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Abstract

Several authors refer to product portfolio management as an essential process because it may be used as a corporate management
tool. However, the product portfolio management methods which are often adopted have limitations that prevent its use in practice,
mainly due to the high dimensionality of selecting an optimal portfolio. Moreover, the large amount of available data is a relevant
issue for practical applications. Thus, the contribution of this article is to propose a method for the product life cycle to monitor
time-series behaviour patterns. The goal is to identify changes that may indicate that the product portfolio needs to be revised.
The proposed method uses a multivariate regression model to relate financial variables associated with the products portfolio, the
performance of products against competition, and even macroeconomic data. The objective is, through profile monitoring, to identify
the specific time for the product portfolio review decision-making. We adopted three tools to develop a method - principal component
analysis, multivariate regression model, and profile monitoring with Hotelling 72 Control chart. A Monte Carlo simulation validated the

approach. The results showed false alarm rate and average time to signal to be similar to previous studies. Finally, the application of

the model is illustrated in a real case, using data provided by a company’s portfolio of agricultural equipment.
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1 Introduction
In recent years, portfolio management has received
increasing attention, given that companies are introduc-
ing several projects simultaneously (Mohammed, 2021).
However, products that have been made available by the
organisations in the market are highly vulnerable to the
changing needs and preferences of buyers, new tech-
nologies, and increased domestic and foreign competi-
tion (Kock et al., 2015). Therefore, the practice of inno-
vation, combined with appropriate management of the
existing portfolio, must be repeated in companies that
want financial sustainability (Kang and Montoya, 2014;
Slack et al., 2009; Tadeu de Oliveira Lacerda et al., 2011).
Indeed, product portfolio management has been a fun-
damental organising principle in studies of innovation

over the last 40 years and is an essential tool for strategic
decision making (Aitken et al., 2003; Cooper et al., 2001;
McNally et al., 2013; Shahmarichatghieh et al., 2015;
Windrum and Birchenhall, 1998). Once it promotes the
competitive advantage for each of the different brands,
analysis of all the products that compose the portfolio has
become essential for the market success of organisations
(Barksdale and Harris, 1982; Chang, 2003; Rink, 1976;
Seifert et al., 2016). Thus, managing the product portfolio
is a dynamic process, extremely important to the perfor-
mance and the achievement of business objectives (Aitken
et al., 2003; Archer and Ghasemzadeh, 1999; Kavadias
and Chao, 2008; Kester et al., 2011; Lapersonne, 2013;
Mohammed, 2021).
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Operationally, managing the products' life cycles com-
posing the portfolio demands analyses, planning, and con-
stant review (Hannila et al., 2019; Lahtinen et al., 2021;
Shahmarichatghieh et al., 2015). Studies from Coulon et
al. (2009), Jugend et al. (2016), Killen et al. (2008), Kahn
et al. (2006), McNally et al. (2009) have found that compa-
nies that adopt formal and systematic mechanisms for con-
ducting such activity achieve better portfolio performance.
However, in practice, this process is considered a com-
plex aspect for business management because the portfo-
lio management methods usually adopted have limitations
that prevent its use (Jacobs and Swink, 2011; McNally et al.,
2013; Shahmarichatghieh et al., 2015). For example, there is
a requirement to input a large amount of data, inadequate
treatment of risk and uncertainty, the disregard of interde-
pendencies between the design and external factors of the
organisation, as well as the impossibility of portfolio man-
agement being used as an organised process (Donaldson,
1985; Shahmarichatghieh et al., 2015; de Villiers et al., 2017).
Consequently, according to Hannila et al. (2022), how this
data will be refined and processed becomes a challenge.

A proper understanding of portfolio management and
its characteristics can nonetheless help develop the deci-
sion-making method (Danesh et al., 2017). As each proj-
ect is unique, there are always changes, such as environ-
ment, resources, and destinations. This makes portfolio
management a complex task, with many processes and
steps inevitably linked with decision-making prob-
lems (Hannila et al., 2022).

While it is complex and dynamic, product portfolio
management can be subdivided into three decision areas:

1. development and introduction of new products,

2. the maintenance of the portfolio of current products,

and

3. decisions to decline products (Chang, 2003; Guoqing

and Zhongliang, 2011; Rink, 1976; Rink and Swan,
1979).

Nevertheless, even though all areas are interconnected,
only the consequences and implications of the product port-
folio size and composition are connected (de Villiers et al.,
2017). Hence, the dynamic interaction of product develop-
ment, maintenance of the portfolio, and methodologies to
decline products require academic attention (Kester et al.,
2011; Seifert et al., 2016; Shahmarichatghieh et al., 2015).

Still, considering the constant changes in the mar-
ket from a large volume of data and the introduction of
Industry 4.0 technologies for process monitoring, deci-
sion making becomes a challenge (Goecks et al., 2020).
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According to Hannila et al. (2019), the development of
data-oriented practical studies is essential in portfolio
management. In this sense, efficiency indicators become
essential (Hannila et al., 2022) and data management for
product life cycle analysis and effective decision-making
regarding portfolio management (Neacsa et al., 2014).

Thus, a method of monitoring the product lifecycle to
evaluate behaviour patterns to identify changes that may
indicate that the portfolio needs to be revised is the contri-
bution of this article. The proposed method relates financial
information associated with a product portfolio to economic
performance, product performance against the competition,
and even macroeconomic data. The objective is to immedi-
ately identify the right time for the product portfolio deci-
sion review through a profile monitoring scheme.

The proposed model was evaluated using data gener-
ated by Monte Carlo simulation. A total of 5000 runs were
developed, and the results showed that false alarm rate and
average time to signal have the expected behaviour. The
results are also comparable with those found by Villalobos
et al. (2005), showing a better result in the ATS detec-
tion. Finally, the model’s applicability is illustrated in a
real case, using data provided by a company’s portfolio of
agricultural equipment.

2 Portfolio management methods

Business managers consider the decision-making pro-
cess related to the product portfolio management aspect
complex. Therefore, their decisions are associated with
their political and corporate values (Kester et al., 2011;
Weissenberger-Eibl and Teufel, 2011), which may affect the
optimisation of the choices related to portfolio and better
performance (Heising, 2012; Koen et al., 2002; McNally et
al., 2009). Because of this strategic and complex character,
there are several studies on product portfolio management
that recommend the application of formal and systema-
tised mechanisms to manage it (Archer and Ghasemzadeh,
1999; Cooper et al., 1992; Cooper et al., 2001; Killen et
al., 2008; Mathews, 2010; Mikkola, 2001; Oh et al., 2012).
Among the methods, we can highlight the financial, market
research, checklist, scoring and ranking methods, charts,
graphs, and diagrams, as described below:

» Financial methods: these have the objective of
maximising portfolio value (Kavadias and Chao,
2008; Oliveira and Rozenfeld, 2010). The following
financial evaluation mechanisms are often cited as
appropriate: net present value, expected commer-
cial value, break-even point, payback, and return on
investment (Cooper et al., 2001; Kavadias and Chao,
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2008; Oliveira and Rozenfeld, 2010). According to
Cooper et al. (1992) and Killen et al. (2008), financial
methods are the most used by companies for port-
folio assessment, but only using financial criteria in
portfolio management may be risky. This is because
economic evaluation often cannot make accurate
demand forecasts and either measure correctly the
impact of a given product of technological innova-
tion, particularly those for the long term (Blau et al.,
2004; Kavadias and Chao, 2008; Killen et al., 2008)

o Scoring and ranking methods: Scoring models sug-
gest that product designs are ranked and scored
according to the expected average performance
and, according to their degree of alignment with
business strategy (Cooper et al., 2001; Oliveira and
Rozenfeld, 2010). Scoring models require the prior
establishment of criteria to be judged. Afterward,
scores are attributed to each of these criteria. It is
recommended that a cross-functional team or a com-
mittee develop such criteria to assess product proj-
ects. Significantly, the scoring model carries the sub-
jectivity of the scores awarded (Kester et al., 2011).

* Maps, chdiagramsnd diagram: Some studies, such
as Phaal et al. (2008) and Oliveira and Rozenfeld
(2010), are getting attention to applying prod-
uct maps to balance goals and strategic alignment.
These maps can be made using the technology road-
map method, as suggested by Phaal et al. (2003). The
adoption of graphs and charts, such as blisters and
BCG matrix, are also recommended as applicable
mechanisms to simultaneously analyse the relation-
ship between product portfolio, the company's strat-
egy, and the correct balance between both (Kavadias
and Chao, 2008; Killen, 2013; Mikkola, 2001).

Kavadias and Chao (2008) and Kester et al. (2011) rec-
ommend that portfolio management decisions be taken in
strategic planning times or in shorter periods denominated
as portfolio review process, using the methods presented.
In the research conducted by Dutra et al. (2014), a sum-
mary table can be found with the main methods used in
portfolio management and the references of the studies
about this subject.

Weissenberger-Eibl and Teufel (2011), and Jonas (2010)
point out that a significant cause of failure in portfolio man-
agement occurs due to the presence of mismanagement in
the process of planning the product portfolio. Argouslidis
and Baltas (2007) and Oghojafor et al. (2012) also found
that many researchers and professionals are only engaged

in the product life cycle's development or the initial stages.
However, the current product management process has not
received the same attention, precisely the final stage of proj-
ect life (Engwall and Jerbrant, 2003; Kester et al., 2011).

The literature in the field presents several methods that
can be used to help select and prioritise projects. These
procedures range from simple screening strategies to
sophisticated mathematical procedures. However, there is
no consensus on the most effective methods. Furthermore,
there is little evidence in the literature regarding the prac-
tical use of these methods, considering that most do not
recognise the interdependence between projects. The
authors also highlight that only a few appear to have been
effectively tested in companies using real data (Archer
and Ghasemzadeh, 2004; Cooper et al., 1992; Dutra et
al., 2014; Ghasemzadeh and Archer, 2000; Henriksen and
Traynor, 1999; Lawson et al., 2006; Meredith and Mantel
Jr., 2011; Verbano and Nosella, 2010).

For Rajegopal et al. (2007), the correct selection cri-
teria are characterised by a few numbers, without over-
lapping, and being understandable, clearly measurable,
applicable, directly connected to the strategy, and appro-
priate to the purpose of the portfolio. Thus, developing
a simple and easy method to interpret, with the possibil-
ity of performing ongoing product portfolio management,
has a fundamental role in spreading portfolio manage-
ment practices.

3 A new approach to product portfolio management
The method for product portfolio management consists
of multivariate monitoring residuals, provided by an eco-
nomic data monitoring profile reduced through princi-
pal component analysis (PCA). The regression left-hand
side (LHS) comprises indicators due to product perfor-
mance. On the other hand, the regression right-hand
side (RHS) contains macroeconomic indicators such as
commodities prices, exchange rate, inflation, etc. The sys-
tem for pattern monitoring and change detection consists
of a Hotelling 7? control chart applied in the residuals of
the regression model. The signal produced by the con-
trol chart indicates the specific time for a review in one
or more indicators. It represents that the performance of
the product portfolio or changes in the economic scenario
must be treated in the company's strategic business plan.
The complete method is illustrated in Fig. 1.

The proposed method is divided into four steps. Step
I is composed of the identification and selection of the
variables. In Step II, the application of the PCA tech-
nique is used to resize the monitoring database creating
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Fig. 1 Method for decision-making on product portfolio management

quantitative indicators. A multivariate regression model is
adjusted to obtain the residuals (Step III) for control chart
monitoring, to be held in Step I'V.

The proposed model does not consider specific criteria
for certain types of projects and/or companies, consider-
ing that the method seeks to ensure the model's generality.
Thus, it offers an open platform, facilitating the exclusion or
addition of new specific criteria. An overview of the tech-
niques used in the proposed method follows in Section 3.

3.1 Principal components analysis

According to Jolliffe (2002), some may be redundant when
many variables make some elimination useful. Some only
increase the evaluation work and do not have additional
information. PCA is one of the techniques used to reduce
dimensionality. The statistical technique aims to retain
most information into the first components, resulting in a
smaller amount of data to be analysed (Hair et al., 20006).
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PCA is a multivariate method of transforming a group
of p original variables X, X,, ..., X , belonging to n sub-
jects, in a set of variables, Y,, ¥, ..., Yp with equivalent
dimensions. The components Y, obtained are linear combi-
nations of the original variables, supposedly uncorrelated,
and ordered variances. Based on the principle that the
score or variance of the principal components decreases
from first to last, it means that the last components
explain a tiny fraction of the total variance and, therefore,
could be neglected. A detailed explanation of the entire
PCA may be found in Lachenbruch (1981), Rencher and
Christensen (2003), or Hair et al. (2006).

In the proposed method, variables are divided between
dependent (Y) and independent ones (X). Y variables
are the product ones, and X variables are the macroeco-
nomic data of the business. There is no maximum limit
of selected variables. However, to make the model eas-
ier, PCA is used to reduce the model's complexity signifi-
cantly. We propose to apply PCA in the dependent and
independent variables to obtain the model residuals. The
Y vector in the LHS is the Y components and, in the RHS,
the X vector of X components. The eigenvalues define the
number of retained components. The components that will
be included are those with eigenvalues greater than 1.

3.2 Multivariate linear regression model

Multivariate linear regression is a technique whose pri-
mary purpose is to obtain a mathematical relationship
between dependent variables and a set of variables describ-
ing the system (independent or explanatory variables). A
regression model in matrix form is shown in Eq. (1):

Y=Xf+e, M

where f8 is the regression coefficient matrix, e is the fitting
error matrix that is normally distributed, independent, with
zero mean and constant variability, ¥ is the dependent vari-
ables matrix, and X is the independent variables matrix.
Solving 8 we have the estimates of ordinary least squares
for the regression parameters, according to Eq. (2):

~

B=(X'X)"(XT), &)

where X' is the transpose of X. For calculating the inverse
of (X'X), it is necessary that the independent variables do
not have high relativity, because in this situation the (X'X)
matrix cannot become the inverse and we will have more
error. To solve this problem, we should remove the mul-
ticollinearity between independent variables with PCA
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methods. More information about multivariate regression
can be found in Rencher and Christensen (2003), as well as
a practical application in Noori et al. (2010).

After obtaining the components, a cause-effect model
is built using this model. So, the residuals obtained will
be used to monitor the product portfolio in a multivari-
ate control chart. This technique is already applied in sev-
eral studies, such as Hosseinifard et al. (2011), Jeong et
al. (2013), and Woodall and Montgomery (2014).

3.3 Hotelling Control Chart

To control the quality of a product, Montgomery (2007)
highlights that identifying and measuring the variations
in the process through control charts is required. Control
Charts are valuable tools for assessing the state of statis-
tical process control. These charts determine if variations
occur due to assignable causes or random reasons. The
effectiveness of a control chart is measured by the speed
with which this device detects changes in the process and
by its false alarm rate (Korzenowski et al., 2020).

Multivariate control charts can control multiple process
factors and combine various product features into a sin-
gle chart (Rodrigues et al., 2021). The best-known control
chart is the 72, initially proposed by Hotelling (1947) and
applied in data bombs in World War II. The purpose of the
T2 chart is to evaluate whether the variables are simulta-
neously under control. In this type of chart, the statistics
of two or more related measurement variables. A multivar-
iate chart shows how several variables together may influ-
ence a result or a process (Montgomery, 2007).

The statistic for monitoring 7% control charts is pre-
sented in Eq. (3), while the control limits in Phase 2 are
given in Egs. (4) and (5). More details about 7> con-
trol chart, inclusive UCL for Phase I, can be found in
Montgomery (2007):

r=x-Xs'(x-X), ©)

Lsc = Pmrhm=1) Fo @
m- —mp

LIC =0, ®)

where X is the variable matrix, X is the covariance matrix
of X, p is the number of variables, m is the sample size and
F is the a quantile of the Snedecor distribution with p and
m — p degrees of freedom.

4 Simulation procedures and results

To evaluate the performance of the proposed procedure, a
total of 5000 runs were generated from a multivariate nor-
mal distribution by Monte Carlo simulation. The warm-up
of the simulation process where the running data until the
first signal, being the size of the first run, was disregarded
in the analysis. The data used in the simulations were gener-
ated using population parameters estimated from the com-
pany's historical data. The objective is to model good oper-
ating behaviour only and test for any future deviations from
this model (MacGregor and Kourti, 1995).

The UCL for the T? chart was set up in UCL = 14.00
by the simulation to obtain an average run length (4RL)
of approximately 200, when the process was in-control,
to compare the results with those obtained by (Villalobos
et al., 2005). The same simulation process to get an (4RL)
was performed by Villalobos et al. (2005), who used
UCL = 12.85 and obtained an (ARL =201.0598). This ARL
means an alpha error (significance level) of o = 0.005.

The ARL was obtained through Eq. (6):

N k
ARL = Z;_l(zj_llj{]\/rl:rz<UCLu—uo} ) , (6)

where N is the number of simulated runs, & is the point in
time where the chart shows a signal, 7% is the monitoring
statistic, UCL is the upper control limit, according Eq. (4),
I is an indicator variable that shows when the point is out-
of-control and j =1, 2, ..., k.

A 0 size shift was inserted in the process going to an
out-of-control state (¢ = p, + ) to evaluate the average
time to signal (47S). Since the variables X are dependent,
a mean shift was simulated in the set of independent vari-
ables Y=/(X) by simply adding a vector of constants to ¥,
as previously performed by Gonzalez and Sanchez (2008).
Villalobos et al. (2005) have inserted a shift in just one
variable. Our simulation includes a shift in just one vari-
able and later in the entire set of ¥ variables to test the pro-
cedure. ATS was obtained by Eq. (7).

N 1
ATS = Zi:] (Zk]k{T;\:’TZWCL#“n*E} ) , ™)

where N is the number of runs simulated, 72 is the mon-
itoring statistic, UCL is the upper control limit, /, is an
indicator variable that shows when the point is under con-
trol, k=1t,t+1,t+2, .., 1, t is the time when the shift was
introduced, and / is the time when the signal occurs. The



Table 1 Simulated ARL and ATS for the Hotelling Control Chart

Measurements Villalobos et  One Y variable All ¥ variables
al. (2005) out-of-control  out-of-control

UCL 12.85 14.00 14.00

ARL/ATS () 201.0598 209.5086 210.5782

0.5 132.5168 86.9826 51.5891

1.0 52.7745 19.3600 7.3604

1.5 20.3010 5.2402 2.1452

2.0 9.0323 2.2240 1.2488

3.0 2.5807 1.1392 1.0082

results obtained by Villalobos et al. (2005), as well as the
simulated results obtained by the method proposed are
presented in Table 1.

The proposed control procedure found one false alarm
every 209/210 months on average. This difference is due
to the simulation process. These results are comparable
with Villalobos et al. (2005). When a shift was inserted in
one of the main components, the ATS quickly declined,
and a constant change was inserted in all the components,
as expected. Notwithstanding, these results decrease
faster in comparison to those presented by Villalobos et
al. (2005). For example, using our approach, after a shift,
0 =20, the procedure takes only two months on average to
detect, according to Table 1.

5 Application of the method in the evaluation of product

portfolio in an agricultural machinery company

The proposed approach was applied in a multinational
agricultural equipment machinery company. The model
was adjusted in a limited scenario restricted to a one prod-
ucts family. According to Argouslidis and Baltas (2007),
it is important to consider market conditions in which the
proposed product or service is located, costs, and indi-
cators. Based on this information, with the assistance of
industry experts, 17 indicators were selected in 60 months.

Table 2 Selected variables

Independent variables (X)
GDP Product Cost 1
Product Cost 2
Product Gross Profit 1
Product Gross Profit 2

Dependent variables (Y)

Soybean Price

Corn Price

Exchange Rate (US$)

Inflation Indicator (IPCA-Food) Volume of Product 1
Interest Rates Volume of Product 2
Rainfall rates (Dourados City) Warranty of Product 1
Industry Volume of Product 1 Warranty of Product 2

Industry Volume of Product 2
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The indicators of the economic environment/agriculture
are classified as independent variables and the business
indicators as dependent variables, according to Table 2.

Industry experts interviewed have been investigated for at
least five years in the company's branch. The specialists were
selected in critical areas, marketing, engineering, finance,
market intelligence, to obtain the most significant possible
number of variables to be used in the proposed method.

The chosen independent variables were GDP, Exchange
Rate, Inflation Indicator (IPCA-Food)', and Interest Rates
were obtained from the Brazilian Institute of Applied
Economic Research website (IPEA-Brazil)!. IPEA is
Brazil's official economic and financial data department in
a series of annual, monthly, and daily rates. The values of
the indicators were converted into their current values to
remove inflation effects.

The variables related to agricultural commodities -
Soybean, corn prices, and Rainfall rates - were obtained
from the National Supply Company site (CONAB).
CONAB is a Brazilian state-owned enterprise under the
Ministry of Agriculture, Livestock and Supply, responsi-
ble for the agricultural index. The industry volume was
obtained through the Brazilian Association of Machinery
and Equipment (ABIMAQ) website.

The data of the dependent variable were collected in a
multinational agricultural company. The total of the his-
torical data and the variables available were used in this
study (a total of 8 variables collected within 60 months),
thus completing Step I. Obtained the variables; step 11
is started, where two PCA were performed, one on each
side of the equation and three components were retained
according to predefined criteria in the proposed model.
Table 3 shows the eigenvalues obtained for the indepen-
dent and dependent variables and the variance of each
component after applying the PCA method. Eigenvalues
more significant than 1 were selected, representing 68.15%
of the total variance explained between the independent
variables and 69.39% between the dependent variables.

In step III, multivariate regression was used to make
future forecasts and estimate the residuals of the data set
obtained by PCA carried out in step II. Residuals of the
adjusted model were obtained to be used in the monitoring
process by the Hotelling 72 control chart.

AHotelling 7% control chart controls the residuals obtained
from the multivariate regression model. This monitoring
aims to detect changes in the model standards, to show the

1 See in the website of Instituto de Pesquisa Econdmica Aplicada
(https://www.ipea.gov.br/)
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Table 3 Eigenvalues and explained variance obtained by principal

component analysis

Independent variables (X)
(r (21" 37 (r (21" 31

Dependent variables (Y)

2.845 31.61%  31.61% 2.396 29.95%  29.95%
1.928 21.42%  53.03% 1.785 22.32%  52.27%
1.361 15.12%  68.15% 1.370 17.12%  69.39%
0.996 11,59% 79.74% 0.998 12.64% 82.03%
0.847 941% 89.15% 0.482 6.03% 88.06%
0.449 4.99% 94.14% 0.471 5.89% 93.95%
0.252 2.80% 96.94% 0.304 3.79% 97.74%

0.173 1.92% 98.86% 0.180
0.102 1.14% 100%

2.25% 100%

* Eigenvalues;
** Explained variance;
*#* Accumulated variance.

exact time to review the current product portfolio, possibly
requiring the change/removal of one or more portfolio prod-
ucts. The results of the prospective analysis can be verified in
Fig. 2, after the vertical dashed line. The vertical line divides
Phase I of Phase I in the residual control chart. Although not
necessary, considering that no out-of-control data point was
found, a monitoring chart for X and Y components was gen-
erated to illustrate the applications of the method. The control
chart for X and Y components is shown in Fig. 3(a) and (b).
It is essential to generate the control chart for each
component (X and Y) when an out-of-control data point is
identified in the residual control chart, Fig. 2. Doing so can
determine which variable is responsible for changing the
regression model pattern. If the change is derived from the
X component, the macroeconomic scenario in which the
company operates has changed, requiring a review of the
strategical business plan. However, if the change is derived

Hatelling T2
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Fig. 2 Hotelling 72 Chart applied to real data
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Fig. 3 T2 control chart for each component; (a) Hotelling T2 PCA X; (b)
Hotelling T> PCA'Y

from the Y component, an intervention in the company's
product portfolio is required. Among the possible actions,
it can be cited: increased investment in advertising for
certain products, implementation of a cost reduction pro-
gram to increase the profit margin, development of quality
improvement projects, improvement of the relationships
with the dealers through finance and promotions strategy,
and even the discontinuation of a product and its replace-
ment in the company's portfolio.

Thus, this study presents the market share strategy as a
way to define the product portfolio. This is demonstrated
in the company's real data, whose mechanism developed
in this article allows the maintenance of strategic prod-
ucts, even if they are not profitable for the company. That



is, differing from questions related to profit or profitability,
according to the gap identified in the research by Hannila
et al. (2019; 2022).

Goecks et al. (2020) reinforce the findings found by this
research, that is, the high number of available data raises
the challenges in the decision-making process. However,
digital systems (from Industry 4.0 technologies) facili-
tate this process. In this sense, the control systems elabo-
rated in this study indicate changes in the product portfo-
lio in dynamic systems, contributing to current demands,
which, in practice, are constantly changing.

Still, an out-of-control data point was found during ret-
rospective analysis, and it was deleted. During the online
monitoring process, no out-of-control data point was
found. These results were expected since the economy was
stable in the period selected, and there were no changes in
the family of products analysed.

6 Conclusions

Portfolio management is an essential tool to increase mar-
ket competitiveness. Generally, portfolio management
methods have limitations that avoid real applications or
require a lot of interference from managers. In addition,
managers must figure out when is the right time to review
the product portfolio. The contribution of this paper is to
provide a method to identify the right time to perform a
portfolio review. The approach uses residual monitoring
from a profile between business and economic variables,

References

Aitken, J., Childerhouse, P., Towill, D. (2003) "The impact of prod-
uct life cycle on supply chain strategy", International Journal of
Production Economics, 85(2), pp. 127-140.
https://doi.org/10.1016/s0925-5273(03)00105-1

Archer, N. P., Ghasemzadeh, F. (1999) "An integrated framework for
project portfolio selection”, International Journal of Project
Management, 17(4), pp. 207-216.
https://doi.org/10.1016/s0263-7863(98)00032-5

Archer, N., Ghasemzadeh, F. (2004) "Project Portfolio Selection and
Management", In: Morris, P. W. G., Pinto, J. K. (eds.) The Wiley
Guide to Managing Projects, John Wiley & Sons Inc., pp. 237-255.
ISBN 9780471233022
https://doi.org/10.1002/9780470172391.chl1

Argouslidis, P. C., Baltas, G. (2007) "Structure in product line manage-
ment: The role of formalization in service elimination decisions",
Journal of the Academy of Marketing Science, 35(4), pp. 475-491.
https://doi.org/10.1007/s11747-006-0004-2

Barksdale, H. C., Harris, C. E. (1982) "Portfolio analysis and the product
life cycle", Long Range Planning, 15(6), pp. 74—83.
https://doi.org/10.1016/0024-6301(82)90010-3

Herzer et al. | 59
Period. Polytech. Soc. Man. Sci., 31(1), pp. 52-62, 2023

putting together as many factors that can impact the deci-
sions and results of the organisation in a single method.

The simulation study shows that the chosen approach per-
forms better than a usual multivariate monitoring procedure
based on PCA. It means that the proposed method identi-
fies and indicates changes in the patterns of the model faster
than a usual multivariate monitoring procedure. The faster
the model is, the faster the information for decision-making
is obtained. Contributing to more agile and effective deci-
sion-making, as indicated by Neacsa et al. (2014).

The application of real data from a company's agricul-
ture machinery portfolio illustrates the proposed method.
The results obtained using the method were similar to
the real data, confirming the gap presented by Hannila
et al. (2019; 2022). Significant results emphasise the real
applicability of the proposed method.

For faster detection of small shifts, MEWMA chats could
be used to monitor the residuals. A self-start procedure to
evaluate the beginning of the portfolio lifecycle is also an
interesting topic to be discussed in the future, even though
dimensionality reduction could be seen as a challenge. Also,
it suggests applying the method in different industry seg-
ments to verify the model's adaptability to other variables.

Acknowledgement

This study was financed in part by the Coordenagdo de
Aperfeigoamento de Pessoal de Nivel Superior - Brasil
(CAPES) - Processes 00000.000000/2022-00.

Blau, G. E., Pekny, J. F., Varma, V. A., Bunch, P. R. (2004) "Managing
a Portfolio of Interdependent New Product Candidates in
the Pharmaceutical Industry", Journal of Product Innovation
Management, 21(4), pp. 227-245.
https://doi.org/10.1111/.0737-6782.2004.00075.x

Chang, Y. C. (2003) "Benefits of co-operation on innovative perfor-
mance: evidence from integrated circuits and biotechnology firms
in the UK and Taiwan", R&D Management, 33(4), pp. 425—-437.
https://doi.org/10.1111/1467-9310.00308

Cooper, R. G., Edgett, S. J., Kleinschmidt, E. J. (1992) "New Product
Portfolio Management: Practices and Performance", Journal of
Product Innovation Management, 16(4), pp. 333-351.
https://doi.org/10.1111/1540-5885.1640333

Cooper, R., Edgett, S., Kleinschmidt, E. (2001) "Portfolio management
for new product development: results of an industry practices
study", R&D Management, 31(4), pp. 361-380.
https://doi.org/10.1111/1467-9310.00225

Coulon, M., Ernst, H., Lichtenthaler, U., Vollmoeller, J. (2009) "An over-
view of tools for managing the corporate innovation portfolio",
International Journal of Technology Intelligence and Planning,
5(2), pp. 221-239.
https://doi.org/10.1504/ijtip.2009.024191


https://doi.org/10.1016/s0925-5273(03)00105-1
https://doi.org/10.1016/s0263-7863(98)00032-5
https://doi.org/10.1002/9780470172391.ch11
https://doi.org/10.1007/s11747-006-0004-2
https://doi.org/10.1016/0024-6301(82)90010-3
https://doi.org/10.1111/j.0737-6782.2004.00075.x
https://doi.org/10.1111/1467-9310.00308
https://doi.org/10.1111/1540-5885.1640333
https://doi.org/10.1111/1467-9310.00225
https://doi.org/10.1504/ijtip.2009.024191

60 | Herzer et al.
Period. Polytech. Soc. Man. Sci., 31(1), pp. 52-62, 2023

Danesh, D., Ryan, M. J., Abbasi, A. (2017) "Multi-criteria decision-mak-
ing methods for project portfolio management: a literature review",
International Journal of Management and Decision Making, 17(1),
pp. 75-94.
https://doi.org/10.1504/ijmdm.2017.10006139

de Villiers, C., Venter, E. R., Hsiao, P. C. K. (2017) "Integrated reporting:
background, measurement issues, approaches and an agenda for
future research", Accounting & Finance, 57(4), pp. 937-959.
https://doi.org/10.1111/acfi.12246

Donaldson, L. (1985) "Organization design and the life-cycles of prod-
ucts [1]", Journal of Management Studies, 22(1), pp. 25-37.
https://doi.org/10.1111/j.1467-6486.1985.tb00240.x

Dutra, C. C., Ribeiro, J. L. D., de Carvalho, M. M. (2014) "An eco-
nomic—probabilistic model for project selection and prioriti-
zation", International Journal of Project Management, 32(6),
pp. 1042-1055.
https://doi.org/10.1016/j.ijproman.2013.12.004

Engwall, M., Jerbrant, A. (2003) "The resource allocation syndrome:
the prime challenge of multi-project management?", International
Journal of Project Management, 21(6), pp. 403—4009.
https://doi.org/10.1016/s0263-7863(02)00113-8

Ghasemzadeh, F., Archer, N. P. (2000) "Project portfolio selection through
decision support", Decision Support Systems, 29(1), pp. 73—88.
https://doi.org/10.1016/s0167-9236(00)00065-8

Goecks, L. S., dos Santos, A. A., Korzenowski, A. L. (2020) "Decision-
making trends in quality management: a literature review about
Industry 4.0", Production, 30, €20190086.
https://doi.org/10.1590/0103-6513.20190086

Gonzalez, 1., Sanchez, 1. (2008) "Principal alarms in multivariate statistical
process control using independent component analysis", International
Journal of Production Research, 46(22), pp. 6345-6366.
https://doi.org/10.1080/00207540701361467

Guogqing, L., Zhongliang, C. (2011) "Dynamic Industry Evolution Model
on Product Life Cycle", Energy Procedia, 5, pp. 1611-1615.
https://doi.org/10.1016/j.egypro.2011.03.274

Hair, J. F.,, Black, B., Babin, B., Anderson, R. E., Tatham, R. L. (2006)
"Multivariate data analysis", Pearson Prentice Hall. ISBN
9780130329295

Hannila, H., Koskinen, J., Harkonen, J., Haapasalo, H. (2019) "Product-
level profitability: Current challenges and preconditions for data-
driven, fact-based product portfolio management", Journal of
Enterprise Information Management, 33(1), pp. 214-237.
https://doi.org/10.1108/jeim-05-2019-0127

Hannila, H., Kuula, S., Harkonen, J., Haapasalo, H. (2022) "Digitalisation
of a company decision-making system: a concept for data-driven
and fact-based product portfolio management", Journal of Decision
Systems, 31(3), pp. 258-279.
https://doi.org/10.1080/12460125.2020.1829386

Heising, W. (2012) "The integration of ideation and project portfolio
management — A key factor for sustainable success", International
Journal of Project Management, 30(5), pp. 582-595.
https://doi.org/10.1016/j.ijproman.2012.01.014

Henriksen, A. D., Traynor, A. J. (1999) "A practical R&D project-selec-
tion scoring tool", IEEE Transactions on Engineering Management,
46(2), pp. 158-170.
https://doi.org/10.1109/17.759144

Hosseinifard, S. Z., Abdollahian, M., Zeephongsekul, P. (2011)
"Application of artificial neural networks in linear profile moni-
toring", Expert Systems with Applications, 38(5), pp. 4920—4928.
https://doi.org/10.1016/j.eswa.2010.09.160

Hotelling, H. (1947) "Multivariate quality control", In: Eisenhart, C.,
Hastay, M. W., Wallis, W. A. (eds.) Techniques of Statistical
Analysis, McGraw Hill, New York, NY, USA, pp. 111-184.

Instituto de Pesquisa Econdomica Aplicada "Ipea - Instituto de Pesquisa
Econdmica Aplicada" (Institute of Applied Economic Research),
[online] Available at: https:/www.ipea.gov.br/ [Accessed: 24
February 2022] (in Portuguese)

Jacobs, M. A., Swink, M. (2011) "Product portfolio architectural com-
plexity and operational performance: Incorporating the roles of
learning and fixed assets", Journal of Operations Management,
29(7-8), pp. 677-691.
https://doi.org/10.1016/j.jom.2011.03.002

Jeong, Y. S., Kim, B., Ko, Y. D. (2013) "Exponentially weighted moving
average-based procedure with adaptive thresholding for monitor-
ing nonlinear profiles: Monitoring of plasma etch process in semi-
conductor manufacturing”, Expert Systems with Applications,
40(14), pp. 5688-5693.
https://doi.org/10.1016/j.eswa.2013.04.016

Jolliffe, I. T. (2002) "Principal Component Analysis", Springer. ISBN
0-387-95442-2

Jonas, D. (2010) "Empowering project portfolio managers: How man-
agement involvement impacts project portfolio management per-
formance", International Journal of Project Management, 28(8),
pp. 818—-831.
https://doi.org/10.1016/j.ijproman.2010.07.002

Jugend, D., Barbalho, S. C. M., da Silva, S. L. (2016) "Contributions of
the project management office to product portfolio management",
Production, 26(1), pp. 190-202.
https://doi.org/10.1590/0103-6513.134313

Kahn, K. B., Barczak, G., Moss, R. (2006) "PERSPECTIVE: Establishing
an NPD Best Practices Framework", Journal of Product Innovation
Management, 23(2), pp. 106—-116.
https://doi.org/10.1111/j.1540-5885.2006.00186.x

Kang, W., Montoya, M. (2014) "The Impact of Product Portfolio Strategy
on Financial Performance: The Roles of Product Development
and Market Entry Decisions", Journal of Product Innovation
Management, 31(3), pp. 516-534.
https://doi.org/10.1111/jpim.12111

Kavadias, S., Chao, R. O. (2008) "Chapter 6 - Resource allocation and
new product development portfolio management", In: Loch, C.
H., Kavadias, S. (eds.) Handbook of New Product Development
Management, Butterworth-Heinemann, pp. 135-163. ISBN
978-0-7506-8552-8
https://doi.org/10.1016/b978-0-7506-8552-8.50009-8

Kester, L., Griffin, A., Hultink, E. J., & Lauche, K. (2011) "Exploring
Portfolio Decision-Making Processes", Journal of Product
Innovation Management, 28(5), pp. 641-661.
https://doi.org/10.1111/j.1540-5885.2011.00832.x

Killen, C. P. (2013) "Evaluation of project interdependency visualiza-
tions through decision scenario experimentation", International
Journal of Project Management, 31(6), pp. 804-816.
https://doi.org/10.1016/j.ijproman.2012.09.005


https://doi.org/10.1504/ijmdm.2017.10006139
https://doi.org/10.1111/acfi.12246
https://doi.org/10.1111/j.1467-6486.1985.tb00240.x
https://doi.org/10.1016/j.ijproman.2013.12.004
https://doi.org/10.1016/s0263-7863(02)00113-8
https://doi.org/10.1016/s0167-9236(00)00065-8
https://doi.org/10.1590/0103-6513.20190086
https://doi.org/10.1080/00207540701361467
https://doi.org/10.1016/j.egypro.2011.03.274
https://doi.org/10.1108/jeim-05-2019-0127
https://doi.org/10.1080/12460125.2020.1829386
https://doi.org/10.1016/j.ijproman.2012.01.014
https://doi.org/10.1109/17.759144
https://doi.org/10.1016/j.eswa.2010.09.160
https://www.ipea.gov.br/
https://doi.org/10.1016/j.jom.2011.03.002
https://doi.org/10.1016/j.eswa.2013.04.016
https://doi.org/10.1016/j.ijproman.2010.07.002
https://doi.org/10.1590/0103-6513.134313
https://doi.org/10.1111/j.1540-5885.2006.00186.x
https://doi.org/10.1111/jpim.12111
https://doi.org/10.1016/b978-0-7506-8552-8.50009-8
https://doi.org/10.1111/j.1540-5885.2011.00832.x
https://doi.org/10.1016/j.ijproman.2012.09.005

Killen, C. P., Hunt, R. A., Kleinschmidt, E. J. (2008) "Project portfo-
lio management for product innovation", International Journal of
Quality & Reliability Management, 25(1), pp. 24-38.
https://doi.org/10.1108/02656710810843559

Kock, A., Heising, W., Gemiinden, H. G. (2015) "How Ideation Portfolio
Management Influences Front-End Success", Journal of Product
Innovation Management, 32(4), pp. 539-555.
https://doi.org/10.1111/jpim.12217

Koen, P. A., Ajamian, G. M., Boyce, S., Clamen, A., Fisher, E.,
Fountoulakis, S., Johnson, A., Puri, P, Seibert, R. (2002)
"Fuzzy Front End: Effective Methods, Tools, and Techniques",
In: Belliveau, P., Griffin, A., Somermeyer, S. (eds.) The PDMA
ToolBook for New Product Development, Wiley, pp. 5-35. ISBN
978-0-471-20611-8

Korzenowski, A. L., Simdes, W. L., Goecks, L. S., Gerhard, M., Fogaga,
P., Noronha, R. S. (2020) "Economic sustainability of the imple-
mentation in uncapable processes", International Journal for
Quality Research, 14(3), pp. 881-894.
https://doi.org/10.24874/ijqr14.03-15

Lachenbruch, P. A. (1981) "Review", Biometrics, 37(1), pp. 199-199.
https://doi.org/10.2307/2530538

Lahtinen, N., Mustonen, E., Harkonen, J. (2021) "Commercial and
Technical Productization for Fact-Based Product Portfolio
Management Over Lifecycle", IEEE Transactions on Engineering
Management, 68(6), pp. 1826—1838.
https://doi.org/10.1109/tem.2019.2932974

Lapersonne, A. H. H. (2013) "Managing Multiple Sources of Competitive
Advantage in a Complex Competitive Environment", Future
Studies Research Journal: Trends and Strategies, 5(2), pp. 221-251.
https://doi.org/10.7444/fsrj.v5i2.120

Lawson, C. P., Longhurst, P. J., Ivey, P. C. (2006) "The application of a
new research and development project selection model in SMEs",
Technovation, 26(2), pp. 242-250.
https://doi.org/10.1016/j.technovation.2004.07.017

MacGregor, J. F., Kourti, T. (1995) "Statistical process control of multi-
variate processes", Control Engineering Practice, 3(3), pp. 403—414.
https://doi.org/10.1016/0967-0661(95)00014-1

Mathews, S. (2010) "Innovation Portfolio Architecture", Research-
Technology Management, 53(6), pp. 30—40.
https://doi.org/10.1080/08956308.2010.11657660

McNally, R. C., Durmusoglu, S. S., Calantone, R. J. (2013) "New Product
Portfolio Management Decisions: Antecedents and Consequences",
Journal of Product Innovation Management, 30(2), pp. 245-261.
https://doi.org/10.1111/j.1540-5885.2012.00997.x

McNally, R. C., Durmusoglu, S. S., Calantone, R. J., Harmancioglu, N.
(2009) "Exploring new product portfolio management decisions:
The role of managers' dispositional traits", Industrial Marketing
Management, 38(1), pp. 127-143.
https://doi.org/10.1016/j.indmarman.2007.09.006

Meredith, J. R., Mantel Jr., S. J. (2011) "Project Management: A
Managerial Approach", Wiley. ISBN 978-0470533024

Mikkola, J. H. (2001) "Portfolio management of R&D projects: impli-
cations for innovation management", Technovation, 21(7),
pp. 423-435.
https://doi.org/10.1016/50166-4972(00)00062-6

Herzer et al. | 61
Period. Polytech. Soc. Man. Sci., 31(1), pp. 52-62, 2023

Mohammed, H. J. (2021) "The optimal project selection in portfolio
management using fuzzy multi-criteria decision-making method-
ology", Journal of Sustainable Finance & Investment.
https://doi.org/10.1080/20430795.2021.1886551

Montgomery, D. C. (2007) "Introduction to statistical quality control",
Academic Internet Publishers Publication. ISBN 9781428814189

Neacsa, M., Adar, G., Adir, V. (2014) "Group Decision Support Systems
and Product Lifecycle Management in Robotics", Applied
Mechanics and Materials, 555, pp. 799-804.
https://doi.org/10.4028/www.scientific.net/amm.555.799

Noori, R., Khakpour, A., Omidvar, B., Farokhnia, A. (2010) "Comparison
of ANN and principal component analysis-multivariate linear
regression models for predicting the river flow based on developed
discrepancy ratio statistic", Expert Systems with Applications,
37(8), pp. 5856-5862.
https://doi.org/10.1016/j.eswa.2010.02.020

Oghojafor, B. E. A., Aduloju, S. A., Olowokudejo, F. F. (2012) "Product
Elimination: The Nigerian Insurance Industry Experience",
International Journal of Business Administration, 3(2), pp. 74—83.
https://doi.org/10.5430/ijba.v3n2p74

Oh, J,, Yang, J., Lee, S. (2012) "Managing uncertainty to improve deci-
sion-making in NPD portfolio management with a fuzzy expert
system", Expert Systems with Applications, 39(10), pp. 9868—9885.
https://doi.org/10.1016/j.eswa.2012.02.164

Oliveira, M. G., Rozenfeld, H. (2010) "Integrating technology roadmap-
ping and portfolio management at the front-end of new product
development", Technological Forecasting and Social Change,
77(8), pp. 1339-1354.
https://doi.org/10.1016/j.techfore.2010.07.015

Phaal, R., Farrukh, C., Mitchell, R., Probert, D. (2003) "Starting-Up
Roadmapping Fast", Research-Technology Management, 46(2),
pp. 52-59.
https://doi.org/10.1080/08956308.2003.11671555

Phaal, R., Simonse, L., Ouden, E. D. (2008) "Next generation roadmap-
ping for innovation planning", International Journal of Technology
Intelligence and Planning, 4(2), pp. 135-152.
https://doi.org/10.1504/ijtip.2008.018313

Rajegopal, S., McGuin, P, Waller, J. (2007) "Project Portfolio
Management: Leading the Corporate Vision", Palgrave Macmillan
London. ISBN 978-0-230-20649-6
https://doi.org/10.1057/9780230206496

Rencher, A. C., Christensen, W. F. (2003) "Methods of Multivariate
Analysis", John Wiley & Sons. ISBN 9780470178966
https://doi.org/10.1002/9781118391686

Rink, D. R. (1976) "The product life cycle in formulating purchasing
strategy", Industrial Marketing Management, 5(4), pp. 231-242.
https://doi.org/10.1016/0019-8501(76)90029-8

Rink, D. R., Swan, J. E. (1979) "Product life cycle research: A literature
review", Journal of Business Research, 7(3), pp. 219-242.
https://doi.org/10.1016/0148-2963(79)90030-4

Rodrigues, D. C., Goecks, L. S., Mareth, T., Korzenowski, A. L. (2021)
"Multivariate control chart with variable dimensions for flexi-
ble production environments", International Journal for Quality
Research, 15(3), pp. 701-712.
https://doi.org/10.24874/ijqr15.03-01


https://doi.org/10.1108/02656710810843559
https://doi.org/10.1111/jpim.12217
https://doi.org/10.24874/ijqr14.03-15
https://doi.org/10.2307/2530538
https://doi.org/10.1109/tem.2019.2932974
https://doi.org/10.7444/fsrj.v5i2.120
https://doi.org/10.1016/j.technovation.2004.07.017
https://doi.org/10.1016/0967-0661(95)00014-l
https://doi.org/10.1080/08956308.2010.11657660
https://doi.org/10.1111/j.1540-5885.2012.00997.x
https://doi.org/10.1016/j.indmarman.2007.09.006
https://doi.org/10.1016/s0166-4972(00)00062-6
https://doi.org/10.1080/20430795.2021.1886551
https://doi.org/10.4028/www.scientific.net/amm.555.799
https://doi.org/10.1016/j.eswa.2010.02.020
https://doi.org/10.5430/ijba.v3n2p74
https://doi.org/10.1016/j.eswa.2012.02.164
https://doi.org/10.1016/j.techfore.2010.07.015
https://doi.org/10.1080/08956308.2003.11671555
https://doi.org/10.1504/ijtip.2008.018313
https://doi.org/10.1057/9780230206496
https://doi.org/10.1002/9781118391686
https://doi.org/10.1016/0019-8501(76)90029-8
https://doi.org/10.1016/0148-2963(79)90030-4
https://doi.org/10.24874/ijqr15.03-01

62 | Herzer et al.
Period. Polytech. Soc. Man. Sci., 31(1), pp. 52-62, 2023

Seifert, R. W., Tancrez, J. S., Biger, 1. (2016) "Dynamic product portfolio
management with life cycle considerations", International Journal
of Production Economics, 171, pp. 71-83.
https://doi.org/10.1016/j.ijpe.2015.10.017

Shahmarichatghieh, M., Tolonen, A., Haapasalo, H. (2015) "Product
life cycle, technology life cycle and market life cycle: similari-
ties, differences and applications", In: Technology, Innovation and
Industrial Management Joint International Conference, Bari, Italy,
pp. 1143-1151.

Slack, N., Chambers, S., Johnston, R., Betts, A. (2009) "Operations
and Process Management: Principles and Practice for Strategic
Impact", Pearson Education. ISBN 9780273718512

Tadeu de Oliveira Lacerda, R., Ensslin, L., Rolim Ensslin, S. (2011) "A
performance measurement framework in portfolio management:
A constructivist case", Management Decision, 49(4), pp. 648—668.
https://doi.org/10.1108/00251741111126530

Verbano, C., Nosella, A. (2010) "Addressing R&D investment decisions:
a cross analysis of R&D project selection methods", European
Journal of Innovation Management, 13(3), pp. 355-379.
https://doi.org/10.1108/14601061011060166

Villalobos, J. R., Mufoz, L., Gutierrez, M. A. (2005) "Using fixed and
adaptive multivariate SPC charts for online SMD assembly mon-
itoring", International Journal of Production Economics, 95(1),
pp. 109-121.
https://doi.org/10.1016/].ijpe.2003.11.011

Weissenberger-Eibl, M. A., Teufel, B. (2011) "Organizational politics in
new product development project selection", European Journal of
Innovation Management, 14(1), pp. 51-73.
https://doi.org/10.1108/14601061111104698

Windrum, P., Birchenhall, C. (1998) "Is product life cycle theory a
special case? Dominant designs and the emergence of market
niches through coevolutionary-learning", Structural Change and
Economic Dynamics, 9(1), pp. 109-134.
https://doi.org/10.1016/s0954-349x(97)00039-8

Woodall, W. H., Montgomery, D. C. (2014) "Some Current Directions
in the Theory and Application of Statistical Process Monitoring",
Journal of Quality Technology, 46(1), pp. 78-94.
https://doi.org/10.1080/00224065.2014.11917955


https://doi.org/10.1016/j.ijpe.2015.10.017
https://doi.org/10.1108/00251741111126530
https://doi.org/10.1108/14601061011060166
https://doi.org/10.1016/j.ijpe.2003.11.011
https://doi.org/10.1108/14601061111104698
https://doi.org/10.1016/s0954-349x(97)00039-8
https://doi.org/10.1080/00224065.2014.11917955

	1 Introduction
	2 Portfolio management methods
	3 A new approach to product portfolio management
	3.1 Principal components analysis
	3.2 Multivariate linear regression model
	3.3 Hotelling Control Chart

	4 Simulation procedures and results
	5 Application of the method in the evaluation of product portfolio in an agricultural machinery comp
	6 Conclusions
	Acknowledgement
	References

