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Summary

In many situations, System Dynamics modelers have to capture attributes of items
tracked in an aging chain. Typically, the outflow of items from the stocks in these chains
depends on the attributes tracked in the co-flow. However, these well known, classic models
fail to account for a specific phenomenon - the screening of items. This study presents a new
application of co-flows in aging chains: A co-flow that enables the process of screening, i.e.
the process of either terminating or approving items, depending on an attribute. We model a
two-stage aging chain with a co-flow structure that tracks the number of items and their
related attributes. Managers at each stage must decide on capacity utilization of workforce
and thresholds for minimum attribute values.

The model structure presented here could have many applications, such as new
product development (NPD) pipelines and other situations in which items go through a
sequence of stages and are screened, depending on a specific attribute (Net Present Value in
case of NPD pipelines).

There are some key structures endogenous to the process of screening, namely 1)
Capacity adjustment (how the throughput of items will be adjusted), 2) Type of screening
(minimum or maximum values can be selected according to the distribution of the population
of attributes) and 3) Relation between co-flow attribute and throughput. This last structure
determines if changes in the co-flow attribute from one stage to the next will be affected by
capacity utilization, i.e. by how intensively resources (people) are used, affecting the
throughput. For example, in product development pipelines it is generally assumed that
projects gain value as they are developed and taken to the next stage, and that the level of
value gain depends on how intensively project teams are working (Wheelwright and Clark,
1992, pg. 91, Girotra at al, 2005). Attributes tracked in a co-flow are also affected by the
screening process itself since some attribute is lost owing to the termination of items. For
instance, by selecting only items with high attributes, the average attribute of the surviving
population of items is increased.

We study the structure of the screening problem by formulating a System Dynamics
model that tracks the number of items and their attributes at each stage within a co-flow
structure. We model the screening process by applying an extreme value probability
distribution function (PDF) to the population of attributes of items at each stage. These items
are eliminated or approved depending on the percentage of items below or above a pre-
determined threshold. A detailed explanation about the extreme value PDF is found in section
3.

Such model allows us to explore the question of how the screening process should be
developed to account for the successive selection of the items with higher attributes.
Implications of the new system dynamics structures are discussed in the final section.
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1. Introduction

In many situations, System Dynamics modelers have to capture attributes of items
tracked in a chain. Such attributes might include average experience, age and skill of a
workforce or population, quality of materials, or energy and labor requirements of a firm’s
machine (Sterman, 2000). Typically, the outflow of items from the stocks in these chains
depends on these attributes that are tracked in the co-flow. For instance, the rate at which
people replace their cars depends on the age of the cars, and machine breakdowns in a plant
depend on the time the machine was last overhauled. These are examples of aging chains. In
such chains, items flow from one stock to the next: there is a disaggregation of a (first-order)
material delay into an nth-order one, where each outflow from sub-material-delay flows into
the next sub-material-delay.

Aging chains are used to represent situations in which items go through a sequence of
stages, such as different degrees of work experience, age groups, and categories of housing
and employment. People and items “travel” through these groups or stocks. However, these
well known, classic models of aging chains with co-flows fail to account for a specific
phenomenon - the screening of items. Instead of having all items flow from one stage to
another without any exclusion, it is certain that in many situations, part of the population of
items in a stock is screened at pre-determined points of the chain, and are either eliminated or
taken to the next stage. Screening is the process of selecting items in a stockwhere the items
are evaluated according to an attribute or attributes that define their performance or adequacy,
and then are either taken to the next stock of the chain or eliminated.

This study presents a new application of co-flows in aging chains: A co-flow that
enables the process of screening. The model structure presented here could have many
applications, such as product development pipelines and other situations in which items go
through a sequence of stages and are screened, depending on a specific attribute. Table 1
presents a list of possible applications to be explored. Such list is not exhaustive and some of
the characteristics have not been validated, especially the way the attribute in the co-flow
changes from one stage to the next. We focus on items moving into a next stage in case they
have a minimum threshold (so that the surviving population of items has higher attributes), but
other configurations are possible. For example, in some cases items can be selected for having
attribute values up to a maximum. This should be the case of maintenance of machines where
minimum compliance quality determines which machines will continue the process. In other
cases, distribution of attributes might be normally distributed; that could be the case of supply
chains of perishable goods, for example. Also, in the healthcare industry, the treatment of
chronic patients might not have a formal screening process, but there is an exit flow of items
(patients) due to death as a function of a “health index”.

We focus on screening based on a single attribute across the entire pipeline, but in
theory it is possible to create a screening process that takes into account multiple attributes,
i.e. different attributes for different stages. That would demand multiple coflows or a single,
weighted coflow. For example, a pharmaceutical company might be more concerned with the
value (NPV) of a substance at the early stages and with safety at later stages.

Even though there is a number of variables affecting co-flow attributes (for example,
in product development pipelines, availability of technologies affects how much value is
added to projects), capacity utilization is a key variable in this regard as it not only may affect
the quality, performance or value of different kinds of items, but also determine the flow of
items in the pipeline. Capacity utilization is defined as a measure of work intensity, or how
many simultaneous tasks workers are assigned to.

There are some key structures endogenous to the process of screening, namely 1)
Capacity adjustment (how the throughput of items will be adjusted), 2) Type of screening
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(minimum or maximum values can be selected according to distribution of the population of
attributes) and 3) Relation between co-flow attribute and throughput. This last structure
determines if changes in the co-flow attribute from one stage to the next will be affected by
capacity utilization, i.e. by how intensively resources (people) are used, affecting the
throughput. For example, in product development pipelines it is generally assumed that
projects gain value as they are developed and taken to the next stage, and that the level of
value gain depends on how intensively project teams are working (Wheelwright and Clark,
1992, pg. 91, Girotra at al, 2005). Attributes tracked in a co-flow are also affected by the
screening process itself since some attribute is lost owing to the termination of items. For
instance, by selecting only items with high attributes, the average attribute of the surviving
population of items is increased.

Figure 1 shows a classic example of the use of a Co-flow with the purpose of tracking
labor requirements in a firm’s capital stock (Sterman, 2000). Figure 2 presents a similar
configuration. However, it is adapted to the product pipeline management (PPM) process. In
such process, screening is present. The figure demonstrates the simplest configuration of
screening in an aging chain, i.e. a single-stage model with co-flow. This simplified
representation shows how items (projects) are initiated, developed and moved to the review
stock, in which they are evaluated and either completed and taken to the next stage, or
terminated. While projects are being developed, value creation is happening in the co-flow.
Such value (an attribute) accumulates in the “Value in Stage 1 Review” stock, and is either
lost or transferred to the next stage along with its corresponding projects.

In order to know which fraction of the stock of items and of the stock of value shall
have to be terminated, it is necessary to know which percentage of items has a value lower
than the pre-determined threshold. While calculating such percentage, assumptions have to be
made on how the population of values of items is distributed, i.e. what the probability
distribution function (PDF) of the attributes is. The choice of different thresholds will result in
a different percentage of projects that are accepted. A higher threshold will necessarily reduce
this fraction.

Table 1: Different processes enabled by screening, selecting maximum values

Impact of
Attribute | screening
Change* on
. Co-Flow Type of average | Objective of System
Context Main Stock Attribute***|Screening** attribute | Dynamics Analysis
of
surviving
population
+ PPM Policies
New Product . Net Present Maximum dependent (resource, ca pacity
Projects Value + and project
Development Value on .
(Gumbel) e complexity
utilization .
allocation)
L . +, . .
Flnaqcml Conformance Maximum independent Dynamic Capacity
Services Loans . Value + management,
L index on .
Pipeline (Gumbel) e resource allocation
utilization
Manage returned
Closed Loop . Overall Maximum items across chflln,
Supply Chains Supplies Quality Value n/a + Capacity planning,
(Gumbel) Refurbishment
viability (fixed costs)
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i i . +
HR Trainin Quallf(;lzcatlon Maximum de en, dent Improvement of
Pipeline & Personnel Performance Value p on + overall workforce
P . (Gumbel) S qualification
index utilization
Maximum

Training Qualification Value +, Improvement of
High-Risk Personnel & (Gumbel) & | dependent . overall workforce
Career (e.g., Performance | additional on qualification and

Soldier) index exit flow | utilization longevity

(death)

. . + . .
Production Maximum de en, dent Capacity/Complexity
Line (high Products Quality index| Value p on + Management to
scrap rate) (Gumbel) utilization reduce scrap rate

Maximum Evolutionary
Value Biology dynamics,
Natgral .. . “Adaptation Gumbel stages of
Selection of | Living Beings ” . n/a + .
Soecies Index +in/out flow environmental
p (death & change (e.g. ice age).
births) Scenario Analysis
ideas or Maximum
beliefs Success Value +/-
transmitted | Units of Social Index: Gumbel depending Dynamics of
from one Information | response to tinfout flow | O™ how + Cultural Evolution.
person or (Memes) **** selective (death & adaptation Scenario Analysis.
group to pressures births) occurs
another
e Dynamics of Macro
Macro Maximum | de en(’lin OB. Effects of
Organizational Companies Adaptability Value P on & n environmental
Behavior p index . changes (regulations,
gumbel adaptation e
(OB) economic crises etc).
measures . .
Scenario Analysis.
Resistance o Maximum +/-, Development of
Infectology |Microorganisms drue index value depending + Resistant
& gumbel |on mutation bacteria/viruses
*How the attribute in the co-flow changes from one stage to the next. “+” means positive change. “— means

negative.

** See section 3.4 for a discussion on probability distribution functions for the population of items. A maximum
Gumbel distribution occurs when items are selected for having a minimum threshold so that the population of items has
maximum attribute values.
*#% For certain configurations, more than one attribute coflow may be necessary

**4% See “The Sellfish Gene”, by Richard Dawkins (1976),0xford University Press.
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Figure 1: Coflow to track labor requirements in a firm’s capital stock (Sterman, 2000)
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Figure 2: Single stage coflow with screening for product development (simplified)
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2. Model Structure and Use

We study the structure of the screening problem by formulating a System Dynamics
model that tracks the number of items and their attributes at each stage within a co-flow
structure. We model the screening process by applying an extreme value probability
distribution function (PDF) to the population of attributes of items at each stage. These items
are eliminated or approved depending on the percentage of items below or above a pre-
determined threshold. A detailed explanation about the extreme value PDF is found in section

34.
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Such model allows us to explore the question of how the screening process should be
developed to account for the successive selection of the items with higher attributes.
Implications of the new system dynamics structures are discussed in the final section.

Figure 3: Tracking the Creation of Value in a Two-stage Co-flow
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3. Model Description

For parsimony, our model incorporates only two stages as shown in figure 3. Outcome
variables of interest are the total attribute created and the average attribute created at the end
of the pipeline. The independent variables in our model are: number of items introduced into
the pipeline, minimum acceptable attribute at each stage (thresholds 1 and 2) and managerial
biases while adjusting capacity. A list of the units for the variables with pre-determined, fixed
values is available in the appendix. Stocks on the main flow represent populations of items,
and rates are measured in items per unit of time. Correspondingly, stocks on the attribute co-
flow represent populations of attributes, and rates are measured in attributes per unit of time.

The model structure can be divided into three basic processes: capacity management,
screening and attribute creation (the relation between co-flow attribute and throughput). Such
key processes determine the flows in the pipeline, the performance or attribute measures and
the selection of items. These are described next.

3.1 Capacity Management Process

A central construct of the model is the utilization of capacity. An important
assumption in the model is that managers have, at each stage, a fixed amount of resources
(employees). An increase in capacity is only possible by using the existing resources more
intensively, thereby increasing their utilization. The significance of such formulation is that,
in certain settings, changes in capacity utilization have been shown to affect attribute
performance, such as in product development. The value of projects, measured by net present
value (NPV), is a key attribute in the screening of projects. In other processes, such as
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services, human resources training, or production lines, similar effects may be at work. The
basic idea is that there is an optimal level of capacity utilization that enhances the level of
attributes at each stage. If employees work more or less intensively than such value, the
increase in attributes will be diminished or reversed.

A more comprehensive capacity management process would incorporate overtime
and hiring, but even in such setting, it would be reasonable to assume that an increase in
capacity would have some impact on utilization. Our formulation for the capacity adjustment
process is based on Anderson and Morrice’s (2005) model, but adds a behavioral aspect to it.
These authors studied the capacity adjustment of service providers. In such case, capacity is
adjusted continuously, increasing or decreasing as necessary, depending on the inflow of
items to the pipeline. If more items are introduced for a certain period, capacity utilization is
increased so that items are processed quickly.

In our formulation, the available capacity of development teams is frequently adjusted
, in order to either adapt to the work demand of each stage of the chain or to keep the
utilization level around its nominal, normalized value (100%). This is the utilization level in
which attribute creation rate is optimal. The process is defined here as “capacity adjustment
bias”, which represents a tendency of managers to either work faster to reduce backlogs of
items or work at the capacity utilization that improves attribute creation.

Utilization is therefore calculated according to equation 1. In case of overcapacity,
utilization is equal to the demanded capacity based on the backlog. It is assumed that there is
a nominal (minimum) development time for any group of items, as formulated by Anderson
and Morrice (2005).

MIN( Stage Backlog

: —— , Available Capacity)
Nominal Dev Time

Nominal Capacity

Utilization =

(1

Change in Capacity is modeled as a first order exponential adjustment of Capacity
toward Target Capacity with a Time to Adjust Capacity. We define target capacity as the
weighted average of the nominal capacity (a capacity that yields the peak attribute creation)
and the demanded rate of items in each stage based on the backlog.

o * Stage Backlog

Target Capacity = +(1-a)*(2 - Utilization) * Nominal Capacity  (2)

Nominal Dev Time

Here a is the manager’s capacity adjustment bias, or bias towards reducing backlog
(0< a<I). Other formulations for target capacity are possible and would result in different
convergence rates: the term (2-utilization) has the generic form (x-utilization), where x is
equal to 1 if a linear weighted average is adopted. A larger X means that management
temporarily inflates the target to a value higher than the “real” one in order to reach the
desired capacity more quickly. Inflating of goals is a common phenomenon (Baumeister et al.
1993) found in different managerial settings, such as in supply chain ordering (Gongalves,
2007).

Other formulations for the capacity adjustment process are possible. It may be
desirable to mimic a company’s current managerial policies and test for their efficacy. For
example, managers might anchor their present target capacity on previous ones, or on a fixed
benchmark. In such case, the previous value or benchmark would have a partial or full effect
on target capacity. Capacity adjustment can also be formulated as a gradual adjustment with
feedback. In such case, capacity would be constantly adjusted in steps, from a low or high
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value, until an optimal or near optimal performance is obtained. However, delays in the co-
flow make this heuristic quite difficult to implement and it might create oscillations in the
chain. Managers could also forecast the demands for capacity and use a time series to
determine a target capacity at each time period. Ultimately, the choice of the appropriate
capacity adjustment process depends on the objectives of the model, on the kind of business it
belongs to and on the company’s policies.

3.1.1 Balancing loop in the pipeline structure

Although feedback loops are not emphasized in the model’s representation, there is a
balancing loop between capacity and backlog at each stage, as seen in figure 4. When
backlog goes up, available capacity also goes up due to the adjustment of capacity, and this
increases the rate of projects that are reviewed (move to review); therefore, backlog is
reduced.

Figure 4: Balancing loop
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3.2 Attribute Creation Process

Managers are often endowed with limited resources. However, their focus is not
limited to efficient resource allocation under these situations. They are also interested in the
trade-offs between attribute value (a measure of performance or quality) and throughput
involving aging chain decisions. This kind of trade-off was found in innovation settings
(Wheelwright and Clark, 1992, pg. 91) and in the service industry. For instance, Oliva and
Sterman (2001) identify “time per order” as a key construct that drives the service quality
dynamics in a single stage model calibrated for a lending center at a UK bank. Capacity
utilization was identified as a key construct that drives the performance of service supply
chains (Anderson and Morrice 2005).

While it is clear that in the aforementioned cases attribute values are affected by how
intensively employees are working, this may not be the case for other applications. Therefore,
a simplification is made in which a constant rate for attribute creation is applied. Each
attribute of each item is multiplied by the same constant (Rate) as it travels to the stock of
attribute in review (see figure 5).

The available capacity derived from equations 1 and 2 is used within each stage during
the process of attribute creation. A certain number of items enters stage 1 backlog. The co-
flow stocks track the attributes of items along with their number. The average attribute of
items is normalized to unity at start. This value is subsequently multiplied by a fixed factor (a
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“Rate” value larger than 1) as items that were in the backlog are developed and go to the next
phase to be reviewed (see equation 3). The “move to review” rate is equal to available
capacity unless there is overcapacity (see equation 4). The items then reach the stock of
“Items Under review”. In this phase items are reviewed, and depending on the average
attribute value (see section 3.4 for details), some fraction will be terminated and the rest will
“follow the flow” to the next stage, the backlog of stage 2.

Figure 5: Stock and Flow Structure of Items under Review
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The rates of change in the stocks of stage backlog (stage in review and attribute in
stage review) are calculated depending on the inflows and outflows to these stocks. Items that
are approved in the second phase are launched or completed. The values of total attribute
created, average attribute and number of items are tracked and used as performance measures.

Performance indices, T and F (on figure 6 above) are defined in the next section.

3.3 Project Screening Process

In order to screen items in a stock based on a specific attribute, it is necessary to know
or assume the shape of the probability distribution function (PDF) of the population of
attributes. Once this distribution is known, it is possible to determine the fraction of items that
will be approved or terminated in each period based on the average attribute at each period,
the pre-determined threshold (or minimum value) for such attribute and the standard deviation
of the population.
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In an aging chain with a co-flow, the average attribute of projects feeds into the
screening process: the decision to proceed or terminate a fraction of items is made depending
on the average value and a pre-determined threshold. The population of attributes of items
after a review is assumed to follow a Gumbel distribution because screening is a search
process that selects extreme values (Gumbel 1958, Galambos 1978, Dahan and Mendelson
2001). The Gumbel distribution is the probability distribution for multiple draws from
exponential-tailed distributions. It applies to NPD problems especially well when there are no
specific limits on the potential value of a project, but these values usually lie within a central
range (Dahan and Mendelson 2001). The aforementioned authors also discuss the application
of two other extreme value distributions; the Frechet distribution is particularly indicated to
populations in which there is high upside uncertainty and items can become “mega-hits”,
yielding a very high attribute or performance. The Weibull distribution is indicated when
there is an upper bound for the potential value of the attribute.

At any point in time, the population of attributes in a stock is distributed according to
the extreme value Gumbel function, characterized by the mean attribute in the population and
the corresponding standard deviation (see section 3.4). Even though a “maximum value”
Gumbel distribution was used here (since items with higher attributes are selected), a
“minimum value” distribution would have to be used in case the process involves screening
and selecting items whose values fall below a pre-determined threshold. In such case,
equation 5 would change.

The next section provides a summary of the Gumbel distribution and the formulation
of percentage terminated/ accepted, Performance IndexT and Performance IndexF. The latter
two are the corrections to the changes in value stocks based on percentage accepted, as shown
in figure 6 above.

3.4 Screening using a Gumbel Distribution

The number of projects terminated or approved, depending on the net present value, is
calculated by assuming that the values follow a Gumbel probability distribution, with a mean
equal to “average value in stage review” and a selected standard deviation in stage 1 and in
stage 2.

The choice of the standard deviation of the population of attributes at each stage can
be made in many different ways, depending on the data available or on managerial choices.
The simplest formulation is a constant value. However, standard deviations could also be
chosen endogenously as a fraction of the average attribute at each stage. This would mean
that populations of items with higher mean attributes will have proportionally larger
variations. This assumption will be more or less appropriate depending on the process being
modeled. For instance, it is reasonable to assume that managers in a product development
pipeline attempt to balance the portfolio by introducing projects that cover a wider range of
risks in terms of the attribute net present value (NPV). This is part of the strategy of many
firms once it may not be adequate to have an entire population of projects with very high or
very low risk (Cooper et al, 1998). The appropriateness of an endogenous variance,
proportional to the mean NPV, will ultimately depend on the data from previous periods and
on forecasting. In the case of human resources training pipeline, it is necessary to determine
how the firm’s hiring efforts are successful in introducing talents that consistently meet
expectations in terms of qualification and performance. If the process is successful,
employees will have less variance in qualification and performance (the attribute), and even a
fixed value for attribute variation might be appropriate.

In case there is a known dynamic or seasonal effect on the variance of the population
of attributes (so that variance changes over time), it is possible to use a time series for the
variable. Alternatively, a more detailed formulation could be adopted with an agent-based

10



EnANPAD XXXV Encontro da ANPAD Rio de Janeiro / RJ — 4 a 7 de setembro de 2011

simulation where there is full tractability of the individual items in the chain. We leave these
options for follow on studies.

We establish the total attribute that is lost by screening and the total attribute that is
transferred to the next stage by calculating the average attribute of the terminated items and
the average attribute of the approved items. The same process is repeated for the second stage.

The probability density function of the Gumbel (maximum) distribution, which
describes the relative likelihood for an item to occur at a given attribute value (x), is

(x—p) G-p)
1 - T

JS(x) = Ee Fe 5)

Here p is the location and f is the scale parameter. The mean is equal to p + 0.5772
and the standard deviation is equal to 1.2825B. These two formulas are characteristic of the
Gumbel distribution and are valid for any configuration of such distribution. Since p is
calculated every period and the standard deviation is pre-determined as a proportion of the
mean attribute or as a time series, these parameters can be easily calculated. Therefore, we
implement the calculation of termination criteria (P, or fraction of terminated items) using a
table function computed from the following integral:

Y
Termination Criteria = Jf(x) dx (6)

—0

The table function returns the fraction of terminated projects, for any “average value”
on the X axis. The integration can be performed using MS excel. Percentage Accepted is the
percentage complement of Termination Criteria.

If Y is the termination threshold, then the equation for setting up a table function for
correcting the Average value of the terminated items is:

Y
1
— *
Performanc e IndexT b Xx f(x) dx (7)

Nee]l

The table function returns the integral of equation 7 for each “average attribute” on the
X axis. These values are then multiplied by 1/P in order to calculate the average value of
terminated projects. The integration can be performed using MS excel.

In order to implement the screening process at each stage, a series of table functions
had to be created, for each stage, for each pre-determined value of thresholds (see section 3.3
for details). For instance, if only one value of threshold is going to be used for each stage, it
will be necessary to create two table functions for the first stage and two table functions for
the second stage. Each couple of table functions calculates Performance IndexT and
Termination Criteria. Additional pairs of table functions have to be created if other

11
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configurations of thresholds or standard deviations are going to be used, or if there are more
stages in the pipeline.

The equation that calculates the index for average attribute of the approved items is:

o — w1
Performanc IndexF— Ave Attributein Stage Review — Performanc IndexT * (1 — Percentage Accepted)

(8)

Percentage Accepted

The intuition for the above equation is that the average attribute of the entire
population of items is equal to the weighted average of the average attributes of the
terminated and approved items.

The number of items terminated is the number of items under review divided by the
review time and multiplied by the percentage of terminated items. The calculation of the
number of completions follows the same method. The attributes of items terminated is the
number of terminated items multiplied by the performance index T (average attribute of
terminated items). The calculation for attribute approval rate follows the same method.

4. Discussion

This study presents a new structure to system dynamics models of aging chains with
co-flows. Such structure accounts for a specific phenomenon the screening of items from
stocks in the chain. This essential process has many possible applications as shown in the
introductory section. We hope the model presented here will serve as a basis for studies in
those areas, generating insights for practitioners and scholars.

The manner in which our model has been set up differs from inventory/ service supply
chain models (Sterman 1989, Anderson and Morrice 2005) both in terms of stock/flow and
policy structures. The key structural difference is that inventory and service supply chain
models do not usually have exit flows (aka screens).

Ours is a highly stylized model that comes with several limitations. For instance,
attribute creation rates and other variables were arbitrarily chosen; the model was not
calibrated to a real company. This was a deliberate decision because a more generic version of
the model can be more useful for other applications. We also do not account for dependencies
among items, such as sharing of resources and sub-additive pay-offs (Girotra et al. 2005).
Another simplification of this formulation is that the number of employees is fixed; therefore,
an increase in capacity is automatically translated into an increase in utilization.

The limitation of managers’ ability to account for the supply line and backlogs has
been documented extensively in the inventory/services management context (Sterman 1989,
Anderson and Morrice 2005). A related avenue for research, within the product innovation
context, is to generate policy guidelines about the dynamics of capacity, resource utilization
and backlog management while accounting for behavioral biases related to product innovation
(Schmidt and Calantone 2002, Gino and Pisano 2005). Developing formal models of the
economics of screening, in the presence of complexity and resource tradeoffs, either at a
single stage or in a cascade of stages, and accounting for behavior bias (Gino and Pisano,
2005) offers opportunities for follow on work.

This study focuses on presenting a new structure to aging chains enabling the process
of screening. It could serve as a template for many other applications. These dynamic
businesses and social processes, in which screening is present, represent huge investments by
firms and the value of human lives. A deeper understanding of such processes, from
simulation-based insights, could help improve public and private policies. Table 1 presents
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some of these possible applications; however, there certainly are many others, which
constitute modeling opportunities.

The results presented here are meant to be descriptive in their nature. Since the
objective of the model is to describe a basic common structure to the screening process, its
decision or independent variables were not endogenized. The development of a model based
on longitudinal data and additional behavioral information would allow some of these
variables to be endogenous. For example, it is reasonable to assume that in product pipeline
management, managers take into account capacity utilization when deciding on the number of
projects to be started. Such additions to the model could be explored on follow-on studies.

5. References

Adler, P. S., Mandelbaum, A., Nguyen, V., & Schwerer, E. (1995). From project to process
management - An empirically-based framework for analyzing product development
time. Management Science, 41(3), 458-484.

Anderson, E. G., Morrice, D. J., & Lundeen, G. (2005). The "physics" of capacity and
backlog management in service and custom manufacturing supply chains. System
Dynamics Review, 21(3), 217-247.

Banerjee, S., Hopp, W. J. (2001). The Project Portfolio Management Problem. Department of
Industrial Engineering and Management Sciences, Northwestern University, June.
Baumeister, R F.; Tice, D M.; Heatherton, T F (1993). When Ego Threats Lead to Self-
Regulation Failure: Negative Consequences of High Self-Esteem. Journal of

Personality & Social Psychology, Jan93, Vol. 64 Issue 1, p141-156.

Cooper, R. G., Edgett S. J., Kleinschmidt E. J. (1998): Portfolio Management for New
Products. 2nd Ed. Perseus Publishing, MA.

Dahan, E., & Mendelson, H. (2001). An extreme-value model of concept testing.
Management Science, 47(1), 102-116.

Deeds, D. L., & Rothaermel, F. T. (2003). Honeymoons and liabilities: The relationship
between age and performance in research and development alliances. Journal of
Product Innovation Management, 20(6), 468-484.

Figueiredo, P. (2010): Enhancing NPD Portfolio performance by Shaping the Development
Funnel. Working paper, Boston University School of Management.

Figueiredo,P. Joglekar, N. (2007): Dynamics of Project Screening in a Product Development
Pipeline. In: 25th International Conference of The System Dynamics Society, Boston.
http://www.systemdynamics.org/conferences/2007/proceed/papers/JOGLE201.pdf

Forrester, J. W. and Senge, P. M. (1980). Tests for building confidence in system dynamics
models. TIME Studies in the Management Science 14, 209-228.

Galambos, Janos (1978). The asymptotic theory of Extreme Order Statistics. John Wyley and
Sons.

Gino, F., Pisano, G. (2005). Do Managers’ Heuristics Affect R&D Performance Volatility? A
Simulation Informed by the Pharmaceutical Industry. Harvard Business School
Working Paper.

Girotra, K., Terwisch, C., Ulrich, K.T. (2005). Managing the Risk of Development Failures:
A Study of Late-Stage failures in the Pharmaceutical Industry. The Wharton School,
University of Pennsylvania, January.

Gongalves, P. (2007). Dealer Hoarding, Sales Push and Seed Returns: Characterizing the
Interdependency between Dealer Incentives and Salesforce Management. Forthcoming
at Production and Operations Management.

Greene, W.H. (1997). Econometric Analysis, 3 Edition. Upper Saddle River, NJ: Prentice-
Hall.

13



EnANPAD XXXV Encontro da ANPAD Rio de Janeiro / RJ — 4 a 7 de setembro de 2011

Griffin, A. (1997). PDMA research on new product development practices: Updating trends
and benchmarking best practices. Journal of Product Innovation Management, 14(6),
429-458.

Gumbel, E. J. (1958): Statistics of Extremes. Columbia University Press, New York.

Heskett, J.L., Sasser, W.E., Schlesinger, L.A. (1997). The Service Profit Chain. New Y ork:
Free Press.

Khurana, A., & Rosenthal, S. R. (1997). Integrating the fuzzy front end of new product
development. Sloan Management Review, 38(2), 103-120.

Law, A.M., Kelton, W.D. (2000). Simulation Modeling and Analysis (3™ ed.) McGraw-Hill:
New York.

Lee, Hau L., Padmanabhan, V. and Whang, Seungjin (1997). "The Bullwhip Effect in Supply
Chains". Sloan Management Review 38 (3): 93—-102.

Oliva, R., & Sterman, J. D. (2001). Cutting corners and working overtime: Quality erosion in
the service industry. Management Science, 47(7), 894-914.

Schmidt, J. B., Sarangee, K., Montoya-Weiss, M. M. (2006). Exploring New Product
Development Project Review Practices and Performance. Draft, being revised at
Journal of Product Innovation Management.

Schmidt, J. B., & Calantone, R. J. (2002). Escalation of commitment during new product
development. Journal of the Academy of Marketing Science, 30(2), 103-118.

Sterman, J. D. (1989). Modeling managerial behavior - Misperceptions of feedback in a
dynamic decision-making experiment. Management Science, 35(3), 321-339.

Sterman, J. (2000) Business Dynamics: Systems Thinking and Modeling for a Complex
World. New York: Irwin/McGraw-Hill.

Thomke, S., & Fujimoto, T. (2000). The effect of "front-loading" problem-solving on product
development performance. Journal of Product Innovation Management, 17(2), 128-142.

Ulrich,K.T., Eppinger, S.D. (2004). Product Design and Development. Third Edition,
McGraw-Hill, New York.

Wheelwright, S.C. and Clark, K. B. (1992). Revolutionizing Product Development: Quantum
Leaps in Speed, Efficiency and quality. The Free Press.

14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


