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Abstract

Decision models of industrial management articles are often based on an economic
criterion to find the proposed solution. They use economic parameters that are generally
imported from the firm cost accounting system. When cost information is not adapted to
the decision, the obtained solution of the model may be invalid. In this article, we deal
with a critical literature review to report the methodological problems encountered in
industrial management articles vis-a-vis the used costs. Finally we suggest
methodological propositions to be kept in mind by authors when they are using costs in
decision models.

Keywords: Industrial management, mathematical model, economic model

Introduction

We are interested in the management of a supply chain (SC) or a sub-system of a SC. It
concerns strategic, tactical and operational decisions taken to design, and run production
units. To improve their decision making process, managers call in decision models that
attempt to reproduce, through a simplified physical model, the functioning of the studied
productive sub-system. In these physical models, decisions to take are represented by
decision variables that determine, through a number of causal relationships, their impact
on some physical characteristics of the studied system (flow, stock, resource use ...).
Decision variables may be quantitative (capacity of a new plant, reorder points...) or
qualitative (opening or closing facilities, production orders assignment...). Across a
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state variables and are used with costs to obtain an economic evaluation of the
considered alternative decisions (Giard, 2017).

The physical model is bounded to a studied physical subsystem exchanging flows of
goods and/or services with its environment. In a decision model, evaluation of
alternative decisions lays on a criterion in relation with the global performance of the
studied subsystem. Such criterion may be physical (machines utilization rate, % of
unsatisfied demand...) and, in this case, it’s supposed that the variation of the company
financial performance (cost or margin) is linked with the one of the considered physical
criteria and is assumed to vary always in the same direction (or in the opposite one). The
decision criterion may be economic and called on costs information provided by a cost
model. In that case, the relevance of the solution provided by the decision model depends
on the compatibility of the implicit assumptions of the physical system functioning, used
by the cost system with the one used in the decision model. A significant discrepancy
invalids the relevance of the proposed solution. Most often, authors focus on the physical
model development techniques and resolution methods, without paying attention to the
consistency of the implicit functioning assumptions of the used cost model with the one
of the physical model used by the decision model. It is assumed that the modelling teams
can work independently of those of management accounting. The costs regularly
provided by a firm management accounting system, cannot be suitable to any type of
use.

This paper present a critical literature review to see to what extent authors check the
adequacy of the used cost model with their developed decision model. In each article we
dissect the economic function to highlight the considered costs, the way they were
defined vis-a-vis the considered time and space horizons and whether the authors studied
under which conditions, the proposed solution remains valid, especially when the given
solution impacts the system design and the use of its productive capacity.

The rest of this paper is organized as follows, we begin with the theoretical
framework, next we present the adopted methodology of the review. Subsequently we
report the encountered methodological issues. And finally propositions of contributions
and the conclusion are presented.

Theoretical framework

We focus here on a description and a literature review of the main theoretical concepts,
that are necessary for the discussions dealt in the present paper. Firstly, we deal with
highlighting the decision model characteristics, thereafter, we present some cost
accounting approaches and briefly some economic concepts and costing theories.

Decision model underlying characteristics

Decision models are developed under the assumption that we can explain and capture the
behavior of a physical system and/or a decision making process dealt by managers. Causal
relationships exist between the considered variables of the model. These causal
relationships enable the model to predict the future state of the modeled physical system
(Bertrand and Fransoo, 2002).

A decision model has two key characteristics, they are space and time granularities
(Giard, 2017). The space granularity concerns the covered perimeter of the studied
productive system and the degree of details considered which in turn, determines the
granularity of information provided for the user. The time granularity, defines whether
the model deals with an operational, tactical or strategic issue. Space and time
granularities are not independent; in general, the granularity is fine in operational
decisions analysis and more aggregated in other cases. Granularity conditions bill of



materials, production routings, product ranges and the definition of resources used in the
physical model. It has an essential impact on the relevance of costs to be mobilized.

Concerning decision models development approaches, we can distinguish two main
approaches, mathematical (operation research (OR)) and simulation modelling. The first
one refers to i) optimisation that gives the best solution for a particular issue, it’s a very
visible and influential topic in the field of operations management and, ii) heuristics
which are intelligent rules leading to “good” solution and are used when optimization is
impossible or too expensive. The second approach refers to all simulation techniques
(discrete event simulation, agent-based simulations, system dynamics).

Cost accounting

A cost system refers to means by which organizations calculate costs of products and
services to make sales profitable. Moreover, cost system concerns the modeling of costs
of organizations resources and operations in order to support internal decision making
process. Cost information should be useful to help managers in managing the
performance and the profitability of products, customers, productions processes...
(Lawson, 2018). Here we distinguish the traditional cost accounting and the Activity
Based Costing (ABC) approaches:

The traditional cost accounting system in a company aims to allocate, at the end of
each month, costs to products and services. It’s oriented toward a retrospective calculation
of historical costs. It’s based on a succession of spills of analysis centers expenses to other
cost centers by means of volume key distribution. ABC is a cost accounting approach
developed from the eighties. It’s based on the principle that activities consume resources,
and products and services consume activities. ABC focuses on the activities that take
place within the company, the cost of carrying out each activity and the factors generating
these activities. It goes beyond the traditional system by allocating resources, based not
only on volume units, but also on the diversity and degrees of complexities of the products
(Cooper and Kaplan, 1998). Hence, the ABC approach distinguishes different cost pools
(activity drivers): unit-level activities are performed each time a unit is produced, batch-
level activities are performed whenever a batch is processed, product-level activities
(process engineering, design, etc.) are costs which come into play whenever a particular
product (order) is manufactured and facility sustaining activities concern costs related for
example to rent, utilities, maintenance, and facility management.

Furthermore, an activity cost may evolve in the long run. Value chain analysis is the
way to analyse activities in order to achieve competitive advantages by performing these
activities better than competitors. Each activity has its structure and behavior, which
determine its cost. Porter calls these determinants “cost drivers”. He distinguishes ten
possible causes of an activity cost evolution: i) economies or diseconomies of scale (costs
sensitive to volume), ii) learning phenomenon (unit costs depend on time), iii) capacity
cost utilization (impacts the fixed unit costs), iv) the linkage between activities that makes
an activity cost dependent of other activities costs, v) interrelationships (resources share
between different strategic units), vi) the degree of vertical integration (impacts
transaction costs), vii) the timing (first-mover reward), viii) discretionary policies that
refer to products or services design, ix) localisation and x) change in institutional and
regulatory factor that may affect unit costs. (Hergert and Morris, 1989) (Bouquin, 1997).

The absence of the concepts of activity drivers and cost drivers in the traditional cost
system is one the reasons that make it inappropriate for the study and analysis of
operational and strategic decisions respectively. The traditional system is characterised
by a lack of cause and effect traceability (Stratton et al., 2009), that makes it inadequate
to understand how activities are performed and makes it weak in cost traceability.
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Cost concepts
There is a multitude of cost concept whose use relevance depends on the studied context:

« Opportunity cost is a concept that dates back to the nineteenth century. It is proposed by
Friedrich von Wieser, (1851-1926) who was interested in determining the production
factors value (Burch and Henry, 1974). He defined the opportunity cost as the net
income generated by this factor of production in its best use. (Andreani, 1967) linked it
to the existence of a conflict between opportunities that could lead to a shortfall.
Opportunity costs are the revenues to be gained from possible actions, but lost because
other actions have been taken to achieve a particular goal, (Andreani, 1967), (Vera-
Munoz, 1998).

Marginal cost is the cost incurred for the production of an additional unit. The marginal
cost differs according to whether it is decided to momentarily increase the volume of
production by one unit, or if it is decided to increase it durably by one unit (Boiteux,
1951). In the first case, the additional unit is satisfied by the current capacity, but the
second case may require an increase in capacity.

Variable costs: the traditional system accounting defines variable costs as those who
change with production volume and fixed costs those who do not change with volume.
Cooper and Kaplan propose to use short-term variable cost, they vary with production
volume, long-term variable costs which do not vary with production volume but do vary
with other activity measures (handling, setup...) and fixed costs that do not vary; in a
given period; with any activity driver.

Capacity costs are defined by the set of resources (facilities, staff...) in which the
company is committed to achieve a given level of performance. This latter is linked to
the estimated maximum demand, the intended degree of flexibility to respond to
unforeseen demand and the desire to ensure products diversity. These capacity costs,
also called fixed costs, are generated form strategic decisions defining the company's
strategy and vision (Bouquin, 1997). “Investments in resource capacity are made based
on the expected demand because instantaneous adjustment of capacity is impossible
and/or extremely costly” (Balakrishnan et al, 2007). The difference between the
maximum capacity and the actual activity level is called unused capacity.

Different economic criterions in decision models

Several economic criterions may be used to assess decisions, their relevance depends on
the studied decision nature. Here we retain the three criterions of costs, profit and
discounted cash flows (DCF) through Net Present Value (NPV). Investment decisions
refer to long-run decisions which focus on studying different alternatives of investment
(outflows) in one or several periods to generate returns (inflows) in one or several future
periods. They differ from operational decisions in the way that their study requires the
consideration of the value of money evolution over time (Shillinglaw, 1963) (Lucey,
2003). Hence, the NPV is the appropriate measure to study investment decisions, it
calculates the present values of expected inflows and outflows. Operational and tactical
decisions study is based on the anticipated current cash flow only. The profit is the sum
of revenues minus costs. When the revues are constant (sales and prices are independent
of decision variables), profit maximization can replaced by costs minimization.
Accounting profits are not suitable for investment decisions, they are period oriented
(quarter, year...) (Lucey, 2003).

Costs and spatial perimeter
Issues dealt by decision models may belong to any SC activity: production, inventory
management, transportation, pricing, design, relationship management... We note then
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that a decision perimeter may either belong to the internal firm perimeter (production
scheduling, investment, transportation...) or extends the firm boundaries
(interrelationships management). The former case settles for the firm system accounting
(intra costing) whereas the latter one necessitates an inter-organizational costing (inter
costing). In fact a cost system is contingent to the studied physical system characteristics.
Cost accounting systems of two cooperating companies are seldom similar. The
difference between the two approaches creates inaccurate costs and ineffective practices
(Kulmala et al 2002). Thus, creating relevant approaches for partnership relations is one
of cost accounting challenges. Furthermore cooperation between a supplier and customer
Is based on trust and their readiness to open their book cost accounting. But this
willingness to share information (reliability) is not enough, there should be dedicated
approaches to generate relevant cost information (Kulmala et al 2002).

Costs at service of SC professionals

Previous research works has pointed out that often SC managers are not satisfied by the
cost information provided by their firm accounting system. (Gurowka and Lawson, 2007)
presented a road map to help managers in choosing the appropriate costing approach.
When cost information is not correct and accurate, the accounting system has no value
for the company, worst it can damage the organization decision making.

According to a survey done on 2003 by the Institute of Management Accountants
(IMA)/Ernst and Young, only 23% of the interviewed managers are satisfied by their
accounting information, 92% of them state that this information is distorted. (Gurowka
and Lawson, 2007) say that if cost information still irrelevant, decisions are irrelevant and
over time, departments managers may stop relying on financial criterion and make
decisions based solely on non-financial data (more accurate).

The results of a recent survey (Lawson, 2017) shows that supply chain professionals
often view their company’s managerial costing system as being only slightly useful for
generating questions and for making managerial decisions. According to (Lawson, 2017),
three main causes explain this result: i) many organizations rely on externally oriented
financial accounting systems to produce the information supporting internal business
decision making; ii) many organizations use outdating cost models; these latter are not
appropriate for the current organizations challenges and environment; iii) the third cause
is the finance and accounting professionals resistance to change. This is amplified by little
pressure from managers; who use costs; to improve data accuracy and relevance (Kilcarr,
2018).

In this paper, we complete this previous works, by a critical literature review of articles
dealing with decisions models to highlight methodological problems related to the used
costing models. It’s to our knowledge, the first article that fully addresses this literature
review.

Methodology

The adopted methodology leads to the selection and the evaluation of selected sources.
We followed the same methodology adopted by (Maestrini et al., 2017). We first i)
identify articles ii) we select articles, and finally iii) we evaluate and analyze them.

Articles identification

For the sources search we relied on the Business Source Complete base (BSC). Since we
are interested in the study of the coherence between the developed decision model and
the used economic model, we used the key words “industrial management”,
“mathematical model”, “simulation model” and “economic model”. To broaden the
search range of articles, we used two key words combinations, in the first one we used
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“industrial management”, “mathematical model” and “economic model”, and in the
second combination we replaced “mathematical model” by “simulation model”.

The use of two key words combinations gave a total of 1225 articles. We relied on SJR
site, we investigate the journal scope and H Index. We considered only IJPE, IJPR, POM,
OMEGA and PPC whose H Index varies between 61 and 141. We also limited the period
of publication, we focused on the period between 2013 and 2018. We therefore get a
sample of 202 articles.

Articles selection

We set boundaries to select the relevant articles to be considered in the present review.
We select articles in which a decision model is developed to help users in making
decisions related to a sub-system of the considered SC, hence there should be explicit
variables that determine characteristics (functioning or design) of this system. The
selection criterions are discussed and defined by authors of the present paper, and the task
iIs done by two authors based on the abstract, the conclusion and eventually the
introduction. Consequently, we selected a sample of 113 articles.

Articles evaluation and analysis

To evaluate the selected articles we started with an analysis grid. This grid attributes were
defined based on previous literature review works (Maestrini et al., 2017), a SC taxonomy
developed by (Capar et al., 2004) and additional attributes deduced from the theoretical
framework above.

We begin with articles journal of publication. In the second stage we present the
modelling approach on which the decision model is based (Bertrand and Fransoo, 2002).
Thereafter, we highlight the considered time granularity in each article (Anthony, 1965),
(Ansoff, 1980) and the considered perimeter that implicitly determines whether it’s an
inter or intra costing. We additionally mention the considered objective function physical
or economic and whether it’s costs, profit or NPV and the mobilized cost concepts. A grid
summary is presented in table 1 bellow.

Findings

In this section we will present the mains results obtained from the reviewed articles
analysis. We begin by reporting the articles journals of publication. In the second stage,
we report the decision criteria. And finally, we focus on articles in which an economic
model is used, in order to highlight the main encountered methodological issues.

Publication journal

The final number of the reviewed articles is 113. The largest percentage 49% of articles
belong to 1JPE, succeeded by 40% that bong to IJPR , and succeeded by 7%, 3% and 2%,
that belong to OMEGA, PPC and POM respectively.

Decision criteria
13 out of 113 articles deal with problematics in which the developed decision model gives
the solution based on the minimization or the maximization of a physical criteria. Most
of these articles (11 out of 13) deal with operational and tactical levels issues

12% of articles consider both an economic and physical criteria. In the rest (76 %), the
choice of the proposed solution is based solely on an economic criterion. Hereafter, we
will exclude articles which are limited to the study of a physical criteria, we retain 100
article.

Encountered methodological issues
In this stage we based on the grid analysis to report the widespread methodological
problems encountered in each article.
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This figure presents for each decision level the SC
activities dealt with. Bellow, we discuss issues related
to cost content explanation (activity drivers), costs
traceability, inter or intra costing nature,
appropriateness of used economic criteria, capacity oo
costs, cost drivers in the long run and finally the eventual |mpact of the obtalned solutlon

In the quasi totality of the reviewed articles, the authors gave no explanation about the
used economic model parameters. These latter, are considered as given parameters
provided by an external source which is generally the firm accounting system. They do
not discuss the relevance of the used cost content according to the spatiotemporal
perimeter. This suppose the assumption that modelling and accounting teams can work
independently, as if costs could be absolute. No article uses activity drivers to define the
relevant content of the used cost parameters. In some articles the authors give details
about some used costs, for instance in [90] the unit transportation cost “includes costs of
fuel, salaries, wages, operating supplies, insurance, and depreciation”, [62] explain that
the unit inventory cost is due to “inventory obsolescence costs and capital costs related
to slow-moving parts”, and that the unit manufacturing cost excludes all capacity costs
(e.g. machines depreciation).

Generally a firm system accounting has its standards, it regularly calculates costs at
the end of a predefined period (month). When a decision model is developed, it may
necessitate the introduction of some specific costs that the firm system accounting is
regularly not interested in. So here we identify a problem of traceability. In [69] and [105],
the salvage value is difficult to be determined a priori, elsewhere there should be a
sufficient data to can to estimate it. [37], [66]...models use penalty cost of unsatisfied
demand, [103] developed a model for a retailer replenishment under supplier prices
discount, and he uses a penalty cost induced whenever the retailer change his order
quantity. [12], [33] mobilize the opportunity costs which are future costs that need to be
known a priori. In [98] costs of non-conformity and rework cost are considered.
Furthermore, some papers deal with batch or order level costs, if the firm system
accounting is not based on ABC approach, these costs are not provided. Here then, we
mention that there are several costs that are needed by the developed decision models in
a company but for which there is no traceability in the system accounting.

The objective in [69] is the comparison between different relationship scenarios
between a manufacturer, a distributor centre (DC) and a retailer (i) not using contract, ii)
using buyback contract or iii) revenue sharing contract). [105] developed a model to
coordinate between a supplier and retailer, it determines e-concession as a decision
variable (a concession that both retailer and supplier need to make to maximize the whole
system profit). Their model mobilizes the following economic parameters the supplier
production cost, the retailer wholesale price, retailer salvage value and the retailer
shortage penalty. [21] focus on the comparison between centralized and decentralized
strategies between a retailer and its supplier. These examples of articles and others that
compare different relationship strategies between different SC players imply that the
applicability of the presented models is conditioned by the involvement and willingness
of the considered firms to collaborate and share their costs information with other firms,
which is not evident in practice. Through this inter costing necessity we signal the
problem of the model perimeter which presents a new methodological issue.

In several of the reviewed articles, the authors deal with some top strategic issues. [37]
developed a decision model for a network design, it determines facilities (production
plants, warehouses and DC...) to be opened, the supplier selection. [66] models defines
production and inventory capacities in a correctional institution... [92] presents a model
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to compare different strategies to meet demand satisfaction, one of which consists on
capacity investment. Even if all these issues imply investment with long term impact, the
authors used costs rather than the NPV. They mix in one economic function costs related
investment decisions and recurrent costs related to operating decisions. Here we identify
the problem of discounting that should be considered when we deal with investment
decisions whose impact is recorder along several periods. In the strategic level costs aren’t
the relevant to solely be considered, but they still the criteria adopted by the majority of
authors. Only 3 of all reviewed articles [41], [34] and [104] consider NPV as the choice
criteria.

In this paragraph we are interested in reporting the methodological issues related to
capacity costs. We separate strategic form operational and tactical levels:

o Strategic level: in 85% of the studied articles consider full costs. However, since the
activity levels are not necessarily the capacity level, they are decision variables of the
model, the use of full costs leads to sank costs that penalizes the considered cost objects
(products, orders...). [37], [79], [78]... determine the production level in each plant
and the inventory level in each SC node (e.g. DC, warehouse). [21], [109]...present
models that determine economic order quantity (EOQ). Full costs include capacity
costs that are not generated by the chosen activity level but rather by the firm strategy.
These sunk costs are due to unused capacity. One article [93] considered unused
capacity costs concept.

e Operational and tactical level: capacity costs are not controlled in the operational and
tactical levels. Decisions related for example to week production planning, or orders
scheduling during a month don’t affect this category of costs. [106] model determines
products scheduling in production machine. [71], [67] developed a model that define
the orders distribution planning, they consider as decision variables, each product start
and end dates, number of storage days... In [58] the model determines the production
orders scheduling in parallel machines. In all these examples, the authors consider full
costs, which are not relevant to all kind of uses as the case for operational decisions.
Only 6 out of 16 articles consider variable or marginal costs rather than full costs to
evaluate operational decisions. This full costs lead to biased economic evaluation.
Concerning cost drivers, none of the reviewed article considers cost drivers implying

the eventual evolution of unit costs on the long run.

A new methodological problem is related to the impact of the obtained solution on the
productive system. [93], [97], [37], [78], [26]... present developed models that define SC
network designs. [1] developed a model for cellular manufacturing design, in each plant
the model determines installed capacity in terms of machines number of workers... This
kind of models, start from an initial physical system from which we deduce a cost model,
and then the model use these information to obtain an optimal solution. The decision
variables in these cases may affect the physical system, which calls into question the used
cost parameters and then the obtained optimal solution. None of studied articles, studies
the impact of the obtained solution on the used cost parameters.

Table 1: Grid summary

Decision Operational level Tactical level Startegic level
level 16 38 46

Modeling Math Simulation Combined Math Simulation Combined Math Simulation Combined

approach 12 2 2 31 7 37 5 4

Economic Costs Profit NPV Costs Profit NPV Costs Profit NPV
criteria 16 26 12 27 17 3

Cost Variable Full Marginal | Opportunity | Variable Full Marginal | Opportunity Variable Full Patial Direct | Marginal [ Opportunity
concepts e COSI costs costs | costs | costs | costs costs costs costs cost cost | costs costs
P 6 12 7 28 1 4 4 39 1 1 2 2

Methodological | Explanation | Traceability | Inter costing | Capacity costs | Explanation | Traceability | Inter costing | Capacity costs lanation | Traceability | Inter costing | Capacity costs | discounting Cost drivers
issue 16 14 4 12 38 27 14 24 45 24 36 1w 1w 1




Contributions

The presented results reveal that indeed authors neglect the costs relevance which leads

to the reported methodological issues that affect the relevance of the proposed solution.

In this section, we suggest some methodological guides that industrial management

researchers need to keep in mind when they define costs in their decisions models

e Need of reprocessing the firm accounting system information: One of the main
revealed findings, is that authors consider costs as given parameters without any
explanation. A cost calculation makes sense if it is only adapted to the decision-making
system that will use it. As a result, a decision model cannot take the output of full cost
calculation without analysis and reprocessing. This means that decision models need
to be provided by an ad hoc economic evaluation adapted to their spatiotemporal
perimeter. If not, these decision models do not really improve the decision making,
since the solution search relies on this economic evaluation. Therefore, the costs
introduced in the decision models cannot be considered as valid physical parameters
regardless of the physical system that they seek to improve. They are contingent to
physical and functioning characteristics.

e Costs specification and appropriate cost approach: To ensure a relevant economic
evaluation, the one need to determine charges that are impacted by the studied decision
and exclude from the evaluation all charges that do not steam form this decision. The
understanding of costs behaviour; through the use of relevant activity drivers; and the
use of appropriate cost concepts help to establish incremental cash flow report that
measures the real impact of each scenario on the company income statement. Our
findings also explore the use of specific costs (nonconformity costs, product or batch
level cost...) or specific contexts (inter costing) which generally are not included in
traditional system accounting. The companies need to change or complete their cost
accounting by new costing approaches. If not, an inappropriate costing system will
produce distorted information leading to a poor decision making (Gurowka and
Lawson, 2007).

e Collaboration between cost accounting and production management: As a result of
the two previous points, cost accounting, modelling and SC managers cannot be
independent. They need to collaborate in order to determine and calculate the adequate
costs to each studied context. This can help to overcome the resistance of accounting
professionals to integrate new costing methodologies.

e Impact of the obtained solution: Concerning decisions related to production system
design, one starts from a basic scenario from which he deduces cost parameters. He
feeds a decision model by these cost information to obtain a new design solution.
Since, costs are contingent to the organization physical characteristics, the solution of
the decision model can lead to inconsistencies between the initial costs used and
hypothesis, and the physical system new characteristics. This may make the obtained
solution unworkable.

Conclusion
This article is grounded on the question: to what extent authors of industrial management
articles study the adequacy between their decision models and the used cost system.

To answer this question we led a critical literature review whose finding reveal several
methodological issues encountered when defining costs in decision models. i) In almost
all articles authors give no explanation about the used economic parameters content, they
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assume costs as given parameters provided by an external source; ii) the reviewed
decisions models use some costs that are not necessary traceable in the firm system
accounting; iii) some articles suggest models that involve different companies, the
applicability of this kind of models depends on the willingness of these companies to
share their cost information; iv) the majority of search articles which study investment
decisions having multi periods impact still base their decision criterion on costs rather
than NPV; v) the majority of articles use full costs which generate inconsistencies related
to capacity costs.

This work is intended to attract industrial management specialists to pay more attention
about the relevance of the costs they use in decision models. The full costs of traditional
system accounting cannot be used without reprocessing. To provide relevant and accurate
costs, accounting professionals need to be open to integrate new costing methodologies.
Modelling and cost accounting teams should be interconnected and work together to
provide ad hoc economic evaluation for each decision model and finally we emphasize
that decision models are a priori decision making oriented they need to integrate relevant
costs concepts and to use activity drivers to can compare the existing alternative decisions
and measure the impact on the company income statement.
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