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Abstract: ChatGPT (Generative Pretrained Transformer) is a chatbot using artificial intelligence (AI) launched 

by OpenAI, which is an AI research and deployment company. The ChatGPT has taken the technology world 

by storm. The ChatGPT is a trained AI model that can chat almost like a human. The dialog format allows the 

ChatGPT to answer follow-up questions, admit mistakes, challenge incorrect premises, and reject inappropriate 

requests. The ChatGPT can be utilized for compiling research, drafting marketing content, brainstorming ideas, 

delivering aftercare services, increasing customer engagement, and many others. The ChatGPT can provide 

enormous opportunities for companies leveraging this breakthrough technology strategically. Thus, we evaluate 

ChatGPT as a tool in common business decision-making cases in the current study. For example, the ChatGPT 

was asked about the impacts of a hypothetical merging of two supermarket chains in Sweden. In another 

example, the ChatGPT was asked about recommendations for investment in a Brazilian oil company. Finally, 

it was asked about the factors that influence online shopping behavior. The results are significant and 

demonstrate the tremendous potential of the ChatGPT in revolutionizing the corporate world. 
 

Keywords: Artificial intelligence; generative AI; ChatGPT; decision making; business 

 

1. Introduction 

The ChatGPT (OpenAI, 2022) was launched as a prototype in November 2022 by the OpenAI 

company. It quickly garnered attention due to its detailed answers across many knowledge domains 

and human-like texts. ChatGPT was optimized for dialog with humans by using reinforcement 

learning with human feedback, which is a method that uses human demonstrations (like or unlike) 

to guide the model toward desired behavior. The ChatGPT is fine-tuned from GPT-3.5, a language 

model trained to produce text. 

Generative AI (Gen-AI) (Antoniou et al., 2018; Goodfellow et al., 2020) used by the ChatGPT 

is a type of AI focused on generating new content, such as text, images, etc. Generative AI is not 

a new concept, and machine-learning techniques behind Gen-AI have evolved over the past 

decade. However, the ChatGPT innovates using Gen-AI with supervised learning (Lindholm et al., 

2022), reinforcement learning (Källström et al., 2019), and human trainers to improve the model's 

performance. 
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The ChatGPT is one of the most significant and potent language-processing AI models, with 

175 billion parameters. The ChatGPT model was trained using text databases from the internet. 

This included 570 GB of data obtained from books, web texts, Wikipedia, articles, and other 

written content on the internet. 300 billion words were fed into the system (Tamkin et al., 2022). 

According to the ChatGPT, it can be used in applications such as generating text, writing articles 

and stories, or even coding. It can also be fine-tuned to work as a translator and to convert text 

from one language to another. Dialog systems build conversational agents, such as chatbots, which 

can have natural and human-like conversations. A summarization tool summarizes large texts and 

provides a brief overview. Q&A systems build question–answering systems which can answer 

questions based on a given context or document; thus, the sentiment analysis tool can predict the 

tone of a text. It has a text completion tool to complete a given text or sentence, making it useful 

for predictive typing and text completion on mobile keyboards. It also contains a language 

understanding tool that can be fine-tuned to understand the meaning of a text, making it useful for 

natural language understanding in various AI applications. 

However, due to the innovative nature of the ChatGPT, the implications of this type of tool are 

being discussed in the education of children and the youth (Susnjak, 2022) by implementing it in 

journalism and media education (Pavlik, 2022), generation of medical reports (Jeblick et al. 2022), 

and in the generation of academic articles based on the type of literature reviews (Aydın & 

Karaarslan, 2022). 

In this study, we asked the ChatGPT three questions and analyzed the result. Thus, we present 

an analysis of the use of the ChatGPT as a tool for business decision-making.  

2. Methodology 

Using the ChatGPT is quite simple; you only need to register and log into the platform 

(https://chat.openai.com/chat). After registering, you are automatically redirected to a chat screen, 

as shown in Figure 1. The tests were conducted in the ChatGPT Jan. 9 version on January 19, 20, 

and 27, 2023, using a laptop computer located at Linköping University, Sweden.  
To evaluate the performance of the ChatGPT concerning the analysis process for making 

business decisions, three questions were chosen to ask the ChatGPT through its text field. 

In recent times, the rapid growth of mergers and acquisitions has raised the interest of academics 

and professionals. While mergers and acquisitions continue to be the subject of careful examination, 

 

Fig 1. Screenshot of ChatGPT (https://chat.openai.com/chat) accessed on January 20, 2023. 
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many questions still surround the merger process (Cho & Chung, 2022). Therefore, Question 1 

was about the merger of large companies in Europe, which always raises many doubts for society 

about the monopoly and the maintenance of jobs (Chiriac, 2021). 

Question 2 was about investing in the stock market. People invest in the stock market for several 

reasons (Nadeem et al., 2020). For example, they invest in the stock market to save their income 

for retirement (Clark-Murphy & Soutar, 2004) or to help with asset accumulation, well-being, and 

consumption smoothing (Cole & Shastry, 2009). Question 2 refers to the risk of investing in a large 

oil company in a country with an emerging economy. 

Finally, Question 3 dealt with the factors that influence online shopping behavior, which has 

already been discussed in other studies and, more recently, by Mesatania (2022) on the Shopee 

company case. 

3. Results 

Question 1, asked to ChatGPT on January 19, 2023, was about a complex situation in the 

business world, the merger of two large companies. In our example, we asked about the merger of 

two supermarket chains in Sweden, ICA and COOP. 

 

Question 1: 
 
What is the impact of a merger between ICA and COOP Swedish supermarkets? 

 
ChatGPT Reply (text is exactly as presented, without changes): 
 
A merger between ICA and Coop, two of the largest supermarket chains in 

Sweden, would likely have a significant impact on the Swedish retail 

market. The combined company would likely become one of the largest 

retailers in Sweden, with a significant market share in the grocery and 

consumer goods market. 

 

This would likely lead to increased competition for other retailers and 

suppliers, as the combined company would have more negotiating power 

when it comes to pricing and product offerings. Customers could also 

potentially see changes in product availability and prices. 

 

Additionally, the merger could also lead to job losses as the company 

may look to cut costs by reducing redundancies in the company. 

 

However, It should be noted that the merger would also have to go through 

regulatory scrutiny and be approved by the competition authorities, to 

ensure that the merger would not harm competition in the market. 

 

In the first sentence of the response, the ChatGPT identified the companies' sizes, the 

companies' localities, their segment of activity, and the possible impact of this merger on the public. 

This may be important information for a student but not for experts. 

In the second sentence, the ChatGPT reports the significant impact on competitors and 

suppliers, and the increase in the bargaining power of these companies. It is also a significant 

conclusion for an ordinary person but an obvious one for an expert. 

In the third sentence, the ChatGPT reports about layoffs to reduce costs due to redundancies, 

which may happen in administrative positions but not operational ones. Thus, the ChatGPT could 

have been more specific. 

Moreover, in its conclusion, the ChatGPT raised questions about possible legal issues in this 

merger, which is known to everyone. 

Question 2, which was asked to the ChatGPT on January 20, 2023, was related to the risks of 

investing in the shares of Petrobras. Petrobras is a large Brazilian company in the oil sector. 

Petrobras has large fluctuations in the price of its shares due to the Brazilian political and economic 

scenario. 
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Question 2: 
 
What are the risks of investing in Petrobras company shares? 

 
ChatGPT Reply (text is exactly as presented, without changes): 
 
Petrobras is a state-controlled oil and gas company in Brazil, and 

investing in its shares may carry certain risks. Some of the key risks 

to consider when investing in Petrobras include: 

 

Political risk: As a state-controlled company, Petrobras is subject to 

significant political influence and changes in government policies could 

impact the company's operations and financial performance. 

 

Operational risk: The company's operations are primarily focused in 

Brazil, which poses a range of operational risks such as environmental, 

social and safety risks, along with the challenges of operating in deep-

water and other technically demanding areas. 

 

Corruption risk: In the past, Petrobras has been involved in significant 

corruption scandals. These have led to significant fines, legal 

proceedings and reputational risks, which may negatively impact the 

company's financial performance and share price. 

 

Financial risk: Petrobras is heavily leveraged, and it's credit rating 

is lower than investment grade, so the company's high debt levels and 

cash flow volatility could make it more vulnerable to economic downturns 

or unexpected changes in commodity prices. 

 

Currency risk: A significant portion of Petrobras' revenue is generated 

in U.S. dollars, while its debt is primarily denominated in Brazilian 

reals. Changes in the exchange rate between these two currencies could 

impact the company's financial performance and share price. 

 

It's important to note that past performance of the company or sector 

is not a guarantee of future performance and that the risks mentioned 

above are not exhaustive and should be considered along with other 

factors such as the overall market conditions and your personal 

investment profile. 

 

On the same date that the question was asked to the ChatGPT, the value of Petrobras shares on 

the New York Stock Exchange was approximately 11.35 USD. On the CNN Business website 

(CNN Business, 2023), accessed on January 20, 2023 (see Figure 2), the "Stock Price Forecast" was 

as follows: "The 14 analysts offering 12-month price forecasts for Petroleo Brasileiro SA Petrobras 

have a median target of 13.75, with a high estimate of 16.50 and a low estimate of 8.45. The median 

estimate represents a +21.09% increase from the last price of 11.36." Moreover, the "Analyst 

Recommendations" were as follows: "The current consensus among 13 polled investment analysts 

is to hold stock in Petroleo Brasileiro SA Petrobras. This rating had held steady since December 

when it was unchanged from a hold rating." 

If one looks at the response provided by the ChatGPT to the second question, one can see that 

in the first sentence, the ChatGPT once again provided general information about the company, 

such as location and type of company. This differs from the type of information that Google would 

bring up in a simple search. However, even in the first sentence, the ChatGPT reported risks when 

investing in Petrobras. This is interesting information. However, any investor knows that every 

investment in the stock market has risks. 

In five paragraphs, the ChatGPT detailed the risks that should be considered when investing in 

Petrobras. Despite being public information, the ChatGPT summarized the risks, saving time for 

people who need to learn about the company. 

Finally, in the last paragraph, the ChatGPT cautioned investors that a company's past 

performance does not determine its future and that other aspects should be considered. 
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Fig 2. Petrobras’ stock price forecast by CNN Business (2023). 

Comparing the information provided by CNN Business and ChatGPT, it is evident that CNN 

Business offers much more data for decision-making than ChatGPT. 

Finally, the ChatGPT was asked Question 3 on January 27, 2023 about the factors influencing 

online buying behavior. 

 
Question 3: 
 
What are the factors influencing online buying behavior? 

 
ChatGPT Reply (text is exactly as presented, without changes): 
 
There are several factors that can influence online buying behavior, 

including: 

 

1. Convenience: The ease and convenience of shopping online can be a 

major factor in influencing buying behavior. 

 

2. Price: Online shoppers can easily compare prices and find deals, which 

can influence their buying behavior. 

 

3. Product reviews and ratings: The ability to read reviews and ratings 

from other shoppers can influence a person's decision to buy a product. 

 

4. Product selection: Online retailers often have a wider selection of 

products than brick-and-mortar stores, which can influence buying 

behavior. 
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5. Social influence: Social media and online communities can influence 

buying behavior by highlighting popular products and trends. 

 

6. Personalization: Many e-commerce sites now offer personalized 

recommendations based on a shopper's browsing and buying history, which 

can influence buying behavior. 

 

7. Trust and security: Trust in the online retailer and security of the 

website can also play a role in influencing online buying behavior. 

 

8. Marketing and advertising: Online marketing and advertising can also 

influence buying behavior by showcasing products, offering discounts and 

promotions. 

 

The answer presented by the ChatGPT was listed as eight factors that experts are aware of but 

superficial again. Compared with other studies, such as the article by Mesatania (2022), where 23 

factors were identified, we can conclude that the ChatGPT's response was generic, and thus its 

responses should be carefully used for business decision-making at this moment. 

4. Conclusion 

This study presented an analysis of the use of the ChatGPT as a tool for decision-making in 

business, posing three questions to the ChatGPT and analyzing its result. The ChatGPT shows 

simple text in all cases analyzed but can be useful in the decision-making process to present an 

overview of the topic. The ChatGPT, in its current version, does not substitute for a business 

decision-making expert. But the ChatGPT can be a useful tool for the business decision-making 

expert to increase productivity to have time for other activities. 

Even though there were only three questions about business in both cases, the ChatGPT was 

superficial in its answers. However, it is a promising powerful tool that is constantly evolving. 

Therefore, it may be an excellent supportive business decision-making tool in the future. 

The ChatGPT has raised serious concerns about the future of search engines like Google. 

ChatGPT is a valuable learning tool for ordinary people in diverse subjects. It organizes 

information in a much easier way for humans to understand than the current Google search engine. 

This is a positive development for all users.   
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Abstract: Humans, in their most important role as decision-makers, make choices every day. Simple choices 

don't even require a calculator, but more complicated ones require some calculation. Complicated choices, such 

as the ones where one has to choose one (or multiple) alternatives from a list of alternatives, whereas each 

alternative may be better than the other on different conflicting attributes, are not easy to make. Such problems 

are usually referred to as multiple attribute decision-making (MADM), and one of the easiest and most effective 

ways to solve such problems is the Ordinal Priority Approach (OPA). In this article, readers will learn: (1) what 

is the OPA (and some discussion on its background), (2) what distinguishes it from other MADM methods, (3) 

its scale, and (4) how to apply it. Readers, including those with the most elementary knowledge of mathematics 

and operations research, would find this article particularly useful as every effort has been made to make content 

easy to comprehend. 
 

Keywords: Business decision making; multiple criteria decision analysis; ordinal priority approach; ordinal 

preference relation; LINGO software 

 

1. Introduction 

Aristotle, in his work Nicomachean Ethics, defined "preferences" as "rational desires" and, thus, 

perhaps made one of the earliest attempts to relate rational decision-making to human desires 

(preferences) (Köksalan et al. 2016). Preferences play a very important role in decision-making. 

Numeric scores (precise/ cardinal numbers) may be useful when there is nothing to compare with, 

however, when we have something to compare with (a very probable scenario in real-life), ranks 

(manifestation of preferences) provide a very convenient way to make choices (Agresti, 2010). In 

real life, we mostly have something to compare with, e.g., the buyer of an electric vehicle might be 

comparing it (in his mind) with other electric vehicle models or internal combustion engine vehicles 

before making any purchase decision. Also, it is easier to rank two products based on one's overall 

experience using it, but it's not easy to assign precise numbers. The statement "your daughter 

scored 45 marks" is almost meaningless to the student's parent(s); however, where she stands with 

respect to her classmates is what matters most to the parent(s). In situations involving subjectivity, 

where human observers (raters) can have different perspectives on the same topic, preferences 

provide the easiest way to achieve consensus. One may disagree with his colleague whether a new 

supplier is "good" or "bad," but it's not difficult to know a new supplier is better (or worse) than 
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the previous supplier in terms of cost, quality, or timeliness (or any other criterion). This situation 

is usually called multiple attribute decision-making (MADM). 

The MADM problem is the decision problem involving a selection of the best alternative(s) 

from the list of a finite number of alternatives, whereas if one has to design the best alternative, it 

is called multiple objective decision making (MODM) problem (Javed et al., 2020; Hwang & Yoon, 

1981). For instance, a product can be designed in infinite ways, but a customer would only find 

finite choices in the market. Together MADM and MODM are referred to as multiple criteria 

decision making (MCDM) or multiple criteria decision analysis. In the current study, our concern 

is with the MADM problems, or more precisely, the ordinal MADM problems. Unlike the cardinal 

MADM problem, where the experts express the preference for one alternative over the other using 

precise numbers, the ordinal MADM problem relies only on the ordinal relations (preference) 

between them (Contreras, 2010). Such judgements are easier to make than absolute judgements 

(DCLG, 2009) because most people lack the granulation capacity needed to produce numerically 

precise information (Danielson & Ekenberg, 2017). Also, in the literature, one can find several 

ordinal MADM methods however, there is hardly a method like OPA that can estimate the weights 

of alternatives, criteria, and experts simultaneously while demanding the lowest possible 

information from the experts. These and other benefits are time and again proven by the studies 

that have applied the OPA or its variants to solve problems related to supplier selection (Bah & 

Tulkinov, 2022; Quartey-Papafio et al., 2021), site selection (Popović et al., 2023), process control 

(Su et al., 2022), service quality (Pitka et al., 2023), wind energy optimization (Ala et al., 2023), 

evaluations of technologies (Shajedul, 2021) and barriers to technologies (Candra, 2022), 

optimization of drilling processes (Chakraborty et al., 2023), among others. 

The current study gives readers an overview of the OPA in simple language. Maximum effort 

has been made to avoid scholastic jargons. Also, the study presents the first detailed discussion on 

the rating scales central to the OPA-based decision-making. The application of the OPA is 

demonstrated through multiple examples, each representing a different scenario. The codes built 

on the software LINGO are also provided for the users interested in modifying or extending them 

as per their needs. The rest of the study is organized as follows. The second section introduces the 

readers to basic concepts essential to understanding MADM literature. The third section presents 

the background and the core model of the OPA. The characteristics and framework of the OPA-

based decision problem are presented. The OPA scales are discussed. The fourth section includes 

the application of the OPA on four illustrative examples and some discussion. In the last section, 

the study is concluded. 

2. Basic concepts 

Understanding of few concepts is essential before one applies a MADM method. The definitions 

of these concepts are presented below. If not stated otherwise, these definitions are adapted from 

Javed et al. (2020), in particular, and their predecessors (e.g., Hwang & Yoon, 1981; Kmietowicz & 

Pearman, 1981; Pearman, 2016) in general.  

DEFINITION 1: Alternatives 

Alternatives are the entities that are to be evaluated. They may also be known as choices, 

solutions, options, possibilities, objectives, experiments, states, courses of action, and strategies. 

DEFINITION 2: Decision measures 

Decision measures are the numerical values that can directly be used to evaluate the alternatives 

against each decision criterion analytically. When presented together in a table or in the form of a 

matrix, all decision measures are called payoff matrix or decision matrix, which summarizes the 

essential information of a decision problem. Generally, linguistic terms and ordinal relations 

(preferences) cannot be used directly for evaluation as they need to be transformed into numeric 

values that are directly useable in the MADM method.   
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DEFINITION 3: Criteria (attributes) 

A criterion is a measure of effectiveness (Hwang & Yoon, 1981). It is the yardstick on which the 

decision alternatives are to be evaluated. Criterion is a general term to represent attribute and 

objective. They are also called states of nature. Criteria are of different types. Usually, criterion is 

either positive or negative (and sometimes moderate). Positive criteria are profit-type criteria 

(higher, the better), e.g., quality, salary, productivity, efficiency, return on investment, etc. Negative 

criteria are cost-type criteria (lower, the better), e.g., price, defects, infection rate, emissions, etc. 

Moderate criteria are usually situation specific, e.g., blood pressure (neither too low nor too high is 

good for health), temperature, and age, among others.  

DEFINITION 4: Decision subjects (experts) 

The decision subject is the entity that produces the decision measures. In the case of primary 

data, the respondents, raters or experts are the decision subjects, and in the case of secondary data, 

the disseminator or generator of the data (e.g., machine, algorithm, report, working paper, 

organization, newspaper, etc.) is the decision subject. The reliability of decision subjects determines 

the reliability of decision measures and vice versa. An important factor associated with decision 

subjects is heterogeneity, which implies the variability between them because of their unique 

experience, graduation capacity, and domain knowledge (Mahmoudi & Javed, 2023). Superficial 

differences (e.g., academic titles) should be cautiously included to weigh experts.  

DEFINITION 5: Weight 

A weight is a measure of relative importance. Since both weights and probabilities vary between 

0 and 1, and sums to one, weight can also be conceptualized as probability (Pearman, 2016). In the 

modern MADM theory such as defined by the OPA, weights are to be estimated of criteria, 

alternatives, and experts.  

DEFINITION 6: Ordinal, ordinal scale and ordinal relations 

Ordinal is a variable/object with an ordered categorical scale (Argesti, 2010), e.g., quality (very 

good, good, bad, very bad, etc.), cost (very cheap, cheap, expensive, very expensive, etc.), 

temperature (very high, high, low, very low, etc.) etc. One popular example of ordered categorical 

scale (or ordinal scale) is Likert scale, a scale that provides a series of close-ended answers extending 

from one extreme to another (Nemoto & Beglar, 2014). The relations among the values on the 

ordinal scale are called ordinal paired preferences (ordinal preferences/ ordinal relations/ 

preference relations). What distinguishes an ordinal relation (A > B) from an equivalence relation 

(A = B) is asymmetry (Herzberger, 1973; Wiese, 2021), i.e., one is ranked more highly than the 

other. Meanwhile, what distinguishes ideal experts from other experts is their ability to assign 

asymmetric relations to all ordinals under study. 

3. The ordinal priority approach 

3.1 Background 

If one has to report a single MADM method that can clearly distinguish the classical MADM 

theory from the modern one, there is no better name than the Ordinal Priority Approach (OPA). 

TOPSIS and AHP are the most influential methods of the classical MADM. TOPSIS is a very 

rational method that evaluates alternatives based on the distance from the best and worst ideal 

alternatives. Its founders, in their influential work, argued that the "interaction with DM [decision 

maker]" is "not much" in the [classical] MADM (Hwang & Yoon, 1981). On the other hand, the 

AHP, a heuristic method (Barzilai, 2001; Munier & Hontoria, 2021) widely portrayed as a scientific 

(Saaty, 1990), stands on the pairwise comparisons of the alternatives against each attribute and an 

eigenvector. The quantification of linguistic choices selected by the human experts needed for 

pairwise comparisons is no easy task (Triantaphyllou & Mann, 1995), and even under the slightest 

inconsistency in the pairwise comparison matrix, the principal eigenvector components do not give 

the true relative dominance of the alternatives (Farkas, 2007). Thus, there is no wonder that real-
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life decision-makers rarely use pairwise comparisons even for simple decision problems ("How 

many times is design A preferable to design B?"; "twice or thrice?"; "3 times or 3.02 times?"). This, 

and other aspects of the AHP, have been extensively criticised by practice-oriented researchers 

(see, e.g., Munier & Hontoria, 2021; Bafahm & Sun, 2019). When compared with other methods, 

including TOPSIS and AHP, the OPA enjoys several benefits (Ataei et al., 2020), e.g., it interacts 

with the experts and decision-makers (Mahmoudi & Javed, 2022), its rating scale is flexible, it does 

not involve normalization of input data (which is one of the first steps in most of the MADM 

methods), and its algorithm, and thus solution, is not heuristic but optimization. The OPA only 

requires ranks from the experts as input, and later through a linear programming-based model, it 

produces the relative weights of not only attributes and alternatives but also of experts. This 

simultaneous estimation of weights on three dimensions of a MADM problem is a distinguishing 

feature of the OPA, and is the point where modern MADM theory breaks from the classical one. 

However, this break is not abrupt but continuous as it holds within it some successes of the classical 

"ordinal" MADM theory. For instance, the Rank Reciprocal weighting (Stillwell et al., 1981) and 

Rank Order Centroid weighting methods (Barron & Barrett, 1996) are the special cases of the OPA 

for estimating the weights of attributes and alternatives, respectively (Mahmoudi & Javed, 2023). 

Thus, in the OPA, two competing models, traditionally used for estimating the weights of 

attributes, complement each other.  

3.2 The characteristics and framework 

The problems of MADM are diverse, but all problems contain some common characteristics 

(Hwang and Yoon, 1981; Pearman, 2016) and thus exists a general framework that defines the 

general characteristics of a decision problem (Kmietowicz & Pearman, 1981). This is the reason 

one finds the application of MADM methods in very different fields. The common characteristics 

(and "examples") of an MADM problem are  

Multiple alternatives: "Who are the applicants?" 

Multiple attributes (discrete criteria): "On what attributes are they to be evaluated?" 

Multiple experts: "Who are the evaluators?" 

Incommensurable units: Some attributes (e.g., motivation) are qualitative, some 
are quantitative (e.g., GPA), while some are linguistic 
(e.g., "excellent", "bad", "not very good", etc.). 

Payoff matrix: "How well each alternative performs against each 
attribute for each expert?" 

In the OPA, the problem of incommensurable units is non-existent because of using ranks as 

input. Thus, the payoff matrix does not contain numerical scores in incommensurable units. The 

four characteristics of the OPA-based decision-making are shown in Figure 1, adapted from Ataei 

et al. (2020). The steps involved in the OPA's framework of a decision problem is  

Experts 

 
                                       Attributes                                                Alternatives 

Fig 1. The four characteristics of the OPA-based decision-making (adapted from Ataei et al., 2020) 

Ordinal 

Relations 
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(i) Identify the goal and the OPA model suitable to achieve it.  

(ii) Identify the experts and give them room to stay flexible so they can choose the scale 

they want and the questions they want to answer. 

(iii) Identify the alternatives to be appraised. 

(iv) Identify attributes/criteria and their types. 

(v) Assess the expected performance of each alternative against each attribute for each 

expert and the transformation of ordinal relations to numerical values. 

(vi) Apply the OPA model and estimate the weights of the experts, attributes, and 

alternatives. 

(vii) Examine the results. 

(viii) Sensitivity analysis (confidence level measurement, uncertainty analysis, consistency 

control charts).  

The OPA is not just one model but a complete methodology that includes a set of models that 

are suitable in different situations, e.g., when input contains fuzziness (subjective uncertainty), the 

Fuzzy OPA (Mahmoudi et al., 2022) is applicable, and when the input contains greyness (objective 

uncertainty), the Grey OPA (Mahmoudi et al., 2021) is applicable. Other variants are also available. 

In the current study, sensitivity analysis will not be performed, and interested readers can refer to 

Mahmoudi and Javed (2022; 2023). 

3.3 The model 

Iranian scholar Asgharpour (2003) proposed a model for estimating attribute weights that Amin 

Mahmoudi later extended in his PhD dissertation to estimate the weights of alternatives and experts 

as well. The method, as we know today, was first published by Ataei et al. (2020). Different variants 

of the OPA have been proposed since then, e.g., the Fuzzy OPA (Mahmoudi et al., 2022), the Grey 

OPA (Mahmoudi et al., 2021), the Rough OPA (Du et al., 2023), and the Interval OPA (Mahmoudi 

et al., 2023), among others. A statistical approach to solve MADM problems with confidence using 

the OPA has also been developed (Mahmoudi & Javed, 2022).  

The basic information needed to read the OPA model are shown below. 

Indexes: 

Index of the experts (1, … , 𝑝) 𝑖 

Index of preference of the attributes  (1, … , 𝑛) 𝑗 

Index of the alternatives  (1, … , 𝑚) 𝑘 

Sets: 

Set of experts ∀i ∈ I I 

Set of attributes ∀j ∈ J J 

Set of alternatives  ∀k ∈ K K 

Parameters: 

The rank of expert 𝑖 𝑟𝑖 

The rank of attribute 𝑗 𝑟𝑗 

The rank of alternative 𝑘 𝑟𝑘 

Variables: 

Objective function Z 

Weight (importance) of 𝑘th alternative based on 𝑗th attribute by 𝑖th expert at 𝑟𝑘
th rank 𝑤𝑖𝑗𝑘

𝑟𝑘 
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Considering the aforementioned information, the computing steps of the OPA are as follows 

(Mahmoudi & Javed, 2022):  

STEP 1. Experts should be identified and ranked based on one or more distinguishing 

characteristics. Data analyst or decision-maker1 should rank the experts, if necessary. 

STEP 2. In light of the decision-making goal, important attributes should be identified. 

STEP 3. Allow each expert to rank the attributes based on their relative importance. 

STEP 4. Let the experts rank alternatives based on their relative importance against each 

attribute. 

STEP 5. Using the information from steps 1 to 4, Model (1) should be formed and solved on a 

computer using some software (such as LINGO, Matlab, Python, etc.). 

(1) 

𝑀𝑎𝑥 𝑍 

𝑠. 𝑡: 

𝑍 ≤ 𝑟𝑖 (𝑟𝑗 (𝑟𝑘(𝑤𝑖𝑗𝑘
𝑟𝑘 − 𝑤𝑖𝑗𝑘

𝑟𝑘+1)))       ∀ 𝑖, 𝑗 and 𝑟𝑘 

𝑍 ≤   𝑟𝑖𝑟𝑗𝑟𝑚𝑤𝑖𝑗𝑘
𝑟𝑚              ∀ 𝑖, 𝑗 and 𝑟𝑘 = 𝑟𝑚 

∑ ∑ ∑ 𝑤𝑖𝑗𝑘 = 1

𝑚

𝑘=1

𝑛

𝑗=1

𝑝

𝑖=1

 

𝑤𝑖𝑗𝑘 ≥ 0                         ∀ 𝑖, 𝑗 and 𝑘 

where Z is unrestricted in sign. 

After solving Model (1), the alternatives' weight can be calculated using Eq. (2). 

(2) 𝑤𝑘 = ∑ ∑ 𝑊𝑖𝑗𝑘

𝑛

𝑗=1

𝑝

𝑖=1

        ∀ 𝑘  

To calculate the weights of the attributes, Eq. (3) can be utilized.  

(3) 𝑤𝑗 = ∑ ∑ 𝑊𝑖𝑗𝑘

𝑚

𝑘=1

𝑝

𝑖=1

        ∀ 𝑗 

In case of need, the experts' weights can be determined by employing Eq. (4). 

(4) 𝑤𝑖 = ∑ ∑ 𝑊𝑖𝑗𝑘

𝑚

𝑘=1

𝑛

𝑗=1

        ∀ 𝑖  

It should be noted that the OPA allows experts to stay flexible, e.g., it allows them not to answer 

a question when they lack complete knowledge. Thus, incompleteness in spreadsheet is allowed. 

3.4 The scale 

The scales of relative preference are well-known in MADM literature (DCLG, 2009) and social 

and behavioural sciences (e.g., the Likert scale). The OPA involves two scales. One scale (local 

scale of relative preference) is used to represent the expected performance of each alternative 

against each attribute for each expert (see Figure 2). It is an ordinal scale that is used to prioritize 

  

                                                           
1 In the current study, expert is the one who provides input data while the decision-maker is the end user of the information. 
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1 2 3 … p 
| | |  | 

Most preferred    Least preferred 

  (a)   
     
     
1 2 3 … n 
| | |  | 

Most preferred    Least preferred 
  (b)   
     
     
1 2 3 … m 
| | |  | 

Most preferred    Least preferred 

  (c)   

Fig 2. The OPA input: Local scale of relative preference of (a) experts, (b) attributes, and (c) alternatives 

 

the attributes, alternatives, and experts. Thus, it is used to represent the input. The second scale 

(global scale of relative preference) is used to examine the results (see Figure 3). By multiplying the 

scores on this later scale with 100, one can express the relative strength of preferences as a 

percentage. In short, the OPA represents the procedure of transforming the local scales of relative 

preference to global ones. 

The number of points on the OPA scale cannot exceed the number of objects that needs to be 

relatively prioritized. For instance, if there are nine attributes and one has no other information 

except for their relative preference, the scale must not exceed nine, i.e., ideally, 1 for the most 

important attribute and 9 for the least important attribute. The OPA scale shares some resemblance 

with the Likert scale and Borgatta and Bohrnstedt (1980) 's 'imperfect interval scale.' However, 

unlike the Likert scale and Saaty's 9-point scale for the AHP, the OPA scale's upper limit varies 

from one expert to another and, thus, from one problem to another (dynamic scaling). For instance, 

a more knowledgeable expert may assign a unique rank to each object (attribute or alternative) (by 

using a longer scale), while a less knowledgeable expert may assign the same ranks (ties) to some 

objects.   

Psychological experiments have shown that individuals cannot simultaneously compare more 

than seven objects (plus or minus two) (Miller, 1956). That's why one frequently see 7 or 9-point 

Likert scales in questionnaires (Brunt et al., 2022; Sahashi et al., 2021), and this was the main reason 

Saaty also chose 9 as the upper limit of the AHP scale (Triantaphyllou & Mann, 1995). However, 

in the OPA, there is no upper limit on the choice of the scale, but ideally, each object is assigned a 

unique rank by each expert. As human granulation capacity is limited and thus in large-scale 

problems (e.g., a problem containing 50 attributes), one may argue that it is unrealistic to expect 

the experts to assign unique ranks to each attribute precisely. In such cases, user-defined constraints 

can be imposed on the OPA's local scales (Figure 2) to produce the likes of the OPA scale, as 

shown in Figure 4. Figure 4 shows the classical (Hwang & Yoon, 1981) and constrained OPA scales 

for cost- and profit-type attributes. The OPA scale in the table can be extended to 11 or more 

values as well based on the granulation capacity of the expert(s). 

 
0    1 
| | | | | 

Most preferred    Least preferred 

Fig 3. The OPA output: Global scale of relative preference (weight) 
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Interval scale in the classical MADM  The nine-point OPA scale 

Profit  Cost  Profit    Cost 

Very low 1 − 1 Very high  Very profitable 1 − 1 Very uncostly 

 2 − 2    2 − 2  

Low 3 − 3 High  Profitable 3 − 3 Uncostly 

 4 − 4    4 − 4  

Average 5 − 5 Average  Average 5 − 5 Average 

 6 − 6    6 − 6  

High 7 − 7 Low  Unprofitable 7 − 7 Costly 

 8 − 8    8 − 8  

Very high 9 − 9 Very low  Very unprofitable 9 − 9 Very costly 

Fig 4. Assignment of nine values for a rating scales in the classical and OPA-based MADM 

4. Application 

4.1 Software 

There are several ways to execute the OPA model. One way is using the OPA Solver, an 

indigenous software developed and maintained by Amin Mahmoudi, and another way is coding on 

computer programs such as on LINGO, Python, Mathematica, and MATLAB, among others. In 

the current study, we will use LINGO as running optimization models on it is much easier than 

other software, and users can very easily edit and modify the codes as per their requirements. To 

execute the OPA model on LINGO one only needs the knowledge of the operators presented in 

Table 1. Figure 5 shows how a model looks like in LINGO. If one presses the direct hit (bullseye) 

icon, one gets the result (as shown in Figure 6). 

4.2 Illustrative examples 

In the following sub-sections, four hypothetical cases represent four ways the OPA can be applied. In real 

life, many more cases are possible. 

EXAMPLE 1 – Decision making with one expert 

Let us assume we have three suppliers (A1, A2 and A3) who are to be evaluated based on three attributes 

– quality (C1), cost (C2), and resilience (C3). Time was limited; hence procurement manager himself decided 

to evaluate them based on his experience with the suppliers. The payoff matrix produced by the manager is 

shown in Table 2. 

The manager asked an intern working under him to solve the problem who decided to solve the 

problem using the OPA. The code she typed on LINGO is shown in Appendix A. In the code, the 

number outside the opening round bracket shows the rank of the attribute(s), while the first 

number inside the opening round bracket represents the rank of alternative(s). The results of the 

model are shown in Table 3. Thus, in her report to the manager, the intern mentioned that the first 

supplier (A1) was best as it scored the highest relative weight (0.411). The report also noted that 

the first attribute (C1) is the most important as it scored the highest weight (0.480). The ranking of 

the attributes and alternatives is shown in Table 4. 

EXAMPLE 2 – Decision making with two experts 

In her report, the intern suggested that if the opinions of more experts were sought, the results 

could be more reliable. The procurement manager (E1) liked the suggestion and asked her to collect 

data from a procurement assistant (E2), who was also well aware of the three suppliers. The intern 

collected data from the said individual; however, after talking with the assistant, she noticed that 

he was less knowledgeable than the manager, and thus he ranked the two experts as E1 > E2. The 

opinions of both experts are shown in Table 5. One can see that E2 is confused at one point 

(C3:A1/A2) and lacks information at another point (C2:A2). 
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Table 1. The LINGO operators 

Sign Operator Sign Operator 

* Multiplication = Equal to 

+ Addition > Greater than 

- Subtraction >= Greater than and equal to 

( Opening round bracket ) Closing round bracket 

; Semicolon (sentence break) ! Exclamation mark 

 

 

 

Fig 5. Writing the OPA model in LINGO 

 

Fig 6. A sample of the OPA model in LINGO and its results 
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Table 2. The ordinal payoff matrix – Example 1 

 1 2 3 4 

  C1 C2 C3 C4 

A1 1 3 3 1 

A2 2 2 1 3 

A3 3 1 2 2 
 

Table 3. The local and global weights of the alternatives and attributes – Example 1 

WC1A1 0.2933 WC2A1 0.0267 WC3A1 0.0178 WC4A1 0.0733 W(A1) 0.411 

WC1A2 0.1333 WC2A2 0.0667 WC3A2 0.0978 WC4A2 0.0133 W(A2) 0.311 

WC1A3 0.0533 WC2A3 0.1467 WC3A3 0.0444 WC4A3 0.0333 W(A3) 0.278 

W(C1) 0.480 W(C2) 0.240 W(C3) 0.160 W(C4) 0.120   
NOTE: Local weights are not bold while global weights are bold. Rows represent attributes and columns represent alternatives 

 

Table 4. Ranks of the attributes and alternatives – Example 1 

Index Weight Rank 

C1 0.480 1 

C2 0.240 2 

C3 0.160 3 

C4 0.120 4 

A1 0.411 1 

A2 0.311 2 

A3 0.278 3 
 

Table 5. The ordinal payoff matrix – Example 2 

 1 2 

  E1 E2   

 1 2 3 4 1 3 2 4 

  C1 C2 C3 C4 C1 C2 C3 C4 

A1 1 3 3 1 1 1 1 1 

A2 2 2 1 3 2   1 3 

A3 3 1 2 2 3 2 2 2 

 

The intern retyped the OPA model in LINGO, and the resultant code is shown in Appendix B. 

In the code, the first number outside the opening round bracket shows the rank of expert, and the 

second shows the rank of the attribute, while the first number inside the opening round bracket 

represents the rank of alternative. If there was no empty box in Table 5, the intern was supposed 

to mention WE2C2A2 as well among the last two constraints (= 1, and >=0). The final results of 

the model are shown in Table 6. Thus, in her new report to the manager, the intern mentioned that 

the first supplier (A1) is still the best as it scored the highest relative weight (0.465). The report also 

noted that the first attribute (C1) is still the most important, as it scored the highest weight (0.482). 

Since it was a group decision-making problem, the results are more likely to be perceived as reliable 

than the one reported in Example 1. 

EXAMPLE 3 – Estimation of weights of the attributes (single expert) 

Let us assume the intern wants to use another method for ranking the suppliers for the sake of 

comparative analysis. Since the method cannot estimate the attribute weights, she needs to find a 

way to get these weights. She believes the ranking of attributes produced by the first expert (E1) 

Table 6. Ranks of the attributes and alternatives – Example 2 

Index Weight Rank 

E1 0.670 1 

E2 0.330 2 

C1 0.482 1 

C2 0.196 3 

C3 0.201 2 

C4 0.121 4 

A1 0.465 1 

A2 0.298 2 

A3 0.237 3 
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to be the most reliable, and thus now needs to estimate the attribute weights. The data is shown in 

Table 7. 

The intern typed the OPA model in LINGO, and the resultant code is shown in Appendix C. In 

the code, the first number outside the opening round bracket shows the rank of the attribute. The 

final results of the model are shown in Table 8. 

EXAMPLE 4 – Estimation of weights of the attributes (two experts) 

To make the analysis more reliable, the intern also included the opinions of the second expert 

(E2) from Example 3. The data is shown in Table 9. 

The intern retyped the OPA model in LINGO, and the resultant code is shown in Appendix D. 

In the code, the first number outside the opening round bracket shows the rank of expert, and the 

second shows the rank of the attribute. The final results are shown in Table 10. One could also get 

the weights of the experts from the same code (E1 = 0.667; E2 = 0.333); however, it was not 

needed in this example and thus is not shown in the table.  

5. Conclusion 

The article shows the background, methodology, and execution of the OPA. The intended 

audience is the students of multiple-attribute decision-making. The importance of the rating scale 

in the OPA is highlighted. Through four easy-to-understand illustrative examples, the execution of 

the OPA using LINGO software is presented. The OPA has received considerable attention from 

researchers in a short period. Considering the rising interest in the OPA since its introduction in 

2020, it was needed that the method is straightforwardly explained to the general public and 

interested users in the industry. The readers would find the article easy to follow and useful for 

solving real-life problems. With the aid of the given examples, the readers can model their own 

problems using the OPA on LINGO. 
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Table 7. The ranking of attributes – Example 3 

C1 C2 C3 C4 

1 2 3 4 

 

Table 8. Weights (against the corresponding ranks) of the attributes – Example 3 

Index Weight Rank 

C1 0.480 1 

C2 0.240 2 

C3 0.160 3 

C4 0.120 4 

 

Table 9. The ranking of the attributes – Example 4 

E1 E2   

1 2 

C1 C2 C3 C4 C1 C2 C3 C4 

1 2 3 4 1 3 2 4 

 

Table 10. Weights (against the corresponding ranks) of the attributes – Example 4 

Index Weight Rank 

C1 0.480 1 

C2 0.213 2 

C3 0.187 3 

C4 0.120 4 
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Appendix A: The LINGO code associated with Example 1 
 

Max=Z; 

1*(1*(WC1A1-WC1A2))>=Z; 

1*(2*(WC1A2-WC1A3))>=Z; 

1*(3*(WC1A3))>=Z; 

 

2*(1*(WC2A3-WC2A2))>=Z; 

2*(2*(WC2A2-WC2A1))>=Z; 

2*(3*(WC2A1))>=Z; 

 

3*(1*(WC3A2-WC3A3))>=Z; 

3*(2*(WC3A3-WC3A1))>=Z; 

3*(3*(WC3A1))>=Z; 

 

4*(1*(WC4A1-WC4A3))>=Z; 

4*(2*(WC4A3-WC4A2))>=Z; 

4*(3*(WC4A2))>=Z; 

 

WC1A1+WC1A2+WC1A3+WC2A1+WC2A2+WC2A3+WC3A1+WC3A2+WC3A3+WC4A1+WC4A2+WC4A3=1; 

WC1A1>=0;WC1A2>=0;WC1A3>=0;WC2A1>=0;WC2A2>=0;WC2A3>=0;WC3A1>=0;WC3A2>=0;WC3A3>=0;WC4A1>=0;WC

4A2>=0;WC4A3>=0; 

 

Appendix B: The LINGO code associated with Example 2 
 

Max=Z; 

1*1*(1*(WE1C1A1-WE1C1A2))>=Z; 

1*1*(2*(WE1C1A2-WE1C1A3))>=Z; 

1*1*(3*(WE1C1A3))>=Z; 

 

1*2*(1*(WE1C2A3-WE1C2A2))>=Z; 

1*2*(2*(WE1C2A2-WE1C2A1))>=Z; 

1*2*(3*(WE1C2A1))>=Z; 

 

1*3*(1*(WE1C3A2-WE1C3A3))>=Z; 

1*3*(2*(WE1C3A3-WE1C3A1))>=Z; 

1*3*(3*(WE1C3A1))>=Z; 

 

1*4*(1*(WE1C4A1-WE1C4A3))>=Z; 

1*4*(2*(WE1C4A3-WE1C4A2))>=Z; 

1*4*(3*(WE1C4A2))>=Z; 

 

2*1*(1*(WE2C1A1-WE2C1A2))>=Z; 

2*1*(2*(WE2C1A2-WE2C1A3))>=Z; 

2*1*(3*(WE2C1A3))>=Z; 

 

2*3*(1*(WE2C2A1-WE2C2A3))>=Z; 

2*3*(2*(WE2C2A3))>=Z; 

 

2*2*(1*(WE2C3A1-WE2C3A3))>=Z; 

2*2*(1*(WE2C3A2-WE2C3A3))>=Z; 

2*2*(2*(WE2C3A3))>=Z; 

 

2*4*(1*(WE2C4A1-WE2C4A3))>=Z; 

2*4*(2*(WE2C4A3-WE2C4A2))>=Z; 

2*4*(3*(WE2C4A2))>=Z; 
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WE1C1A1+WE1C1A2+WE1C1A3+WE1C2A1+WE1C2A2+WE1C2A3+WE1C3A1+WE1C3A2+WE1C3A3+WE1C4A1+WE1C4A2+WE1C

4A3+WE2C1A1+WE2C1A2+WE2C1A3+WE2C2A1+WE2C2A3+WE2C3A1+WE2C3A2+WE2C3A3+WE2C4A1+WE2C4A2+WE2C4A3=

1; 

WE1C1A1>=0; WE1C1A2>=0; WE1C1A3>=0; WE1C2A1>=0; WE1C2A2>=0; WE1C2A3>=0; WE1C3A1>=0; 

WE1C3A2>=0; WE1C3A3>=0; WE1C4A1>=0; WE1C4A2>=0; WE1C4A3>=0; 

WE2C1A1>=0; WE2C1A2>=0; WE2C1A3>=0; WE2C2A1>=0; WE2C2A3>=0; WE2C3A1>=0; WE2C3A2>=0; 

WE2C3A3>=0; WE2C4A1>=0; WE2C4A2>=0; WE2C4A3>=0; 

Appendix C: The LINGO code associated with Example 3 
 

Max=Z; 

1*(WC1)>=Z; 

2*(WC2)>=Z; 

3*(WC3)>=Z; 

4*(WC4)>=Z; 

 

WC1+WC2+WC3+WC4=1; 

WC1>=0; WC2>=0; WC3>=0; WC4>=0; 

 

Appendix D: The LINGO code associated with Example 4 
 

Max=Z; 

1*1*(WE1C1)>=Z; 

1*2*(WE1C2)>=Z; 

1*3*(WE1C3)>=Z; 

1*4*(WE1C4)>=Z; 

 

2*1*(WE2C1)>=Z; 

2*3*(WE2C2)>=Z; 

2*2*(WE2C3)>=Z; 

2*4*(WE2C4)>=Z; 

 

WE1C1+WE1C2+WE1C3+WE1C4+WE2C1+WE2C2+WE2C3+WE2C4=1; 

WE1C1>=0; WE1C2>=0; WE1C3>=0; WE1C4>=0; 

WE2C1>=0; WE2C2>=0; WE2C3>=0; WE2C4>=0; 
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