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Abstract 

 The hospitality industry is growing at an increasingly fast pace across the world which 

results in accumulating a large amount of data, including employee details, property details, 

purchase details, vendor details, and so on. The industry is yet to fully benefit from these big 

data by applying Machine Learning (ML)  and Artificial Intelligence (AI) . The data has not 

been investigated to the extent that such analysis can support decision-making or 

revenue/budget forecasting. The data analytics maturity model is used as the conceptual 

model for evaluating both data analytics and data governance in this research. In this paper, 

the author has explored the data and produced some useful visual reports, which are 

beneficial for top management, as the results provide additional information about the 

inventoried data by applying ML. Demand forecasting is done using deep learning 

techniques. Long short-term memory (LSTM) is used to find the demand forecasting of spend 

and quantity using time lags. 

The research proposes an extended framework for integrating AI within the e-procurement 

of the hospitality industry. The AI integrated technologies will enable stakeholders of the 

industry to be interoperable with all the providers and sub-providers to obtain information 

easily and efficiently to identify the best solution for their requirements. The proposed 

framework of integrating AI in the conceptual framework could be used by medium to large 

enterprises for interoperability, interconnectivity and to take optimum decisions. 

This paper has uses six ML methods to check the accuracy scoring of the predicted duration 

of purchase. The duration is predicted using feature variables, including recent purchases, 

frequency of purchases, spend per purchase, days between the last three purchases, and mean 



 

and standard deviation of the difference between purchase days. Logistic Regression, 

XGBoost, and Naïve Bayes models have proven to be useful for this kind of study where 

three different scenarios are drawn. Other major results of the research include an answer to 

what to buy when to buy and how much to buy using demand forecasting for the e-

procurement in the hospitality industry. The novel LSTM time series algorithm proved to 

work best for demand forecasting. Various descriptive, diagnostic, predictive, and 

prescriptive analysis is done on the e-procurement data. The deep learning model developed 

can perform thousands of routine and, repetitive tasks within a fairly short period compared 

to what it would take for a human being without any compromise on the quality of work. 

Finally, an interview with a subject matter expert is done to evaluate the result and confirm 

the importance of the study. A survey is also conducted with people involved in the 

procurement process as part of triangulation. The survey revealed 92% of participants agreed 

that having an integrated e-procurement framework is very important for the hospitality 

industry.  The integration of AI and ML in e-procurement will revolutionise the hospitality 

industry. 

Keywords ï artificial intelligence, data analytics maturity model, hospitality, systematic 

literature review, big data, predictive analytics, e-procurement, machine learning, conceptual 

framework, demand forecasting 

 

 

 



 

Ϣϻϡж 

 ϤϝжϝуϡЮϜ ев ϣЯϚϝк ϣугЪ бЪϜϽϦ пЮϖ рϸϕт ϝгв бЮϝЛЮϜ ̭ϝϳжϒ ЙугϮ сТ ИϽЂϒ ϢϽуϦнϠ ϣТϝуЏЮϜ ϣКϝзЊ нгзϦв ЭуЊϝУϦ ϩуϲ е

 ев ϽуϡЪ ЭЫЇϠ ϢϸϝУϧЂъϜ ϣКϝзЋЯЮ еЫгт .ϵЮϖ ̪ϸϼнгЮϜ ЭуЊϝУϦм ̭ϜϽЇЮϜ ЭуЊϝУϦм ϼϝЧЛЮϜ ЭуЊϝУϦм СДнгЮϜк ев бЫЮϜ Ϝϻ

 Ьы϶ ев ϤϝжϝуϡЮϜгЮϝϠ ϕϡзϧЮϜм ϤϼϜϽЧЮϜ ϺϝϷϦϜ ЉϷт ϝгуТ ϣЊϝ϶ сКϝзГЊъϜ ̭ϝЪϻЮϜм сЮфϜ бЯЛϧЮϜ ХуϡГϦ аϹϷϧЃ̳т .ϤϝужϜϿу

ϻк сТ .ϤϝжϝуϡЮϜ ϢϼϜϸϖм ϤϝжϝуϡЮϜ ϤыуЯϳϦ ев ЭЪ бууЧϧЮ сгукϝУв ϬϺнгзЪ ϤϝжϝуϡЮϜ ϤыуЯϳϦ ϭЏж ϬϺнгж Ьмϝϲ ̪ ϣЦϼнЮϜ и

 ϣуϚϽгЮϜ ϽтϼϝЧϧЮϜ ЍЛϠ Ϭϝϧжϖм ϤϝжϝуϡЮϜ РϝЇЫϧЂϜ СЮϕгЮϜаϹЧϦ сϧЮϜ ϝуЯЛЮϜ ϢϼϜϸшϜ ϹуУϦ сϧЮϜ ϢϹуУгЮϜ  Ьнϲ ϣуТϝЎϖ ϤϝвнЯЛв

 .ХугЛЮϜ бЯЛϧЮϜ ϤϝузЧϦ аϜϹϷϧЂϝϠ ϟЯГЮϝϠ ϕϡзϧЮϜ бϧт .сЮфϜ бЯЛϧЮϜ ХуϡГϦ Ьы϶ ев ϣжϿϷгЮϜ ϤϝжϝуϡЮϜЪаϜϹϷϧЂϜ бϧт ϝг LSTM 

ϣузвϿЮϜ ЭЊϜнУЮϜ аϜϹϷϧЂϝϠ ϣугЫЮϜм ФϝУжшϜ пЯК ϟЯГЮϜ ϤϝЛЦнϦ пЯК ϼнϫЛЯЮ. 

Ϝϻк ϰϽϧЧт Ђ .ϣТϝуЏЮϜ ϣКϝзЋЮ ϣужмϽϧЫЮшϜ ϤϝтϽϧЇгЮϜ сТ сКϝзГЊъϜ ̭ϝЪϻЮϜ ϭвϹЮ ϹтϹϮ ЭгК ϼϝАϖ ϩϳϡЮϜ ϤϝузЧϦ ϱуϧϧ

ЙугϮ Йв ЬϸϝϡϧгЮϜ ЭуПЇϧЯЮ еуЯϠϝЦ ϜнжнЫт дϒ ϣКϝзЋЮϜ сТ ϣϳЯЋгЮϜ ϞϝϳЊц ϣЯвϝЫϧгЮϜ сКϝзГЊъϜ ̭ϝЪϻЮϜ  ϤϝвϹϷЮϜ свϹЧв

УЪм ϣЮнлЃϠ ϤϝвнЯЛгЮϜ пЯК ЬнЋϳЯЮ еууКϽУЮϜ етϸϼнгЮϜмϕгЯЮ еЫгт .блϦϝϡЯГϧгЮ Эϲ ЭЏТϒ пЯК ЬнЋϳЯЮ Ϣ̭ϝ ϤϝЃЂ

ϒ ев сгукϝУгЮϜ ϼϝАшϜ сТ сКϝзГЊъϜ ̭ϝЪϻЮϜ ϭвϸ Ьы϶ ев ϰϽϧЧгЮϜ ϼϝАшϜ аϜϹϷϧЂϜ ϢϽуϡЫЮϜм ϣГЂнϧгЮϜ ЭуПЇϧЮϜ ЭϮ

.пЯϫгЮϜ ϤϜϼϜϽЧЮϜ ϺϝϷϦϜм БϠϜϽϧЮϜм сзуϡЮϜ 

 ϣЦϼнЮϜ ϥвϹϷϧЂϜ6 ЮϜ ϢϹгЮϜ ЭуϯЃϦ ϣЦϸ ев ХЧϳϧЯЮ сЮфϜ бЯЛϧЯЮ ФϽАϝϠ ϢϹгЮϜ ЙЦнϦ бϧт .̭ϜϽЇЯЮ ϣЛЦнϧг ϤϜϽуПϧв аϜϹϷϧЂ

 ϤϝуЯгК ϨыϪ Ͻ϶ϐ еуϠ аϝтцϜм ̪ ̭ϜϽЇЮϜ пЯК ФϝУжшϜм ̪ ̭ϜϽЇЮϜ ϼϜϽЫϦм ̪ Ͻу϶цϜ ̭ϜϽЇЮϜ Эϫв ϤϜϿугЮϜІ РϜϽϳжъϜм ̪ ̭ϜϽ

 м сϧЃϮнЯЮϜ ϼϜϹϳжъϜ ϬϺнгж ϥϡϪϒ .̭ϜϽЇЮϜ аϝтϒ еуϠ ФϽУЯЮ рϼϝуЛгЮϜXGBoost  мNaive Bayes Ю ϹуУв йжϒϜϻл  ИнзЮϜ

 пЯК ϣϠϝϮϖ ϩϳϡЯЮ оϽ϶цϜ ϣуЃуϚϽЮϜ ϭϚϝϧзЮϜ егЏϧϦ .ϣУЯϧϷв ϤϝкнтϼϝзуЂ ϣϪыϪ бЂϼ бϧт ϩуϲ ϣЂϜϼϹЮϜ евв ̪ йтϽϧЇϦ ϝ

н϶ ϥϧϡϪϒ .ϣТϝуЏЮϜ ϣКϝзЊ сТ ϣужмϽϧЫЮшϜ ϤϝтϽϧЇгЯЮ ϟЯГЮϝϠ ϕϡзϧЮϜ аϜϹϷϧЂϝϠ рϽϧЇϦ бЪм ̪ рϽϧЇϦ пϧвм ϣЯЃЯЃЮϜ ϣувϾϼϜ

 ϣузвϿЮϜLSTM ЫЇϠ ЭгЛϦ ϝлжϒ ϢϹтϹϯЮϜ ϣуУЊнЮϜ ϤыуЯϳϧЮϜ ев ϹтϹЛЮϜ ̭ϜϽϮϖ бϧт .ϟЯГЮϝϠ ϕϡзϧЯЮ ЭЏТϒ Эм ϣуЋуϷЇϧЮϜ

ϸϝЦ иϽтнГϦ бϦ рϻЮϜ ХугЛЮϜ бЯЛϧЮϜ ϬϺнгж дϖ .ϣужмϽϧЫЮшϜ ϤϝтϽϧЇгЮϜ ϤϝжϝуϠ пЯК ϣуУЊнЮϜм ϣтϕϡзϧЮϜм Ръϐ ̭Ϝϸϒ пЯК ϼ

ЯГϧт ϝгϠ ϣжϼϝЧв ϝв Ϲϲ пЮϖ ϽЋЦϒ ϣузвϾ ϢϽϧТ днЏО сТ ϢϼϽЫϧгЮϜ ϣузуϦмϽЮϜ аϝлгЮϜв рϒ дмϸ дϝЃжшϜ йϡ ϢϸнϮ пЯК ϣвмϝЃ

.ЭгЛЮϜ 

 Йв ϣЯϠϝЧв ̭ϜϽϮϖ бϧт ̪ Ϝ̯Ͻу϶ϒ ϢϽϡϷЮϜ рмϺ Ϯϖ бϦ .ϣЂϜϼϹЮϜ ϣугкϒ ϹуЪϓϦм ϣϯуϧзЮϜ бууЧϧЮ ИнЎнгЮϜ сТ ЈϝϷІцϜ Йв ϱЃгЮϜ ̭ϜϽ

 дϒ ИыГϧЂъϜ СЇЪ .ϩуЯϫϧЮϜ ев ̭ϿϯЪ ̭ϜϽЇЮϜ ϣуЯгК сТ еуЪϼϝЇгЮϜ92нϮм дϒ пЯК ϜнЧТϜм еуЪϼϝЇгЮϜ ев ́ϼϝАϖ ϸ  ЭгК

ЮϜ сТ сЮфϜ бЯЛϧЮϜ м сКϝзГЊъϜ ̭ϝЪϻЮϜ ϭвϸ дϖ .ϣТϝуЏЮϜ ϣКϝзЋЮ Ϝ̯ϹϮ блв сжмϽϧЫЮшϜ ̭ϜϽЇЯЮ ЭвϝЫϧв сжмϽϧЫЮшϜ ̭ϜϽЇ

.ϣТϝуЏЮϜ ϣКϝзЊ сТ ϢϼнϪ ϨϹϳуЂ 
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 INTRODUCTION  

The notion of hospitality precedes that of tourism (King, 1995; Higgins, 2009), which came 

into use in the 1700s1. The Oxford Learners Dictionary 2020 defines óhospitalityô as ñfriendly 

and generous behaviour towards guestsò, while the Chambers English Dictionary 2020 (13th 

edition) defines it as ñthe friendly welcome and entertainment of guests or strangers, which 

usually includes offering them food and drinkò. In contrast, ótourismô means people traveling 

for leisure and includes activities such as sightseeing and camping (Wikipedia). The total 

contribution of the hospitality sector to Global GDP in 2019 was US$9.258 trillion and it is 

forecast to rise by 4.9 percent per annum, as per UAE government tourism statistics (2019). 

The hospitality business purchases products from its suppliers, such as food and drink, in 

bulk (Hassanien, Dale & Clarke, 2011). The process of obtaining supplies is referred to as 

procurement. Organisations firmly believe that applying information technology to their 

procurement processes can produce vital advantages in their operations (Sanchez-Rodriguez, 

Martinez-Lorente & Hemsworth, 2020). E-procurement is a competitive factor in all types 

of businesses in which information technology and purchasing resources like purchase 

orders, supplier details, and catalogues are involved to exchange information and to make 

purchasing decisions (Sanchez-Rodriguez, Martinez-Lorente & Hemsworth, 2020).  

E-procurement provides opportunities to access purchasing networks for suppliers and 

buyers, expands the selection of products, and makes information more easily obtainable (E. 

Mathew,2019). E-procurement is one process involved in supply chain management. 

                                                           
1 (2020). Available at: https://study.com/academy/lesson/hospitality-industry-history-origin.html 
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ñSupply chain management (SCM) is the process and activity of sourcing the raw materials 

or components an enterprise needs to create a product or service and deliver that product or 

service to customersò (Perkins & Wailgum, 2020). SCM has six components, namely: 

planning, sourcing, making, delivering, returning, and enabling2. Therefore, the process 

involves manufacturers, distributors, resellers, and suppliers, according to Boris Evelson, 

Vice President and Principal Analyst at Forrester Research (2018). This means if anybody 

wants to apply Artificial Intelligence (AI) in SCM, they need to collect data from all of these, 

which makes the process tedious and time-consuming. ñThe supply chain is the entire 

process, while procurement is a part of itò (Tom, 2020). This concept is depicted in Figure1.  

 

 

 

 

Fig. 1 Main concepts in e-procurement adapted from Podlogar, 2007 

For instance, an epidemic outbreak, such as a novel coronavirus (COVID-19), has a massive 

impact on SCM. When the epidemic is at its peak it will compel companies to initiate some 

kind of regulation or shut assembling and manufacturing plants, at least temporarily. 

Moreover, the imports and exports from the affected countries will decrease drastically3. An 

                                                           
2 (2017) https://www.cio.com/article/2439493/what-is-supply-chain-management-scm-mastering-logistics-

end-to-end.html  
3 (2020) https://hbr.org/2020/03/what-are-companies-legal-obligations-around-coronavirus  

https://www.cio.com/article/2439493/what-is-supply-chain-management-scm-mastering-logistics-end-to-end.html
https://www.cio.com/article/2439493/what-is-supply-chain-management-scm-mastering-logistics-end-to-end.html
https://hbr.org/2020/03/what-are-companies-legal-obligations-around-coronavirus
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Agent-Based Technology (ABT) for risk analysis can predict the risk in procuring 

commodities from the affected region and changes in exchange rates. These predictions will 

help the procurement managers to take proactive steps in planning the demand and supply 

based on the aftermath of economical fluctuations and travel controls. 

In this paper, e-procurement has been used interchangeably for the supply chain to obtain a 

broader view. This research uses e-procurement processes from a chain hotel in the UAE. E-

procurement has an important place in the hospitality industry, which contributes over $9.258 

tril lion to Global Domestic Product (GDP) per annum. In international hotel chains, the 

importance of e-procurement is much greater as it enables strategic growth and supports 

hotels to segregate the final products and services from competitors (Daghfous & Belkhodja, 

2019). 

Integration of AI is peaking, especially in the UAE, as the visionaries of the country 

proclaimed that ñArtificial Intelligence becomes an important aspect for building the future, 

and we focus our efforts on building the future of the UAE based on a forward-looking vision 

that adopts global trends and developments, and supports brightest young minds and 

encourage innovation and creativityò4. As quoted, the UAE is striving to integrate AI in 

almost all fields. It is worth mentioning that Dubai is named as the leading city in 

international visitor spending worldwide by Statista - the No.1 business data platform - and 

the occupancy rate has increased in past years in Dubai. Hence, the integration of AI in the 

hospitality industry is essential. 

                                                           
4 (2018) https://u.ae/en/about-the-uae/the-uae-government/government-of-future/innovation-in-the-uae 

https://u.ae/en/about-the-uae/the-uae-government/government-of-future/innovation-in-the-uae
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1.1 Problem Statement 

There are several problems in the e-procurement of the hospitality industry. McKinsey 

analytics who works together with clients to build analytics-driven organisations and achieve 

better performance through data published an article in 2018 following a survey on óBusiness 

functions where AI has been adoptedô. As per the study, business functions in which AI has 

been adopted by industry do not even mention the hospitality industry. Only 18% of travel, 

transport, and logistics industry respondents specified adoption of AI and, even in other 

industries, the adoption of AI in the supply chain is comparatively less. This study proposes 

an AI integrated e-procurement system in the hospitality sector by using the data analytics 

maturity model to eradicate several issues faced in the procurement processes. The 

enumerated problems with sub-problems are given below in separate paragraphs. 

Product taxonomy in e-procurement is a major issue because there is no standard taxonomy 

setup per product [ñA taxonomy in procurement is the categorical hierarchy of spend and 

sourcing groups, from general to specific ñ(Wiki)]. Therefore, individual buyers or suppliers 

are free to choose any category for a product. For example, the product óFresh Chickenô could 

be categorised as a óCoffeeô item and the system will accept it. The user can key in any 

category and the system will not reject it even if it is wrong. This impacts the analytics and 

requires tremendous effort in constructing an item master. [ñAn item master is a record that 

lists key information about an inventory itemò (Wiki)].  

Currently, the buyers can buy from listed suppliers or from local suppliers who are part of a 

vast administration structure. For example, the suppliers need to provide a lot of 

documentation to confirm their compliance with the qualification requirements. Complete 



5 

 

automation of this process will increase availability and transparency. Moreover, there exists 

a significant amount of duplication of work taken by either a supplier or a buyer. 

Furthermore, there exist duplicate suppliers and products in the system. 

The prices for commodities bought from the same vendor at different properties showed 

variations at a given time. A single system that integrates across all regions with a standard 

rate for each commodity from individual vendors was missing, where vendors can maintain 

their negotiated fixed price for that period in the system.  

There is always a world of difference between what is on the documentation and the actual 

product. The issue is that supplier compliance is not recorded anywhere in real-time because 

such non-compliance from the supplier will not reach top management for review during the 

supplier selection process. 

Another problem is budget development for procurement. The budget for the given financial 

year should be developed and approved beforehand. Most of the time, buyers over- or under-

budget due to the bullwhip effect [ñThe bullwhip effect is a distribution channel phenomenon 

in which forecasts yield supply chain inefficienciesò (Wiki)]. There exists no mechanism to 

predict the budget accurately.  

Furthermore, their contingency plans are not fool-proof against cyberattacks which are quite 

common nowadays. As per the study conducted by Issabayeva, Yesseniyazova, and Grega 

(2019), during three quarters of 2018, there were more than 14,000 cyberattacks while the 

number of registered attacks in 2019 exceeded 16,000. ñLloydôs study describes cyberattacks 
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as one of the costly risks. According to their calculations ï it could cost the global economy 

more than Ã120 billion (Guardian 2017)ò (Issabayeva, Yesseniyazova & Grega, 2019). 

The X Hotels [a pseudonym to maintain anonymity] have a database server to collect big data 

for purchasing requests. This system is limited in its reporting facility for managersô extract 

data from the Oracle database into an Excel sheet. In their opinion, Oracle is limited to data 

visualisation and reporting together. In other words, their current system cannot display the 

report as per the requirement of managers. Therefore, the managers extract data from the 

database to compile a monthly report of expense records. Foremost businesspeople are 

seriously thinking about incorporating the data analytics maturity model, as it offers limitless 

possibilities of the commercial revolution and functioning efficiency. Headlines on Amazon 

and Walmart using data analytics has captured the attention of both practitioners and 

researchers (Ittmann, 2015). SCM industries are flooded with data to such a degree that a 

recent report noted that ñbusinesses collect more data than they know what to do withò (Fosso 

Wamba et al. 2018). This is particularly true for the hospitality industry as they use collected 

data only for biweekly or monthly reports, which are used for comparative study. Although 

most companies have high expectations for data analytics the actual use is restricted and 

many multinationals struggle to reveal its business worth. 

To bring awareness to practitioners of e-procurement in the hospitality sector, this paper is 

mostly focused on 1) analysing previously published papers on AI connected with e-

procurement and hospitality, 2) using the data analytics maturity model to apply Machine 

Learning (ML) techniques on historical data of a chain hotel to optimise e-procurement data, 

3) investigating how the current hospitality framework can integrate AI in its functionality 
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using data analytics maturity model and, finally 4) identifying the perception of a subject 

matter expert(s) on the results obtained. Furthermore, the study explores the hotelôs 

purchasing function to understand the purchasing process and identify the limitations of using 

e-procurement data.  

Nowadays, the passionate race in an industrial setting means that tourism and hospitality 

businesses have to toil rigidly to sustain and progress their competitiveness. As the industry 

includes addressing the human interest to travel and to embrace the warmth of new 

experiences, understanding customer interests and being able to harness both, can promote 

guest loyalty by proactively adding value to their expectations using cognitive technology. 

Hence, digital or electronic technology supports the organisation in managing information 

dynamically and influences business competitiveness by assisting decision-makers to make 

appropriate investments and decisions. 

1.2 My Contributions  

This authorôs major contributions include the integration of AI and applying ML to optimise 

e-procurement in the hospitality industry by developing an extended framework as a roadmap 

for all stakeholders of procurement processes. Having such a system incorporated following 

the data analytics maturity model will help to solve the enumerated problems.  

My first contribution is an extended framework integrated with AI in the e-procurement of 

the hospitality industry. Item master and product taxonomy should be defined clearly and 

accurately as part of data models. Real-time supplier compliance will be recorded, which will 

support the calculation of supplier rating and supplier selection, while negotiations will be 
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easier. The completely integrated intelligence system will be interconnected and 

interoperable, as well as able to sense, accumulate, explore, and infer data dynamically. 

Standardised communication protocols agreed among stakeholders across the ecosystem, 

will increase interoperability, interconnectivity, and thus, trustworthiness. Thereby, the key 

stakeholders or decision-makers can make use of the AI integrated decision support system 

and use management software for a variety of cases to improve their business and strategic 

planning.  

The framework follows the data analytics maturity model. The data analysis based on a 

descriptive, diagnostic, predictive, prescriptive, and cognitive level is my other contributions. 

This will help the managers to obtain varied reports with numeric and graphical 

representations of data. Descriptive and diagnostic numerical and visual reports are my 

second and third contributions. 

An ML algorithm for demand forecasting using LSTM time-series predictions is my fourth 

contribution. ML is applied to historical data collected over 5 years for demand forecasting 

of spend and quantity. The ML algorithm ensemble with deep learning gives an accurate 

prediction which will help the top management in budget forecasting.  

An ML algorithm for finding purchase duration is my fifth  contribution. Purchase duration 

is found using a supervised ML technique which will give top management an idea of what 

to buy when to buy and how much to buy. This result will help the stakeholders be ready for 

better cash flow. 
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A systematic literature review on the relevant topic is my next (sixth) contribution. A 

systematic literature review is conducted on literature related to AI, e-procurement, and 

hospitality. This systematic study details various results showing the trend of publication, 

most used keywords, and major topics researched. 

An interview with a subject matter expert and a survey with people working in the 

procurement process are further contributions (seventh) of this study. A detailed interview 

with a subject matter expert is conducted to evaluate the results obtained in this research. The 

same is validated by surveying people involved in procurement processes. The survey 

conducted with procurement professionals will be my eighth contribution. 

Overall, this thesis makes significant contributions. The conceptual framework proposed in 

this thesis is beneficial for future research in AI linking hospitality and e-procurement. The 

recommendations will be helpful for all stakeholders to maintain a long-term business 

outlook by having automated decision making, interoperability and interconnectivity, and 

ML to optimise procurement in the supply chain of the hospitality sector, and implementing 

suitable actions. Moreover, the framework and its components are generalisable to the 

hospitality industry. 

1.3 Significance of the Study 

Most of the previous research that studied IT in hospitality, focused on the adoption of IT 

(Alsaadi & Tubaishat, 2020; Helo, Gunasekaran & Rymaszewska, 2017; Korte, 2013) while 

my work focuses on the integration of AI in particular and applying ML in e-procurement 

within the hospitality industry. The truth is the hospitality industry has grown extensively in 
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most of the world, however, there is limited research published in the scientific world on 

hospitality linked with procurement and AI (Gomezelj, 2016). However, the travel and 

tourism industry has initialised many kinds of business and technology research, which will 

impact revenue directly (Mariani, Baggio, Fuchs & Höepken, 2018). The stakeholders 

involved in the procurement process of the hospitality industry are numerous (Boris Evelson, 

2018), and obtaining approval from all of them to use their data is a real challenge 

(McKinsey, 2018). There is no doubt that there is a high demand for state-of-the-art 

techniques and technology wherever these are found to be apt and useful (Korte, 2013). 

Adapting such a state-of-the-art infrastructure is crucial in this era when technology is 

growing exponentially (Treiblmaier, 2018).  

Moreover, such advancement is especially required for competitive operations in the 

hospitality sector, as well as to strategise the marketing and distribution of these sectors on a 

global scale. Over the last few decades, research and development (R&D) in the area of AI 

have drastically advanced (Bogetiĺ, Antiĺ & Lekiĺ, 2017). As a result, in many fields, R&D 

departments have been integrated for the same purpose, especially as a large amount of data 

is being accumulated in all industries (Mariani, Baggio, Fuchs & Höepken, 2018). The 

hospitality industry has only recently integrated digital technologies in a systematic manner 

(Edghiem & Mouzughi, 2018). Few early studies were anecdotal and did not make any 

contribution to the industry, nor to academic research, as they focused on the individual 

operation or the locality only (Brandon-Jones & Kauppi, 2018).  

Another major reason for late adoption is that adoption requires a large amount of time and 

money, so the industry, especially small and medium enterprises, showed reluctance (Lamba 
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& Singh, 2017). Furthermore, senior management often finds it hard to understand the 

concept of AI in the hospitality industry as they cannot relate it to any business benefits or 

profit (Mariani, Baggio, Fuchs & Höepken, 2018). As per an International Research 

Organisation (2018), another reason for such changes in any industry is the lack of talent or 

skilled people in the organisation. 

As discussed, one of the major problems of this topic is limited academic studies exploring 

the hospitality industry linked with AI in procurement processes and at the same time not 

having skilled personnel to implement any state-of-the-art technology. This study is vital for 

hospitality as it provides the stakeholders of the procurement process of the hospitality 

industry with a roadmap on how to integrate AI and ML in e-procurement. The study shows 

that knowledge gathered online or offline should be used further for data analytics and 

predictions and thus to bring greater benefit to organisations efficiently and effectively. 

Content analysis on recently published articles and visual representations of data is conducted 

intensively. Demand forecasting to optimise e-procurement data by applying deep learning 

will ease the decision-making for procurement stakeholders. The author proposes a new 

conceptual framework for the integration of AI and applying ML in the hospitality industry 

and particularly in e-procurement.  

The spread of IT generates opportunities and pressures in the hospitality industry that are 

aggressive and influencing IT implementation. To enhance customer satisfaction, online data 

retrieval, online booking, feedback, and so on, have been adopted across the hospitality 

industry. Integration of AI is considered the latest trend and a lot of opportunities for data 

analytics have been forecast. Even though integration has substantially expanded information 
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availability and transparency, intelligent analytics has been trialled to a minimal level in e-

procurement, especially in hospitality. This paper tries to highlight the e-procurement 

operation in the running of a chain of hotels. Furthermore, it investigates the use of procured 

data and most importantly to optimise e-procurement data with ML. 

The required information will be collected through qualitative and quantitative methods. 

Intense content analysis is conducted to identify the integration level of AI and ML. 

Furthermore, document analysis is undertaken on the proposed new framework with AI to 

review its integration with the current architecture within the industry. Data is collected for 

a chain of hotels in the UAE over the past five years for descriptive, diagnostic, predictive, 

and prescriptive analysis. Demand forecasting is done by applying ML with deep learning. 

Finally, an interview and survey are conducted with a subject matter expert to understand the 

perception of the results derived in the study. Furthermore, the researcher reviews the 

feasibility for future works that can be derived from this study with a synopsis into cognitive 

analytics.  

The study is valuable for e-procurement within the hospitality industry, as it will enhance 

strategic decision-making capabilities, risk assessment, cash-flow management, and thus, 

reduce costs and increasing revenue. Additionally, with the latest spread on developing 

refined ML-based techniques and, in particular, with the deep learning algorithms, higher 

accuracy and powerful results obtained can be an eye-opener to stakeholders within the 

hospitality industry. These results will help them to foresee many other issues to be solved 

in e-procurement across the industry. Though the novel centralised framework that is 

integrated with AI will take time for complete implementation, it will solve problems on 
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product taxonomy, duplication of supplier, product and work, programme roll-out 

compliance, procurement budget forecasting, demand forecasting, and many more. 

1.4 Theoretical Framework 

The research can be divided into two main sections. One for creating the framework that 

integrates AI in the e-procurement system and the other for big data analytics. In this paper, 

the data analytics maturity model is used as the conceptual model for developing both studies. 

The data analytics maturity model is described under five main classifications: descriptive, 

diagnostic, predictive, prescriptive, and cognitive analytics. There are several data analytics 

maturity models developed by various organisations using a variety of terminology. It is 

interesting to note that all of these summarise similar concepts. The author in her research 

has followed the model defined by Krol and Zdonek (2020), specifically influenced by 

International Research Organisationôs maturity model. Traditional analysis methods include 

self-assessment, qualitative interviews, and quantitative studies. Data analytics that are full y 

developed can be defined as the progression of an organisation in integrating, managing, and 

leveraging all significant internal and external data sources into key decision points. The 

ecosystem thus formed should facilitate insight and action. Hence, data analytics maturity is 

not just having technology in place, rather it should have the technology, data management, 

analytics, governance, and organisational components. Moreover, it may take a long time for 

proper implementation. Analytics maturity refers to how intensely and successfully the 

organisation uses tools, people, processes, and strategies to accomplish and scrutinise data to 

inform business decisions. Maturity models are used to direct this conversion process. 
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The maturity model can be assessed to check the organisationôs current maturity level. The 

assessment is usually conducted using various lengths and widths. These dimensions may 

include an assessment of technical infrastructure, assessment of organisational issues, and an 

assessment of human resources. Technical infrastructure would include all the equipment, 

software, and data collection method. Organisation issues include analytics culture, the 

degree of support and democratisation of analytics, and the level of acceptance towards an 

analytics culture in the entire enterprise. Human resources consist of the staffôs analytical 

competencies. When assessing an organisation, it can fall under five categories depending on 

their level of data analytics maturity level. The five stages of data analytics are depicted in 

Figure 2. An organisation that is unaware of the benefits of data analytics or that has a 

negative attitude towards adopting data analytics is referred to as analytically lagging or 

learning; this is also referred to as the initial stage of an organisation. The next stage is the 

infected stage where the executives are interested in the idea of data analytics and slowly 

start to develop models. The third stage is the acceleration stage where the organisation uses 

data analytics for competitive advantages. The fourth stage is known as the momentum or 

impulse stage where the data analytics is developed and implemented throughout the 

organisation providing motivation and inspiration. The fifth stage, known as being ahead of 

data analytics, is when the company regularly gains benefits of its enterprise-wide analytics 

capability and focuses on continuous analytics reviews. 

 

 

 

 

Fig. 2. Five stages of analytics continuum adapted from Krol and Zdonek, 2020 
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The model can be used by any organisation without regarding their current stage of analytics 

continuum as the model that is proposed is a roadmap to be ahead of data analytics. Data 

analytics indicates strategies and directions of development and is a source of innovation that 

would eventually result in revenue enablement. 

1.5 Research Aims and Objectives 

The research papers evaluated suggest that for the stakeholders to take advantage of the 

procurement big data being acquired, more effective and efficient studies need to be 

conducted. The stakeholders may not have enough background to conduct a realistic study 

on assessing the effectiveness of the data and the system being used. Thus, this paper intends 

to provide a proper systematic analysis to suggest efficient ways to enhance the data 

management system in the hospitality industry, especially in e-procurement by using ML 

methods and AI. In the cited articles, several authors note the importance of having the latest 

state-of-the-art technology in general, but the gap is felt in the hospitality supply chain. This 

paper aims to identify how the latest technological advancement can be used to enhance SCM 

in the hospitality industry to make better decisions. Another major aim is to compute 

descriptive, diagnostic, predictive, and prescriptive analysis of historical data of e-

procurement within the hospitality industry. 

The study is conducted across the 20 UAE-based properties of a globally well-known hotel 

chain. The spend related details were available, which will help in understanding the cash 

flow requirements of each property at different times. There was, however, no access to the 

consumption data, that would have otherwise assisted with a detailed cost-benefit analysis. 
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The name of the hotel is referred to as óThe X Hotelsô for this study; the actual name and 

other non-disclosure details are kept confidential. The X Hotels has more than 20 properties 

in the UAE ranging in various luxurious statuses from 3 to 7-star rating. Each of the local 

properties has between 100 to 750 guest rooms.  

The objectives of this research are listed below: 

1. Create a clear and precise framework on how to integrate a coherent added value AI 

system to the selected industry. 

2. Apply descriptive, diagnostic, predictive and prescriptive analysis in e-procurement 

data 

3. Suggest a noble technology on ML analytics that can use more automatic prediction 

using AI: 

a. What is applied demand for goods? 

b. ML to optimise procurement 

4. Find the perception of seasoned professionals in the selected industry 

1.6 Research Questions 

To meet the purpose of the study, the author has considered the following as the research 

questions: 

RQ 1) How can the state-of-the-art technologies be part of the contemporary e-procurement 

system within the hospitality industry? 

1. What is the adoption level of AI in the hospitality industry? 

2. How can the industry improve performance by integrating AI? 
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RQ 2) How can the data analytics maturity model be adapted in e-procurement data of the 

hospitality industry? 

a. What visualisation techniques are most effective in exploring e-procurement data 

in the hospitality industry? 

b. How can Machine Learning (ML) analytics optimise procurement efficiency in 

the hospitality industry using Deep Learning? 

RQ 3) What is the perception of subject matter expert(s) on the proposed integrated system 

with AI and ML in e-procurement of the hospitality industry? 

The required information will be collected through qualitative and quantitative methods. As 

part of the qualitative method, intense document analysis and reviews are completed plus an 

interview/survey with an expert(s) in the relevant area on the results obtained. Thus, the 

triangulation is undertaken to validate the model developed.  Quantitative analysis will 

involve various descriptive, diagnostic, predictive, and prescriptive analytics, using the data 

collected over five years from the hospitality industry, using Python deep learning methods. 

1.7 Organisation of the Thesis 

 

The remainder of the thesis is organised as follows. Chapter 2 reviews current research works 

on related topics. The systematic review is separated from the literature review and kept in 

Chapter 3. A detailed narration of the research methodology is included in Chapter 4. Chapter 

5 provides details of data analysis. The rest of the chapters from 6 to 9 represents the results 

and discussions of the study. Chapter 6,7 and 8 show results of data analytics including, 

descriptive, diagnostics, predictive and prescriptive analytics, respectively. Chapter 9 

discusses the proposed extended network that integrates AI and ML in the e-procurement of 
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the hospitality industry. The results from the survey and interview of subject matter 

expert(s)ôs perception of the findings in this research are presented in the same chapter. 

Chapter 10 contains the limitations and recommendations of the research. Chapter 11 

provides conclusions and discusses possible future works. 
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 LITERATURE REVIEW  

The review demonstrates that several technology-based innovations could be used in the 

hospitality sector as a whole, which could benefit from improved decision support. The state-

of-the-art technology and techniques being discussed in this paper are big data analysis, AI, 

ML, and ABT. The chapter also highlights the importance of having quality data for analysis. 

2.1 Integration of AI  

AI has been formally defined as ñtechnologies [that] aim to reproduce or surpass abilities (in 

computational systems) that would require óintelligenceô if humans were to perform them. 

These include: learning and adaptation; sensory understanding and interaction; reasoning and 

planning; optimization of procedures and parameters; autonomy; and creativityò5. AI 

methodologies established in the earlier decade predominantly used algorithms have 

drastically developed the proficiency of AI to identify complex patterns, optimize for 

particular results, and create automated decisions. To conduct all these needs massive amount 

of relevant and quality data, a strong algorithm or a machine learning method, a narrow 

domain and a concrete objective. The consolidation can result in intense enhancements in 

reliability, efficiency and productivity and thus becomes outcome driven (WEF, 2019). 

Operationally, big data allows the researchers to work with the entire population under 

analysis as per Gerald et al. (2016). Furthermore, the studies make it more reliable and 

powerful to address novel research questions that will give innovative frameworks to the 

enhancement of knowledge, ultimately to top management decisions as mentioned by Gerald 

                                                           
5 Definition from the Engineering and Physical Science Research Council, a UK government research funding 
body 
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et al. (2020). For that, it is important to have an excellent business intelligence system that 

handles the big data to extract the specific knowledge required for managerial decisions 

(Verhoef et al., 2016). Although the competition is significant within the hospitality industry, 

the question is still what kind of knowledge can be evaluated and managed? Should 

practitioners look for direct or indirect effects? Do practitioners need AI in place? The paper 

focuses on finding the importance of integrating AI systems in e-procurement within the 

hospitality industry worldwide. 

In the industry, AI thoughts need to be elaborated to clinch inter-organizational matters 

concerning the frameworks and courses within organisational networks (Edghiem & 

Mouzughi, 2018). Big data analytics within the data science, in general, are overtaking many 

technological headlines and it is an important concept in which AI has a broad scope and 

cannot be overlooked, especially in the field of procurement in the hospitality industry as it 

is the major cost invested (Ittmann, 2015). Most available data have been formed in the past 

few years while the term ñBig Dataò has been around since 2005, introduced by OôReilly 

Media after creating the term web 2.0. Nonetheless, the practice of data and knowledge has 

been around much longer (big-data-history). Although the adoption of a system is evidenced 

in the research, to the best of this authorôs knowledge, very few papers have been published 

connecting big data and AI in e-procurement within the hospitality industry. There exists a 

need to understand the research gap between AI, e-procurement, and hospitality. 

2.2 E-procurement in the Hospitality Industry  

Kothari, Hu, and Roehl (2018) conducted an exploratory study on adopting e-Procurement 

technology in a chain hotel and the results are shown herewith. The hospitality industry is 
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becoming more technology-based in the guest-facing areas while there is significant scope 

for improvement within the back of the house. Thereby, it was identified to be very important 

to understand e-procurement practices and their related processes. In this study, the author 

attempted to find the challenges encountered by top management while adapting and 

implementing e-procurement. The major finding was that the company lacked 

standardisation in purchasing processes across various properties and, also, not all suppliers 

showed interest to be part of the centralised e-procurement initiative. Kothari, Hu, and 

Roehlôs (2018) study revealed ambiguities in the companyôs audit system. A centralised 

purchasing system would be a solution to this ambiguity. This system will control the audit 

system from a corporate level and at the same time, simplify day to day communication 

between accounting and operations staff in different properties. Furthermore, ñadopting an 

e-Procurement system would enable the hotel company to be more efficiently and accurately 

know how much they are spending corporate-wide in the various purchasing product area, 

allowing them to use the leverage of their buying power to reduce costsò, as narrated by 

Kothari, Hu, and Roehl (2018). The hotel industry then can negotiate with the vendors for 

better prices and deals for bulk purchases.  

The property under study being small had many variations in both what supplies procured 

and how it is purchased. Even the cost in various properties was different even if it was 

bought from the same vendor. Thus, it is obvious that there was a communication gap 

between the corporate office and operations at the hotel properties. Simultaneously, this was 

resulting in increased operational costs at the property level. The data transferred to the 

corporate office was inconsistent which made the office difficult to track the progress of the 
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given property. The standardisation lacked a common unit of measurement and 

categorisation also.  

Furthermore, in this study ñthese indicators argue for a standard centralized purchasing 

system that allows for a possibility of audit control at the corporate level and facilitation of 

regular communications between accounting and operations personnel at the corporate office 

and the various propertiesò (Kothari, Hu, and Roehl, 2018). 

2.2.1 Benefits & Barriers  of E-procurement 

The research aim is to define how e-procurement enhancement at this stage for the hospitality 

industry can be done. Several journal articles have been analysed to perform further system 

evaluation and it was identified as necessary to assess current systems capabilities. 

As per Katru Kauppi, hypothetical studies are significant which implies the importance of e-

procurement factors in vigorous e-procurement technology reception. Peleg et al. (2002) and 

Yu, Yevu, and Nani (2020) discovered a few advantages of integration being vital to the 

organisation, help the client in the online hunt. Simultaneously, Attaran and Roche (2001) 

stated a few benefits as it enables paperless processes, integration of supply chain, and eases 

operational management. Yu, Yevu, and Nani (2020) in their study state the benefits of e-

procurement as control of vendor relationship, ease and accurate order fulfillment, enhanced 

efficiency in the usefulness of the purchasing order. Further research done by Croom and 

Brandon-Jones in 2007 suggests few more benefits including cost reduction, better access to 

supply chain, minimising unnecessary purchases, diminishing request order process cost, and 

so on. 
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The perceived barriers to e-procurement integration found in several articles are explained 

herewith. Liao et al. (2003), Croom and Brandon-Jones (2007) states the major obstacles are 

incorrect floor prices, the items sent as replacements may not be of the same quality, the 

procedure to choose the contracts may be inappropriate, breach of information, unkind 

management, supply propagation and lack of top management backing. Toktaĸ-Palut and 

Ülengin (2015) state organisational dysfunctionalities in practice, cost/benefit concerns, 

incompatibility, and inadequate IT infrastructure and inadequate business process are major 

barriers in managing intelligence related to e-procurement. Whereas Anagappa and Eric 

(2016) mentioned other barriers like lack of knowledge and skills, resistance to change, the 

time needed for the change, and lack of system integration are identified. 

The critical success factor in data management in terms of e-procurement would be a 

previous experience that includes social, tacit, and explicit knowledge. This will apply 

common sense knowledge with technical knowledge to make the e-procurement system a 

success factor. Some factors that affect the successful implementation of e-procurement 

include high investment cost of IT, infrastructure, and software, customers are hesitant to 

accept change as they are happy with the current system.  

The advantages of the perceived organizational performance of procurement can be listed 

from various authors that seemed similar are listed here. The study conducted by Shukla. et 

al. (2015) observed the following changes: large procurement costs have decreased, can have 

customary strategies, less time for request handling, less administration cost, and stock 

expense. Whereas Brandon et al. (2018) found out the feasible measure, step-by-step 
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transformation, promotion incentives, and government support are few another factor that 

enhances the performance on the adoption of e-procurement. 

2.2.2 Quality of Data in E-procurement of Hospitality Industry  

The usage of data and benefit depends on the quality of data collected (Pramdana, 2019). The 

weaknesses in data can end up in direct or indirect damages to decision-making in an 

organisation (Hazen et al., 2016). Nevertheless, SCM also foresees problems in having poor 

data being analysed, which leads to later bad impacts on the organization. Moreover, a recent 

survey depicts that the managers claim that poor data in the pool is one of the major obstacles 

to adapt business strategies by data analytics (Hazen et al., 2016). Therefore, SCM needs 

quality data control for fostering the results gained by data analytics. 

Accuracy, timeliness, consistency, and completeness are the four dimensions that come under 

intrinsic data quality. Relevancy, value-added, quantity, believability, accessibility, and 

reputation of the data are dimensions being considered in contextual data quality. Contextual 

data quality refers to the information being derived from the data more than the data quality. 

Hence the intrinsic quality of data is more relevant when considering data analytics as a 

means to make strategic decisions (Hazen et al., 2016). The major things to consider before 

any data analytics are whether the data is free of errors, is it up to date, are all data presented 

in the same format, and are there any important missing data. These abovementioned 

measurements should be evaluated to get a good impact from the analysed data that will help 

in making strategic decisions for the top management.  This is taken care of as the first task 

in data analytics. 
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The relevance of data and the significance must be made aware to all resources involved in 

data entry so that these data used by analysts can derive better effective decision-making 

tools (Hazen et al., 2014). 

2.2.3 Data Analytics in the Hospitality Industry  

The research that is conducted in big data business analytics (BDBA) is always linked with 

either logistic supply chain management (LSCM) or supply chain analytics (SCA). In this 

paper, analytics is discussed under five main classifications: descriptive, diagnostic, 

predictive, prescriptive, and cognitive analytics. Wang et al (2016), the three categories are 

descriptive, predictive, and prescriptive. Greasley (2019) suggests adding a diagnostic 

analysis into the analytics model. However, in a recent study by Król and Zdonek (2020) 

suggests adding cognitive analytics as to the fifth data analytics while explaining the analytics 

maturity model. A combined data analytics maturity model adapted from International 

Research Organisation (2018) and Król and Zdonek (2020) are given below in Figure 3. 

 

 

 

 

 

 

Fig. 3: Data Analytics Maturity Model adapted from Król & Zdonek, 2020 
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a. Descriptive analytics is conducted on existing data or processes to identify 

problems and opportunities. In most cases, descriptive analysis is undertaken 

in most organisations as part of report generation which itself is part of online 

analytical processing (OLAP). It explains ñwhat happenedò? 

b. Diagnostic analytics is another traditional analytics in which decisions taken 

by assured delays. The delay is due to the necessity to gather and analyse data 

and then interpret them. Diagnostic analytics supports the finding of 

consistencies and measurable relations between variables via historical data 

analysis. It explains ñwhy did it happenò? 

c. Predictive analytics is mainly used to forecast and predict using carefully 

worked-out algorithms and programming to determine illustrative patterns 

inside the data. Various techniques and programs can be used to do this, which 

include web/data mining using the Python data analytics tool. It explains 

ñwhat will happen in the futureò? 

d. Prescriptive analytics is used for high-level decision-making and finding 

alternatives to meet the strategic goals, which are described by high 

dimensions and density to enhance business performances. It explains ñwhat 

action to be takenò? 

e. Cognitive analytics are based on real-time analytics. Data is collected, 

organised, analysed, and interpreted mainly to find regularities and patterns. 

These models are kept in the data stream which affects the collaboration 

between guests and the organisation. That is the way of communication with 

the guests and the reception of a brand which involves real-time monitoring 
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of the situation and a guestôs behaviour patterns and finally selecting a 

behavioural pattern that is optimal. This is also named ñperishable insightò. 

Prescriptive and predictive analytics plays a significant role in fostering the level of 

importance an organisation attributes to making effective decisions as per Demirkan and 

Delen (2013). In this paper, the researcher focuses on integrating BDBA and SCA to manage 

uncertainties in the organisation. 

BDBA itself has two dimensions: big data (BD) and business analytics (BA). 

ñBD refers to high volume, high-velocity, and high variety sets of dynamic data 

that exceed the processing capabilities of traditional data management 

approachesò (Russom, 2011; Chen and Zhang, 2014; Wang et al, 2016). 

ñBA is the study of the skills, technologies, and practices used to evaluate 

organization-wide strategies and operations continued to obtain insights and 

guide business planning of an organization through evidence-based data, 

statistical and operations analysis, predictive modelling, forecasting, and 

optimization techniquesò (Russom, 2020; Chen et al., 2018; Wang et al., 2016). 

The difference in foreign exchange commodity fluctuations, which in turn affect commodity 

pricing, is a big challenge in the supply chain. The solution is to have real-time pricing to 

ensure the best commercial terms and to protect the supply chain. ñWith globalization, 

country and region-specific economic development impact global trade flows and the global 

economy more than everò (Blackburn et al, 2015). Changes occur daily, which is challenging 
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as the social, economic, and political worlds are closely interlinked and cover more 

multicultural environments than ever before (Blackburn et al, 2015). 

The important dimensions of this current economic environment are revealed in the term 

VUCA: volatility, uncertainty, complexity, and ambiguity (Blackburn et al, 2015). Volatility 

refers to the rapidity and degree of change in information and surroundings. Uncertainty is 

the opposite of certainty. Complexity is linked with several aspects and their interactions in 

cause and effect systems concerning time. Ambiguity articulates the unclearness, lack of 

transparency, and opacity in the meaning and interpretation of events and ambient conditions. 

VUCA presents severe challenges for different forecasting methods (Blackburn et al, 2015). 

The author will try to devise appropriate data analytics which is an indispensable tool for SC 

decision-making.  

Demand uncertainty is the overriding cause of uncertainty (Blackburn et al, 2015). 

Furthermore, the economy holds growing challenges for demand forecasting. The increased 

rate of product innovation leads to a shorter product life cycle and the volatility of customer 

preferences leads to a reduction in the use of historical data, which is the basis of forecasting 

data. One will need close interaction with multiple sources of real-time data to generate a 

beneficial forecasting process that will impact performance positively (Blackburn et al, 2015; 

Acar and Gardner, 2012). The study intends to explain demand uncertainty with a predictive 

methodology. The techniques that mainly reside within predictive analytics are i) classical 

statistics, ii) knowledge discovery from databases (KDD) (data mining), and iii) ML. A 

synthesis between these three techniques bears the immense potential for predictive data 

analytics (Perner, 2018). Pernerôs study investigated how supply chain analytics 



29 

 

methodology based on forecasting with covariates can benefit from the inclusion of internal 

and external data into a statistical model based on the predictor variable. To predict the 

demand, the variables considered are public holidays, the relationship between customer and 

supplier, industrial value chain, industry-specific indicators, changes in the regulatory 

environment, future enhancement in the company and, leading indicators as suggested by R. 

Blackburn (2015). 

2.2.4 Predictive Analytics in the Hospitality Industry  

Various situations, such as optimisation of operations, revenue, cost, and competitiveness, 

win significant support from big data. Business opportunities and revenue can be forecast by 

prediction models. Previously, internal big data from past years are used for decision support 

and forecasting on pricing, rate rules, distribution channel management, and inventory 

optimisation. However, recently very few organisations have started to use a neural network 

to analyse the given input with the expected output to obtain a better multi-attribute decision 

or prediction as to the result. Contextual information can be used to calculate the best price 

from vendors to gain long-term profit for those parties involved (Bendoly, 2013). That is why 

the organisation needs to combine both internal big data and contextual data to generate an 

efficient result. 

AI not only fosters human-computer interaction but also accelerates machine-to-machine 

communication and at the same time it combines multiple-source data automatically. For 

example, the system can tabulate not just revenue from the room but also income from 

different divisions too. Predictive analysis is used in various services including customer 

services, strategic planning, and forecasting. Voice recognition can be used to interact with 
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a robot concierge, for example. AI technology integrated with forecasting algorithms can be 

used to identify the demands and requirements in SCM. The outcomes are better-publicising 

plans, financial management, and manpower adjustments (Claveria et al., 2015; Huang, 

2014). Furthermore, a predictive analysis could be used to identify suspicious behaviour 

among employees (Collins et al. 2019), and apply information management for decision-

making (Stalidis et al.,2015). The paper also focuses on how AI technology can be integrated 

with predictive analysis that could be used to identify the demands and requirements in e-

procurement. 

A.  The initial framework for Predictive Analytics 

To develop a clear roadmap to the findings, an International Research Organisation has 

suggested a few steps to follow and an initial framework is given in Figure 4 on getting 

started with perspective analytics. Moreover, another framework for developing a business 

intelligence system is also provided. 

  

 

 

 

Fig. 4: Initial Framework for Predictive Analytics Adapted from International 

Research Organisation Symposium, 2019 
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Big data can undergo much analytics as shown in figure 4 (Elliot & Andrews, 2019). 

Descriptive analytics will give an idea of what has already happened in the organisation. 

Diagnostics analysis will provide a rationale for what has happened. Predictive analytics not 

only uses a lot of statistical tools but also a deep neural network algorithm. The prescriptive 

analysis provides a decision support system that gives suggestions and recommendations on 

a particular prediction. If the situation demands automation of the process it is also possible 

by decision automation systems. Most of the above analytics need human input for action 

except in automated decisions. Data science usually has multiple participants in various roles. 

The result is to know how to manage the data effectively as an employee with a tactical 

background. A business expert, who has a broad knowledge of data extraction, is important 

to have on the team (Pauleen & Wang, 2017). 

B. The initial framework for Integrating AI 

 

 

 

 

 

 

Fig. 5. Initial Framework for Integrating AI Adapted from 

International Research Organisation Symposium,2019 
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The framework shown in Figure 5 adapted from International Research Organisation 

Symposium (Dubai, 2019) with the title ñDigital Platforms: The role data and analytics play 

in their successò. Intelligence is effectively data and analytics. There is a central role in the 

way an organisation explains how data and analytics evolve, starting data and analytics 

programme initiatives, or even making a data and analytics strategy successful. This involves 

connecting a lot of components. 

Traceability, awareness, and consistency are very important in making a decision, so it is 

critical to have a skilled workforce in place to manage and analyse the data. The ecosystem 

clearly can be defined as the stakeholders of the organisation who will interact with the 

business intelligence systems and so is a critical component of the platform. The language in 

which we capture our data captured is very relevant to depict the particular organisationôs 

scenario. Demystifying one angle makes it relevant to have more at one time to increase the 

relevance for the given situation. Data Analytics is a great opportunity to often see the 

operating model in a format that is innovative and tailored to the nature of data that is specific 

to the organisation. Data analytics is the best way to connect all different components in the 

organisation, such as IT platforms, IoT, customers, and stakeholders. The decision should be 

taken as per the context of a given organisation. Decisions can again be used to generate 

further decisions, for example, tactical decisions can be used for operational decisions. For 

this kind of decision, real-time data or near real-time data should be used, for example, what 

the best next action is. Evolution of the idea of continuous next, where humans and computers 

work together, is important to optimise and resolve opportunity leveraging analytics by 

effectively applying augmented intelligence. From this given platform the research seeks to 
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develop a framework that gives solutions for digital and analytical decisions effectively for 

the selected sector. 

2.2.5 Deep Learning and Machine Learning Techniques in E-procurement of the 

Hospitality Industry  

Several techniques exist as per Hadian et al. (2019) in AI as suggested solutions to problems 

in SCM, such as genetic algorithm (GA), neural network (NN), rough set theory (RST), and 

grey system theory (GST). These tools are accepted worldwide as search techniques to 

recognise the rough way out for multifaceted optimisation obstacles. GA is considered a 

heuristic technique that cannot provide the best solution all the time, but GA is included in 

all decision-making techniques. Several authors suggest the GA method for supplier selection 

in SCM. The technique in which there are input and output connections is used in NN where 

each link is assigned with a weight. These weights help in the predictive analysis to reach a 

final decision. This method is used mainly to predict supplier bid prices (Lee & Ouyang, 

2017; J Chai et al.,2013).  

GST is used to provide interval values, which is not a precise value but rather a point 

estimation. This technique is mainly used in supplier selection from a different perceptive, 

while RST is used to find operational connections within inaccurate or noisy data. There are 

several minor AI techniques too, which are used in SCM for various purposes, including a 

decision tree, case-based reasoning, association rule, and ant colony algorithm. 

Cyberspace offers a limitless commercial setting and a robust contentious market. The 

hospitality industry is increasingly innovative in finding ways to distinguish and give 

importance to properties among an enormous number of opponents (Chai, Liu & Ngai 2013). 
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They can take advantage of cyber-physical interoperability and interconnectivity to gain 

access to their customers with their preferences and conduct market analysis to better inform 

decision-making processes (Buhalis & Leung,2018). While some hoteliers have adopted 

technology in ambiance and intelligence as the central point of their progress some others are 

still using the inherited technology. The 4th industrial revolution is disturbing the smooth 

running of the hospitality sector, especially the usage of the Internet of Things and the 

Internet for Everything. Currently, data procured is considered the most important asset in 

the hospitality industry. There are a lot of possibilities with the data gathered if it is processed 

efficiently and effectively. 

ñBig data collected from both internal and external services enable hospitality practitioners 

to make use of historical databases to forecast and predict business trends such as occupancy, 

rates and yield, labour costs and investment decisionsò (Zhang et al., 2015; Buhalis & Leung, 

2018). However, only limited research has been done on the data gathered during 

procurement, despite the numerous possibilities for this. Moreover, the available data does 

not follow any standardised format, so it is a challenge to retrieve and process it to make a 

reliable sense of this large data. The hospitality industry involves a large number of 

stakeholders in the form of employees, suppliers, managers, dealers, customers, guests, and 

so on. The data collected can be helpful to all of these stakeholders only if they can access 

and analyse it. The management relies on the historical and contextual data for prediction 

and forecasting of future trends in pricing to attract customers. 

With state-of-the-art technology, it is possible to generate dynamic data, and thus to establish 

a decision support system that can maintain business operations to exploit the value for all 
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participants and intelligence. Such a system will ignite a healthy competition between those 

who are involved and to attain the values of each stakeholder. The hospitality industry is 

considered a highly connected and interoperable industry to make use of all these 

collaborative systems. Marketing and distribution have improved drastically in recent years 

due to the smart systems available. 

2.2.6 Optimisation in e-procurement 

One of the most important factors of the accomplishment of a business is effective SCM. 

Managing revenue and inventory in a multi-national chain hotel structure is a tedious task as 

it is mostly multifaceted to predict the demand of the majority of the commodities (Ampazis, 

2015). Globally, travel and tourism have evolved massively due to social, political, and 

technological advancement (Song, Qiu & Park, 2019). As a result, cost and benefits may rise 

too, due to an unusual demand for resources (Song, Qiu & Park, 2019). Hence accurate 

forecasts are vital for each stakeholder where they try to exploit the growths in the market 

demand and balance local ecological and supply chain capacities (Hemmington, 2007). The 

optimisation of the supply chains is vital for any organisation that involves buying/selling 

since these procedures may openly affect customer service, inventory and cost, and reaction 

to the ever-changing situations. Therefore, decision-making SCM should think through basic 

uncertain events while collaborating on the goals and objectives of the various processes 

involved. (Ampazis, 2015). 

2.2.7 IoT in H ospitality 

A surrounding monitoring system using the IoT technology would add value in carrying out 

automatic activities. ñIoT functions into three different layers including smart systems (data 
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acquisition); connectivity (data transmission); and analytics (actuate other IoT objects)ò 

(Chuah et al., 2016). A smart hotel should be enabled with intelligence that can enhance 

interaction amongst everything existing in the environment, trade, and basic needs of 

humankind and thus provide values to its stakeholders (Nguyen & Simkin, 2017). Other 

features of an intelligent hotel would be to keep it environmentally friendly, proper usage of 

space, excellent daily operations, depends on natural energy, highly cautious on health and 

safety of everyone around it, stakeholdersô outlooks are taken care of, adapt ad-hoc requests, 

and so on (Ghaffarianhoseini et al., 2017). Simultaneously, smart hotels also find historical 

data to be useful in identifying customersô preferences to make the ambiance more attractive, 

to go green, and to have effective waste management systems (Ghaffarianhoseini et al., 

2017). 

The suggestion is to have this kind of smart and intelligent system as part of the hospitality 

industry. Sensors should be used to examine the activities inside and outside the premises of 

a building. Sensors can be a good support to have a seamless flow of information within the 

network. Having the cyber-physical systems in place will provide human-computer 

interaction and interaction with machines, which are interoperable and inter-communicable 

by remotes (Hersent, Boswarthick & Elloumi, 2011; Samie, Bauer & Henkel, 2019). The 

humungous amount of sensory information, calculations, and processing are all essential for 

IoT. Since all of these are possible with IoT, human intervention to manage such an enormous 

amount of data will be decreased drastically (Alsaadi & Tubaishat, 2015). Ever since the 

World Wide Web started disseminating information in the form of reviews and stars from 

customer experience, travel and tourism have directly impacted on the hospitality sector 
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(Noone & McGuire, 2013). Therefore, the hospitality sector is becoming more and more 

competitive enabling the scrutinization of situations now and then and make strategic 

changes proactively to maximise the benefit out of these data attained (Buhalis & Foerste, 

2015).  

The four major macro-environmental factors are namely, political, economic, social, and 

technological (PEST), which are factors that leaders must proactively adapt to based on the 

strategic plans and key performance indicators. PEST has a direct or indirect influence in the 

hospitality industry.  That is any change in PEST can affect the smooth running of the hotel 

and so hoteliers should act proactively by reviewing and revising the situation when it 

dynamically conflicts (Alvarez & Campo, 2014; Cheng et al., 2016). Economic instability 

also affects the decision of the customer to stay in a particular hotel (Tang et al., 2016) by 

choosing a high-quality ambiance. Although several factors influence the decision of 

customers in choosing a place to stay, technology advancement is frontier choice as they can 

do everything in a few clicks and even edit their choices.  ñTechnology can enhance and co-

create hotel guestôs stay experienceò (Neuhofer, Buhalis & Ladkin, 2015). 

Nowadays, online reputation is a big factor that influences everyoneôs decision as social 

network plays an important role in decision-making when it comes to entertainment and 

accommodation. Hence, technological changes should be adopted quickly to keep the 

customer satisfied and to maintain loyalty that would influence the guest to revisit the 

property. The customerôs stay history could be retrieved and can be used for analysis and 

prediction on preferences. IoT and sensors would collect a vast amount of internal and 

external data that influences the overall satisfaction of the customerôs stay (Jin et al., 2014). 

With instant service recovery responses from a hotelôs end, guestsô services can be more 
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personalised and customisable which would eventually leave an unforgettable experience 

that the guests would cherish for a longer period. Virtual assistance could be used to improve 

their overall stay. Sensors can be used to examine the expiry date of food and beverage items 

and help the chef with making purchases and consumptions (Fan et al., 2014). The RFID tags 

(radio frequency identification) par stock levels can be done and examined to send out 

purchase orders directly to suppliers so that there is no problem of out of stock items and 

hence, reducing the time taken for inventory and manpower required to do this task. Details 

of IoT usage are given in the table below. At least eight locations are recommended to keep 

IoT devices which include four inside the hotel and four outside the hotel premises. The 

recommended IoT location is given in table 1. 

Table 1: Recommended IoT location adopted from Buhalis and Foerste, 2015 

 

 

 

 

 

 

 

 

IoT Location Type of IoT/sensor Function

Inside Hotel

Guest Room Movement sensor Energy management system adjusted in-room environment and 

ambiance according to guest presence and their location inside guest 

room

Voice sensor Voice activation controlling in-room devices such as curtain, 

lightings, room temperature etc

Temperature sensor Measure room temperature ensure guest can stay with confortable 

environment

Door lock Mobile app can act as keyless card for door lock system

Wearable sensor Monitor guest health situation during their workout and provide

Restaurant & Lobby Location sensor Identify registered members presence and send push welcome 

message or events invitation

Promotion beacon

Hotel facilities Availability beacon Delivery availability notifications to hotel guest

Warehouse Inventory tag Detect item profile and location; Examine expiry date and par-stock 

level

Outside Hotel

Building Temperature sensor Measure external temperature and make adjustment on energy 

management system

Light sensor Detect the sunlight and adjust the blinds and brightness of the lighting 

system

Roadside Traffic sensor Detect parking space and traffic situation

Social Network Content sensor Monitor social netwrok and UGC sites content related to hotel and 

alert manager to feedback promptly; customer's stay history can be 

extracted from internal big data for management review

PEST Data Contextual data extractor Extract PEST contextual data around the world and store in 

hospitality big data
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2.2.8 Agent-Based Technology (ABT) in the hospitality industry  

ABT has become crucial in AI (Anthony Jnr 2019). ABT consists of computational entities 

that sense and act intelligently to finish their pre-defined tasks (Rudenko & Borisov, 2006; 

Bokolo, 2018). The characteristics of agents as per Anthony Jnr, which are described by 

Yang et al (2015)  are as follows: autonomy, co-operability, reactivity, being pro-active, and 

social ability (Woodridge & Jennings, 1995; Anthony Jnr, 2019 ). The agents collect 

information from internal and external environments. For example, agents will get a sales 

alert that quantities of a particular product are low and send a notification to the seller. A 

single agent collaborates with multiple agents that react in real-time to customer procurement 

orders (Plinere & Borisov 2011). Anthony Jnr has shown that the 10 different agents required 

in a procurement process are as follows: user interface agent, searching agent, monitoring 

agent, query retrieval agent, negotiating agent, repository agent, evaluating agent, acquisition 

agent, presentation agent and information agent. The description of each of the agents is 

shown in table 2. 

The supply chain has to collaborate with several business processes that have a common aim. 

For the same reason of having various components and processes, the progression is an 

intricate process, as per Anthony Jnr. The breadth and width of these processes to interoperate 

and interconnect makes its implementation complex. To reduce diversity there should be a 

better way to synchronise and standardise the core business processes (Blanc et al., 2019). 

Recently, ñan application [ABT] of AI is considered as the fastest growing area of the next 

generationò (Alsetoohy & Ayoun, 2018). Moreover, their study reveals that there is a positive 

relation between ABT and a hotelôs food procurement practices and performance.  
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Table 2: Integrated software agents and their description (Bokolo Anthony Jnr, 2018) 

Software Agents Description 

User Interface Agent This agent provides access to buyers by serving as a connection between 

buyers and the procurement system. Hence, buyers can search for product 

information through the interface agent. Additionally, a buyer can view the 

current product status through this agent. 

Searching Agent This agent is responsible for a search query executed by the buyer. 

Following this, the searching agent accepts the query from the buyer 

through the interface agent. This agent searches and collects related 

product information from the procurement product knowledgebase. 

Monitoring Agent The agent mainly sends a notification to the seller and procurement 

manager when the buyer makes an order for a particular product added by 

the seller. Subsequently, this agent also monitors the procurement 

transaction prominence and detects possible errors. 

Query Retrieval Agent This agent retrieves procurement product information, such as a product 

category sellerôs location on Google maps, product images, and other 

product information for the buyer. 

Negotiating Agent This agent requests product price information from the seller or 

procurement manager to the buyer to negotiate product procurement. The 

negotiation or order status is confirmed by the buyer if he/she is satisfied 

with the product after the buyer makes the procurement order. 

Repository Agent This agent enables the sellers to add products into the procurement product 

knowledgebase. The repository agent also collects and stores product 

orders confirmed by the seller. 

Evaluating Agent This agent enables the procurement manager to approve products newly 

added by the seller. This agent validates the sellerôs products added to the 

system to be procured by buyers. This agent also verifies sellers and then 

sends the sellerôs product information to the procurement product 

knowledgebase. 

Acquisition Agent This agent enables the procurement manager to search, add, update, and 

delete procurement products in the procurement product knowledgebase. 

With the support of this agent, the procurement manager can update 

product information, such as price, category, and sellersô data. 

Presentation Agent This agent simplifies procurement operations in the system by sending a 

notification to the procurement manager on every procurement product 

sale in the system. Furthermore, this agent generates procurement reports 

to the procurement manager in regards to buyer procurement orders. 

Information Agent This agent provides information to the procurement manager by retrieving 

procurement-related information, such as sales information and product 

delivery information from the buyer and seller. 
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2.2.9 Ecosystem in Hospitality 

Figure 6. adapted from Buhalia and Leung (2018), reveals the major inclusion of the sub-

ecosystem in orange. Hospitality runs on all resources including manpower, money, and 

materials. Suppliers are one of the largest groups of stakeholders within the hospitality 

industry, as hotels cannot be sustained without food and beverage suppliers, heating, 

ventilation, and air-conditioning suppliers, technology vendors, maintenance and service 

providers, and many others. Moreover, these supply chains might also be linked to sub-

contractors such as butchers, farms, wineries, transportation companies, warehouses, and so 

on (Zhang et al., 2015, Buhalis & Leung, 2018). Even though these subcontractors are not 

directly linked with hotels, but rather involved only as providers for services or goods, they 

also contribute significantly to hotel experiences. 

 

 

 

 

 

 

 

Fig. 6 Stakeholders of the hospitality sector adapted from Buhalis & Leung, 2018 



42 

 

Technology is a medium that dynamically improves supply chain efficiencies to enhance 

collaboration with these stakeholders to provide appropriate supplies within the budget and 

time limit. The smart technologies will enable them to be interoperable with all these 

providers and sub-providers to obtain information easily and efficiently to secure the best 

solution for their requirements. Through interconnectivity, the obstacles to working together 

are reduced by successfully supporting hotels to regularly assess the direct and indirect 

stakeholderôs requests and approaches.  

The suggested framework by Buhalis and Leung(2018) for a smart hospitality system is 

depicted in Figure 7. It contains three layers: the first layer is the network layer which inter-

operates with several application systems of stakeholders to increase consistency and 

accuracy and to reduce redundancy. The second layer, being the cloud and data layer, helps 

in data aggregation from internal big data and contextual data and stores it for later usage. 

The third layer is the AI layer, which chooses the big data required for intelligence analysis 

and decision-making. Applications in hospitality may be adapted to situational demand and 

further decision support, as marketing or pricing decisions can then be broadcast by using 

beacons (low energy Bluetooth device). Situational demands can provide optimisation of 

hotel internal application systems and business intentions could be disseminated by beacons. 

Beacons can push information and location-based data points to pertinent stakeholders 

conferring to management decisions. Figure. 7. will be the base for developing a state of art 

novel framework for integrating AI in the e-procurement system of the hospitality industry. 
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Fig. 7 Smart hospitality framework adapted from Buhalis and Leung, 2018 

2.3 Gap in the literature  

The framework by Buhalis and Leung does not cover the compliance with data analytics 

maturity model. Moreover, this framework is not deployable in any ecosystem as it does not 

speak of infrastructure compatibility or generalisability. The scope of the cloud layer and AI 

layer is not defined clearly. Overall, the framework needs some updates on state-of-the-art 

techniques. In this research, the researcher is leveling all these gaps. The data analytics, 

agent-based technology, and the entire framework proposed in this study are made in a way 

to revolutionize e-procurement in the hospitality industry. The existing framework is 

extended to have one more important layer for ABT with 14 agents for several jobs. 

In my paper, a mixture of data analysis and data mining is undertaken to a great extent. Data 

analysis includes the analysis of data procured without regarding the size of data, for 

example, the effect of national holidays in occupancy rate; in contrast, data mining applies 
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ML and statistical models to reveal hidden patterns in VUCA data. To predict the demand 

using deep learning, the variables considered in my study are lags in spend or quantity for 12 

iterations and month are used as other information like consumption, wastage of resources, 

events, etc. were not available which would have added more accuracy to the results. 

Purchase duration in daysô calculation is another predictive analytics conducted in my study 

which uses recency, frequency, spend, occupancy rate, etc as feature variables. Apart from 

these analytics, my study also includes a database, data pre-processing, descriptive, and 

inferential statistics incorporating a representation of data in numerical data tables and 

visualization. LSTM (Long Short Term Memory), a version of RNN (Recurrent Neural 

network) is used for demand forecasting and train_test split with cross-validation is used as 

deep learning techniques in this research.  

The initial framework for Predictive Analysis and AI integration by International Research 

Organisation is used as the backbone in my study. The methodology of proposing the 

extended AI integrated framework is based on these frameworks. The smart hospitality 

framework by Buhalis and Leung is the base framework for proposing the extended 

framework for integrating AI with ML. The ecosystem will include all stakeholders depicted 

in figure 6. The proposed extended framework will enhance interoperability, 

interconnectivity, and thus traceability, awareness, and consistency. 

In my study, the barriers in the framework proposed by Buhalis and Leung are intra-

organization, inter-organisation, technical and political issues such as lack of trust in the new 

system, exposure of information to competitors is mitigated by the introduction of IoT and 

ABT. Anonymity and confidentiality of stakeholders are upheld by introducing more agents 
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apart from the ones suggested by Anthony Jnr. Although Buhalis and Leung talk about big 

data analytics, there is no clear roadmap on how to achieve the objective to make it 

convincing for stakeholders. In my study, several ML techniques are used to show the impact 

to optimise the e-procurement data, which is undoubtedly impressive for stakeholders, 

especially the study is unique in this area. There is no single proposal on having state-of-art 

technology combining data analytics maturity models, agents, or multi-agents and that 

integrate AI for complete efficient and smooth functionality. The data analytics, agent-based 

technology, and the entire framework proposed in my study are made in a way to reform e-

procurement in the hospitality industry.  

2.4 Chapter Summary 

The literature review has revealed a framework to integrate AI in the hospitality industry 

which will be used in this study as the base to propose the novel conceptual framework for 

e-procurement in the hospitality industry. The fundamentals of descriptive, diagnostic, 

predictive, and prescriptive analytics are narrated. Moreover, an overview of predictive and 

forecasting analytics along with the advantages and steps involved in processing which is 

presented together with an insight into cognitive analytics. The major objective of the study 

is to conduct demand forecasting in several ways in the hospitality industry. The author has 

tried to highlight the advantages of having an integrated system, current trends in the 

industry, and applying ML in e-procurement within the hospitality industry along with gaps 

in the works of literature reviewed. 
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 A SYSTEMATIC REVIEW  

3.1 Structured Review  

At the time of scripting the paper (January 2020), 5,950 results appeared for the search with 

the keywords ñAI in e-procurementò on the Google Scholar site. A further search adding the 

keyword ñhospitalityò gave 286 results. Further research for papers after 2015 resulted in 121 

results. From the result, any article with at least two keywords combinations not in the body 

or if mentioned only once were removed. Forty-eight results had these keywords only in the 

reference page. Books, thesis papers, and non-English language papers were also removed, 

eight in total. Eleven articles did not allow access even with university credentials. Few 

papers were repeatedly listed as well, leaving 52 articles. ñAI is a combination of 

technologies machine learning is one of the most prominent techniques utilizedò (Reavie, 

2020) with other technologies of data analysis and predictive analysis. Thus, from the results 

obtained, big data, ML, deep learning, and sub-areas of AI are included, and 52 articles were 

shortlisted. Figure 8 shows the stages of the selection process of the literature review. 

 

 

 

 

Fig. 8: Stages of the selection process of literature for review 
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AI is a technology or computer system used to operate in a way that reflects how the human 

brain works. The area of AI is an overarching field of computer science that includes 

extensive classifications comprising natural language processing, ML, deep learning, neural 

nets, content abstraction, decision-making, and more (Deer, 2020).  

3.1.1 Statistics of the trend in publishing 

 

 

 

 

 

  

Chart 1: Statistics of literature selected 

In this study, 52 articles were selected from the Google Scholar search results. The line graph 

above (Chart 1) shows the statistics of articles selected from the search which were relevant 

for the subject matter. It is interesting to notice that the number of articles published has 

increased by 20% in the last decade. This clearly shows more researchers find this topic 

relevant for studies and that it requires even more attention. This is a clear indication that in 

the coming years there will be more publications in the field of hospitality and e-procurement.  
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3.1.2 Major  areas of research 

A pie chart is displayed below (Chart 2) showing the major areas of research for the past five 

years in e-procurement and hospitality concerning AI. 

 

 

 

 

 

 

 

 

 

Chart 2: Major topics of research in the selected articles 

The literature shortlisted contained almost 14 various topics out of which content analysis 

was the most highly researched at 22% overall. After that, the most common topic was big 

data analytics with 16% and software adoption with 13%. It is interesting to note that 

although various areas of AI are included in the research, the numbers are less compared to 

the ones listed above. There were papers on deep learning, ML, natural language processing 

process automation, predictive analysis, and robotics. The topic seems to be covered less 
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compared to what occurred because the search was for e-procurement and hospitality in 

particular. Intense studies are on-going in other industries and departments. 

3.1.3 Content analysis in the selected publications 

The keywords from each paper are collated to display the most researched content in the past 

five years in the selected paper as displayed in Chart 3. 

 

 

 

 

 

Chart 3: Keywords in the publication 

In a content analysis of the papers produced more than 50 various keywords were evident. 

Then similar keywords were grouped to produce a cluster of topics. From there, the most 

repeated research work was observed on the topic related to AI. Moreover, keywords 

repeated at least three times are listed, while others were categorized as miscellaneous. 

Blockchain was the least used keyword, which does not belong to the miscellaneous group. 
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3.1.4 Comparing various studies in the field of AI /e-procurement/supply chain 

/hospitality 

Here fifty-two different research papers are displayed in the table with the author name, the 

major focus of research, and the topic of research. The papers are varied and with little 

repetition. It was one of the limitations of this research to find appropriate papers. The search 

was broadened to travel and tourism as well. Papers that are not related to either supply chain 

or hospitality are not listed though they are used for reference. The comparison is displayed 

in Table 3.
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Table 3: Insight into works of literature in the area of AI in procurement/supply chain /hospitality 

 

 

 

 

 

  

#
Research 

Topic
Article Title

Authors, 

Year
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Paper 
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al 

/Emperical

)

Source 
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Data 

Collection 

Method

Data 

Analysis 

Method

Data Reprting & 

Visualization
Major Results

1
Process 

Automation

A Developed Software 

Agent Knowledge-

Assisted Procurement 

Management Tool For 

Retailing Enterprise A 

Feasibility Study

Anthony 

Jnr, 2019
Emperical Structured

Self-

Administered

Surveysurvey 

From 

Php And 

Mysql

Basic Tables Of 

Descriptive 

Statistics And 

Graphs,  Uml, 

Use Case And 

Class

Diagram.

Agent Based Model 

Support Supply Chain

2
Content 

Analysis

Systematic Literature 

Review On Electronic 

Reverse Auction: Issues 

And Research 

Discussion

Aital, 

Pawar & 

Behl, 2017

Emperical
Un-

Structured

Literature 

Review 2005 

To 2015

N/A N/A

Benefits And 

Challenges Of E-

Reverse Auction

3
Decision 

Making

Using Multiple Criteria 

Decision Making 

Approaches To Assess 

The Quality Of Web 

Sites.

Rekik Et 

Al., 2016
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Un-

Structured

Article 

Published 

Between 2009-

2015
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Decision 

Making 

(Mcdm)

Detailed Tables
Quality Of Website Is 
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4
Process 

Automation

Developing Design 

Principles For The 
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Purchasing And Supply 

Management.

Srai & 

Lorentz, 

2019

Conceptual
Un-

Structured
Psm Literatures

Focusgroup-

Type Full-

Day 

Workshops

Graphs & 

Proposed Design 
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Psm Digitalisation 

Grid With Application-

Design Implications

5
Content 

Analysis

New Business Models In 

Supply Chains: A 

Bibliometric Study.

Delafenestr

e, 2019
Emperical

Un-

Structured
292 Documents Vos Viewer Structured Maps

The Authors Present 

Insights And Deduce 

New Perspectives In 

The Potential Search 

For New Business 
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6

Content 

Analysis

When Digital 

Government Matters For 

Tourism: A Stakeholder 

Analysis

Kalbaska Et 

Al., 2017
Conceptual

Un-

Structured

Digital 

Government 

Stakeholder 

Analysis

N/A N/A

Discussions On 

Digital Innovation To 

Advance The Tourism 

Sector

7
Content 

Analysis

E-Gov And 

Sustainability: A 

Literature Review

Pougel, 

Bonnel & 

Beier, 2020

Emperical Structured

30 Articles 

Published 

Between 2012 

Ans 2018

Manual
Statistical 

Analysis Reports

The Systematically 

Analysed And  

Presented Insights Into 

The Current State Of 

Research In The 

Context Of The 

Digitalisation-

Governance & 

Sustainability.

8
Content 

Analysis

The Role Of Mobile 

Technology In Tourism: 

Patents, Articles, News, 

And Mobile Tour App 

Reviews

Kim & Kim, 

2017
Conceptual

Un-

Structured

Multiple 

Sources Are 

Used Such As 

Patents, 

Academic 

Articles, And 

News,

Netminer, T-

Lab Program 

For Content 

Analysis And 

Leximancer 

Program

Clusters And 

Descriptive 

Tables

Suggest Future 

Research And Strategy 

Directions For 

Academia And 

Managers In Practice

9

Curriculum 

Developme

nt

Curriculum Development 

Of Scm Master'S Degree 

Program In Turkey

Özdemir, 

2018
Emperical

Un-

Structured

Curriculum 

Comparison
N/A

Statistical 

Analysis Reports

Highlight  The Main 

Importance And 

Priority Of Scm In An 

Industry

10
Big Data 

Analytics

Big Data Analytics In E-

Procurement Of A Chain 

Hotel

Mathew, 

2019
Emperical Structured

About 1 

Million Data
Manual

Descriptive And 

Disgnostic 

Vsualization 

Reprot

Establishes There Is A 

Lot To Do With E-

Procurement Data.

11

Use And 

Benefits Of 

Applicatio

n Used

The Use And Benefits Of 

E-Technology Business 

Applications

Wokabi & 

Fatoki, 

2019

Emperical Structured 330 BusinessesSpss

Statistical 

Analysis Reports 

And Tables

Utilise E-Business 

Applications So That 

They Are Able To 

Create And Deliver 

Value Propositions In 

An Efficient And 
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  12

Use And 

Benefits Of 

Applicatio

n Used

Examining The 

Antecedents Of The 

Technology Acceptance 

Model Within E-

Procurement

Brandon-

Jones & 

Kauppi, 

2018

Emperical Structured

Survey Data 

Collected 

From 139 E-

Procurement 

Users

Partial Least 

Squares
Summary 

Descriptive 

Tables

Results Confirm The 

Core Tam 

Relationships Within 

An E-Procurement 

Context

13
Content 

Analysis

Text Mining Applied To 

Literature On Sustainable 

Supply Chain 

(1996ï2018)

Lis-

Gutiérrez Et 

Al., 2020

Both Structured

Literature On 

Sustainable 

Supply Chain 

From 1996 To 

2018

Clustering

Descriptive, 

Analytical Visual 

Reports And 

Content Analysis

Provides Researchers 

In The Field With 

Elements And 

Analysis That 

Facilitate The 

Understanding Of 

Knowledge 

Production Dynamics 

In The Subject Matter.

14
Process 

Automation

Rethinking Supply 

Chains In The Age Of 

Digitalization

Hennelly Et 

Al., 2019
Conceptual

Un-

Structured

11 Papers That 

Met Ppc 

Quality And 

Editorial 

Requirements.

N/A N/A
Summaries All Paper 

Evaluated

15 Robotics

Intelligent Agent 

Technology: What 

Affects Its Adoption In 

Hotel Food Supply Chain 

Management?

Alsetoohy 

Et Al., 2019
Emperical

Un-

Structured

Survey In A 

Hotel -88 

Participants

Exploratory 

Factor 

Analysis, 

Simple 

Regression

Statistical 

Analysis 

Represented In 

Tables

Benefits And 

Challenges Of Iat 

16
Deep 

Learning

How The Hotel Website 

Management Influence 

Hotel Supply Chain 

Management And 

Tourism Industry?

Roespinoed

ji Et Al., 

2019

Emperical
Un-

Structured

Survey With 

Hotel 

Employees 

About 300 

Employees

Pls-Sem

Descriptive And 

Descriptive 

Tables

Establishes The Topic 

Of Interests And Work 

During The Period 

With Various Studies 

Conducted Across The 

World In Summarized



54 

 

  

17 Robotics

Agent Based Fraud 

Detection And Reporting 

In E-Procurement

James K, 

2018
Both

Un-

Structured
Interviews,Obs

ervations,Proto

type 

System,Questio

nnaire

Java And 

Oracle

Use Case 

Diagrams

The Study 

Demonstrated Abt Can 

Be Used To Detect 

And Stop 

Fraud/Corruption In 

Public Entities 

Thereby Deriving 

Maximum Value For 

Taxpayers Money

18
Game 

Theory

C-Negotiation Game: An 

Educational Game Model 

For Construction 

Procurement And 

Negotiation

Dzeng & 

Wang, 2017
Both Structured

72 

Participating 

Students

Php And 

Mysql

Game Model 

Archotecture

Developed A Web-

Based Negotiation 

Game, Named C-

Negotiation Game, 

For Enabling Students 

To Make Simulated 

Decisions In 

Construction 

Procurement And 

Negotiation 

Processes.

19
Process 

Automation

Ontology Based Multi 

Agent System For 

Improved Procurement 

Process: Application For 

The Handicraft Domain

Dhaouadi, 

Benmiled & 

Ghédira, 

2014

Emperical Structured N/A N/A

The Multi Agent 

System 

Interactions 

Diagrams

Designed And 

Developed A Multi 

Agent System (Mas) 

For The Supply Chain 

Automatization.

20
Predictive 

Analytics

Proactive Supply Chain 

Performance 

Management With 

Predictive Analytics

Stefanovic, 2014Conceptual
Un-

Structured

Extensive 

Literature 

Review

Data Mining 

Predictive 

Analytics

Data Mining 

Tables And 

Forecasting 

Graphs

New Predictive 

Supply Chain Model
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21
Big Data 

Analytics

Big Data And The 

Perceived Expectations 

Gap In Digital 

Authentication Processes

Calderon & 

Onita, 2020
Emperical

Un-

Structured
15,463 Tweets

Ibm Watson 

Analytics

Sentiment 

Analysis

The Investigation 

Uncovered An 

Expectation Gap In 

The Perception Of The 

Efficiency And 

Effectiveness Of 

Different 

Authentication 

Methods.

22
Decision 

Making

Business Strategy Of Top 

Indian Company: L&T 
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Radhakrishn

an, Aithal & 

L.M, 2018
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Un-

Structured

L & T 

Company
Manual N/A

Analysed The 

Operational Strategy, 

Business Strategy, 

Financial Stability, 

Marketing Mix, 

Competitors, Training, 

And Recruitment 

Strategy Of The 

Company Briefly 

Using Theory A.

23 NLP

Characterizing Customer 

Experience Management 

In Business Markets

Witell Et 

Al., 2019
Conceptual

Un-

Structured

Document 

Analysis
N/A N/A

The Paper Draws Out 

The Theoretical 

Implications And 

Develops Managerial 

Implications For B2B 

Firms

24

Develop 

New 

Model

E-Tourism: Definition, 

Development And 

Conceptual Framework

Kazandzhie

va & 

Santana, 

2020

Conceptual
Un-

Structured

Document 

Analysis
N/A N/A

A Conceptual 

(Theoretical) 

Framework Of The E-

Tourism System, 

Introducing Basic 
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25
Process 

Automation

Intelligent Agent 

Technology:The 

Relationships With Hotel 

Food Procurement 

Practices And 

Performance

Omar 

Alsetoohy 

& Baker 

Ayoun , 

2017

Emperical Structured

Survey Of 

Managers At 

Luxury Hotels 

In Florida

Hypothesis 

Testings
N/A

The Study Provided 

Academia With A 

Comprehensive 

Review Of The Prior 

Research On Iat 

Benefits In Food 

Supply Chain 

Management

26
Content 

Analysis

Shaping Industrial 

Relations In A 

Digitalizing Services  

Industry - Challenges 

And Opportunities For 

Social Partners

Holtgrewe 

Et Al., 2020
Conceptual

Un-

Structured

Literature 

Review And 

Interview With 

Experts

N/A N/A

Recommendations On 

Digitalisation 

Services To Belgium 

Strategic Decision 

Makers

27
Content 

Analysis

Supply Chain 

Management: 

Implementation Issues 

And Research 

Opportunities In Tourism 

Industry

Sutono, 

2019
Emperical

Un-

Structured

Survey With 

Hotel 

Employees In 

Indonesia

Statistical 

Study

Descriptive  And 

Statistical Data 

Tables

The Most Important 

Impact Factors Are 

Supply Chain 

Marketing Planning 

Capabilities And 

Better Supply Chain 

Marketing 

Implementation.

28
Process 

Automation

A Utility-Driven 

Approach To Supplier 

Evaluation And 

Selection: Empirical 

Validation Of An 

Integrated Solution 

Framework

Ulutas Et 

Al., 2015
Emperical Structured

Supplier 

Evaluation 

Selection 

Related 

Articles

Fuzzy 

Functional 

Assessments

Tables Of 

Validations

The Results Generated 

Using The Proposed 

Framework Is 

Compared With The 

Actual Historical Data 

Collected From The 

Company

29
Software 

Evaluation

Enterprise Resource 

Planning (Erp) Systems 

In The Egyptian Higher 

Education Institutions: 

Benefits, Challenges And 

Higher Education 

Institutions: Benefits, 

Challenges And Issues

Soliman & 

Karia, 2016
Conceptual

Un-

Structured

Document 

Analysis
N/A N/A

The Research 

Contributes To The 

Advance Of Concepts 

And Dimensions For 

Erp System From 

Heis' Standpoint
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30

Market 

Analysis

Essence Of Digital 

TransformationðManife

stations At Large 

Financial Institutions 

From North America

Pramanik, 

Kirtania & 

Pani, 2019

Conceptual
Un-

Structured

Annual Reports 

Four Large 

Banks In North 

America

Manual

Detailed 

Qualitative 

Analysis

An Emergent Structure 

For A Digital 

Transformation 

Maturity Model 

(Dtmm)

31
Software 

Evaluation

Forecasting Patronage 

Factors Of Islamic Credit 

Card As A New E-

Commerce Banking 

Service

Jamshidi & 

Hussin, 

2016

Conceptual Structured
327 Bank 

Customers

Statistical 

Analysis

Tables 

Representing The 

Descriptive 

Analysis

The First Study That 

Proves The 

Applicability Of Tam 

For Explaining 

Adoption And Usage 

Of The Islamic Credit 

Card.

32
Software 

Evaluation

Legal Technologies In 

Action: The Future Of 

The Legal Market In 

Light Of Disruptive 

Innovations

Hongdao Et 

Al. 2019
Conceptual

Un-

Structured

Qualitative 

Content 

Analysis

N/A
Charts And 

Tables

This Study Adds 

Theoretical And 

Practical Implications 

To The Research 

Discussing The 

Advent Of Legal 

Technologies.

33

New 

Business 

Model

New Business Models 

For Cultural And 

Creative Institutions

Nikiel, 

2019
Conceptual

Un-

Structured

Survey 

Technique, 

Using A 

Categorized 

And 

Standardized 

Questionnaire.

N/A N/A

New Business Models 

For Cultural 

Institutions

34
Software 

Adoption

Nuance Of Government 

Procurement Ethics In 

India

S. Padhi, 

2020
Conceptual

Un-

Structured

Questionnaire 

Surveys
N/A N/A

Models For 

Procurement Auction 

Of Construction 

Projects
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35
Content 

Analysis

Study Of Various 

General-Purpose 

Technologies And Their 

Comparison Towards 

Developing Sustainable 

Society

Aithal & 

Aithal, 

2020

Conceptual
Un-

Structured

Identified, 

Analysed, And 

Compared 

Information 

Communication 

And 

Computation 

Technology 

(Icct), And 

Nanotechnolog

y (Nt) In 

Various 

Industries

N/A

Summary 

Descriptive And 

Narrative Tables

The Study Led To 

Development Of The 

Concept Of óUniversal 

Technologyô Model.

36
Software 

Adoption

What Drives Ict 

Adoption By Smes? 

Evidence From A Large-

Scale Survey In Greece

Giotopoulos 

Et Al., 2017
Emperical Structured

Largescale 

Survey On 

3,500 Greek 

Smes

Statistical 

Analysis
Detail Tables

 Innovation And R&D 

Activities And 

Collaborations, Well-

Educated And Skilled 

Workers, 

Decentralized 

Decision-Making And 

Visionary Leadership 

Increase The 

Likelihood Of 

Adopting New 

Technologies In Smes.

37
Comparativ

e Analysis

Co-Evolutionary 

Prospects In Tourism

Valeri & 

Fadlon, 

2018

Conceptual
Un-

Structured

Document 

Analysis
N/A N/A

The Co-Evolutionary 

Process Implies The 

Identification Of A 

Governance Body 

Able To Exploit And 

Enhance The Systemic 

Resources Made 

Available By The 

Territory And To 

Inspire The 

Management 

Approach Of The 

Different Tourist 

Enterprises.
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38
Big Data 

Analytics

Consumers' Attitudes 

Towards The 

Introduction Of Robots In 

Accommodation 

Establishments

Ivanov, 

Webster & 

Seyyedi, 

2020

Emperical Structured

Survey Of 393 

Iranian 

Consumers

In-Depth 

Statistical 

Analysis

Analysis Results 

Displayed In 

Tables

No Demographic 

Variables Explored 

Seem To Play A Role 

In Shaping Attitudes 

Towards Service In 

Hotels By Robots.

39
Technology 

Adoption

Development And 

Validation Of A 

Formative Scale Of 

Technological 

Advancement In Hotels 

From The Guest 

Perspective

Ruiz-

Molina Et 

Al., 2018

Emperical Structured
197 Spanish 

Hotel Guests

Survery 

Analysis

Least 

Squaredregressio

n

The Study Validates 

That Hotel Guests 

Mainly Associate 

With Highly 

Technified 

Establishments.

40
Content 

Analysis

Procurement Oversight 

Agencies And Growth Of 

Mses In Transnzoia 

County, In Kenya

Kissinger 

Amayi, 

2020

Emperical Structured
155 

Respondents

Self 

Administered 

Quentionnare

Descriptive And 

Inferential 

Statistical Results

The Study Concluded 

That There Exists 

Strong Relationship 

Between Procurement 

Oversight Agencies 

And The Growth Of 

Mse In Trans Nzoia 

County , In Kenya

41
Big Data 

Analytics

Quantifying Potential 

Tourist Behavior In 

Choice Of Destination 

Using Google Trends

Padhi & 

Pati, 2017
Emperical

Un-

Structured

63 Relevant 

And 

Semantically 

Related 

Keywords On 

ñKerala 

Tourismò 

Using Google 

Trends Data

Four Time-

Series 

Constructs

Trend Analysis

The Analyses Are 

Expected To Guide 

Policy Makers In 

Understanding And 

Making Appropriate 

Decisions To Deploy 

Resources At 

Potential Tourist 

Destination Sites To 

Enhance The Potential 

Experience Of The 

Tourist.
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42

Data 

Envelopme

nt Analysis 

An Integrated Data 

Envelopment Analysis 

Mathematical 

Programming Approach 

To Strategic Biodiesel 

Supply Chain Network 

Design Problem

Babazadeh 

Et Al., 2017
Both

Un-

Structured

Document 

Analysis

Mathematical 

Programming 

Techniques 

And Data 

Envelopment 

Analysis

Statistical Graphs

Proposed A Method In 

Assisting The 

Policymakers To Take 

Suitable Strategic And 

Tactical Level 

Decisions Related To 

Bidiesel Supplu Chain 

Planning

43

Big Data 

Analytics 

And 

Decsion 

Making

Big Data And Supply 

Chain Decisions: The 

Impact Of Volume, 

Variety And Velocity 

Properties On The 

Bullwhip Effect

Hofmann, 

2015
Conceptual

Un-

Structured

Literatures On 

Big Data And 

Bullwhip 

Effect On 

Current And 

Past Released 

Papers

Research 

Frameworks 

And Models

Schematic 

Representation

Operationalize Big 

Data In The Control 

Engineering Analysis

44

Big Data 

And 

Predictive 

Analysis

Big Data And Predictive 

Analytics Applications In 

Supply Chain 

Management

Gunasekara

n Et Al., 

2016

Conceptual
Un-

Structured

A Rigorous 

Review 

Process

N/A N/A N/A

45
Big Data 

Analytics

Customer Profitability 

Forecasting Using Big 

Data Analytics: A Case 

Study Of The Insurance 

Industry

Fang, Jiang 

& Song, 

2016

Emperical Structured

The Tenures Of 

The Health 

Insurance In 

2007 In 

Taiwan

Dataanalytics 

Random 

Forest 

Regression

Vrious 

Regression 

Models

This Paper Proposed 

A New Customer 

Profitability Method 

For The Insurance 

Industry By Adding 

Liability Reserve.

46
Big Data 

Analytics

An Analytic 

Infrastructure For 

Harvesting Big Data To 

Enhance Supply Chain 

Performance

Zhan & Tan, 

2020
Emperical

Un-

Structured

Databases, 

Social Media, 

Mobile And 

Sensor Data

Data 

Analytics

Tables And 

Descriptive 

Resutls

The Study Propose An 

Integrated 

Infrastructure For 

Breaking Down The 

Information Silos, In 

Order To Enhance 

Supply Chain 

Performance.
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47
Software 

Adoption

Barriers To Big Data 

Analytics In 

Manufacturing Supply 

Chains: A Case Study 

From Bangladesh

Moktadir Et 

Al., 2019
Emperical

Un-

Structured
Data Analytics

Delphi Based 

Analytic 

Hierarchy 

Process

Sensitive 

Analysis , Tables 

And Charts.

Barriers And Potential 

Benefits Of Using Bda 

And To Make Policy 

Regarding Bda 

Adoption In 

Manufacturing Supply 

Chains.

48
Decision 

Making

A Data Mining-Based 

Framework For Supply 

Chain Risk Management

Er-Kara, 

Oktay Fērat 

& Ghadge, 

2019

Emperical
Un-

Structured

Datamining 

Based Scrm 

Model (Supply 

Chain Risk 

Management)

Flowchart 

And Models

Data Mining 

Models

Showcases How 

Datamining Supports 

In Making Structured 

Intelligent 

Management 

Decisions.

49
Process 

Automation

Heuristic Modeling For 

Sustainable Procurement 

And Logistics In A 

Supply Chain Using Big 

Data

Kaur & 

Singh, 2018
Emperical Structured

42 Randomly 

Generated Data 

Instances 

Possessing 

Essential 

Characteristics 

Of Big Data.

Minlp 

(Mixed 

Integer Non 

Linear 

Program) 

And Milp 

(Mixed 

Integer Lin- 

Ear Program)

Flowachart And 

Models As 

Solutions

This Paper Proposes 

An Environmentally 

Sustainable 

Procurement And 

Logistics Model For 

A Supply Chain.

50
Big Data 

Analytics

Big Data Analytics And 

Application For 

Logistics And Supply 

Chain Management

Govindan 

Et Al., 2018
Conceptual

Un-

Structured

Overview Of 

Highly Cited 

Paper

Various 

Descriptive 

Analysis

Charts And 

Tables

Summarises The 

Discussions On The 

Big Data Attributes, 

On Effective Practices 

For Implementation, 

And On Evaluation 

And Implementation 

Methods.
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The listed articles suggest having flexibility and decentralised decision-making as one of the success factors in the adoption of any 

technology (Er-Kara, Oktay Fērat & Ghadge, 2019; Ulutas et al., 2015; Moktadir et al., 2019). In this study, the proposed framework 

has the flexibility in decision-making concerning purposes and conditions used to adapt it to suit various contexts without considerably 

reducing its efficacy. The studies by Ruiz-Molina et al. (2018) and Ivanov, Webster and Seyyedi, (2020) suggest that adoption of 

agents does not depend on any demographic details but purely on peopleôs attitudes and guests usually associate with highly 

technically sound establishments. This study supports my framework as it is involved in the inclusion of the latest state-of-the-art 

technology and making stakeholders' life easier is in the plan. The listed authors have used structured or unstructured and both 

empirical or conceptual models in developing their studies and making a conclusion. This clearly shows that there is no preferred  

51
Decision 

Making

Investment Decision-

Making And 

Coordination Of A Three-

Stage Supply Chain 

Considering Data 

Company In The Big 

Data Era

Liu & Yi, 

2018
Conceptual

Un-

Structured

Three Stage 

Supply Chain 

Stakeholder

Various 

Model 

Analysis

Statistical 

Equations

Four Benefit Models 

About Big Data 

Information And 

Centralized & 

Decentralized Supply 

Chains

52
Content 

Analysis

Doctoral Dissertations In 

Logistics And Supply 

Chain Management: A 

Review Of Nordic 

Contributions From 2009 

To 2014

Rajkumar Et 

Al., 2016
Emperical

Un-

Structured

150 

Dissertation 

Papers From 

2009 To 2014

Manual N/A

A Score For 

Measuring The 

Significance Of 

Article-Based 

Dissertations Is 

Proposed



63 

 

method without strictly inclining to one. But as per Creswell (2008), for a competitive result, it 

is always preferred to have a mixed approach when the problem and solution are defined 

quantitatively and qualitatively; this approach is followed in my research. It is important to 

select a set of strategies that fit the research type. In this study, most of the questions are on how 

what, and why so it is better to use case studies, experiments of histories (Creswell & Creswell 

2008). 

As per Stefanovic (2014), a business intelligence system that is capable of tracing, evaluating, 

modeling forecasting and delivering information that helps in decision-making must be 

maintained in an organisation supporting the supply chain to achieve the goal in stipulating 

accurate information to the stakeholders at the exact time. Mainly, the indicators are backward-

looking without any prediction or forecasting. Stefanovic (2014) states that the efficiency of the 

supply chain can be promoted by having proactive decision-making through powerful data 

mining algorithms that compare, analyse, and forecast accurate predictive insights. Few of the 

researchers have contributed to the research world on the supply chain performance framework. 

While Lambert and Pohen introduced a framework for progressing metric, Boone et al.ôs (2016), 

framework analyses supply chain performance accomplishments. Gunasekaran et al.ôs (2016) 

framework was developed by considering the four major processes including planning, 

sourcing, making, and delivering. These frameworks were introduced for enabling managers to 

make better decisions, with an extensive outlook of both tangible and intangible assets. As per 

Stefanovic (2014), regularisation of supply chain performance is one of the essential criteria for 

real supply chain performance measurement. Data analysts estimate that from the large data 

aggregated in supply chain transactional software, 80% of data is irrelevant for decision-making 
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(Altin et al. 2018). Moreover, further analyses have to be done on the remaining 20% to make 

it useful. Stefanovicôs, inventory management is an essential process in the supply chain. 

Incorporating predictive analysis in inventory management has advantages like cost reduction, 

higher customer satisfaction, optimal reordering policy, enhanced productivity, and, ultimately, 

increases cost-effectiveness. The study also states that ñthere have not been many research 

projects related to predictive performance managementò. The suggestions of Stefanovic and 

Gunasekharan et al. had a great influence on my research and tried my best to include each point 

in the proposed framework to be proactive in decision-making. 

3.2 Machine Learning and Deep Learning used for Prediction and Forecasting 

Data analytics is crucial especially in this era as in all fields are getting smarter day by day by 

the introduction of intelligent systems. The usability of big data is enormous and finding ways 

to make it informative is also very important. For making this big data consistent by data mining, 

slicing and cleansing are critical in the decision support system. Making these data available to 

optimise the operations, revenue, cost, and competitiveness is a major task for all organisations. 

A limited amount of this was undertaken in a traditional revenue management system which 

usually uses the past five yearsô data to forecast recommendations on pricing, rate, rules, 

distribution channel management, and inventory optimization (Guillet & Mohammed, 2015) but 

by using traditional methods. It is recommended that artificial neural networks, analytic network 

processes, and fuzzy goal programmes are used to mine and improve a multi-attribute decision-

making prototype to meet the aims and objectives of the organisation. To enhance the decision-

making and revenue management of any organisation it would be better to collaborate internal 
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big data and external contextual data. This big data analytic reports would then be made into a 

smart dashboard for the users to make their reporting life easier. 

ML specific search did not give much on the relevant topic. A sample of fifteen papers that were 

found in the Google Scholar search is included herewith in Table 4 with details showing the 

techniques used in each study.  

Table 4: A synopsis of machine learning used publications 

  ML algorithms used in prediction - a synopsis view 

  Area of 

research 

Researchers Machine Learning 

Models Used 

Results Software's 

Used 

1 Stock Market 

Trend 

Prediction 

Pahwa & 

Agarwal, 2019 

1. Support Vector 

Machine 

2. Random Forest 

3. K-Nearest(KNN) 

4. Naïve Bayes 

5. Softmax 

The random Forest 

algorithm performs the 

best for large datasets and 

Naïve Bayesian Classifier 

is the best for small 

datasets. 

Not specified 

2 Breast Cancer 

Prediction 

Bharat, N & 

Reddy, 2018 

1. Decision Tree  

2. Algorithm (C4.5) 

3. Seleukos 

(Clustering 

Algorithm) 

4. Naïve Bayes 

5. SVM 

6. KNN 

The Seleukos algorithm 

accelerated the learning 

curve for breast cancer and 

4 percentage points better 

than C4.5 in the early 

stage. 

Weka 

3 Disease 

Prediction 

--Heart Disease 

--Breast Cancer 

--Diabetes 

Kohli & Arora, 

2019 

1. Logistic 

Regression 

2. Decision Trees 

3. Random Forest 

4. Support Vector 

Machines(SVM) 

5. Adaptive Boosting 

Logistic regression is good 

for Heart disease 

prediction. 

SVM is good for Diabetes 

prediction. 

AdaBoost for Breast 

cancer prediction 

Python  

4 Car Popularity 

Prediction 

Mamgain, 

Kumar & 

1. Logistic 

Regression 

2. KNN 

SVM was found to be 

more accurate 

Python 
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Manjari 

Nayak, 2018 

3. Random Forest 

4. SVM 

5 Class Result 

Prediction 

Pushpa et al., 

2018 

1. SVM 

2. Naïve Bayes 

3. Random Forest 

4. Gradient Boosting 

Random Forest Classifier 

gives the most accurate 

result 

Python 

6 Urban Traffic 

Prediction 

Lee & Min, 

2017 

1. Random Forest 

2. Gradient Boosting 

3. KNN 

4. Multi-Layer 

Perception 

Gradient Boosting 

Regression 

Not specified 

7 Prostate Cancer 

Survivability 

Prediction 

Wen et al., 

2017 

1. KNN 

2. Decision Tree 

3. SVM 

4. Neural Network 

Neural Network has the 

best accuracy 

Not specified 

8 Black Friday 

Sales 

Wu, Patil & 

Gunaseelan,20

18 

1.Linear Regression 

2. MLK Classifier 

3. Deep Learning 

Model using Keras 

4. Decision Tre 

deep learning with a neural 

network is far better than 

other methods 

Python 

9 Coconut Sugar 

Quality 

Assessment and 

prediction 

Alonzo et al., 

2018 

1. Artificial Neural 

Network 

2. Stochastic gradient 

descent 

3. k-nearest 

neighbours 

4. Support vector 

machine 

5. decision tree 

6. random Forest 

SGD is superior in terms 

of accuracy but falls short 

to KNN and SVC in terms 

of running time.  

Python 

10 Travel Time 

Prediction 

 

Goudarzi, 

2019 

1. Nearest 

Neighbourhood  

2. Windowed 

Nearest 

Neighbour 

3. Linear 

Regression 

4. Artificial Neural 

Network  

In the comparison, 

the best results were 

obtained by applying a 

shallow 

neural network with three 

hidden layers. 

Google Maps 

API and C++ 
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11 Predicting 

traffic and user 

mobility in 

telecommunicat

ion networks 

Hua, Y., Zhao, 

Z., Li, R., 

Chen, X., Liu, 

Z. & Zhang, H. 

,2019 

1. SVR 

2. ARIMA  

3. FFNN 

4. LSTM 

Deep Learning with Long 

Short-Term Memory for 

Time Series Prediction 

outperform other methods.  

Not specified 

12 Trajectory 

Prediction 

Yeom, H., 

Kim, J. & 

Chung, C. 

2020 

1. Random Forest 

2. Gradient 

Boosting 

3. KNN 

4. MLP 

5. LSTM 

LSTM Improves Accuracy 

of Reaching Trajectory 

Prediction From 

Magnetoencephalography 

Signals 

Python 

13 Forecasting 

Economics and 

Financial Time 

Series 

Siami-Namini, 

S. & Namin, 

A. ,2018 

1. ARIMA  

2. LSTM 

LSTM proves to predict 

better than ARIMA in time 

series forecasting 

Python 

14 Electricity price 

forecast 

Lihong, D. & 

Qian, X. ,2020 

1. Dickey-Fuller 

Test 

2. LSTM 

LSTM proved to be quite 

accurate at predicting 

fluctuations in electricity 

consumption. 

Not specified 

15 Multiple 

Seasonal 

Patterns 

Bandara, K., 

Bergmeir, C. 

& 

Hewamalage, 

H., 2020 

1. MSTL 

2. Auto STR 

3. TBATS 

4. Prophet 

LSTM-MSNet 

computationally more 

efficient than many 

univariate forecasting 

methods. 

Python 

The studies sampled show it is difficult to judge which techniques are more useful than others. 

After applying several ML techniques, choose the algorithm with the best accuracy. In other 

words, some ML is better than others based on the available data. Nevertheless, it is interesting 

to note that all sequential time series-based research suggests LSTM as one of the best 

techniques. The descriptive and diagnostic analysis is used for representing visual reports in my 

study. It is the primary source of information for the management team. ML and deep learning 

techniques are applied for predictive and prescriptive analytics. ML techniques include 

descriptive, diagnostic, and advanced predictive data analytics. Prescriptive analytics uses 

simulation and ML to suggest actions to be taken to achieve the desired results. Collecting data 
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would be the first step in all data analyses. Then organise and analyse the data collected. The 

concept involved in this process is narrated below. 

3.2.1 A conceptual framework for  applying machine learning and deep learning 

The descriptive and diagnostic analysis is used for representing visual reports. It is the primary 

source of information for the management team. ML and deep learning techniques are applied 

for predictive and prescriptive analytics. ML techniques include descriptive, diagnostic, and 

advanced predictive data analytics. Prescriptive analytics uses simulation and ML to suggest 

actions to be taken to achieve the desired results. Figure 9 shows the steps involved in applying 

ML and deep learning by several authors mentioned in the table above. Collecting data would 

be the first step in all data analysis. Then organise and analyse the data collected. The concept 

involved in this process is narrated below. 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Conceptual processes involved in forecasting problems 
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3.2.2 Classification algorithm selection 

The literature review covered in this section on concepts for ML techniques used two books 

namely ñPython for Machine Learningò by Raschka, Julian and Hearty (2016), and Python data 

science cookbook by Subramanian (2015). The section includes the relevant modules used in 

this research (only). 

No one can say a specific classifier is the best, as it depends on many conditions. This might 

vary in the features or samples, the noise in the dataset, and so on. Moreover, it is important to 

see if the data is linearly separable or not. Therefore, one has to execute trial and error with 

various classifiers and choose the best that suits the given situation. In the end, the precision and 

accuracy depend on the data available. 

The five main steps that are involved in training an ML algorithm can be summarised as follows: 

1. Selection of features. 

2. Choosing a performance metric. 

3. Choosing a classifier and optimisation algorithm. 

4. Evaluating the performance of the model. 

5. Tuning the algorithm. 

The scikit-learn API helps in the implementation of various classification algorithms and has 

got many convenient functions to pre-process data and to fine-tune and evaluate any models. 

The train_test_split function from scikit-learn's cross_validation module is used in the research 
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with 20% test data. Furthermore, applying feature scaling using StandardScaler class from 

scikit-learn's pre-processing module is important to optimise performance. Instead of 

misclassification error, classification accuracy is found in this study. The dataset used is not 

continuous data and so not linearly separable. Thus, linear regression and logistic regression 

performs well on linearly separable classes. The most commonly used machine learning models 

and described below: 

a) Logistic Regression (LR): This is a technique borrowed by ML from statistics. It is 

commonly used for binary classification problems. The name came from the function 

used in it, also called the sigmoid function that has an S shape and takes any value 

between [0,1]. 

b) Naïve Bayes Classification (NB): This is the most commonly used, most popular, and 

simple probabilistic classifier. This model is good for predicting a particular label with 

the given feature variables. One of the assumptions in NB is that each feature is 

independent of each other and in this research, it has worked better than other models as 

that is the case with the dataset considered. 

c) Support Vector Machine (SVM): This is another most commonly used in supervised 

learning techniques both in classification and regression. In this model, each feature is 

considered as co-ordinates in n-dimensional space. Classification is done by finding the 

hyperplane by which the classes are differentiating. If the classes are linearly separable 

many hyper-planes can be drawn. The optimum hyperplane is found by the margin 

lengths. 
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d) Random Forest (RF): The decision tree model uses a classification model that works by 

splitting the data into a minimum of two sets. Decision treeôs internal nodes indicate a 

test on the features, a branch depicts the result and leaves are decisions made after the 

succeeding process on training. Whereas RF grows several classification trees. The input 

vector is kept down in each tree to give a classification that is considered as a vote. RF 

is usually fast and does not overfit.   RF is considered more accurate than NB and liked 

by many researchers. 

e) Gradient Boosting (GB): Boosting develops a collection of tree-based models by training 

each of the trees in the collection of different labels and then combining the trees. This 

is the same idea used in GB to improve robustness over a single estimator. Thus, it 

combines several weak predictors to build a strong predictor. 

f) k-Nearest Neighbours (KNN): The classification is predicted by a predefined number of 

training samples nearest in distance to a new point. This algorithm is simple and 

considered good even on instances of the irregular decision boundary. 

g) Decision Trees (DTree): This is considered as a simple representation for classification 

where the data is continuously split according to a certain parameter. The outcome in 

this type of classifier is fit or unfit for categorical /discrete decision variables. 

3.2.3 Cross-Validation 

The various classification models are evaluated by cross-validation. This requires inputs 

and targets. For every fold, one unique partition is used as the test set, and the remaining 

(k-1) partitions were used for training. The accuracy achieved for all folds were averaged 
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to evaluate the model that used a certain classification method. This method is iterated k 

times so that k models and performance estimates are obtained. 

Normally, cross-validation is used for model tuning, which is finding the optimal 

hyperparameter values that produce an adequate generalization performance. Once this 

is done, the model is retained on the complete training set and obtain a final performance 

estimate using the independent test set. 

3.2.4 Fine Tuning the hyperparameters with GridSearch 

The parameters of the learning algorithm are optimised separately which are called 

tuning parameters or the hyperparameters of a model. GridSearch can additionally 

enhance the performance of a model by finding the optimal combination of 

hyperparameter values. In this research, the models are evaluated using model accuracy 

which is a useful metric to quantify the performance of a model in general. Using 

param_grid the parameters for tuning are specified. After this process, the score of the 

best performing model with the best_score attribute is obtained and the parameters that 

can be accessed through the best_params attribute are checked. Finally, the independent 

test dataset is used to estimate the performance of the best-selected model. 

3.2.5 LSTM & RNN 

RNN can be considered as feedforward neural networks with feedback loops or 

backpropagation through time. Before the neurons get momentarily disabled, it fires for 

a limited time and enables other neurons that fire at a later stage. It has an additional 

time variable that is not in multi-layer perception (MLP). This additional feature of the 
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ñmemory lineò will allow the model to not just use the current input but also the earlier 

input. 

Hochreiter and Schmidhuber introduced LSTM in 1997. LSTM is a better version of 

RNN. RNN has an architecture that embeds the memory concept, yet they suffer from a 

certain problem called "the vanishing and exploding gradient problem", LSTM has a 

solution that avoids this problem. The notion in LSTM is to pile the last output in 

memory and use that as the input for the following step. The study conducted by Namin 

and Namin on forecasting economic and financial time series in 2018 depicts that the 

LSTM algorithms are superior and outperform traditional-based other time series 

algorithm as the error reduction rates returned are between 84-87% (Hua et al., 2019; 

Yeom, Kim & Chung, 2020). Moreover, the study also specified that ñepochò the number 

of training times has no effect on the performance of the trained forecast, and it shows 

just an unsystematic behaviour (Siami-Namini & Namin 2018). Bandara, Bergmeir, and 

Hewamalage (2020) states that the LSTM techniques are more efficient than many other 

univariate forecasting methods in their study on multiple seasonal cycles. 

3.3 Current  Level of Adoption 

As per the recent study published by International Research Organisation (2020), decision 

augmentation is the most widely adopted AI technology, which uses predictive and prescriptive 

analytics. The study gave the following results as shown in Chart 4. The key findings of the 

study undertaken in 447 companies in North America are as follows. Forty-eight percent of the 

selected subjects reported either deploying or piloting an integrated system. Forty-three percent 

of the subjects surveyed mentioned cost as one of the topmost barriers for adoption. Hitherto, 
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most companies focus on descriptive and diagnostic use cases and predictive to a limited extent. 

Hardly any companies fully explore prescriptive decision augmentation. 

 

 

 

 

 

 

 

 

 

Chart.4: Stages of Adoption (International Research Organisation- Artificial 

Intelligence Trends: Decision Augmentation,2020) 

In the same study of ñArtificial Intelligence Trends: Decision Augmentationò (International 

Research Organisation, 2020), barriers to adoption were explored, which are depicted in Chart 

5. Although adoption has a lot of advantages, most of the companies surveyed mentioned that 

acquiring skilled people was the greatest barrier. It is worth mentioning that the respondents do 

not consider data collection as a high barrier, or it was the lowest considered barrier. Other 

barriers to their rate of the barrier are given in the following chart.  
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Chart.5: Decision Augmentation barriers adapted from International Research Organisation (2020) 

3.4 Major  Gaps in the L iterature  

Certainly, it was found that ML in the e-procurement of hospitality needs more attention and 

development in the field of research, especially in academia. Though hospitality is gaining 

attention, the studies are mainly to forecast hotel occupancy, visitor flow, travel package 

recommendations, tourism marketing knowledge, and so on (Grover & Kar, 2017). It is also 

noticeable that there are industrial publications, but these too are restricted to a few of the major 

streams like travel and tourism, and not particularly e-procurement in the hospitality industry. 

The pieces of literature reviewed either focus on framework or data analytics. There is not a 

single paper that commends the enhancement of the e-procurement systems while giving 

importance to data analytics too. This would be the major gap in the literature and my study is 




















































































































































































































































































