'+3,&H/I!
o! A,,&5#./5,&H/I!
o! *%-'&;#1,&H/I!
o! Tg5'&!
o! A,.1%:3,&H/I!
o! O./:#13/!
o! B#1'q/5,&H/I!_'2'!
o! j3&,!ppppppppppppppp!

(( ! B,'1!34'!/&'/!34#1!-'&1,.!#1!&'1-, .1#>:'!2,&!4/;'!/.<!
,2!34'!2,::,0#.$!5'1+&#-3#,.1U!

o! B'1#$.!
o! J..,;/3#,. !
o! @/&='3#.$!
o! A&'/3#;'!
o! X.$#.''&#.$!
o! */:'1 !
o! MtB !
o! S&/.5#.$!
o! *3&/3'$<!
o! E:/..#.$ !
o! B';':,-8'.3 !
o! j34'&U!pppppppppp!

nX:!h&'/!C%'!:#5'&/!'13/!-'&1,./!3#'.'!/:$%./!5'!
:/1!1#$%#'.3'1!5'.,8#./+#,.'1o!

o! B#1'q,!
o! J. .,;/+#e. !
o! @'&+/5',!a!@/&='3#.$!
o! A&'/3#;/!
o! J.$'.#'&g/!
o! A,8'&+#/: !
o! JVB!
o! S&/.5#.$!
o! X13&/3'$#/!
o! E:/.'/+#e. !
o! B'1/&&,::,!
o! j3&/U!pppppppppppppp!

!
(6! ]4#+4!8'8>'&!,&!8 '8>'&1!,2!34'!3'/8!/&'!

&'1-,.1#>:'!2,&!/./:<F#.$!-&,5%+3!#.2,&8/3#,.o!
� ! S%1#.'11!j0.'&!
� ! d'.'&/:!@/./$'& !
� ! ^E!,&!O&'/!@/./$'& !
� ! \.#3!@/./$'& !
� ! T#.'!a!S&/.5!a!O++,%.3!@/./$'&!
� ! A,::'+3#,.!a!@/&='3!@/./$'&!
� ! O./:<13!a!O11#13/.3!
� ! B';':,-'&!a!E&,$&/88'& !
� ! J.3'&.!
� ! j34'&U!ppppppppp!

nu%#f.!,!C%#f.'1!5'.3&,!5':!'C%#-,!a!h&'/`!1'!
,+%-/.!5'!-&,+'1/&!,!#.3'&-&'3/&!:/!#.2,&8/+#e.!
5'!-&,5%+3,!$'.'&/5/o !

� ! E&,-#'3/&#,!
� ! d'&'.3'!$'.'&/: !
� ! *%>!$'&'.3'1!,!5#&'+3,&'1!5'!h&'/!
� ! v'2'1!5'!5'-/&3/8'.3, !
� ! v'2'1!5'!Tg.'/!a!@/&+/!a!A%'.3/!
� ! v'2'!5'!A,:'++#e.!a!@'&+/5, !
� ! O./:#13/1!a!O%9#:#/&'1!
� ! B'1/&&,::/5,&'1!a!E&,$&/8/5,&'1!
� ! E&/+3#+/.3'1!
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� ! j3&,U!pppppp!
(?! J1!34'&'!/.!'9- :#+#3!/.5!=.,0!-&,+'11!2,&!#5'/!/.5!

8/&='3!,--,&3%.#3#'1!1':'+3#,.o!
o! c'1 !
o! L, !
!

nX9#13'.!%.!-&,+'1,!5'+:/&/5,!5'!-&#,&#F/+#e.!<!
1':'++#e.!5'!#5'/1!a!,-,&3%.#5/5'1!5'!
8'&+/5,!'.!1%!,&$/.#F/+#e.o!

o! *g!
o! L, !

!
(D! J1!34'&'!/!.'0!-&,5%+3!,&!-&,5%+3!#8-&,;'8'.3!

+,88#33'' !34/3!%1'1!+%13,8'&!2''5>/+=!2,&8!34'!
8/&='3o!!

o! c'1 !
o! L, !

!

nX9#13'!%.!+,8#3f!C%'!1'!&'m./!-/&/!-&,-,.'&!
1,:%+#,.'1`!.%';,1!-&,5%+3,1!,!8'_,&/1!
-/&/!::';/ &!/:!8'&+/5,!,!/!1%1!+:#'.3'1o!

o! *g!
o! L, !

!
!

(G! ]4/3! 8'8>'&1!,2!34'!,&$/.#F/3#,.!/&'!#.!34#1!
+,88#33''o!
!
pppppppppppppppppppppppp!

nu%f!+/&$,1!3#'.'.!:/1!-'&1,./1!C%'!+,.2,&8/.!':!
+,8#3fo!H*#!.,!/-:#+/!-,&!2/;,&!#.$&'1'!LaOI!
pppppppppppppppppppppppppp!
!

 SECTION 2 – PROJECT MANAGEMENT PARTE 2 – GESTIÓN DE PROYECTOS 

(K! B,'1!<,%&!,&$/.#F/3#,.!4/;'!/!8'34,5!2,&!-&,5%+3!
1-'+#2#+/3#,.!$/34'&#.$o!

o! c'1 !
o! L, !

!

n*%!,&$/.#F/+#e.!3#'.'!/:$%./!8'3,5,:,$g/!-/&/!
:/!5'2#.#+#e.`!'13/>:'+#8#'.3,!,!:';/.3/8#'.3,!5'!
'1-'+#2#+/+#,.'1!5'!-&,5%+3,o!

o! *g!
o! L, !

!
(N! E:'/1'! 5'1+&#>'!34'!-&,+'11!3,!$/34'&!-&,5%+3!

1-'+#2#+/3#,.1!#.!<,%&!,&$/.#F/3#,.!
!
pppppppppppppppppppppppppp!

B'1+&#>/!-,&!2/;,&`!n+%h:!'1!1%!-&,+'5#8#'.3,!
-/&/!5'2#.#&`!'13/>:'+'&!,!:';/.3/&!
'1-'+#2#+/+#,.'1!5'!-&,5%+3,!'.!1%!,&$/.#F/+#e.o!
ppppppppppppppppppppppp!
!

(P! B,'1!<,%&!,&$/.#F/3#,.!%1'!/.<!3,,:!,&!8'34,5,:,$<!
2,&!EMjvXA7!1':'+3#,.o !

� ! *]j7 !
� ! X9-'&31!
� ! EX*7XT!
� ! OsE!
� ! *+'./&#,1!
� ! E&'Y2'/1#>#:#3<!*3%5#'1!
� ! "#./.+#/:!O11'118'.3 !
� ! *3/3#13#+/:!@'34,51!
� ! E,&3'&w1!"#;'!",&+'1!
� ! S/:/.+'5!*+,&'5!A/&5 !
� ! j34' &U!ppppppppppppp!

!

n\1/.! /:$m.!#.13&%8'.3,!,!8'3,5,:,$g/!-/&/!
-&#,&#F/+#e.!<!1':'++#e.!5'!EMjcXA7j*o!

� ! @/3&#F!Bj"O !
� ! A,.1%:3,&g/!+,.!'9-'&3,1!
� ! O.h:#1#1!EX*7OT!
� ! O.h:#1#1!_'&h&C%#+,!
� ! O.h:#1#1!-,&!'1+'./&#,1!
� ! X13%5#,1!5'!-&'Y2/+3#>#:#5/5!
� ! O.h:#1#1!2#./.+#'&,!
� ! @f3,5,1!'13/5g13#+,1!
� ! "%'&F/1!+,8-' 3#3#;/1!
� ! S/:/.+'5!*+,&'!A/&5 !
� ! j3&,U!pppppppppppp!

(Q! B,'1!<,%&!,&$/.#F/3#,.!%1'!*7OLBOMB!5'1#$.!
-&,_'+3!8/./$'8'.3!8'34,5,:,$#'1o !

o! c'1 !

n*'!&#$'.!-,&!8'3,5,:,$g/1!X*7xLBOM!-/&/!
$'13#e.!5'!-&,<'+3,1!5'!5#1'q,o!

o! *g!
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o! L, !
!

o! L, !
!

6R! J2!<,%&!/.10'&!3,!34'!-&';#,%1!C%'13#,.!0/1!yc'1w`!
-:'/1'!1':'+3!/1!8/.<!/1!<,%&!,&$/.#F/3#,.!%1'U!

� ! E@J!Y!E@Sjz !
� ! jL\BJ !
� ! T, $#+!"&/8'0,&=!
� ! JE@O!
� ! EB@O!
� ! J7JT!
� ! T'/.!@'34,5,:,$#'1 !
� ! *#9!*#$8/!
� ! J*j!6(GRR!
� ! HMOBI!M/-#5!O--:#+/3#,.!B';':,-8'.3 !
� ! HM\EI!M/3#,./:!\.#2#'5!E&,+'11!
� ! HEMJLAX!6I!E&,_'+31!JL!A,.3&,::'5!

X.;#&,.8'.31 !
� ! j34'&U!pppppppp!

*#!:/!&'1-%'13/!/!:/!/.3'&#,&!-&'$%.3/!2%'!-,1#3#;/`!
-,&!2/;,&!1':'++#,.'!/:$%./!5'!:/1!1#$%#'.3'1!
,-+#,.'1U!

� ! E@J!Y!E@Sjz !
� ! jL\BJ !
� ! @/&+,!:e$#+,!
� ! JE@O!
� ! EB@O!
� ! J7JT!
� ! @'3,5,:,$g/1!T'/.!-/&/!5'1/&&,::, !
� ! *#9!*#$8/!
� ! J*j!6(GRR!
� ! HMOBI!B'1/&&,::,!Mh-#5,!5'!

O-:#+/+#,.'1!
� ! HM\EI!E&,+'1,!\.#2#+/5,!M/+#,./:!
� ! HEMJLAX!6I!E&,<'+3,1!'.!X.3,&.,1!

A,.3&,:/5,1 !
� ! j3&/U!pppppppp!

6( ! B'1+&#>'!34'!13'-1!<,%&!,&$/.#F/3#,.!2,::,01!3,!-:/.`!
#8-:'8'.3`!/.5!+,.3&,:!&'1,%&+'1)!
!
pppppppppppppppppppppp!

B'1+&#>/!'.!%.!:#13/5,!5'!-/1,1!+,.1'+%3#;,1`!:/!
2,&8/!,!-&,+'5#8#'.3,!C%'!%3#:#F/!1%!
,&$/.#F/+#e.!-/&/!::';/&!/ !+/>,U!:/!-:/.#2#+/+#e.`!
:/!'_'+%+#e.!<!':!+,.3&,:!5'!:,1!&'+%&1,1)!
!
ppppppppppppppp!
!

66! ]4'&'!34'!5'1#$.!&'C%'131!+,8'!2&,8o!
� ! O&'/!@/./$'&1!H,34'&!34/.!B'1#$.!/.5!

@/&='3#.$I!
� ! @/&='3#.$!,&!*/:'1!@/./$'&1!
� ! B'1#$.!@/./$'& !
� ! d'.'&/:!@/./$'&`!@/./$'&!,&!E&'1#5'.3 !
� ! T,$#13#+1!A4/#.!E/&3.'&1!
� ! *%--:#'&1!
� ! A,&-,&/3#;'!A:#'.31!!
� ! X.5Y%1'&`!+,.1%8'&!,&!+%13,8'&!

nB'!5,.5'!-&,;#'.'.!:,1!'.+/&$,1!5'!5#1'q,o !
� ! v'2'1!5'!h&'/!5#2'&'.3'1!/!:/1!5'!B#1'q,!,!

@'&+/5', !
� ! v'2'!,!5#&'+3,&!5'!h&'/!5'!@'&+/5',!,!

A,8'&+#/: !
� ! v'2'!,!5#&'+3,&!5'!h&'/!5'!B#1'q, !
� ! B#&'+3,&!$'.'&/:`!$'&'.3'!,!-&'1#5'.3'!5'!

:/!,&$/.#F/+#e.!
� ! B#13&#>%#5,&'1!,!+/5'./!:,$g13#+/!
� ! E&,;''5,&'1!,!+/5'./!5'!1%8#.# 13&,!
� ! A:#'.3'1!+,&-,&/3#;,1!
� ! A:#'.3'!2#./:`!+,.1%8#5,&!,!%1%/&#,!

6?! B,'1!34'!1/8'!-'&1,.!34/3!&'C%'13!34'!5'1#$.!_,>!
/--&,;'! 34'!,%3+,8'o !

o! c'1 !
o! L, !

!

nX:!8#18,!/$'.3'!C%'!'.+/&$/!':!5#1'q,!'1!C%#'.!
/-&%'>/!':!5#1'q,!2#./:o!

o! *g!
o! L, !

!
6D! ]4/3!,2!34'! 2,::,0#.$!5,+%8'.31!8/='1!/!5'1#$ .!

&'C%'13!,22#+#/:o!
� ! L,.' !

nA%h.5,!1'!+,.+&'3/!%.!'.+/&$,`!+%h:'1!5'!:,1!
1#$%#'.3'1!5,+%8'.3,1!1'!$'.'&/.!-/&/!#.#+#/&!:/!
'_'+%+#e.!5':!-&,<'+3,o!
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� ! A/1%/:!X9+4/.$'!H*@*`!]4/31O--`!J@`!'3+)I!
� ! X8/#:!
� ! *#$.'5!T'33'&!,&!@'8, !
� ! S&#'2!B,+%8' .3!
� ! @''3#.$!L,3'1 !
� ! T'$/:!B,+%8'.3!HA,.3&/+3!,&!O$&''8'.3I!
� ! E%>:#+!B,+%8'.3!,2!M"E!*':'+3#,.!E&,+'11!
� ! j34'&Upppppppppp!

� ! L#.$%., !
� ! \.!8'.1/_'!#.2 , &8/:!H*@*`!]4/31/--`!

8'.1/_'&#/!':'+3&e.#+/`!'3+)I!
� ! A,&&',!':'+3&e.#+,!
� ! A/&3/!,!8'8,&/.5,!2,&8/:!2#&8/5, !
� ! S&#'2!
� ! O+3/!
� ! B,+%8'.3,!:'$/:!H+,.3&/3,!,!+,.;'.# ,I !
� ! O+3/!-m>:#+/!,!&'1,:%+#e.!5'!1':'++#e.!

'.!:#+#3/+#e.!
� ! j3&,U!pppppppppp!

6G! s,0!5,!<,%!1+4'5%:'!/.5!-:/.! - &,_'+3!/+3#;#3#'1o!
� ! M,%$4!X13#8/3#,.!HL,!M'+,&5I!
� ! O+3#;#3<!T#13!HS,/&5`!L,3'>,,=`!'3+)I!
� ! *+4'5%:'!B#/$&/8!H7#8':#.'`!@#.58/-1`!

7/>:'1`!'3+)I!
� ! *-&'/514''3 !J.+:%5#.$!",&8%:/1!
� ! 7#8':#.'!@/./$'8'.3!*,230/&' !
� ! @#+&,1,23!E&,_'+3!H,&!*#8#:/&!E&,5%+31I!
� ! XME!
� ! j34'&U!pppppppp!

nA,8,!-:/.#2#+/!:/!5%&/+#e.!<!1'+%'.+#/!5'!:/1!
5#2'&'.3'1!/+3#;#5/5'1!5':!-&,<'+3,o!

� ! X13#8/+#e.!1%>_'3#;/!H1#.!&'$#13&,1I!
� ! T#13/5,!'1+&#3,!5'!/+3#;#5/5'1!H'.!%.!

3/>:'&,`!'.!%.!+%/5'&.,`!'3+)I!
� ! B#/$&/8/+#e.!:#>&'!5'!+&,.,$&/8/1!

H8/-/1!8'.3/:'1`!+/1#::/1!<!3/ >:/1`!'3+)I!
� ! s,_/!5'!+h:+%:,!+,.!2e&8%:/1!-/&/!1%8/&!

:,1!3#'8-,1 !
� ! *,230/&'!-/&/!:g.'/1!5 '!3#'8-, !
� ! @#+&,1,23!E&,_'+3!H,!1#8#:/&'1I!
� ! XME!
� ! j3&/Upppppppppppp!

 SECTION 3 – PRODUCT MANAGEMENT PARTE 3 - GESTIÓN DEL PRODUCTO 

6K! ]4'.!34'!5'1#$.!/&'/!-&,;#5'1!#.2,&8/3 #,.!3,!34'!/&'/!
#8-:'8'.3#.$a8/.%2/+3%&#.$!34'!-&,5%+3`!04/3!-/&3!,2!
34'!#.2,&8/3#,.!.''51!+,&&'+3#,.1!,&!#8-&,;'8'.3o !

o! O::!
o! @,13!,2!J3!
o! *,8'!E/&3 !
o! O!*8/: :!"&/+3#,.!
o! L,.' !

B%&/.3'!':!1%8#.#13&,!5'!#.2,&8/+#e.!/:!h&'/!
'.+/&$/5/!5'!:/!#8-:'8'.3/+#e.`!nu%f!-/&3'!5' !:/!
#.2,&8/+#e.!&'C%#'&'!+,&&'++#,.'1!,!8'_,&/1o!

o! 7,5/! !
o! T/!8/<,&g/! !
o! O:$%./!
o! \./!8g.#8/!-/&3'! !
o! L#.$%./!

6N! s,0!'22#+#'.3!#1!<,%&!,&$/.#F/3#,.!3,!/++'11!-&,_'+3!
&':/3'5!#.2,&8/3#,.o!HE:'/1'!+4'+=!34'!2,::,0#.$!?!
C%'13#,.1I!

nu%f!3/.!'2#+#'.3'!'1!:/!,&$/.#F/+#e.!-/&/!/++'5'&!
/!:/!#.2,&8/+#e.!&'2'&'.3'!/:! -&,<'+3,o!HE,&!2/;,&!
&';#1/&!:/1!1#$%#'.3'1!?!,-+#,.'1I!

6N/! 7,!&';#'0!#8-:'8'.3/3#,.a8/.%2/+3%&#.$!#.2,&8/3#,.!
<,%&!,&$/.#F/3#,.!/++'11!#3!#.U!

o! @#.%3'1!
o! s,%&1!
o! O!B/<!,&!@,&'!
o! O!]''=!,&!@,&' !
!

O:!&';#1/&!:/!#.2,&8/+#e. !-/&/!#8-:'8'.3/+#e.!
/++'5'!/!:/! #.2,&8/+#e.!'.U!
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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. 

 

 

"#$%&'!6R)!JMS!'9'8-3#,.! &'C%'13!#.2,&8/3#,.)!

 

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. 

Administrative 
Information and 
Exemption 
Category Self-
Assessment

•Title
•Principal 

Investigator
•Funding
•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
•Summary of the 

study including  
purpose and 
research 
questions

•Contribution to 
the field 
knowledge

•Active collection 
of data

•Data collection 
locations

Participants, 
Recruitment, and 
Compensation

•Estimate 
number of 
participants

•Age range
•Categories of 

participants
•Recruiting tools
•Inclusion and 

exclusion 
criteria

•Describe if there 
is any 
compensation

•Time 
commitment of 
participants

Privacy and 
Confidentiality, 
and Financial

•Access to 
personal 
identifiers by 
team members

•Does the 
Principal 
Investigator, 
any Co-
investigator, or 
immediate 
family member 
have financial 
interest on the 
research?
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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 nodes2 ] 
  ask nodes1 [ 
    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 



!

104 
 

  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 



!

106 
 

      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-satisf < 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 



!

110 
 

   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 


