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Abstract: Decision Support Systems are well known in higher education for 

multiple purposes, such as to conjugate data and intelligence, to achieve the best 

and possible solutions, and to adjust decisions under uncertainty. The optimality of 

discrete decisions (e.g., yes/no?) on uncertain environment is aimed in a 

Multivariate Analysis and Decision Support course: multivariate data is required, 

collected, and treated; then, through probabilistic measures of performance, Robust 

Optimization supports the development of decision rules (e.g., buy/sell?). Using an 

empirical approach, a case statement is specifically built to encapsulate several 

subproblems under an industry-based supply chain framework. Since the 

subproblems are student-oriented, by personal or professional reasons, the usual 

issues concerning domain knowledge or background information are thus avoided. 

Several applications are presented, addressing the planning and distribution 

activities, investments programming, financial risk treatment, and applied 

marketing. 

Keywords: Decision Support Systems; Supply Chain; Decision Making; Robust 

Optimization; Problem-Based Learning. 

1 Introduction 

Decision Support Systems (DSS) are widely spread in business and enterprise worlds, 

due to the large gains that they are driving in the last decades. From other point of view, 

high education institutions shall be in close connection with research results, technology 

innovations, and the market needs [Ba10]. The focus in information systems and DSS, 

being Enterprise Resource Planning (ERP) or Advanced Planning Systems (APS), is thus 

a necessity in higher education to fill the prospects of students and employers [To11]. 

This paper is deepening an empirical approach to DSS in a supply chain (SC) framework 

[Mi10] that is developed in a MSc. course in Multivariate Analysis and Decision Support 

(MA&DS). The approach uses an analogy between the activities of industry-based SC 

and small and medium enterprises (SME), based in some degree of similarity that exists 

in business processes [Di11]. The point is to conceptually emulate the general ERP 

system for SC and, since subprocess usage may improve the understanding of business 

processes [RMD11], then develop student-oriented SME cases. 
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In the MA&DS course, discrete decisions within real SME situations (yes/no?; buy/sell?) 

are addressed using multicriteria decision methods to promote robustness, in solution 

and in model [MZ94]. Beyond the scope of the usual “What if…?” analysis, Multivariate 

Analysis is applied to gather and treat the necessary data. Risk technical measures are 

then formulated through probabilistic measures [BB04], for instance, considering the 

minimization of expected unmet demand/capacities slacks or the maximization of 

expected economic/finance estimators. 

The pedagogic approach considers a SC statement that allows students to perform 

individualized learning and team work. The motivation of students is either personal or 

professional, since the case studies are selected with basis on their own interest, and they 

use the enterprise system and the real data to develop their cases. The knowledge domain 

is then available, and the background information is assured too.  

The paper further considers: in Section 2, the motivation for the MA&DS course is 

presented; in Section 3, the SC-based statement is synoptically described and related 

with the corresponding MA&DS course and MSc. program; in Section 4, illustrative 

cases are presented within the SC framework, considering subproblems related to 

purchases and sales, production, logistics, and finance and control departments; and in 

Section 5, the main conclusions are presented. 

2 The MA&DS course 

In this section, the purposes of the MA&DS course and the learning methodologies are 

presented, among a brief review of similar approaches. In the entrepreneurship and SME 

contexts, this course aims multivariate data and decision making under uncertainty. The 

treatment of uncertainty, the assessment/manipulation of risk, and the analysis of 

multivariate data are supported in quantitative and computational tools. 

The target is the efficient use of Multivariate Analysis, from data gathering to data 

treatment, and insight on results too. Multicriteria decision making is supported on 

probabilistic methods, by applying stochastic and robust approaches to define suitable 

decision rules. The course is thus divided in two modules that are closely connected by 

the SC statement, their subproblems, and the corresponding computational tasks. This 

empirical approach corresponds to a Problem-Based Learning (PBL) approach [Mi10], 

since the SC statement and the subproblems are specifically built to challenge the 

students, to foster quantitative developments, and to emulate professional situations. 

Beyond specific references, two Portuguese handbooks [GMR86, Ta94] are suggested to 

students, for language purposes and to provide initial insights of contents. 

The purposes of the Multivariate Analysis module are the methodologies related to data 

gathering, data treatment, and analysis of results. The contents are: i) Multivariate 

Analysis basics; ii) Organization and treatment of multivariate data; iii) Forecasting; iv) 

Hypothesis Testing with multivariate data; and v) Multivariate Regression. The module 

aims competence on multivariate methods and to gain computational results’ insight. 
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The purposes of the Decision Support module are the understanding, development and 

utilization of quantitative multicriteria methods to construct decision rules. The subjects 

are: i) Decision Theory; ii) Game Theory; iii) Stochastic Linear Programming; iv) 

Network Optimization; and v) Applications (in sections 3 and 4). This module aims tools 

for advanced decision making and is based in Robust Optimization methods [MZ94]. 

The subjects in the MA&DS course are necessary to most of the courses allocated in the 

second semester of the MSc. program in Entrepreneurship and Management of SME. As 

presented in Figure 1, the courses in Logistics and Operations, Investments and 

Financial Markets, Applied Marketing, and Analysis of Performance are requiring the 

quantitative tools and the optimization methods addressed herein. 

 

Figure 1: The MA&DS course and the MSc. program. 

The computational support is necessary to perform data analysis, optimization tasks, and 

to emulate the business/enterprise environments where informatics is applied everyday. 

Based in real business contexts [Mi10], a PBL approach is used to select a set of 

standard optimization models, and to construct a SC statement that encapsulates them. 

This approach considers the connectedness of subprocesses and empirical evidence 

exists [RMD11] that the understanding of business processes may be improved. 

In the sense to emulate enterprise contexts, immersive learning attributes are thus 

occurring: the quantitative tools used in enterprise and business contexts are the same 

tools (or from the same kind) that are used in the course tasks. Moreover, most 

enterprises still use simple techniques in dealing with business processes [BTT08]. The 

challenge and competition that occur in real business promote the student experiencing, 

since they provide stronger motivation and increase students’ performance [Bu10]. 

As required for many employers [SS08], the MA&DS course promotes competence in 

modeling, statistics, programming, and general analytical skills. Notice that 

communication, leadership, project management, spreadsheet/database processing, and 

team skills are also required. With this immersive PBL approach, the course modules 

and their contents are conjugated with the SC subjects, like logistics, operations 

management, investments and financial markets, as referred hereafter. 

3 Synopsis of the SC statement 

In this section, the SC-based statement is synoptically described and the key subjects are 

related with the MA&DS course and the MSc. program directed to SME. The PBL 

approach conjugates realistic cases that address advanced topics of decision making, and 

quantitative tools such as Multivariate Analysis and Robust Optimization are required. 
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The analogy between the activities of SME and industry-based SC relies in the general 

activities that are common to all enterprises, and some degree of similarity can be yield 

in structural and topological subjects of the business processes [Di11]. Similarities are 

also found [Di11] in behavioral and causal relations, and in the labels and attributes 

attached to process model elements. In plus, different organizations work in quite similar 

ways [Gl08], in despite of the differences in their objectives and resources utilization. 

The coordination of information, material, and financial flows in SC is requiring APS 

[SK08]. To assess the variations on demand, prices, capital, markets and competition, 

APS are necessary to supplement and support ERP’s transactions and executions, and 

the SC Operations Reference (SCOR-) model is used for analysis and configuration. 

Then, the process types of a SC-based information system are emulated to promote the 

development of SME cases that arise as subproblems of the larger SC framework. 

The SC case includes an overview of the situation on the petrochemical and 

pharmaceutics ([JSR02], [Sh04]) multisite networks, and the major decisions to be made. 

The strategic management [JSR02] is related with Decision Theory and Game Theory 

[Ta96] through the point of group cooperation and group decision making, as follows: 

 “A group of entrepreneurs decided to cooperate, either in the management of daily 

operations and in the long term investments (…) 

The group manages an industrial cluster dedicated to traditional food and beverage with 

factories in Aveiro, Santarém, and Loulé. (…)  

(…) the group shall decide difficult subjects such as: 

1. To select its participation in several projects, among a set of believable projects; 

2. To assess the net value generated by the team, and to develop suitable procedures 

to increase it; 

3. To evaluate the effects of the externalities, (…). 

To better appreciate these decisions, a supply chain framework is supposed. (…) The simple 

flowchart is headed by a (global) Planning Department, considering several departments 

directed to Purchases and Sales (Pur&Sal), Production (Prod), Logistics (Log), and 

Financial Accounting and Controlling (Fi&Co), as follows: 

” 

Figure 2: SC framework for the entrepreneurs group. 

Planning 

(Global) 

Pur&Sal Logistics Fi&Co Production 
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In Figure 2, the first level of SC operations considers the (global) Planning Department. 

The Planning Department balances global capacities and global requirements, focuses 

strategic activities, and evaluates the SC global performance, manages inventories, 

assets, and transportation. In a SME, the manager or the entrepreneur has also the 

necessity to balance capacity and demand, to assess the investments on facilities or in 

finance products, and to ponder the expansion of the production capacities. In despite of 

SME and SC size differences, their strategic motivations present common subjects. This 

process-oriented approach aids students in attaining higher level of knowledge on the 

business-ERP links [Ma10]. 

The flowchart is outlined to conjugate various SME and SC subjects within the 

pedagogic approach. The Production and Logistics departments are following the 

SCOR-model [SK08], but the sourcing and delivering process types are included in the 

same department (Pur&Sal): the merging of their functional attributes often occurs in 

SME. The Fi&Co department is integrated for various kind of reasons: i) to motivate and 

support the second semester course in Investments and Financial Markets (Figure 1); ii) 

to better emulate ERP’s real world, since most of the business systems include modules 

for costing, controlling and cash flow management; and iii) to satisfy students prospects 

about several quantitative tools that target personal finance subjects. 

Moreover, the SC case is open-ended and several known subproblems for strategic 

planning are suggested at the hierarchic 1
st
 level. For instance [GMR86], the project 

selection, the portfolio planning, the long-term investments planning, and the capacity 

expansion problem [SL01] considering either the design and scheduling of batch plants 

or the transportation/transshipment subjects. Synoptically: 

“The Planning Department shall face the strategic and global planning of the activities. (…) 

as described below. 

Plan.1) To select projects of possible participation among a set of good quality projects (…); 

Plan.2) To plan long term investments, supposing a portfolio of financial applications (…); 

Plan.3) To plan and expand operations capacity, economically evaluating the risk of 

implementing capacity in excess vs. the non-satisfaction of demands and loosing customers in 

case of low capacity. (…). 

a) The group factories are producing traditional goods, (…) but new equipments must 

be implemented at minimum cost. 

b) Considering the usual distribution options, the implementation of transshipment 

points (…) in the sense to minimize transportation costs.” 

 

This approach by problems (Problem-Based Learning, PBL) is underlying the 

construction of the SC statement. The SC statement encapsulates a set of known 

industry-based problems, and these problems can be decoupled and individually 

addressed. The students are selecting the problems accordingly their own interests, their 

professional or personal reasons. The paradigm of problem solving supposes the trial-

and-error learning cycle, and PBL either allows individualized learning or team work. 
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The purpose of the MA&DS course is to develop the main topics of advanced decision 

making using multivariate data. Within the SC case, the suggested procedure considers: 

“ 0) Selection of SC theme or subject (previous step) 

Suggestion: searching for well known Linear Programming (LP) model 

 

1) Decision Making 

a. Paradigms and ambiguities 

b. Systems Theory 

i. System / decision-maker 

ii. Choices/ actions/ attributes/ information/ decision models 

iii. Uncertainty factors 

c. Choice characterization and classification 

d. Choice evaluation 

e. Choice generation 

f. Typology of decisions 

g. Decision under uncertainty 

h. Decision with risk 

 

2) Multivariate Analysis 

To analyze the uncertainty factors identified in 1.b.iii,  

in concordance with the treatments of uncertainty (1.g) or risk (1.h).” 
 

Motivated from the SC statement, students followed the suggested procedure to develop 

various SME applications. In order to build decisions rules within real SME situations, 

Multivariate Analysis tools are thus required to provide data to the stochastic and robust 

models. This empirical approach is backing the MA&DS course, and several SME 

applications are presented in next section. 

4 SC cases and course results 

Several SC cases are developed by students within the specific theme/subject of their 

concern, considering the available data, and the adequate tools and methodologies. Most 

of times, students use the enterprise system and the real data to develop their own cases, 

to specify the technical constraints and the performance measures. The usual learning 

issues [PHG10] occurring either from missing background information or from the 

arising differences in domain knowledge are thus avoided with the current approach. 

Quantitative subjects related to the MA&DS results in the last three years are then 

presented, concerning students’ scores and their perception about the course and 

lecturing. 

4.1 The SC subproblems  

Considering the industry-based SC framework, several illustrative applications that focus 

strategic and long term decision making are presented in this section. Namely, some SC 

subproblems related to the Pur&Sal, Production, Logistics, and Fi&Co departments. 

Like in the other cases, the enterprise system and real data are also used and, beyond the 

individualized learning, the SC statement also allows team work as described in the 

triple case of collection-transformation-distribution of urban solid wastes. 
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[Pur&Sal] The coffee customization case — The department Pur&Sal is both 

considering the source and deliver’s process types [SK08], mainly because in SME is 

usual that one single person can aggregate several functional attributes. A very 

interesting application is concerning a SME integrated in the Portuguese leader network 

that buys, toasts, and sells coffee. This SME is focusing the food and beverage channels 

for industry, services, hotels, restaurants and catering. The purpose was to maximize the 

consumption (in sales value) of a coffee brand using an Optimization model, and to 

outline the best strategy to achieve it. To gain insight about the impact of marketing and 

advertising activities and to increase the related return of investment, the housing panel 

Nielsen|Homescan
TM

 is analyzed. The conclusions pointed a reduction of 17% in sales 

for two years and the sales in hypermarkets, discount stores, supermarkets, and “other 

places” were addressed. Through LINDO
TM

 modeling, the hypermarkets and discount 

stores are selected to further develop advertising and promotion activities, due to their 

expectation of increasing sales value. 

[Production] The rabbit-breeding case — In the Production department, the making 

process types [SK08] are considered, and short term scheduling operations and mid-term 

production planning are focused. The case of a rabbit-breeding SME that aims to adjust 

several seasonal effects is presented. The student is senior partner of the SME, thus 

personal and professional interests are both fostering this study. The key point was to 

minimize costs and to satisfy the technical requirements of each type of rabbit, the 

seasonal variations, food disturbances, and to allow the integration of several raw 

materials in diet (EXCEL
TM

 worksheet is required). The problem was modeled in 

LINDO
TM

, and the employee's absence from work is analyzed in function of the age, 

years of service, salary, civil state, sex, and number of sons. Using SPSS
TM

, the last two 

parameters were found to be the most significant to the employee’s absenteeism. The 

SME decision-makers are weighting to use these quantitative tools on a regular basis to 

adjust the staff scheduling and to improve the utilization of other materials in rabbit diet. 

[Logistics] The triple case of urban solid wastes collection-transformation-distribution 
— In the Logistics department, both the sourcing and delivering process types [SK08] 

are addressed. The newness in this case relies in the triple approach onto an enterprise 

that develops municipal and residential collection, transfer, recycling, processing and 

disposal services of urban solid wastes. Simultaneously, three students addressed the 

three different components of the network: i) the first student aimed the sourcing 

process, the collection of wastes (metal, plastics, glass, and paper); the expansion policy 

required the enlargement of the collection area to the neighbor municipalities; then, new 

routes needed to be planned and the minimum cost was targeted; ii) the second student 

targeted the making process, in the enterprise facilities; the energetic system required a 

large electricity consumption that was based on the working hours, the number of 

working machines, and the monthly quantities; and iii) the third student aimed the 

delivering process, the distribution of recycled materials; the goal was to minimize the 

transportation cost of the materials; EXCEL
TM

 is used to solve this distribution problem, 

and the implementation of two transshipment points is balanced due to the higher costs 

of transport; the transport costs were significantly explained by distances, diesel price, 

trucks consumption, cost of labor-hours, and salary supplements. 
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[Fi&Co] The case of retirement fund — The Fi&Co module is integrated in most of 

real ERP systems, addressing accounting and finance tasks such as production costing, 

cash flow controlling, and cash flow management. Several finance tools [BB04] are 

suggested, the connection between Linear Programming and Accounting [GMR86] is 

provided, and standard cash flow models are presented. Moreover, students’ prospects 

about several personal finance subjects are within the scope of the course, since the MSc. 

program is directed to SME and entrepreneurship. For instance, the balance between the 

profit and the risk of a retirement fund is addressed by a student that is working in the 

headquarters back-office of the Portuguese largest bank. Unfortunately, the expectations 

and conclusions of this case do not achieve significant concordance with the real world, 

as often occurs in the finance area. 

4.2 Course results 

The course results are quite satisfactory, since about 90% of the 75 enrolled students in 

the last three years achieved approbation. In the 0-20 values scale, the scores of the 68 

approved students present: mean, 14.8; standard deviation, 2.1; scores range, from 11 to 

18 (median 14.5); mode, 13; confidence level (95%), 0.50. 

In addition, the students’ appreciation of the courses and lecturers is globally developed 

by the Pedagogic Council of the Technology and Management College through a 

questionnaire. Answers to several questions were received from 45 students, on a scale 

of 1 to 5. The MA&DS course and this lecturer present, respectively, high (more than 

3.5) and medium (from 2.5 to 3.5) levels of appreciation, as shown in Figure 3. 

 

Figure 3: Students appreciation of the MA&DS course. 

5 Conclusions 

High education institutions shall develop efforts to both fill the prospects of students and 

employers, and to provide good education services concerning business DSS, being 

APS, ERP or other enterprise applications. 
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On a MA&DS course, optimal discrete decisions on uncertain environment are aimed. 

The multicriteria decision methods require multivariate data, and the Robust 

Optimization and Multivariate Analysis tools are connected through a PBL approach. 

The PBL approach is computer-based and provides two levels of strong connection: i) at 

the computational tasks, as required by the course contents; and ii) at the enterprise 

system and real data treatment, as follows from the student-oriented subproblems. 

The subproblems belong to the domain knowledge of the students, and the background 

information is available. The selection of subproblems follows the students’ personal or 

professional preferences, and a significant number of subproblems is provided through a 

SC case that encapsulates them under an industry-based SC framework. 

Finally, several applications are presented, under this empirical SC approach that permits 

the achievement of higher level of knowledge on the business and the DSS links. In 

despite of the quantitative approach of the MA&DS course, globally, the course results 

of students are quite satisfactory. The students perception about the lecturing issues is 

also good, since quantitative competences that are needed in later phases of the MSc. 

program are addressed. 
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