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Decisions Sustainability Evaluation System — Software Architecture 
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Abstract: This paper presents a new concept enabling the evaluation of decisions based on their 

sustainability. It forms a bridge between decision preparation and decision-making. The importance of evaluating 

decisions is that stakeholders learn from their past choices and can improve the quality of their decisions. In this 

work we introduce the green decision-making process steps and present a software architecture that enables 

making, tracking, validating and evaluating decisions sustainability through a computer-based system. 
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1. Introduction 

The industrial revolution, the space conquest, electronics, computers, medicines, internet...etc., all these are 

impacting our planet. They are causing pollution (air, soil and water), resource depletion and climate changes 

(global warming/dimming, flooding, sea level rise…). Governments and non-government organizations are 

pushing stakeholder to give more and more attention to the environment by establishing rules and guidelines. In 

order to meet this rules and guidelines decision makers are using specific computer-based systems like decision 

support systems and environmental management information systems. Those systems play a major role in 

delivering information about processes and operations of organizations in user-friendly interfaces in form of 

reports and dashboards. Stakeholders review the performances indicators given by those systems to understand 

their situation and make decision with the objective to enhance or maintain achievement level. Of course the 

classical decision support systems are essential in delivering information and preparing decision, but they lake on 

delivering information about the decision itself. They miss a very important kind of information the decision 

evaluation. Even if they will have evaluation, we will get many points of view, which may be different. For 

instance a decision can be evaluated as poor, from ecological point of view but from an economical one the 

decision can have a positive impact. From a third point of view the social one it can be acceptable. All these 

motived the elaboration of a system that forms the bridge between the decision preparation and the 

decision-making and enables the evaluation of the sustainability of the decision. We are introducing a new concept 

called Green Decision-Making Process through the evaluation of decisions sustainability. In this work the process 
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and the software architecture will be presented. 

The organization of this paper is as follow: after a short introduction, section two gives the main background 

information about environmental management information system. In section three the advantages of using 

quality management systems and decision support systems to enable environmental management are presented. 

Section four shows the green decision making process. After that, the software architecture for the decision 

sustainability evaluation system with its components, sub-components and the interactions between them will be 

explained. The paper then concludes with a brief summary regarding the contribution of this content and presents 

future direction. 

2. Environmental Management Information Systems (EMIS) 

Boosted energy consumption, increased energy costs, environmental sensitivity, and government rules have 

motivated the establishment of concepts and tools to support green strategies through the management of 

environmental information (Rezgui & Marx Gómez, 2016). Many countries are working on a target in reduction 

of greenhouse gas emission. In Europe, for instance, UK and Germany has set goals to reduce carbon dioxide 

(CO2) emissions respectively by 60% (in the year 2050) and 40% (in the year 2020) (Kannan, 2009; Röttgen, 

2010). In order to achieve such environmental goals, stakeholders need to have adequate systems supporting the 

management of environmental information. As result Environmental Management Information Systems (EMIS) 

have become increasingly important in both the academic and the business communities over the past two decades. 

Industry studies have highlighted this significant development (Marx Gómez, 2004; Rautenstrauch, 2013). 

The objectives of those systems are protecting and preserving natural resources, preserving the overall 

balance and rationalization of energy consumption. They give stakeholders the ability to asses, optimize and 

report on the current effects of their processes and operations on the environment. Those effects may be measured 

through a particular type of performance indicators, called environmental performance indicators (EPIs) (Jamous, 

Schrödl, & Turowski, 2013). They allow also the environmental performance examination of individual projects, 

products, departments etc. Thus may engage steps of actions, if needed, in order to rectify the deviations from the 

targets. The actions are the management of decisions. So decision maker are the first responsible of monitoring 

EPIs and deciding which action should be made. Trying to assure a high level quality of their organization’s 

products and/or services and respecting the environment, managers should follow standards and guidelines by 

using a sophisticated quality management system (QMS). This can help the coordination of activities in an 

organization to control and improve the efficiency and effectiveness of its performance (Petkovska & Gjorgjeska, 

2013). 

3. Quality Management Systems 

QMS is a structured collection of policies, procedures, processes and associated responsibilities that are 

integrated whereby they work as a single system. This makes it easier for organizations to achieve the required 

quality. The policies and procedures need to be documented, although they do not have to occur in paper 

documents. They have to be stored and maintained in an electronic format to access and manage them easily. 

According to the International Organization for Standardization (ISO), there are seven pillars, the quality 

management principles (QMP), to an efficient QMS (see Figure 1). Customer focus, Leadership, Engagement of 

people, Process approach, Improvement, Evidence-based decision making, Relationship management (ISO, n.d.). 
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In this paper, we will focus on the Evidence-based decision making principal QMP6. 

The standard ISO 9000:2015 suggests that in order to be compliant with QMP 6, a QMS should be capable of 

measuring and monitoring key indicators. It should also make all data needed available to the relevant people. 

Ensure that data and information are sufficiently accurate, reliable and secure. Analyze and evaluate data and 

information using suitable methods. And finally, make decisions and take actions based on evidence, balanced 

with experience and intuition. 
 

 
Figure 1  Quality Management Principles based on ISO 9000:2015 

 

In fact, decision support systems (DSS) as information technology-based systems that enable gathering, 

centralizing, analyzing data for decision-making purposes, can be seen as an adequate match for QMS 

requirements. They are based on key indicators and present the results in a way that the user can easily understand 

and act accordingly. DSS play a critical role in ensuring that decisions made by organizations are helpful in 

achieving strategic goals and specially the environmental ones. The main advantages of such a system are 

simplicity, clarification and control. Process performance should be measured through indicators and continually 

controlled and improved. All the above demonstrate the need to integrate a DSS into every QMS. This enables 

managers to act and change their processes and/or procedures to meet the expected target easily.  

The problem with typical DSS is that they are fundamentally designed and optimized around analyzing and 

presenting information with the objective to support stakeholders preparing decisions (Rezgui & Ben Maaouia, 

2016). Of course, this role is very important but not sufficient, since the decision making process is not only 

preparing decisions, but also making and evaluating decisions. Information about the decision itself and its 

sustainability are not included. Experience and intuition are neither stored nor shared; they are only in the mind of 

individual managers.  

4. Green Decision Making Process 

There have been many researchers trying to deal with the decision-making process. According to Turban et 

al., it is a process of choosing among two or more alternative courses of action for the purpose of attaining one or 

more goals (Turban, Sharda, & Delen, 2011). For others, it still remains an invisible process, only thoughts and 

operations inside the mind of managers. It is very difficult to understand, document or improve a decision process. 

For many organizations, a managerial decision is treated as a “black box”, subject to neither explanation nor 
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management includes storing, evaluating sustainability, and ranking of decisions. These decisions will be stored in 

a central repository that serves as a core of the new green decision support system. The evaluation will rebuild the 

harvested knowledge in a way that is simple to use. Any company will see its decisions sustainability evaluation 

in the form of a decision dashboard in which each single decision taken in the past can be seen with its reputation.  

The proposed process, the green decision making process (GDMP) will be explained in this section. As 

shown in Figure 2 our approach extends Simon’s process with pre-and post-activities in order to meet the ISO 

recommendations and enable a decision-making based on evidence balanced with experience and intuition. 

While monitoring the values of the different EPIs/KPIs, the user can find an occasion for making a decision 

if there is a deviation from the expected trajectory. Here, we can consider that the trigger of Simon’s process 

(finding occasions for making a decision) occurred. To be able to achieve the next phase (finding possible courses 

of actions) we need to rely on experience. This can be possible only if the decisions taken in the past are available 

and evaluated. The pre-activity, “recommend decision” is responsible for making the previous decisions available 

and presenting their sustainability evaluation. Once the stakeholder gets several options well described with their 

ecological, economical, and social impact, he will be able to choose among them (step 3: choosing among courses 

of action). If none of the recommended actions is suitable for the issue that needs to be resolved, the user can 

create a new decision. In both cases, the decision will be stored. Based on the user responsibility the decision can 

be saved directly without any validation or his/her manager should review and validate. The post activity “save 

decision” includes saving all related information: the decision description, the decision maker, the decision time 

and goals to achieve by applying this decision. Based on Turban et al. (2011), making decisions should occur to 

achieve one or more goals. A deadline should be also fixed for these goals in order to track their achievement 

degree.  

The selected goals are arranged by domain (logistics, human resources, sales, production…etc.). For each 

domain indicators are apportioned into three categories: economical, ecological and social. The goals can be set 

based on target values for one or many types of indicators. Regardless of the type of the selected indicators 

(economic, ecologic or social) they should be improved by the decision, the other ones in the same domain will be 

tracked and evaluated (enhancement or weakening). So all pillars of the decision sustainability will be measured 

automatically. 

In order to transform this process into a sophisticated system, several researchers recommend a design of 

software architecture as a viable approach. “They guarantee the prosperity of software (systems) by defining sets 

of concepts as principles that guide analysis of specifications, designs, implementation, maintenance and 

evolution of software systems” (Kateule & Winter, 2016). In the next section the software architecture for the 

GDMP will be presented.  

5. Software Architecture 

In this section the common language, standards, specification and support for the validation of the proposed 

solution will be explained through presenting the software architecture. Based upon Bass et al. (Bass, Clements, & 

Kazman, 2003), we can define the software architecture as “the structure or structures of the system, which 

comprise software elements, the externally visible properties of those elements, and the relationships among 

them”. Figure 3 illuminates the decision evaluation system software architecture with its components, 

sub-components and the interactions between them. It is an enterprise solution that enables decision-makers to 
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indicators, their values and changes (enhancement or deterioration) over time. The Decision Database is used to 

store the given input by the user through the Front End component and the decision related information. We can 

split the information mainly into two categories: 

 System information: 

o User (id, name, email, …etc.). 

o Authorization (responsibility, visibility and privileges) 

 Decision information 

o Indicator (type, values, goals, relationship, domain…etc.). 

o Decision (id, description, maker, time, goal, sustainability evaluation, ranking)  

The KPI & Decision Tuner has two main functions (1) generating, classifying (social, ecological, economical) 

and monitoring (enhancement or weakening) indicators and (2) generating the relationship between indicators and 

decisions. The Decision Engine component assures the decision management. The core functionalities of this 

component are summarized in Table 1:  
 

Table 1  Decision Engine Functionalities 

ID Description 

F1 Generate indicator list 

F2 Classify indicators (social, ecological and economical) 

F3 Build relationship between indicators and decision 

F4 Assign goals to decisions 

F5 Save decision 

F6 Validate decision 
 

After making decision the Decision Evaluator component starts the sustainability evaluation process 

automatically. This function is guaranteed through three sub-components: Impact Monitor, Rating Unit and 

Evaluation Generator. As initiated in this work, the evaluation is an essential step in the decision-making process 

to demonstrate the errors that may occur while making decisions (Karlsson, 2013).  

The Impact Monitor sub-component is responsible for tracking the changes (enhancement or weakening) 

occurring in the indicator(s) since the decision is made to serve to second sub-component — the Rating Unit — 

with this data as its input. The changes that will be tracked are decision’s direct and indirect related indicators. 

With direct related indicators we mean here the goals (in form of indicators) to achieve by applying this decision. 

Use case: a logistic manger of a retail services company decide to use shared transportation services with a 

neighbor company with the objective to enhance an economical indicator: the Average cost per product delivery 

(in €). The domain of the decision is the logistic domain. While evaluating this decision, of course after the 

deadline assigned by the decision manager, the system measure the enhancement or weakening of this economical 

indicator. With indirect related indicators we mean the tracking of other indicators in the same domain, the 

ecological indicators: Average transport energy consumption per product (in liters) and the Average carbon 

dioxide emissions per product transport (in g). The system monitors also the social indicator: Rate of cooperative 

engagement in transport. So system gives a complete overview about the decision and its sustainability evaluation. 

The Rating Unit provides an automatic ranking of the decision taken based upon the given input from the 

Impact Monitor. Its output is the decision evaluation in the form of a numeric score through the most commonly 

used in a five-point balanced scale (Dillman, Smyth, & Christian, 2014) from very poor (0) to very good (5). The 

final sub-component — the Evaluation Generator — is responsible for generating an evaluation of the taken 
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decision in the form of a user-friendly interface, namely the decision evaluation dashboard. 

Jøsang states that the purpose of recommender systems is mainly to generate suggestions about resources that 

a user a priori is not aware of but would probably be interest in (Jøsang, Guo, Pini, Santini, & Xu 2013). In our 

approach, the decision recommender has the role of generating suggestions about decisions (the resources) for the 

end user based upon his responsibility. 

We include the Decision Recommender component to provide decision makers with possible courses of 

actions (step 2 decision making process) and help them by choosing among courses of action (step 3). The listing 

is compiled after consultation of the Decision Evaluator component, and takes into account the sustainability 

evaluation of the decision. The fact that a decision received a favorable rate cannot therefore be regarded as a 

guarantee that it will continue to appear in this listing as first recommended action. Actions (or decisions) listed 

are formally based on actual situation and selected to be among the best available. Each listing is based on the 

rating given by the Rating Unit sub-component (the best at first) followed by a brief description of the decision, 

it’s characteristics and sustainability evaluation. 

4. Conclusion and Outlook 

Classical Decision Support Systems are primarily designed and optimized to deliver stakeholders with 

appropriate knowledge about their organizations. In this present work we present the advantages of using such 

systems as part of Quality Management Systems in the environmental domain. Following the analysis presented in 

this work we emphasize that decision support systems are dealing only with decision preparation and not decision 

making. The evaluation of decision (as general requirement) and the sustainability measurement (as specific 

requirement) are actually not supported. We discovered weaknesses when we tried to compare the state of the art 

in DSS with the recommendation of the ISO standard 9000:2015, such as the evaluation process. We note also that 

evidence-based decision-making balanced with experience and intuition is missed. The fundamental and helpful 

information about the decision (why, when, who, goals and evaluation) are neither stored nor shared. The 

proposed Green Decision Making Process presents the steps to follow while making decisions. Beginning from 

the trigger event to start the process (1) finding occasion for making decision followed by (2) finding possible 

courses of action, which occur based the recommendation and listing of old taken decision with their 

sustainability evaluation. Then based on this evaluation step three (3) choosing among courses of action is assured. 

This step is followed by an important activity saving decision. Finally the last step (4) is evaluating past choices, 

which occurs automatically via measuring the achievement degree of the decision goals and measuring the 

enhancement or weakening of the indicators in the same domain. The proposed software architecture of the 

decision evaluation system made the integration of a DSS for better quality management in the environmental 

domain more compliant with the evidence-based decision-making. With this new architecture, organizations could 

benefit from an improved assessment of process sustainability performance and ability to achieve objectives and 

thus an improved green decision-making process through learning from past decisions, allowing the ability to 

track, evaluate and recommend decisions. It also increased the ability to review, challenge and change opinions 

and decisions based upon experience as the effectiveness or weakness of the decision can be easily demonstrated 

through the sustainability evaluation process. 

Future directions of this work are: the expansion of the concept to include sophisticated discretization 

algorithms in order to enable automating of few manual settings. Another potential extension of the concept is the 
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integration of new social component with the objective to give decision-makers more flexibility to discuss and 

share (comments, videos, images…) around decisions. 

 
References 
Bass L., Clements P. and Kazman R. (2003). Software Architecture in Practice, Addison Wesley, Reading, USA. 
Davenport T. H., Harris J. G., David W. and Jacobson A. L. (2001). “Data to knowledge to results: Building an analytic capability”, 

California Management Review, Vol. 43, No. 2, pp. 117-138. 
Deepak A., Crupi J. and Malks D. (2001). Core J2EE Patterns: Best Practices and Design Strategies, Sun Microsystems, Palo Alto. 
Dillman D. A., Smyth J. D. and Christian L. M. (2014). Internet, Phone, Mail, and Mixed-Mode Surveys: The Tailored Design 

Method, John Wiley & Sons. 
ISO. (n.d.). “International organization for standardization ISO”, accessed 25 11 2016, available online at: 

http://www.iso.org/iso/home/standards/management-standards/iso_9000.htm. 
Jamous N., Schrödl H. and Turowski K. (2013). “Light-weight composite environmental performance indicators (LWC-EPI) solution: 

A systematic approach towards users’ requirements”, in: 2013 46th Hawaii International Conference on System Sciences 
(HICSS), pp. 945-954.  

Jörg T. and Dessloch S. (2009). “Near real-time data warehousing using state-of-the-art ETL tools”, in: International Workshop on 
Business Intelligence for the Real-Time Enterprise, Springer, pp. 100-117. 

Jøsang A., Guo G., Pini M. S., Santini F. and Xu Y. (2013). “Combining recommender and reputation systems to produce better 
online advice”, in: International Conference on Modeling Decisions for Artificial Intelligence, Springer, pp. 126-138. 

Kahneman D. (2003). “Maps of bounded rationality: Psychology for behavioral economics”, The American Economic Review, Vol. 
93, No. 5, pp. 1449-1475. 

Kannan R. (2009). “Uncertainties in key low carbon power generation technologies — Implication for UK decarburization targets”, 
Applied Energy, Vol. 86, No. 10, pp. 1873-1886. 

Karlsson R. (2013). “Data as intelligence: A study of business intelligence as decision support”, available online at: 
http://www.diva-portal.org/smash/record.jsf?pid=diva2:624506. 

Kateule R. and Winter A. (2016). “Viewpoints for sensor based environmental information systems”, in: EnviroInfo 2016, pp. 
211-217. 

Lindvall J. (2013). Affärssystemochekonomistyrning, Perspektiv P\a aEkonomistyrning. 
March J. G. (1987). “Ambiguity and accounting: The elusive link between information and decision-making”, Accounting, 

Organizations and Society, Vol. 12, No. 2, pp. 153-168. 
Marx Gómez J. (2004). “Automatisierung der Umweltberichterstattungmit Strommanagementsystemen”, Ph.D. thesis, University of 

Magdeburg. 
Petkovska S. and Gjorgjeska B. (2013). “The significance of the quality management system in making management decisions”, in: 

The Third International Scientific Congress-Biennale, University of Tourism and Management, pp. 25-28. 
Rautenstrauch C. (2013). Betriebliche Umweltinformationssysteme: Grundlagen, Konzepte und Systeme, Springer-Verlag. 
Rezgui A. and Ben Maaouia R. (2016). “KPI-based decision impact evaluation system for adaptive business intelligence”, Ingénierie 

Des Systèmesd’ Information, Vol. 21, No. 1, pp. 103-124. 
Rezgui A. and Marx Gómez J. (2016). “Toward green decision making through decision evaluation system”, in: EnviroInfo 2016, pp. 

59-67. 
Röttgen N. (2010). “Climate protection as an opportunity: Plenary statement”, in: UN Climate Change Conference COP16, Cancun.  
Simon H. A. (1977). “The logic of heuristic decision making”, in: Models of Discovery, Springer, pp. 154-175. 
Turban E., Sharda R. and Delen D. (2011). Decision Support and Business Intelligence Systems, Pearson Education India. 
 
 


