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Abstract

In this paper the decisional process of the introduction of a new information system for advanced planning and

scheduling and supply chain management (APS/SCM) is discussed, with particular care given to the value assessment

stage. In a research programme recently carried out at Politecnico di Milano a new methodology has been developed

and tested on a set of test bed cases. The methodology is based on the consideration that activities whose execution can

be supported by APS/SCM solutions may have an impact on the key performances of a supply chain. In particular, in

the first phase of the value assessment methodology the identification of the information requirements is carried out,

thus allowing an estimate of the punctual value generated by the information system solution. The following phase

provides a risk analysis of the estimated value. As information systems’ implementations have impacts not only on

economic value but also on strategic and intangible issues, this needs a deep review of traditional risk analysis

approaches. After introducing the issue of value assessment of APS/SCM information systems, a summary of the value

assessment methodology developed at Politecnico di Milano will be given. Finally a case study is provided to give more

insights on the practical application of the methodology.

r 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Planning and control systems have deeply
evolved in recent years in order to cope with the
needs of manufacturing firms. It is possible to
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identify a route of evolution that begins with the
introduction of MRP systems (Orlicky, 1975) and,
passing through the management of capacity and
materials constraints, moves towards contempor-
ary advanced planning & scheduling (APS) and
supply chain management (SCM) solutions.
New functions, such as available to promise

(ATP) or capable to promise (CTP), are nowadays
considered necessary conditions for order planning
d.
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and quoting. On the other hand, the offer of
planning systems has reached a high level of
performance with APS, where huge sets of objec-
tives and constraints are standardised in libraries
so that manufacturing systems can be modelled in
detail.

APS/SCM systems represent the most relevant
innovation in the world of manufacturing since the
introduction of MRP systems in the seventies
(Turbide, 1998). In fact they marry the potential-
ities of modern processing systems with the most
sophisticated heuristic/optimising/AI-based tech-
niques developed by operations research.

Although the nature of benefits provided by
APS/SCM systems are generally quite obvious to
operations managers, a fair evaluation of these
benefits should be provided by APS/SCM vendors
in order to prove that the huge amount of
investment connected to the acquisition, imple-
mentation and maintenance of APS/SCM is paid
back. In particular, the evaluation process could
be divided into two different phases: the first one
concerns the quantification of the expected im-
provement, while the latter focuses on the risks
which could turn out in lower-than-expected
returns. It is worth specifying here that the term
‘‘risk’’ could be intended not only to address
negative cases (actual benefits lower than ex-
pected) but even positive cases (actual benefits
higher than expected); moreover, when evaluating
the project risk, intangible benefits (and draw-
backs), such as the organisational impact of the IT
project, should be considered.

This work describes the achievements of a
research project, carried out at Politecnico di
Milano, whose objective is to develop a new
methodology, supply network opportunity assess-
ment package (SNOpAck), for the value assess-
ment of APS/SCM system’s application in a
supply chain. In this paper, attention will be
devoted to the problem of estimating the expected
value and the probability distribution for the
worth of implementing an APS/SCM system.
Details will be given on the validation process
carried out in order to test the methodology’s
effectiveness, robustness and efficiency.

The paper is arranged as follows. Section 2
presents a brief literature review of value assess-
ment approaches. Section 3 introduces a new
methodology, which focuses on the value assess-
ment of APS/SCM information systems. Section 4
presents a case study focused on the risk analysis’
part of the methodology. The methodology
validation process is presented in Section 5 and
finally Section 6 reports some concluding remarks
and suggests future research paths.
2. Theoretical framework

In recent years many studies have focused on the
evaluation of the possible benefits and costs
related to the implementation of an information
system into a company. Section 2.1 presents a
survey of the most interesting contributions deal-
ing with the value assessment of information
system (IS) projects, whereas Section 2.2 focuses
on the project carried out at Politecnico di Milano,
by highlighting its main features and goals.

2.1. Methodologies for the value assessment of IS

projects

In the last three decades IS implementation has
been one of the most important issues for the
management of almost all kinds of companies.
Several empirical studies have shown that organi-
sations are not at all comfortable in the evaluation
of IS investments (Willcocks and Lester, 1993). A
large number of methodologies and techniques has
been therefore proposed to help in the evaluation
of IS investments. Different researchers could
identify (Renkema and Berghout, 1997) over 65
methods supporting the evaluation of IS invest-
ments. Actually too many methods exist, ‘‘roughly
one per consultant’’ (Farbey and Finkelstein,
2000), but most of them are not published from
consultancy firms because of the possible loss of
competitive advantage.
Several survey papers have shown that most

methods of information systems’ evaluation used
in the practice, both ex-ante and ex-post, are
variants of consolidated techniques and ways of
thinking, which can be traced back to the
following classification proposed in the works of
Farbey et al. (1993) and Farbey and Finkelstein
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(2000): (i) quantitative and comparative methods
(or ‘‘objective’’ methods), provide a quantification
of costs and benefits in economic terms, so
allowing to compare the costs and benefits of
different information systems; such methods
usually rely on conventional accounting methods;
(ii) qualitative and exploratory methods (or ‘‘sub-
jective’’ methods) emphasise the importance of
understanding the opportunities as well as the
threats which the change may bring to some
stakeholders, with the aim of obtaining an agree-
ment on the objectives through a process of
exploration and mutual learning.

The classification framework proposed by Far-
bey et al. (1993) and Farbey and Finkelstein (2000)
is reported in Tables 1 and 2.

Notice that, in spite of the wide availability of
value assessment approaches, most companies
apply simple accounting techniques, belonging to
the cluster of quantitative and comparative meth-
ods: Ballantine and Stray (1999) carried out a
survey showing that the most used methods for the
evaluation of IS projects in companies are still
ROI and cost-benefit analysis methods.
Table 1

Quantitative and comparative methods

Method Detail Process management

Cost/revenue

analysis

Very detailed Accounting and costing staff

Return on

investment (ROI)

High Calculation by professionals,

tangible costs and benefits

aggregated as cash flows

Cost–benefit

analysis

High Bottom up, carried out by

experts, money values for

decision makers by

incorporating surrogate

measures

Return on

management

(ROM)

Low Calculation by professionals,

manipulates accounting

figures to produce a residue—

value added by management

Boundary values

and spending

ratios

Low, aggregate Top-down, senior

stakeholders involved,

calculation by professionals

IE, information

economics

Usually very

detailed

Many stakeholders involved,

detailed analysis required

Source: Adapted from Farbey et al. (1993) and Farbey and Finkelste
Finally, it is worth highlighting that researches
validating evaluation methods are hardly available
and that general prescriptions about the use of
which method in which circumstances cannot be
given (Renkema and Berghout, 1997).

2.2. Value assessment of APS/SCM projects

When dealing with the introduction of informa-
tion systems for SCM in a company, the topic of
identifying and analysing the extent of change and
of the expected benefits (value assessment) is a key
issue and no universally accepted methodology
can be found in literature, although the task of
evaluating the benefits appear simpler in this case,
since the benefits are restricted to operations.
The proposed methodology supports both

industrial users during the process of ‘‘ex-ante’’
evaluation of the opportunity to implement an
APS/SCM solution and consulting firms during
the process of definition of the features to which to
address a possible choice of a specific information
system solution. The main goals driving its
development are completeness, objectiveness and
Data Features

Cost accounting and work-

study method

Focus on cost savings and

cost displacement

Tangible, direct, objective Ex-ante and ex-post, future

uncertainty is considered,

middle to high cost

Cost and benefit elements

expressed in a standard

money value form, pseudo-

objective

Ex-ante or ex-post, cost-

effective solutions,

‘‘external’’ and ‘‘soft’’ costs

and benefits, numbers more

important than process, high

cost

Accounting totals (e.g. total

revenue, total labour cost)

Ex-post, no cause and effect

relations can be postulated,

utilisation of a formula,

cheap

Ratios of aggregated

numbers (e.g. IT expense per

employee)

Ex-ante or ex-post,

supporting benchmarking

analysis, cheap

Ranking and rating of

objectives, both tangible and

intangible

All options are

comprehensively dealt with,

rather complex

in (2000).
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Table 2

Qualitative and exploratory methods

Method Detail Process management Data Features

MOMC, multi-

objective, multi-

criteria

Any level Top-down, consensus

seeking, all stakeholders

involved, best choice is

computed

Priorities are stated by

stakeholders, subjective

evaluations of intangibles

Ex-ante, good for extracting

software requirements,

process is more important

than numbers, selection of

(a) preferred set of design

goals, (b) best design

alternative, high cost

Value analysis Any level;

generally detailed

Iterative, senior to middle

management involved,

variables identified with

Delphi method

Indirect, subjective

evaluations of intangibles,

utility scores

Ex-ante, iterative,

incremental, focus on added

value than on saved cost,

process is more important

than numbers, high cost

Critical success

factors

Short list of

factors

Senior management define

CSFs

Interview or self-expression,

quick but consuming senior

management time

Ex-ante, highly selective

Experimental

methods

From detailed to

abstract

Management scientists

working with stakeholders

Exploratory, uncertainty

reduction

Ex-ante

Source: Adapted from Farbey et al. (1993) and Farbey and Finkelstein (2000).
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possibility of a partial automation. It has resulted
in an analytical methodology that, recalling the
classification by Farbey et al. (1993) and Farbey
and Finkelstein (2000) (see Table 1), can be
classified in the group of ‘‘cost–benefit analysis’’
methodologies, although it has some distinguish-
ing features that will be deeply presented in the
following section.
3. The SNOpAck methodology

At Politecnico di Milano, a research project was
carried out with the aim of developing an original
value and risk assessment methodology, called
SNOpAck for evaluating APS/SCM implementa-
tion projects. When dealing with an implementa-
tion project in a specific company, the
methodology aims at answering the following
three main questions:
(i)
 Which information requirements should be
addressed in order to improve company’s
operations?
(ii)
 Which benefits would arise by fairly covering
such requirements?
(iii)
 Which is the value (in terms of quantifiable
benefits and costs) related to a specific APS/
SCM solution?
An overview of the steps of the SNOpAck
methodology is presented in Fig. 1; each step will
be described in the following sections; further
details are reported in Fahmy Salama (2002).

3.1. Step 1: Preliminary analysis

In the first phase, after a preliminary analysis of
the organisation, an information requirements
analysis is carried out. Through a structured
questionnaire, a weight is associated to each
information requirement, so as to classify each of
them in a range from ‘‘irrelevant’’ to ‘‘highly
relevant’’. In order to counterbalance the sub-
jectivity of the company’s interviewee, the weights
are corrected by identifying the supply chain
typology that best suits the observed company.
In particular, adapting the work of Fisher (1997),
three main typologies have been identified, as
depicted in Table 3: ‘‘efficient’’ supply chains for
‘‘functional’’ products, ‘‘quick’’ (or agile) supply
chains for ‘‘innovative’’ products and ‘‘flexible’’
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supply chains for ‘‘complex’’ products. The
observed company can present a mixture of the
above stated typologies; once the specific supply
chain typology is identified, the weights are
corrected by taking into account the typical
pattern of information requirements which char-
acterise that supply chain typology.

Once the information requirements analysis has
been carried out, the most relevant requirements
are selected by referring to a threshold value of the
weights. For each of them, a set of activities
supported by APS/SCM systems and fulfilling the
information requirements are defined: these activ-
ities are ‘‘relevant’’, in that their execution has a
considerable impact on supply chain performance.

3.2. Step 2: Analysis of operations, business

processes and key performance indicators

The aim of this phase is the identification of
company’s performances improvement due to the
implementation of the APS/SCM system. In order
to carry out this step, a set of key performance
indicators (KPIs) has been identified and, later on,
an ‘‘activities–performances relationships matrix’’
and a structured approach for KPI improvement
evaluation have been developed.

As far as the KPIs are concerned, the perfor-
mances considered in this methodology to evaluate
the impact of APS/SCM solutions on organisa-
tions are based on a survey of the dashboards
employed to measure the effectiveness and effi-
ciency of logistic-production systems found out in
literature and practice, e.g. the metrics proposed
by Bowersox and Closs (1996), Stadtler and Kilger
(2000) and in the SCOR model (Supply Chain
Council, 2003). The resulting KPIs can be
classified into three main groups:
(i)
 Effectiveness performances, which address
performances actually perceived by customers
(e.g. on-time deliveries, delivery lead time).
(ii)
 Efficiency performances, which address per-
formances not directly perceived by the
customers (e.g. stock levels, work in process,
resources saturation).
(iii)
 Automation performances, which address the
improvement in efficiency due to the auto-
matic execution of formerly manual activities
(e.g. order entry, order release).
Moreover, by observing that in many cases a
performance improvement leads to an indirect
improvement of other performances, a cause–ef-
fect relationships network linking the KPIs has
been developed. An example of relationships
network is provided in Fig. 2.
For any of the activities identified in the

previous step, the ‘‘activities–performances rela-
tionships matrix’’ supports the identification of
KPIs affected by a streamlining of the activity
itself, thus allowing a rapid definition of the
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Table 3

Supply chains typologies

Efficient Quick Flexible

Products features

BOM complexity Low Low High

Lifecycle duration 42 years 3 months–1 year 42 years

Contribution margin 1–15% 450% 410%

Product variety (variants per

category)

Low (10–50) High (4300) High (4300)

Average forecasting accuracy

(error)

o10% 440% —

Average stock-out level 1–3% 410% —

Average discount at lifecycle

end (as percentage of the price)

0% 10–30% —

SC features

Main goal Cost efficiency Demand is satisfied efficiently,

by minimising stock-out,

discounted selling and stock

obsolescence

Timeliness in demand

fulfilment

Manufacturing focus Keeping high the

manufacturing equipment

utilisation rate

Keeping some excess of

manufacturing capacity

Maximising operative

flexibility

Lead-time focus Light reduction strategy Aggressive reduction strategy

with big investments

Aggressive reduction strategy

by means of big investments

Integration level High both with upstream and

downstream partners

High both with upstream and

downstream partners

High with upstream partners

Vendor selection approach Selected by cost and quality Selected by speed, flexibility,

quality

Selected by speed, flexibility,

quality

Inventory strategy Keeping a high rotation rate

and minimising inventory

along the SC

Minimising inventory though

avoiding stock-out in new

products launch phase

—

Source: Adapted from Fisher (1997).
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‘‘relevant’’ KPIs for the analysis and assessment of
benefits. Fig. 3 depicts the process of identifying
the critical KPIs starting from the weighted
information requirements.

Finally, the structured approach for KPI
improvement evaluation supports the assessment
of KPIs improvement by considering the following
elements:
(i)
 The actual widening of KPI value improve-
ment (‘‘performance gap’’).
(ii)
 Which factors determine the performance gap
(‘‘cause factors’’, e.g. supplier delays, unreli-
able production plan), if the gap exists.
When applying the structured approach, a com-
pany’s manager is to support the identification of
the previous elements. Then, for each KPI, an
analysis is carried out (jointly with the company’s
manager) with a twofold aim:
(i)
 A weight of influence on the performance gap
is assessed for each cause factor and for each
influencing performance (recall Fig. 2); the
weights sum is 100%.
(ii)
 The percentage reduction of each cause factor
due to the adequate support of the ‘‘relevant’’
activities is esteemed.
The overall percentage reduction of the perfor-
mance gap is then calculated as a composition of
the cause factor reductions and of the cause
performance improvements (cause performance
improvements have been previously calculated by
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Source Performances

Sink Performances

DFA
WIP

Demand Forecast Accuracy

Work in Process (WIP)

ST
OLT

Stockout
Order Lead Time

Intermediate Level Performances

Dependency Relationships

SS Safety Stock

SS DFAST

OLTWIP

Fig. 2. Example of relationships network.
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Discrimination
threshold value

A
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IE

S

Activities - performances
relationships matrix

Fig. 3. Tool for rapid selection of relevant activities and performances.
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means of the same structured approach). Fig. 4
depicts the structured approach as a whole.

When it is possible, besides the performance gap
analysis, quantitative analysis methods can be
applied to determine the performance improve-
ment (e.g. resource saturation).

3.3. Step 3: Evaluation of the APS/SCM solution

In the third step, the final assessment of the
introduction of an APS/SCM solution is carried
out, by quantifying the APS/SCM benefits (Fig. 5).
A performance improvement usually implies a
measurable economic gain in the short term, due
to an improvement of supply chain efficiency or
effectiveness or due to a cost reduction for the
automatic execution of former manual activities.
Besides the short-term quantitative benefits, pos-
sible intangible benefits may arise from the imple-
mentation of an APS/SCM system. For instance,
these benefits may be related to an improvement of
the competitive advantage (e.g. an improvement in
customer order timeliness has an impact on customer
service level), or to the organisational impact of the
system (e.g. an APS/SCM project usually implies a
redesign of tasks and roles or even a change of
management). Although it is hard to define the
economic gain for the improvement of intangible
performances, it is important to check their im-
provement with the overall business strategy for the
supply chain management, when considering the
opportunity of implementing an APS/SCM informa-
tion system solution. This topic is the object of the
following section.
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Actual Value:

Best or Ideal Value:

WEIGHT [%]
of FACTOR
or PERFORMANCE

IMPROVEMENT [%]
of FACTOR
or PERFORMANCE

GAP REDUCTION [%]

ACTIVITIES
SUPPORTED BY

APS / SCM
SYSTEMS

 

PERFORMANCE GAP

GAP CAUSE
FACTORS

CAUSE
PERFORMANCES

Gap
Value:

F a c t o r s  P e r f o r m a n c e s

Activity

Fig. 4. Performance gap analysis.

Performance:  Saturation of production resources

Reduction of stock holding costs [euro]

Euro

 Costs reduce thanks to smaller lot-sizing

Bottleneck cost saving per hour [euro / h]

 The availability of an hour of the bottleneck allows the reduction of overtime or outsourcing

Additional margin [euro / part]

Total

According to the way the manager chooses to utilise the esteemed KPI improvement,
the economic benefit can be measured as:

 Revenues increase in case of additional production and sales

Fig. 5. Benefits evaluation.
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3.4. Step 4: Risk analysis

Once the expected tangible benefits related to
the implementation of an APS/SCM solution have
been evaluated, a further analysis is carried out,
taking into consideration risk and intangible
aspects; the analysis methodology has been devel-
oped on the basis of cognitive psychology (Kah-
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nemann et al., 1982). In particular, the aim of the
analysis is threefold:
(i)
 To determine the discrete distribution of each
possible project outcome.
(ii)
 To estimate the transient duration before the
benefits are gained.
(iii)
 To complement the quantitative analysis by
means of strategic issues.
In the following, this paper will focus on the
determination of the discrete distribution. In
particular, an example of discrete distribution will
be provided in the presentation of the case study
(Section 4).

An interesting side result of the proposed risk
analysis is the evaluation of manager’s own risk
attitude, which helps in comparing different APS/
SCM projects whose outcomes present different
discrete distributions. Moreover, the risk analysis
determines a ranking of the project risks, accord-
ing to their impact on project results; this
information is extremely important since it sup-
ports a focused monitoring of the risk factors
which may threaten the project’s success.
4. Case study

In the present section, one of the case studies
carried out will be presented in detail. In parti-
cular, the focus will be on the risk analysis step,
which will be described here along with the case
study.

The case study concerns an Italian fashion
company operating in international markets. The
distribution system of the company is largely
dependent on single-brand and multi-brand stores.
The way of responding to demand is usually make-
to-stock: demand is scarcely predictable and
information about stock-outs can be hardly
retrieved. Accurate demand forecasts and on-time
deliveries are therefore highly critical. As the
fashion sector is affected by a high demand
turbulence and good margins, internal inefficien-
cies are much more harmless (in terms of value)
than bad customer-related performance: external
quality (the one perceived by the end-customer) is
a much more relevant performance than internal
quality. Information systems’ integration in the
company is very low. This has pushed the
management towards an improvement of the
company’s control system, which represents a
major challenge because of the importance of
processes such as new product development and
the consequent outsourcing of processes related to
operations. In the following chapters the calcula-
tion process starting from data acquisition up to
the definition of the probability curve of the
project’s value will be presented.
The first phase, in which the participating

manager is strongly involved, consists of individ-
uating and appraising the risks that exist in the
improvement of the business performances under
analysis. The improvement of the performances
has been calculated via some ‘cause factors’ (cause
of the performance gap) associated with each
performance.
The performances under analysis are four:

accuracy in forecasting activities, timeliness of
deliveries, raw material and WIP cost, quality to
the customer.
For each cause factor of each performance, the

management is asked which events (individuation)
may determine a different value of improvement
for the cause factor than that provided by the
punctual analysis (the phase preceding the risk
analysis, whose output is a deterministic predic-
tion) and which would be the differential impact
on said improvement (assessment). As an example,
in the following, results concerning two of the four
performances are presented (Tables 4 and 5).
The probability (P) is evaluated on a three-level

scale {low; medium; high}, while the magnitude

(M) can be {narrow; average; elevated}. In the
latter, by default the risks mean worsening
compared to the baseline: where, instead, they
represent improvements, the plus (+) symbol
appears.
In the following, the focus will be on the first

cause factor of the ‘‘timeliness of deliveries’’
performance: ‘‘late supplies’’. For this cause
factor, the quantitative appraisal of the risks is
reported in Tables 6 and 7.
Magnitudes are computed simply by addition.

Sorting the rows by magnitude, it is possible to
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Table 4

Computations about ‘‘accuracy in forecasting activities’’

Performance: Accuracy in forecasting activities

Cause factor Weight Improv. base

case

Orders entrance time 0.4 30%

Risk P M

Precarious market conditions Low Elevated

Poor data quality Low Average

Cause factor Weight Improv. base

case

Unforeseen events in

manufacturing

0.3 20%

Risk P M

Late supplies Medium Average

Workforce resistance to change Low Average

Cause factor Weight Improv. base

case

External logistics capacity 0.3 10%

Risk P M

Inertia in vendors monitoring Low Narrow

Poor planning by vendor Medium Average

Temporary unavailability of

workforce

Low Average

Table 5

Computations about ‘‘timeliness of deliveries’’

Performance: Timeliness of deliveries

Cause factor Weight Improv. base

case

Late supplies by vendor 0.3 30%

Risk P M

Anticipating the

communications

Low (+) Average

Vendor not reliable Low Contained

Cause factor Weight Improv. base

case

Quality problems with suppliers 0.2 20%

Risk P M

Inertia in scouting alternative

suppliers

Low Average

Cause factor Weight Improv. base

case

Outsourcers’ capacity

allocation

0.1 50%

Risk P M

Increment in outsourcer

manufacturing capacity

Low (+) Average

Temporary unavailability of

workforce

Medium Average

Cause factor Weight Improv. base

case

Internal failures (forgettings) 0.1 50%

Risk P M

Psychological inertia towards

improvement

Medium Average

Table 6

Cause factors of ‘‘late supplies’’

Risk P M (%)

A (anticipated communication) 0.2 +50

B (vendor not reliable) 0.2 �20

Table 7

Combination of cause factors

Area P M (%)

A 0.16 50

B 0.16 �20

AB 0.04 30

Base case 0.64 0
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calculate the next variable, the (absolute) improve-
ment of the cause factor, by using the following
formula:

CFI ¼ CFIbcð1þ MÞ;

where CFI means ‘‘cause factor improvement’’
and ‘‘bc’’ indicates the base case, where
CFIbc ¼ 30%. The resulting discrete probability
distribution is presented in Table 8 (names of
events have been removed since they are no more
relevant at this stage).

In Table 8, a fourth column has been added,
considering that the contribution of the cause
factor under analysis to the overall performance
gap is 0.3.

The calculation of the actual improvement
requires the combination of these effects with the
corresponding ones generated by the other cause
factors of the performance gap on stage. For this
purpose, similar tables showing the probability
distribution of the other cause factors are reported
(Table 9).
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Table 10

Performance gap improvements

P (%) PGI (%) P (%) PGI (%)

0.64 14.80 2.56 23.10

2.56 16.60 16.80 23.60

2.56 16.80 1.44 23.80

1.44 17.30 0.64 24.10

10.24 18.60 0.88 24.30

5.76 19.10 5.76 25.60

5.92 19.30 3.52 26.10

0.96 19.80 0.96 26.30

23.68 21.10 0.04 26.80

0.64 21.30 3.84 28.10

3.84 21.60 0.16 28.60

4.20 21.80 0.16 28.80

0.16 22.30 0.64 30.60

Table 11

Performance gap distribution

P (%) PGD (%) P (%) PGD (%)

0.64 1.18 2.56 1.85

2.56 1.33 16.80 1.89

2.56 1.34 1.44 1.90
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The events presented in Tables 6–8 are com-
bined in an m-dimensional space (where m is the
number of the cause factors). Computational rules
vary on a case to case basis: in this simple case,
where the events are regarded as statistically
independent from each other, probabilities are
simply multiplied (while magnitudes are always
summed).

Results are reported in Table 10, where ‘‘PGI’’
means performance gap improvement.

As the entity of the performance gap (expressed
in the metric of the performance ‘‘timeliness of
deliveries’’) is in this case 8%, it is possible to
calculate the discrete distribution of the perfor-
mance improvement (e.g. a 50% improvement
onto an 8% gap corresponds to an overall
performance improvement of 4%). The calculated
distribution is reported in Table 11.

From data reported in Table 11 it is possible to
calculate the distribution of the performance level,
based on the as-is value, which is 90% of
timeliness of deliveries in this case (e.g. an
improvement by 3% brings it to 93%). Table 12
shows the probability distribution of the perfor-
mance level.

From the distribution reported in Table 12 it is
possible to compute the economic benefit asso-
ciated with the various levels of performance
improvement and, therefore, the probability dis-
Table 8

Probability distribution of cause factor improvements

P M (%) CFI (%) CFI�weight (%)

0.16 �20 24.00 7.20

0.64 0 30.00 9.00

0.04 30 39.00 11.70

0.16 50 45.00 13.50

Table 9

Probability distribution of cause factor improvements

CF2: Quality problems with suppliers CF3: Outsourcers’ cap

P CFI�weight (%) P CFI�

0.2 2.00 0.4 2.50

0.8 4.00 0.5 5.00

0.1 7.50
tribution of the contribution of the present
performance to the overall benefit. Through the
estimate or calculation of the economic value of
different performance levels (in this case it is
acity allocation CF4: Internal failures (oversights)

weight (%) P CFI�weight (%)

0.5 2.50

0.5 5.00

1.44 1.38 0.64 1.93

10.24 1.49 0.88 1.94

5.76 1.53 5.76 2.05

5.92 1.54 3.52 2.09

0.96 1.58 0.96 2.10

23.68 1.69 0.04 2.14

0.64 1.70 3.84 2.25

3.84 1.73 0.16 2.29

4.20 1.74 0.16 2.30

0.16 1.78 0.64 2.45
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Table 12

Performance level probability distribution

P (%) Timeliness of

deliveries (%)

P (%) Timeliness of

deliveries (%)

0.64 91.18 2.56 91.85

2.56 91.33 16.80 91.89

2.56 91.34 1.44 91.90

1.44 91.38 0.64 91.93

10.24 91.49 0.88 91.94

5.76 91.53 5.76 92.05

5.92 91.54 3.52 92.09

0.96 91.58 0.96 92.10

23.68 91.69 0.04 92.14

0.64 91.70 3.84 92.25

3.84 91.73 0.16 92.29

4.20 91.74 0.16 92.30

0.16 91.78 0.64 92.45

Table 13

Probability distribution of the value of ‘‘timeliness of deliv-

eries’’ with respect to the benefit assessment

Value [h] P (%) Value [h] P (%)

351,648 0.64 548,856 2.56

394,416 2.56 560,736 16.80

399,168 2.56 565,488 1.44

411,048 1.44 572,616 0.64

441,936 10.24 577,368 0.88

453,816 5.76 608,256 5.76

458,568 5.92 620,136 3.52

470,448 0.96 624,888 0.96

501,336 23.68 636,768 0.04

506,088 0.64 667,656 3.84

513,216 3.84 679,536 0.16

517,968 4.20 684,288 0.16

529,848 0.16 727,056 0.64
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297,000 h=year for each percentage point of
improvement) it is easy to draw such data, as
reported in Table 13.

If no other performance that could be improved
existed, this would be the distribution of the
project economic value—on the effectiveness
side. In this case, the probability distributions of
other performances are computed together by
Cartesian crossing. The final distribution is re-
ported in Fig. 6.
The distribution is made up of 312 points; its
expected value is 790,000 h=year (while the base
case indicated an improvement of 910,000 h=year).
The standard deviation of the curve is 92,000
h=year; which corresponds to less than 12% of the
expected value. This is also a measure of the risk of
the overall investment.
The risk analysis’ part of the methodology

presents several other results in addition to the
probability distribution of the benefits’ economic
value, which are reported in the appendix.
5. Methodology validation

Possible issues of validation include correctness,
robustness, reliability, efficiency, accuracy, repro-
ducibility and so on. Sometimes issues that are
essential to the validation of a work may be of
negligible interest for the validation of another.
Issues selected to validate the proposed methodol-
ogy were those of effectiveness, robustness and
efficiency.
5.1. Effectiveness

As explained in the previous section, an out-
come of the risk analysis is the probability
distribution of the project’s outcome. As a
consequence, it is not possible to validate the
methodology by comparing its output (a prob-
ability distribution) with the actual outcome of the
project (a punctual value). It is not even possible to
replicate the experiment under identical condi-
tions, since the idiosyncrasies of every APS/SCM
project will affect the output. This, in turn, obliges
to find an alternative way to validate the
effectiveness of the methodology, i.e. its ability to
provide correct results.
Solutions may vary from computer simulation

(if the prediction model is theoretical to a different
extent), to consultation, to the choice of proxy
experiments (e.g. to validate the effectiveness of a
computer aided surgery technique, corpses were
used instead of live patients). Not always is the
choice of the method trivial; sometimes research
works address the comparison of two methods,
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Fig. 7. Output of the triangulation procedure.
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demonstrating which is more suitable to a certain
research field (see Frederick, 2000).

The authors decided to validate the methodol-
ogy via triangulation, in particular, by asking
some ‘‘experts’’ to indicate a probability distribu-
tion and then to compare their indication with that
given by the methodology itself.

More specifically, the triangulation plan here
elaborated provides that three triangulations are
made, where the subjects who evaluate are,
respectively,
�
 the company manager,

�
 the analyst,
�
 some experts of operations management (both
academics and consultants).

Fig. 7 shows the output of the triangulations for
the case study presented in last section. In
particular, it is possible to compare the output of
the SNOpAck methodology with the estimations
made by 4 different evaluators (a manager, an
analyst and 2 experts).
Looking at Fig. 7 it is possible to notice that the

analyst and the manager predictions were aligned
with those of the methodology, while the estima-
tion of the experts were rather distant: in
particular, expert 1 overestimated the variance of
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the curve, while expert 2 underestimated signifi-
cantly its positioning.
5.2. Robustness

Once it has been proved that in the conducted
cases the results were correct, the question is: will
they also be correct in a different company, with
different characteristics and different managers?

That implies that the repetition of the applica-
tion in the same conditions would not yield
different results and that the correctness of the
result did not depend on the particular manager
taking part in the analysis.

In order to limit as much as possible the
arbitrary degrees of freedom left to the analyst,
the methodology includes specification on
�
 how to synthesise multiple indicators in one
value,
�
 the scale adopted for measuring or reporting
this value (the two could differ),
�
 how to conduct interviews (which can yield a
considerable difference in the results: see Kah-
nemann et al., 1982).

At the same time, degrees of freedom left to the
interviewee have to be limited also: the participat-
ing manager plays a fundamental role as a
perceiver, interpreter and translator of the reality
of the company into the data provided to the
analyst. To ensure that this role does not under-
mine the robustness of the result, a procedure for
biases correction has been carefully developed,
which is based on a previous investigation in the
field of cognitive sciences that specifically ad-
dresses these topics. These procedure takes into
account subjectivity, such as that merely derived
from the fact that being witness of an event in the
very near past, its occurrence probability is judged
higher (as it actually happens: see Kahnemann et
al., 1982), or others more permanent to the
individual, to be taken into account and, what
matters, corrected.

The methodology has been tested in a number of
cases, representative of the three main supply
chain categories (efficient, quick and flexible).
5.3. Efficiency

Finally, the methodology has to be efficient, in
that the expected result has to be reached in a
reasonable amount of time and with reasonable
effort. Considerable, to this regard, is the comment
of the commercial director of an Italian fashion
company (see the case study presented in previous
section), during one of the first meetings: ‘‘We do
not have that much time. Would you please
consider shorter meetings?’’
In order to prove the efficiency, after the

presentation of the final document, participants
were asked to judge the trade-off between the
outcome of the procedure and the effort to get that
result. They were asked to judge the trade-off and
not the absolute value of the effort, since the
methodology is customisable in terms of:
�
 breadth of the analysis, or object to be chosen
(e.g. which business performances to focus on);
�
 detail level and consequent precision degree (e.g.
to compute or to ignore the statistical depen-
dency between events);
�
 scope of the analysis (e.g. interest in learning
about one’s risk attitude adequacy to the type of
supply chain managed).

Case studies realised so far include a minimum
configuration application and a complete config-
uration one. In each of those case studies the
overall efficiency of the methodology was judged
‘‘very good’’ by the interviewees (with a spike of
‘‘excellent’’ in one case).
6. Conclusions and future developments

Strengths of the proposed methodology include
comprehensiveness of results (not only the ex-
pected value, but also the probability distribution
and the transient conditions and duration, along
with other strategic considerations about non-
tangible benefits).
Moreover, several by-products of the methodol-

ogy are also relevant: ranking of risks, with a
consequent better awareness of possible risks,
guidelines for the implementation phase, analysis
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of the risk attitude of the interviewed managers
and so on.

In addition to the internal coherence that the
model shows during its application, other elements
that were positively evaluated are: interviews
comprehensibility, good correspondence between
required data and those that the user can easily
express, satisfaction of results that were presented
and a very high perception of interaction level
effectiveness.

At the same time, the methodology in its present
form has a major limitation, in that the risk
analysis considers as given (and, therefore, deter-
ministic) the characteristics of the APS/SCM
solution.

The output of the methodology is basically the
result of a data collection and a data elaboration
phase. While the calculation procedure is really
accurate, more could be done regarding input
acquisition. The interviewed managers happened
to have difficulties in imagining the effect of an
APS/SCM system on the way their company
works: a possible extension of the methodology
includes the development of a set of visual or
numerical examples which will be provided to the
interviewees during the analysis.

Moreover, an extension of the methodology
includes its application to a service company or
supply chain.
Appendix A. List of the results presented to the

company
� Value results

3
 Probability distribution
T
he actual discrete probability distribution
of the project value is presented in the form
of cumulated probability chart together
with some digest data: its expected value, its
standard deviation and its percentile 10 and
90.
3
 Transient condition
T
he value wherewith the previous point
deals is the steady condition one.
Therefore, the duration of the transient
condition is provided. The chosen metric
allows immediate information about the
overall economic effect of the transient
condition.
3
 Strategic value
T
he insofar dealt-with value is the
economic one. Therefore, a set of strategic
considerations that cover the strategic side
of value is attached.
� Developed knowledge results

A
s the risk analysis is performed in sequence to
a punctual estimate of the same value, an
interesting information is about the contribution
brought by the risk analysis to the value’s
knowledge of the manager. This contribution is
summed up in information about the
positioning of the curve and its dispersion. In
both cases the acquired learning had is
straightaway expressed in Euros.

� Risk attitude results

T
he first result of this category is an assessment
of the manager’s risk attitude. This is measured
in a scale from 0 to 1 that ranges from utter risk
aversion to utter risk orientation, through risk
indifference.

A
fter determining the sheer risk attitude of the
manager, this is compared to the truthfully
adequate values entailed by the type of supply
chain the company belongs to, and a matching
judgement is issued on this basis.

� Performances results

F
or each analysed performance, its probability
distribution, expressed in its own metric (e.g.
number of stock unit), is presented. These
distributions altogether can give interesting
suggestions about the company’s competitive
positioning.

� Risks results

I
n a proactive attitude in relation to the actual
implementation of the evaluated project, some
useful information to a risk management plan
are given: the insofar made analyses for risks are
ranked with respect to their impact on the value
entity and on its variance.
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